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A CONTRIBUTION TO BIBLIOGRAPHY OF MINERAL

RESOURCES

A SELECTED BIBLIOGRAPHY ON QUICKSILVER

By M. Jane Ebner

INTRODUCTION

This bibliography includes publications relating to the geology,

mining, and metallurgy of quicksilver. The reports are grouped into

the following categories: U. S. Geological Survey publications and

open-file reports, U. S. Bureau of Mines publications, publications by

state organizations, publications in scientific and professional journals,

foreign publications, and miscellaneous publications. They are num

bered consecutively from 1 to 908, and these numbers refer to the

reports in the author and subject indexes found at the end of the

bibliography;

Those reports that contain little information on quicksilver are

excluded from the bibliography. Abstracts of reports and presenta

tions of papers are omitted also. Most publications relating to the

production of quicksilver are not included, but agencies and monthly

publications that release information on production are listed at the

end of each category.

U. S. Geological Survey publications for which prices are designated

can be purchased from the Superintendent of Documents, Govern

ment Printing Office, Washington 25, D. C. Those preceded by an

asterisk (*) are out of print, but they can probably be seen in many

university and public libraries. Open-file reports and preliminary

reports are not available in all libraries, but copies have been placed

in the Geological Survey Library, Washington, D. C, and in a few

other Geological Survey offices. Limited distribution reports may be

obtained, if still available, from the U. S. Geological Survey, Wash

ington 25, D. C.

1





10

11

12

13

14

15

16

17

BIBLIOGRAPHY

U. 8. GEOLOGICAL SURVEY PUBLICATIONS AND OPEN-FELB

REPORTS

(An asterisk (*) indicates that the paper is out of print)

Indei

no.

1 Bailey, E. H., 1942, Quicksilver deposits of the Parkfield district, Calif.:
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1916, Antimony deposits of Alaska: U. S. Geol. Survey Bull. 649,

p. 9, 12, 45-46.



4 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Index

no.

18 *Brooks, A. H., 1921, Mineral resources of Alaska, 1919: U. S. Geol. Survey

Bull. 714, p. 39-40.

19 * 1921, The Alaskan mining industry in 1920: U. S. Geol. Survey

Bull. 722, p. 23-24.

20 * 1922, The Alaskan mining industry in 1921: U. S. Geol. Survey

Bull. 739, p. 13.

21 Brown, R. E., and Waters, A. C., 1951, Quicksilver deposits of the Bonanza-

Nonpareil district, Douglas County, Greg.: U. S. Geol. Survey Bull.

955-F, p. 225-251. $1.

22 *Butler, B. S., Loughlin, G. F., Heikes, V. C., and others, 1920, The ore

deposits of Utah: U. S. Geol. Survey Prof. Paper 111, p. 106, 107, 144,

177,395,542,551-552,566.

23 Cady, W. M., 1952, Quicksilver deposit near Aleknagik, Nushagak district,

southwestern Alaska: U. S. Geol. Survey open-file rept., text and 3

figs.

24 Cady, W. M., and Hickcox, C. A., 1944, Quicksilver deposits in the Cinna

bar Creek area, Georgetown and Akiak districts, southwestern Alaska:

U. S. Geol. Survey prelim, rept., 7 p., 4 maps.

25 *Christy, S. B., 1885, Quicksilver: Quicksilver reduction at New Almaden

[Calif.]: Min. Res. U. S., 1883 and 1884, p. 503-536.

26 *Clarke, F. W., The data of geochemistry: U. S. Geol. Survey Bull. 330,

p. 17, 572-577, 1908; 2d ed., Bull. 491, p. 18, 633-638, 1911; 3d ed.,

Bull. 616, p. 18, 664-669, 1916; 4th ed., Bull. 695, p. 18, 670-675, 1920;

5th ed., Bull. 770, p. 680-685, 1924.

27 *Dane, C. H., and Ross, C. P., 1942, The Wild Horse quicksilver district,

Lander County, Nev.: U. S. Geol. Survey Bull. 931-K, p. iii, 259-278.

28 *Diller, J. S., 1898, Quicksilver, in Description of the Roseburg quadrangle

[Oreg.]: TJ. S. Geol. Survey Geol. Atlas, folio 49, p. 4.

29 * 1914, Mineral resources of southwestern Oregon: U. S. Geol. Surv.ey

Bull. 546, p. 129.

30 *Diller, J. S., and Kay, G. F., 1909, Mineral resources of the Grants Pass

quadrangle and bordering districts, Oregon: U. S. Geol. Survey Bull.

380, p. 79, 1 map.

31 *Eberlain, G. D., and Yates, R. G., 1944, The Harry area of the New Alma

den quicksilver mine, Santa Clara County, Calif.: U. S. Geol. Survey

limited distribution rept., 2 p., 3 maps.

32 Eckel, E. B., Yates, R. G., and Granger, A. E., 1941, Quicksilver deposits

in San Luis Obispo County and southwestern Monterey County,

Calif.: U. S. Geol. Survey Bull. 922-R, p. v, 515-580. 75c.

33 *Emmons, W. H., 1917, The enrichment of ore deposits: U. S. Geol. Survey
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136 < Dupuy, L. W., 1948, Bucket-drilling the Coso mercury deposit, Inyo
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A SELECTED BIBLIOGRAPHY ON QUICKSILVER, 1811-1953 11

Index

no.

151 Randall, Merle, and Humphrey, H. B., 1942, New process for controlling

mercury vapor: U. S. Bur. Mines Inf. Circ. 7206, 10 p.

152 Reed, G. C, 1946, Exploration of Glass Buttcs mercury deposit, Lake

County, Oreg.: U. S. Bur. Mines Rept. Inv. 3926, 4 p.
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165 Webber, B. S., and others, 1947, Mercury deposits of southwestern
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Barbara, Ventura: Calif. State Min. Bur. 15th Rept. State Mineral
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A CONTRIBUTION TO BIBLIOGRAPHY OF MINERAL

RESOURCES

BIBLIOGRAPHY OF U. S. GEOLOGICAL SURVEY TRACE

ELEMENTS AND RELATED REPORTS, TO JUNE 1, 19?4

By Jane H. Wallace and Harriet B. Smith

INTRODUCTION

Many U. S. Geological Survey Trace Elements reports ' and related

articles have been made available to the public by open-file release,

by reproduction and distribution by the Technical Information Service

(referred to as TIS) of the U. S. Atomic Energy Commission, or by

publication by the Geological Survey or a scientific journal.

The present list has been compiled as a reference guide to Geological

Survey reports on radioactive raw materials that have been made

available to the public, to June 1, 1954. These reports are listed by

type of publication or release, and are given index numbers. Reports

listed under more than one type of publication or release have cross-

reference index numbers in parentheses after each listing. The

subject and author indexes at the end of the bibliography refer to

the reports by index number.

REPORTS AND MAPS RELEASED IN OPEN FILE

The reports released in open file are listed alphabetically by author

and, if an author has written more than one report, alphabetically by

title. The reports may be consulted at the Geological Survey Library,

Room 1033, General Services Administration Building, Washington,

D. C, and at various places, whose addresses are indicated after the

1 Reports prepared by the Geologic Division of the Geological Survey on behalf of the Division of Raw

Materials and the Division of Research of the U. 8. Atomic Energy Commission. (TEI^Trace Element!

Investigations Report; TEM=Trace Elements Memorandum Report; reports with no TE destination

are not numbered in the Trace Elements reports series.
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date of open file deposit, either by symbol or complete address.

Symbols are used for the following places:

B—Office of the Director, Montana Bureau of Mines and Geology, Butte,

Mont.

BA—Atomic Energy Commission, Butte Suboffice, Butte, Mont.

D—Geological Survey office, Room 468 New Customhouse, Denver, Colo.

DA—Atomic Energy Commission, Denver Exploration Branch, Denver Federal

Center, Denver, Colo.

GJ—Geological Survey office, Grand Junction, Colo.

GJA—Atomic Energy Commission, Grand Junction Operations Office, Grand

Junction, Colo.

H—Atomic Energy Commission, Hot Springs Suboffice, Hot Springs, S. Dak.

IM—Idaho Bureau of Mines and Geology, Moscow, Idaho

R—Atomic Energy Commission, Richfield Suboffice, Richfield, Utah

SF—Geological Survey office, Room 724, Appraisers Building, San Francisco,

Calif.

SL—Geological Survey office, Room 504, Federal Building, Salt Lake City,

Utah

SLA—Atomic Energy Commission, Salt Lake Exploration Branch, Salt Lake

City, Utah

T—Arizona Bureau of Mines, University of Arizona, Tucson, Ariz.

U—University of Utah, Salt Lake City, Utah

W—Geological Survey office, S. 157 Howard St., Spokane, Wash.

Index

No.

REPORTS

1 Cathcart, J. B., Blade, L. V., Davidson, D. F., and Ketner, K. B., The

geology of the Florida land-pebble phosphate deposits: TEI-265,

Mar. 30, 1953. D, SL, Geol. Survey, Plant City, Fla. (396, 626)

2 Cheney, T. M., Peterson, J. A., Sheldon, R. P., Smart, R. A., Waring,

R. G., and Warner, M. A., Stratigraphic sections of the Phosphoria

formation measured and sampled in 1951: Oct. 8, 1952. B, IM,

SL, W; Wyo. Geol. Survey, Laramie, Wyo.

3 Cheney, T. M., Sheldon, R. P., Cressman, E. R., Smart, R. A., and

Carswell, L. D., Stratigraphic sections of the Phosphoria formation

measured and sampled in 1952: June 1, 1953. B, IM, SL, U, W,

Geol. Survey, Montpelier, Idaho; Wyo. Geol. Survey, Laramie, Wyo.

4 Conant, L. C, Origin of the Chattanooga shale: TEI-237, Oct. 7, 1952.

W. B. Jones, Ala. Geol. Survey, University, Ala.; A. C. McFarlan,

Ky. Geol. Survey, Lexington, Ky.; W. D. Hardman, Div. Geol.,

State Office Bldg., Nashville, Tenn. (387, 631)

5 Cressman, E. R., Geology of the Dry Valley quadrangle, Idaho: TEI-258,

Aug. 25, 1952. IM, SL, W. (393)

6 Cuttitta, Frank, A photometric method for the estimation of the oil yield

of oil shale: TEI-152, Oct. 19, 1951. D, SL, T. (279, 376, 570)

7 Fin^h, W. I., Geology of the Shinarump No. 1 uranium mine, Seven Mile

Canyon area, Grand County, Utah: TEI-287, Jan. 11, 1954. GJ, SL.

8 Fischer, R. P., The Uravan mineral belt: TEI-109, July 7, 1951. GJ,

SL. (561)

9 Fletcher, M. H. and May, Irving, An improved fluorimeter for the deter

mination of uranium in fluoride melts: TEI-120, Oct. 12, 1950.

(269, 366, 572)
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10 Fletcher, M. H., May, Irving, and Anderson, J. W., The* design of the

Model V transmission fluorimeter: TEI-133, Oct. 19, 1951. D, SL,

T. (272, 370, 572)
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TEI-104, Oct. 12, 1950. (572)
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252, Oct. 19, 1951. D, SL, T. (347, 450, 542)

13 Grimaldi, F. S., Quercetin as a colorimetric reagent for zirconium: Oct. 19,

1953.

14 Grimaldi, F. S. and Levine, Harry, The rapid fluorimetric determination

of uranium in low-grade ores, a preliminary report: TEI—47, Oct. 12,

1950. (260, 572)

15 Gude, A. J., 3rd., and McKeown, F. A., Results of exploration at the

Old Leyden coal mine, Jefferson County, Colo.: TEM-292, Mar. 30,

1953. D, GJ.

16 Hinrichs, E. N., The pegmatites of the Errington-Thiel mine, Elko

County, Nevada: TEI-71, Dec. 28, 1949. Office of Director, Nev.

Bur. Mines, Reno, Nev.; Cornell Univ. Library, Ithaca, N. Y.

17 Honkala, F. S., Preliminary report on geology of the phosphate deposits

in the Centennial Range, Montana-Idaho: TEI-323, June 22, 1953.

B, IM, SL, U, W; Geol. Survey, Montpelier, Idaho; Wyo. Geol.

Survey, Laramie, Wyo. (419, 668)

18 Jaffe, E. B. and Sherwood, A. M., Physical and chemical comparison of

modern and fossil tooth and bone material: TEM-149, Oct. 19, 1951.

D, SL, T. (340, 447)

19 Kaiser, E. P., King, R. U., Wilmarth, V. R., Stugard, Frederick, Jr.,

Wyant, D. G., Gott, G. B., and others, Selected papers on uranium

deposits in the United States: TEI-168, June 10, 1952. D, SL.

(506, 660, 671, 672, 733, 750, 751)

20 Kennedy, G. C, Preliminary report on the geology of a portion of the

SE }i Lyon quadrangle, Montana-Idaho: June 14, 1949. B, IM, W.

21 Klepper, M. R., Forty-Niner, King Solomon Ridge, and West End claims

near Clancy, Jefferson County, Mont.: TEM-31, Oct. 19, 1951.

D, SL, T. (332, 441)

22 Lowell, W. R., Geology of the Small Horn Canyon, Daly's Spur, Cedar

Creek and Dell areas, southwestern Montana: Dec. 8, 1949. B, W.

23 Luedke, R. G., Stratigraphy and structure of the Miners Mountain area,

Wayne County, Utah: Aug. 17, 1953. SL.

24 McKelvey, V. E., Preliminary report on the stratigraphy of the phos-

phatic shale member of the Phosphoria formation in western Wyo

ming, southeastern Idaho and northeastern Montana: Feb. 1947.

25 McKelvey, V. E., Cathcart, J. B., Altschuler, Z. S., Swanson, R. W.,

and Lutz, Katharine, Domestic phosphate deposits: TEI-271, Mar.

30, 1953. D, SL, W; Geol. Survey, Plant City, Fla. (401, 686)

26 McKelvey, V. E., Davidson, D. F., O'Malley, F. W., Smith, L. E,

Armstrong, F. C, and Sheldon, R. P., Stratigraphic sections of the

Phosphoria formation in Idaho, 1947-48, Part I: TEI-183, Aug. 15,

1951. B, IM, SL, U, W; Geol. Survey, Montpelier, Idaho; Wyo.

Geol. Survey, Laramie, Wyo. (496)
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27 McKelvey, V. E., Hoppin, R. A., Armstrong, F. C, Gulbrandsen, It. A.,

Smith, L. E., and Campbell, R. M., Stratigraphic sections of the

Phosphoria formation in Idaho, 1947-48, Part II: TEI-187, Oct. 4,

1951. B, IM, SL, U, W; Geol. Survey, Montpelier, Idaho; Wyo.

Geol. Survey, Laramie, Wyo. (534)

28 McKelvey, V. E., Smith, L. E., Hoppin, R. A., and Armstrong, F. C,
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1947-48: TEI-184, Aug. 15, 1951. B, IM, SL, U, W; Geol. Survey,

Montpelier, Idaho; Wyo. Geol. Survey, Laramie, Wyo. (498)

29 McKelvey, V. E., Smith, L. E., Kinney, D. M., Huddle, J. W.,

Hosford, G. F., Sears, R. S., Sprouse, D. P., and Stewart, M. D.,

Stratigraphic sections of the Phosphoria formation in Utah, 1947—48:

TEI-185, Aug. 15, 1951. B, IM, SL, U, W; Geol. Survey, Montpelier,

Idaho; Wyo. Geol. Survey, Laramie, Wyo. (499)

30 McKelvey, V. E., Swanson, R. W., and Sheldon, R. P., The Permian

phosphorite deposits of western United States: TEI-263, Mar. 30,

1953. D, SL, W. (395, 689)

31 Mackin, J. H. and Schmidt, D. L., Reconnaissance geology of placer

deposits containing radioactive minerals in the Bear Valley district,

Valley County, Idaho (Part I): TEM-602, June 22, 1953. " IM, SL,

W. (690)

32 Meyers, W. B., Geology and mineral deposits of the northwest quarter

Willis quadrangle and adjacent Brown's Lake area, Beaverhead

County, Mont.: TEI-259, July 28, 1952. B, IM, W.

33 Olson, J. C, Geologic setting of the Mountain Pass rare earth deposits,

San Bernardino County, Calif.: Oct. 27, 1952. SF; Calif. Div. Mines

and Geology, Ferry Bldg., San Francisco, Calif.

34 Preliminary report on the Dawley Canyon beryl deposits, Ruby

Mountains, Elko County, Nev.: Oct. 14, 1949. Nev. Bur. Mines,

Reno, Nev.

35 Preliminary report to accompany geologic map of the Mountain

Pass District, San Bernardino County, Calif.: Mar. 14, 1952. D, SL.

36 O'Malley, F. W., Davidson, D. F., Hoppin, R. A., and Sheldon, R. P.,
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Part III: TEI-188, Apr. 25, 1952. B, IM, SL, W; Wyo. Geol.
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borough and Polk Counties, land-pebble phosphate district, Florida:

TEM-672, Dec. 21, 1953: Geol. Survey, Plant City, Fla.; Fla.

Geol. Survey, Tallahassee, Fla.

78 Condon, W. H., Photogeologic map, Emery-8 quadrangle, Emery County,

Utah: TEM-593, Aug. 17, 1953. D, GJ, SL.

79 Photogeologic map, Emery-9 quadrangle, Emery County, Utah:

TEM-588, Oct. 19, 1953. D, GJ, SL.

80 Photogeologic map, Emery-16 quadrangle, Emery County, Utah:

TEM-546, July 23, 1953. D, GJ, SL.

81 Photogeologic map, Orange Cliffs^ quadrangle, Wayne County,

Utah: TEM-664, Nov. 25, 1953. D, GJ, SL.

82 Photogeologic map, Orange Cliffs-9 quadrangle, Garfield and

Wayne Counties, Utah: TEM-732, Apr. 26, 1954. D, GJ, SL.

83 Photogeologic map, Orange Cliffs-10 quadrangle, Wayne and

Garfield Counties, Utah: TEM-618, Sept. 16, 1953. D, GJ, SL.

84 Eckstein, W. H., Photogeologic map, Agathla Peak-2 quadrangle,

Navajo Indian Reservation, Navajo County, Ariz.: TEM-411

Jan. 9, 1953. D, GJ, T.

85 Photogeologic map, Agathla Peak-6 quadrangle, Navajo Indian

Reservation, Navajo County, Ariz.: TEM-541, June 22, 1953.

D, GJ, SL, T.

86 Photogeologic map, Clay Hills-15 quadrangle, Navajo Indian

Reservation, San Juan County, Utah: TEM-414, Oct. 27, 1952.

D, GJ, SL.

87 Photogeologic map, Moab-13 quadrangle, Grand and Emery

Counties, Utah: TEM-731, Apr. 26, 1954. D, GJ, SL.

88 Fischer, R. P., MacKallor, Jules, and Brown, C. N., Base maps of a part

of the Thompsons district, Grand County, Utah: TEM-205, May

26, 1952. D, GJ, SL, U; Library, Denver Federal Center, Denver,

Colo.

89 Fischer, W. A., Photogeologic map, Clay Hills-12 quadrangle, Piute

Indian Reservation, San Juan County, Utah: TEM-413, Oct. 27,

1952. D, GJ, SL.

90 Photogeologic map, Clay Hills-13 quadrangle, Navajo Indian

Reservation, San Juan County, Utah: TEM-409, Oct. 8, 1952.

D, GJ, SL.

91 Photogeologic map, Clay Hills-14 quadrangle, Navajo Indian

Reservation, San Juan County, Utah: TEM-442, Jan. 9, 1953.

D, SL.

92 Photogeologic map, Stinking Spring Creek-12 quadrangle, Emery

County, Utah: TEM-384, Aug. 25, 1952. D, GJ, SL.

93 Fischer, W. A. and Condon, W. H., Photogeologic map, Navajo Moun-

tain-9 quadrangle, Navajo Indian Reservation, San Juan County,

Utah: TEM-469, Feb. 5, 1953. D, GJ, SL.
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Fischer, W. A. and Condon, W. H., Photogeologic map, Navajo Moun-

tain-16 quadrangle, San Juan County, Utah: TEM-470, Feb. 5,

1953. D, GJ, SL.Photogeologic map, Shanto Spring-1 quadrangle, Navajo Indian

Reservation, Navajo County, Ariz.: TEM-499, Feb. 5, 1953.

D, GJ, SL, T.

Gillerman, Elliot, Swinney, C. M., Whitebread, D. H., Crowley, It. J.,

and Kleinhampl, F. J., Geologic map of the central part of the White

Signal District, Grant County, N. Mex.: Apr. 26, 1954. D; Bur.

Mines, Mineral Resources, N. Mex. Inst. Min., Technology,

Socorro, N. Mex.

Gulbrandsen, R. A., McLaughlin, K. P., Honkala, F. S., Clabaugh, S. E.,

and Krauskopf, K. B., Geologic map and structure sections of the

Johnson Creek quadrangle, Caribou County, Idaho: TEI-260, Aug.

25, 1952. IM, SL, W.

Hackman, R. J., Photogeologic map, Agathla Peak-4 quadrangle, Navajo

Indian Reservation, Navajo County, Ariz.: TEM-412, Oct. 8, 1952.

D, GJ, T.Photogeologic map, Ancth-1 quadrangle, Utah-Colorado: TEM—

452, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Aneth-2 quadrangle, San Juan County,

Utah: TEM-364, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Aneth-3 quadrangle, San Juan County,

Utah: TEM-365, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Aneth-4 quadrangle, San Juan County,

Utah: TEM-366, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Aneth-5 quadrangle, San Juan County,

Utah: TEM-393, Oct. 8, 1952. D, GJ, SL.Photogeologic map, Aneth-6 quadrangle, San Juan County,

Utah: TEM-400, Oct. 8, 1952. D, GJ, SL.Photogeologic map, Aneth-7 quadrangle,

Utah: TEM-367, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Aneth-8 quadrangle,

Utah: TEM-368, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Bluff-1 quadrangle, San Juan County, Utah:

TEM-369, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Bluff-8 quadrangle, San Juan County, Utah:

TEM-370, Aug. 25, 1952. D, GJ, SL.Photogeologic map, Carlisle-15 quadrangle, San Juan County,

Utah: TEM-668, Feb. 15, 1954. D, GJ, SL.Photogeologic map, Circle Cliffs-2 quadrangle, Garfield County,

Utah: TEM-548, Dec. 21, 1953. D, GJ, SL.Phototeologic map, Circle Cliffs-6 quadrangle, Garfield County,

Utah: TEM-585, July 23, 1953. D, GJ, SL.Photogeologic map, Circle Cliffs—7 quadrangle, Garfield County,

Utah: TEM-590, Aug. 17, 1953. D, GJ, SL.Photogeologic map, Circle Cliffs-10 quadrangle, Garfield County,

Utah: TEM-531, May 11, 1953. D, GJ, SL.Photogeologic map, Circle Cliffs— 1 1 quadrangle, Garfield County,

Utah: TEM-636, Oct. 19, 1953. D, GJ, SL.Photogeologic map, Circle Cliffs-14 quadrangle, Garfield and

Kane Counties, Utah: TEM-637, Oct. 19, 1953. D, GJ, SL.

San Juan County,

San Juan County,
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116 Hackman, R. J., Photogeologic map, Circle Cliffs-15 quadrangle, Garfield

and Kane Counties, Utah: TEM-641, Oct. 19, 1953. D, GJ, SL.

117 Photogeologic map, Circle Cliffs-16 quadrangle, Garfield and

Kane Counties, Utah: TEM-614, Sept, 16, 1953. D, GJ, SL.

118 Photogeologic map, Elk Ridge-1 quadrangle, San Juan County,

Utah: TEM-410, Oct. 27, 1952. D, GJ, SL.

119 Photogeologic map, Elk Ridge—8 quadrangle, San Juan County,

Utah; TEM-407, Oct. 27, 1952. D, GJ, SL.

120 Photogeologic map, Elk Ridge-9 quadrangle, San Juan County,

Utah: TEM-453, Aug. 25, 1952. D, GJ, SL.

121 Photogeologic map, Elk Ridge—12 quadrangle, San Juan County,

Utah: TEM-396, Oct. 8, 1952. D, GJ, SL.

122 Photogeologic map, Elk Ridge—13 quadrangle, San Juan County,

Utah: TEM-376, Aug. 25, 1952. D, GJ, SL.

123 Photogeologic map, Elk Ridge-1 6 quadrangle, San Juan County,

Utah: TEM-377, Aug. 25, 1952. D, GJ, SL.

124 Photogeologic map, Mt. Peale-1 quadrangle, Grand and San Juan

Counties, Utah, Montrose County, Colo.: TEM-467, Feb. 5, 1953.

D, GJ, SL.

125 Photogeologic map, Mt. Peale-4 quadrangle, Grand and San Juan

Counties, Utah: TEM-527, July 23, 1953. D, GJ, SL.

126 Photogeologic map, Mt, Peale-7 quadrangle, San Juan County,

Utah: TEM-466, Feb. 5, 1953. D, GJ, SL.

127 Photogeologic map, Mt. Peale-8 quadrangle, Utah-Colorado:

TEM-465, Jan. 9, 1953. D, SL.

128 Photogeologic map, Mt. Peale-9 quadrangle, Utah-Colorado:

TEM-450, Jan. 9, 1953. D, SL.

129 —■ Photogeologic map, Mt. Peale-10 quadrangle, San Juan County,

Utah: TEM-451, May 11, 1953. D, GJ, SL.

130 Photogeologic map, Mt, Peale-15 quadrangle, San Juan County,

Utah: TEM-447, Feb. 5, 1953. D, GJ, SL.

131 Photogeologic map, Mt. Peale-16 quadrangle, Utah-Colorado:

TEM-448, Jan. 9, 1953. D, SL.

132 Photogeologic map, Mt. Pennell-5 quadrangle, Garfield County,

Utah: TEM-596, Aug. 17, 1953. D, GJ, SL.

133 —■—■—■ Photogeologic map, Mt. Pennell-14 quadrangle, Garfield and

Kane Counties, Utah: TEM-613, Oct. 19, 1953. D, GJ, SL.

134 Photogeologic map, Navajo Mountain-3 quadrangle, Kane and

San Juan Counties, Utah: TEM-621, Oct. 19, 1953. D, GJ, SL.

135 Photogeologic map, Navajo Mountain-13 quadrangle, Navajo

Indian Reservation, San Juan and Kane Counties, Utah: TEM-526j

May 11, 1953. D, GJ, SL.

136 Photogeologic map, Verdure— 1 quadrangle, Colorado-Utah;

TEM-399, Oct. 27, 1952. D, GJ, SL.

137 Photogeologic map, Vcrdure-2 quadrangle, San Juan County,

Utah: TEM-406, Oct. 27, 1953. D, GJ, SL.

138 Photogeologic map, Verdure-3 quadrangle, San Juan County.

Utah: TEM-433, Oct. 8, 1952. D, GJ, SL.

139 Photogeologic map, Verdure-4 quadrangle, San Juan Countyi

Utah: TEM-438, Oct. 27, 1952. D, GJ, SL.

140 ■ ■— Photogeologic map, Verdure-5 quadrangle, San Juan County»

Utah: TEM-408, Oct. 8, 1952. D, GJ, SL.
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141 Hackman, R. J., Photogeologio map, Verdure-6 quadrangle, San Juan

County, Utah: TEM-405, Oct. 27, 1952. D, GJ, SL.

142 Photogeologio map, Verdure-7 quadrangle, San Juan County,

Utah: TEM-395, Oct. 27, 1952. D, GJ, SL.

143 Photogeologic map, Verdure-8 quadrangle, Colorado-Utah:

TEM-403, Oct. 27, 1952. D, GJ, SL.

144 Photogeologic map, Verdure-9 quadrangle, Colorado-Utah:

TEM-385, Aug. 25, 1952. D, GJ, SL.

145 Photogeologic map, Verdure-10 quadrangle, San Juan County,

Utah: TEM-386, Aug. 25, 1952. D, GJ, SL.

146 Photogeologic map, Verdure-11 quadrangle, San Juan County,

Utah: TEM-387, Aug. 25, 1952. D, GJ, SL.

147 Photogeologic map, Verdure-12 quadrangle, San Juan County,

Utah: TEM-388, Aug. 25, 1952. D, GJ, SL.

148 Photogeologic map, Verdure-13 quadrangle, San Juan County,

Utah: TEM-389, Aug. 25, 1952. D, GJ, SL.

149 Photogeologic map, Verdure-14 quadrangle, San Juan County,

Utah: TEM-390, Aug. 25, 1952. D, GJ, SL.

150 Photogeologic map, Verdure-15 quadrangle, San Juan County,

Utah: TEM-391, Aug. 25, 1952. D, GJ, SL.

151 Photogeologic map, Verdure-16 quadrangle, Colorado-Utah:

TEM-392, Aug. 25, 1952. D, GJ, SL.

152 Hackman, R. J. and Tolbert, G. E., Photogeologic map, Mt. Peale—11

quadrangle, San Juan County, Utah: TEM-380A, Feb. 5, 1953.

D, GJ, SL.

153 Photogeologic map, Notom-15 quadrangle, Garfield County,

Utah: TEM-640, Nov. 25, 1953. D, GJ, SL.

154 Hemphill, W. R., Photogeologic map, Orange Cliffs-6 quadrangle, Wayne

County, Utah: TEM-599, Feb. 15, 1954. D, GJ, SL.

155 Photogeologic map, Orange Cliffs-7 quadrangle, Wayne County,

Utah: TEM-612, Sept. 16, 1953. D, GJ, SL.

156 Photogeologic map, Orange Cliffs-8 quadrangle, Wayne and San

Juan Counties, Utah: TEM-654, Nov. 25, 1953. D, GJ, SL.

157 Photogeologic map, Stinking Spring Creek-2 quadrangle, Emery

County, Utah: TEM-589, July 23, 1953. D, GJ, SL.

158 Photogeologic map, Stinking Spring Creek-6 quadrangle, Emery

County, Utah: TEM-530, June 22, 1953. D, GJ, SL.

159 Photogeologic map, Stinking Spring Creek-7 guadranglc, Emery

County, Utah: TEM-550, June 22, 1953. D, GJ, SL.

160 Photogeologic map, Stinking Spring Creek-8 quadrangle, Emery

County, Utah: TEM-657, Dec. 21, 1953. D, GJ, SL.

161 Photogeologio map, Stinking Spring Creek-9 quadrangle, Emery

County, Utah: TEM-650, Nov. 25, 1953. D, GJ, SL.

162 Henderson, J. R. and Moxham, R. M., Airborne radioactivity survey of

the Devil's Tower area, Crook County, Wyo.: TEM-605, June 1,

1953. D, GJ, SF; Geol. Survey offices at Custer, S. D., Casper,

and Sheridan, Wyo., Science Hall, Univ. Wyo., Laramie, Wyo.;

BA, DA, GJA, H, R, SLA. (474)

163 Hosley, V. M., Photogeologic map, Carlisle-4 quadrangle, Wayne and

San Juan Counties, Utah: TEM-547, July 23, 1953. D, GJ, SL.

164 Photogeologic map ,Carlisle-5 quadrangle, Wayne and San Juan

Counties, Utah: TEM-544, July 23, 1953. D, GJ, SL.
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165 Hosley, V. M., Phot oncologic map, Carlisle—7 quadrangle, San Juan

County Utah: TEM-733, Apr. 26, 1954. D, GJ, SL.

166 Photogeologic map, Moab-12 quadrangle, Grand County, Utah:

TEM-639, Oct. 19, 1953. D, GJ, SL.

167 Photogeologic map, Moab-14 quadrangle, Grand County, Utah:

TEM-584, July 23, 1953. D, GJ, SL.

168 Photogeologic map, Moab-15 quadrangle, Grand County, Utah:

TEM-598, Aug. 17, 1953. D, GJ, SL.

169 Photogeologic map, Orange ClifTs-5 quadrangle, Wayne County,

Utah: TEM-525, July 23, 1953. D, GJ, SL.

170 Photogeologic map, Straight Cliffs-1 quadrangle, Kane County,

Utah: TEM-638, Oct. 19, 1953. D, GJ, SL.

171 Photogeologic map, Tidwell-15 quadrangle, Emery County,

Utah: TEM-656, Nov. 25, 1953. D, GJ, SL.

172 Johnson, R. W. and Moxham, R. M., Airborne radioactivity survey of

portions of the Defiance Uplift and Carrizo Mountains, Apache

County, Ariz.: TEM-607, Aug. 25, 1953. D, GJ, SF, SL, T; Geol.

Survey offices at Spencer Bldg., Room 5, Flagstaff, Ariz., Holbrook,

Ariz., Hadley Hall, Univ. N. Mex., Albuquerque, N. Mex., Public

inquiries office, Room 529 Post Office and Court House Bldg., Los

Angeles, Calif., Bur. Mines office, Rapid City, S. D.; BA, DA, GJA,

H, SLA, R.

173 Kent, B. H., Photogeologic map, Desert Lake-11 quadrangle, Emery

County, Utah: TEM-658, Nov. 25, 1953. D, GJ, SL.

174 Photogeologic map, Desert Lake-14 quadrangle, Emery County,

Utah: TEM-651, Nov. 25, 1953. D, GJ, SL.

175 Kent, B. H. and Condon, W. H., Photogeologic map, Orange Cliffs-15

quadrangle, Garfield and San Juan Counties, Utah: TEM-653,

Apr. 26, 1954. D, GJ, SL.

176 Lowell, W. R., Geologic map and structure sections of the southwest

quarter Willis quadrangle, Beaverhead County, Mont.: TEI-312,

Mar. 30, 1953. B, IM, W; Dept. Geology, Ind. Univ., Bloomington,

Indl

177 Luedke, R. G. and Shoemaker, E. M., Tectonic map of the Colorado

Plateau: TEM-301, July 23, 1953. D, GJ, SL, T; Bur. Mines Min.

Res., N. Mex. School of Mines, Socorro, N. Mex.; Office of the Area

Director, Bur. Indian Affairs, Window Rock, Ariz. (451)

178 Marshall, C. H., Photogeologic map, Desert Lake-16 quadrangle, Emery

County, Utah: TEM-735, Apr. 26, 1954. D, GJ, SL.

179 Meuschke, J. L. and Moxham, R. M., Airborne radioactivity survey of

the Aspen Mountain area, Sweetwater County, Wyo.: TEM-609,

Aug. 10, 1953. D, GJ, SF, SL; Geol. Survey offices at Custer,

S. Dak., Sheridan and Casper, Wyo., Univ. Wyo., Laramie, Wyo.;

Bur. Mines, Rapid City, S. Dak.; BA, DA, GJA, H, R, SLA.

180 Airborne radioactivity of the Miller Hill area, Carbon County,

Wyo.: TEM-606, Mar. 28, 1953. D, GJ, SF, SL; Geol. Survey

offices at Custer, S. Dak., Casper and Sheridan, Wyo., Univ. Wyo.,

Laramie, Wyo.; BA, DA, GJA, H, R, SLA.
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181 Meuschke, J. L. and Moxham, R. M., Airborne radioactivity survey of

the Tabernacle Buttes area, Sublette and Fremont Counties, Wyo.:

TEM-610, Aug. 10, 1953. D, GJ, SF, SL; Geol. Survey offices at

Custer, S. Dak., Sheridan and Casper, Wyo., Univ. Wyo., Laramie,

Wyo.; Bur Mines, Rapid City, S. Dak.; BA, DA, GJA, H, R, SLA.

182 Airborne radioactivity survey of the West Lone Tree area, Uinta

County, Wyo.: TEM-611, Aug. 10, 1953. D, GJ, SF, SL; Geol.

Survey offices at Custer, S. Dak., Sheridan and Casper, Wyo., Univ.

Wyo., Laramie, Wyo.; Bur. Mines, Rapid City, S. Dak.; BA, DA,

GJA, H, R, SLA.

183 Meuschke, J. L., Moxham, R. M., and Bortner, T. E., Airborne radio

activity survey of parts of the Atlantic Ocean Beach, North and

South Carolina: TEM-673, Feb. 26, 1954. D, GJ, SL, Geol. Survey

offices at Plant City, Fla., and New Dining Hall, Fla. State Univ.,

Tallahassee, Fla.; Offices of State Geologist at Room 108 LeConte

College, Univ. Campus, Columbia, S. C, N. C. Dept Conserv. and

Devel., Education Bldg., Raleigh, N. C, State Museum, 101 Halifax

St., Raleigh, N. C, Fla. Geol. Survey, Tallahassee, Fla.; Dept.

Mines, Min., Geology, 425 State Capitol, Atlanta, Ga.; Bur. Mines,

Rapid City, S. Dak.; BA, DA, GJA, H, R, SLA.

184 Airborne radioactivity survey of the Gulf of Mexico Beach be

tween Sanibel Island and Caladesi Island, Fla.: TEM-678, Feb. 26,

1954. D, GJ, SL; Geol. Survey offices at Plant City, Fla. New Din

ing Hall, Fla. State Univ., Tallahassee, Fla.; Fla. Geol. Survey,

Tallahassee, Fla.; Bur. Mines, Rapid City, S. Dak.; BA, DA, GJA,

H, R, SLA.

185 Moxham, R. M., Airborne radioactivity surveys for phosphate in Florida:

TEI-387, Apr. 2, 1954. D, GJ, SL; Geol. Survey offices at Menlo

Park, Calif., Custer, S. Dak., Casper and Worland, Wyo., Plant

City, Fla., Bldg. 211, Camp Roosevelt, Ocala, Fla., Dinner Key, S.

Bayshore Drive, Miami, Fla., New Dining Hall, Fla. State Univ.,

Tallahassee, Fla.; Bur. Mines, Rapid City, S. Dak.; BA, DA, GJA,

H, R, SLA; AEC buying stations at Shiprock, N. Mex., Monticello,

Utah, Albuquerque Suboffice, Albuquerque, N. Mex., Douglas Sub-

office, Douglas, Wyo., Phoenix Suboffice, Phoenix, Ariz., Ishpeming

Suboffice, Ishpeming, Mich. (508)

186 Moxham, R. M. and Johnson, R. W., Airborne radioactivity survey of

parts of the Atlantic Ocean Beach, Virginia to Florida: TEM-644,

Sept. 18, 1953. D, GJ, SF, SL; Geol. Survey offices at Plant City,

Fla., New Dining Hall, Fla. State Univ., Tallahassee, Fla.; Fla.

Geol. Survey, Tallahassee, Fla.; Georgia Dept. Mines, Min., Geology,

425 State Capitol, Atlanta, Ga.; Bur. Mines, Rapid City, S. Dak.;

BA, DA, GJA, H, R, SLA.

187 Orkild, P. P., Photogcologic map, Emery-1 quadrangle, Emery County,

Utah: TEM-591, Aug. 17, 1953. D, GJ, SL.

188 Photogcologic map, Orange Cliffs— 1 quadrangle, Wayne and San

Juan Counties, Utah: TEM-665, Nov. 25, 1953. D, GJ, SL.

189 Photogeologic map, Orange Cliffs-2 quadrangle, Wayne County,

Utah: TEM-600, Aug. 17, 1953. D, GJ, SL.

190 Photogeologic map, Orange Cliffs—3 quadrangle, Wayne County,

Utah: TEM-594, July 23, 1953. D, GJ, SL.
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191 Orkild, P. P., Photogeologic map, Stinking Spring Creek-3 quadrangle,

Emery County, Utah: TEM-542, June 22, 1953. D, GJ, SL.

192 Photogeologic map. Stinking Spring Creek-4 quadrangle, Emery

County, Utah: TEM-532, May 11, 1953. D, GJ, SL.

193 Photogeologic map, Stinking Spring Creek-5 quadrangle, Emery

County, Utah: TEM-528, May 11, 1953. D, GJ, SL.

194 Photogeologic map, Stinking Spring Creek- 15 quadrangle, Emery

County, Utah: TEM-545, July 23, 1953. D, GJ, SL.

195 Photogeologic map, Tidwell-4 quadrangle, Emery County, Utah:

TEM-655, Dec. 21, 1953. D, GJ, SL.

196 Photogeologic map, Tidwell-5 quadrangle, Emery Count}-, Utah:

TEM-642, Nov. 25, 1953. D, GJ, SL.

197 Photogeologic map, Tidwell-16 quadrangle, Emery and Grand

Counties, Utah: TEM-617, Dec. 21, 1953. D, GJ, SL.

198 Photogeologic map, Woodside-12 quadrangle, Emery County,

Utah: TEM-730, Mar. 12, 1954. D, SL.

199 Photogeologic map, Woodside-13 quadrangle, Emery County,

Utah: TEM-659, Nov. 25, 1953. D, GJ, SL.

200 Ray, R- G., Photogeologic map, Agathla Peak-1 quadrangle, Navajo

Indian Reservation, Navajo County, Ariz.: TEM-441, Jan. 9, 1953.

D, GJ, T.

201 Photogeologic map, Agathla Peak-7 quadrangle, Navajo Indian

Reservation, Navajo County, Ariz.: TEM-468, Feb. 5, 1953. D,

GJ, SL, T.

202 Photogeologic map, Agathla Peak-8 quadrangle, Navajo Indian

Reservation, Navajo County, Ariz.: TEM-440, Nov. 24, 1952. D,

GJ, T.

203 Photogeologic map, Blufl-13 quadrangle, San Juan County, Utah:

TEM-371, Aug. 25, 1952. D, GJ, SL.

204 Photogeologic map, Bluff-14 quadrangle, Navajo Indian Reser

vation, San Juan County, Utah: TEM-401, Oct. 27, 1952. D, GJ,

SL.

205 Photogeologic map, Orange Cliffs— 1 1 quadrangle, Wayne and

Garfield Counties, Utah: TEM-523, May 11, 1953. D, GJ, SL.

206 Photogeologic map, Orange Cliffs-12 quadrangle, Wayne and

Garfield Counties, Utah: TEM-524, July 23, 1953. D, GJ,*SL.

207 Photogeologic map, Orange Cliffs-13 quadrangle, Garfield County,

Utah: TEM-500, Feb. 5, 1953. D, GJ, SL.

208 Photogeologic map, Orange Cliffs— 14, Garfield County, Utah:

TEM-501, Feb. 5, 1953. D, GJ, SL.

209 Photogeologic map, Setsiltso Springs-3 quadrangle, Navajo

Indian Reservation, Apache County, Ariz.: TEM-402, Oct. 27, 1952.

D, GJ, SL, T.

210 Photogeologic map, Setsiltso Springs-4 quadrangle, Navajo In

dian Reservation, Apache County, Ariz.: TEM-404, Nov. 24, 1952.

D, GJ, T.

211 Photogeologic map, Setsiltso Springs-5 quadrangle, Navajo In

dian Reservation, Apache County, Ariz.: TEM-439, Oct. 27, 1952.

D, GJ, T.

212 Photogeologic map, Stinking Spring Creek-11 quadrangle, Emery

County, Utah: TEM-383, Aug. 25, 1952. D, GJ, SL.

319833—55 8
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213 Ray, R. G., Scott, J. M., Photogeologic map, Carlisle-2 quadrangle, S»i

Juan County, Utah: TEM-667, Apr. 26, 1954. D, SL, GJ.

214 Photogeologic map, Carlisle-10 quadrangle, San Juan County

Utah: TEM-669, Feb. 15, 1954. D, GJ, SL.

215 Photogeologic map, Circle Cliffs-1 quadrangle, Garfield Coun t-v

Utah: TEM-586, Aug. 17, 1953. D, GJ, SL.

216 Photogeologic map, Circle Cliffs-3 quadrangle, Garfield County

Utah: TEM-549, July 23, 1953. D, GJ, SL.

217 Photogeologic map, Circle ClifTs-4 quadrangle, Garfield Countv

Utah: TEM-634, Dec. 21, 1953. D, GJ, SL.

218 Photogeologic map, Circle Cliffs-5 quadrangle, Garfield Countv

Utah: TEM-635, Oct. 19, 1953. D, GJ, SL.

219 Photogeologic map, Circle Cliffs-8 quadrangle, Garfield County

Utah: TEM-595, July 23, 1953. D, GJ, SL.

220 Photogeologic map, Circle Cliffs-9 quadrangle, Garfield County,

Utah: TEM-529, June 22, 1953. D, GJ, SL.

221 Photogeologic map, Kaiparowits Peak-8 quadrangle, Garfield

County, Utah: TEM-661, Jan. 11, 1954. D, GJ, 8L.
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233 Sims, P. K., Tooker, E. W., and Ostcrwald, F. W., Radioactive deposits
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Utah: TEM-380, Aug. 25, 1952. D, GJ, SL.
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244 Photogeologic map, Mt. Peale-13 quadrangle, San Juan County
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as TEM-444-A). The year listed is the date shown on the copy of
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Grimaldi, F. S. and Fairchild, J. G., The determination of very

small amounts of thorium in naturally occurring materials:

AECD-2632, 1946. (572)

Fleischer, Michael and Harder, J. O., Geochemistry of indium:
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to the determination of thorium: AECD-3186, 1950. (364

572)
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272 133 Fletcher, M. H., May, Irving, and Anderson, J. W., The design
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claystones and siltstones from western Colorado and eastern

Utah: 1953. (407)
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mictic disintegration of the zircon group of minerals: 1953.

(432)
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329 13 King, R. U., Vein deposits of uranium at the Caribou mine,
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331 30 Vhay, J. S., Reconnaissance examination for uranium at six

mines and properties in Idaho and Montana: TEM-30A,

1951.
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341 165 Staatz, M. H. and Bauer, H. L., Jr., Preliminary examination

of the uranium prospect at the Spider No. 1 claim, Honey

comb Hills, Juab County, Utah: 1950.
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344 232 Davis, W. E., Electrical resistivity investigations of carnotite
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345 236 McKelvey, V. E., Cathcart, J. B., and Worthing, H. W., Pre
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346 251 Weeks, A. D., Red and gray clay underlying ore-bearing sand
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(60, 449)

347 252 Fletcher, M. H. and Warner, E. R., A fluorimeter for solutions:
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348 255 Stewart, R. H., Radiometric reconnaissance examination in
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349 306 Sakakura, A. Y., Theory of gamma-ray logging: preliminary

calculations: 1951. (452)

350 323 Wedow, Helmuth, Jr., Adaptation of portable survey meters for

airborne reconnaissance with light planes in Alaska: 1951.

351 336 Duncan, D. C, Preliminary report on a uranium-bearing rhyolitic

tuff deposit near Coaldale, Esmeralda County, Nev.: 1952.

(530)

352 337 Davidson, D. F., Relation of "topography" of the Hawthorn

formation to size of phosphate particles in the deposits,

and to topography in the northern part of the land-pebble

phosphate field, Florida: 1952.

353 360 Moxham, R. M., Airborne radioactivity surveys in the Mojave

Desert region, Kern, Riverside, and San Bernardino Counties,

Calif.: 1952. (455)

354 362 Davidson, D. F., Grain size distribution in the surface sands.

and the economic phosphate deposits of the land-pebble

phosphate district, Florida: 1952. (456)
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355 434 Schnabel, R. W. and Vickers, R. C, Reconnaissance of the Clinton
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357 445 Tourtelot, H. A.. Boconnaissance for uraniferous rocks in north-
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358 509 Manger, G. E. and Gates, G. L., Progress report on original-
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359 676 Davidson, D. F., Distribution of coarse- and fine-grained rocks
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deposits, Powder River Basin, Wyo.: 1953. (476)

360 677 ■ — Reconnaissance for uranium in the Powder River Basin,

Wyo.: 1953. (477)

ABSTRACTS OF TRACE ELEMENTS REPORTS PUBLISHED

IN NUCLEAR SCIENCE ABSTRACTS

Nuclear Science Abstracts is issued bimonthly by the Technical

Information Service of theU. S. Atomic Energy Commission, Oak

Ridge, Tenn. Copies can be consulted at the AEC depository libraries

listed under Trace Elements Reports Issued by TIS. Nuclear

Science Abstracts is available as single copies (25f! each for regular

issues ; 60ji for the annual index issue) or by subscription ($6 per year

domestic; $8 per year foreign) from the Superintendent of Documents,

U. S. Government Printing Office, Washington 25, D. C. The

abstracts are listed by Trace Elements Investigations and Trace

Elements Memorandum Report numbers.
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86 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Index TEI

No. No.

366 120 Fletcher, M. H. and May, Irving, An improved fluorimeter for
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tion, v. 6, no. 4, p. 145, 1952. (280, 572)

378 170 Waters, A. C. and Granger, H. C, Volcanic debris in uraniferous

sandstones, and its possible bearing on the origin and

precipitation of uranium, v. 6, no. 20, p. 709, 1952. (507)
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381 196 Wedow, Helmuth, Jr., and Tolbert, G. E., Reconnaissance for
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434 371 Kellagher, Richard, A multiple cone-splitter for rapid sampling
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King, R. U. and Granger, H. C, Torbernite occurrence at the

Robineau claims, Clear Creek County, Colo., v. 6, no. 1, p.
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454 335 Meyrowitz, Robert, A new series of immersion liquids, v. 6, no.

' 10, p. 365, 1952. (694)

455 360 Moxham, R. M., Airborne radioactivity surveys in the Mojave

Desert region, Kern, Riverside, and San Bernardino Counties,
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456 362 Davidson, D. F., Grain size distribution in the surface sands,
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457 422 Strobell, J. D., Jr., Red Roct valley SW, preliminary geologic

map of part of the Carrizo Mountains area, northeastern

Arizona, v. 7, no. 22, p. 736, 1953. (593)
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p. 736, 1953. (593)
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on the Merry Widow claim, White Signal district, Grant
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Jr., Wyant, D. G, Gott, G. B., and others, 1952, Selected
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671, 672, 733, 750, 751)
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508 230 Moxham, R. M., 1954, Airborne radioactivity surveys for phos

phate in Florida. (185)
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Atlantic states.
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Reconnaissance for radioactive deposits in the northeastern
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538 305 Davidson, D. F., Smart, R. A., Peirce, H. W., and Weiser, J. D.,

1953, Stratigraphic sections of the Phosphoria formation in

Idaho, 1949, part II.
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936 Strategic minerals investigations, 1942.

(Issued only in separate chapters)

659 (p) Fischer, R. P., 1942, Vanadium deposits of Colorado

and Utah, a preliminary report. (Out of print.)

982 Contributions to economic geology, 1952.

(Issued only in separate chapters)

560 (d) Adams, J. W., 1953, Beryllium deposits of the Mt.

Antero region, Chaffee County, Colo. 15^
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Uravan mineral belt. 35* (8)
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of the area adjacent to the Free Enterprise mine,

Jefferson County, Mont. $1.50

568 (h) Trites, A. F., Jr., and Tooker, E. W., 1953, Uranium
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Pt. 2. Cuttitta, Frank, A photometric method for the estima
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Pt. 3. Cuttitta, Frank, A volumetric method for the estimation

of the oil yield of oil shale, p. 33-37. (290)

Pt. 4. Grimaldi, F. S. and Levine, Harry, The fluorimetric

determination of aluminum in phosphate rock with

8-hydroxyquinoline, p. 39-48.

Pt. 5. Randolph, R. B. and Grimaldi, F. S., The determination

of phosphorus in rocks containing vanadium, p. 49-55.
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Fluorspar deposits of Utah. $1.25
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Pt. 1. Grimaldi, F. S., May, Irving, Fletcher, M. H., and

Titcomb, Jane, Summary of methods of analysis for
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Pt. 2. Foster, M. D., Stevens, R. E., Grimaldi, F. S., Schlecht,

W. G., and Fleischer, Michael, Methods for the

complete decomposition of rock and ore samples to be

analyzed for very small amounts of uranium and

thorium, p. 11-15* (251)
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monazites after alkali carbonate separation, p.
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Pt. 16. Rowe, J. J., Noninterference of arsenate ion in the
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reductor, p. 121-124. (453)

Pt. 17. Smith, A. P. and Grimaldi, F. S., The fluorimetric de

termination of uranium in nonsaline and saline

waters, p. 125-131. (283)
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ring materials, p. 153-167. (254)

Pt. 20. Grimaldi, F. S. and Warahaw, C. M., The determination

of thorium in high-grade and low-grade ores, p.
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573 (a) Wilmarth, V. R. and Johnson, D. H., 1954, Uranophane
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574 (b) Weeks, A. D. and Thompson, M. E., 1954, Identification

and occurrence of uranium and vanadium minerals from

the Colorado Plateaus. 25^ (426)

575 (c) Lovering, T. G., 1954, Radioactive deposits of Nevada. 20^

576 (d) Thompson, M. E., 1954, Further studies of the distribution

of uranium in rich phosphate beds of the Phosphoria

formation. 15^ (307, 404)

577 101 1 Thurston, W. R., 1954, Pegmatites of the Crystal Mountain dis

trict, Larimer County, Colo. (In press, 1954) (58)
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578 (c) Sheridan, D. M., 1954, Geology of the High Climb pegma

tite, Custer County, S. Dak. (In press, 1954)
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579 227 Hanley, J. B., Heinrich, E. W., and Page, L. R., 1950, Peg

matite investigations in Colorado, Wyoming, and Utah,
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580 261 Olson, J. C, Shawe, D. R., Pray, L. C, and Sharp, W. N., 1954,

Rare-earth mineral deposits of the Mountain Pass district,

San Bernardino County, Calif. (Includes, Shawe, D. R.

Thorium resources of the Mountain Pass district, California.)

(In press, 1954.)

581 265 Staatz, M. H. and Trites, A. F., Jr., 1051, Geology of the Quartz

Creek pegmatite district, Gunnison County, Colo. (In

press, 1954.) (44)

310833—55-
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583 Fischer, R. P., 1944, Vanadium region of southwestern Colorado and

southeastern Utah: U. S. Geol. Survey Strategic Minerals Inv.

Prelim. Map (with text). (2d edition, 1949, Strategic Minerals

Inv. Prelim. Map 3-226.) 30*.

584 Fischer, R. P., Stokes, W. L., and Smith, L. E., 1944, Geology of the

Rifle Creek vanadium area, Garfield County, Colo.: U. S. Geol.

Survey Strategic Minerals Inv. Prelim. Rept. (Mimeographed,

limited distribution.)

585 Huddle, J. W. and McCann, F. T., 1947, Geologic map of the Duchesne

River area, Wasatch and Duchesne Counties, Utah: U. S. Geol.

Survey Prelim. Oil and Gas Map No. 75. 60*.

586 Huddle, J. W., Mapel, W. J., and McCann, F. T., 1951, Geology of the

Moon Lake area, Duchesne County, Utah: U. S. Geol. Survey Oil

and Gas Map Series, OM-115. 50*.

587 Hunt, C. B., Averitt, Paul, Miller, R. I,., Bowles, E., Bates, R. E.,

Goldman, M. I., and Simmons, W. W., 1952, Geologic map of the

Henry Mountains region, Utah: U. S. Geol. Survey Oil and Gas Map

Series, OM-131. $1.00.

588 Kinney, D. M., 1951, Geology of the Uinta River and Brush Creek-

Diamond Mountain area, Duchesne and Uintah Counties, Utah:

U. S. Geol. Survey Oil and Gas Map Series, OM-123. 75*.

589 Love, J. D., Henbest, L. G., and Denson, N. M., 1953, Stratigraphy and

paleontology of Paleozoic rocks, Hartville area, eastern Wyoming:

U. S. Geol. Survey Oil and Gas Inv. Chart 44. 2 sheets. $1.00

per set.

590 Sharp, W. N. and Pray, L. C, 1952, Geologic map of bastnaesite deposits

of the Birthday claims, San Bernardino County, Calif.: U. S. Geol.

Survey Mineral Investigations Field Studies Map 4. 75*.

591 Stokes, W. L. and Phoenix, D. A., 1948, Geology of the Egnar-Gypsum

Valley area, San Miguel and Montrose Counties, Colo.: U. S. Geol.

Survey Oil and Gas Inv. Prelim. Map 93. 50*.

592 Stokes, W. L., Russell, R. T., Fischer, R. P., and Butler, A. P., Jr., 1945,

Geologic map of the Gateway area, Mesa County, Colo., and adjoin

ing part of Grand County, Utah: U. S. Geol. Survey Strategic

Minerals Inv. Prelim. Map 3-173 (with text). 25*.
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593 Strobell, J. D., Jr., Geology of the Carrizo Mountains area in north

eastern Arizona and northwestern New Mexico: U. S. Geol. Survey

Oil and Gas Inv. Map Series, OM-160 (maps and text). (In press,

1954.) (457, 458, 459, 460, 461, 462, 463, 464, 465)

GEOLOGIC QUADRANGLE MAPS

[Geologic Quadrangle maps may be purchased, flat or folded, Irom the U.S. Geological Survey, WashinRton

25, D. C, at the price Indicated.]
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594 Anderson Mesa, Montrose and San Miguel Counties, Colo., Geology of,

by F. W. Cater, Jr., with a section on "The Mines" by C. F. With-

ington. (In press.)

595 Atkinson Creek, Montrose County, Colo., Geology of, by E. J. McKay.

(In press.)

596 Bull Canyon, Montrose and San Miguel Counties, Colo., Geology of, by

F. W. Cater, Jr. 1954: GQ-33. $1.00

597 Calamity Mesa, Mesa County, Colo., Geology of, by F. W. Cater, Jr.,

with a section on "The Mines" by H. K. Stager. (In press.)

598 Davis Mesa, Montrose County, Colo., Geology of, by F. W. Cater, Jr.,

with a section on "The Mines" by Leonid Bryner. (In press.)

599 Egnar, Dolores and San Miguel Counties, Colo., Geology of, by F. VV.

Cater, Jr., with a section on "The Mines" by A. L. Bush and Henry

Bell, III. (In press.)

600 Gateway, Mesa County, Colo., Geology of, by F. W. Cater, Jr. (In

press.)

601 Gypsum Gap, San Miguel County, Colo., Geology of, by F. W. Cater, Jr.

(In press.)

602 Hamm Canyon, San Miguel County, Colo., Geology of, by F. W. Cater,

Jr. (In press.) !

603 Horse Range Mesa, San Miguel County, Colo., Geology of, by F. W.

Cater, Jr., with a section on "The Mines" by A. L. Bush, Henry

Bell, III, and C. F. Withington. (In press.)

604 Joe Davis Hill, Dolores and San Miguel Counties, Colo., Geology of, by

F. W. Cater, Jr., with a section on "The Mines" by Henry Bell, III.

(In press.)

605 Juanita Arch, Mesa County, Colo., Geology of, by E. M. Shoemaker.

(In press.)

606 Naturita NW, Montrose and San Miguel Counties, Colo., Geology of, by

F. W. Cater, Jr., with a section on "The Mines" by J. D. Vogel.

(In press.)

607 Paradox, Montrose County, Colo., Geology of, by C. F. Withington.

(In press.)

608 Pine Mountain, Mesa County, Colo., Geology of, by F. W. Cater, Jr.

(In press.)

609 Red Canyon, Montrose County, Colo., Geology of, by E. J. McKay,

with a section on "The Mines" by D. A. Jobin. (In press.)

610 Uravan, Montrose County, Colo., Geology of, by F. W. Cater, Jr.,

A. P. Butler, Jr., and E. J. McKay, with a section on "The Mines"

by R. L. Boardman. (In press.)
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611 Adams, J. W., 1953, Uranium in the Golden Gate Canyon and Ralston

Creek areas, Jefferson County, Colo, (abs.): Geol. Soc. America

Bull., v. 64, p. 1539. (548)

612 Altschuler, Z. 8., Cisney, E. A., and Barlow, I. H., 1952, X-ray evidence

of the nature of the carbonate-apatites (abs.): Geol. Soc. America

Bull., v. 63, p. 1230; 1953, (abs.) Proc. 19th Int. Geol. Congress,

11th Section, Alger, p. 9.

613 Armstrong, F. C, 1952, Pitchblende deposits on Quartz Hill, Central

City district, Gilpin Gounty, Colo, (abs.): Econ. Geology, v. 47,

p. 767-768; 1952 (abs.), Geol. Soc. America Bull., v. 63, p. 1232.

614 Axelrod, J. M., Grimaldi, F. S., Milton, Charles, and Murata, K. J.,

1951, The uranium minerals from the Hillside mine, Yavapai County,
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INDEX OF STATES, AREAS, AND SUBJECTS

Index No.

Age determination. B

California. San Gabriel anorthosite massif. 701

Colorado Plateau.

Lead uranium aeos of some uraninites. 726

Lead-uranium and lead-lead ratio

method, by ___ 729

Ores... 523

Igneous rocks, method for using accessory

minerals 678

Lead-uranium apes of some uraninites,

Colorado Plateau 726

Lead-uranium and lead-lead ratio method,

Colorado Plateau 729

Method of analysis In treatment of ores,

for Colorado Plateau 301

Shinarump conglomerate, Utah _ . 725

Utah, Shinarump conglomerate 725

Airborne radioactivity surveys 632, 720, 722, 723

Alaska, meters for. in light planes 350

Arizona, Apache County, Carrizo Moun

tains and Defiance Uplift 172

California.

Kern County ._ 353

Riverside County 353

San Bernardino County _ 353

Florida 186

Gulf of Mexico Beach between Sanibcl

LUand and Caladesi Island. _ 184

Phosphate, for 185,508

Georgia. 186

New Mexico, McKinley County, Grants

district _ 300

Korth Carolina, Atlantic Ocean beach 183

Phosphate, Florida 185,508

South Carolina, Atlantic Ocean beach 183

Wyoming.

Campbell County, Pumpkin Buttes

area _ 234

Carbon County, Miller Hill area 180

Crook County, Devil's Tower area... 162

Fremont County, Tabernacle Buttes

area 181

Johnson County, Tumpkin Buttes

area _ 234

Sublette County, Tabernacle Buttes

area 181

Sweetwater County.

Aspen Mountain area __ 179

Red Desert area 339

Uinta County, West Lone Tree area.. 182

Alabama.

Chambers County 511

Coosa County 511

Alabama—Continued Index No.

Monailte 693

Chambers County 811

Coosa County 511

Tallapoosa County 511

Tallapoosa County _ 511

Alaska.

Airborne radioactivity surveys, meters for,

in light planes 350

Alaska Highway belt 557

Alaska Railroad region. 492

Alaska Range, eastern 515

Anchorage district 486

Ben Creek area 381

Big Creek area 494

Boulder Creek are:i 546

Bremner district 486

Brooks Mountain... 62,492.502

Bryan Creek area.. 533

Auckland district.. 494.516

Candle Creek area 516,518

Candle quadrangle 61

Cape Darby 533

Cape Mountain area 494

Cape Nome, vicinity of- 513

Chandalar district 491,515

Cheenik Crock area 533

Chugach Mountains 486

Circle Hot Springs area 518

Circle quadrangle 515

Clem Mountain area _. 494.518

Connolly Creek area 494,516

CrippleCreek Mountains 518

Darby Mountains district 494,533

Donnelly Dome area 557

Eagle Crock area 526

Eagle-Nation 545

Ester Dome 557

Eureka area 494,548

Fairbanks district 557

Fairhaven Creek area 494

Flat, vicinity of 518

Fortymile district 381,515

Gold Bench area 515

Oolovin Bay area 494

Granite Mountain area 494,516

Grant Creek area 557

Gulf of Alaska region 492

Harding Lake 557

Hidden Creek... 526

Hope Crook area 515

Hot Springs Dome area 494,546

Hunter Creek area 494, 516

Hyderarea 515

Iliamna 492

111
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Alaska—Continued IndeI No-

Illamna Lake region 495

Jakolof Bay area 495

Julian Creek 518

Kachaulk Creek.. 533

Kalyuh Mountains, southern 515,555

Kiwalik 494,516

Klutlna district 486

Kougarok 522

Koyukuk region..- __ ._ 515

Kuskokwim region _ 515, 518, 555

Kwinluk River 533

Lake Clark 495

Livengood area 557

Long area 494

Lost River area 492,547

Lower Coleen River 487

Lower Yukon 515,518,555

McKlnley Creek 533

Manley Hot Springs district 494,546

Marshall area __ 515,555

Matanuska Valley 486

Miller House area 515

Moore Creek 518

Mount Mlchelsonarea _ 491

My Creek area 381

Mystery Creek 526

Nelchtnaarea 515

Nixon Fork area 494,526

Nlzlnla district 486

Norton Bay 533

Paxsonarea _ 557

Peace Rlverarea 492

Peace River headwaters 61,516

Pedro Dome area 557

Point Astley 515

Poorman district 528

Portage Creek 533

Prince of Wales Island, northern and

vicinity 515

Prince William Sound 515

Puzzle Creek 526

Quartz Creek, south fork 516

Rampart district 546

Reconnaissance 59

Richardson 557

Roughtop Mountain 546

Ruby district 526

Ruby Creek 526

Russian Mountains 515,555

Salmon Bay area 494

Serpentine _ 522

Southeastern 492

Steese Highway belt, Upper Chatanika

Valley 557

Submarine Creek 526

Sweepstakes Creek area 518

TakuHarbor 515

Talkeetna Mountains 486

Tanana River Valley 557

Teller, vicinity of. 513

Thorium occurrences 494

Tobln Creek-area 494

Tofty Tin belt 494,546

Tok Junction 557

Tubutullk River area 449,533

Alaska—Continued Ind« N»-

Upper Copper River valley 557

Upper Porcupine River 487

Valdez district 486

Wasllla district 486

Willow Creek mining district 486

Wilson Creek area 381

Wiseman district 401

Wrangell Mountains 486

Yakataga Beach 486

York tin district 51S

Analytical methods 39, 40, 277, 278, 284, 296, 6TO

Absorption characteristics of dilhlzone

mixed-color system, theoretical

treatment 298,606

Aromatic compounds of arsenic in chemi

cal analysis, use of 316

Calcite associated with carbonate-bearing

apatites, quantitative method for

determination 43,268,715

Colorlmetric determination of total Iron

with O-phenanthrollne 207

Colorlmetric reagents, quercetln as, for

zirconium 13,661

Extraction of uranium from aqueous

solution by coal and other ma

terials 38S

Fluorlmeter _ 403

Aluminum determination in phos

phate rock with 8-hydroxyquln-

oline 570

Battery powered for uranium deter

mination 573

Critical factors In "direct" determina

tion of uranium 271,572

Model V, transmission 10, 272, 572

Model VI, transmission 556

Solutions, for 12,347,542

Transmission for uranium determina

tion 11,572

Uranium determination.

In fluoride melts 9,260,572

In low grade ores, visual method. 14,

260,572

In non-saline and saline waters. 283, 572

In phosphate rocks, short, direct

method.. 572

In shales, lignites, and monazltes

after alkali carbonate separa

tion 290,572

Small amounts, direct method for

field and laboratory 266,572

Molybdenum blue reaction, use In deter

mination of phosphorus in waters

containing arsenic, silicon, and

germanium 682

Multiple cone splitter for rapid sampling

In the laboratory 434

Noninterference of arsenate ion in the

volumetric determination of ura

nium using the Jones reductor 572

Nuclear track plates and stripping films

i for study of radioactive minerals,

preparation 48,727

Phosphorus determination, rocks con

taining vanadium 670
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Analytical methods -Continued Index No.

Photometry, oil yield of oil shale, method

for estimation by 6,279,570

Radlochemistry, sources of natural radio

activity in ores and minerals,

quantitative determination by . . . 315

Rare earths in phosphate rocks, determina

tion of small amounts of. 299.740

Spectrography.

Contamination of rock samples during

grinding, determination by 281, 700

Lead, trace amounts, in zircon, deter

mination by 295,741

Mineral identification by 509

Minerals, rocks, and ores, semiquan

titative method for analysis,

by 275,294,739

Stability of metallic ions in dilute solu

tions 436

Theoretical alpha star populations in

loaded nuclear emulsions 437

Thorium determination.

Complete decomposition of rock and

ore samples, for analysis of very

small amounts 251,572

In high and low grade ores _ 259, 572

In naturally occuring materials.

Small amounts, carbonate-iodate-

iodine method 254,572

Very small amounts, phosphate-

fluorlde-iodatc method 255, 572

Mesityl oxide extraction method.... 267, 572

Summary of methods ._ 572

Tubular electric furnace for the closed-

tube distillation of oil from oil-

shale, improved _ 317

Cranium determination.

Battery powered fluorlmeter for 572

Complete decomposition of rocks and

ore samples, for analysis of very

small amounts _ 251,572

Critical factors in "direct" fluorimetrlc

method ._ 271,572

Elimination of Interference by nickel

by means of zinc amalgam rcduc-

tors, in 248,572

In fluoride melts, fluorimetrlc method

for 269,572

In low grade ores, visual fluorimetrlc

method _ 14,260,572

In non-saline and saline waters, by

fluorimetrlc method 283,572

In phosphate rocks, short routine

direct fluorimetrlc method 269

In shales, lignites, and monazites, after

alkali carbonate separation, by

fluorlmeter 280,572

Noninterference of arsenate ion in

volumetric determination using

the Jones reductor 672

Small amounts, direct fluorimetrlc

method for Held and laboratory.. 266,572

Summary of methods 572

Transmission fluorlmeter for 11,572

Analytical methods—Continued Index No.

Uranium determination—Continued

Very small amounts, in naturally oc

curring materials.

Carbonate-phosphate-peroxide

method 252,572

Cupferron precipitation-extraction

method... 253,572

Volumetric method, estimation of oil yield

of oil shale 290,570

Apatite.

Abstracts of literature on synthesis of 481

Strontlan apatite 677

X-ray evidence of nature of carbonate-

apatites 612

Arizona.

Airborne radioactivity surveys. Apache

County, Carrizo Mountains and

Defiance Uplift 172

Apache County.

Age determination of ores from 523

Carrizo Mountains 480

Airborne radioactivity surveys- . 172

Defiance Uplift, airborne radioactivity

surveys 172

Sstslltso Sprlngs-3 quadrangle,

photogeologic map... 209

Setslltso Springs-4 quadrangle,

photogeologic map.. 210

Setslltso Sprlngs-5 quadrangle,

photogeologic map _. 211

Coconino County... 323

Conglomerates.

Apache County.. 318

Navajo County 318

Oila County 323

Red Bluff prospect.. 482

Navajo County. _ 323

Agathla Peak-1 quadrangle, photo

geologic map 200

Agathla Peak-2 quadrangle, photo

geologic map 84

Agathla Peak-4 quadrangle, photo

geologic map 98

Agathla Peak-6 quadrangle, photo

geologic map _ 85

Agathla Peak-7 quadrangle, photo

geologic map 201

Agathla Peak-8 quadrangle, photo

geologic map. 202

Carrizo Mountains area, geologic map. 593

Garnet Ridge 691

Monument Valley, geologic maps of

part 247

Shanto Spring-1 quadrangle, photo

geologic map 95

Navajoite 746

Pinal County 323

Quartzlte, Oila County, Red Bluff pros

pect 482

Sandstones, Apache County 480

Shales.

Coconino County.. __ 323

Oila County. 323

Navajo County 323

Pinal County 323
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Ariiona—Continued Index No.

Shinarurap conglomerate . 547

Yavapai County, Hillside mine, mineral

ogy 614

Asphaltites 287,640

California. San Luis Obispo County 544

Utah, Emery County 605

B

Bateman's equation, tables for calculation of

radioactive equilibrium from 425

Beryl.

Colorado, Larimer County.

Big Boulder prospect 55

Buckhom mica mine . 56

Nevada, Elko County, Ruby Mountains. 34

North Carolina.

Alexander County 541

Catawba County 541

Cleveland County 541

Oaston County 541

Lincoln County 541

South Dakota, Custer County, Fourmilc

area - 514

Beryllium.

Colorado - 704

Chuffee County, Mount Antero

region . _- 560

Geochemistry of 250,667

C

California.

Age determination, San Gabriel anortho-

site massif 701

Airborne radioactivity surveys.

Kem County 353

Riverside County 353

San Bernardino County.. 353

Alameda County 544

Amador County . 544

Asphaltite, San Luis Obispo County 544

Butte County 544

Coals.

Alameda County 544

Butte County 544

Contra Costa County. 544

Fresno County 544

Humboldt County.. 544

Kem County 544

Mendocino County. 544

Monterey County 544

Orange County. 544

Riverside County 544

San Benito County 544

Siskiyou County.. 544

Trinity County 544

Contra Costa County 544

Fresno County 544

Humboldt County 544

Igneous rocks, San Bernardino County,

Mountain Pass 703

Kem County 544

Airborne radioactivity survey 353

Rosamond prospect- 738

Lake County 544

California—Continued

Lignites. Index No.

Amador County 544

Humboldt County. ._ 544

Los Angeles County 5*4

Mendocino County. 544

San Diego County.. 544

Santa Cruz County 544

Solano County _ 544

Sonoma County 544

Los Angeles County _ 544

Mendocino County... 544

Modoc County ..I 356.544

Monterey County 544

Orange County 544

Pegmatites.

San Bernardino County 664

San Diego County, Rincon 662

Placer County 544

Riverside County 544

Airborne radioactivity surveys 353

San Benito County... 544

San Bernardino County 664

Airborne radioactivity surveys 353

Birthday claims, geologic map of 590

Mountain Pass district 33, 35, 580, 703

Geologic map of 229

San Diego County.. 544

Rincon pegmatites 662

Sandstone, petroliferous.

Kem County. 544

Santa Cruz County 544

San Gabriel anorthosite massif, age deter

mination of 701

San Luis Obispo County _ 544

Santa Cruz County 544

Shales.

Fresno County... 544

I*ake County 544

Modoc County. 356,544

Monterey County 544

Placer County 644

San Benito County 544

San Luis Obispo County 544

Shasta County _ 544

Siskiyou County 544

Solano County 544

Sonoma County 544

Suiter County 544

Thorium, San Bernardino County, Moun

tain Pass district 580

Trinity County 544

Tuff, Kem County, Rosamond prospect.. 738

Veins, San Bernardino County, Mountain

Pass district 580

Carbonaceous rocks.

Colorado 428

Idaho.. 428

Utah 428

Wyoming . 428

Car-mounted prospecting equipment 261,569

Chattanooga shale ._ 735

Origin of 4,631

Chemistry.

Lignites 40.278,284,296

Phosphate, Phosphoria formation. 307,576
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Clays. Ind«x N'°-

Mineralogy, Colorado and Utah 310

Virginia. Pulaski County 320

CBr.Ion formation.

Maryland 355

New Jersey. 355

New York.. 355

Pennsylvania 355

Coals _- 287

California.

Alameda County 544

Butte County 544

Contra Costa County 644

Fresno County 544

Humboldt County _. 544

Kem County 544

Mendocino County . . 544

Monterey County.. 544

Orange County 544

Riverside County... 544

San Benito County 544

Siskiyou County _ 544

Trinity County 544

Colorado.

Grand County 309

Jackson County 309

Jefferson County. ._ 503

Old Leyden coal mine 15

Moffat County 309

Rio Blanco County.. 309

Routt County _. 309

Tract- clement content of ash 635

Extraction of urai ium from. _ 435

Idaho.

Ada County 356

Boise County 356

Bonneville County, Fall Creek area. 309, 500

Kentucky.

Bell County 320

Boyd County 320

Breathitt County 320

Clay County 320

Flliott County 320

Floyd County 320

Greenup County 320

Harlan County 320

Knott County ._. 320

Laurel County 320

Leslie County 320

Letcher County 320

McCreary County 320

Magoffin County 320

Martin County 320

Morgan County. 320

PerryCounty 320

Pike County 320

Whitley County.... 320

Montana.

Beaverhead County, Upper Ruby

River district 517

Broadwater County, Lombard coal

field 617

Deer Lodge County, Silver Bow dis

trict 517

Gallatin County. Livingston-Trail

Creek coal field 517

Coals—Continued

Montana—Continued Index No.

Madison County, Upper Ruby River

district. 517

Park County.

F.lectric coal field 517

LIvingston-TrailCreckcoal field 517

Silver Bow County, Silver Bow Valley

district. 517

Swcetpxass County, Livingston-Trail

Creek coal field 517

Nevada.

Esmeralda County 544

Lyon Count y _ . 544

North Dakota, trace-element content of

ash 635

Ohio.

Athens County 326

Belmont County 325

Carroll County 325

Columbiana County 325

Coshocton County 326

Guernsey County _ 325

Harrison County 325

Jackson C ounty 325

Jefferson County 325

Lawrence C ounty 325

Mahoning C ounty 325

Muskingum County. _ 325

MonroeCounty 325

PerryCounty... 326

Portage C ount y 325

Tuscarawas County. 325

Vinton County 325

Oregon.

Coos County 544

Douglas County 544

Jackson County 544

Morrow County __ 356

Pennsylvania.

Carbon County 321

Columbia County 321

Dauphin County 321

Lackawanna C ounty 321

Lebanon County 321

Luzerne C ounty.- 321

Northumberland County 321

Schuylkill County 321

South Dakota, trace-clement content of

ash 636

Tennessee.

Claiborne County 320

Texas, trace-element content of ash. 635

Utah.

Carbon County... 356

Iron County 350

KancCounty 356

Sanpete County.. 356

Virginia.

Buchanan County 320

Dickenson County 326

Lee County 32R

Montgomery County — 326

Russell County 326

Taiewell County 326

Wise County *»
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Coals—Continued Index No.

Washington.

Lewis County - 356

Pierce County .. 356

West Virginia.

Logan County 320

McDowell County 326

Mercer County 326

Mingo County 320

Raleigh County 326

Wyoming County 326

Wyoming.

Hot Springs County 367

Lincoln County 309,312

Sweetwater County

Red Desert area 436

Rock Springs area 309

Colorado.

Adams County 323

Arapahoe County 323

Archuleta County 323

Beryl.

Larimer County.

Big Boulder prospect 65

Buckhorn mica mine 56

Beryllium.. 704

Chaffee County, Mount Antero re

gion 560

Boulder County 323,503,579

Caribou mine 329,697

Jamestown area. Blue Jay mine 38,

39, 40, 276, 277, 278, 707

Carbonaceous rocks . . 428

Chaffee County 303,503,579

Mount Antero region 560

Clear Creek County.... 503,579

Central City district, geologic and

vein maps 282

Freeland-Lamartlne district, relation

between fracture pattern and hy

pogene zoning 663

Lawson-Dumont district, Jo Reynolds

area 501

Roblneau claims 330

Coals.

Grand County 309

Jackson County _ 309

Jefferson County 503

Old Leydcn coal mine 15

Moffat County 309

Rio Blanco County 309

Routt County 309

Trace element content of ash 635

Colorado Mineral belt, parts of 708

Costilla County 323,503

Custer County 503

Wet Mountains 529

Delta County 323

Dolores County.

Age determination of ores from _. 623

Egnar quadrangle, geologic map 599

Joe Davis Hill quadrangle, geologic

map 604

Vanadium region, geologic map . - .. 583

Verdure-1 quadrangle, photogi oiogic

map... 136

Colorado—Continued Index No.

Dolores County—Continued

Verdure-8 quadrangle, photogeologlc

map 143

Verdurc-9 quadrangle, photogeologlc

map 144

Douglas County 323, 579

Eagle County 323, 503

Effect of Uncompahgre uplift on Mesozoic

sedimentary rocks of 665

Elbert County 323

El Paso County 323,503,579

Mike Doyle carnotlte prospect 336

Fluorlte, Boulder County, Jamestown

area, Blue Jay mine 38,39.40.

276,277,278,707

Fremont County 323, 579

Wet Mountains 529

Front Range ._ 45,334

Central Cltydlstrict 302

Petrology.. 39,40,277,278,284,296

Relation of pitchblende deposits to

hypogone zoning 681

Garfield County 323,503,559

Rifle Creek vanadium area, geologic

map 584

Geologic guides to carnotlte 562

Geophysical Investigations, Mesa and

Montrose Counties 344

GUpln County 503

Central City district, geologic and

vein maps 232

Calhoun mine 488

Eureka Gulch area, geologic map 233

Quartz Hill 613

Wood mine 335,488

Grand County 309,312,503

Gunnison County 303,323,503,579

Northwestern San Juan Mountains. . . 510

Quartz Creek pegmatitejlstrlct 44,581

Huerfano County 323,503

Igenous rocks.

Front Range, Central City district 302

Lake County 503

Larimer County, Treasure Hill area.. 327

Jackson County 309

Jefferson County 503,579

Golden Gate Canyon area... 548,611

Old Leyden coal mine 15

Ralston Creek area 548,611

Lake County. 323,503

Saint Kevin and Sugar Loaf districts. 549

La Plata County. 323

Larimer County 323,503,579

Big Boulder prospect 65

Buckhorn mica mine 56

Copper King mine... 716

Crystal Mountain district 58,677

Hyatt pegmatite. 57,705

King mine area- 313

Prairie Divide 313

Treasure I Mil area 327

Las Animas County 323

Limestones.

Pitkin County 503

San Miguel County...- 503
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Colorado—Continued Index No.

Mesa County _ 310.559

Age determination of ores from 523

Calamity mesa _ 582

Calamity Mesa quadrangle, geologic

map 597

Gateway area, geologic map 592

Gateway quadrangle, geologic map 600

Juanita arch, geologic map 606

Morrison formation, clay mineralogy. 60,346

Pine Mountain quadrangle, geologic

map 608

Uravan Mineral belt 8,561

Vanadium region, geologic map. 583

Metamorphic rocks.

Boulder County.,.. 503

Larimer County, Treasure Hill area. . . 327

Ouray County 503

Routt County 312

Moffat County. 309,312.503

Monteruma County 323

Aneth-1 quadrangle, photogeologlc

map 99

Vanadium region, geologic map 583

Verdure-9 quadrangle, photogeologlc

map ._- 144

Verdurc-16 quadrangle, photogeologlc

map 151

Montrose County 310,323,505,559,579

Age determination of ores from 523

Anderson Mesa quadrangle, geologic

map 594

Atkinson Creek quadrangle, geologic

map 595

Bull Canyon quadrangle, geologic

map.. 596

DavisMesaquadrangle,geologicmap. 598

Egnar-Oypsum Valley area, geologic

map 501

I/ong Pork, original-state core studies. 358

Mount Peale-1 quadrangle, photo

geologlc map 124

Mount Peale-8 quadrangle, photo

geologlc map 127

Mount Peale-9 quadrangle, photo-

geologic map. 128

Morrison formation, clay mineralogy. 60, 346

Naturita NW quadrangle, geologic

map 606

Paradox quadrangle, geologic map 607

Red Canyon quadrangle, geologic map 609

Uravan Mineral belt 8,561

Uravan quadrangle, geologic map 610

Vanadium region , geologic map 583

Morgan County 323

Morrison formation, clay mineralogy 60,346

Ouray County ... 323.503

Northwestern San Juan Mountalps... 510

Park County.. 323,503.578

Alma district 531

Pegmatites.

Boulder County 503,579

Chaffee County 503,579

Clear Creek County 503,579

Robineau claims 330

Douglas County 579

Colorado—Continued Index No.

Pegmatites—Continued

El Paso County 579

Fremont County 579

Gunnison County. 679

Quartz Creek district 44,581

Jefferson County 579

Larimer County 579

Big Boulder prospect.. _. 55

Buckhorn mica mine 56

Crystal Mountain district 58,577

Hyatt pegmatite 57,705

Montrose County.. 579

Park County 679

Routt County 503

Pitkin County 503

Pueblo County 323

Rio Blanco County 309,503,559

Routt County... 309,312,503

Sandstones 505

Costilla County 503

Eagle County 503

El Paso County 503

Mike Doyle carnotite prospect... 336

Garfleld County 503,559

Grand County 312

Huerfano County 503

Mesa County 559

Uravan Mineral belt 8,561

Moffat County 312.503

Montrose County... 505,559

Uravan Mineral belt 8,561

Park County 503

Rio Blanco County 503,559

San Miguel County 501,559

Uravan Mineral belt 8,5*1

Vanadium deposits in 648

San Juan County 323

Northwestern San Juan Mountains..- 510

San Miguel County 503.559

Age determination of ores from 523

Anderson Mesa quadrangle, geologic

map - 594

Bull Canyon quadrangle, geologic

map - 596

Egnar quadrangle, geologic map. 599

Egnar-Gypsum Valley area, geologic

map 591

Gypsum Gap quadrangle, geologic

map 601

Gypsum Valley district 730

llainm Canyon quadrangle, geologic

map 602

Horse Range Mesa quadrangle, geo

logic map 603

Joe Davis Hill quadrangle, geologic

map 604

Mount Peale-9 quadrangle, photo-

geologic map 128

Mount Peale-16 quadrangle, photo-

geologic map... _ 131

Naturita NW quadrangle, geologic

map 606

Placerville 63,651

Uravan Mineral belt 8,561

Vanadium region, geologic map 5S3
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Colorado—Continued Index No.

San Miguel County—Continued

Vi'rdure-1 guadrangle, photogeologic

map 136

Shales.

Adams County 323

Arapahoe County, 323

Archuleta County...- J23

Boulder County - 323

Costilla County 323

Delta County 323

Douglas County - 323

Eagle County - 323

Elbert County 323

El Paso County 323,503

Fremont County 323

Garfield County 323

Gunnison County 323

Huerfano County 323

Lake County - ... 323.603

La Plata County 323

Larimer County 323

Las Animas County . _.. 323

Montezuma County . 323

Montrose County 323

Morgan County 323

Ouray County . 323,503

Park County 323

Pueblo County 323

San Juan County 323

Weld County - 323

Sinbad Valley-Fischer Valley anticline. . . 712

Structure map and sections 230

Summit County, Montezuma.- 311

Teller County 503

Thorium , Custer and Fremont Counties,

West Mountains 529

Tufa.

Ouray County . 503

Routt County 503

lite Mountains ... "14

Veins.

Boulder County 503

Caribou mine 329, 687

Central mineral belt 673

Chaffee County _ 303

Clear Creek County - ..'... 503

Lawson-Dumont district 500

Jo Reynolds area 501

Custer County... - 503

El Paso County 503

Gilpin County. 503

Central City district 48S

Quartz Hill 613

Wood mine. 335

Gunnison County... 303,50.1

Northwestern San Juan Moun

tains 510

Jefferson County 503.548

Golden Gate Canyon and Kalston

Creek areas... 61!

Lake County 503, 549

Larimer County 503

Copper King mine 7ir,

King mine area _ 313 I

Colorado—Continued Index No,

Veins—Continued

Ouray County 503

Northwestern San Juan Moun

tains 510

Park County 503

Alma district 531

San Juan County, Northwestern San

Juan Mountains 510

Summit County, Montezuma 311

Teller County _. 503

Water.

Boulder County _ 503

Clear Creek County.. 503

El Paso County 503

Ouray County. _. 503

Routt County.. _ 503

Weld County _ 323

Colorado Plateau (set also Arizona, Colorado,

New Meiico, and Ctah).

Age determination 523

Lead-uranium ages of some uraninltes. 726

Lead-uranium and lead-lead ratio

method of 729

Method of analysis in treatment of

ores, for 301

Geologic guides to carnotlte 562

Geobotanical studies, uranium-vanadium

deposits, effect on vegetation of... 622

Isotope geology, Isotope composition of

lead In lead minerals from 728

Mineralogy... 39, 40, 277, 278, 284, 296, 574, 743, 747

Morrison formation 633

Origin of uranium from 507

Origin of uranium-vanadium deposits 657

Original-state core studies _ _ 692

Pre-Morrison formations, resource apprais

al 318

Resource appraisal... 318

Sandstones 650

Shinarump conglomerate 647

Resource appraisal.. 318

Stratigraphy of Morrison and related for

mations 282

Tectonic map... 177

Uranium ores, concentrator for very low

grade 410

Uranium region, mapof 231

Columbium, geochemistry of 258

Conglomerates.

Arizona.

Apache County 318

Navajo County 318

Utah.

Emery County 318

Garfield County... 318

Grand County... 318

Seven Mile Canyon, Shinarump

No. 1 mine _ 7

Kane County _ 318

Bulloch group of claims _ 512

San Juan County 318

Sevier County 318

Wayne County 318

Capitol Reef area 285
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Connecticut. Index No.

Hartford County, Glastonbury, geologic

map of part. 235

Middlesex County. Middle Haddam

quadrangle, geologic map of part. 235

Reconnaissance 262

Crystallography.

Basinaesite.. 637

Camotite.- _ 638

Crystal structure of KVOi 641

Crystal structure of KVOi-UiO 629

Montroseite 642

Parislte 637

Roentgenite 637

Senglerite 638

Synehisite 637

Syntaxic intergrowths in the andorlte

series 639

Tyuyamunite __ 638

D

Diairemes, collapse origin of, on the Navajo-

Hopi Reservation _. 713

K

Fluorimeter—Continued Index No.

Critical factors in "direct" determination

of uranium 271,572

M otlel V, transmission 10. 272. 572

Model VI, transmission 556

Solutions, for 12,347,542

Transmission for uranium determination 11,572

Uranium determination.

In fluoride melts 9, 269. 572

In low grade ores, visual method. 14, 260. 572

In non-saline and saline waters 283. 572

In phosphate rocks, short, direct

method--- 673

In shales, lignites, and monazitcs after

alkali carbonate separation "280. 572

Small amounts, direct method for field

and laboratory 266,572

Fluorite.

Colorado, Boulder County, Jamestown,

Blue Jay mine 38, 39. 40, 276. 277, 278. 707

United States - 19, 506. 750

Utah, Juab County, Thomas Kangc 342,

571,717

Fluorspar, Nevada, N ye County 575

Fracture pattern and hypogene zoning, relation

between, Colorado. Clear Creek

County, Freeland-Lamartine dis

trict 663

O

Federal exploration for camotite ore 649

Florida.

Airborne radioactivity surveys 186

Gulf of Mexico beach between Sanibel

Island and Caladesi Island.. 184

Phosphate, for-- 185,508

Bone Valley formation, mineralogy. 414,415,470

Fossil bones, comparison with modem ... 1 8. 340

Gulf of Mexico beach between Sanibel

Island and Caladesi Island, air

borne radioactivity survey 184

Hawthorn formation, mineralogy 414

Hillsborough County, ownership map

phosphate deposits 77

Leached rock, development and distribu

tion in phosphate district 628

Mineralogy.

Bone Valley formation 414.415,470

Hawthorn formation 414

Wavellite spherulites 470

Phosphate, land-pebble district 1,25,

292.625,626,627,686

Airborne radioactivity survey, for.. 185,508

Distribution 292.627

Isopachous maps, use of 742

Mineralogy 39.277,296

Minor metal content 345

Origin 292,627

Ownership maps 77

Petrology.. 39,277.296

Sedimentology. 352, 354

Polk County, ownership map of phos

phate 77

Wavellite spherulites, mineralogy 470

Fluorimeter 493

Aluminum determination in phosphate

rock with 8-hydroxyqulnoline 570

Battery powered for uranium determina

tion 572

Gamma-ray logging, theory of 349

Geohotanical studies.

Methods of prospecting for uranium 623

New Mexico, McKinley County, Grants

area 521

Uranium-vanadium deposits, effect on

vegetation, Colorado Plateau 622

Geochemistry 652

Beryllium 667

Uranium-. 286,296

Geologic guides to carnotite, Colorado Plateau. 562

Geologic maps.

Arizona. Navajo County.

Carrizo Mountains area 593

Monument Valley—A gathla Peak,

Boot Mesa, Garnet Ridge 247

California. San Bernardino County.

Birthday claims 590

Mountain Pass district 229

Colorado.

Clear Creek County, Central City dis

trict 232

Dolores County.

Egnar quadrangle 599

Joe Davis Hill quadrangle 604

Vanadium region 583

Garfield County, Rifle Creek vana

dium region... 584

Gilpin County, Central City district. 232

Eureka Gulch area ._ 233

Mesa County.

Calamity Mesa 697

Gateway district 592

Gateway quadrangle 600

Juanitaarch quadrangle 605
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Geologic maps—Continued Index No.

Utah—Continued

Uintah County, Uinta River and

Brush Creek-Diamond Moun

tain area 588

Wasatch County, Duchesne River

area 585

Wayne County.

Green River Desert-Cataract Can

yon region 582

Henry Mountains 587

Wyoming.

Goshen County, Hartvllle area 589

Platte County, Hartvllle area 589

Geophysical Investigations 632

Colorado, Mesaand Montrose Counties. .. 344

New Mexico, McKlnley County, Grants

district 300

Georgia.

Airborne radioactivity surveys 1S6

Clarke County 511

Coweta County. 511

Elbert County 611

Hall County 511

Hart County 511

Heard County 511

Madison County.. 511

Meriwether County 511

Monazlte 093

Clarke County. 511

Coweta County 511

Elbert County 511

Hall County 511

Hart County 511

Heard County. 511

Madison County 511

Meriwether County _ 511

Newton County... 511

Oglethorpe County 511

Spalding County 511

Troup County 511

Walton County 511

Newton County 511

Oglethorpe County 611

Spalding County 511

Troup County 511

Walton County 511

Germanium.

Effect of ashing temperature on the vola

tility of, In lignite 305

Geochemistry 2.17

I

Geologic maps—ContiDued Index No.

Colorado—Continued

Mesa County—Continued

Fine Mountain quadrangle. 608

Vanadium region 683

Montezuma County, vanadium re

gion 583

Montrose County.

Anderson Mesa quadrangle 694

Atkinson Creek quadrangle 596

Bull Canyon quadrangle -- 696

Davis Mesa quadrangle 698

Egnar-Oypsum Valley area 891

Nat'irita NW quadrangle 606

Pa. adox quadrangle 607

Red Canyon quadrangle... 909

Uravan quadrangle 610

Vanadium region. 683

San Miguel County.

Anderson Mesa quadrangle 694

Bull Canyon quadrangle 696

Egnar quadrangle 599

Egnar-Gypsum Valley area 691

Gypsum Gap quadrangle... 601

Hamm Canyon quadrangle 002

Horse Range Mesa quadrangle... 603

Joe Davis Hill quadrangle 604

Naturita NW quadrangle 606

Vanadium region 683

Connecticut.

Hartford County, Glastonbury quad

rangle 235

Middlesex Ccunty, Middle naddain

quadrangle, part 236

Idaho, Caribou County, Johnson Creek

quadrangle 97

Montana.

Beaverhead County, Willis quad

rangle, S\V quarter.. 176

Jefferson County, Jefferson City quad

rangle, Comet area 73

New Mexico.

Grant County, White Signal district,

central part _ 90

San Juan County, Carrlzo Mountains. 593

Utah.

Duchesne County.

Duchesne River area __ 585

Moon Lake area. 586

Uinta River and Brush Creek-

Diamond Mountain area 588

Emery County.

Green River Desert-Cataract Can

yon region 682

Henry Mountains 587

Garfield County.

Green River Desert-Cataract Can

yon region.. 582

Henry Mountains .., 587

Grand County.

Gateway district. 592

Vanadium repion 583

Kane County, Henry Mountains 587

San Juan County, vanadium region... 583

Idaho.

Ada County 356

Bear Lake County 505

Blaine County 323

Boise County 356

Bonneville County, Fall Creek area 309, 500

Carbonaceous rocks 428

Caribou County.

Dry Valley quadrangle 5

Johnson Creek quadrangle, geologic

map and structure sections 97

Caribou Mountain area 428
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Idaho—Continued Index No.

Cassis County 356

Clark County 273,568

Coals.

Ada County 356

Boise County 356

Bonneville County, Fall Creek area. 309, 500

Coster County 323,356

Franklin County 323

Fremont County, Lyon quadrangle, SE

quarter __ _ 20

Lemhi County 273,323,356,568

Grunt*rmtne 331

Kentuck mine--. _ 331

Lemhi Pass district. 711

Lemhi Valley district 517

Lignites.

Cassia County 356

Lemhi County 366

Lehml Valley district 517

Owyhee County.- 356

Limestone. Bonneville County, Fall Creek

area... 500

Monazite, Valley County 600

Owyhee County 356

Pegmatites, Lemhi County 273,568

Phosphate, Phosphorla formation 25,

30, 53, 54, 307, 532, 576. 684, 686, 689

Centennial Range 17,668

Chemistry 274, 564

Mineralogy - 274,564

Stratigraphic sections. 2,

3. 28, 27, 36, 42, 496, 520, 534, 537, 538, 654

Stratigraphy 24

Placer deposits, Valley County 690

Bear Valley district 31

Sandstones, Bear Lake County 606

Shales.

Blane County 323

Bonneville County, Fall Creekarea... 600

Custer County 323,366

Franklin County 323

Lemhi County 323

Owyhee County 356

Twin Falls County 366

Thorium 273, 568

Lemhi County, Lemhi Pass district.. 711

Teton County, Driggs area 428

Twin Falls County. 356

Valley County, Bear Valley district 31

Veins.

Clark County 273,568

Lemhi County 273, 568

Oruntermlne 331

Kentuckmine 331

Lemhi Pass district 711

Water.. _ 309

Igneous rocks.. 287

California, San Bernardino County,

Mountain Pass district 703

Colorado.

Front Range, Central City district... 302

Lake County 503

Larimer County, Treasure Hill area.. 327

Nevada, Lyon County 575

Igneous rocks—Continued Index No.

Utah, Flute County, Marysvale district,

Papsy's Hope prospect 337

Wyoming.

Fremont County 367

Hot Springs County 357

Immersion liquids.

High refractive index 695

New series - 694

Indium, geochemistry 256

Isotope geology.

Change of Isotopic abundance ratio within

a sphere due to diffusion fil

Diffusion, effect of, on the natural isotopic

abundance ratios — 710

Isotopic composition of lead in lead min

erals, Colorado Plateau 728

Nature of ore-lead 624

Thorium 288

Uranium 2S9

K

Kansas.

Butler County 565

Cowley County... 565

Greenwood County _ 565

Marion County 565

Oil fields, radioactivity.

Butler County 665

Cowley County 565

Greenwood County 565

Marion County 565

Sedgwick County 665

Sedgwick County 565

Kentucky.

Bell County 320

Boyd County 320

Breathitt County 320

Clay County 320

Coals.

Bell County.-. 320

Boyd County 320

Breathitt County 320

Clay County. 320

Elliott County 320

Floyd County 320

Greenup County _ 320

Harlan County 320

Knott County 320

Laurel County 320

Leslie County _ 320

Letcher County.. 320

McCreary County 320

Magoffin County 320

Martin County 320

Morgan County 320

Perry County 320

Pike County 320

Whitley County 320

Elliott County 320

Floyd County 320

Greenup County _ 320

Harlan County 320

Knott County 320

Laurel County 320
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Kentucky—Continued Index No.

Leslie County 320

Letcher County. 320

McCreary County 321)

Magoffin County 320

Martin County 320

Morgan County 320

Perry County 320

Pike County 320

Whitley County.. 320

L

Latite, Utah, Beaver County, Indian Creek

prosix»ct 64

Laws governing uranium 752

Leaching, different ial of uranium, radium, and

lead from pitchblende in HiSO<

solutions 304,71)6

Lignites 287

California.

Amador County 644

Humboldt County 544

Los Angeles County 544

Mendocino County ._ 544

San Diego County 544

Santa Cruz County 544

Solano County 544

Sonoma County 544

Chemistry 40, 278, 2R4, 296

Idaho.

Cassia County 356

Lemhi County _. 356

Lemhi Valley district 517

Owyhee County 356

Montana.

Beaverhead County, Medicine Lo lge

Creek Valley. 517

Broadwater County, Townsend Val

ley district. 517

Ravalli County, Bitterroot Valley

district.. 517

Stillwater County, Ryegale district.. 517

Wheatland County. Hyegate district. 517

Yellowstone County, Ryegatedistrict. 517

Nevada.

Churchill County 575

Ksmeraldu County. 356

Lyon County 356

Washoe County 544

Oregon, Oram County 356

United States 19,506,660

Washinelun.

Cowlitz County 356

Lewis County. 356

Wyoming, Sweetwater County, Red

Desert area 46,333

Limestones 287

Colorado.

Pitkin County.. 503

San Miguel County 503

Idaho, Bonneville County, Fall Creek

area 500

United States 19,506,660

Utah.

Duchesne County 312

Wayno County 505

Limestones—Continued Index No.

Wyoming. Carbon County, Miller Hill

area. _ 525

Logging of drill holes, by the neutron, it: nirna

method and gamma-ray scatter

ing 64<J

M

Maine.

Aroostook County 314

Piscataquis County 314

Reconnaissance... 263

Maryland.

Alleghany County 355

Clinton formation 355

Washington County _ 355

Massachusetts, reconnaissance -. 264

Metamict minerals.

Crystalline regions In 630

Metamict disintegration of the zircon

group 322

Methods and procedure for study 618

Re-examination of fergusonite 610

Metamorphlc rocks.

Colorado.

Boulder County... 503

Larimer County. Treasure Hill area . 327

Ouray County _ 503

Routt County 312

Wyoming, Fremont County 357

Mineralogy.

Apatite.

Abstracts of literature on synthesis of 481

Strontlan apatite 677

X-ray evidence of nature of carbonate-

apatites 612

Arizona. Yavapai County, Hillside mine. 614

Bayleyite, second occurrence of 724

Bccquereiltc 656

Beryllium minerals. New Mexico. Luna

County, Victorio Mountains 666

Billietlte 656

Bone Valley formation, Florida 414, 415. 470

Carnotitc, hydration and base exchange

properties 699

Clays.

Colorado 310

Morrison formation, Colorado 60,346

Utah 310

CofTinite.- 475

Colorado Plateau _ 39, 40, 277, 278, 2S4, 296, 574,

743, 747

Florida.

Bone Valley formation 414, 415, 470

Hawthorn formation 414

Millisite 41S

Pseudowavellite 415

Wavelllte spherulltes 470

Hawthorn formation, Florida 414

Hummerlte, Colorado. 744

Hydroxyl substitution in thorite and

zircon 654

Identification of minerals by spectrog-

raphy 509
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Minerilosry—Continued

Immersion liquids.

High refractive index

New series. __

MUlisite. Florida

Montroseue.

Alteration processes in

Colorado.. _

Colorado Plateau

Morrison formation, clays, Colorado 60,

Navajolte. Arizona

Phosphate.

Florida 39,40.277,278.284,

Phosphoric formation... 40, ?77, 278, 284.

Pseudowaveliite, Florida..

Koentgenlte

Shales _ 39,

Study material of radioactive minerals,

catalog of 47,

Thorium-hearing minerals 479, 490,

Tyuyamunlte, hydration and base ex

change properties

Uranium-hearing minerals 479, 490.

Wavellite spherulites, Florida

Zeuncrile

Zircon, zoned. Oklahoma

Mouazite.

Alabama _

Chambers County

Coosa County

Tallapoosa County

Georgia _

Clarke County _

Coweta County

Elbert County

Hall County

Hart County _

Heard County

Madison County

Meriwether County..

Newton County

Oglethorpe County. ._

Spalding County

Troup County

Walton County

Idaho. Valley County

North Carolina

Alexander County __.

Burke County...

Cleveland County

Franklin County

McDowell County

Madison County

Mitchell County.

Rutherford County

Surry County

Wake County...

Warren County

Wilkes County

South Carolina..

.Anderson County

Cherokee County

Fairfield County

Greenville County

Laurens County ..

Spartanburg County

Index No.

Monazite—Continued Index No.

Virginia 693

Amelia County 511

Charlotte County 611

Cumberland County 811

Dinwiddie County 611

Goochland County _ 611

Hanover County _ 511

Henry County.. 611

Mecklenburg County. 511

Nottoway County 611

Patrick County.. _ 611

Pittsylvania County 511

Powhatan County. _ 511

Prince Edward County 611

Spotsylvania County 511

Montana.

Beaverhead County... 22,273,331, 588

Beaverhead Valley district 517

Big Hole Valley district 517

Centennial Valley district 617

Lemhi Pass district.- 711

Lyon quadrangle, SE quarter. 20

Medicine Lodge Creek Valley district. 617

Upper Ruby River district _. 517

Willis quadrangle, NW quarter, and

Brown's Lake area 32

Willis quadrangle. SW quarter, geo

logic map and structure sections.. 176

Boulder batholith, northern 616

Broadwater County.

Lombard coal field 517

Townsend Valley district _ 517

Coals.

Beaverhead County, Upper Ruby

River district 517

Broadwater County, Lombard coal

field 617

Deer Lodge County, Silver Bow Val

ley district 517

Gallatin County, Livingston-Trail

Creek coal field 517

Madison County, Upper Ruby River

district.. 517

Park County.

Electric coal field. 517

Livingston-Trail Creek coal field. 517

Silver Bow County, Silver Bow Val

ley district 517

Sweetgrass County, Livingston- Trail

Creek coal field 517

Deer Lodge County 323

Deer Lodge Valley district 517

Silver Bow Valley district 517

Gallatin County 323

Eldridge quadrangle 51

Gallatin Valley district 517

Livimrston Trail Creek coal field 517

Granite County 323

Blackfoot Valley district 517

Flint Creek Valley district 517

Jefferson County 21,332

Clancy area 41,566

Clancy Creek area, petrography 617

Comet area. 73,524

Free Enterprise mine 567
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Montana—Continued Ind<» Mo-

Jefferson County—Continued

Jefferson City quadrangle, Comet

area, geologic map 73

Lewis and Clark County 323

Prickly Pear Valley district 517

Lignites.

Beaverhead County, Medicine Lodge

Creek Valley district 517

Broadwater County, Townsend Val

ley district 517

Ravalli County, Bitterroot Valloy

district _ 517

Stillwater County, Ryegate district. . 517

Wheatland County, Ryegate district. 517

Yellowstone County, Ryegate dis

trict 517

Lincoln County 331

Madison County 273, 323, 568

Beaverhead Valley district- 517

Jefferson Valley district 517

Madison Valley district 517

Upper Ruby River district 617

Virginia City quadrangle 61

Meagher County 323

Smith River Valley district 517

Missoula County.

Blackfoot Valloy district 517

Missoula Valley district 517

Park County 323

Electric coal field 517

Eldridge quadrangle. , 51

Livingston-Trail Creek coal field 517

Pegmatites, Beaverhead County 273, 588

Phosphate, Phosphoria formation 25, 30, 53,

54, 532, 684, 086, 689, 734.

Centennial Range 17.668

Stratigraphic sections.. 2, 3, 42, 52, 497, 519,

635, 536, 553.

Stratigraphy 24, 634

Powell County.

Avon Valley district 817

Blackfoot Valloy district 517

Deer Lodge Valley district 517

Flint Creek Valley district 517

Ravalli County... 323

Bitterroot Valloy district 517

Shales.

Deer Lodge County 323

Deer Lodge Valley district 517

Fergus County 323

Gallatin County 323

Granite County 323

Flint Creek Valley district 517

Lewis and Clark County 323

Madison County 323

Meagher County 323

Park County... 323

Powell County. Flint Creek Valley

district 517

Ravalli County 323

Silver Bow County 173,568

Jefferson Valley district.. 517

Silver Bow Valley district 517

Stillwater County, Ryegate district 517

Montana—Continued Indax No.

Sweetgrass County, Llvlngston-Trall

Creek coal field 517

Thorium 273,568

Beaverhead County, Lemhi Pass dis

trict. 711

Veins.

Beaverhead County 273,331,568

Lemhi Pass district 711

Jefferson County 21,332

Clancy area 41,566

Comet area 624

Free Enterprise mine. 667

Lincoln County 331

Madison County 273.568

Sliver Bow County 273, 568

Volcanic ash.

Gallatin County, Gallatin Valloy dis

trict 517

Lewis and Clark County, Prickly Pear

Valley district.... 517

Wheatland County, Ryegate district 517

Yellowstone County, Uyegate district 517

Morrison formation.

Clay mineralogy, Colorado 60,346

Colorado Plateau 282,633

Salt Wash sandstone member.

Cross lamination in _ 748

Lithofacles study 698

N

Nebraska.

Shales, Sioux County 323

810UX County 323

Neutron absorption cross section of silicon,

thermal 737

Nevada.

Beryl, Elko County, Ruby Mountains... 34

Churchill County, Gamma property 875

Clark County.

Gold Butte district 575

Goodsprings district 576

Old Dad claim 575

Uranium No. 1 claim 575

Coals.

Esmeralda County 544

Lyon County 544

Elko County.. 323,356

Errington-Thiel mino— 16

Ruby Mountains 34

Esmeralda County 356,544

Coaldale _ 351, 530

Eureka County. 323

Fluorspar, Nye County 575

Humboldt, Virgin Valley district 483, 575

Igneous rocks, Lyon County 575

Lignites.

Churchill County 575

Esmeralda County 356

Lyon County. 356

Washoe County 644

Lincoln County, Atlanta mino 575

Lyon County 356,544

East Walker River area 563

Washington district 675

Yerlngton property 575
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Nevada—Continued Index No.

Nye County 323

Daisy fluorspar mine. _. 575

Heneburgh Tunnel area 575

Pegmatites, Elko County, Errington-Thiel

minr- _ 16

Pershing County.

Majuba Hill mine 575, 736

Stalin's present 576

Phosphate, Phosphoria formation,.. 30,532,689

Sandstones.

Clark County 575

Elko County 356

Shales.

Elko County 323,356

Esmeralda County 544

Eureka County -. 323

Nye County 323

White Pine County 323,356

Tuff.

EsmeraWa County 356

Coaldale 351,530

Humboldt County 675

Virgin Valley district 483

Veins.

Clark County _ 575

Lincoln County . 575

Lyon County _ 576

East Walker River area 563

Nye County 675

Pershing County 576

Washoe County 544

White Pine County 323,356

New Hampshire.

Pegmatites 702,705

Reconnaissance 262

New Jersey.

Burlington County.— 314

Clinton formation _ 355

Hunterdon County 314,348

Morris County 314

Passaic County 314

Sussex County 314,355

Warren County 314

New Mexico.

Airborne radioactivity surveys, McKlnlcy

County, Orants district 300

Bernalillo County.. 323

Guadalupe County. 505

Oeobotanlcal studies, McKlnley County,

Orantsaroa 521

Geophysical investigations, McKlnley

County, Grants area. 300

Orant County.

Black Hawk district 658

White Signal district 659

Geologic map of central part 90

Merry Widow claim 338, 489

Lincoln County 323

Luna County, Victorlo Mountains, beryl

lium 666

McKinley County, Grants area

Airborne radioactivity surveys 300

Geobotanlcal studies 521

Geophysical investigations 300

New Mexico—Continued Index No.

Mora County.. _ 323,505

Coyote district 430,558

Pldlite pegmatite 705

Otero County 323

Pegmatites, Mora County, Pldlite peg

matite 705

Rio Arriba County 323,505

Sandoval County 323.505

Sandstones _ 505

Guadalupe County _ 505

Mora County, Coyote district 430,558

Rio Arriba County 605

Sandoval County. 605

San Juan County, Carrixo Mountains. 480

San Miguel Coimty 504

Torrance County 505

Valencia County... 505

San Juan County 323

Age determination of ores from 523

Carrlzo Mountains 480

■ Geologic map of 593

San Miguel County 505

Shales.

Bernalillo County 323

Lincoln County.. 323

Mora County 323,505

Coyote district- 430,558

Otero County 323

Rio Arriba County 323

Sandoval County. 323

San Juan County 323

Socorro County. 323

Socorro County. 323,505

Torrance County 505

Valencia County 505

Veins.

Grant County.

Black Hawk district 658

White Signal district 659

Merry Widow claim 338,489

Socorro County 505

New York.

Cayuga County 355

Clinton County.. 314

Clinton formation 355

Essex County 314

Monroe County.. 355

Niagara County 355

Oneida County. 355

Orange County... 314

Putnam County 314

Reconnaissance 262,265

St. Lawrence County... 314

Wayne County 355

Westchester County 314

North Carolina.

Airborne radioactivity surveys, Atlantic

Ocean beach 183

Alexander County.. 511, 541

Atlantic Ocean beach, airborne radioac

tivity surveys 183

Beryl.

Alexander County 541

Catawba County. 541
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North Carolina—Continued

Beryl—Continued Index No.

Cleveland County. Ml

Gaston County . 541

Lincoln County _ 541

Burke County . 511

Catawba County 541

Cleveland County jll.541

Franklin County 511

Gaston County .. 541

Lincoln County... 541

McDowell County 511

Madison County 511

Mitchell County 511

Monazite.... 093

Alexander County.. 511

Burke County... 611

Cleveland County 611

Franklin County 511

McDowell County 511

MadLson County 511

Mitchell County Ml

Rutherford County 511

Surry County 611

Wake County... 511

Warren County 511

Wilkes County. 511

Rutherford County 511

Surry County 511

Wake County 511

Warren County 511

Wilkes County 611

North Dakota, coals, trace element content of

ash 635

O

Ohio.

Athens County 325

Belmont County 325

Carroll County 325

Coals.

Athens County 325

Belmont County 325

Carroll County 325

Columbiana County 325

Coshocton County 325

Guernsey County 325

Harrison County 325

Jackson County 325

Jefferson County. 325

Lawrence County 325

Mahoning County. - 325

Monroe County 325

Muskingum County 325

Perry County.. 325

Portage County 325

Tuscarawas County 325

Vinton County 325

Columbiana County 325

Coshocton County. 325

Guernsey County 325

Harrison County 325

Jackson County 325

Jefferson County 325

Lawrence County 325

Mahoning County 325

Ohio—Continued Index No.

Monroe County 328

Muskingum County 325

Perry County 3'iB

Portage County 325

Shales.

Carroll County 326

Tuscarawas County _ 325

Tuscarawas County 325

Vinton County 325

Oil... 287. 640

Oil fields, radioactivity In

Kansas.

Butler County 565

Cowley County 565

Greenwood County 565

Marion County 665

Sedgwick County _ 565

Oregon.

Coals.

Coos County 544

Douglas County 544

Jackson County 544

Morrow County __ 356

Coos County 544

Douglas County. ._ 544

Grant County _ 356

Jackson County 544

Lignites.

Grant County _ 350

Malheur County 356

Morrow County 356

Shales.

Malheur County 356

Original-state core studies 358

Colorado Plateau 692

P

Paleontology, fossil bones, comparison with

modern forms... 18,340

Peat, Utah, Davis County 356

Pegmatites 287,705.752

California.

San Bernardino County.. 664

San Diego County, Uincon 862

Colorado.

Boulder County 503.579

Chaffee County 503,579

Clear Creek County 503,579

Robineau claims __ 330

Douglas County 579

El Paso County.. 579

Fremont County 579

Gunnison County 579

Quart! Creek district 44,581

Jefferson County 579

Larimer County 579

Hi'.T Boulder prospect 65

Buckhorn mica mine 56

Crystal Mountain district, 58,577

Hyatt pegmatite 57,70ft

Montrose County 579

Park County __ _ 579

Routt County 503

Idaho, Lemhi County 273,568

Montana, Beaverhead County.. 273.568
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Pegmatites—Continued Index No.

Nevada. Elko Coimtv. Errington-Thiel

mine .. .... 16

New Hampshire 702, 70S

New Mexico. Mora County, Piillitc

pegmatite.- . "ns

South Dakota.

Custer County.. 705

Fourmile area _ 514

High Climb |M-gmalite 578

Pennington County, Bob Ingersoll

Dike #2 70S

Utah. Tooele County 579

Wyoming.

Albany County 579

Fremont County. 579

Ooshen County _ _. 579

Natrona County.. 579

Pennsylvania.

Blair County 355

Bucks County 314

Carbon County 321

Centre County 355

Clinton formation 355

Coals.

Carbon County _ 321

Columbia County 321

Dauphin County 321

Lackawanna County. 321

Lebanon County 321

Luzerne County 321

Northumberland County 321

Schuylkill County 321

Columbia County 321

Dauphin County 321

Huntingdon County _ 355

Juniata County _ 355

Lackawanna County ._ _ __ 321

Lebanon County 321,355

Luzerne County 321

Lycoming County. _ 355

Monroe County 355

Montour County 355

Northampton County 314,348

Northumberland County 321

Perry County 355

Schuylkill County 321,355

Snyder County.... 355

Union County.. 355

Petrography.

Mineral composition from mineral-grain

count 620

Montana, Boulder batholith, Jefferson

County 61'

Petrology.

Colorado Front Range .... 39, 40, 277, 378. 284. 296

Phosphate.

Florida 39. 40, 277. 278, 284, 296

Phosphoria formation. 39, 40, 277, 278, 284, 296

Relation of type of country rock to the

shape of granitic pegmatite

intrusions . 718

Phosphates .. 287.687,752

Abstractsof literature on synthesisof 481

Florida, land-pebble district .. 1,

25, 292, 625, 626. 627, 6S6

Phosphates—Continued Index No.

Florida, land-pebble district—Continued

Airborne radioactivity survey 185. 508

Distribution _ 292.627

Isopuchous maps, use of 742

Mineralogy 39,40,277.278.284

Minor metal content 345

Origin 292.627

Ownership maps 77

Petrology 39,40,277,278.284.296

Scdimentology 352. 354

Phosphoria formation.

Chemistry 274.307.564.576

Idaho 25,

30. 53, 54, 274, 307, 532, 564. 576, 6S4.

686,689.

Centennial Range 17,668

Stratigraphic sections. 2,

3, 26, 27, 36, 42, 496, 520, 534, 537, 538, 554

Stratigraphy 24

Mineralogy. . . 39, 40. 274, 277, 278, 284. 296. 564

Montana .. 25.30,53,54,532,684,686,689,734

Centennial Range 17,668

Stratigraphic sections 2,

3, 42, 52, 497, 519, 535. 536, 553

Stratigraphy 24.634

Nevada.. 30,532.689

Petrology 39,40,277,278.284,296

Scdimentology 307,576

Utah 25,30,

53. 64. 274, 307, 532. 564, 576. 684. 1»fi. 689

Stratigraphic sections... 2, 29. 42, 4U9, 539

■Wyoming 25, 30,

63, 54. 274. 307, 532, 564, 576, 684, 686, 689

Lincoln County 323

Stratigraphic sections 2,

3,28,42,498,540,551,552

Stratigraphy 24

Teton County _ 323

Tennessee __ 25,686

Photogeologlc maps (according to quadrangle

name).

Agathla Peak-1 quadrangle 200

Agathla Peak-2 quadrangle 84

Agathla Peak-4 quadrangle 98

Agathla Peak-6 quadrang.o 85

Agathia Peak-7 quadrangle 201

Agathia Peak-8 quadrangle 202

Aneth-1 quadrangle _._ 99

Aneth-2 quadrangle 100

Aneth-3 quadrangle 101

Aneth-4 quadrangle 102

Aneth-5 quadrangle 103

Aneth-6 quadrangle. 104

Aneth-7 quadrangle 105

Aneth-8 quadrangle _ 106

Bl'ff-1 quadrangle.. 107

BIuff-8 quadrangle.. 108

Bl'iff-13 quadrangle 20.)

Bl'iff-14 quadrangle _. 204

Carlisle-1 quadrangle 236

Carlisle-2 quadrangle 213

Carllsle-3 quadrangle 65

Carlisle-4 quadrangle 103

Carlisle-5 quadrangle __ 164

Carlisle-6 quadrangle 66
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Index No.

Photogeologlc maps (according to quadrangle

name)—Continued

Carllsle-7 quadrangle 165

Carllsle-8 quadrangle _ 237

Carlisle-9 quadrangle 238

Carllsle-10 quadrangle 214

Carlisle-15 quadrangle 109

Carllsle-16 quadrangle 239

Circle Cllfls-1 quadrangle 215

Circle Cllfls-2 quadrangle 110

Circle Clifls-3 quadrangle 216

Circle Cllfls-4 quadrangle 217

Circle Cliffs-5 quadrangle 218

Circle Cltffs-6 quadrangle Ill

Circle Cllfls-7 quadrangle 112

Circle Cllfls-8 quadrangle 219

Circle Cllfls-9 quadrangle 220

Circle Cliffs-10 quadrangle 113

Circle Clifls-11 quadrangle 114

Circle Cllffs-14 quadrangle 115

Circle ClifIs-15 quadrangle 116

Circle Cliffs-16 quadrangle 117

Clay HUls-1 2 quadrangle 89

Clay Hil.s-13quadrang.e-_- 90

Clay nills-14 quadrangle 91

Clay Hllls-15 quadrangle 86

Clay Hllls-16 quadrangle. . _ 71

Desert Lake-9 quadrangle 78

Desert Lake-11 quadrangle 173

Desert Lake-14 quadrangle 174

Desert Lake-16 quadrangle 178

Elk Ridge-1 quadrangle 118

Elk Rldge-8 quadrangle 119

Elk Kidge-9 quadrangle.. 120

Elk Rldge-12 quadrangle.. 121

Elk Rldgc-13 quadrangle 122

Elk Rldge-16 quadrangle 123

Emery-1 quadrangle 187

Emery-8 quadrangle 78

Eraery-9 quadrangle. 79

Emery-16 quadrangle 80

Kaiparowits Peak-8 quadrangle 221

Kaiparowits Peak-9 quadrangle 222

Moab-10 quadrangle 67

Moab-11 quadrangle 68

Moab-12 quadrangle _ 168

Moab-13 quadrangle 87

Moab-14 quadrangle 167

Moab-15 quadrangle 168

Mount Peale-1 quadrangle 124

Mount PeaIe-4 quadrangle 125

Mount Peale-5 quadrangle 240

Mount PeaIe-6 quadrangle 241

Mount Peale-7 quadrangle 126

Mount Pealo-8 quadrangle _ 127

Mount Peale-9 quadrangle 128

Mount Peale-10 quadranglo __ 129

Mount Peale-11 quadrangle ._ 152

Mount Pealc-12 quadrangle 243

Mount Pealc^l3 quadrangle 244

Mount Peale-14 quadrangle 245

Mount Peale-15 quadrangle 130

Mount Peolc-16 quadrangle 131

Mount Pennoll-5 quadrangle 132

Mount Pennell-11 quadrangle 223

Index~No.

Photogeologic maps (according to quadrangle

name)—Continued

Mount Pennell-12 quadrangle 224

Mount Pennell-13 quadrangle 225

Mount Pennell-14 quadrangle 133

Navajo Mountain-3 quadrangle 134

Navajo Mountaln-4 quadrangle 226

Navajo Mountain-5 quadrangle 74

Navajo Mountaln-6 quadrangle 227

Navajo Mountain-9 quadrangle 93

Navajo Mountain- 12 quadrangle.. 75

Navajo Mountain-13 quadrangle 135

Navajo Mountaln-16 quadrangle 94

Notom-15 quadrangle 153

Orange Cliffs-1 quadrangle 188

Orange Cllfls-2 quadrangle 189

Orange Cllffs-3 quadrangle 190

Orange Cliffs-4 quadrangle 81

Orange Cliffs-5 quadrangle _. 169

Orange Cllffs-6 quadrangle. 154

Orange Cllfls-7 quadrangle _ 1S6

Orange Cliffs-8 quadrangle 156

Orange Cllffs-9 quadrangle 82

Orange Cliffs-10 quadranglo 83

Orange CIlffs-11 quadrangle 205

Orange Cliffs-12 quadranglo 206

Orange Cllfls-13 quadranglo... 207

Orange Cliffs-14 quadrangle 208

Orange Cliffs-15 quadrangle 175

Setslltso Sprlngs-3 quadrangle 209

Selsillso SprIngs-4 quadrangle 210

Setslltso &prlngs-5 quadrangle 211

Shan to Sprlng-1 quadrangle 95

Slinking Spring Crock-2 quadranglo 157

Stinking Spring Creek-3 quadranglo 191

Stinking Spring Creek-4 quadrangle 192

Slinking Spring Creek-5 quadrangle 193

Stinking Spring Creek-6 quadrangle ' 158

Stinking Sptlng Cioek 7 quadrangle 159

Stinking 8pring Croek^S quadrangle 160

Stinking Spring Creek-9 quadrangle 161

Stinking Spring Creek-11 quadrangle 212

Stinking Spring Creek-12 quadrangle 92

Stinking Spring Creek-13 quadrangle 69

Stinking Spring Crcek-14 quadranglo 70

Stinking Spring Croek-15 quadrangle 194

Straight Clifls-1 quadranglo 170

Straight Clifls-2 quadranglo 228

Tidwell-4 quadranglo. 195

Tidwell-5 quadrangle 196

TidwclI-9 quadranglo 72

Tidwell-15 quadrangle 171

Tldwell-16 quadrangle.. _ 197

Verdure-1 quadrangle 136

Vordure-2 quadrangle 137

Verdure-3 quadrangle... __ 138

Verdurc-4 quadrangle 139

Verdure-5 quadranglo 140

Verdure-6 quadrangle _ 141

Vcrdure-7 quadranglo 142

Vordurc-8 quadrangle 143

Verduro-9 quadrangle _ 144

Verdure-10 quadrangle __ 145

Verdure-11 quadranglo 146

Verdure-12 quadranglo 147
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Index No.

Photogeologic maps (according to Quadrangle

name)—Continued

Verdure-13 quadrangle 148

Verdure-14 quadrangle 149

Verdure-15 quadrangle 150

Verdure- 16 quadrangle 1S1

Woodside-12 quadrangle 198

Woodside-13 quadrangle 199

Pbotogeotoglc maps (according to state and

eounty).

Arixona.

Apache County.

Setslltso 8prings-3 quadrangle 209

Setslltso Sprtngs-4 quadrangle 210

Setslltso Sprlngs-5 quadrangle 211

Navajo County.

Agathla Peak-1 quadrangle 200

Agatbla Peak-2 quadrangle 84

Agat bla Peak-4 quadrangle 98

Agathla Peak-6 quadrangle 85

Agathla Peak-7 quadrangle 201

Agathla Peak-8 quadrangle 202

Shanto Sprtng-1 quadrangle 95

Colorado.

Dolores County.

Verdure-1 quadrangle 136

Vcrdure-8 quadrangle 143

Verdure-9 quadrangle 144

Montezuma County.

Aneth-1 quadrangle 99

Verdure-9 quadrangle 144

Verdure-li> quadrangle 151

Montrose County.

Mount Peale-I quadrangle. 124

Mount Peale-8 quadrangle 127

Mount Peale-9 quadrangle 128

San Miguel County.

Mount Peale-9 quadrangle 128

Mount Peale-16 quadrangle 131

Verdure-1 quadrangle . 136

Utah.

Emery County.

Desert Lake-9 quadrangle 76

Desert Lake-11 quadrangle.. 173

Desert Lako-14 quadrangle 174

Desert Lake-16 quadrangle 178

Emery-1 quadrangle.. 187

Emcry-8 quadrangle.. 78

Emery-9 quadrangle 79

Emery-16 quadrangle 80

Moab-13 quadrangle 87

Stinking Spring Creek-2 quad

rangle 157

Stinking Spring Croek-3 quad

rangle 191

Stinking Spring Creek-4 quad

rangle 192

Stinking Spring Creek-5 quad

rangle 193

Stinking Spring Creek-« quad

rangle 158

Stinking Spring Creek-7 quad

rangle _ 159

Stinking Spring Creek-8 quad

rangle 160

Index No.

Photogeologic maps (according to state and

eounty)—Continued

Utah—Continued

Emery County—Continued

Stinking Spring Creek-9 quad

rangle 161

Stinking Spring Creek-ll quad

rangle 212

Stinking Spring Creek-12 quad

rangle 92

Stinking Spring Creek-13 quad

rangle 69

Stinking Spring Creek-14 quad

rangle 70

Stinking Spring Creek-15 quad

rangle.. 194

Tklwell-4 quadrangle 195

Tidwell-5 quadrangle 196

Tidwell-9 quadrangle. 72

Tidwell-15 quadrangle 171

Tidwell-1 6 quadrangle 197

Woodside-12 quadrangle 198

Woodside-13 quadrangle 199

Garfield County.

Circle CllfiVl quadrangle 215

Circle Cliffs-2 quadrangle. 110

Circle Cllfls-3 quadrangle 216

Circle CliiIs-4 quadrangle 217

Circle ClifTs-5 quadrangle 218

Circle Clifls-« quadrangle. Ill

Circle ClltTs-7 quadrangle 112

Circle Clifls-8 quadrangle 219

Circle CliBs-9 quadrangle 720

Circle ClUIs-10 quadrangle 113

Circle Cltfls-11 quadrangle 114

Circle Cllfls-14 quadranglo 115

Circlo Cllfts-15 quadrangle 116

Circle Cllfls-16 quadrangle 117

KaiparowiU Peak-8 quadrangle. . 221

Kalparowlts Peak-9 quadrangle.. 222

Mount Pennell-5 quadrangle 132

Mount Pennell-H quadrangle 223

Mount Pennell-12 quadrangle. . _ 224

Mount Pennell-13 quadrangle 226

Mount Pennell-1 4 quadrangle 133

Notom-1 5 quadrangle „ 153

Orange ClifIs-9 quadrangle 82

Orange Clifls-10 quadrangle 83

Orange CUfls-11 quadrangle 205

Orange CllfIs-12 quadrangle 206

Orange ClifTs-13 quadrangle 207

Orange Clifls-14 quadrangle 208

Orange Clifls-l 5 quadrangle 175

Grand County.

Moab-10 quadrangle 67

Moad-1 1 quadrangle 68

Moab- 12 quadrangle 166

Moab-13 quadranglo. 87

Moab-14 quadrangle 167

Moab-15 quadrangle 16S

Mount Peale-1 quadranple 124

Mount Peale-4 quadrangle 125

Tidwell-9 quadrangle ._ 72

Tldwell-16 quadrangle 197
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Index No,

Photopeologic maps (according to state and

county)—Continued

Utah—Continued

Kane County.

Circle Cllffs-14 quadrangle 115

Circle CHITs-15 quadrangle 116

Circle ClitTs-16 quadrangle 117

Mount Penncll-13 quadrangle 225

Mount Pennell-14 quadrangle 133

Navajo Mountaln-3 quadrangle.. 134

Navajo Mountaln-4 quadrangle.. 226

Navajo Mountain-5 quadrangle.. 74

Navajo Mountain-C quadrangle.. 227

Navajo Mountain- 12 quadrangle. 75

Navajo Mountaln-13 quadrangle. 135

Straight Cliffs-1 quadrangle 170

Straight Cli(Is-2 quadrangle 228

San Juan County.

Aneth-1 quadrangle 99

Aneth-2 quadrangle. 100

Aneth-3 quadrangle 101

Aneth-4 quadrangle 102

Ancth-5 quadrangle 103

Aneth-6 quadrangle 104

Aneth-7 quadrangle 105

Aneth-8 quadrangle 106

BlufT-1 quadrangle- 107

Bluff-8 quadrangle 10S

Bluff-13 quadrangle 203

Bluff-14 quadrangle 204

Carlisle-1 quadrangle 236

Carllsle-2 quadrangle.-. 213

Carllsle-3 quadrangle 65

Carlisle-4 quadrangle... .- 163

Carll*ile-5 quadrangle 164

Carllsle-6 quadrangle 66

Carllsle-7 quadrangle 165

Carllsle-8 quadrangle 237

Carllsle-9 quadrangle 238

Carlisle-10 quadrangle.. ?14

Carlisle-15 quadrangle 109

Carllsle-16 quadrangle 239

Clay Hills-12 quadrangle 89

Clay Hllls-13 quadrangle.. 90

Clay Hills-14 quadrangle 91

Clay Hills-15 quadrangle 86

Clay Hllls-16 quadrangle 71

F.Ik Rldge-1 quadrangle 118

Elk Rtdge-8 quadrangle 119

Elk Rldgc-9 quadrangle 120

Elk Ridge-12 quadrangle 121

Elk Ridge-13 quadrangle 122

Elk Ridge-16 quadrangle 123

Mount Pealc-1 quadrangle 124

Mount Peale-4 quadrangle 125

Mount Peale-5 quadrangle 240

Mount Peale-fl quadrangle 241, 246

Mount Peale-7 quadrangle 126

Mount Peale-8 quadrangle 127

Mount Pcale-9 quadrangle 12R

Mount Peale-10 quadrangle 129

Mount Peale-11 quadrangle ... 152.242

Mount Peale-12 qnadrangle 243

Mount Peale-13 quadrangle 244

Mount I'eale-14 q"adrangle 245

Index >Io.

Photogeologic maps (according to state and

county)—Continued

Utah—Continued

San Juan County—Continued

Mount Peale-15 quadrangle 130

Mount Penle Hi quadrangle 131

Navajo Mountain-3 quadrangle.. 134

Navajo Mountain-5 quadrangle.. 74

Navajo Mountain-6 quadrangle.. 227

Navajo Mounlaln-9 quadrangle.. 93

Navajo MounU.li-12 quadrangle. 75

Navajo Mounuiln-13 quadrangle . 135

Navajo Mounuiin-Hi quadrangle . 94

Orange Clifts-1 quadrangle 188

Orange ClIiTs-8 quadrangle 156

Orange Cliils-15 quadrangle 175

Verdure-1 quadrangle... 136

Verdure-2 quadrangle 137

Verdure-3 quadrangle _. 138

Verdure-4 quadrangle 139

Verdure-5 quadrangle 140

Verdure-6 q uadrangle 141

Verdure-7 quadrangle 142

Verdure-8 q'-adranple... 143

Verd-1re-9 quadrangle 144

Verdure-10 quadrangle 145

Verd'Te-11 quadrangle 146

Verd"re-12 quadrangle.. 147

Verd'*re-13 quadrangle 148

Verd'Te-14 q'adrangle 149

Verdrre-15 quadrangle 150

Verdure-16 quadrangle 151

Wayne County.

Carlisle-4 quadrangle 163

Carlisle-5 q-adrangle 164

Orange CllfTs-1 quadrangle _ 188

Orange ClilTs-2 quadrangle 189

Orange CHiTs-3 quadrangle 190

Orange Cli(Ts-4 quadrangle 81

Orange ClifTs-5 q' 'adrangle 1 69

Orange CHITs-6 quadrangle 1 54

Orange CliiTs-7 quadrangle _ 155

Orange Cllffs-8 quadrangle 156

Orange CllfIs-9 quadrangle 82

Orange CHflVlO quadrangle 83

Orange ClirTs-11 quadrangle 205

Orange ClifTs-12 quadrangle 206

Pitchblende, United States 19,506.672

Placer deposits 287.752

Idaho, Valley County 690

Bear Valley district 31

Pre-Morrlson formations, Colorado Plateau,

Resource appraisal . . 318

Prospecting methods, car-mounted equip

ment.. 261,569

Pyrobltumen deposits, Utah, San Miguel

County, Placervlllc. 63

Q

Quarterly report, trace elements program.. . 306,308

Quartr.lte.

Arizona, Olla County, Red Bluff prosiwct. 482

Utah, Daggett County, Yellow Canary... 543

Wyoming, Niobrara County, Silver Cliff

mine near Lusk 573,749
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R

Radioactivity detection. Index No.

Equipment 644,721,752

Development of 291

Geiger-Muller counters 719

Meters for light planes 350

FleM techniques- 644,752

Laboratory techniques. _ 644

Radioactivity measurement, control-chart

method applied to errors _.. 249

Radon In helium-bearing gas, Texas Pan

handle region.. 645

Rhode Island, reconnaissance-- 262

s

Sandstones 287,752

Arizona, Apache County 480

California.

Kern County.. 544

Santa Cruz County 544

Colorado.

CostOla County 503

Eagle County 503

El Paso County 503

Mike Doyle carnotite prospect ... 336

Garfield County 503,559

Grand County 312

Huerfano County 503

Mesa County _ 559

Uravan Mineral belt 8,581

Moffat County 312,503

Montrose County 505,559

Uravan Mineral belt 8,561

Park County _ 503

Rio Blanco County 503,559

San Miguel County. ._ 503,559

Uravan Mineral belt 8,561

Vanadium depositsin. 648

Colorado Plateau 650

Idaho, Bear Lake County _. 605

Nevada.

Clark County 676

Elko County 356

New Mexico.

Guadalupe County.. 505

Mora County, Coyote district 430,558

Rio Arriba County 506

Sandoval County _. 505

San Juan County.- 480

San Miguel County 605

Torrance County 505

Valencia County 605

Origin of uranium in ._ __ 507

South Dakota, Fall River County 484,615

United States. 19,506,761

Utah.

Emery County _ _ 559

Garfield County _ 659

Grand County 659

Thompsons district 731

Kane County 559,732

Bulloch group of claims 512

San Juan County _ 605,559

White Canyon area. _ 504

Uintah County, Uinta Basin 312

Sandstones—Continued Inde* No-

Utah—Continued

Washington County 732

Silver Reef district 49,50

Wayne County 505,559

Wyoming.

Campbell County 360

Pumpkin Buttes area 485

Converse County 360

Crook County 360

Johnson County... 360

Pumpkin Buttes area. 485

Lincoln County 506

Niobrara County 360

Powder River Basin 359

Sheridan County 360

Schroeckingerite, Wyoming, Sweetwater

County, Lost Creek (Red Desert)

area 37,46,328,333.343

Seoondary uranium deposits, United States .. . 19,

506,733

Sedimentology.

Morrison formation, Salt Wash sandstone

member, cross lamination in 748

Phosphate.

Florida 352.354

Phosphoria formation 307, 576

Stratification, and cross stratification,

terminology for _ 683

Wyoming, Powder River Basin 359

Selling procedures for uranium 762

Semiannual report, trace-elements program 319,324

Shales 287,687,752

Arizona.

Coconino County.. _ 323

Gila County 323

Navajo County 323

Pinal County 323

California.

Fresno Coimty 544

Lake County 544

Modoc County 356,544

Monterey County _ 614

Placer County. 544

San Benito County _ 544

San Luis Obispo County 644

Chattanooga 735

Origin __ 4,631

Colorado.

Adams County. _ ._ 323

Arapahoe County 323

Archuleta County 323

Boulder County 323

Costilla County 323

Delta County-. 323

Douglas County.- 323

Eagle County... 323

Elbert County.. 323

EI Paso County 323,503

Fremont County 323

Garfield County 323

Gunnison County 323

Huerfano County 323

Lake County 323,503

La Plata County 323

Larimer County 321
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Shales—Continued Index No.

Colorado—Continued

Las Animas County 323

Montezuma County 323

Montrose County 323

Morgan Oounty 323

Ouray County 323,503

Park County 323

Pueblo County 323

San Juan County 323

Weld County 323

Idaho.

Blaine County 323

Bonneville County, Fall Creek area.. 500

Custer County 323,356

Franklin County 323

Lemhi County 323

Owyhee County 358

Twin Falls County 356

Mineralogy 39,277

Montana.

Deer Lodge County 323

Deer Lodge Valley district 517

Fergus County 323

Gallatin County 323

Granite County 323

Flint Creek Valley district 517

Lewis and Clark County 323

Madison County 323

Meagher County 323

Park County 323

Powell County, Flint Creek Valley

district 517

Ravalli County 323

Nebraska, Sioux County 323

Nevada.

Elko County. 323,356

Esmeralda County 544

Eureka County 323

Nye County 1 323

White Pine County 323,356

New Mexico.

Bernalillo County 323

Lincoln County 323

Mora County 323,505

Coyote district 430,558

Otero County 323

Rio Arriba County.. 323

Sandoval County 323

San Juan County 323

Socorro County 323

Ohio.

Carroll County 325

Tuscarawas County 325

Oregon.

Malheur County 356

United States 19,506,660

Utah.

Cache County 323

Carbon County 323

Daggett County 323

Duchesne County 323

Juab County 323

Millard County 323

Salt Lake County 323

Tooele County 323

Shales—Continued Index 2>

Utah—Continued

Uintah County 309, 2

Utah County . 3

Wasatch County 3

Weber County 3

Virginia, Lee County 3

Washington, Lewis County 3

Wyoming.

Big Horn County 3.

Crook County 3;

Ooshen County 3:

Hot Springs County &

Niobrara County 3.

Park County 3:

Platte County— 33

Weston County 33

Shinarump conglomerate.

Age determination, Utah TS

Arizona 64

Colorado Plateau 64

Resource appraisal 311

Utah 64:

Slltstone, South Dakota, Lawrence County. . 62*

South Carolina.

Airborne radioactivity surveys, Atlantic

Ocean beach 133

Anderson County... 611

Atlantic Ocean beach, airborne radio

activity survey 183

Cherokee County 511

Fairfield County 511

Greenville County 511

Laurens County.. 511

Monazlte 683

Anderson County 511

Cherokee County 511

Fairfield County 611

Greenville County 511

Laurens County 511

Spartanburg County 511

Spartanburg County 511

South Dakota.

Beryl, Custer County, Fourmlle area 514

Coals, trace-element content of ash 635

Custer County 705

Fourmlle area 514

High Climb pegmatite 578

Fall River County.. 484,615

Lawrence County.. 528

Pegmatites.

Custer County 705

Fourmlle area 514

High Climb pegmatite 578

Ponnlngton County, Bob Ingersoll

Dike #2 705

Pennington County, Bob Ingersoll Dike

#2 705

Sandstones.

Fall River County 484,615

Slltstone, Lawrence County.. 538

Stratigraphy.

Morrison formation 282

Salt Wash sandstone member, litho-

facies study_ __ 698
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Stratigraphy—Continued Index No.

Phosphate.

Phosphoria formation.

Montana 634

Phosphatlc shale member. 24

Triassic, Wyoming, Oreen River basin. _. 676

Tantalum, geochemistry 258

Tectonic map, Colorado Plateau 177

Tennessee.

Claiborne County 320

Coal, Claiborne County 320

Phosphate 25,686

Teas.

Coals, trace-element content of ash 635

Panhandle region, radon in helium-bearing

gas 645

Thermodynamic relations among the vanadi

um oxides -- 657

Thorium 306,308,319,324

Alaska 494

California, San Bernardino County,

Mountain Pass district 580

Colorado, Custer and Fremont Counties. . 529

Contributions to the chemistry of 653

Idaho 273,568

Lemhi County, Lemhi Pass district. 711

Mineralogy 479,490

Colorado Plateau 574

Montana 273,568

Beaverhead County, Lemhi Pass

district 711

Trace elements program 288

Quarterly report. 308,308

Semiannual report... 319,324

United States 685,688

Transient gas flow 423

Tola. Colorado.

Ouray County 603

Koutt County 503

Tnfl.

California, Kern County, Rosamond

prospect _. 738

Nevada.

Esmeralda County 866

Coaldale 351,530

Humboldt County 576

Virgin Valley district 483

Utah, Juab County, Honeycomb Hills,

Spider No. 1 claim 341

Wyoming, Fremont County 357

U

United States.

Fluorite deposits, uranium in 19,506,750

Lignites, uranium In 19,508,660

Limestones, uranium In 19,506,660

Pitchblende deposits 19,606,672

Sandstones, uranium In 19,506,751

Seoofldary uranium deposits. 19,506,733

Shales, uranium In 19,506,660

Southeastern, mineral resouroes 680

Uranium In 19,506,671,688

Western 685

Indei No.

Uranium 19,366,308,319,334,606,671

Geochemistry 286,296

Mining.

Colorado 674

Development 709

Mineralogy 479,490

Colorado Plateau. 674

Utah.

Asphaltites, Emery County 505

Beaver County, Indian Creek prospect... 64

Cache County 321

Carbon County 323,356

Carbonaceous rocks 428

Coab.

Carbon County 366

Iron County 166

Kane County 366

Sanpete County 356

Conglomerate.

Emery County. 118

Garfield County 318

Grand County. 318

Seven Mile Canyon, Shinarump

No. 1 mine 7

Kane County 318

Bulloch Oroup of claims 512

San Juan County... 318

Sevier County 318

Wayne County... 318

Capitol Reef area.. 285

Daggett County 323

Uinta Mountains, Yellow Canary

deposits.. 543

Davis County 356

Duchesne County 312,323

Duchesne Rlvc r area, geologic map. . . 586

Moon Lake area, geologic map 586

Uinta River and Brush Creek-Dia

mond Mountain area, geologic

map.. 588

Emery County.. 310,505,559

Desert Lake-9 quadrangle, photo-

geologic map 76

Desert Lake-11 quadrangle photo-

geologic map 173

Desert Lake-14 quadrangle photo-

geologic map 174

Desert Lake-16 quadrangle photo-

geologic map 178

Emery-1 quadrangle, photogeologic

map 187

Emery-8 quadrangle, photogeologic

map... -_ 78

Emery-9 quadrangle, photogeologic

map.. 79

Emery-16 quadrangle, photogeologic

map 80

Green River Desert-Cataract Canyon

region, geologic map 682

Henry Mountains, geologic map 587

Moab-13 quadrangle, photogeologic

map 87

Stinking Spring Crcck-2 quadrangle,

photogeologic map .. 167
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Utah—Continued

Emery County—Continued Index No.

Stinking Spring Creek-3 quadrangle,

photogeologic map 191

Stinking Spring Creek-4 quadrangle,

photogeologic map 192

Stinking Spring Creek-5 quadrangle,

photogeologic map 193

Stinking Spring Croek-6 quadrangle,

photogeologic map - --- 158

Stinking String Creck-7 quadrangle,

photogeologic map 159

Stinking Spring Creek-8 quadrangle,

photogeologic map.- 160

Stinking Spring Cre«k-9 quadrangle,

photogeologic map 181

Stinking Spring Creek-11 quadrangle,

photogeologic map 212

Stinking Spring Creek-12 quadrangle,

photogeologic map - -- 92

Stinking Spring Creek-13 quadrangle,

photogeologic map 69

Stinking Spring Creek-14 quadrangle,

photogeologic map 70

Stinking Spring Creek-15 quadrangle,

photogeologic map 194

Tidwell-4 quadrangle, photogeologic

map - - 195

Ttdwcll-5 quadrangle, photogeologic

map.. 196

Tidwcll-9 quadrangle, photogeologic

map - - "2

Tidwell-15 quadrangle, photogeologic

map -- - - 171

Tldwell-16 quadrangle, photogeologic

map - 197

Woodside-12 quadrangle, photogeo

logic map 198

Woodside-13 quadrangle, photogeo

logic map --- 199

Fluorlte, Juab County, Thomas Range.... 342,

571, 717

Garfield County - 559

Circle Cliffs-1 quadrangle, photogeo

logic map 215

Clrclo Cliffs-2 quadrangle, photogeo

logic map -- 110

Circle Cliffs-3 quadrangle, photogeo

logic map - 216

Clrclo Cliffs-* quadrangle, photogeo

logic map 217

Circle Cli(Is-5 quadrangle, photogeo

logic map.. 218

Circle Cliffs-C quadrangle, photogeo

logic map -.. Ill

Circle CIiffs-7 quadrangle, photogeo

logic map 112

Circle ClifTs-8 quadrangle, photogeo

logic map 219

Circle Cliffs-9 quadrangle, photoge.o-

logic map 220

Circle Cllffs-10 quadrangle, photogeo

logic map 113

Circle ClifTs-11 quadrangle, photogeo

logic map 114

Utah—Continued

Oarfleld County—Continued Index N"o-

Circle Cliffs-14 quadrangle, photogeo

logic map. .. IIS

Circle Cliffs-15 quadrangle, photogeo

logic map 1145

Circle Cllfls-16 quadrangle, photogeo

logic map 117

Qreen River Desert-Cataract Canyon

region, geologic map 582

Henry Mountains, geologic map 587"

Kflparowlts Peak-8 quadrangle,

photogeologic map _ 221

Kalparowlts Peak-9 quadrangle,

photogeologic map 222

Mount Pcnnell-5 quadrangle, photo-

.. geologic map. 132

Mount Pennell-11 quadrangle, photo

geologic map 223

Mount Penncll-12 quadrangle, photo

geologic map ._ 224

Mount Pennell-13 quadrangle, photo

geologic map 225

Mount Pennell-14 quadrangle, photo

geologic map 133

Notom-15 quadrangle, photogeologic

map 153

Orange Cliffs-9 quadrangle, photo

geologic map 82

Orange Clifls-10 quadrangle, photo

geologic map 83

Orange ClifTs-11 quadrangle, photo

geologic map 205

Orange Cliffs-12 quadrangle, photo

geologic map.__ 206

Orange Cliffs-13 quadrangle, photo

geologic map... 207

Orange Cliffs-14 quadrangle, photo

geologic map 208

Orange Cliffs-15 quadrangle, photo

geologic map 175

Orand County. 310,550

Age determination of ores from 523

Gateway district, geologic map 592

Moab-10 quadrangle, photogeologic

map 67

Moab-11 quadrangle, photogeologic

map.. _ 68

Moab-12 quadrangle, photogeologic

map 166

Moab-13 quadrangle, photogeologic

map 87

Moab-14 quadrangle, photogeologic

map 167

Moab-15 quadrangle, photogeologic

map. 168

Mount Peale-1 quadrangle, photo

geologic map 124

Mount Peale-4 quadrangle, photo

geologic map. 125

Seven Mile Canyon, ShinarumpNo. 1

mine. 7

Tidweil-U quadrangle, photogeologic

map 72
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Utah—Continued

Grand County—Continued Index No.

Tidwell-16 quadrangle, photogeologic

map 197

Thompsons area™ 731

Base map of part 88

Vanadium region, geologic map 683

Igneous rocks, Piute County, Marysvale

district, Papsy's Hope prospect.., 337

Iron County 356

Juab County 323

Honeycomb Hills, Spider No. 1 claim. 341

Thomas Range 342,571,717

Kane County... 356,559,732

Bulloch group of claims _. _ 512

Circle Cliffs-14 quadrangle, photo-

geologic map 115

Circle CIiffs-15 quadrangle, photo-

geologic map 116

Circle CIifls-16 quadrangle, photo-

geologic map 117

Henry Mountains, geologic map 587

Mount Pcnnell-13 quadrangle, photo-

geologic map 225

Mount Pennell-14 quadrangle, photo-

geologic map. _. 133

Navajo Mountain-3 quadrangle, pho

togeologic map 134

Navajo Mountain-4 quadrangle, pho

togeologic map 226

Navajo Mountain-5 quadrangle, pho

togeologic map 74

Navajo Mountain-6 quadrangle, pho

togeologic map 227

Navajo Mountain-12 quadrangle, pho

togeologic map 75

Navajo Mountain-13 quadrangle, pho

togeologic map 135

Straight Cliffs-1 quadrangle, photo-

geologic map '. 170

Straight ClirTs-2 quadrangle, photo-

geologic map 228

Latite, Beaver County, Indian Creek

prospect 64

Limestones.

Duchesne County 312

Wayne County _ 505

Millard County 323

Peat, Davis County 356

Pegmatites, Tooele County 579

Phosphate, Phosphoria formation 25,

SO, 53, 54, 307, 532, 576, 684. 686, 689

Chemistry 274,564

Mineralogy 274,564

Siratigraphic sections 2,29,42, 499, 539

Piute County.

East Slope No. 2 uranium prospect. .. 550

Marysvale district, Papsy's Hope

prospect 337

Pyrohitumcn deposits, San Miguel

County, Placcrville 63

Quartzites, Daggett County, Yellow Ca

nary claims 543

Salt Lake County.. 323

Utah—Continued

Sandstones. Index No.

Emery County 559

Oarfield County 559

Grand County 559

Thompsons area 731

Kane County 559,732

Bulloch group of claims 512

San Juan County 505,559

White Canyon area _ 504

Uintah County, Uinta Basin 312

Washington County 732

Silver Reef district 49.50

Wayne County.. _ 505,559

San Juan County 310,505,559

Age determination of ores from 523

Aneth-1 quadrangle, photogeologic

map 99

Aueth-2 quadrangle, photogeologic

map 100

Aneth-3 quadrangle, photogeologic

map 101

Aneth-4 quadrangle, photogeologic

map 102

Aneth-5 quadrangle, photogeologic

map 103

Aneth-6 quadrangle, photogeologic

map 104

Aneth-7 quadrangle, photogeologic

map.. 105

Aneth-8 quadrangle, photogeologic

map 106

Bluff-l quadrangle, photogeologic

map 107

Bluff-8 quadrangle, photogeologic

map...... 108

Bluff-13 quadrangle, photogeologic

map 203

Blufl-14 quadrangle, photogeologic

map 204

Carlisle-1 quadrangle, photogeologic

map _ 236

Carlisle-2 quadrangle, photogeologic

map 213

Carlisie-3 quadrangle, photogeologic

map 65

Cariisle-4 quadrangle, photogeologic

map 163

Carlisle-5 quadrangle, photogeologic

map 164

Carllsle-6 quadrangle, photogeologic

map 66

Carlisle-7 quadrangle, photogeologic

map ._ 165

Carlisle-8 quadrangle, photogeologic

map _ 237

Carlisle-9 quadrangle, photogeologic

map... 238

Carltsle-10 quadrangle, photogeologic

map 214

Carlise-15, quadrangle, photogoologic

map 109

Carlisle-16 quadrangle, photogeologic

map 239
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Utah-Continued Index No.

San Juan County—Continued

Clay HUls-12 quadrangle, photogeo

loglc map 89

Clay nills-13 quadrangle, photogeo-

loglcmap _ _. 90

Clay Hills-M quadrangle, photogeo-

logic map 91

Clay Hills-15 quadrangle, photogco-

loglcmap 8a

Clay Hllls-16 quadrangle, photogeo-

logic map '. 71

Elk Rldge-1 quadrangle, photogeo-

loglc map... 118

Elk Rldge-8 quadrangle, photogeo-

loglc map 119

Elk Ridgc-9 quadrangle, photogeo-

loglc map _. 120

Elk Ridge-12 quadrangle, photogeo-

logic map 121

Elk Rldge-13 quadrangle, photogeo-

loglcmap 122

Elk Rldge-16 quadrangle, photogeo-

loglcmap 123

Mount Peale-1 quadrangle, photogeo-

logicmap .._ 124

Mount Peale-1 quadrangle, photogeo-

loglc map... 126

Mount Peale-5 quadrangle, photogeo-

logicmap 240

Mount Peale-6 quadrangle, photogeo-

loglc map 241,246

Mount Pcale-7 quadrangle, pbotogeo-

logic map.... 120

Mount Peale-8 quadrangle, photogeo-

logie map 127

Mount Peale-9 quadrangle, photogeo-

logie map 128

Mount Peal«-10 quadrangle, photoge

ologlc map 129

Mount Peale-11 quadrangle, photoge-

ologlcmap.... 152,242

Mount Peale-12 quadrangle, photoge-

ologlc map 243

Mount Peale-13 quadrangle, photoge-

ologlc map 244

Mount Peale-14 quadrangle, photoge-

ologlc map 246

Mount Poale-15 quadrangle, photoge-

ologlc map 130

Mount Peale-16 quadrangle, photoge-

ologicmap 131

Navajo Mountaln-3 quadrangle, pho

togeologlc map. 134

Navajo Mountaln-5 quadrangle, pho-

togeologlc map 74

Navajo Mountaln-6 quadrangle, pho-

togeologic map 227

Navajo Mountain-9 quadrangle, pho-

togeologic map 93

Navajo Mountain-12 quadrangle, pho-

togcologlc map 75

Navajo Mountaln-13 quadrangle, pho

togeologlc map 135

Utah—Continued Index No.

San Juan County—Continued

Navajo Mountain-16 quadrangle, pho-

togeologic map ©4

Orange Cliffs-l quadrangle, photogeo-

logic map 188

Orange ClirIs-8 quadrangle, photogeo-

logic map 1S6

Orange Cllfls-15 quadrangle, photoge-

ologlcmap 175

Vanadium region, geologic map.. S83

Verdure-1 quadrangle, photogeologlc

map 136

Verdure-2 quadrangle, photogeologlc

map 137

Vcrdure-3 quadrangle, photogeologlc

map 138

Verdure-4 quadrangle, photogeologlc

map _ 13»

Verdure-5 quadrangle, photogeologlc

map 140

Verdure-6 quadrangle, photogeologlc

map. 141

Verdure-7 quadrangle, photogeologlc

map 142

Verdure-8 quadrangle, photogeologlc

map 143

Verdure-9 quadrangle, photogeologlc

map 144

Verdure-10 quadrangle, photogeologlc

map 145

Verdure-11 quadrangle, photogeologlc

map 14«

Verdure-1 2 quadrangle, photogeologlc

map. 147

Verdure-13 quadrangle, photogeologlc

map _ 148

Verdure-14 quadrangle, photogeologlc

map _ 140

Verdure 15 quadrangle, photogeologlc

map ISO

Verdure-16 quadrangle, photogeologlc

map. 151

White Canyon area _ 504

Sanpete Canyon S5S

Shales.

Cache Canyon 323

Carbon County 323

Daggett County 323

Duchesne County 323

Juab County 323

MUlard County 323

Salt Lake County 323

Tooele County 323

Uintah County 309,323

Utah County 323

Wasatch County 323

Weber County 323

Shlnarump cangolmcrate 647

Age determination _ 726

Sinbad Valley-Fischer Valley anticline. . . 712

Structure map and sections 230

Tooele County 323,579

Tufl, Juab County, Honeycomb Hills,

Spider No. 1 claim 341
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Utah—Continued Index No.

Uintah County 300,312,323

Uinta Basin 312

Uinta River and Brush Creek-Dia

mond Mountain area, geologic

map 888

Utah County. _ _ 323

Veins.

Piute County, East Slope No. 2 pros

pect 550

Wasatch County ._ ___ 323

Duchesne River area, geologic map. _ _ 585

Washington County 732

Silver Reef district _. 49,50

Wayne County... 505,559

Capitol Reef area _. 285

CarUsle-4 quadrangle, photogeologic

map 163

Carlisle-5 quadrangle, photogeologic

map , 1M

Green River Desert-Cataract Canyon

region, geologic map __ 582

Henry Mountains, geologic map 587

Miners Mountain area 23

Orange Cliffs-1 quadrangle, photogeo

logic map 188

Orange Clifls-2 quadrangle, photogeo

logic map 189

Orange CIuTs-3 quadrangle, photogeo

logic map _. 190

Orange Cllfls-4 quadrangle, photogeo

logic map 81

Orange Cliffs-5 quadrangle, photogeo

logic map _. 169

Orange Cliffs 0 quadrangle, photogeo

logic map 154

Orange Cliffs-7 quadrangle, photogeo

logic map 155

Orange Cliffs-8 quadrangle, photogeo

logic map 166

Orange Cllfls-9 quadrangle, photogeo

logic map. 82

Orange CUfls-10 quadrangle, photoge

ologic map _ 83

Orange Cllffs-11 quadrangle, photoge

ologic map 205

Orange Cllffs-12 quadrangle, photoge

ologic map 206

Weber County 323

V

Vanadtam deposits, Colorado _ 648

8an Miguel County, Flacervllle 651

Veins 287,752

California, San Bernardino County,

Mountain Pass district 580

Colorado.

Boulder County 503

Caribou mine 329,697

Central Mineral belt- 673

Chaffee County 303

Clear Creek County 603

Lawson-Dumont district, Jo Rey

nolds area 501

Custer County 503

Veins—Continued Index No.

Colorado—Continued

El Paso County 503

Gilpin County 101

Central City district- 488

Quarts Hill 61S

Wood mine 335

Gunnison County 303,503

Northwestern San Juan Moun

tains 510

Jefferson County 603,548

Golden Gate Canyon 611

Ralston Creek area 611

Lake County 503,649

Larimer County.. 603

Copper King mine 716

King mine area 313

Ouray County _ 503

Northwestern San Juan Moun

tains i 510

Park County 603

Alma district 831

San Juan County, Northwestern San

Juan Mountains 510

8ummlt County, Montezuma 311

Teller County 503

Idaho.

Clark County 273,588

Lemhi County 273,588

Grunter mine 331

Kentuck mine... 331

Lemhi Pass district 711

Montana.

Beaverhead County 273,331,588

Lemhi Pass district.. 711

Boulder bathollth 616

Jefferson Counfy S32

Clancy area 41,666

Comet area 524

Free Enterprise mine 567

Lincoln County 331

Madison County.. ^ 273,568

Silver Bow County „__ 273,868

Nevada.

Clark County 575

Lincoln County 575

Lyon County 575

East Walker River area 663

Nye County 675

Pershing County 575

New Mexico,

Grant County.

Black Hawk district 658

White Signal district 659

Merry Widow claim... 338,489

Socorro County 605

Utah.

Piute County, East Slope No. 2 ura

nium prospect 660

Vermont, reconnaissance 262

Virginia.

Amelia County 511

Buchanan County _ 326

Charlotte County 511

Clay, Pulaski County 326
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Virginia—Continued Index No.

Coal.

Buchanan County.- 328

Dickenson County 326

Lee County... 328

Montgomery County.. 326

Russell County 326

Tazewell County 326

Wise County.., 326

Cumberland County 511

Dickenson County 326

Dinwiddle County 511

Goochland County 511

Hanover County 511

Henry County 511

Lee County. 326

Mecklenburg County- 511

Monazite 693

Amelia County. - 511

Charlotte County 511

Cumberland County 511

Dinwiddle County 511

Goochland County 511

Hanover County 511

Henry County 511

Mecklenburg County 511

Nottoway County... 511

Patrick County.. 511

Pittsylvania County 511

Powhatan County.. 511

Prince Edward County 611

Spotsylvania Couniy __ 511

Montgomery County 326

Nottoway County 511

Patrick County 511

Pittsylvania County 511

Powhatan County _ 511

Prince Edward County.- 511

Pulaski County 326

Russell County 326

Shales, Lee County 326

Spotsylvania County 511

Taiewell County 326

Wise County 326

Volcanic ash, Montana.

Gallatin County, Gallatin Valley district. 517

Lewis and Clark County, Prickly Pear

Valley district.. 517

W

Wagon drilling.

Sample collectors, practices and results

obtained 293

Sampling 669

Washington.

Coals.

Lewis County. 366

Pierce County 356

Cowlitz County ._ 356

Lewis County- 356

Lignites.

Cowllti County 356

Lewis County 356

Pierce County 356

Shales.

Lewis County 358

Index No.

Water.... 287

Colorado.

Bouldor County 503

Clear Creek County _ 503

El Paso County 503

Ouray County 503

Routt County _ 503

Idaho 309

Sea, control of trace-element concentra

tions In 675

Wyoming.- 309

West Virginia.

Coals.

Logan County 320

McDowell County 326

Mercer County 326

Mingo County 320

Raleigh County 326

Wyoming County 326

Logan County.. 320

McDowell County 326

Mercer County 326

Mingo County 320

Raleigh County 326

Wyoming County 326

Wyoming.

Airborne radioactivity surveys.

Campbell County, Pumpkin Buttcs

area 234

Carbon County, Miller Hill area 180

Crook County, Devil's Tower area... 162

Fremont County, Tabernacle Duttes

area 181

Johnson County, Pumpkin Buttes

area 234

Sublotto County, Tabernacle Buttes

area. 181

Sweetwater County.

Aspen Mountain area 179

Red Desert area 339

Uinta County, West Lone Tree area.. 182

Albany County 579

Big Horn County 323

Burnt Fork area 428

Campbell County 359,360

Pumpkin Buttes area 485

Airborne radioactivity survey 234

Carbon County.

Miller Hill area 525

Airborne radioactivity survey 180

Carbonaceous rocks 428

Coals.

Hot Springs County 357

Lincoln County 309, 31*

Sweetwater County.

Red Desert area 435

Rock Springs area 30n
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CONTRIBUTION TO BIBLIOGRAPHY OF

MINERAL RESOURCES

ANNOTATED BIBLIOGRAPHY AND INDEX MAP OF BARITE

DEPOSITS IN THE UNITED STATES

By Bash G. Dean and Donald A. Brobst

INTRODUCTION

Barite is now ranked as an important non-metallic mineral com

modity because of its extensive use in weighting drilling muds and

concrete aggregate, in the chemical industry, and in the manufacture

of paint, glass, and rubber. According to the U. S. Bureau of Mines,

about one million short tons of barite was produced in the United

States during 1952. Imports in 1952 totaled three hundred thousand

short tons. The United States is the world's leading producer and

consumer of barite.

Missouri, Tennessee, and Georgia have been the major sources of

barite since mining began there in 1872, 1902, and 1914 respectively.

Deposits in Arkansas, Arizona, Idaho, Montana, Nevada, and New

Mexico have been developed extensively in recent years. Deposits

in Connecticut, Maryland, and Pennsylvania have not been worked

for many years, and no production has been recorded from Kentucky

since 1926. Deposits in Alabama, Colorado, Illinois, Virginia, and

Wisconsin were not mined during 1953, although they were worked

between 1923 and 1948. Most of the deposits in California have been

worked between 1923 and 1948.

EXPLANATION OF THE ANNOTATED BIBLIOGRAPHY

The work of compiling the preliminary copy of the annotations of

the literature cited was done by Basil G. Dean in 1952-53. The

material was assembled, brought up to date, and prepared for pub

lication by Donald A. Brobst in 1953-54. The annotated references are

listed by authors in alphabetical order. The entries are cross-indexed

by two other lists including general references and state references.

The general references, numbered to correspond with the alphabet

ical list of authors, include general information on occurrence, origin,
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production, mining and treatment of ore, as well as some descriptions

of deposits that are distributed over large areas involving several

states.

State references describe deposits and mining and milling techniques

practiced within a particular state. The index by state consists of

two parts: a list of general papers arranged by number; a numbered

list of districts, mines, and prospects in the state arranged alphabet

ically. The number for each deposit corresponds to the number of

that deposit on the accompanying index map. Letter symbols de

scribing the type of deposit used on the map are repeated in the text ;

the symbols are explained on the map. The numbers to the right of

the names of the deposits correspond to the numbers of the reports

in the author index that describe the given deposit.

In a few instances, two references containing essentially the same

information have been included for the convenience of the reader who

may have access to only one of the references. Some older references

which have been superseded by more recent ones have been omitted.

EXPLANATION OF THE INDEX MAP

The index map (Plate 1) gives the location, type of geologic occur

rence, and relative production from barite deposits in the United

States. The deposits are numbered consecutively in each State on

the map; this order is the same as in the list of deposits placed in

the State index.

The deposits are classified on the map according to the mode of

occurrence as residual (r), bedded or lenticular replacements (b),

veins, tabular ore bodies or mineralized breccia zones (v), and other

occurrences including disseminated deposits and circlo deposits (o).

Circle deposits are bell- or cone-shaped masses of lightly brecciated

country rock which have been mineralized with barite and small

amounts of galena, sphalerite, chalcopyrite, and calcite. Deposits

not described in the literature as to type are indicated by a question

mark (?).

The symbol for the type of occurrence refers to that part of the

deposit which is commercially exploitable, although other types of

occurrences may be in the vicinity. In the Cartersville district,

Georgia, the deposits are listed as residual because nearly all of the

production has been from residual deposits in clay, although the

primary deposits of barite occur in noncommercial veins in the bed

rock. If more than one type of occurrence is of commercial value,

as in the Central district, Missouri, symbols are combined, with the

most important type listed first.

Deposits are indicated as either prospects or mines. Prospects in

clude all undeveloped deposits for which there is no record in the
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literature of production of barite and the large ore bodies which con

tain barite as a major gangue constituent. Commercially exploited

deposits of barite are associated chiefly with other non-metallic min

erals in bedrock and residual clay. Deposits of only mineralogic

interest have been omitted.

Production from individual mines or districts is classed as small if

the estimated total production has been less than 5,000 tons, and as

large if the estimated total production has been more than 5,000 tons.

These estimates of production are based largely on incomplete infor

mation in the literature cited.

The active or inactive status of mines has not been shown on the

index map, for it changes with economic and other conditions. Some

barite mines and prospects have not been indicated on the map

because of the scale or because of inadequate information in the

literature. Some recent discoveries and mining developments, par

ticularly in Nevada, have not been described in the literature as of

September 1954.

ANNOTATED BIBLIOGRAPHY

[Numbers refer to author Index, p. 152-186]

GENERAL REFERENCES

39, 42, 53, 54, 55, 57, 65, 74, 80, 84, 99, 105, 113,114, 115, 120, 134, 135, 136,

143, 148.

STATE REFERENCES

ALABAMA •

General: 1, 2, 28, 67, 102, 118.

Districts, mines, and prospects:

1. r Angel Station district, Calhoun County: 2, 65, 102, 118.

2. r Beaver Creek Valley, St. Clair County and Greens Valley, Etowah

County: 2, 102, 118.

3. r Leeds, Jefferson County: 2, 102.

4. r Longview-Saginaw district, Shelby County: 2, 102.

5. r Sinks district, Bibb County: 2, 28, 54, 67, 74, 102, 118, 143.

6. v Southeastern corner, Cherokee County: 1, 2, 54, 74, 102.

7. v Southern Cleburne County: 1, 2, 54, 74, 102.

8. r Vincent-Harpersville-Wilsonville district, Shelby County: 2, 54, 102.

ARIZONA

General: 4, 8, 13, 43, 85, 149, 150, 158.

Districts, mines, and prospects:

1. v Arizona Barite Co. (Christman) mine, Maricopa County: 8, 43, 53, 151,

158.

Castle Dome district, Yuma County: 43, 149.

Ernest Hall Property, Yuma County: 151.

McCracken Lead mine, Mohave County: 13.

Nottbusch mine (Neversweat district), Yuma County: 149.

Renner barite mine, Yuma County: 43, 149, 151.

Sheep Tanks district, Yuma County: 149.

Silver district, Yuma County: 149.

Silver Belt mine, Yavapai County: 85.

2. V

3. V

4. V

5. V

6. V

7. V

8. V

9. V
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ARKANSAS

General: 6, 21, 22, 66, 69, 88, 89, 93, 97, 103, 104.

Districts, mines, and prospects:

1. r Bear Creek prospect, Pike Cojnty: 66.

2. b Bee Mountain, Boar Tusk Mountain, and Two Mile Creek prospects,

Polk County: 22, 66, 92, 93.

3. b Boone Springs Creek, Fancy Hill, Gap Mountain, Polk Creek Moun

tain, and Sulphur Mountain prospects, Montgomery County: 66,

89, 93, 120.

4. b Cossatot River prospect, Polk County: 66, 93.

5. b Magnet Cove district, Hot Spring County: 21, 39, 53, 54, 69, 80, 88,

93, 97, 103, 104, 148.

6. b Mill Creek prospect, Pike County and Pigeon Roost Mountain deposit,

Montgomery County: 66, 93.

7. b Viles Creek prospect, Polk County: 66, 93.

CALIFORNIA

General: 9, 10, 11, 19, 20, 23, 26, 40, 52, 56, 63, 68, 86, 95, 117, 125, 130, 152,

155, 157, 160.

Districts, mines, and prospects:

1. v Afterthought prospects and Austin quarry, Shasta County: 10, 19, 20,

95, 152.

2. b Almanor district (Cameron, Savercool, and Synthetic Iron Color Co.

mines), Plumas County: 11, 23, 63, 95, 125, 152, 157.

3. ? Barite No. 1 and No. 2 claims (Noble prospect on Beegum Creek),

Shasta County: 10, 19, 20, 152, 154.

4. V Barstow area (Ball, Barium Queen, Big Medicine, Lead Mountain

and Silver Spar mines), San Bernardino County: 19, 32, 56, 95,

152, 155, 157.

5. V Bidwell Ranch prospect and Exposed Treasure No. 1 and No. 2

claims, Shasta County: 10, 19, 20, 95.

Democrat barite mine, Nevada County: 19, 20, 86, 95, 152.

El Portal and Egenhoff mines, Mariposa County: 11, 19, 20, 23, 40, 52,

53, 54, 63, 68, 80, 95, 113, 114, 148, 152.

Gabilan (Fremont) Peak deposit, Monterey County: 19, 20, 152.

Glidden Co. (Loftus) deposit, Shasta County: 10, 19, 20, 95, 152.

Gunter Canyon deposit, Inyo County: 19, 20, 95, 130.

Hansen barite mine, San Bernardino County: 19, 56, 95, 152, 155.

La Brea deposit (Eagle mine), Santa Barbara County: 19, 20, 95, 152.

Liscom Hill deposit, Humboldt County: 19, 20, 95.

Mountain Pass deposits, San Bernardino County: 26, 117, 155, 160.

Poso baryta deposit, Tulare County: 56, 95, 130, 152.

Red Hill deposit, Orange County: 19, 20, 95, 152.

San Dimos Canyon deposit, Los Angeles County: 19, 20, 95, 152.

Spanish mine, Nevada County: 19, 54, 80, 86, 95, 152.

Warm Springs Canyon deposit, Inyo County: 95, 130.

COLORADO

General: 7, 44, 58, 81, 140.

Districts, mines and prospects:

1. v Hartsel deposit, Park County: 7, 58, 81, 140.

2. v Use area (Feldspar, School Section, and other mines), Custer County:

7, 44, 81, 140.

6. ?

7. b

8. b

9. b

10. V

11. V

12. V

13. V

14. V

15. V

16. V

17. b

18. b

19. V
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3. ? Little Maude mine, Fremont County: 7.

4. v Sunshine Canyon deposit, Boulder County: 7, 44, 81, 140.

CONNECTICUT

General: 57.

District, mines, and prospects:

1. v Cheshire deposits, New Haven County: 57.

GEORGIA

General: 25, 28, 59, 61, 72, 73, 75, 87, 94, 144.

Districts, mines, and prospects:

1. r Bass Ferry prospect, Floyd County and Kingston prospects, Bartow

County: 25, 61, 87.

2. r Cartersville district, Bartow County: 25, 28, 50, 54, 57, 59, 60, 61,

72, 73, 74, 75, 87, 105, 113, 114, 143, 144, 148, 150.

3. r Eton district, Murray County and Ruralvale deposit, Whitfield County:

25, 61, 87, 94, 105, 143.

4. r Plainville area, Floyd and Gordon Counties: 25, 61, 87.

5. r Stilesboro prospect, Bartow County: 25, 61, 87.

6. b Waleska deposit, Cherokee County: 25, 61, 87.

IDAHO

General: 5, 78, 106, 110, 116, 133.

Districts, mines, and prospects:

1. v Meyers Cove deposit, Lemhi County: 5.

2. b Sun Valley barite mine (Bonnie and Barium Sulphate claims), Blaine

County: 57, 78, 106, 110, 116, 133.

ILLINOIS

General: 15.

Districts, mines, and prospects:

1. b v Kentucky-Dlinois fluorspar district, Hardin and Pope Counties: 15.

KENTUCKY

General: 41, 109, 132.

Districts, mines, and prospects:

1. v Central district, Anderson, Bourbon, Boyle, Clark, Fayette, Franklin,

Garrard, Harrison, Henry, Jessamine, Lincoln, Madison, Mercer,

Owen, Scott, and Woodford Counties: 41, 54, 57, 105, 109, 113,

114, 143.

2. v Western Kentucky fluorspar district, Caldwell, Crittenden, and

Livingston Counties: 41, 57, 105, 113, 114, 132, 143.

MARYLAND

General: 101, 143

Districts, mines, and prospects:

1. b Johnsville mine, Frederick County: 101.

2. v Sauble quarry, Frederick County: 143.

MISSOURI

General: 16, 17, 18, 24, 30, 70, 76, 90, 91, 92, 126, 127, 128, 131, 145.

Districts, mines, and prospects:

1. ro Central district, includes portions of 16 counties but principal deposits

are in Cole, Miller, Moniteau, and Morgan Counties: 39, 42, 54, 57,

90, 91, 92, 113, 114, 126, 127, 148.

327327—55 2
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2. v Graniteville occurrence, Iron County: 128.

3. o Houston (Murphy Mining Co.) mine, Texas County: 76.

4. ro Southeastern (Washington County) district, Franklin, Jefferson, St.

Francois, and Washington Counties: 18, 24, 30, 39, 53, 54, 67, 70,

80, 113, 114, 126, 127, 128, 131, 145, 148.

MONTANA

General: 77, 108, 111, 112, 161.

Districts, mines, and prospects:

1. v Greenough area mine, Missoula County: 161.

2. v Pattee Canyon and Rattlesnake Creek prospects, Missoula County: 77,

108, 111, 112.

NEVADA

General: 35, 45, 121, 129, 138, 139.

Districts, mines, and prospects:

Austin (Reese River) district, Lander County: 45, 139.

Contact deposit, Elko County: 45.

Eagleville district deposit, Churchill County: 45, 121.

Ellendale deposit, Nye County: 23, 121.

Hilltop district (Bateman Canyon, Lewis Canyon, Starr Grove

Mine), Lander County: 23, 45, 139.

Lone Mountain deposit, Esmeralda County: 23, 57, 121.

Lynn district (Boulder Flat, Simon Creek, Rossi barite mine),

Eureka County: 45.

Maggie Creek Canyon deposit, Eureka County: 45, 138.

Nevada and Valley View barite mines, Lander County: 45, 139.

Pine Valley deposit, Elko County: 45.

NEW MEXICO

General: 27,98, 119, 159.

Districts, mines, and prospects:

American Fluorspar group, Socorro County: 27.

Derry district mine, Sierra County : 27, 98.

Devils Canyon and White Spar mines, Dona Ana County: 27, 98.

Dewey mine, Socorro County: 27, 159.

Gallinas district prospects, Lincoln County: 27, 119.

Gonzales prospect, Socorro County: 27.

Hansonburg district, Socorro County: 27, 79, 98, 103, 159.

Palm Park mine, Dona Ana County: 27, 39, 98.

Tonuco Mountain deposits, Dona Ana County: 27, 98.

Vincent Moore claim, Torrance County and unidentified mine in

Bernalillo County: 27, 98.

NORTH CAROLINA

General: 62, 71, 96, 100, 123, 124, 141, 142.

Districts, mines, and prospects:

1. v Hillsboro area, Orange County: 123, 124.

2. vo Hot Springs districts, Madison County: 29, 54, 57, 62, 71, 74, 96, 100.

113, 114, 123, 124, 143.

3. vo Kings Mountain: Gaffney district, Gaston and Cleveland Counties,

North Carolina, and York and Cherokee Counties, South Carolina:

54, 57, 62, 74, 113, 114, 123, 124, 141, 142, 143.

1. v

2. ?

3. v

4. o

5. bv

6. V

7. V

8. V

9. b

10. V

1. V

2. bv

3. bv

4. V

5. V

6. V

7. V

8. V

9. V

0. V
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OKLAHOMA

General: 51, 146.

Districts, mines, and prospects:

1. r Cache prospect, Comanche County: 51, 146.

2. r Maniton prospect, Tillman County: 51, 146.

3. r Mill Creek (Thompson ranch) prospect, Johnston County: 51, 146.

4. v Watson prospects, McCurtain County: 51.

PENNSYLVANIA

General: 122, 143.

Districts, mines, and prospects:

1. vt Buckmanville deposit, Backs County: 122.

2. r Chambersburg deposits, Franklin County: 57, 60, 122.

3. rv Fort Littleton deposit, Fulton County: 122, 143.

4. r Waynesboro deposits, Franklin County: 57, 122, 143.

SOUTH CAROLINA

General: 143.

Districts, mines, and prospects:

3. vo Kings Creek, Cherokee County (see Kings Mountain-Gaffney district,

North Carolina): 54, 57, 62, 113, 114, 123, 124, 141, 142, 143.

TENNESSEE

General: 29, 31, 38, 46, 47, 48, 49, 60, 64, 82, 83, 107, 147.

Districts, mines, and prospects:

1. vr Del Rio district, Cocke County: 29, 38, 46, 49, 54, 74, 113, 114, 143,

147, 148.

2. r Fall Branch district, Greene, Sullivan, and Washington Counties:

46, 49, 82, 105, 107.

Greene County area: 49, 143, 147.

Lost Creek district, Union County: 46, 105.

Middle Tennessee area, Davidson, De Kalb, Rutherford, Smith,

Sumner, Trousdale, and Williamson Counties: 64, 105, 143, 147.

Pall Mall district, Fentress County: 54, 105, 107, 147.

Sweetwater district, McMinn, Monroe, and Loudon Counties: 31, 47,

48, 54, 60, 74, 83, 105, 107, 113, 114, 143, 147, 148.

TEXAS

General: 12, 14, 37, 156.

Districts, mines, and prospects:

1. rv Freeman ranch deposit, Llano County: 14, 37, 156.

2. o Henry Mills ranch deposit, Val Verde County: 14, 37.

3. b Seven Heart Gap area, Culberson County: 37.

4. v Van Horn area, Culberson County: 12,J}7.

VIRGINIA

General: 33, 34, 36, 143, 153, 154.

Districts, mines, and prospects:

Bedford County area: 33, 34, 54.

Campbell-Pittsylvania Counties area: 33, 34, 36, 54, li3, 114.

Fauquier County area: 33, 34, 54.

Grayson County area: 33, 34, 54.

Roanoke-Botetourt Counties area: 33, 34, 54, 143.

Russell-Tazewell and Smyth Counties area: 33, 34, 54, 105, 113, 114,

3. r

4. r

5. v

6. r

7. r

1. V

2. rvb

3. rv

4. vr

5. r

6. rvb

154.
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WASHINGTON

General: 137.

Districts, mines, and prospects:

1. b Maple Creek prospect, Mason County: 137.

2. v Northern Stevens County deposits, Stevens County: 137.

3. v Springdale area deposits, Stevens County: 137.

WISCONSIN

General: 3.

Districts, mines, and prospects:

1. b v Cuba City mines, Lafayette County: 3, 134, 135, 136.

AUTHOR INDEX

1 Adams, G. I., 1931, Hydrothermal origin of the barite in Alabama: Econ.

Geology, v. 26, no. 7, p. 772-776.

Small barite veins occurring in shales of the Weisner formation of Lower

Cambrian age and in the pre-Cambrian Ashland mica schist, in Cherokee

and Cleburne Counties are believed to have been deposited by hydro-

thermal solutions at the close of the Paleozoic, after formation of the main

structural features of the Appalachians. The veins are 12 to 18 inches

wide and not considered economic.

2 Adams, G. I., and Jones, W. B., 1940, Barite deposits of Alabama: Ala.

Geol. Survey Bull. 45, 38 p.

The geologic occurrence and origin of barite are discussed, and individual

mines and prospects in the nine barite-bearing localities of Alabama de

scribed. The major primary deposits occur as irregular veins and replace

ment bodies in the Knox dolomite of Cambrian and Ordovician age and in

the Pelham limestone of Ordovician age. Barite veins also occur in shales

of the Weisner formation of Lower Cambrian age and in the pre-Cambrian

Ashland [mica] schist. The authors believe that these deposits were formed

by mesothermal and epithermal solutions moving along fractures caused

by the main deformation of the Appalachians at the close of the Paleozoic.

Only residual deposits in red clay derived from weathering of the primary

deposits described above have been worked. The most abundant residual

deposits are found in Bibb County where barite is associated with fluorite,

limonite, calcite, and native sulfur. These deposits are believed by Adams

and Jones to offer the best possibilities in the state for mining development.

Barite was first produced in 1914; production reached a peak in 1917 and

then gradually declined until 1925. Since 1925, production has been

intermittent and on a small scale.

3 Agnew, Allen F., Flint, Arthur E., Crumpton, R. P., 1954, Geology and

zinc-lead -barite deposits in the area east of Cuba City, Wisconsin:

U. S. Geol. Survey Map MF 15.

A detailed map (scale 1:12,000) shows the geology of the ore deposits

east of Ciba City. A marginal text briefly describes the history of the

district, the rock units and thin alteration, the structure, and the ore

deposits.

4 Allen, M. A., and Butler, G. M., 1919, Barytes: Univ. Bur. Mines Bull.

99, 18 p.

A general discussion of barite is followed by brief notes on occurrences of

barite in Arizona. All known deposits, which occur in veins in igneous or
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sedimentary rocks, are small and most veins are less than three feet wide.

It is doubtful that many would be of commercial value, even if they were

near a market.

5 Anderson, A. L., 1943, The antimony and fluorspar deposits near Meyers

Cove, Lemhi County, Idaho: Idaho Bur. Mines and Geology Pamph.

62, p. 1, 11, 14-16.

A mineralized fracture zone as much as 20 feet wide in silicic tuff of the

Challis volcanics of Oligocene [and early miocene] age contains mostly

barite, with considerably less stibnite, fluorite, and chalcedony.

The stibnite content of the deposit is economically unimportant.

6 Arkansas Geological Survey, 1942, Mineral resources of Montgomery, Gar

land, Saline, and Pulaski Counties: County Min. Rept. 3, p. 30.

Small deposits of impure barite have been found in veins with calcite and

in limonite deposits in Pulaski, Saline, Garland, and Montgomery Counties.

These deposits are not of economic value. The occurrence of commercially

exploited barite deposits in Hot Spring County (Magnet Cove) is noted.

Additional deposits may occur in Garland County.

7 Argall, G. O., Jr., 1949, Industrial minerals of Colorado: Colo. School of

Mines Quart., v. 44, no. 2, p. 32-39.

Barite occurrences in Colorado are described. A bibliography and gen

eral information on uses, treatment, and marketing of barite are included.

Barite occurs as gangue in many base-metal sulfide veins of Colorado, in

gold telluride veins at Cripple Creek, in ferberite veins in Boulder County,

and in fluorite veins of Boulder and Mineral Counties. In a few localities,

barite constitutes the main filling of the vein. Small quantities of barite

were mined in Boulder, Fremont, and Custer Counties during World War I

and more recently in Park and Custer Counties.

8 Arizona Department of Mineral Resources, 1945-1950, Seventh to Eleventh

Annual Repts.

These annual reports contain summaries of information on barite mining

in the state.

9 Averill, C. V., 1937, Mineral resources of Plumas County: Calif. Jour.

Mines and Geology, v. 33, no. 2, p. 92.

Barite occurs in lenses in slate at the Savercool and Synthetic Iron Color

Co. mines four miles southwest of Almanor, Plumas County. Up to 1936,

about 17,000 tons of barite had been mined at the Synthetic Iron Color Co.

property. The ore averaging about 94 percent BaS04 was mined in open

pits and underground. At the Savercool mine, a carload of barite was

mined from a barite lens 10 feet wide and shipped as a sample.

10 Averill, C. V., 1939, Mineral resources of Shasta County: Calif. Jour. Mines

and Geology, v. 35, no. 2, p. 114-115.

Barite occurs in fissure veins in basic igneous rock at the Afterthought

prospects, 20 miles north of Redding. The veins range from a few inches

to eight feet in width and are reported to contain "quite pure" barite.

Barite associated with a small amount of witherite has been exposed in a

small open cut (Barite No. 1 and No. 2 claims) in the side of Beeguin Creek

Canyon about two miles from Platina. A narrow lens or vein of barite has

been found on the Bidwell ranch just south of the town of Montgomery

Creek. Several thousand tons of barite have been mined east of Castella

(Loftus deposit) by the Glidden Co. for the manufacture of lithopone. The
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barite occurs as a bedded deposit in nearly horizontal slate and limestone of

probable Devonian or Carboniferous age. The average grade of ore was

nearly 93 percent BaSCU; mining was from open pits.

11 Averill, C. V., and Norman, L. A., Jr., and others, 1951, Counties of Cali

fornia, mineral production and significant mining activities of 1949:

Calif. Jour. Mines and Geology, v. 47, no. 2, p. 338 and 350.

A new barite lens was discovered by diamond drilling at the El Portal

barite deposits by the National Lead Co. on the north side of the Merced

River, Mariposa County. The company planned to explore the lens with

a crosscut and raise in 1950. Colored barite occurs in a lens six feet wide

in slate at the Cameron barite mine three miles south of the Almanor Dam,

Plumas County. The deposit was mined from an open cut in April and

May of 1949.

12 Baker, C. L., 1932, Barite in Texas: Texas Univ. Bur. Econ. Geology Min.

Res. Circ. 4, 5 p.; 1934, The geology of Texas, v. 2, Structural and

economic geology: Texas Univ. Bull. 3401, p. 403-409.

This paper is largely a general discussion of properties, occurrence, pro

duction, mining, preparation and uses of barite. Barite occurrences in

Texas are briefly described. The barite commonly occurs in small veins

or nodules in sedimentary rocks. No production had been recorded from

Texas as of 1932.

13 Bancroft, Howland, 1911, Reconnaissance of the ore deposits in northern

Yuma County, Arizona: U. S. Geol. Survey Bull. 451, p. 123-126.

At tlio McCracIicn lead mine in southern Mohave County barite is re

ported in large quantities in two fissure veins which range in width from 6

to 20 feet. In addition to barite, the vein filling consists of quartz, calcite,

siderite, dolomite, and galena.

14 Barnes, V. E., 1939, Additional notes on barite: Texas Univ. Bur. Econ.

Geology Min. Res. Circ. 11, 4 p.

Three small barite deposits in northeastern Gillespie County, northern

Llano County, and near Pandale, Val Verde County are described. Depos

its at the first two localities are small veins in pre-Cambrian schist and

gneiss. The veins contain impure barite associated chiefly with quartz.

Barite occurs near Pandale as cavern fillings in cherty limestone. None of

the deposits appears to be large enough to be of economic value.

15 Bastin, E. S., 1931, The fluorspar deposits of Hardin and Pope counties,

Illinois: 111. State Geol. Survey Bull. 58, p. 30-31 and 57.

Barite occurs sporadically near the surface where it coats and replaces

fluorite in both the vein and blanket-type deposits. The fluorite is con

sidered of hydrothermal origin, but the barite was probably deposited by

circulating ground water. The barite is generally not of commercial im

portance, but it might be recovered as a by-product in mining the fluorspar

deposits of the blanket type.

16 Bishop, O. M., 1949, The mineral industry of Missojri in 1946 and 1947

with total production summarized: Mo. Geol. Survey and Water

Res. Inf. Circ. 4, p. 8-13.

Uses of barite, types of occurrences, production, and mining and milling

methods in Missouri are summarized. Annual production and value of

barite produced in Missouri from 1872 through 1947 is tabulated. Barite
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mining began in pre-Civil War days and has been continuous since 1872, with

a total recorded production to 1947 of 4,765,125 tons valued at $31,774,237.

Missouri has produced more barite than any other state.

17 Bishop, O. M., 1950, The mineral industry of Missouri in 1948: Mo. Geol.

Survey and Water Res. Inf. Circ. 6, p. 6-7.

Barite production in Missouri in 1948 is discussed. In 1948 this totalled

278,071 tons of barite valued at $2,413,802.

18 Bishop, O. M., 1951, The mineral industry of Missouri in 1949: Mo. Geol.

Survey and Water Res. Inf. Circ. 7, p. 6-7.

Competition from producers at Magnet Cove, Ark., caused a decline in

barite production in Missouri in 1949. Of the total production of 186,891

tons, approximately 78,800 tons were ground for use in drilling muds and

83,300 tons were shipped to the chemical industry. The remaining 25,000

tons was added to stockpiles. All but 3,540 tons was mined in Washington

County from residual clays having an average content of 10 percent barite.

19 Bradley, W. W., 1930, Barite in California: Rept. 26 of the State Miner-

ologist, v. 26, no. 1, p. 45-57.

The occurrence and uses of barite in the United States are discussed.

Principal barite deposits in California are described by counties. By 1929

production of barite had been reported from Inyo, Los Angeles, Mariposa,

Monterey, Nevada, Orange, San Bernardino, Santa Barbara, and Shasta

Counties. Commercial production of barite in California began in 1910

and with the exception of 1924 and 1925 some production has been recorded

each year since then reaching a total of 86,768 tons at the end of 1929.

California barite resources in 1929 were considered ample to meet any

considerable increase in Pacific Coast market demands. This is the most

complete summary available about deposits of barite in California.

20 Bradley, W. W., 1930, Barite in California: Am. Inst. Min. Metall.

Engineers. Tech. Pub. 266, 9 p.

Same material as in reference 19 but presented in a slightly condensed

version.

21 Branner, G. C, 1931, Barite in Arkansas: Eng. and Min. Jour., v. 131,

no. 11, p. 512.

The results of prospecting the large Magnet Cove barite deposit during

1930 and 1931 are summarized. The material reviewed here is covered in

detail by Norman and Lindsey (1941).

22 Branner, G. C, and others, 1940, Polk County: Ark. Geol. Survey County

Mineral Rept. 1, p. 18-19 and pi. 7.

The occurrence of six small barite deposits in central Polk County is

noted. The barite occurs in thin veins in the Missouri Mountain slate of

Silurian age and in small pockets and seams in the overlying Arkansas

novaculite of Devonian and Mississippian age. The deposits appear to be

too small to be of economic value. Location of deposits is shown on

geologic map of Polk County.

23 Braun, L. T., 1950, Barite, in Jenkins, O. P., and others, Mineral com

modities of California: Calif. Dept. Nat. Res. Div. Mines Bull. 156,

p. 130-132.

Occurrences, production, uses, and markets for barite in California are

discussed briefly. Occurrences of barite, chiefly as veins or replacements,
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are widespread and a total production of more than 500,000 tons from

several deposits was recorded between 1910 and 1949. Recent prodiiction

has been from two properties, a replacement deposit near El Portal,

Mariposa County (the principal source) and from a lens near Greenville,

Plumas County. California barite is used principally for drilling mud.

24 Buckley, E. R., 1909, Geology of the disseminated lead deposits of St.

Francois and Washington Counties: Mo. Bur. Geology and Mines,

v. 9, pt. 1, p..223-228 and 238-248.

Lead deposits of southeastern Missouri contain barite associated with

galena and other sulfides, sulfates, and carbonates. They occur in irregular

vertical and horizontal openings in dolomite and in residual clay derived

from dolomite. Barite is most abundant in the Potosi dolomite (Cambrian) .

The barium is believed to have been carried in solution as BaCOj in ground

water and precipated in solution cavities by reaction with solutions of an

alkaline sulfate, probably CaSO«. The barium probably was derived

originally from the feldspars of igneous rocks from which the sediments of

the area were derived. The report includes descriptions and a map in

dicating the location of 33 barite deposits wliich were being or had been

worked in the area as of 1909.

25 Butts, Charles, and Gildersleeve, Benjamin, 1948, Geology and mineral

resources of the Paleozoic area in northwest Georgia: Ga. Geol. Survey

Bull. 54, p. 83-85.

Although barite is widely distributed in northwest Georgia, important

deposits are essentially limited to the Cartersville district. Six other

isolated barite localities lie within a belt about 75 miles long and as much as

25 miles wide which extends northeast from the vicinity of Esom Hill,

Polk County to Ruralvale in Whitfield County. The principal producers of

crude barite in the past three years are listed in a table. The locations of

active barite operations in 1946 are indicated on a mineral resource map.

Reserves are believed sufficient for many years of continued production.

26 California State Mining Bureau, 1910-1948, Mineral production of Cali

fornia: Calif. State Min. Bur. Ann. Bulls. 1910-37; Calif. Dept. Nat.

Res. Div. Mines Ann. Bulls. 1938-48.

In this annual publication of the Division of Mines, yearly production of

barite by counties in California is tabulated. Tables are included to show

annual value and tonnage of barite produced since 1910.

27 Clippinger, D. M., 1949, Barite of New Mexico: N. Mex. Bur. Mines and

Mineral Res. Circ. 21, 28 p.

All available information on barite in New Mexico up to and including

1948 is summarized. The geology, occurrence, mining, milling, and produc

tion of barite is reviewed. Nineteen mines and prospects in Dona Ana,

Lincoln, Socorro, and Torrance Counties and 12 other scattered deposits

are described briefly. A bibliography is included. Barite occurs chiefly

as vein and breccia fillings which may be accompanied by replacement of

wall rock. Country rocks include pre-Cambrian granite and schist and

quartzite, limestones, and shales of Paleozoic age. The principal minerals

associated with the barite are fluorite and quarts, with lesser amounts of

calcite, gypsum, and sulfides. Fluorite in varying amounts is present in

almost all the deposits. As a result of the recent development of milling

methods for separation of barite and fluorite the recovery of both

minerals from some deposits is now commercially possible. Recent demands
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for heavy drilling muds in the oilfields of New Mexico and west Texas

have created a new market nearby.

28 Criekmay, G. W., 1935, Origin of barite in the Appalachian Valley: Econ.

Geology, v. 30, no. 5, p. 563-564.

The paper by Jones and McVay (1934) in which they advocate hydro-

thermal origin for Alabama barite deposits is discussed. Criekmay believes

that both hypogene and supergene deposition of barite occurred in the

Cartersville district, Georgia and probably also in Alabama. Massive,

white barite at Cartersville is commonly brecciated and Criekmay considers

it of hypogene origin. Delicate transparent barite crystals called "flowers

of ocher" occur in open cavities in quartzite and may have formed from the

earlier veins by solution and subsequent deposition of barite from circulating

surface waters.

29 Dahners, L. A., 1949, Investigation of the Del Rio and Stackhouse barite

deposit, Cocke County, Tenn., and Madison County, N. C: U. S.

Bur. Mines Rept. Inv. 4571, 26 p.

The results of diamond-drilling by the U. S. Bureau of Mines during 1944

on the Moccasin Gap prospect and Krebs property in Cocke County, Tenn.,

and the Sandy Bottom mine of the Stackhouse group in Madison County,

North Carolina are described. Tables of analyses of samples and logs of

drill-holes are included. The ore is principally barite associated with

fluorite, pyrite, calcite, quartz, and traces of copper. The veins cut by drill

holes on the Moccasin Gap property were narrow and low grade. Ore con

taining 33 to 57 percent barite was intersected by one drill hole on the

Krebs property, which was in operation in 1944. At the Sandy Bottom

property unconsolidated vein material could not be cored and sludge samples

showed only a trace of barite.

30 Dake, C. L., 1930, The geology of the Potosi and Edgehill quadrangles:

Mo. Bur. Geology and Mines, 2d ser., v. 23, 233 p.

Detailed descriptions of stratigraphy, structure, and ore deposits of this

area in southeastern Missouri are given. Rocks of the area include pre-

Cambrian igneous rocks, chiefly rhyolite porphyry, and sedimentary rocks

of Paleozoic age, chiefly dolomites. Beds in this area west of the structural

center of the Ozark dome have a westerly regional dip broken by faults and

porphyry knobs. Nearly half the total barite produced in the United States

in 1927 was from the Washington County district, part of which lies in the

Potosi quadrangle. Nearly all of the commercially important barite occurs

irregularly disseminated in deep residual clays derived from the weathering

of the Potosi and Eminence dolomites of Cambrian age. Silica in the form

of chert, chalcdony, or quartz universally is associated with barite in the

residual clay. Other minerals associated with barite in order of their de

creasing abundance are limonite, galena, marcasite, and pyrite. The

author suggests that barite was precipitated from sea water in minutely

disseminated form in beds of the Potosi and Eminence dolomites. The

barite was later concentrated into larger masses by the shallow circulation of

groundwater during the weathering process which also formed the residual

clay.

31 Dunlap, J. C, 1945, Structural control in the eastern belt of the Sweetwater

barite district, east Tennessee (abstract): Econ. Geology, v. 40, no. 1,

p. 82; Geol. Soc. America Bull., v. 56, no. 12, pt. 2, p. 1156.

327327—55 3
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The Cambrian and Ordovician sedimentary rocks lie in three parallel

belts separated by major thrust faults. Barite deposits are restricted to the

Beekmantown division [Ordovician] of the Knox group, and occur principally

in the limestone member of the lower Kingsport formation. The regional

strike of these beds is N. 50° E. and dip is 10° to 20° southeast. Two types of

minor struct ires with axes that strike from N. 70° W. to due west cut across

the regional structure. These minor structures "are(l) 'knobs' orsharp flexures

caused by abrupt change in strike and (2) very gentle anticlines." Narrow

brecciated zones in these minor structures are believed to have admitted

rising hydrothermal solutions which spread laterally along the favorable

beds in which the barite deposits now occur. These deposits form banded

veins in coarse breccia and contain pyrite, fluorite, and barite listed in the

order of deposition and increasing abundance. Monthly barite production

of 3,400 tons in 1945 was derived entirely from residual deposits.

32 Durell, Cordell, 1954, Barite deposits near Barstow, San Bernardino County,

California: Calif. Dept. Nat. Res. Div. Mines, Special Report 39, 8 p.

The geology of four barite mines and areas are briefly described: the Ball

deposit, the Hansen deposit and vicinity, the deposits in the vicinity of the

Barium Queen mine, deposits at the Lead Mountain mine and vicinity.

Four detailed geologic maps are included.

33 Edmundson, R. S., 1936, Barite deposits of Virginia: Am. Inst. Min. Mctall.

Engineers Tech. Pub. 725, 17 p.

The descriptions of the individual mines are omitted from this condensed

version of a later report (Edmundson, 1938). The occurrence, mineralogy,

and origin of the deposits of Virginia are reviewed.

34 Edmundson, R. S., 1938, Barite deposits of Virginia: Va. Geol. Survey

Bull. 53, 85 p.

The distribution, types of deposits, origin, and probable commercial value

of barite deposits is discussed. Individual mines and prospects are described

and a section on mining methods and prospecting is included. The deposits

are in the Piedmont and Valley and Ridge provinces. Abundant small

deposits of barite occur in bedrock in fissure veins, replacement masses, and

in breccia zones. The most important of these deposits are lenticular re

placement bodies up to 20 feet wide, 100 feet long and 150 feet thick in

calcareous rocks. Breccia deposits contain thin seams of barite generally

only a few inches wide. Bedrock deposits, because of their small size, are

probably not of commercial value. Wall rock of these deposits includes

pre-Cambrian marble, schist, and gneiss, Paleozoic limestone and dolomite,

and Triassic shale, sandstone, and diabase. The author cites criteria con

sidered indicative of an hydrothermal origin for these deposits. Residual

deposits irregularly distributed in red or black clay in Grayson, Botetourt,

Campbell, and Pittsylvania Counties might yield small commercial quan

tities of barite.

35 Emmons, W. H., 1910, A reconnaissance of some mining camps in Elko,

Lander, and Eureka Counties, Nevada: U. S. Geol. Survey Bull. 408,

p. 126.

At the Starr Grove mine about 15 miles southeast of Battle Mountain,

barite occurs with quartz and small amounts of disseminated sulfides in a

large flat ore body which lies nearly parallel to the enclosing dark gray

limestone. In places "there is as much as 10 feet of nearly pure barite".
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36 Espenshade, G. H., 1952, Manganese, iron, and barite deposits of the James

River-Roanoke River district, Virginia: U. S. Geol. Survey Map MF 5.

A geologic map shows the location of barite deposits in the district.

Barite has been found at about a dozen localities in the southern part of

the district and also south of the Roanoke River in Pittsylvania County.

The barite occurs in veins in white marble of Furcron's Mount Athos

formation [Paleozoic (?)1 and as fragments in overlying surficial and residual

clays. Although the Hewitt mine is estimated to have produced about

100,000 tons of barite, most of the deposits in this district are believed to

be rather small.

37 Evans, G. L., 1946, Barite deposits in Texas, in Sellards, E. H., and others,

Texas mineral resources: Univ. Texas Pub. 4301, p. 105-111.

Deposits of barite in Texas occur in thin veins, replacement bodies, and

as irregular masses in residual clay. The deposits are in rocks ranging in

age from pre-Cambrian to Tertiary. Deposits in 13 counties are described.

Only a few hundred tons have been mined from these deposits, many of

which are too small to be of commercial value. A replacement deposit of

relatively high grade barite in the limestone of the Permian Delaware

Mountain formation near Seven Heart Gap, Culberson County, is described

as "one of the most promising (deposits) now known in the state from the

standpoint of possible commercial development". A large tonnage of low

grade barite occurs as filling in limestone caverns near Pandalc (Henry

Mills ranch deposit), Val Verde County. This is the most complete ref

erence on barite deposits in Texas.

38 Ferguson, H. W., and Jewell, W. B., 1951, Geology and barite deposits of

the Del Rio district, Cocke County, Tennessee: Tenn. Dept. Conserv.,

Div. Geology Bull. 57, 235 p.

The barite deposits and geology of the district are described in detail.

The district has yielded about 55,000 tons of barite from 12 mines and

5 major prospects since 1880. Geologic conditions indicate reserves of at

least four times the amount already mined. The rocks include a clastic

group of unknown age, a Lower Cambrian group of elastics, the Cambrian

Shady dolomite and Rome formation. The principal barite deposits occur

in the immediate vicinity of two prominent low angle thrust faults. High

grade but comparatively small deposits of barite are found along a bedding

plane fault beneath a prominent coarse-grained quartzite in the upper part

of the Cambrian Unicoi formation. In these deposits white, coarsely

crystalline barite, commonly containing 95 to 98 percent BaSOi, occurs with

ankerite in pods, stringers, and veinlets in the fault zone. Mining has been

chiefly along weathered portions of the vein where lumps of barite are in

reddish-brown sandy clay. Larger low grade deposits containing 60 to

90 percent BaSOi are along the Brushy Mountain thrust, a zone of intense

shearing with a maximum thickness of nine feet. The sheared granulated

material is usually replaced by quartz discolored by blue-black hematite.

Workable ore deposits occur where barite is concentrated locally with small

amounts of fluorite, hematite, pyrite, and traces of chalcopyrite.

39 Fine, M. M., and Kennedy, J. S., 1948, Investigation of ore-dressing methods

for barite ores from New Mexico, Missouri, and Arkansas: U. S. Bur.

Mines Rept. Inv. 4280, 31 p.

The results of laboratory beneficiation tests on barite samples from five

properties are described. Barite-ftuorite ore from the Palm Park claims
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near Hatch, New Mexico yielded acid-grade fluorspar and drilling-mud-

grade barite by flotation and gravity concentration. Recovery of 86 per

cent of the barite and 76.5 percent of the fiuorite was accomplished by

flotation. Gravity concentration yielded slightly better recovery of barite

but a much poorer recovery of fiuorite. Ore with an unusually high con

tent of iron from Washington County, Missouri yielded concentrates by

flotation, magnetic separation, and agglomerate tabling. These concen

trates contained less than 0.1 percent iron oxide. The flotation of ore

with a high content of quartz and iron from central Missouri yielded a

concentrate containing 1.1 percent iron oxide, and recovered 95.2 percent of

the barite. With tabling and magnetic separation, 86.2 percent of the

barite was recovered in a concentrate containing only 0.7 percent iron

oxide. Samples from two producing properties at Magnet Cove, Arkansas

contained soluble salts detrimental to flotation. Drilling-mud-grade barite

was recovered by flotation after removal of most of the soluble salts by

leaching and washing.

40 Fitch, A. A., 1931, Barite and witherite from near El Portal, Mariposa

County, California: Am. Mineralogist, v. 16, no. 10, p. 461-468.

The mineralogy of the barite-witherite veins and their wall rocks near

El Portal, California are described. A group of north-trending replacement

veins up to 20 feet wide occur in the limestone lenses of isoclinally folded

Paleozoic sedimentary rocks. These rocks, dominantly argillaceous, have

undergone low-grade dynamic metamorphism and local contact metamor-

phism near the margin of a small granite boss. The veins which terminate

at the contact with the intrusive change in composition and texture as the

granite is approached. This change may be correlated with the degree of

contact metamorphism of the wallrock. Barite and witherite in places

occur together and are associated chiefly with quartz and pyrite. As the

intrusive is approached, more coarse-grained calc-silicate minerals are de

veloped in the veins with a corresponding decrease of barite and witherite.

Barite and witherite are absent from the veins adjacent to the granite. The

deposits may have formed by replacement of limestone lenses "by barium

solutions given off from the underlying Sierra Nevada granite batholith.'*

41 Fohs, F. J., 1913, Barytes deposits of Kentucky: Ky. Geol. Survey, 4th

ser., v. 1, pt. 1, p. 441-588.

The geology, mineralogy, mining, milling, production, and prospecting

of the barite deposits are reviewed. A general section on the uses and oc

currence of barite is also included. Deposits of commercial importance are

reported in the Central and Western districts and in Union County where the

deposits occur in veins in Ordovician and Carboniferous sedimentary

rocks. The important Central district is discussed in detail including brief

descriptions of nearly 200 prospects. Barite in the Central district is

associated chiefly with calcite, fiuorite, sphalerite, and galena in steeply

dipping veins and breccia fillings in Ordovician limestone. Replacement

of the wall rocks is of minor importance. The veins and breccia fillings are

irregularly shaped and average two to four feet in width and 600 feet in

depth. Production from the Central district was recorded every year from

1903 to 1911; the most productive year was 1908 when 11,000 tons were

mined, ranking Kentucky as the third largest producer in the United States.

A small tonnage was produced in the Western district in 1903 and 1907.

42 Frommer, D. W., and Fine, M. M., 1952, Experimental treatment of

barite ores from Montgomery County, Ark., and Morgan County,

Mo.: U. S. Bur. Mines Rept. Inv. 4881, 11 p.
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Results of ore dressing studies on samples of barite ore from two un

developed barite deposits in Arkansas and Missouri are described. Ore

from Montgomery County, Arkansas consists of barite intimately mixed

with finely crystalline quartz. Ore from near Stover and Versailles,

Morgan County, Missouri consists of barite with considerable dolomite,

sphalerite, chert, and quartz with lesser amounts of fiuorite, sulfides, and

iron oxides. Ores from both areas are amenable to concentration by fine

grinding and froth flotation. The Arkansas ore yields barite concentrate

suitably for use in drilling muds and the Missouri ore yields both zinc

concentrate and barite concentrate the latter of which is suitable for manu

facture of some barium chemicals.

43 Galbraith, F. W., 1947, Minerals of Arizona: Ariz. Bur. Mines, Geol.

Ser. 17, Bull. 153, p. 62.

The location of important barite occurrences in Arizona are listed by

counties.

44 George, R. D., 1927, Geology and natural resources of Colorado: Univ.

Colorado, Boulder, Colo., p. 162.

The occurrence of "strong veins of barite in the vicinity of Boulder and

Jamestown and near South Boulder Creek in Boulder County" are re

ported. Several carloads have been shipped from vein deposits in Sunshine

Canyon west of Boulder. Barite has also been produced from mines near

Aspen.

45 Gianella, V. P., 1940, Barite deposits of northern Nevada: Am. Inst. Min.

Metall. Engineers Tech. Pdb. 1200,6 p.; 1941, Trans., v. 144, p. 294-299.

Barite is widely distributed in at least nine counties. Annual production

in 1938 and 1939 was over 15,000 tons and total production to the end of

1938 was 66,424 tons. Production has been principally from the northern

part of Lander and Eureka Counties with a smaller amount from Elko

County. The barite occurs in veins and replacement deposits. Barite in

veins is generally white and is generally associated with sulfides. Most of

the barite has been mined from open cuts in replacement deposits of dark

barite in limestone beds of probable Carboniferous age. The deposits are

believed to be of hydrothermal origin and are probably contemporaneous

with some of the hydrothermal metallic ore deposits of the state. Nine

principal deposits in northern Nevada are briefly described and located on

an index map. This is the most complete reference available concerning

barite deposits of Nevada.

46 Gildersleeve, Benjamin, 1946, Minerals and structural materials of east

Tennessee: TVA Regional Products Research Div. Rept. B., p. 3-5.

In the Fall Branch district of Greene, Washington, and Sullivan Counties,

workable deposits of barite occur as irregular masses in residual clays in

the upper part of the Knox dolomite. The deposits are in a linear belt

about 20 miles long. The deposits contain two distinct types of barite, an

exceptionally pure black variety and a less pure white variety. There has

been no production from the district in many years except for about 168

tons shipped in 1935. Vein deposits in lower Cambrian rocks have been

worked intermittently for the past 25 years at several localities in Cocke

County. A small deposit of relatively pure white barite in the residium

of the basal part of the Ordovician Murfreesboro limestone on the shore of

the Lost Creek area of Norris Lake was developed in 1938. Other occur

rences of barite in Johnson, Carter, Sevier, Hamblen, and Hawkins Counties

are reviewed briefly.
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47 Gildersleeve, Benjamin, 1946, Minerals and structural materials of the

Watts Bar and Fort Loudon Reservoir areas: TVA Regional Products

Research Div. Report No. 5, p. 2-5.

The occurrence and distribution of barite in the Sweetwater district of

east Tennessee is described briefly. The location and a brief statement

about the history of operation and production of the nine mines that yielded

the major production from the district in the early part of 1943 are given.

The location of five other mines abandoned or worked intermittently as of

1943 is included. Annual production in the area averaged 20,000 to 30,000

tons prior to 1940 and 60,000 tons in 1941 and 1942. Monroe County-

yielded 51,501 tons in 1942.

48 Gordon, C. H., 1918, Barite deposits of the Sweetwater district, east

Tennessee: Tenn. Geol. Survey, Resources of Tenn., v. 8, no. 1, p. 48-82.

The geology and barite deposits of this district in parts of McMinn,

Monroe, and Loudon Counties in eastern Tennessee are described in detail.

The barite occurs in bedded veins or shattered zones in the Knox dolomite

[Upper Cambrian and Lower Ordovician] and as masses in the residual clay

derived from weathering of the dolomite. Only the residual deposits are of

commercial importance. They occur along three northeastward trending

narrow parallel belts about 20 miles long. Workable ore bodies appear only

at intervals along the ore belts which are usually from 100 to 300 feet wide.

In many places six to eight feet of alluvial red clay overlies the barite-

bearing residual clay. The chief impurities in the ore are fluorite, chert, .

and iron oxide. Small amounts of sphalerite, galena, calcite, and manganese

oxide are also found. The primary deposits are believed to have been

deposited within breccia zones of the Knox dolomite by solutions that had

leached the barium from the dolomite and associated limestones. The

principal mines along the three barite belts are described. The history of

mining in the district and the mining and preparation of the ore for market

are discussed. Only the high grade (98-99% BaS04) barite is marketed. "—

A table showing the amount of crude barite marketed in Tennessee from 1903

to 1916 is included.

49 Gordon, C. H., 1920, Barite deposits in upper east Tennessee: Tenn. State

Geol Survey Bull. 23 (Pt. 1, Ann. Rept. 1919), p. 65-70.

Barite deposits of upper east Tennessee are of two types—irregular fissure

and gash veins in crystalline rocks, and residual deposits in breccia veins in

limestones. Vein deposits occur in the vicinity of Del Rio, and residual de

posits occur in several places in Greene County. The Del Rio region is

underlain by quartzites and slates of Cambrian age. The Pond Ridge

prospects about 1 )i miles north of Del Rio yielded a small tonnage years ago.

Considerable ore was mined from a vein deposit of hard crystalline barite in

masses and stringers imbedded in clay at West Meyer 2){ miles east of

Bridgeport. At East Meyer pure, hard crystalline barite was mined from a

bedding plane vein in quartzite and conglomerate. A vein deposit at Rock

Creek, four miles from Del Rio, was worked some years ago. In Greene

County, four deposits all in residual clays overlying the Knox dolomite

[Upper Cambrian and Lower Ordovician] formerly were worked. These

deposits are in the vicinity of Greeneville, Jearoldstown, Midway, and

Morristown. Indications appear favorable for the existence of workable

bodies of barite in the vicinity of Jearoldstown.
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50 Hale, D. P., Jr., 1938, Modern mining and beneficiation of barite at Carters-

ville, Georgia: Am. Inst. Min. Metall. Engineers Tech. Pub. 973, 13

p.; 1942, Trans., v. 148, p. 277-290.

Opencut mining and beneficiation of residual barite ore in the Carters-

ville district, Bartow County, Georgia are discussed. Overburden averaging

12 to 15 feet thick is removed by stripping. Hydraulic mining has been

used successfully for recovery of the fines impounded in old mud ponds and

in one mine where large limestone pinnacles were encountered in the residual

clay. The chief impurities in the ore are 6ilica and iron oxide. Silica is

easily removed by washing and jigging. Manganese, where present, is

separated by gravity methods. Since 1931 greater recovery of barite and

a final product of higher grade has been made possible by finer crushing,

tabling, and use of magnetic separators for removal of iron. Use of these

improved methods has permitted mining in large areas previously considered

unworkable and had more than doubled the reserves of minable ore as of

1938. Ore from Cartersville has been consumed chiefly by the lithopone

and barium chemical industries.

51 Ham, W. E., and Merritt, C. A., 1944, Barite in Oklahoma: Okla. Geol.

Survey Circ. 23, 42 p.

Barite occurrences in Oklahoma and general information on barite are

reviewed. The deposits are either too small or of too low grade to be of

commercial value as of 1944. The deposits are of 3 general types: 1) hy-

drothermal veins, 2) residual deposits and 3) sedimentary deposits. Hydro-

thermal veins containing small amounts of barite and metallic sulfides cut

highly folded shales and quartzitic sandstones of the Stanley [shale of

Pennsylvania age] in the Ouachita Mountains in northeastern McCurtain

County. Coarsely crystalline masses of barite associated with ocherous

Iimonite are embedded in clays derived from weathering of Cambrian and

Ordovician dolomite in the Arbuckle Mountains of south-central Oklahoma.

The lower Permian shales and sandstones of central and southwestern

Oklahoma contain disseminated grains, concretions, and veins of barite.

Some barite may form a cementing agent. Surface concentrations of high

grade concretionary nodules in a few localities may offer the possibility for

limited production of several thousand tons. The barite in these Permian

sedimentary rocks may have been introduced as a secondary concentration

from marine water.

52 Harding, A. C, 1941, Ground barytes for weighting drilling mud: Eng.

and Min. Jour., v. 142, no. 1, p. 33-36.

Barite deposits and mining and milling practices at the National Lead

Co. plant near El Portal, Mariposa County, California are reviewed. The

deposit has been worked continuously since 1910; in 1941 it was the largest

deposit west of the Rockies and yielded the only commercial witherite in

the United States. The chief product is ground barite for use in drilling

mud. Barite and witherite associated with silica and calcium carbonate

occur in vertical shoots or lenses in two distinct belts each about 200 feet

wide and 1200 feet apart in steeply dipping metamorphosed sedimentary

rocks. Both mineralized belts are ci.t by the Merced River Canyon.

Lenses on the south side of the river contain principally barite and those

on the north side contain a higher percentage of witherite. Contacts of

the ore with the wall rock of siliceous limestone and schist are generally

sharp. The deposits have been worked to a depth of 350 feet without

reaching their lower limit. The origin of the deposit is attributed to

replacement of limestone lenses by barium sulphate and carbonate.
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53 Harding, A. C, 1948, Barite production in the United States: Am. Inst.

Min. Metall. Engineers Tech. Pub. 2414, 6 p.

The geology and mining and milling operations at the major barite

deposits in the United States are described briefly. Production and con

sumption of barite in 1945 and specifications for the various grades of barite

ore used in different industries are listed. It is estimated that inferred

reserves at properties now in production or being developed would yield at

least a supply for 20 years at the rate of consumption in 1948.

54 Harness, C. L. and Barsigian, F. M., 1946, Mining and marketing of barite:

U. S. Bur. Mines Inf. Circ. 7345, 78 p.

Information about the geologic occurrence, mining, treatment, and pro

duction of barite ore at all major barite mines or districts in the United

States is summarized. Mining and methods of preparation of ore for the

market are described. Uses of barite, specifications of barite ore for dif

ferent uses, prices, marketing, and manufacture and utilization of barium

chemicals are reviewed.

55 Heck, E. T., 1940, Barium in Appalachian salt brines: Am. Assoc. Petroleum

Geologists Bull., v. 24, no. 3, p. 486-493.

Appreciable amounts ol barium have been found in many [Appalachian]

brines from rocks of Silurian, Devonian, Mississippian, and Pennsylvanian

age in the Appalachian region. Brines from productive oil and gas areas

contain the highest percentage of barium. The barium is believed to have

been present in barite in the sediments and was brought into solution by

reduction of BaSOi, probably by the action of bacteria.

56 Hewett, D. F., and others, 1936, Mineral resources of the region around

Boulder Dam: U. S. Geol. Survey Bull. 871, p. 149-151.

Occurrences and deposits of barite in the region around Boulder Dam in

adjacent parts of California and Nevada are noted briefly. Barite is com

mon particularly as a gangue mineral in Tertiary metal veins in some parts

in the region. Five deposits are described in which barite occurs in veins

or as replacements. "Most of the deposits are relatively small and of poor

quality." Small production has been reported from a few properties and

"with sufficient demand a moderate production might be made."

57 Hill, J. M., 1917, Barytes and strontium, [in 1915] in Mineral resources of

the United States, 1915, pt. 2—nonmetals: U. S. Geol. Survey, p.

161-185.

In addition to the usual statistics on annual production, consumption,

and exports and imports of barite, the principal known deposits in the

United States as of 1915 are described by States and are shown on a map

on which are also indicated the location of plants manufacturing barium

products. Methods of mining and preparation of barite for market are

discussed. This reference is the most complete summary available as of

1915 concerning the production of barite in the United States.

58 Howland, A. L., 1936, An occurrence of barite in the red beds of Colorado:

Am. Mineralogist, v. 21, no. 9, p. 584-588.

A small deposit two miles southwest of Hartsel, Park County, is described.

In 1932 development work consisted of pits of various size from which

some barite had been mined. Further development was done in 1934 and

1935. It is not known whether commercial ore was produced. The barite

occurs as a replacement in vertical veins one to two feet wide and in irregular

layers six inches to three feet wide in gently dipping beds of a limestone
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member of the Maroon formation [of Pennsylvanian and] Permian age.

The barium is believed to have been leached from the surrounding sediments

by meteoric waters and precipitated by reaction with gypsum in the

limestone.

59 Hubbell, A. H., 1942, New Riverside - producer of barytes in Georgia:

Eng. and Min. Jour., v. 143, no. 10, p. 62-65.

Mining and milling operations of the New Riverside Ochre Co. in Bartow

County, Georgia are summarized. Barite occurs irregularly distributed in

clay, eight tons of which will yield an average of one ton of washed barite.

Concentrations of barite are pockety and hard to find because overburden

may be as much as 60 feet thick. The flow sheet of the washing plant is

described in detail. The final products are of three grades: 1) drilling mud,

92 percent BaSO* with 5 percent iron: 2) lithopone, 96 percent BaSO*

with not more than 1.0 percent iron; and 3) glass, 98 percent BaSOi with not

more than 0.3 percent iron.

60 Hubbell, A. H., 1943, Barytes—a non-metallic product of eastern Ten

nessee: Eng. and Min. Jour., v. 144, no. 1, p. 63-65.

Mining and treatment of barite ore from residual deposits in the Sweet

water district of Tennessee and in Bartow County, Georgia are discussed.

In the Sweetwater district, overburden as much as 40 feet thick is stripped

from the ore-bearing clays which may be as much as 30 feet thick. Each

mine generally has its own washing plant. In some operations the washed

product may be subsequently cleaned of the remaining iron by tabling,

drying, sizing, and magnetic separation. In Bartow County, Georgia, on

property operated by the Barytes Mining Co., overburden is 10 to 30 feet

thick and the underlying ore-body is over 50 feet thick. Although the

barite content of this deposit is slightly less than that of the Tennessee

mines, the output is more uniform. Mining and treatment of ore is es

sentially the same as in Tennessee. A high grade product containing 96

percent BaS04 or more and a low grade product containing 92 percent

BaSO« are produced.

61 Hull, J. P. D., 1920, Barytes deposits of Georgia: Ga. Geol. Survey Bull.

36, 146 p

Occurrence, distribution, origin, production, and mining and milling of

barite in Georgia are discussed. The stratigraphy and structure of the

Cartersville district are described in detail. More than 60 individual mines

and prospects in Bartow, Murray, Whitfield, Gordon, Floyd, Cherokee,

and Polk Counties are described. The deposits are of the following types:

1) vein, 2) replacement, 3) breccia, 4) residual, 5) colluvial or residual

hillside, and 6) alluvial. The primary deposits (types 1, 2, and 3) occur in

pre-Cambrian igneous rocks and Paleozoic sediments. Barium is be

lieved to have been leached from feldspars and mica in the crystalline rocks

by circulating meteoric and thermal waters which moved upward along

fault and fracture openings to carbonaceous sediments where precipitation

of barite occurred. Vein deposits have been worked on a small scale but

only the residual and colluvial deposits are of economic importance. The

deposits occur almost wholly in the Appalachian Valley region of north

west Georgia in a belt 75 miles long with a maximum width of 2u miles

near its center. All the large deposits which have been worked are in the

Cartersville district. From 1916 to 1919 Georgia ranked first in production

of barite in the United States. Production in 1919 was estimated at 90,000

tons, all from the Cartersville district.
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62 Hunter, C. E., and Gildersleeve, Benjamin, 1946, Minerals and structural

materials of western North Carolina and north Georgia: TVA Regional

Products Research Div. Rept. C, p. 9-10.

Rarite deposits in Gaston and Madison Counties are described briefly.

Extensive vein deposits of white barite occur in Gaston County, extending

from a point four miles south of Bessemer City to the South Carolina state

line. Deposits in the Stackhouse area of northwestern Madison County

have intermittently yielded an estimated production of 300,000 tons between

the latter part of the nineteenth century and 1927. The barite occurs in

veins mainly in a fault zone between the [pre-Cambrian] Max Patch granite

and the Cambrian Snowbird [formation]. This area, adjacent to the Del

Rio district of Tennessee, is believed to contain large reserves of "rather

pure" barite.

63 Jenkins, O. P., and others, 1949, The counties of California—mineral re

sources and mineral production during 1947: Calif. Dept. Nat. Res.

Div. of Mines Bull. 142, p. 13 and pis. 1 and 4.

The report which in past years has been issued as an annual statistical

bulletin known as "Mineral Production of California", has been issued this

year with special emphasis on the mineral resources of the counties of

California. Production of barite is reported from single properties in

Mariposa and Plumas Counties. Barite from Mariposa County was used

chiefly for drilling mud and that from Plumas County was used for the

— • manufacture of barium chemicals. A map of California locates barite

deposits in 12 counties.

64 Jewell, W. B., 1947, Barite, fluorite, galena, sphalerite veins of Middle

Tennessee: Term. Dept. Conserv., Div. Geology Bull. 51, 114 p.

The location, geologic occurrence, and methods of mining small deposits

of barite, fluorite, sphalerite, and galena in fissure veins of middle Tennessee

are discussed in detail. Mines and prospects also are described. Most of

the deposits occur within a 20 mile radius of the intersection of DeKalb,

Smith, and Wilson Counties in the Ordovician limestones of the Nashville

dome. The veins, which range from a few inches to six feet in width, occur

chiefly as fillings in limestone breccia in steeply dipping shear zones which

trend northeast. Replacement of the wall rock by barite has been small.

Barite is one of the most abundant minerals in the veins; in places it makes

up almost the entire vein filling. The barite is generally granular or massive

and is often intimately mixed with fluorite and calcite. The vein material

is believed to have been deposited from rising magmatic solutions of probable

post-Carboniferous age. Only small amounts of lead, zinc, barite, and

fluorite have been produced from the area. In 1934 two carloads of barite

were shipped from Davidson County and further production may be feasible

on a small scale. The veins have not been adequately prospected.

65 Johnson, B. L., 1941, Marketing of barite: U. S. Bur. Mines Inf. Circ. 7149,

16 p.

General information is presented about the uses, production, markets,

and prices of crude barite. Also included is a list of barite producers,

buyers, grinders, and producers of barium products, arranged by states.

66 Jones, T. A., 1948, Barite deposits in the Ouachita Mountains, Montgomery,

Polk, and Pike Counties, Ark.: U. S. Bur. Mines. Rept. Inv. 4348, 15 p.
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Ten barite deposits in the Ouachita Mountains of western Arkansas,

which were investigated by the U. S. Bureau of Mines in 1946 and 1947,

are described. The deposits occur as lenticular bodies of impure barite

near the contact of the Stanley shale of Pennsylvanian age and Arkansas

novaculite of Devonian [and Mississippian] age in beds of both formations.

The deposits are associated with the Mazarn syncline. The Bear Creek

prospect in Pike County contains boulders of crystalline barite in residual

clay of the Stanley shale; it is the only residual deposit known in the area.

At the Pigeon Roost Mountain deposit in southeastern Montgomery County,

barite occurs in three lenticular bodies near the base of the Stanley shale.

This deposit is near the axis of the Mazarn syncline and is the largest yet

found in the area. Barite in the deposits of this area would be suitable for

use in drilling mud.

67 Jones, W. B., and McVay, T. N., 1934, Barite deposits of the Sinks district,

Bibb County, Alabama: Econ. Geology, v. 29, no. 8, p. 761-766.

Barite deposits in the northeast corner of Bibb County in central Ala

bama are described. Barite in veins and cavities in Ordovician limestone

is associated with fluorite, calcite, limonite, and native sulfur. Hydro-

thermal origin is advooated because of the intimate association of barite

with fluorite. Residual deposits derived from the primary deposits have a

much higher content of barite than other deposits mined in the past in

Alabama. The authors believe that these deposits may be profitably

mined.

68 Julihn, C. E., and Horton, F. W., 1940, Mineral industries survey of the

United States: U. S. Bur. Mines. Bull. 424, pt. II, p. 168-170.

Barite deposits at the El Portal and Egenhoff mines near El Portal,

Mariposa County, California are described. Mining and milling at the

El Portal mine of the National Lead Co. is summarized. Large quantities

of high grade barite and witherite have been developed by crosscuts at the

Egenhoff mine.

69 Just, Evan, 1943, An Arkansas travelogue: Eng. and Min. Jour., v. 143,

no. 12, p. 64-65.

The mining and milling operations at Magnet Cove are described briefly.

Barite occurs as a replacement near the base of the Stanley shale (Pennsyl

vanian) in a syncline plunging southwestward. At the National Lead Co.

mine near the eastern end of the syncline, the southern limb of the fold is

nearly vertical and the northern limb dips 40° south. At the mine, the

barite horizon in the bottom of the fold is 200 feet beneath the surface.

The barite deposit, 40-75 feet thick, is mined in an open cut about 500

feet long. After milling, the barite in the ore is then concentrated by

flotation to yield a product with a specific gravity of 4.35 used entirely for

drilling mud.

The smaller open pit mine of the Magnet Cove Barium Corp. is adjacent

to the National Lead Co. mine. The mill is in nearby Malvern where ore

is concentrated by a flotation process which floats barite, in contrast to the

process used by National Lead Co. in which the barite is depressed.

70 Just, Evan, 1948, Barite production upheld by improved equipment:

Eng. and Min. Jour. v. 149, no. 1, p. 71-73.

The use of modern earthmoving equipment and more efficient bene-

ficiation methods in the old Washington County, Mo. barite district have

enabled operators to obtain a greater recovery per acre, and to rework many
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areas previously mined by primitive methods. Residual barite occurring

with soil and gangue in a ratio of approximately 1 to 10 is dug from pits

with dicsel power shovels, and hauled by trucks a short distance to movable

washing plants. The mill flowsheets of two operations are given.

71 Keith, Arthur, 1904, Asheville folio North Carolina-Tennessee: U. S.

Geol. Survey Geol. Atlas, folio 116, p. 9.

Small irregular veins of barite generally only a few inches wide occur in a.

narrow zone extending about five miles northeast from Bluff, Madison

County. The veins occur in granite and quartzite near the contact of the

two rock types. In 1904 the deposits on Spring Creek were the only ones

being mined in the area. Mining was done chiefly in open cuts. A "con

siderable amount" of barite is reported to have been mined about one mile

southeast of Stackhouse.

72 Kesler, T. L., 1940, Structure and ore deposition at Cartersville, Georgia:

Am. Inst. Min. Metall. Engineers Tech. Pub. 1226, 18 p.; 1941, Trans.,

v. 144, p. 276-293.

The general geology and ore deposits of the Cartersville district are

described, with emphasis on the relation of structure to ore deposition.

Deposition of ore was controlled by rock composition and structure. Hydro-

thermal solutions of magmatic origin ascended to the carbonate rocks of

the district along steep oblique fault planes and fractures in a highly folded

zone of the Weisner formation and Shady dolomite of Early Cambrian age.

Ore deposition occurred chiefly in the carbonate rocks of the Shady dolo

mite rather than in the quartzites and schists of the underlying Weisner

formation. Examples of structural control in four areas in the district

are described. The currently mined barite ores are principally surficial

weathered products of the primary deposits.

73 Kesler, T. L., 1949, Occurrence and exploration of barite deposits at Car

tersville, Georgia: Am. Inst. Min. Metall. Engineers Trans., v. 184, p.

371-375.

The geology of the residual barite deposits of the district are described

briefly. The primary ore is localized in three differently oriented groups

of faults. The search for new ore in the residual clay may be guided by

projecting the trend of the fault zones seen in outcrops of the Weisner

formation along the ridge crests across the areas of residual clay. Because

many of the good deposits on the surface or at shallow depth have been

found, prospecting by drilling at greater depths is necessary. The problems

of drilling and the methods of interpreting the resulting data compiled by

the Paga Mining Company are reviewed.

74 Kesler, T. L., 1950, Barite deposits southeast of the Appalachian plateaus,

in Snyder, F. G., ed., Symposium on mineral resources of the south

eastern United States, p. 88-98: Univ. Tenn. Press, Knoxville, Tenn.

The occurrence and origin of the major barite deposits in the southeastern

United States are summarized from the reports of recent workers in the

region. The areas discussed include the Cartersville district and other

areas, Georgia; the Sweetwater and Del Rio-Hot Springs districts, Tennes

see; the Central Carolina district in North and South Carolina; and areas

in Alabama. Most workers believe that the barite and associated minerals

were deposited by hydrothermal solutions of magmatic origin. Laurence

and Dunlap attribute ore deposition in the Sweetwater district to thermal
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waters but do not specify their source. Although igneous rocks are not

obviously associated with most of the deposits, a magmatic source for the

ore bearing fluids is suggested by the similarity of their mineralogy to

metalliferous deposits of undoubted hydrothermal origin. Evidence sug

gests that more than one period of barite mineralization occurred. Most

investigators believe the deposits are late Carboniferous; Edmundson be

lieves that the deposits in Virginia are Triassic in age.

75 Kesler, T. L., 1950, Geology and mineral deposits of the Cartersville

district, Georgia: U. S. Geol. Survey Prof. Paper 224, 97 p.

The geology and ore deposits of this district in northwest Georgia are

described. By the end of 1943, the district had yielded about 1,830,000

long tons of barite representing 24 percent of the total production of the

United States. Rocks of the district are Cambrian metasedimentary rocks

of the Weisner, Shady, Rome, and Conasauga formations and feldspathic

gneisses derived from them. These rocks are folded into major anticlinoria

and synclinoria that extend beyond the limits of the district. The primary

ore and gangue minerals were deposited by hydrothermal solutions in

steeply dipping faults which trend roughly parallel and oblique to the axis

of the major folds. Primary barite occurs as thin veins and irregular bodies

principally in carbonate rocks of the Rome formation. The barite which

is coarsely crystalline encloses small amounts of pyrite and other sulfides

and is associated with quartz and carbonates. Weathering of these primary

deposits has freed the barite which remains as fragments }i to 6 inches across

distributed unevenly through the residual clay. Pyrite enclosed by the

barite is usually weathered to limonite, and angular boulders of jasperoid

commonly accompany barite in the clay. These deposits constitute the

barite ore of the district and are mined in open cuts. The average propor

tion of recoverable barite in clay in large deposits ranges from 11.8 to 17.5

percent. The deposits are believed to be "far from exhausted; but—their

recovery will generally involve a gradual increase in mining costs." Nine

major barite mines are described and a table summarizes data on 35 barite

mines that have been commercially productive.

76 Kidwell, A. L., 1946, Blue barite from Texas County, Mo.: Rocks and —

Minerals, v. 21, no. 12, p. 849-850.

An abandoned open-pit barite mine six miles southwest of Houston,

Texas County is the only known commercial barite deposit within a radius

of 60 miles. Blue barite associated with limonite and calcite occurs as a

filling which cements large blocks of dolomite in a collapsed solution cavity.

The country rock is Jefferson City dolomite [Ordovician] containing chert

and drusy quartz. This deposit was last operated during 1941 and 1942

by the Murphy Mining Company.

77 Knechtel, M. M., and others, 1948, Map showing construction materials

and nonmetallic mineral resources of Montana: U. S. Geol. Survey

Missouri Basin Studies Map no. 11.

A map shows the location of barite deposits in Glacier National Park

and Missoula County. Very little barite has been produced in Montana

but occurrences of residual barite in Upper Cretaceous clays are reported in

Missoula and Lincoln Counties. Barite deposits are also known in Custer,

Wibaux, Dawson, Musselshell, Pondera, Madison, and Phillips Counties.
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78 Kiilsgaard, T. H., 1950, Geology and ore deposits of the Triumph-Parker

mine mineral belt, in Anderson, A. L., and others, Detailed geology of

certain areas in the Mineral Hill and Warm Springs mining districts,

Blaine County, Idaho: Idaho Bur. Mines and Geology Pamph. 90,

p. 60.

The Sun Valley barite mine (Bonnie group) about nine miles northwest

of Hailey, has been operated intermittently during recent years, and was

under lease to the Simplot Co. in 1950. The barite occurs as a series of

lenticular masses in the Wood River formation [Pennsylvanian]. Ore is

shipped by rail to the mill in Pocatello where it is prepared for use in drill

ing mud. Selective mining to control contamination by silica yields an

ore containing 84 to 88 percent BaSO* with a specific gravity of 4.0 to 4.1.

In 1949, 6,700 tons of barite were produced.

79 Kottlowski, Frank E., 1953, Geology and ore deposits of a part of the Han-

sonburg mining district, Socorro County, New Mexico: N. Mex. Bur.

Mines and Mineral Res. Circ. 23, 9 p.

Data are supplied to aid exploration of the barite-fluorite-galena ore

bodies on the west face of the Oscura Mountains. Stratigraphy, structure,

and the nature of the ore deposits are described briefly. The ore is local

ized in fracture zones and solution cavities in limestones of Paleozoic age.

80 Ladoo, R. B., and Myers, W. M., 1951, Nonmetallic minerals: New York,

McGraw-Hil! Book Co., Inc., p. 67-82.

General information on barite is given: occurrences, production, con

sumption, mining, milling, ore specifications, marketing, and uses. Short

descriptions of principal deposits in the United States and other countries

are included. Tables show world production of barite from 1942 to 1948;

salient statistics of barite, witherite, and barium chemical industries in the

United States from 1944 to 1948; domestic barite sold or used by producers

in the United States from 1946 to 1948 by states. A brief section on

witherite is included. The bibliography contains 42 references on barite

and witherite.

81 Larrabee, D. M., and others, 1947, Map showing construction materials

and nonmetallic mineral resources of Colorado: U. S. Geol. Survey

Missouri Basin Studies Map no. 10.

On the map are indicated the location of barite deposits in Custer, Park,

and Lake Counties. The text states that barite occurs in Boulder, Custer,

Lake, Las Animas, Park, Pitkin, and Pueblo Counties. Deposits have been

developed in Boulder, Custer, and Park counties. Small production from

veins and layers in limestone has been recorded in 1915, 1916, and 1939 to

1941.

82 Laurence, R. A., 1938, Black barite deposits in upper east Tennessee:

Tenn. Acad. Sci. Jour., v. 13, no. 3, p. 192-197.

Deposits of large, crystalline masses of exceptionally pure, dark barite

occur in residual clay in the Fall Branch district of upper east Tennessee.

The deposits are associated with a thrust fault in the upper Knox dolomite

("Post-Nittany") [Upper Cambrian and Ordovician] and form a long narrow

belt extending northeastward through Greene, Washington, and Sullivan

Counties. Associated deposits of white barite with sphalerite and galena

are found in residual clay and in veins and breccia zones in the underlying

dolomite. The black barite, which apparently occurs only in the residual

clay, is more pure than the white barite. The dark color and fetid odor are
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attributed to small amounts of carbonaceous material on cleavage and

fracture planes. The black barite is stable while enclosed in residual clay

but will decrepitate readily at low temperatures. Stockpiles exposed to

summer sun have disintegrated almost to powder in a short time. White

barite was mined in the district in the late 1890's and during World War I.

In 1935 about 170 tons of chiefly the black barite were shipped from the

district. No production has been recorded since that time. In spite of

the purity of the deposits, they are probably not of much commercial value

because of their small size and scattered distribution.

83 Laurence, R. A., 1939, Origin of the Sweetwater, Tennessee barite deposits:

Econ. Geology, v. 34, p. 190-200.

This important district had produced about 600,000 tons of barite by

1938. The residual deposits which occur along three parallel belts are

underlain by irregular fissure veins in the [Ordovician] Beekmantown lime

stone. The chief vein minerals, in order of their deposition, are calcite,

pyrite, fluorite, and barite. The veins are simple fissure fillings and occur

in coarsely crystalline dolomite produced by alteration and rccrystallization

of limestone. The alinement of the deposits parallel to the regional strike

of the country rocks suggests mineralization was restricted to openings

created by shattering and brecciation of certain favorable beds. The

deposits are believed to have been formed by ascending thermal waters of

magmatic or meteoric origin. Igneous rocks are absent from the district.

84 Lewis, J. V., 1919, The magmatic origin of barite deposits: Econ. Geology,

v. 14, no. 7, p. 568-570.

The localization of barite deposits in a disturbed belt extending from

southeastern Missouri to north-central New York is noted. The belt is

characterized by anticlinal folds, faults which arc cut by basic dikes, veins,

and breccias containing barite, fluorite, and sulfides. The barite and as

sociated deposits in this belt are believed related to igneous activity which

is not necessarily of the same age in all localities. Barite occurrences in

Triassic shales and diabase in New Jersey are believed related to the Late

Triassic igneous activity in that region.

85 Lindgren, Waldemar, 1920, Ore deposits of the Jerome and Bradshaw Moun

tains quadrangles, Arizona: U. S. Geol. Survey Bull. 782, p. 128-129.

A vein reported to be 15 to 20 feet wide containing much barite and

manganiferous ankerite and minor amounts of galena and sphalerite was

worked at the Silver Belt mine in the late 1870's and in 1906 for silver and

lead ore.

86 Logan, C. A., 1941, Mineral resources of Nevada County: Calif. Jour.

Mines and Geology, v. 37, no. 3, p. 378-379.

The Democrat barite mine near Alta in Nevada County is reported to

have been one of the largest sources of barite in the state between 1919 and

1930. The ore body was 250 feet long and 15 to 24 feet wide near the

surface. The mine had not been worked for several years prior to 1941.

The Spanish barite deposit about five miles west of Graniteville was being

developed in 1940 and was reported to contain several hundred thousand

tons of barite. Ore is hauled 20 miles to Emigrant Gap for shipment.

87 McCallie, S. W., 1926, Mineral resources of Georgia: Ga. Geol. Survey

Bull. 23, revised edition, p. 12-15.

The information of reference 61 is briefly summarized. Statistics on

production of barite in Georgia from 1919 to 1921 are presented along with

a list of producers as of 1926.
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88 McElwaine, R. B., 1946, Exploration for barite in Hot Spring County,

Arkansas: U. S. Bur. Mines Rept. Inv. 3963, 21 p.

The geology and development of Magnet Cove barite deposit are re

viewed along with the results of U. S. Bureau of Mines drilling project

conducted in 1944 and 1945 to determine reserves and extent of the deposit .

A geologic map shows the location of the 10 completed diamond drill holes ;

The logs of all holes and analyses of barite penetrated are also included .

Results of drilling indicate a large tonnage of ore in reserve. Mine workings

and mining methods are briefly described.

89 McElwaine, R. B., 1946, Exploration of barite deposits in Montgomery

County, Ark.: U. S. Bur. Mines Rept. Inv. 3971, 24 p.

The results of exploration of the Gap Mountain, Fancy Hill, and Sulphur

Mountain barite deposits by the U. S. Bureau of Mines in 1945 are listed.

These deposits occur as lenticular replacement bodies near the base of the

highly folded Stanley shale [Pennsylvanian] and in the upper part of the

underlying Arkansas novaculite of Devonian [and Mississippian] age.

The barite is exposed along the sides of parallel west-trending ridges of the

Ouachita Mountains. The barite is similar to that at Magnet Cove and is

amenable to concentration by flotation. Exploration indicates the exist

ence of an "appreciable amount of barite suitable for commercial use."

The report includes diamond drill core logs, analyses of barite samples, cross

sections of trenches, and sketch maps of the deposits. Geologic conditions

in the surrounding area indicate that additional deposits may be found.

Suggestions for prospecting are given.

90 Marbut, C. F., 1907, The geology of Morgan County: Mo. Bur. Geology

and Mines, 2d ser., v. 7, p. 86-87.

Brief descriptions of four barite deposits mined in 1907 are presented.

The barite, associated with galena, occurs in pocketlike masses in clay

derived residually from the Gasconade dolomite [Ordovician].

91 Mather, W. B., 1946, The mineral deposits of Morgan County, Missouri :

Mo. Geol. Survey and Water Res. Rept. Inv. 2, 207 p.

Barite has been produced intermittently since 1870 from deposits in

Morgan County, in the geographic center of the Central Missouri barite

district. Greatest activity was between 1935 and 1942. Barite occurs in

fissure breccia, circle, and residual deposits. Production has been chiefly

from the last two types, the residual deposits yielding the larger amount.

Individual mines and prospects are described and located on the map.

92 Mather, W. B., 1947, Barite deposits of central Missouri: Am. Inst. Min.

Metall. Engineers Tech. Pub. 2246, 15 p.; Trans., v. 173, p. 94-108.

Barite is mined from small, high grade, relatively deep, isolated circle,

replacement, and residual deposits. Mining operations are small because

the deposits are small and scattered. The ore is mined in open pits and is

concentrated by crushing and jigging. Concentrates contain 97 to 98

percent barite. Production from the district in 1946 was less than 10,000

tons. The deposits occur chiefly in the dolomites and limestones of the

Gasconade, Roubidoux, and Jefferson City formations of Ordovician age

and in the Burlington limestone of Mississippian age. Six transitional

types of deposits are recognized: fissure, breccia, circle, solution channel,

replacement, and residual. The circle and residual deposits are com

mercially the most important. The diameter of the circle deposits ranges

from 60 to 300 feet. The ore containing from 20 to 30 percent barite by
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weight, has been mined to a depth of 100 feet. (See also Mather, 1946.)

The richest residual deposits are derived from weathering of circle and

replacement deposits. Evidence is cited to support the author's belief

that the barite and associated sulfides were deposited from relatively cool

hydrothermal solutions.

93 Mather, W. B., 1950, Nonmetalliferous mineral resources in Arkansas:

Am. Inst. Min. Metall. Engineers Trans., v. 187, p. 582-583.

The deposits of commercial barite and their reserves are reviewed.

Arkansas has been the principal barite producer in the United States since

1945. Production has been from a synclinal replacement deposit near

Magnet Cove, mined by the National Lead Co. and the Magnet Cove

Barium Corp. Barite apparently has replaced carbonate-rich zones at

the base of the Stanley shale [Pennsylvanian]. The ore-bearing zone is

35 to 45 feet thick and averages about 67 percent BaSOi. Ore is mined

in open pits and underground. Barite is concentrated by flotation and is

used almost entirely for drilling mud. This deposit was estimated to contain

8,400,000 tons of reserves as of January 1949. Smaller deposits of similar

type have been prospected in Montgomery, Polk, and Pike counties.

Reserves for the entire state were estimated to be 15,000,000 tons of ore

containing more than 40 percent barite as of January 1949.

94 Munyan, A. C, 1951, Geology and mineral resources of the Dalton quad

rangle, Georgia-Tennessee: Ga. Geol. Survey Bull. 57, p. 100-101.

A small open pit mine yielded barite for a short time in 1948. The

deposit near Camp Ground Mountain, east of Eton, consists of "con

siderable quantities of small barite nodules" in sandy residum between

pinnacles of Conasauga limestone [Cambrian] which contain thin veinlets

of barite. The mine was not successful and has not been operated since

1948. Other barite deposits in this region are described by J. P. Hull

(1920). Barite deposits of the Dalton area appear to be small.

95 Murdoch, Joseph, and Webb, R. W., 1948, Minerals of California: Calif.

Dept. Nat. Res. Div. Mines Bull. 136, p. 64-67.

Occurrences of barite are reported in 29 counties of California. The

location and a bibliography are cited, where possible, for each occurrence.

The geologic setting of the more important occurrences is briefly reviewed.

96 Murdock, T. G., 1950, The mining industry in North Carolina from 1937

to 1945: N. C. Dept. Conserv. Devel., Div. Mineral Res., Econ. Paper

65, p. 22-23.

Activity in the barite areas of North Carolina during 1937-1944 was

restricted to the Hot Springs district, where the U. S. Bureau of Mines did

core drilling on the Betts property. Small production was reported from a

new locality near Stackhouse.

97 Norman, James, and Lindsey, B. S., 1941, Flotation of barite from Magnet

Cove, Arkansas: Am. Inst. Min. Metall. Engineers Tech. Pub. 1326,

5 p.

Tests on beneficiation of barite ore from Magnet Cove are reviewed.

The barite is intimately mixed with quartz, small amounts of iron oxide,

and residual shale. Crude ore tested had a specific gravity of 4.03 and

assayed 85.1 percent BaSO«, 11.11 percent Si02, and 2.85 percent R2Oi.

After grinding the ore to 100 percent minus 325 mesh to liberate the barite

and siliceous gangue, the minerals were separated by froth flotation, without

desliming, using sodium silicate, a fatty acid, and pine oil as reagents. A
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concentrate with a specific gravity of 4.395 and containing more than 98

percent BaSO« was produced while recovering about 90 percent of the barite

in the mill-heads.

98 ^Northrop, S. A., 1944, Minerals of New Mexico: Univ. of New Mexico

Press, p. 79-81.

Barite occurrences in 16 counties are listed. Barite is described as

abundant in occurrences in Bernalillo, Dona Ana, Grant, Hidalgo, Sandoval,

and Socorro Counties. It has been mined a few miles south of Barton,

Bernalillo County, at Devil's Canyon mine, Dona Ana County, and in the

Derry district, Sierra County.

99 J O'Meara, R. G., and Coe, G. D., 1936, Froth flotation of southern barite

ores: Am. Inst. Min. Metall. Engineers Tech. Pub. 678, 6 p.

Results of froth flotation experiments on samples of impure southern

barite ores containing iron oxide, quartz, calcite, fluorite, and sulfides indi

cate that the ores can be beneficiated by flotation. The ores tested are

identified only as southern barite ores from properties "either idle or handi

capped in their operations by the lack of satisfactory concentration

methods."

100 Oriel, S. S., 1950, Geology and mineral resources of the Hot Springs window,

Madison County, North Carolina: N. C. Dept. Conserv. Devel., Div.

Mineral Res. Bull. 60, p. 48-52.

The occurrence, mineralogy, and origin of the barite deposits of the Hot

Springs area are discussed. Descriptions of mines and prospects are

included. Production has been largely from the Stackhouse and Gahagan

mines and the A. G. Betts Sandy Bottom property. The barite occurs in

veins, irregular masses, and small disseminations along thrust faults and in

the adjacent wall rocks. Oriel believes that the barite associated with

quartz, fluorite, sericite, hematite, pyrite, chalcopyrite, and calcite is of

hydrothermal origin. The Stackhouse area is believed to contain large

reserves of barite.

101 Ostrander, C. W., 1942, Barite prospect near Johnsville, Frederick County,

Maryland: The Natural History Society of Maryland Bull., v. 12,

no. 3, p. 44.

Small deposits of barite have been prospected and mined. A small lens-

shaped deposit in limestone 1J.£ miles southeast of Johnsville was worked

many years ago and is reported to be "the only mine operated for barite in

the State of Maryland."

102 Pallister, H. D., 1952, Barite in Alabama: Ala. Acad. Sci. Jour., v. 21, p. 45.

Production, location, geology, origin, reserves, and the future of the

barite industry in Alabama are summarized briefly. Barite in veins and

residual deposits occurs throughout the eastern part of State extending from

near Centerville in Bibb County to near the Georgia State line in Cherokee

County. Primary deposits occur as veins and breccia fillings and were

probably formed by hydrothermal solutions. Residual deposits, some of

large extent, were derived by weathering of pre-existing deposits. Although

reserves of barite in Alabama are large and widely distributed, their economic

value can be determined only by extensive prospecting. In 1952 several

deposits were being considered for development, but no barite was produced

in the State during the year.
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103 Parks, Bryan, 1932, A barite deposit in Hot Spring County, Arkansas:

Ark. Geol. Survey Inf. Circ. 1, 52 p.

Results of prospecting the Chamberlin Creek valley deposit near Magnet

Cove, Hot Spring County are described. The barite occurs near the base

of the Stanley shale [Pennsylvanian] in a syncline plunging to the west. The

east end of the syncline is closed: the west end is cut by the intrusive rocks

of'Magnet Cove. The barite is considered a hydrothermal replacement of

of'the porous beds at the base of the Stanley shale. The bed with barite

on the north flank of the syncline is 44 feet thick and has been traced for

three quarters of a mile. The deposit was estimated to contain at least one

million tons of barite within 100 feet of the surface in an area of seven acres.

The average of 15 chemical analyses of barite ore show 86.10 percent barium

sulfate, 10.29 percent silica, 1.28 percent iron and aluminum oxides and

small amounts of magnesia, calcium, and titanium oxides. Concentrates

containing 97 percent BaS04 were obtained in flotation tests. No barite

had been produced from the deposit as of 1932.

104 Parks, Bryan, 1932, Great barite deposit of Arkansas: Pan Am. Geologist,

v. 57, no. 1, p. 329-332.

The geology and origin of the Magnet Cove barite deposit are discussed.

A geologic map and cross section are included. This is a summary of the

paper by Parks (1932).

105 Penhallegon, W. J., 1938, Barite in the Tennessee Valley region: TVA

Geol. Bull. 9, 47 p.

The geology and barite deposits of five major districts and several less

important areas in six States of the Tennessee Valley region are described

briefly. A summary of the history of barite mining, beneficiation, and

production in Tennessee, Georgia, Alabama, Virginia, and Kentucky is

given. The Cartersville district, Georgia and the Sweetwater and Pall

Mall districts, Tennessee were the chief producing areas in 1936. A table

showing production of barite by years from 1882 to 1936 in States of the

Valley region is included. Other tables show statistics on barium products

sold and used in the United States. Mining and concentration of barite

ore, chiefly in the Cartersville and Sweetwater districts, is discussed. A table

showing the analyses of a wide variety of samples from five districts in the

Valley region is included with a brief statement on buyer's specifications.

The manufacture and uses of barium compounds are summarized.

106 Prater, L. S., 1948, Beneficiation tests on ore from the Sun Valley Barite

mine, Blaine County, Idaho: Idaho Bur. Mines and Geol. Pamph. 81,

11 p.

Tests made on ore from the Sun Valley mine indicate that it may be

beneficiated by flotation. Difficulty is experienced in obtaining a wettable

product for use in drilling muds because of the film of fatty acid left on

particles processed by flotation. The present practice of destroying the

film by calcining is expensive. Tests were made to determine the feasibility

of flotation at a coarser size followed by grinding to produce sufficient new

wettable surfaces. Coarse particles could be floated but beneficiation is

much poorer than with fine particles. The best means of obtaining a wettable

barite product by flotation, without subsequent calcination, is to depress

the barite and float the impurities.
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107 Rankin, H. S., Laurence, R. A., Davis, F. A. W., Houston, E. C, and

McMurray, L. L., 1938. Concentration tests on Tennessee Valley

barite: Am. Inst. Min. Metall. Engineers Tech. Pub. 880, 13 p.; 1942,

Trans., v. 148, p. 291-303.

"Experiments were conducted to determine the application of decrepi

tation or flotation in simplifying the concentration of barite by removing:

the iron oxide and silica in one operation. Bleaching studies were made

to determine the bleachability" of the off-color ores of the area. A brief

description is given of the geology and barite deposits of the Sweetwater,

Pall Mall, and Fall Branch districts of Tennessee from which were obtained

the samples used in the tests. Ores from the Sweetwater district yield to

decrepitation "to give concentrates of commercial quality, bat with rather

low recoveries". Ores from the other districts "either failed to decrepitate

at all or decrepitation was so slight as to be of little interest as a concentrat

ing operation." Froth flotation tests on ore from the Sweetwater district

showed that "barite could be floated to a salable concentrate with the feed

assay running as high as 9.8 percent iron oxide and 36.7 percent silica."

Bleaching by use of acids and calcining gave promising results on most

samples. Black barite from the Fall Branch district and barite ore with a

rather high silica content from the Sweetwater district were somewhat

resistant to bleaching. Few samples attained commercial whiteness with

out calcining.

108 Reyner, M. L., and Traaerman, C. J., 1950, Directory of Montana mining

properties 1949: Mont. Bur. Mines and Geology Memoir 31, p. 126.

Five barite deposits in Beaverhead, Missoula, Musselshell, and Phillips

Counties are indicated on a state map showing areal distribution of mineral

resources. No barite properties arc listed in the directory.

109 Robinson, L. C, 1931, The vein deposits of central Kentucky: Ky. Geol.

Survey, 6th ser., v. 41, pt. 1, p. 7-127.

The geology of vein deposits in north central Kentucky is described.

The veins occur along or near three well defined fault zones in Ordovician

limestones and limey shales. The veins of barite, fluorite and calcite aver

age four feet in width, generally trend north, and dip steeply. Barite is

most abundant and is the only mineral of economic importance, although

the others may be recovered as by-products in the mining of barite. The

barite and associated minerals are believed to have been derived from solu

tions of deep seated igneous origin. Mining, milling, and prospecting are

reviewed. Individual deposits are described by counties and located on a

sketch map of central Kentucky.

1 10 Ross, C. P., 1941, The metal and coal mining districts of Idaho, with notes

on the nonmetallic mineral resources of the state: Idaho Bur. Mines

and Geology Pamph. 57, p. 101-102.

The occurrence of barite in large veins at the Sun Valley mine near Hailey,

Blain County is briefly noted. Another deposit near Muldoon, Blain

County is reported. Smaller and less pure deposits are said to occur in

Paleozoic and other sedimentary rocks in Custer County and elsewhere.

111 Rowe, J. P., 1908, Barytes deposits in Montana: Mining World, v, 28,

no. 16, p. 637.

A barite deposit two miles southwest of Missoula is described as "the

only one of commercial value in the State." A vein from two to three feet

wide containing massive, quite pure barite crops out for several hundred
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feet. Near the head of Cabin Creek, 23 miles southeast of Ekalaka, Custer

County, small spheroidal nodules of barite associated with selenite occur

in the residual clay of the Fox Hills formation [Cretaceous]. Layers very

rich in nodules have been traced for over one-half mile. Wine colored

crystals of barite were found in the Fox Hills formation about 25 miles

from mouth of Cedar Creek, Dawson County.

112 Rowe, J. P., 1928, Minor metals and non-metallic minerals of Montana:

Eng. and Min. Jour., v. 125, no. 20, p. 816.

Commercial deposits of barite were unknown in Montana in 1928. Near

Missoula, two deposits (Pattee Canyon and Rattlesnake Creek) of quite

pure, massive white barite associated with specular hematite may be of

economic importance. A non -commercial occurrence of barite nodules in

Upper Cretaceous clays of Wibaux County is noted.

113 Santmyers, R. M., 1930, Barite and barium products, part 1, general in

formation: U. S. Bur. Mines Inf. Circ. 6221, 55 p.

Barite deposits in the United States and methods of mining, washing,

and milling of barite are described. Domestic and foreign production of

barite is discussed. Foreign deposits are briefly described. Imports,

exports, consumption, and the condition of the barite industry in 1928 are

summarized.

114 Santmyers, R. M., 1930, Barite and barium products, part 2, barium

products: U. S. Bur. Mines Inf. Circ. 6223R, 26 p.

General information on barium products is given. Preparation, uses,

production, markets, imports and exports of ground barite, lithopone, and

barium chemicals are discussed. On the map are shown the location of

barite deposits and plants making barium products in United States.

115 Schrader, F. C, Stone, R. W., and Sanford, Samuel, 1917, Useful minerals

of the United States: U. S. Geol. Survey Bull. 624.

The more important occurrences of useful minerals, including barite,

are listed by states. Some of the deposits are very briefly described.

116 Shannon, E. V.. 1926, The minerals of Idaho: U. S. Natl. Mus. Bull. 131,

p. 442-444.

Barite occurrences in Idaho are listed and very briefly described. Barite

is found principally as a gangue mineral in metallic ore deposits of nine

counties. A deposit now known as the Sun Valley barite mine, Blaine

County, is the only one of commercial importance.

117 Sharp, W. N. and Pray, L. C, 1952, Geologic map of bastnaesite deposits

of the Birthday claims, San Bernardino County, California: U. S.

Geol. Survey Mineral Investigations Map MF—4.

An area 900 by 1,500 feet is shown on the geologic map of the Birthday

claims near Mountain Pass where "considerable quantities" of bastnaesite,

a rare-earth mineral, were discovered in 1949. Pre-Cambrian metamorphic

rocks are cut by younger shonkinite which forms the host rock for most of

the barite-rich carbonate veins. The veins range up to 18 feet in thickness.

One vein contains either a new mineral or a variety of barite which is a

sulfate of barium and strontium containing rare earths.

118 Smith, E. A., and McCalley, Henry, 1904, Index to the mineral resources

of Alabama: Ala. Geol. Survey Bull. 9, p. 62-63.

White barite partly stained with iron oxides occurs as irregular masses in

residual clay derived from the Trenton limestone [Ordovician] near its con
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contact with the Knox dolomite [of Cambrian and Ordovician] age. Im

portant occurrences are reported near Tampa, Calhoun County, near Greens-

port, St. Clair County, near Maquire Shoals on the Little Cahaba River,

at the "Sinks" on Six Mile Creek, and near Pratt's Ferry in Bibb County.

No production was reported from these deposits in 1904.

119 Soul6, J. H., 1946, Exploration of Gallinas fluorspar deposits, Lincoln

County, N. Mex., U. S. Bur. Mines Rept. Inv. 3854, p. 4-5.

Barite is an important constituent of fluorite veins and mineralized

breccia zones in predominantly quartzitic sandstone of Permian age of the

the Gallinas Mountains. Some of the deposits contain as much as 37 per

cent barite.

120 Stern, A. G., 1941, Role of clay and other minerals in oil-well drilling fluids:

U. S. Bur. Mines Rept. Inv. 3556, 88 p.

The cost, functions, and use of drilling muds are discussed in detail.

Tests for evaluating the properties of drilling muds also are given in detail.

The operation of a drilling mud system for an oil well and the materials

used for drilling muds are described. Weighting materials are used to

maintain sufficient hydrostatic pressure in the drill hole to confine gas, oil,

and water to the rock strata. Weighting materials should permit the

drilling fluid to attain a low viscosity and high specific gravity without

being corrosive or toxic. Materials which have been used or considered for

weighting muds include barite, celestite, iron oxide, pulverized iron, silica

flour, and lead and mercury compounds. Of these materials barite is the

most satisfactory; it is insoluble in water, chemically inactive, and makes

a low viscosity suspension when mixed with an equal volume of water.

The bibliography contains references to 138 papers about drilling mud.

121 Stoddard, Carl, 1932, Metal and nonmetal occurrences in Nevada: Nev.

Univ. Bull. v. 26, no. 6, p. 93-94.

Ten occurrences of barite in Nevada are listed, but not described. Loca

tion and references are given where available.

122 Stone, R. W., 1939, Non-metallic minerals: Pa. Geol. Survey Bull. M 18 C,

p. 5-9.

In Franklin County near Waynesboro and Chambersburg, barite occurs

in small lumps in residual clay derived from limestone, and in thin veins

in one limestone outcrop. A few small pits remain where barite was mined

years ago. A small amount of barite was mined about 1880 from a deposit

near Fort Littleton, Fulton County but it was abandoned because of the

high content of iron. A small deposit was reportedly mined near Buckman-

ville in Bucks County. None of these deposits appears to be of commercial

value.

123 Stuckey, J. L., 1942, Barite deposits in North Carolina, in Newhouse, W.

H., and others, Ore deposits as related to structural features, p. 106-

108: Princeton, N. J., Princeton Univ, Press.

The barite deposits and their localization along certain regional structures

is discussed. In the Hot Springs district, barite occurs in irregular veins

and lenses along two major thrust fault zones between the pre-Cambrian

Max Patch granite and the Cambrian Snowbird formation. The faulting

took place during the building of the Appalachian mountains in the late

Paleozoic. Hydrothermal solutions emanating from granitic intrusions as

cended along these fractures and deposited the barite and associated min

erals. Highly metamorphosed crystalline rocks of the Kings Mountain and
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Hillsboro district have a well defined schistosity which strikes northeast

and dips steeply northwest. Barite occurs in veins or elongated lenticular

masses parallel to the schistosity. The deposits appear to have been formed

by deposition from hydrothermal solutions of magmatic origin which as

cended along prominent cleavage planes after the last period of regional

metamorphism in the late Paleozoic.

124 Stuckey, J. L., and Davis, H. T., 1935, Barite deposits in North Carolina:

Am. Inst. Min. Metall. Engineers Trans., v. 115, p. 346-355.

Deposits in the Hot Springs, Kings Mountain, and Hillsboro areas,

North Carolina are described. The first two areas had produced about

300,000 tons of barite by 1933 and were estimated to have fairly large

reserves. The barite occurs in irregular veins and lenses in pre-Cambrian

and Cambrian crystalline rocks. The mineralogy and petrography of the

barite veins and lenses is described, and evidence indicates that

the deposits were formed by hydrothermal solutions of magmatic origin.

Associated minerals include quartz, fluorite, sericite, calcite, pyrite, galena,

chalcopyrite, and sphalerite. Mining and reserves in the Hot Springs and

Kings Mountain areas are briefly discussed.

125 Symons, H. H., and Davis, F. F., 1952, Mineral commodities in Cali

fornia during 1950: Calif. Jour. Mines and Geology, v. 48, no. 4, p.

311.

Properties in Kern and Plumas Counties yielded all of the production of

barite in California in 1950. Barite from Kern County was used in oil

well drilling, and that from Plumas County for the manufacture of barium

chemicals.

126 Tarr, W. A., 1918, The barite deposits of Missouri and the geology of the

barite district: Univ. Missouri Studies, Science Series, v. 3, no. 1,

111 p.

Barite deposits in the Washington County and Central districts of south

eastern and central Missouri are listed. History, geography, geology,

occurrence, origin, and economic importance of the deposits are reviewed.

The more important Washington County district is discussed in detail and

shown on a geologic map. Rocks of the Washington County district are

largely dolomites of Cambrian age and dip gently to the north, northwest,

and west. The nearly horizontal sedimentary rocks of the Central district

are Cambrian, Ordovician, Mississippian and Pennsylvanian in age. Barite

in the Washington County district is associated with the Potosi and over

lying Proctor dolomites and in the Central district with the Gasconade,

Roubidoux, and Jefferson City formations. Four types of deposits are

recognized: veins, disseminated deposits, solution cave deposits, and resid

ual deposits. The small veins are closely associated with irregular dis

seminations of barite in the dolomite. These deposits are not of economic

importance. Solution caves or circle deposits are most common in the Central

district. Residual deposits derived by weathering of primary deposits in

the underlying dolomite are by far the most important commercially.

They contain barite fragments associated with limonite and drusy quartz

or chert distributed through deep red clay. The barite and associated

minerals in the primary deposits are believed to have been deposited at

shallow depth by ascending hot waters of magmatic origin. In 1918 all

barite mining in Missouri was done by hand from small open pits about 4

or 6 feet deep. Preparation of the barite for market is briefly described.
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127 Tarr, W. A., 1919, The barite deposits of Missouri: Econ. Geology, v. 14,

no. 1, p. 46-67.

The geology and origin of the barite deposits of Missouri are discussed.

This paper summarizes material presented in detail in Missouri reference 11.

128 Tarr, W. A., 1932, A barite vein cutting granite of southeastern Missouri :

Am. Mineralogist, v. 17, no. 9, p. 443-448.

A small fissure vein in granite near Graniteville, Iron County, Missouri

is described. The vein filling consist of barite, pyrite, and fiuorite possibly

deposited by hydrothermal solutions of magmatic origin which ascended

along a fault plane. The discovery of this vein in granite about 20 miles

south of the Washington County barite district indicates that the primary

barite in the latter region also might have had a magmatic source.

129 Tillia, H. J., 1951, Scraper assembly cuts costs at open pit barite mine:

Eng. and Min. Jour., v. 152, no. 8, p. 78-79.

The slusher mining plan adopted by Barium Products, Ltd. for develop

ing the Valley View barite claims 28 miles south of Battle Mountain, Nev.,

is reviewed. This deposit, in production for two years as of 1951, is de

scribed as an "erosional remnant of a massive replaced limestone bed,

probably of Pennsylvanian age." The operators plan to start production

at the larger Mound Springs deposit in the same area after the smaller

Valley View deposit has been mined out.

130 Tucker, W. B., and Sampson, R. J., 1938, Mineral resources of Inyo County:

Calif. Jour. Mines and Geology, v. 34, no. 4, p. 481-482.

A considerable tonnage of barite is reported to have been shipped from

the Gunter Canyon deposit six miles northeast of Laws in 1928 and 1929.

The barite occurs in a series of parallel veins in Cambrian slates and schists.

At the Poso Barytes deposit, Tulare County, 15 miles west of Linnie, barite

occurs in three parallel veins averaging 20 feet in width and traceable for

over 4,000 feet. The veins occur along a shear zone in quartz diorite. In

1938 this deposit was owned and developed with an adit by the Western

Barium Corporation. A barite outcrop 6 to 8 feet wide in Warm Springs

Canyon 45 miles west of Shoshone was discovered in 1937 and was being

developed in 1938.

131 Uhley, R. P. and Sharon, Le Roy, 1954, Gravity surveys for residual barite

deposits in Missouri: Am. Inst. Min. Metall. Engineers, v. 6, no. 1,

p. 52-56.

Gravimetric surveying for barite in Washington County is discussed.

Large commercial bodies can be outlined and the tonnages of ore computed

with an error of 35 percent, or less.

132 Ulrich, E. O., and Smith, W. S. T., 1905, The lead, zinc, and fluorspar

deposits of western Kentucky: U. S. Geol. Survey Prof. Paper 36,

p. 135 and 156.

Vein deposits of western Kentucky contain fiuorite and calcite with some

barite, and smaller amounts of galena and sphalerite and other oxidation

products. Few veins consist predominantly of barite: those with pre

dominant barite are generally too small or too intermixed with gangue to be

of commercial value.

133 Umpleby, J. B., and others, 1930, Geology and ore deposits of the Wood

River region, Idaho with a description of the Minnie Moore and near

by mines: U. S. Geol. Survey Bull. 814, p. 112-113 and 160-161.
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The Bonnie and Barium Sulphate claims (now Sun Valley barite mine),

are described. Barite occurs in a series of lenticular masses, at one place

over 50 feet thick, trending northwest in calcareous beds of the Wood

River formation. [Peunsylvanian]. The barite is generally white, banded,

and free from visible impurities except small grains of pyrite and associated

stains of iron oxide. In 1923, workings consisted of an 840-foot adit and

a shallow open cat from which a carload of barite was shipped in 1922.

Barite has not been found in other ore deposits of the region. The source

of the barium may have been emanations given off during the last stages of

deep seated igneous activity.

134 United States Bureau of Mines, 1924-31: Mineral resources of the United

States.

These annual publications list statistics on barite production, consump

tion, uses, prices, imports, and exports. Domestic production is generally

reviewed by States. Current developments in the barite industry are

noted briefly.

135 United States Bureau of Mines, 1932-52: Minerals Yearbook.

These annual publications list statistics on barite production consump

tion, uses, prices, imports, and exports. Domestic production is generally

reviewed by states. Current developments in the barite industry are noted

briefly.

136 United States Geological Survey, 1882-1923: Mineral resources of the

United States.

These annual publications list statistics on barite production, consump

tion, uses, prices, imports, and exports. Domestic production is generally

reviewed by states. Current developments in the barite industry were

noted briefly.

137 Valentine, G. M., 1949, Inventory of Washington minerals; Part 1, non-

metallic minerals: Wash. Dept. Conserv. Dev., Div. Mines and Geology

Bull. 37, p. 11.

Twenty-two occurrences of barite are described. Most of these are in

Stevens County where several deposits appear to be of commercial value.

Production was reported from three mines near Springdale in southern

Stevens County in 1938 and 1942. Other occurrences are in Mason,

Okanogan, Ferry, and Pend Oreille counties. Deposits are located on a

map of the state and briefly described and evaluated.

138 Vanderburg, W. O., 1938, Reconnaissance of mining districts in Eureka

County, Nevada: U. S. Bur. Mines Inf. Circ. 7022, p. 64.

A barite deposit in Eureka County in the NEJi of sec. 27, T. 34 N., R.

51 E. has been worked since 1938. Massive and relatively pure barite in

veins averaging 10 feet in width and dipping 70° east occur in shale. This

barite is marketed on the Pacific Coast.

139 Vanderburg, W. O., 1939, Reconnaissance of mining districts in Lander

County, Nevada: U. S. Bur. Mines Inf. Circ. 7043, p. 53-54 and 79.

Four barite deposits at the northern end of the Shoshone Range and one

near Austin are described. The bedded deposit at the Nevada mine four

miles southeast of Argenta is at least 60 feet thick. This deposit is mined

from an open cut and is probably one of the largest in Nevada; about 6,000

tons were shipped during the summer of 1937. About 4,500 tons were shipped
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from the Valley View mine. In the vicinity of Lewis Canyon, barite occurs

in a vein up to 20 feet wide. Barite is associated with silver-lead ores at

the Starr Grove Mine. In the Reese River district, about 9}i miles south

east of Adstin, good quality barite occurs in a series of flat dipping veins ir»

decomposed monzonite. The veins average four feet in width.

140 Vanderwilt, J. W., 1947, Metals, nonmetals, and fuels, in Pt. 1 of Mineral

resources of Colorado: Colo. Min. Res. Board [Bull.] p. 255-256.

Occarrences of barite in Colorado, most of which are not of economic

value, are listed. Barite occurs as a common gangue mineral in man}' metal

mining districts in the state. A small amount was produced from veins in

the granite of the Wet Mountains near Ilse, Custer County. Occurrences

are reported in Boulder, Caster, Grand, Gunnison, Mesa, Ouray, Park,

Pitkin, and San Mig.iel counties. A bibliography is included.

141 Van Horn, E. C, 1949, New barite possibilities revealed in the Carolinas:

Eng. and Min. Jour., v. 150, no. 1, p. 76-78.

The material presented in the paper by Van Horn, Le Grand, and Mc-

Murray (1949) is reviewed briefly.

142 Van Horn, E. C, Le Grand, J. R., and McMurray, L. L., 1949, Geology

and preliminary ore dressing studies of the Carolina barite belt: N. C.

Dept. Conserv. Devel., Div. Mineral Res. Bull. 57, 25 p.

The geologic occurrence, origin, history of development, and commercial

possibilities of the barite deposits of the Kings Mountain-Gaffney area are

discussed. Mines and prospects in the area are described and spotted on a

map. The deposits form a narrow, irregular belt which extends northeast

for about 24 miles from a point about five miles southeast of Gaffney,

South Carolina to the northeast slope of Crowder's Mountain four miles

east of the town of Kings Mountain, North Carolina. The barite is found

only in a zone of quartz-sericite schist near the contact between the Bes

semer granite and the Battleground schist and occurs in veins and small

lenticular disseminations as much as one inch or more across which are

sub-parallel to the foliation of the host rock. Some disseminations form

as much as 20 percent of the rock. The barite possibly was deposited by

ascending hydrothermal solutions as interstitial fillings along foliation

planes and as replacements of quartz and sericite in the schist. Barite

has been produced from the veins intermittently since the early 1880's,

but the total production has been small. Laboratory tests indicate that the

disseminated ore is amenable to concentration by flotation. The Carolina

barite belt may contain reserves of commercial importance which can be

mined by open-cut methods.

143 Watson, T. L., and Grasty, J. S., 1915, Barite of the Appalachian States:

Am. Inst. Min. Metall. Engineers Bull. 98, p. 345-390; and 1915,

Trans. Am. Inst. Min. Metall. Engineers, v. 51, p. 514-559.

The barite deposits of Alabama, Georgia, Kentucky, Maryland, North

Carolina, Pennsylvania, South Carolina, Tennessee, and Virginia are

described. The occurrence, mining, beneficiation, production, and uses of

barite are discussed. This paper summarizes much of the information

available in the literature up to 1914 on deposits in the Appalachian states.

144 Weigel, W. M., 1923, Barite and ocher in the Cartersville, Georgia, district:

U. S. Bur. Mines Rept. Inv. 2477, p. 1-7.

Ore deposits contain barite imbedded in clay as irregular pieces ranging

in size from fine grains to masses weighing several hundred tons. The
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barite is concentrated in pockets or steps on hillsides and overlies quartzite

or partly weathered limestone from which the deposits have been derived.

Methods of prospecting, mining, and milling are described.

145 Weigel, W. M., 1929, The barite industry in Missouri: Am. Inst. Min.

Metall. Engineers Tech. Pub. 201, 26 p.; Trans. 1929, Year Book, p.

256-279; Pit and Quarry, v. 18, no. 13, p. 87-96.

Production of barite in Missouri and the United States from 1913-1927

and the economic condition of the barite industry in Missouri in 1928 is

briefly discussed. A description of the general geology and ore deposits of

the Washington County and Central districts is given. Mining, milling,

and prospecting methods are also described and a short discussion on

reserves, marketing and uses of Missouri barite is included. In Washington

County, primary barite in veins, disseminations, and solution cavities occurs

chiefly in the Potosi dolomite of Cambrian age. Residual deposits con

sisting of barite fragments embedded in clay are by far the most important

commercially. Similar but smaller and higher grade residual deposits occur

in the Central district. Future production of barite in Missouri is predicted

to exceed past production which totaled 1,750,000 tons as of 1928. Hand

mining in open pits accounted for well over half of the production in 1928.

Power shovels and mechanical washing and concentrating methods have

been in use for only four or five years. In 1928, most Missouri barite was

marketed in St. Louis, Illinois and the Ohio Valley.

146 Weissenborn, A. E., 1948, Barite, in Weissenborn, A. E., and Stenzel, H. B.,

and others, Geological resources of the Trinity River tributary area in

Oklahoma and Texas: Tex. Univ. Pub. 4824, p. 67-71.

The uses, specifications, and prices of barite are noted. Occurrences in

central and southwestern Oklahoma and the adjacent area in northeastern

Texas are described. Barite occurs in thin irregular veins or in scattered

nodules in Permian and Triassic shales. Of these deposits, possibly two

residual occurrences, in southwestern Oklahoma might be of commercial

value. The larger of these is about five miles south of Cache, and is esti

mated to contain several thousand tons of barite concentrated on gulley

floors in Permian shale. Residual barite is found in brown clay and limonite

derived from weathering of dolomite in the Arbuckle limestone of Cambrian

and Lower Ordovician age of the Arbuckle Mountains. Total production

of barite in the State to 1948 has amounted to less than 500 tons. A bibli

ography and a map showing the location of the deposits is included.

147 Whitlatch, G. I., 1937, Barite: Tenn. Dept. Conserv. Div. Geology, Markets

Circ. 7, 25 p.

The minerals of barium, occurrences in the United States, specification

for market, markets, prices and uses are reviewed with emphasis on Ten

nessee ores. A brief description of barite deposits in Tennessee is given

which includes the Sweetwater and Del Rio districts and the Greene County

area in east Tennessee; the Pall Mall district in Fentress County and other

occurrences in Davidson, De Kalb, Dickson, Smith, Trousdale, and Wilson

Counties in middle Tennessee. The history of the barite industry in Ten

nessee is summarized with a table showing production in selected years

between 1903 and 1931. A brief statement on prospecting for barite in

Tennessee is included.
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148 Williams, F. J., 1949, Barium minerals, in Industrial minerals and rocks,

p. 77-94: Am. Inst. Min. Metall. Engineers, New York.

A summary of general information on barite including occurrence, distri

bution, production, uses and markets is given. The principal deposits in

the United States and foreign countries are briefly described. Mining,

prospecting, and concentration methods are listed. Workable deposits

are chiefly of two types: veins of total or partial replacement of dolomite

and limestone; and residual concentration in clay derived by weathering

of preexisting deposits like those of type 1. The principal deposits in the

United States are in Arkansas, Missouri, Georgia, Tennessee, California,

and Nevada. The principal foreign deposits are in Canada, Germany,

Italy, Great Britain, and the U. S. S. R.

149 Wilson, E. D., 1933, Geology and mineral deposits of southern Yuma

County, Arizona: Ariz. Bur. Mines, Geol. Ser. 7, Bull. 134, p. 42 and 152—

153.

Barite is an abundant gangue mineral in veins of the Silver, Castle

Dome, Sheep Tanks, and Neversweat districts. Relatively pure veins of

barite occur in the Mohawk, Neversweat, and Silver district. At the

Renner mine northwest of Mohawk, barite has been mined from an open

cut on the widest part of a narrow vein cutting granitic gneiss. The barite

is enclosed in manganiferous calcite. Eighteen carloads of barite were

shipped from this deposit in 1929 and 1930.

150 Wilson, E. D., Moore, R. T., and Roseveare, G. H., 1953, Noumetallic

mineral map of Arizona: Ariz. Bur. Mines.

The map shows the location of barite and other noumetallic mineral

deposits.

151 Wilson, E. D., and Roseveare, G. H., 1949, Arizona nonmetallics; a sum

mary of past production and present operations: Ariz. Bur. Mines,

Mineral Technology Ser. 42, Bull. 155, p. 10-11.

Barite is a common gangue mineral in veins of metallic ores in Arizona.

Deposits of commercial importance occur as veins in which barite is asso

ciated chiefly with calcite or fluorite and relatively few other minerals.

Total production of barite in Arizona has been small. Figures are avail

able only for 1931-1932 when output was 3,410 tons. Most of the produc

tion has been from the Christman property northeast of Mesa now oper

ated by the Arizona Barite Co. A few carloads were shipped in 1929 and

1930 from the Renner deposit and in 1938 from the Ernest Hall property.

Both deposits are in Yuma County.

152 Winston, W. B., 1949, Barium: Calif. Jour. Mines and Geology, v. 45,

no. 1, p. 85-97.

The properties of barium, barium compounds, and barium ores are

reviewed. General information is summarized: occurrence and location of

deposits, prospecting, mining, preparation for market, uses, marketing, and

preparation of barium compounds. Brief notes on barite occurrences in

the following counties of California: Inyo, Los Angeles, Mariposa, Monterey,

Nevada, Plumas, San Bernardino, Santa Barbara, Shasta, and Tulare.

Production of barite in the State in 1945 was from three properties, one

each in Mariposa, Nevada, and Plumas Counties. Production during

1944-1945 was about 68,000 tons.
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153 Woodward, H. P., 1932, Geology and mineral resources of the Roanoke

area, Virginia: Va. Geol. Survey Bull. 34, p. 134-135.

A barite vein in pre-Cambrian crystalline rock three miles northwest

of Thaxton has been mined in an opencut 20 feet deep and 450 feet long. A

barite deposit two miles northeast of Roanoke occurs as a replacement in

the Elbrook [formation of Cambrian age] and as irregular nodules in clay

residually derived from the limestone. The barite mined from shallow

opencuts was shipped for use in the sugar industry.

154 Woodward, H. P., 1938, Outline of the geology and mineral resources of

Russell County, Virginia: Va. Geol. Survey Bull. 49, p. 69-72.

Deposits in Russell and Tazewell Counties were the chief sources of

barite in Virginia in 1906. All of the deposits examined by the writer in

1938 appeared to be exhausted. The barite occurs as veins and replace

ments in the upper members of the [Ordovician] Beekmantown dolomite

or in residually derived clay. The Hubbard, Leonard, and Little River

mines are briefly described.

155 Wright, L. A., and others, 1953, Mines and mineral deposits of San Ber

nardino County, California: Calif. Jour. Mines and Geology, v. 49,

nos. 1 and 2, p. 155 and nos. 133-135 in tabulated list of mines and

mineral deposits included at end of report.

Occurrences of barite, chiefly in veins in igneous and metasedimentary

rocks, are widespread in San Bernardino County. Several deposits in the

Grapevine, Calico, and Lavic districts, were mined during 1910 to 1912 and

1929 to 1937. Barite has been recovered from mill tailings in the Calico

district and interest has been shown recently in recovering barite as a by

product from the rare earth deposit at Mountain Pass. A tabulation at the

end of the report includes 13 barite deposits which are briefly described as

to location, geology, development, and production. A bibliography is

included for each deposit. The three major deposits, the Barium Queen,

Hansen, and Lead Mountain mines, are included on a map showing the

location of mines and mineral deposits in San Bernardino County.

156 Zapp, Alfred, 1941, Barite in northern Llano County: Tex. Univ. Bur.

Econ. Geology Min. Res. Circ. 35, 6 p.

A small tonnage of residual barite has been mined from a deposit in

northern Llano County. Most of the residual material has been removed,

and the underlying primary deposits contain impure barite in a series of

irregular thin veins in pre-Cambrian schist and gneiss. The veins are

roughly parallel to the foliation of the country rock; they pinch and swell

abruptly. The deposits seem to be small.

157 Anonymous, 1952, A visit to the Mountain Pass rare-earth enterprise: Eng.

and Min. Jour., v. 153, no. 10, p. 87.

The exploration,' mining, and milling of the rare-earth deposits at the

Sulphide Queen near Mountain Pass, Calif., are described briefly. The

deposit is said to cover about 20 acres. The barite forms about 20 percent

of the lode, although barite locally constitutes more than 50 percent of some

masses. Overburden is negligable; ore is mined in open pits. The flotation

mill, opened in February 1952, has a capacity of 100 tons a day and is now

daily processing 70 tons of ore containing recoverable rare-earth minerals

and barite.
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158 Anonymous, 1947, Arizona barite: Mining World, v. 9, no. 1, p. 20-22.

The mine of the Arizona Barite Co. at Coon Bluff 22 miles northeast; o:

Mesa is described. In 1946, it was producing 100 tons of ground bari: <:

per day. Barite occurs in fissure veins in volcanic agglomerate. Pro

duction as of January 1947 had been derived solely from the main vein about

15 feet wide and 3,000 feet long that had been opened to a depth of 140 feet

The final product, which contains about 94 percent BaSOi and has a specific

gravity of 4.0 or higher, is shipped mainly to oil fields of the Southwest

and West Coast for use in drilling mud. Plans call for development of

other veins in the area. The operators also plan to install flotation equip

ment to produce a higher grade product and permit recovery of silver,

said to run about 3.2 ounces per ton.

159 Anonymous, 1953, Socorro County produces barite: New Mexico Miner,

v. 15, no. 1, p. 2.

Production of barite in 1952 from the Mex-Tex Mining Co. property in

Socorro County is discussed. Ore is mined in open pits and trucked 35

miles to a company-owned mill at San Antonio, New Mexico where con

centrates are bagged and shipped for use in drilling muds in Texas and New-

Mexico. The management is considering expanding present operations

because of new ore strikes on the property.

160 Anonymous, 1952, Southern California's rare-earth bonanza; Eng. and

Min. Jour., v. 153, no. 1, p. 100-102.

The recent discovery and exploration of Birthday and Sulphide Queen

deposits of rare-earth minerals near Mountain Pass are discussed. Rare-

earth values at. the Birthday deposits are said to have diminished rapidly

at very shallow depth. The Sulphide Queen deposit is described as a

"massive lode, about 20 acres in area, of barite-carbonate rock", which in

addition to rare-earth carbonates, celestite, calcite, and silica contains

barite which locally constitutes the bulk of the rock and averages 20 percent

of the entire lode. Successful methods for separating rare-earth material

from barite are described.

The Molybdenum Corporation of America, owners of the property,

planned to start production about February 1, 1952.

161 Anonymous, 1953, This month in mining: Eng. and Min. Jour., v. 154,

no. 6, p. 148.

As of April 1951, mining and milling are reported at a high grade barite

deposit near Elk Creek in the vicinity of Greenough, Missoula County,

Mont. Production is reported to be 12 to 14 cars of pulverized barite and

4 to 6 cars of crushed barite per week.

n i







BULLETIN 1019 PLATE 1

^

 

I.
 





iibliography of

on Ore Resources

the World

b January 1955)

Logical survey bulletin 1019-D

 

^^^^^^^^^^^^^^^^^^^m



 



Bibliography of

[ron Ore Resources

of the World

(To January 1955)

»y GWENDOLYN W. LUTTRELL

MNTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

GEOLOGICAL SURVEY BULLETIN 10I9-D

 

ffttTED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON i 1957



UNITED STATES DEPARTMENT OF THE INTERIOR

Fred A. Seaton, Secretary

GEOLOGICAL SURVEY

Thomas B. Nolan, Director

For sale by the Superintendent of Documents, U. S. Government Printing Office

Washington 25, D. C. Price 65 cents (paper cover)



CONTENTS

Page

Introduction _ 187

Serials - 189

Bibliography 203

Subject index 337

Author index „ _ _ 359

iii





A CONTRIBUTION TO BIBLIOGRAPHY OF MINERAL RESOURCES

BIBLIOGRAPHY OF IRON ORE RESOURCES OF THE WORLD

(TO JANUARY 1955)

By Gwendolyn W. Luttrell

INTRODUCTION

This bibliography contains references to much of the important

literature on iron ore deposits of the world. Abstracts of reports

and reports that contain little information are omitted. Refer

ences in foreign languages do not have English summaries unless

indicated. The reports are numbered consecutively from 1 to 2732,

and these numbers are used for reference in the subject and author

indexes.

U. S. Geological Survey professional papers, bulletins, and

water-supply papers that are available can be purchased at the

prices indicated from the Superintendent of Documents, Govern

ment Printing Office, Washington 25, D. C. They may also be

purchased on an over-the-counter basis from his authorized agents,

Geological Survey offices at 468 New Customhouse, Denver, Colo.,

504 Federal Building, Salt Lake City, Utah; 807 Post Office and

Courthouse, Los Angeles, Calif. ; 724 U. S. Appraisers Building,

San Francisco, Calif. ; and the E. F. Glover Building, Anchorage,

Alaska. Circulars may be obtained free on application to the Geo

logical Survey at Washington 25, D. C. or at the Denver Federal

Center, Denver, Colo.

The geologic folios, maps, and charts are sold by the Geologi

cal Survey. Remittances for those covering areas east of the

Mississippi River may be addressed to the Geological Survey,

Washington 25, D. C. Maps of areas west of the Mississippi River

may be ordered from the Geological Survey, Denver Federal

Center, Denver, Colo. , or obtained by over-the-counter sale

(but not by mail) from the Geological Survey offices mentioned

above. Requests originating in Alaska for maps of Alaska may be

ordered from the Geological Survey, P. O. Box 1088, Fairbanks,

Alaska.

Those references preceded by an asterisk (*) are out of print,

but they can be seen at many public and university libraries. Open-

File reports and maps can be seen at the Geological Survey Library,

Room 1033, General Services Building, Washington, D. C. , and
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at various field offices whose addresses can be obtained by writing

to the Geological Survey. Preliminary reports and maps can be

seen at the Geological Survey Library; some can be obtained from

the Geological Survey, Washington 25, D. C.

U. S. Bureau of Mines book publications can be purchased from

the Superintendent of Documents, Government Printing Office,

Washington 25, D. C. Reports of Investigations and Information

Circulars can be obtained free from the Bureau of Mines Publi

cations Distribution Section, 4800 Forbes St. , Pittsburgh 13, Pa.
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Acad. ColombianaCienc. Rev.—RevistadelaAcademiaColombiana deCiencias

Exactas, Fisicas y Naturales. Bogota'.

Acad. Nat. Sci. Philadelphia Notulae Naturae; Proc. —Academy of Natural

Sciences of Philadelphia, Notulae Naturae; Proceedings.

Acad. sci. [Paris] Comptes rendus—Acaddmie des sciences Comptes rendus

hebdomadaires des stances. Paris.

Acad. Sci. St. Louis Trans. —Transactions of the Academy of Science of

St. Louis. St. Louis, Mo.

Accad. sci. Torino, CI. sci. Atti. —Accademiadelle scienze di Torino, Classe

di scienze fisiche, matematiche e natural!, Atti.

Aerial Geol. Geophys. Survey Northern Australia Rept. Western Australia—

Aerial, Geological, and Geophysical Survey of Northern Australia, Report

Western Australia. Canberra.
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Akad. nauk SSSR, Inst. geol. nauk Trudy—Akademiya nauk SSSR, Institut

geologichesnikh nauk, Trudy. Leningrad.

Akad. nauk SSSR, Petrog. inst. Trudy—Akademiya nauk SSSR, Petro-

graficheskiy institut, Trudy.

Akad. nauk URSR, Inst. geol. Geol. zhurnal—Akademiya nauk URSR, In

stitut geologii, Geologichniy zhurnal. Kiev, U. R. S. R.

K. Akad. Wetensch. Amsterdam Proc. —Koninklijke Akademie van Wetens-
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Industrial Research Council, Annual Report.

Allied Powers, GHQ Tokyo, Nat. Res. Sec. Rept. —Supreme Commander for

the Allied Powers, General Headquarters, Natural Resources Sec, Tokyo.

Am. Assoc. Adv. Sci. Pub. ; Proc. —Publication of the American Association

for the Advancement of Science; Proceedings. Washington.

Am. Assoc. Petroleum Geologists Bull. —American Association of Petroleum

Geologists, Bulletin. Tulsa, Okla.

Am. Chem. Soc, Va. Sec. Bull. —American Chemical Society, Virginia

Section, Bulletin.

Am. Geologist—American Geologist. Minneapolis, Minn.

Am. Inst. Min. (Metall. ) Eng. Trans. ; Tech. Paper; Bull. ; Contr. —American

Institute of Mining (and Metallurgical) Engineers, Transactions; Technical
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Am. Philos. Soc. Proc. ; Trans. —American Philosophical Society, Proceed

ings; Transactions. Philadelphia, Pa.

Am. Sci. Cong. , 8th, Washington, 1940, Proc. —American Scientific Con

gress, 8th, Washington, 1940, Proceedings.
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Annales mines [ Paris] Mem.—Annales des mines [ Paris] , M6moire.

Archiv Eisenhiittenw.—Archivfiir das Eisenhiittenwesen. Diisseldorf, Germany.

Ariz. Univ. Bur. Mines Bull. —Arizona, University, Bureau of Mines

Bulletin.

Ark. Geol. Survey County Min. Rept. ; Ann. Rept. —Arkansas Geological

Survey, County Mining Report; Annual Report. Little Rock, Ark.

Asoc. Geol. ArgentinaRev. —AsociacionGeologica Argentina Revista. Buenos

Aires.

Asoc. Venezolana Geologia, Mineria y Petr6leo Bol. —AsociacionVenezolana

de Geologia, Mineria y Petrdleo, Boletin. Caracas.

Australasianlnst.MiningandMetallurgyProc.; Trans. —Australasian Institute

of Mining and Metallurgy, Proceedings; Transactions. Melbourne.

Badische geol. Abh. —Badische geologische Abhandlungen. Karlsruhe.

Beitr. angew. Geophysik—Beitrage zur angewandte Geophysik. Leipzig.

Beitr. Geologie Schweiz, Geotech. Ser. —Beitrage zur Geologie der Schweiz,

Geotechnische Serie. Bern.

Berg- u. huttenm. Jahrb. —Berg- und huttenmannische Jahrbuch. Wien.

Black Hills Engineer—Black Hills Engineer. Rapid City, S. Dak.

Blast Furnace and Steel Plant—Blast Furnace and Steel Plant. Cleveland;

Pittsburgh.

Bol. Minas y Petroleo L Mexico] —Boletin de Minas y Petroleo (Mexico,

Direccion General de Minas y Petroleo). Mexico, D. F.

Bol. Minas y Petroleo [Bogota] —Boletin de Minas y Petroleo. Bogota,

Colombia.

Bol. Minero I Mexico] —Boletin Minero. Mexico, D. F.

Bol. Minero [Santiago]—Boletin Minero. Santiago de Chile.

Bol. oficial minas [Madrid] —Boletin oficial de minas, metalurgia y com

bustibles. Madrid.

Boston Soc. Nat. History Proc. —Boston Society of Natural History, Pro

ceedings.

Brasil, Div. Fomento Producao Min. Bol. —Brasil, Divisao do Fomento da

Producao Mineral, Boletim. Rio de Janeiro.

Brasil, Div. Geologia e Mineralogia Bol. —Brasil, DivisSo de Geologia e

Mineralogia, Boletim. Rio de Janeiro.

British Columbia Dept. Mines Ann. Rept, —British Columbia Department of

Mines, Annual Report. Victoria, B. C.

British Iron and Steel Federation Monthly Statist. Bull. —British Iron and

Steel Federation, Monthly Statistical Bulletin. London.

Bull. econ. Indochine—Bulletin e'conomique de l'Indo-Chine. Hanoi.

Calif. Acad. Nat. Sci. Proc. —California Academy of Natural Science, Pro

ceedings. San Francisco.

Calif. Div. Mines Bull; Special Rept. —California Department of Natural Re

sources, Division of Mines Bulletin; Special Report. San Francisco.

Calif. Jour. Mines and Geology—California Journal of Mines and Geology.

San Francisco.

Calif. Min. Jour. —California Mining Journal. Santa Cruz, Calif.

Canada Supt, Mines Rept. —Canada, Department of the Interior, Report of the

Superintendent of Mines. Ottawa.

Canada Geol. Survey Bull. ; Mem. ; Paper; Rept. Progress; Summary Rept.—

Canada, Geological Survey Bulletin; Memoir; Paper; Report of Progress;

Summary Report. Ottawa.

Canada Mines Branch Bull. ; Mem. ; Summary Rept. —Canada, Department of

Mines and Technical Surveys, Mines Branch Bulletin; Memoir; Summary

Report. Ottawa.

Canadian Geog. Jour. —Canadian Geographical Journal. Montreal.

Canadianlnst. Proc. ; Trans. —Canadian Institute, Proceedings; Transactions.

Toronto.

Canadian Inst. Mining and Metallurgy Bull. ; Trans. —Canadian Institute of

Mining and MetaHurgy Bulletin; Transactions. Montreal.

Canadian Jour. Research.—Canadian Journal of Research. Ottawa.

Canadian Min. Inst. Bull.; Jour.; Quart. Bull.; Trans. —Canadian Mining

Institute Bulletin; Journal; Quarterly Bulletin; Transactions.
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Canadian Min. Jour. —Canadian Mining Journal. Toronto-Quebec.

Canadian Min. Metall. Bull. —Canadian Mining and Metallurgical Bulletin.

Montreal-Toronto.

Canadian Min. Rev. —Canadian Mining Review. Ottawa ;

Canadian Naturalist—Canadian Naturalist and Quarterly Journal of Science.

Montreal.

Chem. Eng. and Min. Rev. —Chemical Engineering and Mining Review.

Melbourne, Australia.

Chronique mines coloniales—La Chronique des mines coloniales. Paris.

CoL Ingenieros Venezuela Rev. an. —Colegio de Ingenieros de Venezuela.

Revista anuaL Caracas.

Colliery Guardian—Colliery Guardian. London.

Colonial Geology and Min. Res. —Colonial Geology and Mineral Resources.

London.

Colo. Geol. Survey Bull. —Colorado Geological Survey Bulletin.

Colo. School Mines Ann. Rept. ; Bienn. Rept.; Quart. —Colorado School of

Mines Annual Report; Biennial Report; Quarterly.

Colo. Sci. Soc. Proc. —Colorado Scientific Society Proceedings. Denver.

Columbia Univ. , School Mines Quart. —Columbia University, School of Mines

Quarterly. New York.

Com. Directivo Inv. Rec. Mid. Mexico Bol. —Comite Directivo para la Inves-

tigacion de los Recursos Minerales de Mexico, Boletin.

R. Com. geol. Italia Boll. —Real Comitate geologica d'ltalia, Bolletino.

Com. MapaGeol. EspanaBol. ; Mem. —ComisiondelMapaGeologicodeEspana,

Boletin; Memorias. Madrid.

Comm. etudes geol. bassin lorrain—Commission d'etudes ge'ologiques du

bassin lorrain. Nancy.

Comm. geol. Finlande Bull. —Bulletin du Commission geologique de Finlande.

Helsinki.

Compilacion estudios geol. oficiales Colombia—Colombia, Servicio Geologico

Nacional, Compilacidn de los estudios geologicos oficiales en Colombia.

Bogota.

Cong. Cient. Mexicano Mem. —Congreso Cientifico Mexicano Memoria.

Mexico, D. F.
Cong. geol. internat., llesess. , Stockholm, 1910, Comptes rendus—Congres

geologique internationale, lle session, Stockholm, 1910, Comptes rendus.

Cong. gdol. internat. , 19s sess. , Alger, 1952, Comptes rendus—Congres

geologique internationale, l^session, Alger, 1952, Comptes rendus.

Cong, internat, mines, ^sess. , Paris, 1935, Sec. geologie appl. Comptes

rendus—Congres international des mines, de la metallurgie et de la
geologie appliquee, 7e session, Paris, 1935, Section de geologie appli

quee, Comptes rendus.

Cong, sci., Elisabethville [Belgian CongoJ, 1950, Comptes rendus—Congres

scientifique, Elisabethville [Belgian CongoJ, 1950, Comptes rendus.

Bruxelles, Comite special du Katanga, 1951-52.

Conn. Geol. Nat. History Survey Bull. —Connecticut Geological and Natural

History Survey Bulletin. Hartford.

Conn. Soc. Civil Engineers Ann. Rept. —Connecticut Society of Civil Engi

neers, Annual Report. New Haven.

Connecticut Mag. —Connecticut Magazine.

Conseil recherches sci. Indochine, Comptes rendus—Conseil de recherches

scientifiques de l'Indochine, Comptes rendus des seances. Hanoi.

Cuba, Direccion Montes y Minas Bol. minas—Cuba, Direccion de Montes y

Minas, Boletin de Minas. Habana.

Cuerpo Ingenieros Minas Peru Bol. —Boletin del Cuerpo de Ingenieros de Minas

del Peru. Lima.

Denison Univ. Sci. Labs. Bull. ; Jour. —Denison University Scientific Labo

ratories Bulletin; Journal. Granville, Ohio.

Deutsche Geol. Gesell. Zeitschr. —Deutsche Geologische Gesellschaft, Zeit-

schrift.- Berlin.

Dir. Nac. MinerfayGeologia Argentina Bol. —Direccion Nacional de Mineria y

Geologia LArgentinaJ, Boletin.
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EclogaeGeol. Helvetiae—EclogaeGeologlcaeHelvetiae. Lucerne, Switzerland.

Econ. Geography—Economic Geography. Worcester, Mass.

Econ. Geology—Economic Geology. Urbana, 111.

Edinburgh Geol. Soc. Trans.—Edinburgh Geological Society, Transactions.

Elisha Mitchell Sci. Soc. Jour. —Elisha Mitchell Scientific Society Journal.

Chapel Hill, N. C.

Eng. Club Philadelphia Proc. —Engineering Club of Philadelphia, Proceedings.

Eng. Jour. —Engineering Journal. Montreal, Canada.

Eng. Mag. —Engineering Magazine. New York.

Eng. Min. Jour. —Engineering and Mining Journal. New York.

Escuela Nac. Ingenieros[Lima] Bol.—EscuelaNacional de Ingenieros [Lima]

Boletin.

Explosives Engineer—Explosives Engineer. Wilmington, Del.

Facolta sci. Univ. Cagliari Rend. —Rendiconti del Seminario della Facolta di

scienze della Universita di Cagliari. Cagliari, Italy.

Federated Inst. Min. Engineers Trans.—Federated Institution of Mining Engi

neers Transactions. Newcastle-upon-Tyne.

Fennia—Fennia. Helsinki, Finland.

Field Columbian Mus. Pub. Geology Ser. —Field Columbian Museum, Publi

cations in Geology Series. Chicago.

Focus [Netherlands]—Focus. N. Holland, Netherlands.

Foldtani Kozlony—Foldtani Kozlony Sztrokay. Budapest.

Fortschr. Mineralogie—Fortschritte der Mineralogie. Krefeld-Urdingen,

Germany.

Franklin Inst. Jour. —Journal of the Franklin Institute. Philadelphia,. Pa.

Freiberg. Geol. Gesell. Ber.—Freiberger Geologische Gesellschaft, Bericht.

Ga. Geol. Survey Bull.; Inf. Circ. —Georgia Geological Survey Bulletin; Infor

mation Circular.

Genie civil—Le Genie civil. Paris.

Geog. Rev. —Geographical Review. New York.

Geog. Wochenschr. [ Halle] —Geographische Wochenschrift. Halle, Germany.

Geol. and Sci. Bull. —Geological and Scientific Bulletin. Houston, Tex.

Geol. Blatter Nordost-Bayern—Geologische Blatter fur Nordost-Bayern und

angranzende Gebiete. Erlangen, Germany.

Geol. Bundesanst. [Austria] Jahrb.; Verh. —Geologische Bundesanstalt

[Austria] Jahrbuch; Verhandlungen. Vienna.

Geol. f6ren. Stockholm F6rh. —Geologiska foreningens i Stockholm Forhand-

lingar.

Geol. Inst. Upsala Bull. —Bulletin of the Geological Institution of Upsala.

Upsala, Sweden.

Geol. Jahrb. ; Beiheft—Geologisches Jahrbuch (Geologische Landesanstalt der

Bundesrepublic Deutschland); Beiheft. Celle, Germany.

Geol. Karte Elsass-Lothringen Abh.—Abhandlungen der Geologischen Karte

Elsass-Lothringen.

Geol. kom. Izv. ; Zapiski—Geologicheskiy komitet, Izvestiya; Zapiski.

Geol. Landesanst. [Germany] Archiv Lagerstattenf. ; Geol. Jahrb. —Geologi

sche Landesanstalten [Germany], Archiv fur Lagerstattenforschung;

Geologisches Jahrbuch. Hannover.

Geol. Landesanst. Elsass-Lothringen Mitt.—Geologische Landesanstalt Elsass-

Lothringen, Mitteilungen.

Geol. Landesanst. [Mecklenburg] Mitt. —Geologische Landesanstalt [ Mecklen

burg], Mitteilungen.

Geol. Landesunters. bayer. Oberbergamtes Abh. —Abhandlungen der geologi

schen Landesuntersuchung am bayerischen Oberbergamtes.

Geol. Mag. —Geological Magazine. London.

Geol. Min. Metall. Soc. India Bull. ; Quart. Jour. —Geological, Mining, and

MetaUurgical Society of India, Bulletin; Quarterly Journal. Calcutta.

K. -k. Geol. Reichsanst. Jahrb. —Kaiserlich-koniglich Geologische Reichsan-

stalt, Jahrbuch. Vienna.

Geol. Rundschau—Geologische Rundschau, Zeitschrift fur allgemeine Geologie.

Stuttgart, Germany.

Geol. Soc. America Bull. —Geological Society of America, BuUetin. New York.
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Geol. Soc. Australasia Trans. ; News Bull. —Geological Society of Australasia,

Transactions; News Bulletin. Melbourne.

Geol. Soc. China Bull. —Geological Society of China, Bulletin. Peiping.

Geol. Soc. Glasgow Trans. —Geological Society of Glasgow, Transactions.

Geol. Soc. India Rec. ; Quart. Jour. —Geological Society of India, Records;

Quarterly Journal. Calcutta.

Geol. Soc. Japan Jour. —Geological Society of Japan, Journal. Tokyo.

Geol. Soc. London Quart. Jour. ; Abs. Proc. —Geological Society of London,

Quarterly Journal; Abstract of Proceedings.

Geol. Soc. Pa. Trans. —Geological Society of Pennsylvania, Transactions.

Geol. Soc. South Africa Proc. ; Trans. —Geological Society of South Africa,

Proceedings; Transactions. Johannesburg.

Geol. Survey British Guiana Rept. —Geological Survey of British Guiana,

Report. Georgetown.

Geol. Survey China Geol. Bull. ; Geol. Mem. —Geological Survey of China,

Geological Bulletin; Geological Memoir. Nanking.

Geol. Survey Great Britain Bull.; Mem.; Special Repts. Min. Res. Great

Britain; Summary Progress; War-time Pamph. —Geological Survey of

Great Britain Bulletin; Memoirs; Special Reports on Mineral Resources

of Great Britain; Summary of Progress; War-time Pamphlet. London.

Geol. Survey India Mem. ; Rec.—Geological Survey of India, Memoirs; Records.

Calcutta.

Geol. Survey [ Japan] Rept.—Japan, Geological Survey, Report. Tokyo.

Geol. Survey South Africa Mem. —Geological Survey of South Africa, Memoir.

Pretoria.

Geol. Survey Victoria Rec.—Geological Survey of Victoria, Records. Melbourne.

Geol. Survey Western Australia Bull. —Geological Survey of Western Australia,

Bulletin. Perth.

Geol. -palaeont. Inst. Univ. Greifswald Abh. —Geologisch-Palaeontologisches

Institut Univ. Greifswald Abhandlungen.

Geologica Bavarica—Geologica Bavarica. Munich, Germany.

Geologie Meere u. Binnengewasser—GeologiederMeere und Binnengewasser.

Berlin.

Geologists1 Assoc. London Proc. —Geologists' Association of London, Pro

ceedings.

Geophysics—Geophysics. Tulsa, Okla. -Austin, Tex.

Glav. geol. -razved. uprav. Izv. —Izvestiya glavnogo geologo-razvedochnogo

upravleniya. Moscow-Leningrad.

Glav. geol. -razved. uprav. Trudy—Trudy glavnogo geologo-razvedochnogo

upravleniya. Moscow-Leningrad.

Glav. geol. -razved. uprav. Vestnik—Vestnik glavnogo geologo - razvedochnogo

upravleniya. Moscow-Leningrad.

Gliickauf—Gliickauf, berg- und huttenmannische Zeitschrift. Essen, Germany.

Gold Coast Geol. Survey Bull. —Gold Coast Geological Survey Bulletin. Accra.

Harvard Coll. Mus. Comp. Zoology Bull. —Harvard College Museum of Com

parative Zoology, Bulletin. Cambridge, Mass.

Heidelberg. Beitr. Mineralogie Petrographie — Heidelberger Beitrage zur

Mineralogie und Petrographie. Heidilberg, Germany.

Houille, minerals, petrole—Houille, minerals, petrole. Paris.

Hunan Geol. Survey Bull. —Hunan Geological Survey, Bulletin. Changsha,

China.

Hyderabad Geol. Service Bull. —Hyderabad Geological Service, Bulletin.

Hyderabad. Deccan, India.

Idaho Bur. Mines and Geology Pamph. ; Min. Res. Rept. —Idaho Bureau of

Mines and Geology, Pamphlet; Mineral Resources. Report. Moscow,

Idaho.

HI. State Acad. Sci. Trans. —Hlinois State Academy of Science, Transactions.

Springfield.

HI. State Geol. Survey Bull.—Illinois State Geological Survey, Bulletin. Urbana.

top. Inst. Bull. ; Mon. Min. Res. —Imperial Institute, Bulletin; Monographs on

Mineral Resources. London.

Ind. Acad. Sci. Proc. —Indiana Academy of Science, Proceedings. Indianapolis.
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Ind. Dept. Conserv. , Div. Geology Pub. —Indiana Department of Conservation,

Division of Geology, Publication. Bloomington.

Ind. Dept. Geology Ann. Rept. —Indiana Department of Geology, Annual Report.

Indian Min. Jour. —Indian Mining Journal. Calcutta.

Indian Minerals—Indian Minerals. Calcutta.

Ingenieria [Buenos Aires]— La Ingenieria. Buenos Aires.

Ingenieur Nederlandsch-Indie—De Ingenieur Nederlandsch-Indie. Bandoeng.

Ingeniorsvetenskapsakad. Handl.—Ingeniorsvetenskapsakademien, Handlingar.

Stockholm.

Inst. Civil Engineers Minutes of Proc. —Institution of Civil Engineers, Min

utes of Proceedings. London.

Inst. Geol. Espana Bol. —Instituto Geologico de Espana Boletin. Madrid.

Inst. Geologia Mexico Bol. ; Fol. Divulgacion—Instituto Geologia de Mexico,

Boletin; Folleto de Divulgacion. Mexico, D. F.

Inst. Geol. Min. Espana Bol. ; Mem. ; Notas y comun. —Instituto Geologico y

Minerode Espana,Boletin; Memorias; Notas y comunicaciones. Madrid.

Inst. geol. Romaniei Anuarul—Institutul geologic al Romaniei. Bucarest.

Inst. geol. Roumanie Comptes rendus—Institution geologique de Roumanie,

Comptes rendus.

Inst. Hierro y Acero [ Madrid]—Instituto del Hierro y del Acero. Madrid,

Spain.

Inst. Ingenieros Civiles Espana Anuario—Instituto de Ingenieros Civiles de

Espana, Anuario. Madrid.

Inst. Min. Engineers [London] Trans.—Institution of Mining Engineers, Transac

tions. London.

Inst. Mining and Metallurgy Bull. ; Trans.—Institution of Mining and Metallurgy,

Bulletin; Transactions. London.

Inst. Nac. Inv. Recursos Min. [Mexico] Bol. —Instituto Nacional [Mexico]

para la Investigaci6n de los Recursos Minerales, Boletin. Mexico, D. F.

Internat. Eng. Cong., San Francisco, 1915, Trans. —International Engineer

ing Congress, San Francisco, 1915, Transactions.

Internat. Geol. Cong., 14thSess., Madrid, 1926—International Geological Con

gress, 14th session, Madrid, 1926.

Internat. Geol. Cong., 15th sess. , South Africa, 1929, Compte rendu—Inter

national Geological Congress, 15th session, South Africa, 1929, Compte

rendu. Pretoria.

Internat. Geol. Cong. , 16th sess. , United States, 1933—International Geo

logical Congress, 16th session, United States, 1933.

Internat. Geol. Cong., 18th sess., London, 1948, Proc. —International

Geological Congress, 18th session, Great Britain, 1948, Proceed

ings.

Internat. Min. Cong., 4th, Boise, 1902, Proc. —International Mining Congress,

4th, Boise, 1901, Proceedings.

Iowa Geol. Survey—Iowa Geological Survey, Iowa City, Iowa.

Iron Age—The Iron Age. New York.

Iron and Coal Trades Rev. —Iron and Coal Trades Review. London.

Iron and Steel—Iron and Steel. London.

Iron and Steel Engineer—Iron and Steel Engineer. Pittsburgh, Pa.

Iron and Steel Inst. Jour. —Iron and Steel Institute Journal. London.

Jamaica Geol. Survey Dept. Bull. —Jamaica Geological Survey Department

Bulletin.

Jammu and Kashmir Govts. Min. Survey Rept. —Jammu and Kashmir Gov

ernments, Mining Survey Report.

Japanese Assoc. Mineralogists Jour. —Japanese Association of Mineralogists,

Journal. Sendai.

Japanese Jour. Geology and Geography—Japanese Journal of Geology and Geo

graphy. Tokyo.

Jassy , Univ. , Annales sci. —Annales scientifiques de L'Universite de Jassy.

Jernkontorets annaler—Jernkontorets annaler, Tidskrift for Svenska Bergs-

hanteringen. Stockholm.

Jour. Ghem. Education—Journal of Chemical Education. Easton, Pa.

Jour. Geography [Tokyo] —Journal of Geography. Tokyo.
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Jaur. Geology—Journal of Geology. Chicago.

Jour. Sci. Indus. Research L Delhi] —Journal of Scientific and Industrial Re

search. Delhi.

Kans. Geoi. Soc. Guidebook—Kansas Geological Society, Guidebook.

Kans. State Geol. Survey Bull. —Kansas State Geological Survey, Bulletin.

Kazan', gosudar. univ. Trudy; Uchenyye zapiski geologiya—Kazarlskiy gos-

udarstvennyi universitet, Trudy; Uchenyye zapiski geologiya.

Ky. Geol. Survey Bull. ; Rept. Progress—Kentucky Geological Survey, Bulle

tin; Report of Progress. Frankfort.

Ky. Univ. , Eng. Expt. Sta. Bull.'—Kentucky University, Engineering Experi

ment Station, Bulletin. Frankfort.

Kwangtung and Kwangsi Geol. Survey Geol. Bull. —Kwangtung and Kwangsi Geo

logical Survey, Geological Bulletin. Shihpai, Canton.

Lake Superior Min. Inst. Proc. —Lake Superior Mining Institute Proceedings.

Ishpeming, Mich.

Leningrad, gornyy inst. Zapiski—Leningradskiy gornyy institut, Zapiski.

Moskva-Leningrad.

Leningrad, geol. trest Trudy—Trudy Leningradskogo geologicheskogo tresta.

Leningrad, geol.- gidro.- geod. trest Izv. —Izvestiya Leningradskogo geologo-

gidrogeodezicheskogo tresta.

Leningrad, geol. -razved. trest Trudy—Trudy Leningradskogo geologo-raz-

vedochnogo tresta.

Life Mag. —Life Magazine. New York.

Lunds Geol. -mineralog. inst. Medd. —Meddelanden fran Lunds Geologisk-

mineralogiska institution. Lund, Sweden.

Lyceum Nat. History New York Annals—Lyceum of Natural History of New

York, Annals.

Maden Tetkik Arama [Ankara] —Maden Tetkik ve Arama. Ankara, Turkey.

Magyar allami Foldt. Intezet Evi Jelente"se—A Magyar allami Foldtani Intezet,

Evi Jelentese (Annales Institute Publici Geologiae Hungarici). Budapest.

Magyar kir. Jdszef Nador miiszaki e"s gazdasagtudomanyi egyetem, A banya-

es kohomernoki osztaly Kbzlemenyei — Magyar kiralyi J6szef Nador

muszaki es gazdasagtudomanyi egyetem, A banya- es kohomernoki osztaly

Kbzlemenyei [Royal Hungarian Palatine Josef University, Department of

Mining and Metallurgy, Publication] . Sopron.

Maine Board Agriculture Ann. Rept. —Maine Board of Agriculture, Annual Re

port. Augusta.

Maine Geol. Survey Bull. —Maine Geological Survey Bulletin. Augusta.

Manchester Geol. Survey Trans.—Manchester Geological Survey, Transactions.

Manchester, England.

Manchoukuo Geol. Inst. Bull. ; Mem. —Manchoukuo Geological Institute, Bul

letin, Memoir. Mukden.

Mass. Inst. Technology, Technology Quart. —Massachusetts Institute of Tech

nology, Technology Quarterly and Proceedings of the Society of Arts.

Boston.

Material'y geologiya Zapadno-sibirsk. kraya—Material'y geologiya Zapadno-

sibirskogo kraya (Records of the Geology of the West-Siberian Region).

Tomsk.

Material'y po geologii Vostochnoy Sibiri. Material'y po geologii i polyezn'im

iskopayem' im Vostochnoy Sibiri. Irkutsk.

Material'y po geologii Zapadnoy Sibiri. Material'y po geologii Zapadnoy

Sibiri. Tomsk.

MateriaTy obshchey priklad. geologii—Material'y po obshchey i prikladnoy

geologii. Petrograd- Leningrad.

Md. Dept. Geology, Mines, and Water Res. County Rept. —Maryland Depart

ment of Geology, Mines, and Water Resources, County Report.

Md. Geol. Survey County Rept. —Maryland Geological Survey, County Report.

Meddel. om Gr^nland—Meddelelser om Grjrfnland. Copenhagen.

Metallu. Erz—Metall und Erz, Zeitschriftfiir Erzbergbau, Metallhuttenwescn,

und Metallkunde. Stuttgart, Germany.

Mich. Acad. Science Rept. ; Papers—Michigan Academy of Science, Arts, and

Letters, Report; Papers.



igg CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Mich. Conserv. —Michigan Conservation.

Mich. Geol. Survey Pub. ; Progress Rept. —Michigan Geological Survey, Pub

lications; Progress Report.

Mich. Pioneer Collections—Michigan Pioneer Collections.

Midland Inst. Min. Engineers Trans. —Midland Institute of Mining Engineers,

Transactions.

Mil. Engineer— Military Engineer. Washington.

Min. and Metallurgy—Mining and Metallurgy. New York.

Min. Cong. Jour. —Mining Congress Journal. Washington.

Min. Eng. —Mining Engineering. New York.

Min. Geol. Metall. Inst.India Trans. —Mining, Geological, and Metallurgi

cal Institute of India, Transactions. Calcutta.

Min. Geology [TokyoJ —Mining Geology. Tokyo.

Min. Jour. [London]—Mining Journal. London.

Min. Mag. —Mining Magazine. London.

Min. Newsletter [ManilaJ—Mining Newsletter. Manila.

Min. Res. Alberta Ann. Rept. —Mineral Resources of Alberta,Annual Report.

Min. Sci. Press—Mining and Scientific Press. San Francisco.

Min. Science—Mining Science. Denver.

Min. Soc. Nova Scotia Jour. —Mining Society of Nova Scotia, Journal.

Min. Technology—Mining Technology. New York.

Min. World—Mining World. Seattle.

Mine and Quarry Eng. —Mine and Quarry Engineering. London.

Miner—The Miner. Vancouver, B. C.

Mineralog. Mag. —Mineralogical Magazine and Journal of the Mineralogical

Society. London.

Mineralog. petrog. Mitt. —Mineralogische und petrographische Mitteilungen.

Vienna.

Minerfa [Lima] —Mineria. Lima, Peru.

Mines and Minerals—Mines and Minerals. London.

Mines, carrieres—Mines, carrieres, et grandes entreprises. Paris.

Mines Mag. —Mines Magazine. Denver, Colo.

Ministerio Fomento Peru Bol. —Boletin del Ministerio de Fomento del Peru,

Boletin. Lima.

Minn. Acad. Sci. Bull. —Minnesota Academy of Science, Bulletin. St. Paul,

Minn.

Minn. Geol. Survey Ann. Rept.; Bull. —Minnesota Geological Survey, Annual

Report; Bulletin. Minneapolis, Minn.

Minn. , Iron Range Res. and Rehabilitation Comm.—Iron Range Resources and

Rehabilitation Commission. St. Paul, Minn.

Minn. School Mines, Expt. Sta, Bull. —Minnesota School of Mines, Experiment

Station, Bulletin.

Minn. Univ. Ann. Min. Symposium—Minnesota, University, General Extension

Division, Annual Mining Symposium.

Minn. Univ. Engineers1 Year Book—Minnesota, University, Engineers' Year

Book. St. Paul.

Minn. Univ. , Inst. Technology, Mines Expt, Sta, Inf. Circ. —Minnesota,Uni-

versity, Institute of Technology, Mines Experiment Station, Information

Circular.

Miss. Geol. Survey Bull. —Mississippi Geological Survey, Bulletin.

Mo. Bur. Geology and Mines Bull. —Missouri Bureau of Geology and Mines,

Bulletin. Rolla.

Mo. Geol. Survey and Water Res. —Missouri Geological Survey and Water

Resources. Rolla,

Mo. Univ. , School Mines and Metallurgy Bull. , Tech. ser. —Missouri Uni

versity, School of Mines and Metallurgy, Bulletin, Technical series.

Rolla.

Mont. Bur. Mines and Geology Mem.—Montana Bureau of Mines and Geology,

Memoir. Butte.

Moskov. geol. - gidro. - geod. trest Trudy; Zapiski — Trudy Moskovskogo

geologo-gidro-geodezicheskogo tresta; Zapiski. Moskva,
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Moskov. geol.-razved. trest Trudy—Trudy Moskovskogo geologo-razvedochnogo

tresta, Trudy.

Moskov. obshch. ispytateley Prirody; Izv. —Moskovskoye obshchestvo is-

pytateley, Izvestiya (Societe des naturalistes de Moscou, Bulletin).

Mus. Argentino Cienc. Nat. Pub. —Museo Argentino de Ciencias Naturales,

Publicaciones. Buenos Aires.

Mus. Mineralog. Geol. Univ. CoimbraMem. eNoticias—Mem6rias e Noticias,

Publicacoes do Museu Mineralogico e Geologico da Universidade de

Coimbra. Coimbra, Portugal.

Mysore Geol. Dept. Rec. —Mysore Geological Department, Records. Banga

lore.

Mysore Geologists' Assoc. Bull. —Mysore Geologists' Association, Bulletin.

Bangalore.

Mysore Univ. Jour. —Mysore University, Half-Yearly Journal. Bangalore.

N. C. Dept. Conserv. , Div. Min. Res. Bull. ; Inf. Circ. ; Econ. Paper—North

Carolina Department of Conservation and Development, Division of Mineral

Resources, Bulletin; Information Circular; Economic Paper. Raleigh.

N. C. Geol. Survey Bull. ; Bienn. Rept. —North Carolina Geological Survey

Bulletin; Biennial Report. Raleigh.

N. H. Acad. Sci. —New Hampshire Academy of Science.

N. H. State Plan. Devel. Comm. Min. Res. Survey—New Hampshire State

Planning and Development Commission, Mineral Resources Survey.

Concord, N. H.

N. J. Dept. Conserv. Geol. Ser. Bull. —New Jersey Department of Conser

vation and Economic Development, Geological Series Bulletin. Trenton.

N. J. Geol. Survey Ann. Rept. —New Jersey Geological Survey, Annual Re

port. Trenton.

N. Mex. Bur. Mines and Min. Res. • Bull. —New Mexico Bureau of Mines and

Mineral Resources, Bulletin.

N. Mex. Univ. Pubs. Geology—University of New Mexico Publications in Ge

ology. Albuquerque.

N. Y. Acad. Sci. Annals; Trans. —New York Academy of Sciences, Annals;

Transactions. New York, N. Y.

N. Y. Geol. Survey Ann. Rept. —New York Geological Survey, Annual Report.

N. Y. State Geologist Ann. Rept. —New York State Geologist, Annual Report.

N. Y. State Mus. BuU. ; Ann. Rept. —New York State Museum, Bulletin;

Annual Report. Albany, N. Y.

Nat. Science Assoc. Staten Island Proc. —Natural Science Association of

Staten Island, Proceedings. New Brighton, N. Y.

Natl. Research Inst. Geology [China] Contr.; Mem. —National Research Insti

tute of Geology[ChinaJ. Contribution; Memoir. Shanghai.

Natur und Volk—Natur und Volk. Frankfurt-am-Main, Germany.

Naturf.Gesell. BernMitt.—Naturforschende Gesellschaft zu Bern, Mitteilungen.

Naturf. Gesell. Graubiindens Verh.—Naturforschende GeseUschaft Graubtind-

ens, Verhandlungen. Chur, Switzerland.

Naturf. Gesell. Schaffhausens Mitt. —Naturforschende Gesellschaft Schaff-

hausens Mitteilungen. Schaffhausen, Switzerland.

Naturh. Ver. Preuss. Rheinlande Verh.—Verhandlungen des Naturhistorischen

Vereins der Preussischen Rheinlande und Westfalens. Bonn.

Naturw. Ver. Steiermark Mitt. —Mitteilungen des Naturwissenschaftlicher

Vereines fiir Steiermark. Graz, Austria.

Nauch. -issled. inst. geologii i mir;eralogii Trudy—Nauchno-issledovatel'skiy

institut geologii i mineralogii, Trudy, Moskva-Leningrad.

Neues Jahrb. , Beil. -Band— Neues Jahrbuch fur Mineralogie, Geologie, und

Palaontologie, Beilage-Band. Stuttgart, Germany.

Neues Jahrb. Mineralogie, Monatsh. — Neues Jahrbuch fiir Mineralogie,

Monatshefte. Stuttgart, Germany.

Nev. Bur. Mines Bull. —Nevada Bureau of Mines, Bulletin.

New England Inst. Min. Eng. Trans. —New England Institute of Mining Engi

neering, Transactions.

Newfoundland Geol. Survey Bull.; Inf. Circ.—Newfoundland Geological Survey,

Bulletin; Information Circular. St. Johns.
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New South Wales Dept. Mines Ann. Rept. —New South Wales Department c

Mines, Annual Report. Sydney.

New South Wales Geol. Survey Mem. —New South Wales Geological Survey

Memoirs. Sydney.

New Zealand Geol. Survey Bull. —New Zealand Geological Survey, Bulletin.

Kaduna.

New Zealand Inst. Trans, and Proc. —Transactions and Proceedings of the

New Zealand Institute. Wellington.

New Zealand Jour. Sci. and Technology—New Zealand Journal of Science anc

Technology. Wellington.

Norges Geol. Undersokelse—Norges Geologiske Unders6kelse. Oslo.

North England Inst. Min. Mech. Engineers Trans. —North of England Institute

of Mining and Mechanical Engineers, Transactions. Newcastle-upon-Tyne.

Nova Scotia Dept. Mines Ann. Rept.—Nova Scotia Department of Mines, Annua'

Report. Halifax.

Nova Scotian Inst. (Nat. ) Sci. Proc. and Trans. —Nova Scotian Institute of

(Natural) Science, Proceedings and Transactions. Halifax.

Oberhess. Gesell. Natur- u. Heilkunde. Ber. , Neue Folge—Oberhessiscrie

GeseUschaft fur Natur- und Heilkunde zu Giessen, Bericht, Neue Folge.

Oberrhein. Geol. Ver. Jahresber. u. Mitt. —Oberrheinischer Geologischer

Verein, Jahresberichte und Mitteilungen. Stuttgart.

Oberschles. Berg- u. Hiittenm. Ver. Zeitschr. —Oberschlesischer Berg- und

Huttenmannischer Verein, Zeitschrift. Katowice, Poland.

Obshch. izucheniya Manchzhursk. kraya Trudy; Izv. —Obshchestvo izucheniya

Manchzhurskogo kraya, Trudy L Manchuria Research Society, AnnalsJ ;

Izvestiya. Mukden.

Office Algerien d'action econ. et touristique—Office Algerien d'action eco-

nomique et touristique. Alger.

Ohio Geol. Survey, 4th ser. , Bull.; Inf. Circ. ; Rept. —Ohio Geological Survey,

Bulletin; Information Circular; Report. Columbus.

Ohio Min. Jour. —Ohio Mining Journal.

Okla. Acad. Sci. Proc.—Oklahoma Academy ofScience, Proceedings. Norman.

Okla. Geol. Survey Bull.; Circ. ; Mineral Rept. —Oklahoma Geological Survey,

Bulletin; Circular; Mineral Report. Norman.

Ontario Dept. (Bur.) Mines Ann. Rept.; Prelim. Rept.; Indus. Mineral Circ. —

Ontario Department (Bureau) of Mines, Annual Report; Preliminary Re

port; Industrial Mineral Circular. Toronto.

Oreg. Bur. Mines and Geology Min. Res. Oreg. —Oregon Bureau of Mines

and Geology, Mineral Resources of Oregon. Portland.

Oreg. Dept. Geology and Mineral Industries Bull. ; G.M.I. Short Paper—Oregon

Department of Geology and Mineral Industries, Bulletin; G. M.I. Short

Paper. Portland.

Pa. Dept. Internal Affairs Monthly Bull. —Pennsylvania Department of Internal

Affairs, Monthly Bulletin. Harrisburg.

Pa. Geol. Survey Ann. Rept.; Bull.; Root. Progress—Pennsylvania Geological

Survey, Annual Report; Bulletir:; Report of Progress. Harrisburg.

Pa. State Coll. Min. Quart. ; Mineral Industries—Pennsylvania State College,

Mining Quarterly; Mineral Industries.

Pa. Topog. and Geol. Survey Bull. —Pennsylvania Topographic and Geologic

Survey, Bulletin. Harrisburg.

Pan Am. Inst. Min. Eng. and Geology Tech. Paper—Pan American Institute

of Mining Engineering and Geology, U. S. Sec. Technical Paper. NewYork.

Pan Am. Science Cong., 2d, Washington, 1915-16, Proc. —Pan American

Science Congress, Washington, 1915-16, Proceedings.

Pan-Am. Geologist—Pan-American Geologist. Des Moines, Iowa.

Pan-Pacific Sci. Cong. , 3d, Tokyo, 1926, Proc. —Pan-Pacific Science Con

gress, 3d, Tokyo, 1926, Proceedings.

Panstwowy Inst. Geol. Biul. —Panstwowy Instytut Geologiczny, Biuletyn (In

stitute geologique de Pologne, Bulletin). Warsaw.

PeiyangEng. Coll., Eng. Research Inst. Mem. —Peiyang Engineering College,

Engineering Research Institution, Memoirs. Tientsin, China.
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Philippine Geologist—Philippine Geologist. Manila.

Philippines Bur. Mines Tech. Bull.; Rept. Inv.; Inf. Circ. —Philippines Bureau

of Mines, Technical Bulletin; Report of Investigation; Information Circular.

Manila.

Pollichia—Pollichia (Pfalzischer Vereinfur Naturkunde, Mitteilungen). Diirk-

heim, Bavaria.

Precarabrian—The Precambrian. Winnipeg, Manitoba.

Presidency Coll. [Calcutta], Geol. Inst. Jour. —Presidency College, Geologi

cal Institute, Journal (Bhu Vidya). Calcutta.

Preussische Geol. Landesanst. Abh.; Archiv Lagerstattenf. —Preussische

Geologische Landesanstalt, Abhandlungen; Archiv fur Lagerstattenfor-

schung. Berlin.

K. Preussische Geol. Landesanst. Jahrb.—KSniglich Preussische Geologische

Landesanstalt und Bergakademie'zu Berlin, Jahrbuch. Berlin.

Puerto Rico Univ. Bull.; Mon.—Puerto Rico, University, Bulletin; Monograph.

Quebec Dept, Mines Prelim. Rept. ; Geol. Rept.—Quebec Department of Mines,

Preliminary Report; Geological Report. Quebec.

Queensland Geol. Survey Pub. —Queensland Geological Survey, Publication.

Brisbane.

Raw Materials Survey Inf. Circ. ; Resource Rept.—Raw Materials Survey, In

formation Circular; Resource Report. Portland, Oreg.

Reichstelle Bodenf. [Germany] Archiv Lagerstattenf.; Jahrb. —Reichstelle

fur Bodenforschung [Germany], Archiv fur Lagerstattenforschung; Jahr

buch. Berlin.

Reichstelle Bodenf., Zweigstelle Wien Ber. —Reichstelle Bodenforschung,

Zweigstelle Wien, Bericht.

Rev. Fomento [Venezuela] —Revista de Fomento. Caracas.

Rev. Hidrocarburos y Minas [Venezuela]—Revista de Hidrocarburos y Minas.

Caracas.

Rev. industrie miner. —Revue de l'industrie minerales. Loire, France.

Rev. minera [ Madrid] —Revista minera. Madrid.

Rev. Mineria [ MedellinJ —Revista Mineria. Medellin.

Rev. Obras Pub. Puerto Rico—Revista de Obras Publicas de Puerto Rico.

Rev. univ. mines [Liege] —Revue universelle des mines, de la metallurgie et

des travaux publics. Liege.

R. I. Bur. Indus. Statistics Bull. —Rhode Island Bureau of Industrial Statistics,

Bulletin. Providence, R. I.

Ricerca sci. —Ricerca scientifica. Rome.

Rocks and Minerals—Rocks and Minerals. Peekskill, N. Y.

Royal Soc. Canada Proc. ; Trans. —Royal Society of Canada Proceedings;

Transactions. Ottawa.

Royal Soc. South Africa Trans.—Royal Society of South Africa, Transactions.

Pretoria.

Royal Soc. Tasmania Proc.—Royal Society of Tasmania, Proceedings. Hobart,

Tasmania.

Ryojun Coll. Eng. Mem. ; Rept. —Ryojun College of Engineering, Memoirs;

Reports. Ryojun, Manchuria.

S.C. Geol. Survey Bull.—South Carolina Geological Survey Bulletin. Columbia.

S. Dak. Geol. Survey Bull. ; Rept. Inv. — South Dakota Geological Survey,

Bulletin; Report of Investigation. Vermillion, S. Dak.

S. Dak. School Mines Bull. —South Dakota School of Mines, Bulletin.

Schweizerische mineralog. petrog. Mitt.—Schweizerische mineralogische und

petrographische Mitteilungen. Frauenfeld.

Sci. Monthly—Scientific Monthly. Washington.

Science—Science. Washington.

Science Progress—Science Progress. London.

Senckehberg. Naturf. Gesell. Abh.—Senckenbergische Naturforschende Gesell-

schaft, Abhandlungen. Frankfurt-am-Main, Germany.
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Service carte geol. Alsace-Lorraine Bull.; Livr. ; Mem. —Service de la Carte

geologique de la Alsace et de la Lorraine, Bulletin; Livraison; Memoire.

Strasbourg.

Service carte g^ol. Luxembourg—Service de la carte geologique de Luxem

bourg.

Service geol. Luxembourg Pub. —Service geologique de Luxembourg, Publi

cations.

Service mines [French West Africa] Bull. —Service des mines [de l'Afrique

Occidentale Francaise] Bulletin. Dakar.

Service mines [Katanga] Annales—Comite special du Katanga, Service des

mines, Annales. Brussels.

Servico Fomento Mineiro [ Portugal] Estudos, notas e trabalhos; Relatorio—

Servipo de Fomento e Mineiro [Portugal], Estudos, notas e trabalhos;

Relatorio. Lisboa.

Shanghai Science Inst. Jour. —Shanghai Science Institute, Journal. Shanghai.

Sierra Leone, Geol. Survey and Mines Dept. Rept. for 1933 and 1934.

Skillings1 Min. Rev. —Skillings1 Mining Review. Duluth, Minnesota.

Statnigeol. ustav. CeskoslovenskeRepublikySbornik;\&stnik—Statni geologicky

ustav Ceskoslovenske Republiky Sbornik; Vestnik. Praha.

Soc. Arts [London] Jour. —Society of Arts Journal. London.

Soc. Beige geologie Bull.; Mem.—Societe Beige de ge'ologie, de paleontologie,

et de hydrologie. Bulletin; Memoir. Bruxelles.

Soc. Cient. Antonio Alzate Mem. y Rev. —Sociedad Cientifica Antonio Alzate,

Memorias y Revista. Mexico, D. F.

Soc. Francaise mineralogie et cristallographie Bull. —Societe Franjaise de

mineralogie et de cristallographie, Bulletin. Paris.

Soc. geol. Belgique Annales; Bull.—Societe geologique de Belgique, Annales;

Bulletin.

Soc. geol. mineralog. Bretagne Compte rendu—Societe geologique et min-

eralogique de Bretagne, Compte rendu sommaire des seances. Liege.

Soc. Geol. Peru Bol. —Sociedad Geol6gica del Peru, Boletin. Lima.

Soc. Geol. Portugal Bol. —Sociedade Geologica de Portugal, Boletim.

Soc. histoire nat. Toulouse Bull. —Societe d'histoire naturelle de Toulouse,

Bulletin. Toulouse, France.

Soc.industriemin. [St. Etienne] Bull.—Societe" del'industrieminerale, Bulletin

et comptes rendus mensuels. Saint Etienne, France.

Soc. Ingenieros Peru Inf. y Mem. —Sociedad de Ingenieros del Peru Informa-

ciones y Memorias. Lima.

Soc. naturalistes luxembourg. Bull.—Socidtedes naturalistesluxembourgeois,

Bulletin.

Soc. physique et histoire nat. Geneve Compte rendu—Societe de physique et

d'histoire naturelle de Geneve, Compte rendu des seances.

Soc. sci. Bruxelles Annales—Societe scientifique de Bruxelles Annales.

Soil Science—Soil Science. Baltimore.

South African Jour. Sci. —South African Journal of Science. Johannesburg.

South African Min. Eng. Jour.—South African Mining and Engineering Journal.

Johannesburg.

Sovetskaya geologiya—Sovetskaya geologiya. Moskva.

Stahl u. Eisen—Stahl una Eisen. Diisseldorf, Germany.

Steel—Steel. Cleveland, Ohio.

Steelways—Steelways. New York.

Stellenbosch Univ. Annals—Stellenbosch University, Annals. Capetown.

Sveriges Geol. Unders., Ser. C, Arsbok; Ser. Ca.—Sveriges Geologiska Under-

sdkning, Ser. C, Arsbok; Ser. Ca. Stockholm.

Swaziland Geol. Survey Dept. Special Rept. —Swaziland, Geological Survey

Department, Special Report. Mbabane, Swaziland.

Taihoku Imp. Univ. , Faculty Sci. and Agriculture Mem. —Taihoku Imperial

University, Faculty of Science and Agriculture, Memoir. Taihoku,

Taiwan.

Tasmania Sec. Mines Rept. —Tasmania Sec. Mines Report. Hobart.

Teknisk tidskr. —Teknisk tidskrift. Norrkopping, Sweden.
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lean. Acad. Sci. Jour. —Tennessee Academy of Science, Journal. Nashville,

Tenn.

Tenn. Dept. Conserv. Markets Circ.—Tennessee Department of Conservation,

Markets Circular. Nashville.

Tenn. Geol. Survey Bull.; Res. Tenn.—Tennessee Geological Survey, Bulletin;

Resources of Tennessee. Nashville.

Tenn. Div. Geology Bull.—Tennessee Division of Geology, Bulletin. Nashville.

Tex. Geol. Survey Ann. Rept.—Texas Geological Survey Annual Report. Austin.

Tex. Univ. , Bur. Econ. Geology Pub. ; Rept. Inv. ; Bull. ; Min. Res. Circ.—

Texas University, Bureau of Economic Geology Publications; Reports of

Investigations; Bulletin; Mineral Resources Survey Circular. Austin.

Toronto Univ. Studies, Geol. ser. —Toronto University Studies, Geological

Series.

TsentraT. nauch.-issled. geol.-razved. inst, Izv.; Trudy—Tsentral'niy nauchno-

issledovateiydy geologo-razvedochniy institut, Izvestiya; Trudy. Moskva-

Leningrad.

TVA Geology Div. Bull.—Tennessee Valley Authority, Geology Division Bulle

tin. Knoxville, Tenn.

U. S. Bur. Foreign and Domestic Commerce Trade Inf. Ser. —U. S. Bureau

of Foreign and Domestic Commerce, Trade Information Series. Wash

ington.

U. S. Bur. Mines Inf. Circ. ; Rept. Inv. —U. S. Bureau of Mines Information

Circular; Reports of Investigations. Washington.

U. S. Census, 10th—U. S. 10th Census. Washington.

U. S. Cong., 32d, Special Sess.—U. S. 32d Congress, Special Session. Wash

ington.

U. S. Cong., 50th, 1st Sess., H. R. Exec. Doc. —U. S. 50th Congress, 1st

Session, House Executive Document. Washington.

U. S. Cong., 70th, 1st Sess., H. R. Doc. —U. S. 70th Congress, 1st Session,

House Document, Washington, D. C.

U. S. Geol. Survey Bull. ; Circ. ; Prof. Paper — U. S. Geological Survey Bul

letin; Circular; Professional Paper. Washington.

U. S. Natl. Mus. Proc. —U. S. National Museum Proceedings. Washington.

K. Ungarische Geol. Anst. Jahrb. ; Jahresber.—Jahrbuch des Kaiserischen

Ungarischen Geologischen Anstalt; Jahresbericht. Budapest.

Univ. Szeged. Acta Mineralog. Petrog. —Universitatis Szegediensis, Acta

Mineralogica et Petrographica.

UpsalaUniv.Mineralog. -geol. inst. Medd.—Meddelanden fran Upsala Univers-

itets Mineralogisk-geologiska institution. Upsala, Sweden.

Uspekhi khimii—Uspekhi khimii. Moskva.

Ustredni ustav geol. [Czechoslovakia] Vestnik—Ustredni ustav geologicky

[.Czechoslovakia.), Vestnik. Prague.

Utah Acad. Sci. Proc. —Utah Academy of Sciences, Arts, and Letters, Pro

ceedings. Logan, Utah.

Utah Geol. Mineralog. Survey Circ. — Utah Geological and Mineralogical

Survey, Circular. Salt Lake City.

Utah Univ. Bull. —Utah University, Bulletin.

Va. Div. Geology, Min. Res. Circ. —Virginia Division of Geology, Mineral

Resources Circular. Charlottesville.

Va. Geol. Survey Bull.; Circ. —Virginia Geological Survey, Bulletin; Circular.

Charlottesville.

Ver. Erdkunde u. Hess. Geol. Landesanst, Notizblatt—Notizblatt des Vereins

fur Erdkunde und der Hessischen Geologischen Landesanstalt. Darmstadt,

Germany.

The Virginias—The Virginias, a mining, industrial, and scientific journal de

voted to the development of Virginia and West Virginia. Staunton, Va.

K. Vlaamsche Acad. Wetensch. Belgi£, K2. Wetensch. Verh. —Verhand-

elingen van de Koninklijke Vlaamsche Academie voor Wetenschappen,

Letteren en Schoone Kunsten van Belgie, Klasse der Wetenschappen.

Brussels, Belgium.
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Vostochno-sibirsk. geol. trest Trudy—Trudy Vostochno-sibirskogo geologiches ■

kogo tresta. Irkutsk.

Vseros. mineralog. obshch. Zapiski—Zapiski Vserossiyskogo mineralogiches-

kogo obshchestva. Moskva-Leningrad.

Vses. geol. -razved. otfyedeneniya Izv.; Trudy—IzvestiyaVsesoyuznogo geologo-

razvedochnogo ob'yedeneniya Trudy.

Vses. nauch. -issled. geol. inst. Trudy—Trudy Vsesoyuznogo nauchno-issle-

dovatel'skogo geologicheskogo instituta.

Vses. geol. -razved. uprav. Izv.—Izvestiya Vsesoyuznogo geologo-razved-

nochnogo upravleniya.

Vt. State Geologist—Vermont State Geologist. Rutland.

W. Va. Geol. Survey Bull.; Rept. Inv.; State Park Series Bull., County Repts. —

West Virginia Geological Survey Bulletin; Reports of Investigation; State

Park Series Bulletin; County Reports. Morgantown.

Washington Acad. Sci. Jour.—Washington Academy of Science, Journal. Wash

ington, D. C.

Wash. Div. Mines and Geology Bull.; Inf. Circ. ; Rept. Inv. —Washington Divi

sion of Mines and Geology, Bulletin; Information Circular; Reports of

Investigation. Olympia, Wash.

Wash. [State] Univ., Bur. Indus. Research Bull. —Washington, University,

Bureau of Industrial Research. Bulletin. Seattle. Seattle.

Western Miner (and Oil Rev.)—Western Miner (and Oil Review). Vancouver,

British Columbia.

Western Rev. Science and Industry—Western Review of Science and Industry.

Kansas City, Kans.

Wis. Acad. Sci. Trans. —Wisconsin Academy of Science, Arts, and Letters,

Transactions. Madison, Wis.

Wis. Enrineer—Wisconsin Engineer. Madison, Wis.

Wis. Geol. and Nat. History Survey, Sci. ser. Bull. —Wisconsin Geological

and Natural History Survey, Scientific series Bulletin.

Wis. Geol. Survey Ann. Rept. ; Geology of Wisconsin—Wisconsin Geological

Survey, Annual Report; Geology of Wisconsin. Madison, Wis.

Wis. State Agric. Soc. Trans. —Wisconsin State Agricultural Society, Trans

actions. Madison, Wis.

World Eng. Cong. , 1st, Tokyo, 1929, Proc. —World Engineering Congress,

1st, Tokyo, 1929, Proceedings.

Wyo. Geol. Survey Bull.; Rept. Inv. —Wyoming Geological Survey Bulletin;

Reports of Investigations. Laramie.

Yorkshire Geol. Soc. Proc.—Yorkshire Geological Society Proceedings. Leeds,

England.

Zapadno-sibirsk. of del. Geol. kom. Izv. —Izvestiya Zapadno-sibirskogo

ot'deleniya Geologicheskogo komiteta. Tomsk.

Zapadno-sibirsk. geol.-razved. trestlzv.—Isvestiya Zapadno-sibirskogo geol-

ogo-razvedochnogo tresta. Tomsk.

Zapadno-sibirsk. geol. -razved. trest Vestnik—Vestnik Zapadno-sibirskogo

geologicheskogo tresta. Tomsk.

Zeitschr. angew. Mineralogie—Zeitschrift fur angewandte Mineralogie. Berlin.

Zeitschr. Berg- Htltten- u. Salinenw. Preussischen Staate — Zeitschrift fur

das Berg- Hiitten- und Salinenwesen im Preussischen Staate. Berlin.

Zeitschr. Erzbergbau u. Metallhiittenw.—Zeitschrift fur Erzbergbau und

Metallhiittenwesen. Stuttgart, Germany.

Zeitschr. prakt. Geologie—Zeitschrift fur praktische Geologie. Halle, Ger

many.

Zentralbl. Mineralogie—Zentralblatt fur Mineralogie. Stuttgart, Germany.
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Iron Mountain mine, Shasta County 388,390,

391, 1071

Kern County 396,398,405

Kingston Mountains deposit, San Bernar

dino County 406,407,1074

Lady Emma mine, Tulare County. 397
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Preston mine, Humboldt County .394,401

Quilty mine, San Benito County _ 397

Redding quadrangle 623

402Reliance mine, El Dorado County

Riverside County 333,397-400,
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San Diego County 386, 388,

393, 396, 399, 400, 401

San Emidio, Kern County _ 396, 405

San Gabriel Mountains, Los Angeles Coun

ty 1745, 1829,2187
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Lake Athabaska 22, 23

Archean rocks 536,1168,1913

British Columbia, general 269,701,

1187,1480,1482,1500, 1535, 2572, 2591,

2659,2661.

Alaska Highway 2372

Alaska Highway between FortSL John

and Fort Nelson 950

Ashcroft „ 650

Cassiar district 1451
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Manson Creek area... 81,1451
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Canadian Shield 419, 1913
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Bay of Chaleur . _.._984
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posit _ 1 555

Mackenzie River Valley 1338

Nova Scotia, general 67,423,

586,701,857,859,1020, 1036, 1187, 1188,

1482, 1535, 2591, 2638, 2659.

Acadia mine, Londonderry, Colchester

County..... _ .....986,2145

Annapolis County... „ 801,802,

1126,1461,1876

Arisaig and Malignant _ 2639

Barachois, Cape Breton .'.._ 2639

Bass River, Colchester and Hants

Counties _ 2537

Bridgeville area. 1661

Cabarus area ..._ 644

Cape Breton - _ 1532, 2639

Clementsport basin .... 2639

Cobequid Mountains .-...1094, 1124,

2536, 2538, 2639

Colchester County _ 1124, 2536,

2537, 2538, 2639

Cumberland coal fields 1094

East River, Pictou County 1125

Hants County _ _ „ .2536-2538, 2639

Kings County _ 1126

Londonderry mines, Colchester and

Hants Counties 1124, 2536, 2538

magnetite and hematite veins in Tri-

assic lavas...... 1129, 2639

Manchester 643

Martin mine -1535

Nlctaux field ; 778, 2534, 2639

oolitic iron deposits 1020

Pictou Countv ...858, 860, 999, 1125

Canada-Continued I»l<!* no-

Britlsh Columbia-Continued

Torbrook basin, Annapolis County.-. 801,

802, 1461, 1876, 2639

Triassic lavas 1129,2639

Wheelock mine 1535

Whycocomagh and Middle River, Cape

Breton — .2639

Ontario, general 237, 419,

453, 485, 701, 1090, 1176, 1187, 1188, 1203,

1351, 1482, 1535, 1604, 1679, 1695, 2588,

2590,2591,2659.

Algoma district 1695, 1730, 1736

Angus Township, Nipissing district 1174

Animikie range 1092, 2176

Arnpryor-Quyon area 2596

Atikokan area 1535, 1734

Bancroft area ...6

Bartlett mine 237

Batchawana Bay 498, 49S

Belmont mine 1 535

Bessemer mine — — —1535

Bigwater Lake area- 191

Black Sturgeon region— 504

Blairton mine __ _ 1535

Block Creek map area, Thunder Bay .... 1240

Bog iron ore 1722, 1726

Breitung mine 527

Brudenell-Raglan area, Raglan and

Lyndoch Townships 1076

Bryce-Robillard area.. _ 1748

Caiabogle district, Renfrew County 615,

1528, 1533

Caldwell mine -.615

Central Ontario Railway 1529,1531

Childs mine ...1535

Clear Lake 499

Cochrane district, Fenton Township 1108

Coehlll mine 1535

Darling Township ..

Dog River .

.1879498

Dryden-Wabigoon area 2096

Eagle Lake area 1746

English River ._ _ 1722

Fenton Township - 1108

Flack Lake area-.. - -.983

Frontenac County.. .1694, 1937

Garnet-Cunningham area... 1647

Georgian Bay „ _. 1703

Glendower deposit, Frontenac County. .615,

1694

Goudreau area, Michlplcoten „ 419, 509

Grand Rapids siderite _. - 1685

Gravel Lake, Thunder Bay district 2342

Gunflint formation 850,851

Gunflint Lake area _. .1875

Guolais River ranges, Algoma dis

trict 1730

Haliburton County area 6,452,

1462, 2098

Hastings County _ .452,1937

Haycock mine — 615

Helen mine, Michipicoten _ 419, 498,

499, 501, 512, 527, 1316, 1535, 1732, 2139

hematite 139, 140,

304, 885, 1703, 2037, 2345

Horwood Lake area _ 982

Hunter Island —1875

iron and steel production - - — 1659

Josephine mine _ 304, 419, 1732

Kingston and Pembroke Railway 1190

Lacy mine 837

Lake Nipigon ranges 503, 505,

Lake Windegokan

Lanark County

1720, 1721, 1737

-.1720,1737

—.1342,1937
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Cisada—Continued Index no

Ontario—Continued

Larder Lake — - _ 2595

Lavant Township __ 1878

Leeds County _ 1937

Little Current, Georgian Bay 1703

Little Long Lac 311,2375

Loon Lake district ._ 2212

Lower Huronian . 499

Lyndoch Township 1076

magnetite 1462, 1531, 1533, 1658

Magpie mine - 1535

Magpie-Hawk area, Michipicoten 509

Maniwaki area 2596

Marmora _ _ . 2066

Matawin range 2343

Mattagami basin 105, 106, 499

Mesabi range .... 498,1282

Michipicoten range 311,419,

498, 499, 501, 502, 506-510, 512, 527, 1016,

1316, 1535, 1636, 1719, 1732, 1874, 2139.

Midlothian Township „ 1628

Missinaibi area, Michipicoten 512

Mississagi Reserve, Algoma district 1730

Moose Mountain range 180, 1459,

1474,1534,1535

Moose Mountain-Wanapitei area,Hutton

Township 1339

New Helen mine 237,419,498,499

Kipissing district, Angus Township 1174,

1895, 1696

northern 1697

Northern Long Lake area 746

North Spirit Lake 149

northwestern - 141,142,500,1625

Old Helen mine _ - - 237

Onaman ranges .1721, 1723,1737

Ottawa __ 201,476,615

Parry Sound district 2097

Pashkokogan-Misehkow area 677

Peterboro County _ .1462, 1937

Pyrite - 1016

Raglan Township-.- 1078

Rainy River district 139,140,

237,264,419,497,791,885,1015,1083,1093,

1695,2026,2037,2061, 2204, 2344, 2345,

2347, 2712.

Renfrew County 1528, 1533, 1937, 2099

Rldoutarea, Sudbury district 719

Roberts mine 615

Round Lake - 615,1724

Rush Lake area, Sudbury district 131,

1731

Rush River area, Sudbury district 130

Ruth mine 237

Sapawe Lake 1015

SaultSte. Marie 499

Sahkatawich (Rush) Lake section,

Woman River range 1731

Savant Lake area 1725,2035

Schreiber area 961

Shining Tree Lake ..... 499

slderlte 1016, 1885

Sioux Lookout area 1175

Steeprock Lake, Rainy River district._139,

140, 237, 264, 419, 497, 791,885,1083,2026,

2037, 2061, 2204, 2344, 2345, 2347, 2712.

Sturgeon River area 2375

Sudbury district 26,130,131,719,1731

Thunder Bay 1093,1240,

1695, 1726,2342

Timagami map area 1747,1749

titaniferous iron ore 452, 1174, 1937

Vermilion range 498

Victoria County 1658, 1937

Vulcan mine 499

Wilbur mine, Lanark County 1342

Williams mine - - 527

Canada—Continued Index no.

Ontario—Continued

Woman River range 26,719, 1731

Pre-Cambrian iron ore 311,1733

Quebec, general .648,653,

654,701,1187,1535,1599,1600, 2591

Abitibl-East County. 1600, 1823, 1824

Allard Lake district 244

Argenteuil County - 18O0

Arnpryor-Quyon area 2596

Bay of Seven Islands 1600

Belcher Island, Hudson Bay 311,

1600,1727,1728,2660

bog iron ore _ 1600

Bristol mine, Pontiac County 615,

1526, 1535

Charlevoix County _ 856

chromic iron ore ..477

East coast Hudson Bay. 1600

eastern townships _ 477, 1600

Gaspe 1600

Gatineau County _ 2346

Gatineau River — _ -.478

Gulf of St. Lawrence ,.651,652

Haig Township, Abitibi County 1823

Hincks Township, Gatineau County 2346

Hudson Bay _ ...311,1566,

1600, 1727, 1728,2660

Hull mine 615

HuU-Gatineau area 1600

Ivry ilmenite deposit .....1315

Lower Romaine River area, Sague-

nay County _ .2017

Magnetic sands 651, 652, 1600, 1605

Maniwaki area 2596

Mistassini area 1600,2504

Moisie area, Saguenay County 743

Montcalm County ._. ._ 1600

Nastapoka Islands, Hudson Bay 1566,

1600,1678

Natashkwan, Saguenay County 1605

New Quebec 235,236,

417,419, 667, 849, 994, 1649, 2020, 2419,

2710,2715,2729.

northern 1600

North shore, St. Lawrence River. 1600

Ottawa River „ 478

Pershing Township, Abitibi County 1823

Pontiac County 615,1526,1535

Saguenay County 743,1605,2017

Saguenay River area 1600

St. Drbain, County Charlevoix 856,1600

Ste. Marguerite River 1600

Sept-Iles _ _ 745

Shawinigan area i600

Temiscamie River area 2504

Temiscamingue County 1600

Terrebonne County „ 1600

Vauquelin Township, Abitibi County 1823,

1824

Saskatchewan 1187, 1 535, 2591

Titaniferous iron ore 884, 1287

Yukon 1535,2661

Alaskan Highway 2371

Carbonate iron ores 259,481,1016,1329

Carbonate ores, genesis 481

Caroline Islands, Ponape _ 1323

Yap _ 1323

Central America 517, 701, 713, 935

Ceylon 517, 713, 1187

Chalcopyrite 938

Chemical relation of iron and manganese in

sedimentary rocks _ 1899

Chemistry of iron _ 798

Chert, ferruginous _ 354

Chile, general 228,517,

701,713,904,935, 996, 997, 1187, 1679,

2049, 2417, 2664, 2717.
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Colorado, general .

Index no.

710,713,

766,823,1583,2460

Beaver-Tarryall area, Park County 2190

Boulder County .460, 462, 1226, 2187

Breece Hill, Leadville district, Lake

County: 462, 1354, 2057

Calumet mine, Chaffee County. 177, 459

Caribou district, Boulder County 460,

462, 2187

Cebolla Creek district, Gunnison County. 461,

2182,2187

Chaffee County. 177, 459, 462, 553, 2057

Colorado Fuel and Iron Corp 2725

Costilla County _ 1877,2057

Crested Butte, Chaffee County _ 459

Cumberland prospect, Gold Hill, Gunni

son County 461

Eagle County 554, 2415

Elkhorn Mountain, Gunnison County 461

El Paso County _ . 460

Fremont County _ 462, 2057, 2187

Grayback district, Costilla County... _ 1877

Gunnison County . _ 461, 462,

553, 866, 966, 2182, 2187

Halls Valley, Park County 460,462

Handcart Gulch, Park County .

Hawkins, Chaffee County

460,462

459

Chile—Continued Tntex no,

Copiapo deposits .. .... 2076

"El Algarrobo,"Departamento de Vallenar . 1891

"El Tofo, " Provincia de Coquimbo 1892, 1893

China, general 517,701,

713,904,989,996,997, 1148, 1187, 1192,

1386, 1411, 1565, 1679, 2210, 2354, 2417.

Anchi district, Fukien Province 1149

Anhui 1146,1652

Beiyin Obo, Suiyuan 2383

Cheng-Tai Railway, Shansi 2512

Chiachiaoshan, Pengshuihsien, Szechuan .2510

Chin-lln-chen iron field, north China . 1084

Chuchi district, Yunnan 2513

Fukien Province 1149,2084

Heichang, western Kweichow 1150

Hosi district, Yunnan 2513

Hsiaoheitsing deposit, Huiii district,

Sikang _ 467

Hsishan, Ocheng, Hupeh 465

Hsuanlunj type iron deposit _ 1639

Hunan Province 2379,2514

Hupeh Province 465,466,2317,2318,2658

Imen, Yunnan 1151

Kiangsi „ _ - 1265

Kuangshan, Fulinghsien, Szechuan - 2510

Kuangtungyai, Pengshuihsien, Szechuan. . 2510

Kunyang district, Yunnan.. _ 2513

Kwangtung Province 1715, 2339-2341

Kweichow Provhice 1150,1894

Leishan, Ocheng, Hupeh 465

Lienhsien, Kwangtung _ _ 1715

Linghsiang, Ocheng, Hupeh 2317,2658

Lochiutsun, Menghua, Yunnan 1572

Lower Yangtze region 1147

Luipo deposit, western Szechuan 2511

Luku deposit, Mienning, Sikang 468

Lungwu district, Yunnan 2513

Maku hematite deposit, Weinlng, Hweichow 1894

Nlnghsiang, Hunan 2514

Ocheng, Hupeh _ 465,2317,2658

Oshan district, Yunnan - 2513

Pangchiapu, southern Chahar, north China-1639

Pan-Tien, An-Hsl Hsien, Fukien 2084

Paoshanchang deposits, Tzuchin district,

Kwangtung 2341

Pehya, Hoching, Yunnan... 1571

Pengshuihsien, Szechuan 2510

Shuicheng, western Kweichow 1150

Sikang Province.. 467-469

Szechuan Province 2510, 2511

Tayeh deposit, Hupeh _ 466, 2318

Tsaitsukou deposit, Taofu, Sikang 469

Tungkuan-Shan, Tungling, Anhui _ 1652

Tzuchin district, Kwangtung... 2339,2341

Weining, western Kweichow 1150,1894

Yulchi district, Yunnan _ . .... 2513

Yunfu district, Kwangtung 11 2339, 2340

Yungchun district, Fukien 1149

Yungtai district, Fukien .1149

Yunnan Province ...1151, 1457,

1571,1572,2513

Chromic iron ore 389, 625, 862, 963

See efeo individual ere**.

Clinton red (hematite) ore 779, 1028,

1110,1782,2287

See efeo individual arras.

Colombia, general 228, 517,

701, 713, 904, 1187, 1549, 1550, 1679, 1808,

2016,2191,

Departamento de Atlantico 2021

Departamento de Magdalena 1764, 2021

Espiritu Santo deposit, Sevllla, Magdalena 1764

La Plata, Huila ...42

Morro Pelon deposit, Campamento, Antlo-

quia . „ _ _ 43

Pericos deposit, Guasca, Cundinamarca 364

Rovira, Tolima _ _ 41

Columbia River _ 1996

459,Hot Springs mine, Saguache County .

462, 2057

Iron Hills, Park County . 460

Iron King mine,White Pine district, Gunni

son County , 461, 462

Iron Mountain, Fremont County _ 2187

Jefferson County... ...-, 460

Lake County __ 462, 1354, 2057

Monarch district, Chaffee County _ .553

Montezuma quadrangle _ 1564

Morrison, Jefferson County 460

Orient mine ; . . . 2282

Park County 1.460, 462, 2190

Pitkin County _ ...609

Red Cliff district, Eagle County... 554,2415

Saguache County 459, 462, 2067

Taylor Peak, Gunnison County _ 966

Tincup district, Gunnison County 866

titaniferous ore 1226, 1287

Tomlchi (White Pine) district, Gunnison

County 461, 462, 553, 966

Western Slope 94

White Pine district, Gunnison County.

See Tomlchi district.

Concentration of iron ore. See Ores.

Concepts of reserves and resources ....227

Connecticut, general 998,1974,

1978, 2022, 2103

Canaan- — 360

Litchfield County.. 691, 1099, 1116, 1514

New London County 1635

Salisbury district, Litchfield County. _ 1099,

1116

Windham County 1635

Control of iron ore . . „ 748

Costa Rica 713,904

Crystalline iron ores , 1259, 1331

Cuba, general _ 673,701,

713,722,904,996,1028, 1187, 1546, 1565,

1679, 2417, 2547, 2581, 2636, 2699.

brown iron ores . 562,2545

Camagiiey 1 562, 1405,1494, 2246

Chromic iron ore 238

Daiquiri - _1291, 1537, 2186

Firmeza district, Oriente Province . 2050,

2186

Juragua Hills near Santiago 1328

Lateritic iron ores . 1495

Levisa _ 1 1405

Mahobal 238
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Cuba-Continued I**iex no.

Uayari deposit 1031,1290,

1405, 1494, 2698

Moa district, Oriente Province 543,562,

1031, 1405, 1494, 2637

Oriente Province 543,562,

1031, 1405, 1494, 2050, 2186, 2246, 2637

Ptaardel Rio Province 442,1405

Santiago Province _ 473, 1326-

1328, 1334, 1405, 2240, 2592

Specular iron ores of Santiago de Cuba... .1326,

1334

Czechoslovakia, general _ 1187,1389,

1390,1413,1679,2516

Bohemia . 2321, 2554

Carpathian Mountains 1370,2629

Iriava, Carpathian Mountains _ 1370

magnetites — 2144

Moravia 1389,1390,2554

Vrat, Zelezny Brod 2064

Denmark . 713, 904

Dogger ore 810, 809|

1001, 1155, 1995, 2109, 2110, 2117, 2118,

2143,2702.

Seo also individual countriti.

Dominican Republic, general 228, 275,

713,904,1187

Aluminous lateritic soil _.._ 868

Maimon-Hatillo district _ 1368

Sierra de Baboruco area 868

Dutch East Indies .._ - 861, 1187, 1679

Dutch Guiana, general.- __ .710,713, 1187

_ ._ 228

Ecuador

Egypt, general

.. 228, 701,713,904

. 90,91,517,1187

1547

1773, 2453

Aswan district

oolitic hematite ores

Encyclopedia of Iron and steel -2378

Enrichment of ore deposits. s©« Ore deposits.

Eritrea 228

Eruptive iron ores 1766

Ethiopia 228, 713, 904, 1187

Eulysitic iron ore _ - 84

See aluo individual couuliiua.

Europe _ - - 226, 2051,

2141, 2418, 2419, 2648

Exploration for iron ore -... 264, 1229,

1463, 1484, 1718, 1845, 2070, 2214, 2558,

2559, 2686.

Far East- - _ 705

Features of Iron ore deposits.

s •• Ore deposits.

Finland, general 228, 517,

701, 713, 1187, 1287, 1679, 2085

Jussaarlgebiet, southwest Finland 2086, 2380

Juvakaisenmaa _ , 239

Pltkaranta am Ladoga . 2399

titaniferous magnetite 1287

Vahajoki ore, Tervola _ 1681

Flotation of iron ores. s»» Ores.

Formosa 1187

Fossil iron ore 112,613, 1502, 1586,1871

S«« atmo individual countriu l.

France, general _ 228,491,

517, 593/701, 713, 904, 935, 996, 997, 1187,

1679,1805,2417,2419.

Alsace, Bade _ _ 2359

Anjou 703

Ariege 1986, 2695

Armories, _ 1977

bassln d'Aquitaine _. 190

bassin de Brley, Lorraine ... 378

France—Continued

bassln de Longwy ~

Biriatou, Basses Pyrenees

Bresse -

Brittany..-

Chaillac — -..-

379

455

594

.-.. 1306,1307

- 2490

Coatquidan (Morbihan), Brittany 1307

Crozon, Finistere 2701

Departement du Doubs . 1653

Devonian iron ore In Pyrenees 865

East France Iron basin 846

Foret deLorges, Cotes duNord, Brittany... 1306

FouraCuve, Normandy . 1947

Guedmioua 2495

Haute-Marne _ 1644

Haute-Saone _ 1644, 2365

iron carbonate ore — 1947

Langres _ 1642

limonite _ _ 455

Lorraine - 75, 77,

78,182,199,200,288,378, 380, 381, 1107,

1349,1360,1565,1642,1644,2473,2486,2488

Meurthe-et-Moselle 443

Normandy 703, 1072, 1947

northwestern 703, 1102, 1977

oolitic iron ores.. 75,77,

78, 378, 380, 381, 456, 865,1102,1107,1349

1644, 2473, 2486.

Perlgord _ „ 457

Pyrenees .455, 865, 2484

Rabat, Ariege - _ 2695

Rhone valley 456

Roquelaire, Ariege 1986

Silurian iron ore in Basse-Normandie 1072

western 444

French Equatorial Africa 228, 517, 1187

French Guiana, general 228, 701, 713

French Indo China, general 713,989,

1187,1193,1679

Cambodia 228

Lang-Phat ...1105

Laos 228

Red River, Tonkin 1104,1106

Vietnam 228

French Morocco, general _ 11,193,

228,740,904,1187,1679

Agadir ou Ar.zizen _ 740

Ait Amar 740

Boulhaut -....740

Christian-Phosphates plateau area 2471

Kettara _ 740

Khenifra 740

Ouarzemine-Tachllla 740

Ougnat ZZ 740

Oulad Said ... 740

Tidsl 740

French West Africa, general 228, 713,

1187,1465

Conakry, French Guinea 593

Fort Gouraud, Mauretania 223

French Guinea 593, 1679, 1830

Kandi, Haut-Dahomey ... 470

Gambia .517,1187

General 47, 102,

146, 148, 289, 290, 339, 340, 351, 358, 701,

702,1005,1487,1536,1565,1983,1994,2032,

2126,2298,2348,2498.

Genesis of iron deposits. s«« Ore deposits.

Geochemistry 1447, 1448, 1858

Geophysical methods of exploration 264, 1229,

1463, 2070, 2214, 2558, 2559, 2686

Georgia, general _ 713,1004,

1585, 1586, 1938, 2587

analyses of iron ore 1938

Bartow County _ 1510, 1584,2040

brown iron ores 1585, 1938
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Georgia—Continued Index no.

Cartersville district - 1026, 1032,

1309, 1310

Chattanooga region _ 331

Cherokee County .._ 1510, 2040

Clinton red iron ore 331,333,335,1938

Dahlonega, Lumpkin County 307

Ellijay _ _ ._ ...... 1922

Floyd County 1510, 1584, 2040

fossil iron ore _- 112, 1583, 1586

northwest _.- 335, 372, 2315

ochre deposits 2532

Paleozoic area 372

Polk County . _ __. 1510,1584,2040

Rome quadrangle 1027

Sand-Lookout Mountain area 2315

Thomaston quadrangle, Upson County 484

Germany, general 189,228,

312, 517, 701, 713, 904, 935, 996, 997, 1187,

1359, 1360, 1388, 1445, 1679, 1805, 2417,

2419.

Amberger deposits 2140, 2398

Auerbach Oberpfalz 808

Aumenau 2302

Bavaria. 1001,1187,2128,2250

Braunschweig 280, 2143

Braut mine, Hunsruck 2630

Breuschthal (Vogesin) _. 1755

Brilon region 764

brown iron ore 1756

central mountains - 173

Devonian iron ore _ _ _ 960, 1389

Dill _ 1060

Dogger ore _ 2702

Donnersberg 2252

Eppstcin-Schleler _ 1387

Franconian alps. 809,2117,2118

Halmyrolyse . ... 1162

Harz Mountains 2541

Hesse 1006

Hornburg . 2142

Isle de Hutte mine, Peine -— 1645

Jura deo Oberrhelntalgrabens 728

Jurassic iron ore 17

Kellaway-Oxford ore south of Black Forest. 2120

Kraichgan, Baden 2115

Lahn-DiU 261, 1272,

1467,1543,2229,2627

Lahnmulde 1468

Lahnthal _ 181

Lahn-type ore 1469

Lorraine .. - 46

magnetite 187, 188

Mecklenburg 128, 2494

Oberhessen 196, 1356, 2229

Odenwaldes 1346

Ofleiden

oolitic iron ores

Ostalpen..

Pomorania

Rheinhessen

Rhineland .

Riesengebirge

Ruhr

2129

46,189,265,280,728

481,1663

1831

_ 144

Salzbacher, Bavaria

Salzgitterer iron ore

230,803,1062,1982

187,188,741

1832

2250

2106,2142

Sarre 228, 288,2127

Schleswig-Holstein 758

Schmiedeberg mine, Riesengebirge .... . 187,

188, 741

Schmiedefeld, Thuringia 2111

sedimentary iron in Lias-V... 981

3een-Ohmthals _ _ 1756

Siegerland „ 143, 266,

1061,2121,2229

southwest 17

Thuringia 1163,1412,2111

Upper Silesia - _ 1103

Westerwald - 1981

Germany-Continued Index

Westphalia 265, 257

Wurtemberg - 777, 1187, 257

Gold Coast, general 517, 713, 1187, 12C

Great Britain, general 228, 517

701,713,935,956,996,997,1187,1679,2262

2417,2419.

Alston _ _ 128

bedded ores M

254

54, 55, 9E

Bristol and Gloucester district

Cleveland district

Cleveland ironstone !

coal measures 95

Cornwall .. .- - 128

Cumberland hematite 634,683, 1297,212

Devon 128

Forest of Dean mine 1296,2281,236

Frodingham ironstone .5

Furness field 658,957

958,1296,212

Greensand iron — - 95

hematite — 957, 95

Jurassic ironstones 54,737,73

Kettering district _ _ _ Ill

Liassic ironstones 55, 2505, 25(3

Lincolnshire iron field - - 253

map of iron ores 90

Mesozoic ironstones. 1118, 2350, 256

Midlands Liassic ironstone 250

Northampton sand ironstone 55, 1118

1119,1120,235

Northamptonshire iron field 78

North Staffordshire ..._ 375, 37

North Wales 196

South Cumberland field 658, 957, 95

South Wales 1296, 180

Wales iron ore map 90

Wealdon _ 956, 233

Weardale ...129

West Cumberland field „ 1296, 212

West Cumbrian hematites 239

West Somerset 129

Yorkshire Dogger 199

Yorkshire Liassic 5

Greece, general 178, 228

517, 701, 713, 904, 996, 1187, 167

Serifos Island _ _ 1946, 266

Greenland, Insel Disco 180

tltaniferous iron ore 198

Grunerite 202

Guatemala _ 228, 71

Haiti, general- - 710,713,869,118'

aluminous lateritlc soil - - 86!

Hematite 847, 848, 926, 938. 1097,2231

See alio individual conn trie f and areas

Clinton red ore; Banded hematite ore.

Genesis 661, 224S

Hydrothermal origin 3CH

Magnetite-hematite relations 284, 847, 93f

Significance in ore deposits... 84f

Honduras ._ 713,904,1181

Hong Kong 1181

Hungary, general _ _ 228, 231 ,

517, 701, 713, 733, 904, 1357, 1557,1679,

2516.

Ajfalucska 182£

Almosd _ 248!

Bagamer 2114, 248J

Debrod. - _.- 1828

Dobsina, 1186

Dolha _ 1856

Gyilalja 1859

Hradek - 231
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.■3_r.glry—Continued Index no.

Jaszo - .-. 1828

Kakuk-Berge — - - 2683

Kassaer Havas 780

Kokad — - 2485

Mecsek -- 2337

Nagyleta _ 2485

Vasberges von Kassa 780

Vashegy _ _ _ 231

iarnya _ — _ _ 1859

Hydrated ferric oxides - 1940

Hydrothermal oxidation and leaching of ores 929,

932,2071

Idaho, general 1679,1806,2063,2679

Atlanta district, Elmore County 51

Clearwater district, Idaho County 1606

Florence district, Idaho County 2009

heavy alluvial minerals 2260

Hornsilver mine. Lava Creek district,

Butte County 52

Idaho County 1606, 2009

Iron Mountain district, Washington County 1608

Last Chance mine, Lava Creek district,

Butte County _ 52

Lava Creek district, Butte County 52

Grofino _ _ _ _. 50

niiaois, Dixon quadrangle .._ 1350

Gray deposit. Galena district .._ _ 1304

Neda formation, northeastern Illinois 2644

northern __ 1805

St. Peter sandstone 1425

L'Jia, general 228, 311,

517,661,701, 713, 820, 989, 997, 1679, 1903,

2417.

Aden _ 1187

Agra _ 1187

Assam . .. 1187,1392

Bailadila range, Bastar State 556

banded hematite ores 661, 2249

Bangalore district 1958

Bastar district 1392

Bengal 1187, 1392

Bfliar 12,659,

660,1187,1247,1392,1900,1901,1906, 2249,

2384.

Bombay —— - - _ 1187, 1392

Brata Duars - 1418

Chanda district . 1392

Chitaldrug district, Mysore - 2088

Cuddapah, south India 2146

Dahlbhum, Bihar 2384

Daltonganj, Palamau district 2147

Devarnarsipur titaniferous iron, Mysore 1993

Drug district 1392

Eastern Bababudans, Kadur district, My

sore . _ 1928

Goa district 1187, 1392

Hassan district - _. - 1959

Holalkere taluk, Mysore • - 1992

Hosdurga taluk, Mysore . 1992

Hyderabad State 1187, 1392, 1709

Jubbulpore district — - - 1392

Kadur district, Mysore - 1928, 1959

Kanjamalai Hill, Salem district, Madras 649

Kashmir 1392

Kolar district -_ _ 1958

Kudada, Singhbhum, Bihar 12

Madras 649, 1113, 1187, 1393, 2146

Malvalli, Mysore 736

Uandl State, Punjab. 2067

MayurbhanJ, Bihar _ 2384

Mysore _ _ _ 736, 1187,

1928, 1958, 1959, 1985, 1987, 1992, 1993,

2088.

Narnaul district, Patiala State _ 241.

India—Continued Index no.

Noamundi, Singhbhum, Bihar 1900

Northern ..... ._ 1565

Northern Shan States... 306

Orissa - 1187, 1247, 1392,1901,1906

Oudh - 1187

Punjab - - 1187, 2067

Rajputana 1187

Ratnagiri district, Bombay 1187, 1392

Salem district, Madras 849, 1113, 2146

Shimoga district, Mysore .2088

Singhbhum district, Bihar _ 12, 659,

660, 1392, 1900, 1901, 1906,2249

Singhbhum-Orissa iron ore series . 1906

southern 2146

Suliapat mine 1902

Hyderabad, Deccan 2336

Tumkar district _ „ 1958

Indiana, general _ 769, 1552

Dearborn County 1040

Franklin County ..._ ._ 1040

Jennings County 1040

Martin County — _ 2159

Ohio County — 1040

Randolph County 1040

Switzerland County 1040

Union County _ _ 1040

Wayne County 1040

Indonesia _ 713, 989, 2417

Iowa, general 409,1069

Allamakee County .._ 195,1839

brown hematite .._ 195, 1839, 1911

map _.. 1069

Waukon 1145,1911

Iran (Persia) 228,517,713,904, 1187

Iraq (Mesopotamia) 1187

Ireland, general _ 713,1325

Crommelin mines, County Antrim 1888

County Antrim 1298, 1888

Iron and steel industry 15,44,

153,292,454,730,731,759,1257,1289, 1659,

1758, 1996, 2003, 2046, 2201, 2272, 2323-

2329, 2449, 2562, 2648.

Iron bacteria .„ 714, 973, 975, 1825, 2376

Iron in coal 24,1782

Iron manufacture, history 2326

Iron oxide mineral pigments. s»e Paint ore.

Iron sands 385, 390,

391,588, 1180, 1161, 1866, 1867

S«e mlao individual connlri as and arras.

Iron sands on sea bottom _ 2665

Itabirite 972

Se« olao individual couniris s and areas.

Italian Somaliland _ 228,1517

Italy, general 228,517,

701, 713, 904, 1 187, 1427, 1079, 2270

Alps

Elba Island ,

iron sands ..

Lago di Bracciano, Rome .

Nuoro Province, Sardinia

Ogliastra, Sardinia

_ 2270

424, 1641, 2270

- 1909

1909

2149

. 2474

Sardinia 713, 1650, 2149, 2474

Sassari Province, Sardinia 2149

Tuscan Mountains _ 616

Jamaica ...713,2667

Japan, general - 61,228,

517, 701, 713, 731, 904, 989, 996, 997, 1187,

1216, 1287, 1679, 1933, 2257, 2319, 2417.

contact metamorphic iron deposits- 2530

descriptions of iron mines 61

Gumma mine, jarosite-limonite deposit ... 2081

iron and steel industry 731

iron sands „ _ 2312, 2529

Kamaishi mine 2530

Kunimiyama mine, Kochi Prefecture 2101
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Japan—Continued Index no.

Lake Inawasiro - - 2528

Sinko mine, Rensenmen, Huneigun, Kank-

yohokudu . - 2313

Tenmabayashi district, Aomori Prefec

ture 2529

titaniferous magnetite _ . 1287

K

Kansas, Crawford County.,

Katanga .

647

528

L'Entre-Luembe-Lubilash, itabirite. ._ 377

Kentucky, general —. 559, 713,

1195,1679,1686,1805

Bath County 1337, 1541, 1757

BeU County 264, 1960

Boyd County- 1740, 1920

Caldwell County 383

Carter County

Clinton iron ore

Crittendon County .._

Cumberland River ores.

Cumberland Valley region .

Fleming County .

Greenup County ..

Hanging Rock region ,

Harlan County. _

. 1740, 1920

.._ 2560

1775

383

1594, 1742,

1744, 1960

_.. 1541

1740, 1920

1740,1744,

1841, 1920

1960

822

Lake Superior region—Continued

hydrothermal leaching

hydrothermal replacement

metallurgy ..

932

. 2036

Pre-Cambrian rocks ..

reserves —

taconite

1496

582, 1078, 2038, 2572

303,581,

584, 585, 936, 1509, 2268, 2719

See ■/• o Michigan, Minnesota, Wisconsin.

Lateritlc iron ores 1619, 1520, 1696,2135

Sec alao individual ceiNlmi ,..' ere**.

Leaching of iron protores 1561

Lean iron ores 1006, 1065

Lebanon _ _ 228

Lesser Sunda Islands „ 1187

Liberia, general _. 713,904, 1187,2419,2717

Bomi Hills _ 768, 1155, 1788, 2721

Limonite 222, 1782

chemical composition 222

genesis 450, 574, 825

mineralogical composition —— 222

See ilia individual couutriat and ar

Lodestone .

genesis .

129,926

1128,1770,1785

See alao individual countriaa and araas.

Louisiana, general , 713

Bossier Parish. . 336

Caddo Parish ., 336

northern . . . 1235

Webster Parish , . 336

Low Countries 238

Luxembourg, general 75, 77,

78, 182, 228, 517, 713, 715, 996, 1187, 1349,

1574, 1575, 1880, 2419, 2579.

Differdange Dogger . 2110

Minette formation 2108, 2473

oolitic iron ores ... 75, 77,

78,1107,1349,2473

M

Madagascar 228,713, 1167

Magnetic sands 813, 1187, 1284

See alao individual counlriaa and ataaa.

Magnetic surveys...... — 132-135,

282,296,519,647, 786, 842, 874, 1009, 1010,

1084,1213, 1214, 1315, 1362, 1412, 1413,

1498, 1499, 2070, 2261, 2298.

Magnetite _ _ 192, 588,

722,797,847,894, 926, 928, 938, 1540, 1786,

2410.

cementing ore conglomerates __ ... 931

genesis 34, 35, 605,

1785, 1786, 1790, 2158, 2561

magnetite-hematite relations 284, 847, 938

pegmatites 917

polarity 2508

segregation in banded syenite 918

See alao individual eoaaltiaa and ataaa.

Maine, general .

Katahdin .

Milan mine .

Malaya

186,720,1096

1514,1692

720

.228,517,

Malay Peninsula

Manchuria, general

aluminous shale ...

An Shan district ...

banded iron ore

713,989,991,1187,1679

1193

7i3,730,

989, 2046, 2309

2083

86

.83,85

_2403

_2311

„._84

.2311

Hartford quadrangle

Kenova quadrangle

Knox County

Letcher County

limonite

1921, 1924

1960

.. 1960

_ 383

Livingston County

Lyon County..

-1775

383, 1775

Middlesboro, Bell County 254

North Cumberland Valley . . 1960

Red River region _... 1741, 1744

Rose Run area, Bath County 1757

southeastern 1594

Trigg County .._ 383, 1775

western _ -. 382

Whitley County _ _. 1960

Kenya 228, 1713, 1187

Korea, general 517, 701,

713,989,1187,1679

Kokai-do 1185

Mozan district, North Kankyo-do 1184,1269

North Korea 989

Rigen mine, South Kankyo-do „ 1183

Shoenpe-to, titaniferous magnetite 1182

South Heian-do 1185

South Korea 989

Krupp-Renn process ._ 2723

Laboratory concentration of ores. see Ores.

Lacustrine ores 1367

Lake Superior region, general — 31, 45,

102, 150, 174, 203,209,210,214,274,311,

560, 568, 579, 581,582,701,724,789,790,

897,898,929,930, 932, 936, 996, 1028, 1029,

1077, 1136, 1138, 1161, 1173, 1187, 1211,

1233, 1246, 1421-1424, 1471, 1472, 1476-

1478, 1485, 1490, 1492, 1496, 1509, 1565,

1654, 1679, 1735, 1782, 1804, 1805, 1812,

1872, 1918, 2068, 2069, 2072, 2133, 2255,

2334, 2335, 2413, 2463, 2465, 2469, 2499,

2565, 2604, 2605, 2807, 2621, 2645, 2655,

2669, 2675.

analyses 1424

Chapin mine.. . , 1453

flow map 1422

Grunerlte 2024

hematite 1492

Cheng te, Je ho Province ......

Diarlsiko deposit, Tohendo

eulysitic iron ore

Hatldoko deposit, Tohendo _

iron and steel industry —

Ma lp kou mine —

Miao Erh kou mine

-730,2046

1761

2402

Nashan, Linkou Prefecture, Tungan Pro

vince „ ___.
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tiarjchuria—Continued Index no.

southern 1191, 2210

tit_niferous magnetite 2403

Tofaendo 2310,2311

Yin-gtaoyuan, Fengtien Province 83

Majjgarjferous iron ore 976

Maps

Martite

Maryland, general .

idaat countries mud ir#4i.

358, 845, 905, 965, 1679

835. 926

■dual countries and araaa.

186, 568, 1805, 2181

Baltimore County 1637

Carroll County __"___ 2180, 2188

Frederick County 2180, 2188

Prince George's County _._ _ 1687

2180

- 1205

Washington County

Whitehall Station

Massachusetts, general

Berkshire County

brown iron ore

_ 557,695,1975

_ 359,475,691,1514

— _ -...259,475

-heevfjr limonite, Berkshire County 359

Cumberland . 1114, 1115

Diamond Hill-Cumberland district 2526

Gay Head, Martha's Vineyard __ 219

Piainfield - Hawley area, Franklin and

Hampshire Counties 1979

Salisbury district 1099

Jij:; j.i works _ _ 1587

siderite . _ 219

Metallurgy. s«. Ores.

Mexico, general . __ . 228,517

701, 713, 775, 776, 871, 904, 996, 997, 1028,

1088,1089,1187,1679,1838,2417.

Baja California _ _ 2386

Ceiro de Mercado, Durango. 184,205,

747, 775, 787, 1089, 1990, 2087, 2173

Chihuahua, Estado de 872,2385

Coah.jiia, Estado de ..,774,800/1089,2385

Colima, Estado de _. 774

Durango, Estado de __ 184, 205,

747, 774, 775, 787, 1089, 1990, 2087, 2173,

2385.

Guadalajara, Estado de _ _ 1336, 1869

Guerrera, Estado de _ 1089

Hacienda de Vaquerias, Hidalgo .._ „. 2489

Hidalgo, Estado de - 775, 1868, 2489

Jalisco, Estado de __... 1089, 1869

Las TTuchas, Micboacan _.. 774, 1869

martite and hematite ores -..- 1089

Michoacan, Estado de 774, 800, 2385

northeastern _ 775

Nuevo Leon, Estado de 774,800,2385

Oaxaca, Estado de 212,774,775

Pacific Coast _.. 775

Sinaloa, Estado de

Sonora, Estado de

southwestern

Teruel

_ 2173, 2386

775, 2386

_ 775

_.... 1336

Valle de Bravo, Estado de Mexico 1870

Zacatecas, Estado de _ 2385

Michigan, general 29, 289,

290,701,713, 1195, 1450, 1679, 1864, 1974,

2502.

Aeromagnetic maps . 115, 126, 2543

Agawa iron formation, northeast Michigan 2264

Baraga County 126, 2138, 2226

Bear Lake, Houghton County 2649

Blueberry mine, Marquette range -. _ 73

Cascade range _... _ 1596

Champion mine, Marquette district 209

Cleveland mine, Marquette district 209

Crystal Falls district, Iron County 99, 488,

489,1204,1210,1917

Crystal Falls-Alpha district, IronCountyl914,

1915

Dickinson County 483, 668,

670, 1428, 1429, 1453, 1916, 2543

Michigan—Continued Index no.

Eureka-Asteroid mine, Gogebic range 2104

Felch Mountain range _ _ 1439

Gogebic range _ ;___ 92,93,

209, 1471, 2072, 2104

Houghton County 126,2649

Humboldt and Lake Michigamme, Mar

quette range _ 2684

Huronian 619,1865,2414

Ice LakeChicagon Creek area, Iron County 1214

Iron Cliffs mine, Marquette range 209

Iron County 28,99

115, 126, 488, 489, 669-671, 676, 874, 1204,

1209, 1210, 1212-1214, 1914, 1915, 1917,

2542, 2686.

Iron Mountain, Menominee range 1442

Iron River district, Iron County 28,99,

669, 671, 1209, 1210, 1212, 1213

Judson orebody, near Crystal Falls 1204

Keweenawan 1865

Keweenawan lavas, hematite, ilmenite,

magnetite 529

Lake Michigamme area 2136,2684

Lake Superior region. See Lake Superior.

Ludington mine, Iron Mountain. 308

magnetic sjrveys __ 874, 2332

Marquette County 10, 879, 2138, 2226

Marquette range, general 73 209

256, 681, 879, 893, 1254, 1324, 1677, 2058!

2072, 2137, 2170, 2331, 2414, 2464, 2466

2467,2500,2576,2585,2684.

formation of martite in siderite _.2578

greenstone schist 2585

Mine no. 2 .._ 681

Mine no. 5 893

Menominee quadrangle _ 2468

Menominee range, general 158, 209

668, 682, 814, 1210, 1441-1443, 1877,2069

2072, 2585.

greenstone schist-

Mine no. 1__

Michigamme mine, Marquette range

Mineral Hills district, Iron River, Iron

County

mi'ring industry

Negaunee iron formation

2585

682

209

675

29

___ _ _10

Newport mine, Ironwood .._ 2457

northern Michigan pre-Cambrian geology 32

Norway Lake, Dickinson County 483

Norway-Waucedah, Menominee range 1443

Penokee series.- _ 1200, 1201

Penokee-Gogebic series __... _ 2462

Peshekee River area, Marquette and

Baraga Counties _ 2138

Randville, Dickinson County _ 1428, 1429

Republic area ..._ _... qq

Republic mine, Marquette range 209

Republic trough _ _... 2466, 2467

reserves .30,1483,1863

Sholdeis - Doane and Red Rock explora

tions, Iron County 2542

Spruce River area, Marquette and Baraga

Counties 2138

Stager area, Iron County. 874

Sturgeon River tongue 488, 489

Tyler and Copps formations, Gogebic

range _ _ _ g3

Upper Peninsula .2060, 2062

Microscopic structure of United States iron

ores 520

Middle East __ 1344

Mineral dressing. see Ores.

Mining methods _ _ __ 59,203,

243, 375, 376, 546, 547, 563, 583, 681, 682,

737, 738, 893, 894, 1065, 1233, 1408,2104,

2105,2156,2456.
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Minnesota—Continued Indez °°-

Mille Lacs County 1048, 2430, 2432

Morrison County 1052, 1059

northeastern _ _ _ 281, 933

northern _ ..- 472, 917

Otter Tail County 124,125

Pine County - - 1048,2450

Pioneer mine, Ely — - 428

Polk County 122

Red Lake County ..... 122

Roseau County 2439

St. Louis County .919,1665-1670

Scallon-Todd lease, Aitkin County 914

Soudan formation 927

Soudan mine 2707

southeastern.. _ _ — 2265,2266

southern - .. 2364

Spring Valley, Fillmore County 2197,2265

Taconic iron ores ... 2624

titaniferous magnetite- - 281,290, 1287

Todd County 118

Vermilion range — 3, 487,

927, 2072, 2461, 2609, 2610

Wadena County _ _ .._ 119

Mississippi, general .1569, 1570,2433

Benton County 1568

Bethlehem area, Marshall County 2483

central 2066

Choctaw County 2480

Enterprise, carbonate ore' 259

Lafayette County . 89

Marshall County. 1568,2463

Potts Camp area, Marsha" County 2483

Webster County 2481, 2482

Mississippi Valley region 369

Missouri, general 213,278,

482,543,713,1195,1679,1711,1768,1969,

2113, 2374, 2583, 2584, 2628.

Benton County _ 279

Bourbon magnetite, Crawford County 1612,

2708

brown iron ore 482

Buford Mountain 816

Butler County _ 113

Cameron, Clinton County ~*A

Carboniferous ores

Cedar Mountain

1 8

ul6

Crawford County 665, 1385, 1612,2708

Dent County 665

filled-sink iron deposits _ 665

Franklin County _ 665, 1385

Hickory, Johnson County _ 24

Hickory County 279

Iron County _ _ „ _ 2625

Iron in coal measures -... _ 24

Iron Mountain.. 568,608,

816, 1419, 1805, 2189, 2256, 2625

laboratory concentration of ores ...608

Madison County 2625

map 1779

Pilot Knob 568, 608,

816, 992, 1805, 1969, 2189, 2256, 2269

production .„ *._.. 213

pyrite deposits - 903

Ripley County .113

St. Francois County ...

secondary limonite

Shepherd Mountain ....

southeastern

Texas County

Wayne County „

113

816

.1739

__ —965

113

645

Index no.

Minnesota, general 209, 282,

701,713,723,917, 918, 920, 926, 1195, 1257,

1679, 2233, 2234, 2301, 2459, 2498, 2600,

2606, 2611, 2612, 2614, 2616, 2620, 2622,

2626.

aeromagnetic maps 118-125, 1664-1670

Aitkin County - 914,1046,

1895,2370,2429,2432

Babbitt, Beaver Bay _ 2724

Becker County 120

Beltrami County 1055,2437,2438

bibliography 909, 910, 2597

Biwabic formation, Mesabi ranae „ 915,

922, 923

Carlton County _ 1895

Cass County ._ 1051,1053,1054,1056

Clearwater County 121, 122,2437

Crosby and Ironton area, Cuyuna range,

Crow Wing County . 2116

Crow Wing County 1054,1057,2116, 2635

Cuyuna range, general , .. _ 7,71,272,

464, 974, 978, 979, 1281,1458,1481,1516,

1704, 1803, 2072, 2116, 2132, 2360-2363.

2442, 2618, 2633, 2668, 2670, 2671, 2673,

2674.

concentration tests - 71

history 1704

iron sulfides ——2361

magnetite slates - 2360

manganiferous iron ores 974,

1516,1803

phosphorous iron ores 2362

Douglas County - 123

Duluth gabbro - 281,282,2131

Ely trough - _ 3

Evergreen mine, Cuyuna range 1458

Grant County _ _ 123

Gunfllnt district _ 285

Hubbard County 119,1050

iron sulfide deposits 1895,2361

Itasca County - - 70, 1045,

1046, 1049, 1058, 2427, 2428, 2431

Kanabec County.. . 1048,2430

Keewatin iron . 2615, 2623

Knife Lake area 933

Koochiching County - 1046,2428,

2434-2436, 2440

Lake County _._ 1664, 2442

Lake County nickel area _. 1664

Lake of the Woods County 2438, 2439

Lake Superior region. See Lake Superior,

Mahnomen County . 121

magnetite 282, 916,

919, 921, 924, 925, 931, 1795, 2123, 2251

magnetite cementing ore conglomerates...... 931

Magnetite pegmatites 917

magnetite segregation in banded syenite 918

manganiferous iron ores 1257, 1803

Marquette range 256,1168,

1254, 2072, 2500

martite 924, 926, 1795

Mesabi range, general . 38,59,70,

283, 303, 896, 915,916,921-925,931,934,

1065, 1154, 1250, 1471, 1473, 1553, 1795,

1873, 2025, 2072, 2073, 2130, 2251, 2253,

2254, 2351, 2563, 2602-2604, 2608, 2613,

2619, 2631, 2632, 2634, 2715, 2728.

concentration tests . 70

history 1553

magnetite 916, 921, 925

magnetite cementing ore conglomer

ate — _... 931

magnetite crystals from meteoric

solutions— 2251

metamorphic iron in relation to Em

barrass granite 2025

paragenesis of martite-magnetite..924, 1795

taconite _ 303, 934, 1154, 2073

Missouri Valley region .

Montana, general — 445, 2390

Belt Creek, Meagher County _.. 880

Blackfeet Indian Reservation _ 2267

Choteau deposit, Teton County 2598

Judith Basin County _ _ 881, 882, 2043

Meagher County 880, 883, 2008

northwestern 333
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Montana—Continued Index no.

Running Woll district, Judith Basin County 881,

2043

Seep Creek deposits, Meagher County __ 2008

Southern Cross deposits, Deer Lodge

County _. 2599

Stanford . _ _ . _.. 2555

Sweet Grass Hills 1294

titaniferous magnetite _ 333, 2267, 2598

White Sulfur Springs, Meagher County 883

Yojo Peak, Judith Basin County 882

Mozambique (Portuguese East Africa) 1187, 1466

titaniferous iron ore -I486

•I

Netherlands

Nevada, general

aeromagnetlc map

517,904,1187,1403

713, 1679

._ 1821

Amarilla iron deposit, Eureka County . 1070

Birth iron deposit 1249

Boulder Dam area _ 1463

Buena Vista deposit, Churchill County 1376,

2012

Buena Vista Hills, Churchill and Persh

ing Counties _ _ _ _ 2012,2125

Churchill County ... ._ _. .1376, 2012, 21CS

Dayton deposit, Lyon and Storey Counties . 2'32,

828, 908

Eureka, Eureka County _._ 1821

Eureka County _ . 1070, 1378, 1821

Goodsprings quadrangle _ 1073

McCoy deposit, Lander County 1377

Modarelll deposit, Eureka County .1378

Pershing County... 1380, 2012,2125

Phelps Stokes deposit, Nye County 1379

Pioche district _ _ 2556

Segerctrom-Heizer deposit, Pershing

County 138C

southern _ _ 431

New Caledonia- 228, 1 187, 1679, 1904

New England _. 186,691,695,2624

limonite ores 691,695

Newfoundland, general 517,701,

713, 945, 994, 996, 997, 1028, 1187, 1482,

1597, 1679, 2224, 2225, 2369, 2419.

Bay de Verde _ 2224

Bell Island, Conception Bay 447

Conception Bay 447, 1023

Fortune Harbor . _ 2224

Hickey's Pond 2224

Lilian Head area 1078,2224

magnetite 103

St. Lawrence _ - 2224

Sheep Brook-Lookout Brook area 103

Steel Mountain _ 2224

Tilt Cove _ ... 2224

undersea iron deposits 1033

Wabana 67,423,

1003, 1018, 1019, 1021-1023, 1187,1535,

1565,1602,2224.

Kew" Guinea (Papua) 1187

Hew Hampshire, general . . 186, 2564

Bartlett -..— - 1172

Franconia mine, Lisbon - 2479

Littleton quadrangle 202

Moosilauke quadrangle 202

New Jersey, general _.._ 159,568,

620,701,713,1195, 1221 - 1223, 1345, 1409,

1410, 1516, 1679, 1767, 1778, 1805, 1974,

2044,2214.

Ahlesmine, Warren County 1144,2397

Andover district, Sussex County 2179

Andover - Sulphur Hill mines, Sussex

County _ 1580

Ayres mine, Cummins district, Warren

~ inty. _ _ _ 1144

Chester quadrangle 1039

Cummins district, Warren County — — 1144

New Jersey-Continued ""■ ">■

Delaware Water Gap _ 168

Dover district, Morris County 2029,2178

Dover quadrangle . . _ 1039

Easton quadrangle 168

Franklin Furnace quadrangle 1038, 2248

Franklin and Sterling Hill, Sussex County. 1857

Greenwood Lake quadrangle __ 2443

Hamburg quadrangle . 1038

Henry tunnel area, Pequest district,

Warren County _ ... 1144

Hibernia mine, Morris County 1967

Highland Mountains 2213

Hoit mine, Pequest district, Warren

County 1144

Hunterdon County 242,1144

Jersey Highlands 1013, 1038, 1039

magnetite 242, 1003,

1139, 1143, 1144, 1778, 2207, 2213, 2214,

2241,2261.

Mendham quadran'jle _ 1039

mines _ 1221,1222

mining industry 1223

Morris County _.. 1144,1410,

1967, 2029, 2178, 2261

Morristown quadrangle 1043, 2447

Mt. Olive district, Morris County 1144

Newton East quadrangle - - _ 1038

northern 2207, 2261

Passaic County 2261

Passaic quadrangle 577

Pequest district, Warren County 1144

Phillipsburg, specular iron ore 1206

Pine Island quadrangle „ 2446

Plainfield quadrangle 2445

Rarltan quadrangle 169

Richard mine 2044

Ringwood district 1769

Scrub Oak mine . . 2044, 2045

Somerville quadrangle 2444

Stanhope quadrangle 1039

Sterling-Ringwood district 1138, 1143

Sussex County 1144,1580,

1805, 1857, 2179, 2241, 2261

Swayze mine, West Portal district, Hunt

erdon County ._ „ A 1144

titaniferous magnetite _ 1287

Turkey Hill mine, West Portal district,

Hunterdon County 1144

Warren County 1144,2261,2397

Warw :k quadrangle .„ 2446

Wellington-Wrlghtdeposit.SussexCounty .. 1144

West Portal district, Hunterdon County ... 242,

1144

New Mexico, general... 185,701,

713, 1277, 1679, 1826

Black Range (Pierce Canyon), Sierra

County 1278

Boston Hill, Grant County 726,1229

Caballo Mountains, Sierra County 1278

Capitan deposit, Lincoln County .. . 1279,

2237, 2239

Chupadera Mesa, Torrance County 1312, 1314

Fairview deposit - 2223

Gallinas Mountains, Lincoln County 1276, 1280

Glorietta, Santa Fe County 1455

Grant County 722,725,

726,1229,1278,1354,1454,1455,1852, 185G,

1991,2238,2247.

Hanover (Fierro), Grant County 722, 1354,

1455,1852,1856,1991

Iron Mountain, Socorro County 1455

Jones field, Socorro County 717, 901

Lincoln County _ 1276, 1279,

1280,2164,2237,2239

Little Hatchet Mountains, Hidalgo and

Grant Counties 1454

Magdalena district, Socorro County 1556
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New York—Continued

Lake Saniord, Essex County .. 36,114,

New Mexico—Continued

manganiferous iron ore .

Index no.

.725,726,

1229,2238

oolitic iron ore „ - „ 1278

Orogrande, Otero County 1455

Pewabic mine 2119

Pinos Altos, Grant County 1278

San Andres - 1278

Santa Rita, Grant County 1856,2247

Silver City, Grant County 726, 1278

Silver Spot, Grant County 2238

Socorro County 717,901,1455,1556

New York, general 701,713,

718, 954, 965, 1002, 1195, 1288, 1679, 1791,

1794, 1805, 1827, 1974, 2216, 2421, 2568.

Adirondack magnetite region 34,35,

36, 53, 116, 147, 317-319,739,855,1029,

1155, 1286, 1287, 1539, 1700, 1771, 1772,

1790, 1796, 1802, 1837, 1846, 1850, 2080,

2217, 2394, 2704, 2706, 2713.

aeromagnetic maps..... _ 116, 117

Allard Lake 147

Antwerp and Fowler Belt „_ 558

Antwerp quadrangle 315, 558

Arnold-Palmer Hill group, Clinton County 36

Ausable quadrangle 1293

Barton Hill Mines, Mineville district,

Essex County 36

Benson mines, St. Lawrence County 36,53,

1012,2381

Black Brook, Clinton County 133

Brandy Brook belt, St. Lawrence County. 1498

Brewster district 1358

Broughton deposit, Essex County 2093

Burden mines near Hudson 2074

Caledonia mine, St. Lawrence County 273

Carney mine, St. Lawrence County „ 273

Catskill quadrangle 1799

central _ 471, 854

Chateaugay, Clinton County 53

Chateaugay quadrangle, Franklin County... 1774

Cheevermine, Port Henry district, Essex

County.. . -.._ 36

Chlldwold quadrangle - .- 117

Clark mine, St. Lawrence County.— 273

Clifton deposit, St. Lawrence County.53, 2172,

2506

Clinton County _ - ....-36, 53,

132-134,544,567,568,819,1029,1139,1143,

1699, 1701, 1793, 1797, 1805, 1942, 1943,

2007,2217.

Clinton hematite ore. 37, 102,

692, 854, 1791, 1801, 2219, 2222

Clyde quadrangle _ „ — 853

Columbia County 691,1329,1514,1999, 2217

Cranberry Lake quadrangle, St. Lawrence

County - 116,317,318,319

Crown Point, Essex County 36,320,544

Dannemora district, Clinton County 132

Dannemora quadrangle „.. 1942

Dead Creek area, Cranberry Lake quad

rangle 318

Dixon mine, St. Lawrence County 273

Dutchess County _ 691, 1514, 2217

eastern 691,695

._1295

36,53,

Elizabethtown quadrangle

Essex County —

114, 208, 209, 320,544,563,568,894,953,

1064, 1139, 1143, 1285, 1802, 2030, 2031,

2093, 2273, 2274.

Hammond quadrangle —. 315

Hammondville mines ___ 36

hematite 273, 558, 692, 1514, 2706

Hudson River _ 2217

Jefferson County 2217, 2220

Jersey Highlands 1013

Keene mine, St. Lawrence County— -.... 273

Lake Champlaln _ 2217

2273,2274

Laurentian magnetic iron . , 952, 953

limonite _ 691, 695,

754, 902, 1798, 2074, 270€

Little Caledonia mine, St. Lawrence

County- L_ 273

Long Island Sound, magnetic sands B13

Loon Lake quadrangle, Franklin County . 1944

Lowville quadrangle— , 315

Lyon Mountain mines, Clinton County. 30, 53,

816

Lyon Mountain quadrangle 1701, 1789, 18GO

Maclntyre ..... 53

magnetite _...._ 114, 132-134,

208, 317-320, 513, 563,819,894,952,953,

1013, 1139, 1143, 1285, 1497-1499,1683,

1684, 1699, 1700, 1789, 1790, 1793, 1796,

1797, 1800, 1802, 1837, 1846, 1943, 2030,

2093, 2276, 2706.

magnet!te-ilmenite 114

martite _ _ 2727

Mineville district, Essex County _ 36, 53,

209, 563, 894, 1064, 1285, 1802, 2030, 2031

Moriah, Essex County „ 544

northern - 1010

Oakhill - on - Hudson, spathic iron ore,

Columbia County _ .._ 1999

Ocean Terrace, Staten Island .- _ 902

Oneida County - _ 692

Ontario iron mine _ 2349

Oriskany quadrangle „ „ -572

Oswegatchie quadrangle 571, 1011

Palisade diabase 2507

Parish deposit 2506

Passaic quadrangle - 577

Perm Yan, Yates County 490

Peru, Clinton County 544

Port Henry district, Essex County 36, 53,

208,209,1285,1802

Port Henry quadrangle 1295

pre-Cambrian geology 1288

Putnam County _ 209, 1449,

1598,2079,2276,2552

Rand Hill, Clinton County _ 567

Red-Back mine, Sterling Lake, Orange

County _... . 1684

RedfordClayburg district, Clinton County_ 133,

2007

Ring deposit, Essex County 2093

Russell quadrangle . .._ ,— 117

Russian Station district, Clinton County. 134

St. Lawrence County 36,53,

116,117,273,317,319,321,1012,1497,1496,

1499, 1683, 2006, 2217, 2220, 2221, 2381,

2727.

Salisbury district _ 1099

Santa Clara quadrangle — 316

Saranac, Clinton County ..._ 133

siderite . , _ 1329, 2074

siderite basins of Hudson River epoch,

Columbia County... _ 1329

Silver Pond belt, St. Lawrence County 1498

Sodus Bay quadrangle- „ 853

southeastern „ 513

Spruce Mountain tract, St. Lawrence

County __ 1499

Star Lake, SU Lawrence County 1683,

2006,2727

Stark quadrangle, St. Lawrence County..-. 117,

319

Staten Island __.. 754, 9C2, 2217

Statistical relation between TiOa, Fe^O,,

FeO in ores during differentiation,

Adirondack Mountains _ 739

Sterling Lake, Clinton and Essex Counties -568,

1139,1143

Sterling mine, St. Lawrence County —- 273
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Sew York—Continued Index no.

Steriing-Ringwood district, Clinton _id

Essex Counties 1139, 1 143

Taconlc llmonites .._____ 1798

Tilly Foster mine, Putnam County..... 209, 1449,

1598, 2079

titaniferous magnetite 1286,1287,

2080, 2273, 2274, 2706

"upper Lake quadrangle .

Wayne County

western

New Zealand, general..

319

2217

854

228, 517,

713,997,1187,1287,1904

Catllns district, South Otago 2580

Collingwood district, northwest Nelson 617

Fit_roy, New Plymouth 1181

Hawera series, Wanganui subdivision ......771

iron sands . 172, 770,

1180, 1181, 2654, 2656

172,1181

1253

Hew Plymouth

Onekaka district

Parapara 555,1187,1253

Patea 1180

Recent series, Wanganui subdivision 771

titaniferous Iron sands .

titaniferous magnetite

Waitara lronsands

Wanganui magnetic ironsand .

Nicaragua ...

1180,1971,2656

1287

.172

770

North Carolina—Continued

Randolph County.

Index no.

961

Kigeria .

North America .

North Carolina, general

713,904,1187

.228,517,713,1187

.- 625

161,568,

Allegheny County

Ashe County .

701, 1679, 1762, 1819, 1820, 2587

.164

184, 458,

686,870,1308,1816,1948

Avery Count> 164, 870, 1347

Big Ore Bank deposit, Lincoln County 486

brown iron ore . 163, 167, 685, 1819

Burke County _ 1308

Cabarrus County _ .... 1308

Caldwell County 164, 458, 1308

Catawba County 163,164,458,1308

Chatham County— - -951, 1308

Chattanooga district 772

Cherokee County _ 163,085,

1308,1819,2039

Cherokee deposits, Cherokee County 2039

Cranberry deposit, Avery County „ 1347

Cranberry mine, Iron Mountain, Mitchell

County ..... 410, 1331, 1426

Cranberry quadrangle ._ 164, 1273, 1274

Danbury County 1817

Davidson County 164, 2696

Davie County 951

French Broad region 1308

Gaston County 163, 164,

Granville County

951,1308

1308,1815

Greensboro titaniferous iron -..- .1501

Guilford County .164, 458,

951,1308,1506

Halifax County 1308

Johnston County ._ „ 1308

King's mine, Davidson County ._. 2696

King's Mountain, Gaston County 951

Lansing 162

Lincoln County _ 163, 164,

486,951,1308

McDowell County _ _ _ _ 163

Madison County ._. . .._ 163, 870

magnetite 161,162,

164,165,410,458,486,686,870, 1331, 1347,

1815-1817,1948.

Mecklenburg County 1308

Mitchell County 164, 410,

Montgomery County

Orange County

458,870,1308,1331,1426

951

ZZZZZ..IZZ458, 1308

Roan Mountain quadrangle .

Rockingham County

Stokes County

Surry County .

.._ 1275

_.. 164, 1506

951,1308,1817_ 1308

titanilerous magnetite- __ 166, 1287, 1501

Tuscarora ironbelt, Rockingham and Guil

ford Counties _ 1506

Uhaka Mountains 2697

western .._ _ 163-167

Yadkin County .

Northern Rhodesia

Norway, general

.458,1308

228, 517, 713, 1679

228,517,

701, 713, 904, 1187, 1287, 1679, 1912, 2195,

2419.

Dunderland 322, 2192

Hafjell syncline, Ofoten 788

northern .

siliceous iron ore ..

1784, 2492

....... 1784

Sydvaranger 323, 2728

Tarmfjorddal 434

titaniferous magnetite - 1287

Torrstenarna 2194

Nya3aland 517, 713, 1 187

Ohio, general _._ 430,701,

1842, 1843, 1881, 2296, 2587

Athens County... 60, 183, 1303

bog ore 2294

eastern 1194

Gallia County 183, 2291

Hanging Rock district 492, 1841

Hocking County 60, 183, 1303

Hocking Valley 1165, 1167, 1169

iron ore bearing formations.. 2295

Jackson County _ .183, 2291

Kenova quadrangle _ 1921, 1924

Lake Hope State Park, Vinton County 1626

Lawrence County _ 183,2291

Meigs County _.....'. 183

Muskingum County - 2292

Ohillco region _ _ 183

Pennsylvanianage petroliferous iron ores 1194

Perry County 50, 773, 1303

Pike County "_'.' 183,2291

Scioto County ._... _ 2291

Vinton County 183, 1626, 2293

Oklahoma, general _ 573, 890, 891, 1657

Arbuckle Mountains .2582

Raggedy Mountains, titaniferous magnet

ite 2441

Reagan sandstone, hematite 2582

Trinity River Tributary area.. 2271

Wichita Mountains... 1655, 1656, 2441, 2582

Oolitic iron ore 74, 76,

779, 865, 1020, 1102, 1107, 1278, 1644, 1773

genesis... 75-78,381,779

Ste alto individual countries and areas.

Oregon, general 2679

beach placers 1867

black sands, southwest coast _ 2411

Columbia County, limonite 1142,2586,2676

Columbia River magnetite sands, Clatsop

County _ 1284

Curry County „ 363

ferruginous bauxite, northwestern Oregon ...1 520

Lower Columbia River area .....1393

Portland 624

Scappoose limonite, Columbia County 1142,

2676

Snake and Imnaha Rivers „ 1518

Washington County, nigti-alumina iron ores .1519

Ore deposits.

enrichment _ 721

features _ „ 340
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Ore deposits—Continued Index no.

genesis - 34, 35,

55, 75-78, 304, 357, 381, 450, 451, 481, 540,

569, 570, 574, 605, 617, 661, 664, 679, 709,

722, 764, 776, 779, 785, 794, 814, 824, 825,

856, 878, 956, 1022, 1090, 1128, 1259, 1267,

1326, 1330-1334, 1402, 1448, 1469,1477,

1488, 1561, 1573, 1700, 1735, 1766, 1770,

1781, 1782, 1785, 1786, 1790, 1795, 1812,

1844, 2108, 2158, 2183, 2236, 2249, 2345,

2395, 2488, 2515, 2530, 2561, 2589, 2601,

2621,2643.

nature and occurrence 1905, 1989

secondary concentration'. 1490

supergene enrichment .722

undersea iron deposits 1033,2665

Ores, general „ 351,1551

analyses 277, 307, 956, 1939

beneficiatlon 338, 583, 1804, 2314

concentration, _ _ 70,71,

214,286,287,520,580,608,1464, 2134, 2367,

2551.

flotation . _ _ 1202

laboratory concentration 608

magnetic concentration ..580

magnetic separation 458

metallurgy 137, 138,

789,1202,1304,1345, 1847, 1426, 1613, 2727

mineral dressing 496

smelting 204, 260,

332, 588, 1244, 2146, 2147, 2573

transportation 210

treatment - ...97,375,

376, 1065, 1613, 2682

Outlook for iron 1292

Oxides of iron 2235

Pacific Coast 1068,1101

Pacific Northwest _ ___ 100, 587

Pacific Slope, black sands - _ 587

Paint ore _ .... 13, 328, 698, 2594

St t also individual countries.

Pakistan 228, 989

Paleozoic interbedded iron ore _ 679

Palestine _ 713, 1187

Panama 713,904

Paraguay 713,904,1187

Pennsylvania, general _ 88, 301,

523,568,701,713,1079,1081, 1166, 1195,

1227,1589,1679,1805.

Adams County 796,2288

Alburtis mine, Lehigh County 1955

Allentown quadrangle . - 1688

analyses 1589

Anglewick Valley 613

Appalachian Mountains ._ _„785, 825

Armstrong County 1932

Bechtelsville 1009

Bellefonte quadrangle 373

Berks County 568, 626, 785, 962, 2242

bog iron ore „ 524

Boiling Springs deposits, Cumberland

County 361

Boyertown magnetite deposits 1014

Brookville quadrangle 892

brown iron ores (limonite) 525, 627,

796, 844, 962, 967, 1128, 1129, 1504, 1505,

1690, 1712, 1954, 1955, 1956.

Buckingham Mountain, Bucks County _., 2391

Cambro-Silurian limonites - — —1127

Cameron County 86

Centre County 627, 628,

1504,1505,1506

Cornwall, Lebanon County _ 209,408,

561, 568, 630, 1028, 1080, 1 166, 1355, 1508,

2156,2593,2657.

Cornwall-type iron deposits _.. 2242, 2243

Pennsylvania—Continued

Cumberland County

Cumberland-Lebanon Valley

Tntlm.r po.

361, 783,

1503,1506,1954

631,784,

962, 1054

Danville - - - — 2280

Delaware Water Gap 168

diabase sheets, southwest Pennsylvania .1140

Dillsburg, York County 967, 870,

1141, 1777, 2245

Dunbar County .« 1882

Dunning's Creek, Bedford County 1502

Durham mine _ .. 160

East Broad Top district 613

Easton quadrangle —. 168

Emaus mine, Lehigh County 1955

Fayette County... - 1083, 1882

Fayette and Westmoreland districts, west

ern Pa 2275

Fogelsvtlle mine, Lehigh County 1965

fossil iron ore — — 613, 1502,

1671,2171

French Creek _ 2206

Grace mine, Reading 1352,2066

Great Valley - - — 1954

Green County 2283, 2284

Half Moon Run, Huntingdon and Centre

Counties 1504, 1505, 1506

Hanover-York district 2285

Hardyston formation.. 1691

hematite 160

Holidaysburg quadrangle.. 371

Huntingdon County 629, 1504,

1505,1506,2075

Huntingdon quadrangle — 371

Jauss mine, Dillsburg, York County 2245

Johnstown quadrangle - .1923

Juniata County 623

Juniata district 613

Kittanning quadrangle 365

Lancaster County —.781

Lancaster quadrangle .1241

Lebanon County _. . 209, 408,

561, 568, 630, 631,1080,1166,1355,1508,

2156,2242,2293,2657.

Lehigh County 844, 1690, 1954-1956

Lehigh Gap _13, 698

Lower Silurian limonlte, York and Adams

Counties _ 796

Luzerne County _ 1236

Lycoming County 1671

magnetite 408,526,

797, 970, 1014, 1142, 1777, 2206, 2242, 2243

manganiferous iron ore 361,783

Mercersburg-Chambersburg quadrangle .2286

Middletown quadrangle 2289

Mifflin County _ _ 632

Montgomery County 1513

New red sandstone ore, York County— 797

Nittany Valley, Huntingdon County _.. 629, 1505

Northampton County 1236,1689

Ochre, eastern Pennsylvania 2279

Paint ore, Lehigh Gap ..13,698

Rural Valley quadrangle 365

Schuylkill County 1236

Siluro-Cambrian limestone ore 627,796,

1127,1128,1956

Smicksburg quadrangle 2153

Snyder County ~". __ - 632

Somerset County "_"_ __ ...1237

Somerset quadrangle 2023

South Mountain, Berks County 568,626,

785,962

South Mountain, Cumberland County . , 1503,

1506,1964

Spruce Creek, Huntingdon and Centre

Counties 1504, 1505, 1506

Stone Valley, Huntingdon County ...2078

Tyrone quadrangle „ 374
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-^mzjlvania—Continued Index no.

'inca County . 632

Warrior's Mark Run, Huntingdon and

Centre Counties 1504, 1505, 1506

White Rocks, Cumberland County _ _783

Tffindber quadrangle 2023

York County_ 796,797,

967,970,1141,1777,2290

Pen, Jeceral ,.228,517,

701, 713, 752, 904, 997, 1167, 1679, 2491

Aiga deposit 1919

Calleycancha _ „ 1919

Cerros de Chanca.Provincia de Cajatambo . 2387

Dos de Mayo, Provincia de 1931

Uarcoca _ _ _ 684, 753,

1121, 1158, 1672, 2731, 2732

Sas Hicolas 1672

Tambo Grande 676,2477

Taurilla 596, 597, 684

Kiraaes, general.. 228,232,

517, 713, 989, 997, 1187, 1679, 2095, 221 1

3uUean _ 49

Cagayac Province 49,425,2722

Camalaniugan deposit, Cagayan Province 49,

425,2722

Camcueves deposit, southwest Samar _.. .1196

Geld Star mines, Mogpog, Marinduque .._ 1197

Hotnonhon deposits 49

nocos Norte, Piddig 2,49

Larap Peninsula, Luzon 1317,

1318,1511

t/anl.-ani deposit 49

Marinduque Province 49,1197,1833

Mati district, Davao - 49,1511

Samar 49,1196

Sibuguey district, southern Zamboanga

Province _. .._ 2094

Suxigao 1,49,794, 1847

Tomikob _ . 49

Upper Sibuguey district, southern Zam

boanga Province 49

Zamboanga Province . .49,2094

Poland, general 713,1187,

1361,1679,2417,2516

atlas 1361

EUelce 198

Kouskie district 1375

Polarity in magnetite, *•• Magnetite,

Psrpbyritic iron ore 706

Portugal, general _ 228, 517,

538-540,701,713,904, 1187, 1679

Alentejo 40, 57, 533, 1630, 1634

Aveiro district 534

Beja district - _ 534

Braga district - 535

Braganca district _._ 534

Cabeca de Coelho - - - 1765

Castelo Branca district _ 535

Cereal, Serra das Tulhas- _ 532

Cerro da Figueira 1765

Cerro da Serpe - 1765

Coimbra district 535

Evora. district 535

Faro district 535

Suadramil 422, 541,

565,941,942,2175

Leiria district 535

Li3boa district 535

Moncorvo 2089, 2358

14ontemor-o-Novo _ 56, 58,

1631, 1632,1836

Ham— _ 72

Hascedios -.- - 1765

Odemira, Serra das Tulhas 532

Odivelas, Alentejo. _ 40,1630,1634

Penedo Amarelo - ...1766

Porto district _ 535

Serra Comprida 1765

Portu7al-Continued I^L" "»■

Serra das Tulhas 532

Serra do Mario 537,940,

943,2174

Serra do Rosalgar 531

Setubal district 535

S. Portugal ,1633

S. Torpes (Sines) 439

Viana do Castelo district 535

Vila Cova, Serra do Marao 537,940,

943,2174

Vila Real district 535

Portuguese possessions _ 1187

Pre-Cambrian iron formations 311

Prospecting for iron ore 332,1718

Puerto Rico, general - 672,701,

713,1187,1323,1567,1673,1674,1679,1929,

1963-1965,1997,2717.

eastern magnetites.. 756

Fajardo district 1676

Humacao _ 514, 755

iron sands - — 2448

Mayaguez Mesa — 757

Paleosols 1271

Pyrometasomatlc deposits 1354,1355

Pyrite 512, 903, 938, 1016, 2589

Pyritic origin of iron ores 451, 2589

R

Reserves ....__ 358,583,

595, 699, 701, 965, 1479, 1493, 1640, 1679,

1871, 2417, 2422, 2426, 2503, 2562.

Residual iron ores _ 570

Residual iron ores, genesis 570, 722, 1333

Rhode Island, general 302

Cumberland, porphyrinic iron ore 706,

1114,1115

Diamond Hill-Cumberland district 2525

Iron Hill, Cumberland .....1115,1232,2501

titanlferous magnetite 1287

Rocky Mountains 1029, 2470

Rumania, general. 713, 904, 1187, 1679, 2516

Banat region 1889

bassin de 1'Aries _ 2230

Tulghes 483

S

Saint Helena - 517

Saint Lawrence Seaway 2042

22fl

Sandstones, ferruginous _ _.._ . 548

904

... 517 11 87

904 1187

Scandinavian iron ores _ ... 1456

Scotland, general _ _ 875, 1296, IK'f.

Island of Tiree , 2558

Strath, Isle of Skye - 2559

Sea ore . 192, 1835

Secondary concentration of iron deposits.

$•• Ore deposits.

Sedimentary iron ores, genesis — 55, 1488

Siderite _ ... 269, 481, 1016, 1329

genesis ... . _ 481

Sierra Leone, general 228, 493,

517, 713, 792, 1187, 1679, 2419

hematite ores 792, 1934

magnetite 493

Marampa _ 2705

Tonkolili hematite - 1934

Smelting. s«. Ores.

Soda sinter process „ „ „ 1613

Solution, transportation, and precipitation of

Iron and silica _ „ 1738

South America ... _ 2464

2198South Carolina...

South Dakota, general 713,766,w



354 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Devonian iron ores

Galicia _

Granada -

South Dakota-Continued lade* ■">•

Black Hills - 518, 521, 2406, 2420

Southern Rhodesia - 228, 517,

713,1187,1679,2417

Southwest Africa, general 228, 517,

713,1187

Namaqualand ., _._ „ 1638

northern „ . 2258

Spain, general 9, 228, 517,

701,713,904,935,996,997,1187, 1296, 1406,

1622, 1679, 1805, 2417, 2419.

Albarracin y Bronchales, Provincia de

Teruel 1890

Almeria, Provincia de - 742, 763, 937

Alquife mines. . 324

Asturias 589, 1248

Bilbao, Vizcaya 4, 127, 1980

Biscay _ - 852

Cala, Seville - 1984

Cordoba _ .. 2392

1248

2090

937

44

Sweden—Continued

Nordmark district.,

northern -.

Pre-Cambrian geology..

Skania. _ _ _

"Soft ores" ...„.....__

State control of iron mining .

Stripa iron ore _ -

Taberg

tltaniferous magnetite

Vasterbotten .

Switzerland, general .

1617

_ 830,842

1288

.948,1122

839

1538

837

..147,1098

.1098,1287

—838

...228,517,

Alps _

carbonate ores.

Gonzen

713, 750, 904, 1157, 1187, 1679

610,611

481

727

Iron and steel industry

Jaen . 2393

Mediterranean seaboard 878

northern 4

Paleozoic iron ores 2091

Santander 852

Setiles, Provincia de Guadalajara 530

Seville - 435, 1984

Sierra Menera district 618

Tordesilos, Provincia de Guadalajara .530

Vizcaya 4, 127, 590, 598, 1980

Spanish Guinea 1187

Spanish Morocco, general 193,228,

904,1187,1679,2419

Minas del Rif 591,592,1037,2714

Spanish Sahara 827,1646

Specific gravity method for estimating iron

content of ore 751

Spectrographs analyses of iron ore ...1000

Specular iron ore 797, 1326, 1334

Specular iron ore, genesis 1326, 1334

See alio individual countries ana' areas.

Sponge iron 137, 2272

Straits Settlements .... _ 517

Sulfides of iron ... 25

Supergene enrichment of iron deposits.

see Ore deposits.

Swaziland, general 228, 1187, 1648

Mineral Concession no. 41 __ ..1848

Sweden, general ... _ 228, 517,

701,713,829,904, 935, 990, 997, 1159, 1187,

1230, 1287, 1288, 1446, 1448, 1538, 1558,

1879, 1792, 1805, 1822, 2028, 2195, 2306,

2417,2419,2717.

central Sweden _ 840,841, 1619

electrical and magnetic investigation for

magnetite in northern Sweden _.842

eulysitic ores in northern Sweden.- ... 830

Gallivare field 832,2193,2305

Grangesberg field 1447, 1554, 1627

Herrang field 1621

iron bacteria _ 2376

iron industry ... _ 15

Kiruna . 147,427,

833,834,1565,2303,2304

Kiruna type ores 833

Langban district _. ... 1618

Lapland _ 2307,2308

Liassic series of southern Sweden 1858

Ljusnarsbcrg _ 1620

Lonnfallet, Grangesberg field. 1554

Lower Archean rocks .1619

magnetic susceptibility of iron ores 2553

magnetite _ 842, 1792

Masugnsbyn field _ ...831

Norberg _ _ 836

Herznach

Jura

Ofenpass, Passhdhe _

oolitic iron ore

St. Martin bei Mels...

Schaffhausen

Westalpen

Syria

_ 1220

155,611

233

. 610, 811, 1220

...2535

1155

1178

228,713

Taconlte... _ __ 581,584,

585,1154,1509,2134,2717,271s)

See also individual connlr te s and areas.

Tailing ponds _ 299

Tanganyika Territory, general 228,713,1187

Liganga titaniferous magnetite deposit,

NJombe district. 2278

Technology _ 433

Tennessee, general 87, 701,

713,887,1029,1195, 1258, 1319, 1320, 1341,

1879, 1805, 1938, 2066, 2567.

analyses.— 1319,1938

Benton County 1322

Big Stone Gap 253

Bristol... 253

Brown iron ore. .240, 341,

352,1938,2122,2517

Bumpass Cove, Unicoi and Washington

Counties ._ 2047

Carter County . 164, 458, 870

Chamberlain-Barnardville deposits, Roane

County . 1611

Chattanooga region 331, 772, 1085, 1 593

Cheatham County 1322

Churchwell and Robinette tracts, western

Highland Rim district, Wayne County_2517

Clinton red iron ore 331, 333-335,

1938, 2560

Cranberry deposit, Carter County 1347

Cranberry quadrangle 1273, 1274

Cumberland Gap 1742

Decatur County 1322

Dickson County _ _ . 341, 1322

drift hematite deposits 1807

eastern _ 164-166,

334, 335, 436, 1219, 1807, 2201, 2587

Fayette County

Fernvale ore, Davidson County

ferruginous chert ._ _.

Hardin County

Hickman County...

Houston County

Humphreys County —

James County

Lawrence County

Lewis County

magnetite

Maury County

Montgomery County.

Perry County

pig iron production,

reserves

.2122

.1778

.354

1228, 1322

- 341, 1322

.1322

.1322

-1807

341,1322,1970

341,354,1322,2052

165,458,870,1347

1322

341,1322

354,1322,2497

2201

— 346
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Tennessee—Continued

Roan Mountain quadrangle;

Roane County _

Rockwood area, Roane County ..

Sequachee Valley _

Sewannee quadrangle— -

Shady Valley—

soft iron ore —

Stewart County .

Index do.

_ 1275

1685,1611

1085

249

1024

Tennessee River basin

Tennessee Valley

titaniferous magnetite

Tuckahoe district

Unaka Mountains

1258

.341,1322

_ .348

344, 704, 2425168

Wayne County

Anderson County.

Brown iron ore..

Cass County .

2697

240, 341,

352,1321,1322,1970,2517

Waynesboro quadrangle 646, 1710

Western Highland Rim, Wayne County 240,

352, 1321, 1322, 2517

west-middle Tennessee ..— . 341

Tennessee Valley 344, 346, 704, 2425

Texas, general __ _ .....104,515,

516, 701, 713, 1029, 1542, 1679

657

_ 689, 818

_ 337

Cherokee County. _ 337, 735

eastern 655-657,

689,690,818, 1028, 1067, 1235, 1300, 1301,

1302, 1898.

Goethite and hematite 818

Houston County... - 657, 388

Iron Mountain deposit, Llano County 135

Llano County 135,136,

734, 1853, 1926

Llano region 136,734

Llano-Burnet region 1854,1855

magnetite — - 135

Marion County 337

Mason County ...... 734

Morris County — 337

northeastern 694

Red River to Rio Grande 1896

Rusk deposits, Cherokee County ...735

Smith County 1067

Tertiary iron ores 1896, 1898

Trinity River Tributary area.- _.. 2271

western — — .1028

Thailand 228,305,904,989, llo,

Tibet 1187

Timor 1187

Titaniferous iron ore.. _ 313,333,

403,439,452,453, 739, 884, 920, 1098, 1161,

1174, 1182, 1226, 1287, 1466, 1501, 1745,

1787, 1844, 2184, 2185, 2524, 2663.

genesis ..1844

St* alto indii ts and *r tat.

Titaniferous Iron sands_..___ 1180.1971

Stt alto individual coamiritt and artat.

Togo, Vallee de la Schinga, itabirite 1263

Transportation of ores. $•• Ores.

Treatment of ores. s«o Ores.

Trinidad 713,1187

Tunisia, general 193, 228,

517, 889, 904, 1187, 1603, 1679

Meknas 1961

Nefzas 1961

Turkey, general 228, 517,

713, 895, 904, 1187, 1573, 1679

Asia Minor section _ 2D16

Divrik (Vilayet Sivas) 617,1373

Esbiye, Anatolia 946

Hasancelebi region __ _ 1372

Taurides Province 1374

u

Index no.

Undersea iron deposits. s«» Ore deposits.

Union of South Africa, general 228, 311,

713, 935, 1007, 1679, 2123, 2417, 2503, 2723

Bon Accord lodestone, Transvaal 2508

Bushveld. 793, 2299

Cape Colony (Cape of Good Hope). 517,612,

1187,2400

Natal 1187,1239

Oliphants Hoek, Cape Colony (of Good

Hope)-.. 2400

Postmasburg, Cape Colony (of Good Hope) 612

Thabazimbl, Cape Colony (of Good Hope). 612,

864

titaniferous iron ore _ 2299

Transvaal _ 224, 517,

1187,2508

United States, general _ 179,207,

228, 338, 339, 351,358,432,517,520,672,

673, 693, 701, 713,721,782,829,904,935,

965,1028,1171,1260,1391,1780,1951,1968,

2417,2571.

eastern 206, 1168,2215

northeastern — - — - 1187

northwestern — — 1996

production _ 2426

reserves 368,583,

699, 701, 965, 1493, 1871, 2426

southern — — - 8, 328,

342,454,1030,1187

___ 1243, 1991...2185southwestern

titaniferous ores ..

western

Uganda, general..

Bukusu Tfm ...

228,517,713,1187_ 293

309,674,

1087,1187,1480

Uruguay... _ - 713,1187

U. S. S. R. , general 20, 226,

311, 517, 680, 708, 713, 904, 935, 997, 1034,

1187, 1255, 1397, 1624, 1679, 2152, 2166,

2167,2401,2417,2703.

Abail deposit _ „ _ 824

Abakan deposit, Siberia. — 1415

Alapaevsk district, Urals 1395, 1396,

1402, 1935, 2451

Alapaev type carbonate ore 1706

Altai Mountains, Siberia.— 1805,2155

Anatol type ore, Urals 1400

Angara-Ilim region, Siberia . .66, 1381, 2493

Avzian, Urals 1382

Bakal, Urals. _ 154, 1363,

1365, 1371, 1382, 1383, 1705, 2680

Bale i deposit, Transbaikalia 1878

Bashkir A. S. S. R. - 2401

Batowo, Gouv. de St. Petersburg 1813

Beloretzk, Urals _ - 1382

Blagodat, Urals 154, 605, 606

central Russia 1805

Chakassk-Minusinsk region, Siberia 760

Chalilowo... ......1305

Dashkesan deposit 1840

Djezkazgan-Ulutau region, Kazakhstan 474

Dnieper Valley— 1416

Domain Pokrovskaia 2231

Donetz Basin 2148

eastern Siberia 2199, 2228, 2401

eastern Transbaikalia — .. 2200

Emyr deposit, Enissey River basin,

Siberia 2471

Ena region, Kola Peninsula 13 J

far eastern Siberia 2401

Gizhgit River, North Caucasus 2232

Gora-Blagodat, Urals 605

hypergeneoi s iron ores 2297

Ilimpeia River 2228

Imandra region 1760, 2165

Inser, Urals 1382

Irkutsk, eastern Siberia 838,2199

iron industry. 153

Ivanov deposit, Alapaevsk, Urals 1935

Jisdra, Kalouga .._.. 1266
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Utah-Continued

Iron County.-

Index no.

_ 39 22C

519, 601, 772, 1075, 1225, 1354, 1355, 1 4B1 \

1607, 1609, 1616, 1783, 2029, 2055, 2548,

2662.

Iron Peak, Paragonah 552

Iron Springs district, Iron County 519, 601,

722, 1028, 1075, 1354, 1355, 1491, 1607,

1616,1783,2055,2549.

Lucin deposit, Box Elder County - 551

magnetite ' 1225

martite _ 550

Marysvale deposits, Piute County 551

Morgan County....... 551

Mountain Lake mine, Big Cottonwood

Canyon . 551

Pinto district, Iron County 1616

Rhodes Plateau, Wasatch County 551

southern „ _.. 2055

southwestern _ . _ _ 1075

Twin Peaks, Millard County 550

Uinta Mountains _ __ 245, 551

Wah Wah range, Beaver County ... 551

Wasatch Mountains 551

V

Venezuela, general _ 228,517,

701, 713, 904, 935, 996, 997~ 1187, 1283,

1679, 1860, 1861, 2355, 2417, 2419, 2717.

Cerro Bolivar 1420,

El Pao

Sierra de Imataca...

Vermont, general

Brandon .

Franklin County

Virginia, general

1544,2715,2730

347,

1155,2715,2716

2690,2691,

2692, 2693, 2694

186, 1207, 1208

1097

258

.68,186,

194,255,568,697, 701, 713, 873, 1111, 1130,

1195, 1601, 1679, 1884, 2053, 2054, 2533.

Allegheny County 1095, 1735

Amherst County 799

analyses .._ _._ 277,812,

1132,1590,1591,1885

Appalachian region 964

Appomatox County 277

Arcadia property, Botetourt County _. 175,

412

U. S. S. R. —Continued Index no.

Kamyschta, Siberia — . 1414

Karelia 234, 1367, 1759

Kazakhstan 474, 2169, 2401

Ken-Tiube deposit, East Karkaralinsk

region, Kirghiz Steppe __2077

Kertch deposits 157,687,709, 1366

Kertoh-Halbinsel 1976

Khalilovsk deposit, Urals 1398

Koikary deposit, Karelia 234

Kola Peninsula 1362, 1759

Komarova, Urals 1364

Komi A. S. S. R. _ 1949

Konch Lake region, Karelia 1367

Kondoma group, Siberia 151

Kremenchug deposits, Ukraine 2048

Krivoi Rog 243, 1565,

1716,1975,2320

Kukhtur limonite, Urals 636

Kuseni district, Urals _. 1708

Kuznetsk Alatau - 171, 604, 1662

Kychtym _ 1810

limonite - 636, 1976,

2352, 2353, 2475

Lipetsk iron ore 1972

Livny district, Gouv. d'Orel 1680,1814

Lower Angara region 2493

magnetite _ 605, 606, 1362, 1878

Malyi-Khingan district . 637

Mariupol district, Siberia . 14

Middle Volga region 2401

Mont Irkouskan, Bakal, Urals .. 1371

Mt. Magnitnaya 1565, 1751

Mysovski deposit, Buriat- Mongolian

A.S.S.R. 1268

Nijhi, Urals 154

Nikolaevski deposits, Irkutsk 638

Novo-Troitzky deposits . 2356

Oufa -.1384

Poletaev district, Urals „. _ 1936

Sayan, Siberia 170

Sego Lake region, Karelia —1367

S'beria. _ —101,811,

1187, 2401, 2491

southern Russia 1034,2388

southern Urals ~ 1752,1936

Soviet Far East 2352,2353

Sretenka Village, Siberia „ 14

Syntul iron ore __... 1973

Tagilsk, Urals _ 154

Taman deposits ._ 157, 709

Teja River, Kuznetsk Alatau _ 171

Tel'bess region, Siberia _ „ 759, 2154

Teoysko-Tuzukhsinsky district, Kuznetsk

Alatau 604, 1662

Togai deposit, East Karkaralinsk region,

Kirghiz Steppe 2077

Transcaucasia _ 1187

Tula iron ore _ _ — 1972

Tyzyl River, North Caucasus 2232

Ural Mountains 153, 154,

605, 606, 636, 1264, 1363-1365, 1371, 1382,

1383, 1395, 1396, 1398-1402, 1560,1705-

1708, 1752, 1805, 1811, 1935, 1936, 2401,

2451, 2680.

Urdiu River, North Caucasus _ 2232

Uspensky-Spassky region, Kazakhstan 2169

Ust-Berdysh deposit, Unya River 2475

western Siberia 170,2401

Zigaza, Urals 1364, 1382

Zlatoust district, Urals _ 1708

Utah, general 549,551,

701, 713, 1035, 1075, 1475, 1679, 1782

Bear River range, Cache County, 551

Bull Valley, Washington County 2548,

2549, 2550, 2688

Dragon mine, Tintic range 551

Granite Mountain area, Iron County 1609

Bath County.

Big Hill ores _

Big Stone Gap

Blue Ridge

Botetourt County .

^1753

.1131

-253

._ 566,1957

175,412,

415,1095,1591,1753

Bristol _ ._ 253

Brown Hill, Franklin County 1817

brown iron ore _ _964, 1109, 1578

Buchanan and Clifton Forge Railway... 414

Buena Vista, Rockbridge County _ 1883, 2075

Campbell County 277

Carroll County — 1348, 1754, 2651

Chattanooga district _ _ .772, 1593

Chesapeake and Ohio Railway 711

Clinton iron ore _ 416,697,984

Craig County" 1753, 1886

Craig Creek Basin 1131

Cripple Creek.... _252, 1109, 1590, 1593

Cumberland Gap _ 1742, 1743

Donald mine _ 440

Draper Mountain area 522

Elkton area 1340

Floyd-Carroll- Grayson plateau of Blue

Ridge _56fl

Floyd County 1754

Franklin quadrangle ...._._ 575

Giles County WSZ
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Virginia—Continued

Grayson County

Kanawha Canal

Lowmoor

magnetite

Massanutten Mountains.

Nelson County

1754

Great Gossan Lead, Carroll County 1348,

1754, 2651

Greenway iron belt, James River... _ 1325

Henry County 1817

James River iron belt 414, 732,

799, 812, 815, 964, 1325, 1595

414

. 1579

1817

- 1957

799

New Castle, Craig County - 1886

New River 568, 1 109

Nick's Creek region, Smyth County 1577

Norfolk and Western Railroad Company .1590,

1592

Oriskany ores _ 416, 635,

697,964,1028,1112, 1234, 1753, 1886, 1887,

2546.

Page Valley 1957

Potsdam formation . 441

Purgatory property, Botetourt County 415

Rich Hill, near Martin's Station 614

Richmond and Allegheny Railroad 416

S.cn Patch 413, 448, 1887

Roanoke River district ... .... 732

Roaring Run property, Botetourt and Alle

gheny Counties 1095

Rockbridge County... 1591, 1883,2075

Rocky Mount section, Franklin County 1817,

1885

Scott County.. ... 688

Shenandoah Iron, Lumber, Mining & Manu

facturing Company 1130

Shenandoah Iron Works, Page County 248

Shenandoah Valley Railroad Company 1592

Silurian brown hematite 1578

Smyth County 1577,1578

southwestern 251,1594

Staley's Creek, Smyth County 1577

Stewart's Knob, Patrick County 1817

titaniferous magnetite - 1287

Upper Cumberland Valley 1594

Valley of Virginia 441

Virginia and Tennessee Coal and Iron

Company property, Wise County 633

Wise County. 633, 688

W

Washington, general .701,864,

1224, 2162, 2163, 2527, 2679

Baker Bay __ 1044

black sands ._ . ..1866

Blewett deposit, Chelan County 295, 297,

1440, 1576

Buckhorn deposits, Myers Creek district,

Okanogan County 296, 2689

Chelan County 295, 297,

1440, 1444, 1576, 2205, 2676, 2677, 2687

Cle Elum, Chelan and Kittitas Counties .297,

1444, 1576, 2205, 2676, 2677, 2687

Columbia River magnetite sands, Pacific

County..... ... 1284

Goodman Creek _ 1044

Grays Harbor County- - 1041, 1042

Hamilton, Skagit County 2676,2678

Kittitas County 297, 1444,

1576, 2205, 2676, 2677, 2687

Lewis County 1041, 1042

magnetite 298,2184

nickel-iron deposits.., 1440, 1444

Okanogan County..

Pacific County

Snohomish County

Squaw Creek district

Stevens County

296, 298, 2676, 2689

1041,1284

294, 426

2187

298

Washington-Continued lDdex °°-

Sultan Basin, Snohomish County 426

Thurston County...... 1042

Wenatchee-Ellensburg-Yakima region .863

West Indies... 517, 701, 713, 868, 869,2720

Greater Antilles 1675

West Virginia, general... 69, 911,

1679,1805,2053,2054

Barbour County „ _. 542

Berkeley County 912

bleck band iron ore 2160

Charleston, near David's Creek 2160

Devonian system — — 2641

Franklin quadrangle 576

Glenmore iron estate, Greenbrier County 1851

Grant County _ 2013

Great Kanawha _ 2157

Greenbrier County 1851, 1953

Hampshire County _ -.... 2382

Hardy County _ 2382

iron map .„ . _ 2557

Jefferson County _ 912

Kenova quadrangle 1921, 1924

Mercer County 2014

Mineral County 2013

Monroe County _ 2014

Morgan County — _ 912

Ordovician system 2642

Pocahontas County 1952

Silurian system 2640

southwestern . ~ _ 2011

Summers County - 2014

Wisconsin, general 32, 575,

701,713,1195,1199,1679

Ashland County _ 1133

Ashland mine, Gogebic range 209

Aurora mine, Gogebic range _. 209

Baraboo range, Sauk County 1091,2056,

2539,2540,2617

Barron County 1 133

Bayfield County 1133

brown iron ore 27

Chippewa County 1133

Clinton iron ore 333, 446, 2377

Colley mine, Gogebic range 209

Dodge County 1907

eastern... 333,2100

Forest County 1133

Gogebic range 19,92,93,

209,1134,1135,1471,2072,2685

Huronlan 1865

Keweenawan 1865

Keweenawan lavas, magnetite, hematite,

ilmenite .529

Lake Superior region. s«» Lake Superior.

Marquette region 1168,1677,2072

Mayville iron ore 1017

Menominee region, Oconto County 291, 1161,
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MAGNESIUM RESOURCES OF THE UNITED STATES

A GEOLOGIC SUMMARY AND ANNOTATED

BIBLIOGRAPHY TO 1953

By Robert E. Davis

ABSTRACT

Magnesium ranks eighth in order of abundance in the earth's crust and occurs

sparsely in sea water and in larger quantities in a wide variety of igneous, sedimentary,

and metamorphic rocks. The presently important commercial sources of magnesium

metal and magnesium compounds are sea water and sea-water bitterns, dolomite,

magnesite, brucite, and inland brines. Brines are only briefly mentioned in this

report.

Magnesium and its compounds are used widely in the aircraft, automotive, metal

lurgical, building, pharmaceutical, agricultural, glass, rubber, paper, textile, and

paint industries.

Magnesium is extracted from sea water or sea-water bitterns by the process used

by the Dow Chemical Co. at their magnesium plant at Freeport, Tex., or by some

variation of the Dow process. In this process lime is used to precipitate magnesium

hydroxide from the water; the precipitate is dissolved in hydrochloric acid and mag

nesium chloride is produced; the magnesium chloride is decomposed in an electrolytic

cell into magnesium and chlorine. It is now common practice to substitute dolomite

for lime. The dolomite furnishes the necessary lime and additional magnesium to

the reaction.

Magnesite, or magnesium carbonate, occurs in commercial quantities in the United

States principally as a replacement in dolomite. Its chief use is as a refructory

material in the metallurgical industries; it is used to a lesser extent in the fertilizer,

rubber, textile, and paper industries; During World War II magnesite was used as a

commercial source of magnesium metal.

In the past magnesite has been mined in California, Washington, Nevada, and

Texas; at present the only commercial domestic production iB from Nye County,

Nev., and Stevens County, Wash. Magnesite occurs also in New Mexico, Idaho,

Oregon, Utah, Pennsylvania, and Vermont. The occurrence of magnesite in each of

these States is discussed briefly.

Brucite occurs in commercial quantities only at Gabbs, Nye County, Nev.

Dolomite, the double carbonate of magnesium and calcium, occurs chiefly as a

sedimentary rock, commonly interbedded with limestone. The term "high-grade,"

as used in the present report, refers to dolomite rock containing more than 40 percent

magnesium carbonate and less than about 3 percent noncarbonates. The largest

single use of dolomite, where the chemical composition of the rock is important, is as

a refractory material. It may be used in either its natural state or calcined. During

World War II, and to some extent during the postwar years, dolomite has been used

as an ore of magnesium metal.

373
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Dolomite occurs in at least 40 States, but the largest sources of high-grade rock

probably underlie parts of Ohio, Indiana, Illinois, Michigan, and Wisconsin. Large

reserves also are present in the limestone valleys of the Appalachian Mountains,

extending from Alabama to New Jersey. Except for Louisiana and the northern

Great Plains States, dolomite occurs in nearly every State west of the Mississippi

River. The more important dolomitic formations in each State are described briefly.

INTRODUCTION

PURPOSE AND SCOPE OF REPORT

The present report is a compilation of information on the dolomite,

magnesite, and brucite deposits and occurrences in the United States,

with a brief section on the use of sea water as a source of magnesium and

magnesium compounds. It has been compiled from published literature

and data in the files of the U. S. Geological Survey. Many of these

data are the result of investigations made by the Geological Survey dur

ing WorM War II, and this information, particularly that collected by

C. F. Deiss on the dolomite deposits of the Western United States, has

been drawn on freely in the preparation of the present report.

It is the purpose of this report to present, by means of text and map

(pi. 2), a summary of the United States resources of magnesium con

tained in dolomite, magnesite, and brucite as a general guide to their

distribution, geologic environment, purity, and utilization. Owing to

their limited use as sources of magnesium and magnesium compounds,

olivine, serpentine, and the various saline minerals—kieserite, lang-

beinite, epsomite, kainite, carnallite, and polyhalite—are considered

beyond the scope of the present compilation.

Well brines rich in magnesium are the raw materials for a substantial

part of the annual domestic production of certain magnesium compounds.

Such brines occur in several areas in the United States but are extracted

commercially only in Michigan. Magnesium sulfate is produced from

lake brine in the State of Washington. The geologic occurrence and

chemical composition of these inland brines are broad subjects, about

which relatively little detailed information has been published. The

brine resources of the United States are not discussed in this paper.

It is hoped that the information presented will prove useful as a general

background of knowledge for field appraisals of areas that might be con

sidered commercial sources of magnesium raw materials. Most of the

areas of present and potential commercial importance are considered,

most of the pertinent geologic formations within these areas are de

scribed, and sample data are at least representative, if not complete.

The selected, annotated bibliography is not a complete list of all the

literature examined, but it contains the published reports used in pre

paring this work and the reports considered as most helpful in appraising

areas containing magnesium raw materials.
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ABUNDANCE, AVAILABILITY, AND USES

Magnesium ranks eighth in order of abundance of the elements in the

earth's crust, comprising 2.09 percent by weight of the igneous rocks

(Rankama and Sahama, 1950, p. 448) and about 0.13 percent by weight

of sea water (Rankama and Sahama, 1950, p. 295). It occurs also in a

wide variety of sedimentary rocks. Magnesium is a constitutent of at

least 150 minerals (Ford, 1932, p. 805-806), but the element and its

compounds have been extracted commercially from only a few sub

stances. Magnesium-bearing materials are widespread, and reserves in

the United States are virtually inexhaustible. The possible sources of

magnesium in the United States and the approximate percentage of

magnesium contained in each are listed in the table below.

Magnesium raw materials in the United States

Material Composition Percent Mg

Brucite Mg(OH), 42

Magnesite MgCOi 29

Serpentine HiMgjSiA -.. 26

Olivine (chrysolite).. ...(Mg,Fe),Si04 19

Kieserite MgSO«.HiO 18

Dolomite.. CaCO,.MgCO, 13

Langbeinite 2MgS04.K^04 12

Epsomite MgS04.7H20..„ 10

Kainite MgSO,.KC1.3HtO 10

Carnallite MgCl,.KC1.6H,0 9

Polyhalite 2CaS04.MgSO«.K,SO,.2H,0 4

Well brines Mg, Ca, K, Na sulfates and chlorides ' 1

Sea water Mg, etc., chlorides .13

i Inland well and lake brines vary widely in composition but generally contain less than 1 percent Mg.

Sea water, well brines, dolomite, magnesite, and brucite are the chief

commercial sources of magnesium compounds in the United States.

Although each of these is also an ore of magnesium metal by present-day

technologies, all are not of economic value commercially under normal

competitive conditions.

Enormous quantities of magnesium are in large deposits of olivine and

serpentine in the United States. Both materials have been used com-

mercially'to'a^limited'extent'as fertilizer ingredients and for other pur

poses (Birch and Wicken, 1949, p. 538-540). Some olivine has been

used also in the production of special-use refractories (Gwinn, 1943, p. 2).

Adequate resources of other raw materials, technologic problems, and

cost of processing have prevented olivine and serpentine from becoming

important commercial sources of magnesium and its compounds (Barnes

and others, 1950, p. 43-44; Gwinn, 1943, p. 5). They remain, however

important potential raw-material sources.
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Before World War II sea water was becoming an increasingly im

portant source of magnesium and magnesium compounds. For strategic

reasons during the war, however, when rapid expansion of metal-producing

facilities became necessary, utilization of inland sources of magnesium

raw materials was advisable in order that new plants would not have to

be concentrated along sea coasts. New technologies in extractive metal

lurgy were developed (Ball, 1944; Case and others, 1944; Dungan, 1944;

Humes, 1944; Lloyd and others, 1944; Mayer, 1944; Pidgeon and Alex

ander, 1944; Pierce and others, 1944; Ware, 1944), and, despite higher

production costs, magnesium was produced commercially from magnesite

and dolomite, materials that had long been commercial sources of certain

magnesium compounds.

The most important products derived from magnesium-bearing mate

rials are magnesium metal and magnesium oxide, or magnesia. Mag

nesium is the lightest of the structural metals in common use. It is

about two-thirds the weight of aluminum, and it has become increasingly

important in the aircraft and automotive industries for certain items

where some strength can be sacrificed in favor of lighter weight. It is

used also in the metallurgical industries as a scavenger and deoxidizer.

Magnesia is an important refractory material and is used widely in the

steel industry. Magnesia and other magnesium compounds, such as

magnesium carbonate, magnesium sulfate, and magnesium chloride, are

used widely in the building industry, in pharmaceutical preparations,

as fertilizer ingredients , and in the glass, rubber, paper, textile, and paint

industries.

SEA WATER AND SEA-WATER BITTERNS

Sea water contains approximately 0.13 percent magnesium by weight,

or about 6 million tons of magnesium per cubic mile. Reserves of mag

nesium in sea water are virtually inexhaustible. At present 7 plants in

the United States produce magnesium or magnesium compounds, using as

raw materials sea water or sea-water bitterns, the saline residue or brine

remaining after most of the water has been evaporated and the salt,

sodium chloride, extracted. The concentration of magnesium in these

bitterns is many times that in normal sea water. As shown in the table

below at least 7 magnesium compounds are produced from these raw

materials.

The processes by which magnesium and its compounds are derived

from sea water and bitterns have been briefly described by Seaton (1942,

p. 20-25). Basically, the processes used in the various plants are similar

to that used in the plant of the Dow Chemical Co. at Freeport,Tex., for

the production of magnesium. Briefly, the Dow process is as follows:

the sea water is treated with calcined oyster shell (calcium oxide, or

lime) and magnesium hydroxide is precipitated; after most of the excess
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water is filtered off, the magnesium hydroxide precipitate is dissolved in

hydrochloric acid and magnesium chloride is produced; the remaining

water is filtered off and the magnesium chloride dried ; the dry magnesium

chloride is fed into an electrolytic cell where it is decomposed into chl >rine

gas and magnesium metal. The procedure is described in somewhat

more detail by Gross (1949, p. 29-34).

Manufacturing plants producing magnesium and magnesium compounds from ten

water and bitterns

[Data from Irving and Uswald, 1954, p. 4-5)

Company Location Products Raw materials

Kaiser Aluminum tfc Chem Moss Landing, Calif. Refractory magnesia Sea water and

ical Corp. Caustic-calcined magnesia _ dead-burned

Magnesium hydroxide dolomite-

Westvaco Chemical Divi Newark, Calif Refractory magnesia Sea-water bitterns,

sion, Food Machinery A Caustic-calcined magnesia _ dead-burned

Chemical Corp. Magnesium hydroxide dolomite, and

magnesite.

Westvaco Chemical Divi- Chula Vista, Calif Magnesium chloride Sea-water bitterns.

Marine Magnesium Divi South San Francisco, Magnesium oxides Sea water, sea-

sion, Merck & Co., Inc. Calif. water bitterns.

Magnesium carbonate. __ and dead-

burned dolo

mite.

Northwest Magnesite Co Cape May, N. J Refractory magnesia Sea water and

calcined dolo

mite.

Dow Chemical Co

Magnesium chloride l_.

Dow Chemical Co.2 Velasco, Tex

Magnesium

1 Magnesium chloride cell feed for magnesium.

1 Government-owned, Dow-operated magnesium plant; not listed in original reference.

At plants producing magnesium compounds, the process described is

not carried to completion, and variations in processing depend on the

raw materials used and the end product desired. The chief variation in

the basic process is the substitution of calcined dolomite for calcined

shell or limestone as a source of lime. Dolomite not only furnishes the

necessary lime but also increases the yield of magnesium hydroxide by

furnishing additional magnesium to the reaction. This substitution is

made at most of the plants, as can be seen in the table above.

Theoretically, any place in the United States that borders on the ocean

would be a potential plant site for the production of magnesium from

sea water. Several factors that affect the number and location of such

plants must, however, be considered.

The physical qualifications of a potential plant site are an important

factor. The shape of the shoreline and action of the water currents
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should be such that the discharge of the large volumes of water from the

plant will not be recirculated into the area of intake. The area of sea-

water intake should be relatively free from sources of contamination,

and an adequate source of fresh water should be available to meet plant

requirements. There should also be adequate electric power for plant

operations and a nearby source of lime in the form of shells, limestone,

or dolomite for use as a precipitant.

An economically suitable plant site should be within a reasonable

distance of a ready or potential market for either the main products or

one or more of the coproducts that could be recovered from the sea

water or bitterns. Coproducts from sea water might include bromine,

calcium chloride, and sodium chloride. For the production of mag

nesium, electric power should be relatively inexpensive because of the

large amount used in the electrolysis of magnesium chloride. Of stra

tegic importance is the fact that plants along the coastal areas of the

United States would be somewhat more vulnerable than inland plants

to possible air or sea attack in case of war. Although sea-water reduction

plants are not the least expensive either to build or to maintain, operating

costs have been such that other methods of metal production do not

compare favorably from an economic standpoint (Surplus Property

Administration, 1945, p. 25).

MAGNESITE

DESCRIPTION

Magnesite is the naturally occurring carbonate of magnesium, and its

theoretical composition is MgO, 47.8 percent and C02, 52.2 percent. Iron

may substitute for magnesium to form a complete series from magnesite

to siderite, FeC03 (Palache and others, 1951, p. 163). Manganese and

calcium also may substitute for magnesium to a limited degree. Mag

nesite is commonly massive, coarse to fine grained or compact and por-

celaneous; it may also be earthy or chalky (Palache and others, 1951,

p. 162). The mineral varies in color but generally is white or grayish;

it has a vitreous to dull luster. Although crystalline magnesite may

closely resemble limestone or coarse dolomite, it is slightly harder (hard

ness Z%-4}i) and heavier (specific gravity 3) and reacts only slightly to

cold dilute acids. The crystalline variety is yellowish or brownish white,

but it may also be pure white.

MODE OF OCCURRENCE

The four principal modes of occurrence of magnesite, as described by

Bain (1924), are (1) as a chemical precipitate in bedded playa-lake

deposits, commonly interbedded with limestone, dolomite, clay, or other

detrital materials; (2) as a cryptocrystalline replacement product of ser
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pentinized rocks, deposited in veins, pockets, and shear zones by the

action of carbonated waters of either magmatic or meteoric origin ; (3) as

crystalline replacement bodies in limestone and dolomite, formed by the

action of magnesium-containing solutions on the preexisting carbonate

rocks; and (4) as vein fillings. Other types of occurrence listed by

Palache and others 1951, p. 164) include crystalline beds of metamorphic

origin associated with schists, cavity minerals in igneous flow rocks,

oceanic salt deposits, and as a primary mineral in igneous rocks.

Only the first three types mentioned are of economic interest, and all

domestic production at present is from deposits of the third type. Of

possible commercial interest is a unique occurrence in eastern Nevada

in which magnesite occurs as veins, nodules, and lenses replacing volcanic

tuff (Vitaliano, 1951).

USES

Magnesite is used chiefly for refractories, which find their major appli

cation in the steel industry in basic open-hearth furnaces and basic con

verters (Birch and Wicken, 1949, p. 538). The subject has been dis

cussed in some detail by Comber (1937). For refractory use magnesite

is dead burned, a process of intense heating which drives off essentially

all the carbon dioxide leaving magnesia, which is partly fused or sintered.

Granular dead-burned magnesite is used for the building up of furnace

bottoms and to some extent for patching; in the form of brick it is used

for the lining of furnace walls. Because magnesite contains no lime, it

generally is more satisfactory than dolomite, particularly for the manu

facture of refractory brick. The presence of lime in dolomite causes

difficulties as outlined in the discussion of dolomite refractories (p. 397).

However, owing to its relatively low cost and its proximity to markets,

dolomite has found much wider use as a patching or repairing material

for furnaces than has magnesite (Schallis, 1942, p. 1). Refractory mag

nesia derived from sea water also is increasing in use as a substitute for

dead-burned magnesite.

Caustic-calcined, or light-burned, magnesite is produced at a lower

temperature than is required for dead-burned magnesite. Light-burned

magnesite is essentially magnesium oxide, but it contains a small quan

tity, from 0.5 to about 7 percent, of residual carbon dioxide and remains

unsintered (Birch and Wicken, 1949, p. 522). This more reactive mate

rial is used in the manufacture of magnesium oxychloride cement, for

fertilizer, and in the rubber, textile, and paper industries (Ladoo and

Meyers, 1951, p. 308-309).

A new use for magnesite in the United States is in the manufacture of

magnesium metal. In Nevada, during World War II, magnesite ore

from the Gabbs area was used in the large magnesium plant at Henderson.

Briefly, the process (Ball, 1944) involved calcining the magnesite and
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mixing the resulting magnesia with pulverized coal to form briquettes,

which then were charged into an electric furnace in the presence of

chlorine gas, producing carbon dioxide and molten magnesium chloride.

The magnesium chloride was then reduced in an electrolytic cell to

chlorine gas and magnesium metal. The Henderson plant produced

more than 81,000 tons of metal from 920,000 tons of magnesite ore

quarried from the Gabbs deposits (Callaghan and Vitaliano, 1948, p. 1).

Chemical specifications for magnesite are as varied as its uses and

usually are made on the basis of the calcined material, cither light burned

or dead burned (Birch and Wicken, 1949, p. 535-537). In general, crude

magnesite to be marketable should contain a minimum of about 43

percent magnesia (Harness and Jensen, 1943, p. 7). Impurities com

monly present in magnesite consist principally of lime, silica, iron, and

alumina. The lime content should be at a minimum, being particularly

detrimental in light-burned material. Some iron is desirable in mag

nesite that is to be used for refractories, particularly if the iron is in the

form of carbonate. The iron aids the dead-burning process by allowing

the magnesia to sinter at lower temperatures (Harness and Jensen,

1943, p. 7).

MINING AND BENEFICIATION

The mining of magnesite is controlled by the geology of the deposit,

and it may be by either underground or open-pit methods. Deposits of

the California type, which consist of veins and irregular stockworks in

the serpentinized country rock, generally must be worked by under

ground methods. One such operation, that of the Bald Eagle mine near

Gustine, Calif., has been described by Perry and Kirwan (1938). The

Washington and Nevada deposits, which occur as massive crystalline

replacements in dolomite, are worked by open-pit methods. The major

departure from standard quarry practice is the maintenance of relatively

narrow benches and narrow working faces to permit selectivity in quarry

ing (Parker, 1945). The quarrying methods used in the Nevada deposits

are similar to those used in Washington ; they have been described briefly

by Birch and Wicken (1949, p. 524-527) and in more detail by Parker

(1945) and Holmes (1949).

Contaminating materials, the most common of which in the Washington

and Nevada deposits are dolomite and magnesium silicates, must be

removed before the magnesite is calcined. Before World War II, mag

nesite ore was brought up to required grade by careful hand sorting or

by mechanical classification through screening. Such upgrading was

costly and not always as satisfactory as desired, and, about 1941, froth

flotation was introduced at the Chewelah, Wash., operation (Seaton,

1942, p. 7). Flotation was used also during World War II at the plant

at Gabbs, Nev. Still more recently heavy-media separation has been
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utilized to beneficiate ore at Gabbs and Chewelah (Birch and Wicken,

1949, p. 525; Utley, 1952, p. 98).

GENERAL DISTRIBUTION

Commercial deposits of magnesite are not widely distributed in the

United States. The only producing mines at present (1954) are those

in Stevens County, Wash., and Nye County, Nev. Other States that

have produced magnesite during recent years include California and

Texas. Relatively small occurrences of doubtful commercial importance

occur in New Mexico, Idaho, Oregon, Utah, Pennsylvania, and Vermont.

DISTRIBUTION BY STATES

On the following pages the magnesite deposits of the United States

are described briefly by States, which are listed in alphabetical order.

Accompanying each State summary is a list of deposits and occurrences,

the locations of which are shown on plate 2.

CALIFORNIA

Occurrences of magnesite are numerous throughout the Coast Range

and the western Sierra Nevada areas of central and southern California.

Many of the deposits and mines have been discussed briefly by Bradley

(1925, p. 41-140) and some in more detail by Hess (1908) and Gale

(1914). Little is known regarding the magnesite reserves in the State,

but according to Vernon (1950, p. 177), reserves of readily accessible,

high-grade magnesite are nearly depleted.

Magnesite mined in California in 1886 (Bradley, 1925, p. 37) was the

first to be commercially produced in the United States. The State con

tinued as the only domestic producer until operations in the extensive

deposits in eastern Washington were initiated in 1916 (Stone, 1918,

p. 665). Magnesite was mined in California continuously until 1945

when the Western mine, in the Red Mountain district of Santa Clara

and Stanislaus Counties, finally ceased operations (Bodenlos, 1950,

p. 227). Since that time the Western mine has been worked intermit-

tantly on a small scale. The large-scale production of magnesia from

sea water and the high cost of mining, as well as the depletion of reserves,

have caused the near-cessation of magnesite mining in California.

Most of the deposits, except for those in San Bernardino County, are

associated with serpentinized parts of the pre-Cretaceous ultramafic in-

trusives in the Coast Range and in the western Sierra Nevada (Gale,

1914, p. 486). The magnesite occurs principally as replacements in ser

pentine and as fissure fillings in zones of fracturing. Most of the deposits

were small, and reserves in many totaled only a few thousand tons. A

few were considerably larger, the most extensive being those in the Red

Mountain district. These deposits have been described in detail by
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Bodenlos (1950). The original reserves of the deposit at the Western

mine were about 1 million tons, but most of this has been mined out;

a recent estimate of reserves of the Western and several other mines in

the district totals less than 180,000 tons of measured, indicated, and

inferred ore (Bodenlos, 1950, p. 259).

The magnesite is typically cryptocrystalline, massive, brittle, and

white, although the color may vary to gray, light green, pink, or even

brick red. Its fracture is conchoidal, and freshly broken surfaces re

semble unglazed porcelain (Bodenlos, 1950, p. 238). This type of mag

nesite generally is purer than the more coarsely crystalline varieties that

occur as replacements in carbonate rocks; one analysis of material from

the Western mine shows a magnesium carbonate content in excess of

99 percent (Bodenlos, 1950, p. 239).

Bodenlos (1950, p. 259-266) believes that the magnesite in the Red

Mountain district was formed by the action of ascending hydrothermal

solutions, heavily charged with carbon dioxide and carrying magnesium

and silica derived from sources at depth. Magnesite, silica, and hydrous

magnesium silicate minerals were deposited in fractured zones in the ser-

pentinized country rock. The magnesite occurs both as replacement of

serpentine and as fissure-filling material. Earlier theories of origin (Hess,

1908, p. 17-18; Bain, 1924, p. 417^19; Perry and Kirwan, 1938, p. 9-10)

suggested the simple alteration of serpentine or of preexisting ultramafic

rocks through the action of carbon dioxide-bearing waters. These solu

tions were regarded by some geologists to be hypogene and by others

as supergene.

Crystalline magnesite replacing dolomite occurs near Cima and Lucerne

Valley, San Bernardino County. The deposit near Cima has been dis

cussed briefly by Rubey and Callaghan (1936, p. 118-119). The mag

nesite in these deposits generally is less pure than that in the serpentine

replacement deposits; the chief impurities are silica and lime. Miner

alization probably is associated with Jurassic igneous activity, which

resulted in the replacement of favorable zones in the limestone and

dolomite of Paleozoic age.

Sedimentary magnesite, deposited as beds in inland lakes of Tertiary

age, occurs near Needles and Kramer, San Bernardino County, and

near Bissell, Kern County. The deposits near Needles have been de

scribed in detail by Vitaliano (1950) and the one near Bissell by Gale

(1914, p. 512-516), Bain (1924, p. 415-416), Bradley (1925, p. 47-50),

and Rubey and Callaghan (1936, p. 114-117). The amount of impurities

in these deposits is higher than in those of other types, but the magnesite

in the Needles deposit is pure enough to have been considered as a possible

source of magnesium ore early in World War II (Vitaliano, 1950, p. 365).
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Magnesite in California

[M.D.M. indicates Mount Diablo base line and meridian (Calif.-Nev.) ; S

base line and meridian (Calif.)]

No. on

pi. I County Dtporit and locality

6 Mendocino Southard ranch deposit; 2 miles from Willets.

7 do Hiion ranch; sec. 11, T. 12 N.t R. 11 W.,

M.D.M., 6 miles by road north of Preston.

8 Sonoma-. Cloverdale area:

a. Albertes ranch deposits; 2 miles south

west of Cloverdale.

b. Battenburg deposit; sec. 32, T. 12 N.,

R. 10 W„ M.D.M.

c. Burgaos ranch deposit; 1 mile north of

Battenburg mine.

d. Melville ranch deposit; 2 miles south

east of Cloverdale.

e. George Hall ranch deposit; 3 miles

southeast of Cloverdale.

f. Pat Cummings claim; 2.5 or 3 miles S.

B.M. indicates San Bernardino

Reference

Bradley, 1925, p. 52.

Bradley, 1925, p. 52; Hess,

1908, p. 21.

Bradley, 1925, p. 89.

Bradley, 1925, p. 89; Hess,

1908, p. 22.

Bradley, 1925, p. 91.

Bradley, 1925, p. 92; Hess,

1908, p. 23.

Hess, 1908, p. 24.

Do.

35° W. of Cloverdale.

9 do Northwest of Guemeville:

a. Madeira deposit (Healdsburg Marble

Co.); SW corner sec. 31, T. 9, N., R.

10 W., M.D.M.

b. Meeker ranch deposit; sees. 2 and 3,

T. 8 N., R. 11 W., M.D.M.

c. Snyder ranch; about 12 miles southwest

of Healdsburg.

d. Sonoma Magnesite Co. (Red Slide de

posit); sees. 6, 7, 8, 17, and 20, T.

9 N., R. 11 W., M.D.M.

e. Western Carbonic Aoid Gas Co. (Gillam

Creek deposit); sec. 6, T. 8 N., R.

10 W., M.D.M.

10 Napa Pope and Chiles Valleys:

a. White Rock deposit (Pope Valley or

Walters mine); sec. 2, T. 9 N., R.

5 W., M.D.M.

b. Maltby No. 2 mine (Blanco and Snow-

flake mines) ; sec. 28, T. 8 N., R. 4 W.,

M.D.M.

c. Priest mine; sec. 23, T. 8 N., R. 4 W.,

M.D.M.

d. Russell deposit; sec. 24, T. 8 N., R.

4 W., M.D.M.

e. Elder or Detert mine (Matthai or Cleve

land mine) ; sec. 36, T. 8 N"., R. 4 W.,

M.D.M.

11 Nevada.. Deposits at Nevada City and in sec. 22, T.

16 N., R. 8 E., M.D.M.

12 Placer a. Little Bear mine; sec. 35, T. 16 N., R.

10 E., M.D.M.

b. Placer County Properties Co.; sec. 13,

T. 15 N., R. 10 E., and sees. 7 and 18,

T. 15 N., R. 11 E.. M.D.M.

c. Sullivan, et al; sec. 19, T. 16 N., R.

11 E., M.D.M.

d. Towle deposits; sec. 6, T. 15 N., R.

11 E., and sees. 24 and 36, T. 16 N.,

R. 10 E., M.D.M.

13 Alameda a. Cedar Mountain Magnesite mine; sec.

27, T. 4 8., R. 3 E., M.D.M.

b. Hayes ranch deposit; sec. 24, T. 4 S.,

R. 2 E., M.D.M.

Bradley, 1925, p. 91; Hess,

1908, p. 25-26.

Bradley, 1925, p. 91-u-j.

Bradley, 1925, p. 92.

Bradley, 1925, p. 92-96,

Hess, 1908, p. 26-27.

Bradley, 1925, p. 96-97;

Hess, 1908, p. 24-25.

Bradley, 1925, p. 56-58;

Hess, 1908, p. 28-29.

Bradley, 1925, p. 54-55;

Hess, 1908, p. 29-31.

Bradley, 1925, p. 55.

Hess, 1908, p. 31.

Bradley, 1925, p. 53-54;

Hess, 1908, p. 31.

Bradley, 1925, p. 58.

Bradley, 1925, p. 59; Gale,

1914, p. 501-503.

Bradley, 1925, p. 59.

Bradley, 1925, p. 59-flO.

Bradley, 1925, p. 60.

Bradley, 1925, p. 41.

Bradley, 1925, p. 42.
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Magnesite in California—Continued

No. on

pi. t County

13 Alameda—Con.

14 Santa Clara.

15 do...

16 Stanislaus.

17 do

18 Tuolumne.

Deposit and locality

c. Winship properties; sec. 25, T. 4 S., R.

3 E„ M.D.M.

d. King claim; 2 miles from Arroyo Mooho

and 22 miles southeast of Livermore.

e. Banta's Camp deposit; sec. 16. T. 5 8.,

R. 4 E., M.D.M.

a. Bradford ranch deposit; small veins 4

miles southeast of Edenvale.

b. Burnett ranch deposit; 3 miles north

east of Coyote Station.

c. Cochrane ranch deposit; 4.5 miles east

of Madrone Station and 1.5 miles

Bouth of the junction of Coyote and

San Felipe Creeks.

d. 0*Connell Bros, ranch (Weber ranch);

two groups of deposits: north group

is 3 air miles northeast of Madrone,

south group is 3.5 road miles east of

Madrone.

Red Mountain area;

a. Western mine; sees. 18 and 19, T. 6 S.,

R. 5 E., M.D.M.

b. Security deposit; sec. 13, T. 6 8., R.

4 E., M.D.M.

c. Standard Magnesite Co.; sec. 18, T.

6 S., R. 5 E., M.D.M.

d. Winship properties; sees. 1 and 11, T.

6 8., R. 4 E„ and sec. 7, T. 6 S., R.

5 E., M.D.M.

e. Fidelity deposit (never operated); sec.

12, T. 6 8., R. 4 E., M.D.M.

Red Mountain area:

a. Red Mountain mine (California Mag

nesite Co. or Patterson mine) ; sec. 17,

T. 6S„ R. 5E, M.D.M.

b. G. L. Fenster, et al; group of olaims in

sec. 22, T. 6 S., R. 5 E., M.D.M.

a. Bald Eagle mine (Gustine Magnesite

Co.); sec. 32, T. 8 S.. R. 7 E., M.D.M.

sec. 5, T. 9 S., R.

19 San Benito.

20 Fresno.

b. Howard Cattle Co.

7 E., M.D.M.

a. Gray Eagle Magnesite claim; sec. 16,

T. 1 S., R. 14 E., M.D.M.

b. Monarch Mine Co.; small body 1.5

miles from Chinese Camp.

c. Peter Maki claims; sec. 6, T. 1 8., R.

14 E., M.D.M.

d. White Rock Magnesite mine; sec. 6,

T. 1 S., R. 14 E., M.D.M.

a. Bonanza Quicksilver mine: sec. 29, T.

18 S„ R. 12 E., M.D.M.

b. Sampson Magnesite mine (Maltby Xo.

3); sees. 34, 35, and 3(1, T. 17 S., R.

11 E., M.D.M.

c. Standard group (Superior Magnesite

Co.); sees. 35 and 36, T. 17 S., R.

11 E., M.D.M.

a. Snow Cap and Governor claims; 9 miles

east of Sanger.

b. Piedra area; includes several properties.

Reference

Bradley, 1925, p. 43.

Hess, 1908, p. 37.

Do.

Bradley, 1925, p. 78.

Bradley, 1925, p. 78-79;

Hess, 1908, p. 31-32.

Bradley, 1925, p. 79.

Bradley, 1925, p. 79-80;

Hess, 1908, p. 32-33.

Bodenlos, 1950; Bradley,

1925, p. 79-87; Gale, 1914,

p. 498-501; Hess, 1908.

p. 33-37.

Bodenlos, 1950, p. 271-273;

Bradley, 1925, p. 98-99.

Bradley, 1925, p. 99.

Bradley, 1925, p. U9-101:

Perry and Kirwan, 1938'

p. :i-15.

Bradley, 1925, p. 101-102.

Bradley. 1925, p. 138-139.

Bradley. 1925, p. 139.

Do.

Bradley, 1925, p. 139-140.

Bradley, 1925, p. 6fl.

Bradley, 1925, p. 66-71;

Gale, 1914, p. 503-509.

Bradley, 1926, p. 71.

Hess, 1908. p. 50-51; Gale,

1914, p. 509.

Bradley, 1925, p. 44-46.
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So. on

pi. t County

20 Fresno—Con..

21 Monterey.

22 Kings..

23 Tulare.

■J4
-do

i:> do.

Magnetite in California—Continued

Deposit and locality

c. Piedra Magnesite Co. (Fresno Magne-

site Co.); sec. 5, T. 13 8., R. 24 E.,

M.D.M.

d. Piedra mine (Ward); sec. 9, T. 13 S.,

R. 24 E., M.D.M.

a. Undeveloped deposits in sec. 28, T.

23 8., R. 15 E., M.D.M.

b. Kings Magnesite Co.; sec. 26, T. 23 S.,

R. 15 E., M.D.M.

Kings Magnesite Co.; sec. 20, T. 23 S., R.

16 E., M.D.M.

Hamilton ranch deposit; sec. 22, T. 18 S.,

R. 27 E, M.D.M.

a. Cross ranch deposit (Burr Bros, lease) ;

sec. 19, T. 19 8., R. 27 E., M.D.M.

b. Merryman MagneBite mine; sec. 7, T.

19 S., R. 27 E„ M.D.M.

c. Mitchell deposit: sec. 12, T. 19 8., R.

26 E., M.D.M.

d. Wood Magnesite mine; sec. 6, T. 19 S.,

R. 27 E., M.D.M.

e. Dumont Magnesite; sec. 10, T. 19 S.,

R. 27 E., M.D.M.

a. Adeline Magnesite mine (later El Mira-

-do...

27 do.

_do

dor Magnesite Co.); sec. 24, T. 20 S.,

R. 27 E., M.D.M.

b. Blue Crystal Magnesite group; sec. 24,

T. 20 S., R. 27 E., M.D.M.

c. Fairview Magnesite mines; sec. 30, T.

20 S., R. 28 E., M.D.M.

d. Headburg Magnesite; sec. 11, T. 20 8.,

R. 27 E., M.D.M.

a. DeMoulin mine (Magnesite Refrac

tories Co. or Stewart mine); sec. 12,

T. 21 8., R. 27 E„ M.D.M.

b. Gill ranch (Sierra Magnesite Co.); sees.

7 and 8, T. 21 8., R. 28 E., M.D.M.

c. Oakland Magnesite Co.; sees. 7 and 8,

T. 21 S , R. 28 E., M.D.M.

d. Harker mine; sec. 17, T. 21 S., R. 28 E.,

M.D.M.

a. Duncan Magnesite mine; sec. 25, T.

21 8., R. 28 E., and sec. 30, T. 21 S.,

R. 29 E., M.D.M.

b. Hawley Pulp and Paper Co. (Duncan

property); sec. 30, T. 21 S., R. 29 E.,

M.D.M.

c. Lindsay Magnesite mine; sees. 30 and

81, T. 21 3., R. 29 E., M.D.M.

d. McKiernan mine (west cf Lindsay

mine).

e. Rex Plaster mine (Sierra Magnesite

Co.); sec. 31, T. 21 S., R. 29 E.,

M.D.M.

f. Tulare Mining Co.; sees. 30 and 31,

T. 21 S., R. 29 E., M.D.M.

a. Deer Creek mine (Langley-Cook lease) ;

sec. 21, T. 22 S., R. 28 E., M.D.M.

b. Mentz property (Ravalli lease) ; sec. 28,

T. 22 S., R. 28 E., M.D.M.

c. Oakland Magnesite Co.; sec. 21, T.

22 S., R. 28 E., M.D.M.

Reference

Bradley, 1925, p. 44.

Bradley, 1925, p. 44^15.

Bradley, 1925, p. 53.

Do.

Bradley, 1925, p. 51.

Bradley, 1925, p. 110; Gale,

1914, p. 509-511; Hess,

1908, p. 39-49.

Bradley, 1925, p. 107.

Bradley, 1925, p. 11!).

Bradley, 1925, p. 121.

Bradley, 1925, p. 1.17.

Bradley, 1925, p. 108.

Bradley, 1925, p. 106.

Bradley, 1925, p. 106-107.

Bradley, 1925, p. 109.

Bradley,
1925, p.

118.

Bradley,
1925, p. 107-108.

Bradley, 1925, p. 109-110.

Bradley,
1925, p. 123,

Bradley, 1925, p. 110-117.

Bradley, 1925, p. 108-109.

Bradley, 1925, p. 117-118.

Bradley, 1925, p. 124-125.

Bradley, 1925, p. 119.

Bradley, 1925, p. 124.

Bradley., 1925, p 125-129.

Bradley, 1925, p. 107.

Bradley . 1925, p . 119.

Bradley, 1925, p . 123.
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No. on

pi. t County

28 Tulare—Con..

29 do

30 San Luis Obispo..

31 Santa Barbara...

32 Lob Angeles

33 Kern

M ..do.

35 San Bernardino.

3fl do

37 do

38 do

TO .do.

40 Riverside.

Magnesite in California—Continued

Deposit and locality

d. Simmons ranch deposit (Bartlett lease) ;

8 miles southeast of Porterville.

e. Tulare Mining Co.; sec. 28, T. 22 S.,

R. 28 E., M.D.M.

Chamberlain ranch deposits; sees. 3 and 10,

T. 23 S., R. 28 E., M.D.M.

Small veins on the Kisar place, 8 or 9 miles

northwest of Cambria.

Happy Canon claims; sec. 15, T. 7 N., R.

29 W., S.B.M.

Magnesite outcrops on properties of Cali

fornia Graphite Co., 18 miles from Saugus.

Reported occurrence in Walker's Pass in the

Sierra Madre Mountains, east of Bakers-

field.

Near Bissell; sedimentary deposit in the

northeastern part of sec. 11, T. 10 N., R.

11 W, S.B.M.

Kramer Hills; sedimentary deposit in sees.

10, 11, 14, and 15, T. 9 N., R. 6 W., S.B.M.

North Lucerne Valley; sec. 15, T. 6 N., R.

1 W., S.B.M., dolomite with veins of mag

nesite.

Afton; 1.5 miles east of Aft on Station; low

grade.

a. Cima; small deposit about 12 miles

northeast of Cima.

b. Cima; reported but unconfirmed occur

rence in Providence Mountains, about

12 miles southeast of Cima.

Needles; 14 miles by road southwest of

Needles; two sedimentary deposits: one in

sees. 15 and 22, T. 8 N., R. 21 E., S.B.M.,

the other in the southwestern part of T.

8 N., R. 21 E.

Hemet Magnesite mine; sec. 31, T 5 S.,

R. 1 W., S.B.M. , about 4 miles by road

from Winchester.

IDAHO

Surface deposits of hydromagiiesite, 2 to 4 feet

areas of from 2 to 13 acres, occur about 4 miles

Bannock County (Yale and Stone, 1921b, p. 12-

although appearing somewhat earthy and impure,

percent hydromagnesite and 10 percent impurities

material are not known, and the deposits have

(Hodge, 1938, p. 74).

Magnesite in Idaho

Reference

Bradley, 1925, p. 135.

Bradley, 1925, p. 135-137.

Bradley. 1925. p. 107.

Bradley. 1925, p. 70.

Bradley, 1925, p. 77.

Bradley, 1925, p. 52.

Bradley, 1925, p. 50.

Bradley. 1925, p. 47-50;

Gale, 1914, p. 512-516;

Rubey and Callaghan.

1936, p. 114-117.

Bradley. 1925, p. 72-75;

Rubey and Callaghan,

1936, p. 117-118.

Rubey and Callaghan, 1936,

p. 118-119.

Bradley, 1925, p. 75; Rubey

and Callaghan, 1936, p.

119.

Vitaliano, 1950.

Bradley. 1925, p. 61-85.

thick and covering

from Soda Springs,

13). The material,

consists of about 90

Reserves of usable

not been developed

No. on

id, £ County Deposit and locality Reference

Soda Springs; small deposits of hydromagne Hodge, 1038. p. 74; Yale and

site occur about 4 miles from Soda, Springs. Stone, 1021b. p. 12-13.

NEW MEXICO

Magnesite occurs in the Organ Mountains and San Andres Mountains

of Dona Ana County and in the Burro Mountains near Redrock, Grant
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County, about 30 miles north of Lordsburg. The deposits in the Organ

Mountains are in the southern part of the range, east of Las Cruces,

along the southern boundry of T. 23 S., R. 4 E., New Mexico principal

meridian. These deposits have been described by Dunham (1935, p. 236) .

The magnesite replaced certain beds in dolomite inclusions in a quartz

monzonite intrusive. Analyses (Dunham, 1935, p. 237) show the mag

nesite to be of good quality. The deposits have been developed, but

resources are not known. A smaller occurrence is reported on the south

west side of the San Andres Mountains north of Organ Pass (Taft, 1936).

A small deposit of magnesite, hydromagnesite, and brucite crops out

west of Ash Creek about 2 miles above its junction with the Gila River,

near Redrock, Grant County. It has been described briefly by Yale

and Stone (1921a, p. 234). The magnesite occurs in lenses in partly

serpentinized limestone or dolomite associated mainly with Precambrian

intrusives.

Magnesite in New Mexico

So. on

pi- t County Deposit and locality Reference

40 Grant Ricolite Canyon (near Redrock); small de- Yale and Stone. 1921a, p.

posit of magnesite, hydromagnesite, and 234.

brucite occurs on the west side of Ash

Creek, about 2 miles above its junction

with the Gila River.

50 Dona Ana Organ Mountains; magnesite and dolomite Dunham, 1035, p. 236; Tal-

oocur in South and Target Range Canyons mage and Wootton, 1037,

in the southeastern part of T. 23 8., R. 4 E. p. 111.

61 do San Andres Mountains; occurrence on south- Taft, 1036; Talmage and

west side of mountainf^north of Organ Pass. Wootton, 1037! p. 112.

NEVADA

Magnesite, in deposits representing both the carbonate rock replace

ment and the sedimentary types, occurs in several localities in Nevada.

However, only the group of deposits at Gabbs, Nye County, is of com

mercial importance. The Gabbs area is also the only area in the United

States known to contain commercial deposits of brucite. Other mag

nesite deposits in Nevada are either too small or of too low grade to be

of commercial value under present conditions.

GABBS

Although the brucite deposits at Gabbs were discovered in 1927

(Callaghan, 1933, p. 7), very little ore was mined, and that only inter

mittently, during the next several years. Commercial production began

in 1934 (Partridge and Davis, 1935, p. 1168) and, except during 1935,

has been continuous up to the present (1954). Nearly the entire pro

duction has been shipped to Ohio where it is processed for use in special

refractories (Ladoo and Myers, 1951), p. 120). Magnesite has been

produced since about 1940 and, from September 1942 to November 1944,

it supplied the ore for the world's largest magnesium plant at Henderson,

near Las Vegas, Nev. (Callaghan and Vitaliano, 1948, p. 1). At present
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two companies are producing refractory magnesia from Gabbs magnesite

(Irving and Uswald, 1954, p. 4).

The deposits are on the western slope of the Paradise Range, in the

extreme western part of Nye County, approximately 29 miles by road

northeast of Luning. The geology of the Gabbs area has been described

by Callaghan (1933) and by Callaghan and Vitaliano (1948). The mate

rial that follows has been summarized from the latter report, except

where noted. Magnesite and brucite occur as replacement deposits in

dolomite, the uppermost beds of the Luning formation (Upper Triassic),

present here as an overriding plate above a thrust fault. In the mineral

ized areas the dolomite, which generally is dense, dark gray to black,

and fine grained, has been replaced by recrystallized dolomite, magnesite,

brucite, and silicate minerals.

The magnesite is coarse to very fine grained, massive, white to gray

with a brown-weathering surface, and often is so similar in appearance

to the recrystallized dolomite which it replaced that the two cannot

readily be distinguished. The brucite, which is massive, has a soapy

appearance, and varies from white to yellow or brown, is found in bodies

that are distributed along the contact between the magnesitized areas

and a granodiorite stock. The mineralization is thought to be associated

with the granodiorite.

Impurities contained in various minerals associated with the magnesite

include iron, alumina, silica, and lime. Particularly troublesiO ne in min

ing are the many apophyses from the stock into the mineralized areas,

necessitating some selectivity in mining. Bencficiation is accomplished

by flotation or heavy-media separation (Utley, 1952, p. 98).

The origin of the magnesite and associated minerals is complex, as

several stages probably were involved in the genesis of the present min

eral assemblage. Essentially, the process of mineralization involved re

placement of the dolomite by magnesite and recrystallized dolomite

through the action of hypogene solutions. Igneous intrusive rocks were

then emplaced and were accompanied by the introduction of pyrite and

silicate minerals. Brucite probably was formed at this time. Later

solutions caused magnesite and brucite to be replaced by dolomite.

Callaghan and Vitaliano (1948, p. 17) estimate 27 million tons of

magnesite containing less than 5 percent lime and total reserves of mag-

nesitic material at about 52 million tons in the principal ore bodies exposed

at the surface.

OVEETON

A large sedimentary deposit of magnesite occurs about 5 miles south-

southwest of Overton, Clark County. The geology of the area has been

described by Longwell (1928), and Rubey and Callaghan (1936, p. 119-

139) have presented detailed descriptions of the deposit, its origin, and

mineralogy. This brief summary is taken from the latter report. The
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deposit of magnesite occurs in thin beds of varied composition associated

with a thick unit of white clayey dolomite belonging to the Horse Spring

formation of Tertiary(?) age. The deposit is lenticular and is covered

with gravel overburden ranging from 30 to 50 feet in thickness. Re

sources are estimated to be more than 5 million tons of impure magnesite

containing more than 30 percent magnesia and occurring in beds at least

6 inches thick.

CURRANT CREEK

A unique occurrence of magnesite represented in a group of deposits

in the Currant Creek district, about 29 miles by road southwest of Ely,

has been described by Vitaliano (1951). The district lies on the boundary

between White Pine and Nye Counties. Magnesite occurs as nodules,

veins, lenses, and disseminated grains in masses of altered tuff of Tertiary

age. Locally the tuffaceous matrix contains a magnesium silicate min

eral of the serpentine group. The complex mineralogy of the deposits

has been described in detail by Faust and Callaghan (1948). Although

much of the magnesitic material is quite high in silica and lime, it is

amenable to partial beneficiation (Holmes and Matson, 1950, p. 8).

Vitaliano (1951, p. 23) estimates that reserves in the district include

about 10,000 tons of commercial-grade magnesite and about 350,000 tons

of the magnesium silicate-bearing material.

Magnesite in Nevada

No. on

pi. t County Deposit and lorality Reference

41 Nye Gabbs; large commercial deposit* of brucite Callaghan and Vitaliano,

and magnesite in sees. 26, 35, and 36, T. 1948.

12 N., R. 36 E., M.D.M.'

42 Nye and White Pine Currant Creek district; two groups of small Vitaliano, 1951.

deposits in the northwestern part of T.

12 N., R. 61 E., and adjoining part of T.

12 N., R. 60 E; and in T. 12 N., R. 59 E.,

(unsurveyed) M.D.M.

43 Esmeralda. . ... — Lone Mountain; reported but unconfirmed Gale, 1912, p. 520; Rubey

occurrence southwest of Tonapuh, near and Callaghan, 1936, p.

Mount Diablo base line, Rs. 39 to 41 E. 143-144.

44 Nye Payne deposit; small deposit 28.4 miles

northwest of Indian Springs, on the Oak

Springs Road.

46 Clark Overton; sec. 2, T. 17 8, R. 67 E, and s<vs. Rubey and Callaghan, 1936,

34 and 35, T. 16 S., R. 67 E , M.D.M. , p. 119-139.

about 5 miles south-southwest of Overton;

large sedimentary deposit.

46 do Bauer deposit; 17 miles by road southeast of Rubey and Callaghan, 1930,

St. Thomas and 9 miles due north of the p. 140-141.

former Gold Butte Post Office; somewhatimpure sedimentary deposit.

1 Mount Diablo base line and meridian (Calif.-Nev.).

OREGON

Deposits of magnesite, probably similar to those associated with ser

pentine in California, are reported along the lower Illinois River, on the
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Smith River, and on Diamond Creek, Curry County; and near Holland,

Josephine County (Hodge, 1938, p. 73-74). Details concerning these

deposits are lacking, but it is doubtful that commercial deposits occur

in this area (F. G. Wells, 1952, oral communication).

Magnesite in Oregon

No. on

pi. t County Depotit and locality Reference

4 Cuny _ Deposits along the lower Illinois River, the Hodge, 1938, p. 73-74.

Smith River, and on Diamond Creek.

5 Josephine— Near Holland Hodge, 1938, p. 74.

PENNSYLVANIA

Magnesite occurs in narrow veins and stockworks in the State Line

serpentine along the Pennsylvania-Maryland boundary. Deposits along

the Chester-Lancaster County line, near where Octoraro Creek crosses

the State line, were mined during the last century (Stone, 1922, p. 1).

Smaller deposits have been noted also in Fulton and Peach Bottom

Townships, Lancaster County (Stone, 1922, p. 2).

Magnesite in Pennsylvania

No. on

pi. S County De-posit and locality Reference

54 Chester and Lan- Small deposits near the oxbow of Octoraro Stone, 1922, p. 1.

caster. Creek on the Pennsylvania-Maryland

boundary.

54 Lancaster Occurrences in Fulton and Peach Bottom Stone, 1922, p. 2.

Townships.

TEXAS

Magnesite was produced during and immediately following World War

II from deposits in the Sharp Mountain area, south of Llano, Llano

County, for use principally as fertilizer. The most important deposits

are 3 and 6 miles southeast of Llano where they occur as lenses in dolomite

marble, part of a Precambrian sequence of metamorphic rocks which has

been intruded by granites (Chelf, 1941). Some analyses of the material

have been published (Schoch, 1938), but estimates of reserves in the

area are not available.

A small deposit of low-grade magnesite occurs with dolomite as a lens

in chlorite schist about 3 miles northwest of Mason, Mason County

(McCammon, 1941, p. 4). Reserves are estimated to be less than 15,000

tons of mixed magnesite and dolomite (McCammon, 1941, p. 5).

MagnesUe in Texas

No. on

pi. i County Depotit and locality Reference

52 Mason Mason, 3 miles northwest; low-grade deposit. McCammon, 1941, p. 4—5.

53 Llano a. Gray Fowler tract (Merameo Minerals Chelf, 1941.

Co.); 3 miles by road southeast of

Llano,

b. Stribling ranch deposit (Texas Mines); Chelf, 1941.

6 miles southeast of Llano.
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UTAH

Small lenses and veins of magnesite occur in the Fish Springs district,

about 15 miles east of Callao, Juab County. The deposits have been

discussed briefly by Crawford (1941). The magnesite replaces parts of

a buff-colored hydrothermally altered dolomite of Cambrian age. The

deposits probably are too small to mine for the magnesite alone, but might

be recovered in conjunction with quarrying of the enclosing dolomite.

Nothing is known, however, of the purity of the dolomite.

Magnetite in Utah

So. on

pi. t County Deposit and locality Reference

48 Juab Fish Springs deposit; small veins in the Fish Crawford, 1941.

Springs district in T. 11 S., R. 14 W.

VERMONT

Magnesite is associated with talc locally in the belt of ultramafic rocks

that extends in a north-south direction through the central part of

Vermont. Experiments on flotation of talc-magnesite ores have pro

duced magnesite-rich tailings (Clemmer and Cooke, 1936).

WASHINGTON

Commercial deposits of magnesite are restricted to the so-called

"magnesite belt," a narrow, well-defined zone some 30-odd miles long,

which is entirely in Stevens County, northeastern Washington. The

magnesite is of the carbonate rock replacement variety. Deposits range

in size from those of small tonnage to large irregular lenses containing

reserves in excess of a million tons, which are adequate to support pro

duction for some years.

Production of magnesite on a commercial scale began at the end of

1916, and in 1917, the first full year of production, the new industry

supplied more than 100,000 tons of crude magnesite (Tyler, 1931b, p. 24),

an amount equal to half that produced the same year by the well-

established industry in California. Production has been nearly con

tinuous since that time, and systematic development and exploration,

aided by a better understanding of the possible mode of origin of the

magnesite, have resulted in the establishment of large reserves during

recent years (Bennett, 1943). New methods of beneficiation have been

an important factor in increasing the tonnage of usable material.

Much has been written about the Stevens County deposits, and the

more important work has been summarized briefly by Bennett (1941,

p. 4-6). According to Bennett, the magnesite deposits are confined

almost entirely to areas within his Stensgar dolomite, a formation in his

Deer Trail group (Precambrian(?) ) of argillites, slates, phyllites, quartz-

ites, and dolomites. The Stensgar, generally 300 to 350 feet thick but

more than 700 feet thick in its northern area of outcrop, is typically a fine
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grained dense light-bluish or pinkish-gray dolomite. Locally it has been

recrystallized into a medium- to coarse-grained dolomite marble. The

formation is exposed in a series of outcrops that extends in a south-

southwesterly direction from a few miles northwest of Chewelah, along

the eastern foothills of the Huckleberry Mountains, to a point within

2 miles of the Spokane River, a total distance of about 31 miles.

According to Campbell and Loofbourow (1942, written communication)

and Callaghan (1942, written communication), the so-called Stensgar

dolomite changes locally, either gradually or rather abruptly, into mag-

nesite. The magnesite varies from finely to coarsely crystalline and

from white through gray to brown and black in color. Where mag-

nesitization of the dolomite has been extensive, the rock tends to stand

topographically higher than the surrounding dolomite, because of its

greater resistance to weathering. The impurities are chiefly lime, in

included dolomite; silica, as quartz or in silicate minerals; and, to some

extent, iron carbonate. Flotation and heavy-media separation are used

to remove the impurities.

Magnesite in Washington

No. on

pi. £ County Deposit and locality Reference

1 Skagit Rockport; reported occurrence 0.5 mile from Hodge, 1938, p. 73.

the Great Northern Railway.

2 Okanogan Riverside area; reported occurrence Do.

3 Stevens __ Magnesite belt; extends from 4 miles north- Bennett, 1941; Bennett,

west of Chewelah to within 2 miles of 1943; Campbell and Loof-

the Spokane River. bourow, 1942, written

a. Finch quarry; sec. 30, T. 32 N.,R. 40 E. communication.

b. Moss-Allen quarry; sees. 25 and 36,

T. 32 N., R. 39 E., and sees. 30 and

31, T. 32 N., R. 40 E.

c. Woodbury quarry; Bee. 1, T. 31 N„

R. 39 E.

d. Mountain View deposit; sec. 3, T. 31 N.(

R. 39 E.

e. Nogue deposit; sec. 4, T. 31 N.,R. 39 E.

f. Phoenix deposit; sec. 3. T. 31 N., H.

39 E.

g. Midnight deposit; sec. 7, T. 31 N„

R. 39 E.

h. Keystone quarry; sec. 9, T. 31 N., R.

39 E.

i. Davis deposit; sec. 18, T. 31 N., R.

39 E.

j. Double Eagle quarry; sec. 18, T. 31 N.,

R. 39 E.

k. Crosby quarry; sec. 18, T. 31 N., It.

39 E.

1. Red Marble quarry; sec. 25, T. 31 N.,

R. 38 E.

m.U. S. Magnesite quarry; sec. 10, T.

30 N., R. 38 E.

n. Turk quarry; sec. 1, T. 29 N., R. 37 E..

and sec. 36, T. 30 N., R. 37 E.

Magnesite mineralization apparently has been most intense in the

north-central part of the belt, and mining operations are centered mainly
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in the areas southwest of Chewelah and west of Valley. At least two

large deposits occur, however, in the southern part of the belt southeast

of Fruitland, in the vicinity of Turk (Bennett, 1943).

The most probable theory of origin, according to Callaghan (1942,

written communication), is that the preexisting dolomite was recrys-

t&llized or replaced by magnesite through the action of ascending hydro-

thermal solutions, probably associated with nearby granitic intrusives,

which spread through fractures and along bedding planes removing lime

and depositing magnesia. Field evidence indicates that deformation of

the dolomite preceded the formation of the magnesite and that major

shearing and faulting were the controlling factors in the distribution of

the magnesite (Bennett, 1941, p. 14).

OTHER STATES

Magnesite, probably of little more than mineralogical interest, occurs

in Massachusetts, Maryland, New Jersey, and New York (Harness and

Jensen, 1943, p. 2).

RESERVES

Reserves of magnesite are difficult to calculate, because of the irregu

larities in size and shape of many of the deposits, lack of uniformity in

composition of the material, different chemical and physical specifications

for various uses, and possibilities for beneficiation. Reserves of usable

magnesite readily available for removal by open-pit methods in Wash

ington and Nevada were estimated in 1944 (U. S. Bur. Mines and U. S.

Geol. Survey, 1948, p. 128) at about 8 million tons, with an additional

85 million1 tons of impure material that could be considered inferred ore.

At the 1941 rate of consumption, these reserves were considered sufficient

for about 250 years, according to the reference cited. Crude magnesite

mines in 1941 amounted to about 375,000 tons (Schallis and Warner,

1942, p. 1499). In 1952 approximately 511,000 tons were mined (Irving

and Uswald, 1954, p. 1).

DOLOMITE

DESCRIPTION AND DEFINITIONS

The mineral dolomite is the double carbonate of calcium and mag

nesium, expressed as CaMg(C03)2 or CaC03.MgC03, and contains ap

proximately 30.4 percent CaO, 21.9 percent MgO, and 47.7 percent C02

(Palache and others, 1951, p. 212). Expressed as carbonates the com

position is 54.35 percent CaC03 and 45.65 percent MgC03 (Ford, 1932,

p. 516). Bivalent iron or manganese can substitute within limits for

magnesium to form other varieties (Palache and others, 1951, p. 211—

»Thia figure, as given in the reference, is 85,000 tons. From other data given, it clearly is a typo

graphical error and should be 85 million tons.
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213). Dolomite is similar in appearance to calcite (CaCO») but is

slightly harder (calcite, hardness 3; dolomite, hardness 3^-4), heavier

(calcite, specific gravity 2.71; dolomite, specific gravity 2.85), and reacts

very slowly, if at all, with cold dilute acid. Pure dolomite is colorless

or white but may vary through shades of red, green, brown, and gray

to black. It commonly is massive, finely to coarsely granular, but some

times is porcelaneous and breaks with a conchoidal fracture.

Dolomite, used as a rock name, generally is applied to carbonate rocks

composed of mixtures of dolomite and calcite, and, although massive

bodies of pure crystallized dolomite are not common in nature, dolomitic

rocks occur extensively. Unfortunately, there is little uniformity in the

use of the name, and rocks containing relatively small percentages of

magnesium carbonate have been referred to in much of the literature as

dolomites. Conversely, in a great deal of the older literature the term

"limestone" was applied to rocks that are now called dolomites and mag

nesium limestones.

It is somewhat difficult to reconcile scientific and industrial definitions

of dolomite. Pettijohn (1949, p. 312) defines dolomites as "those varie

ties of limestones containing more than 50 percent carbonate, of which

more than half is dolomite." Following PettiJohn's classification, a rock

containing 90 percent or more dolomite in the carbonate fraction would

be classed as dolomite; one containing 50 to 90 percent dolomite in the

carbonate fraction would be a calcitic dolomite. If the "dolomite" were

a pure carbonate rock, in which the carbonate fraction would comprise

100 percent of the total weight, 19.67 to 21.86 percent by weight of

the rock would be magnesia. If, on the contrary, only the minimum

requirements of the definition are met, that is, if the carbonate fraction

constitutes about 50 percent of the total weight, a rock containing as

little as 9.84 percent by weight of magnesia also would be classed as

dolomite. A dolomite of this composition would not satisfy industrial

requirements for a high-magnesia rock.

More useful to industry are those definitions that show relationship

between the magnesia content of the total rock and its lithologic designa

tion. Different schemes of classification have been used in the literature,

and there seems to be some agreement that to be called a dolomite a

rock should contain a minimum of 40 percent magnesium carbonate

(about 19.5 percent MgO) (Hatmaker, 1931, p. 2; Hopkins, 1942, p. 3;

Weitz, 1942, p. 3). The classification of the carbonate rocks as "natural

building stones" on page 392, Part 3 of 1952 Book of American Society

for Testing Materials Standards includes the following definitions:

Dolomite—A limestone containing in excess of 40 percent of magnesium carbonate

as the dolomite molecule.

Mugnesian (Dolomitic) Limestone—A limestone containing not less than 5 nor

more than 40 percent of magnesium carbonate.
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In the present paper, the terms dolomite and dolomitic or magnesian

limestone will be used, insofar as possible, in conformance with the defi

nitions above. In general, the rocks whose localities are shown on the

tables accompanying the State summaries contain less than 10 percent

noncarbonates. The terms "high-purity" and "high-grade" are used

interchangably to designate rocks containing only a few percent of im

purities. If the impurities are in excess of about 3 percent, the rock is

designated as "moderately high" in impurities. Rock containing more

than about 5 percent impurities is called "high" in impurities.

The writer has found that in the literature little reliability can be

placed on the lithologic designation of a rock as a dolomite, unless the

report bears specifically on the economic possibilities of a deposit or the

description is accompanied by chemical analyses. This is true particu

larly in older reports. In the descriptions of individual formations in

the following pages, the lithologic designations have sometimes been

modified by this writer to conform to the definitions above, usually on

the basis of the chemical analyses included in the reports studied.

ORIGIN AND MODE OF OCCURRENCE

The origin of dolomite has been the subject of much study. Van Tuyl

(1916) presented an excellent review of the various theories of origin

and the evidence supporting and opposing each. Pettijohn (1949, p. 316)

classifies all the theories of origin under three major catagories. These

are "(1) primary precipitation of the dolomite, (2) selective leaching of

calcite from an original mixture of calcite (or aragonite) and dolomite,

and (3) replacement of an original calcitic limestone." Evidence indi

cates that most dolomites probably are the result of replacement of

preexisting sediments, although Stout (1941, p. 9-11) believes that the

extensive dolomites of Silurian age of western Ohio are primary pre

cipitates. The time of replacement of the original sediments is prob

lematical. Steidtmann (1911, p. 325-342; 1917, p. 435-445) and Van

Tuyl (1916, p. 398-399) have presented evidence indicating that the

more extensive dolomites have been formed by the alteration of lime

stones beneath the sea, probably by the diagenetic replacement of calcium

carbonate by dolomite. Miller (1934, p. 51-53) also believes that the

dolomites of Pennsylvania have been formed in large part by the same

processes. Hewett (1931, p. 57-67), through comprehensive field and

laboratory study, has shown that alteration due to the action of magnesia-

rich solutions on limestone has formed dolomite in southern Nevada.

Pettijohn (1949, p. 317) suggests that dolomitization may take place at

several stages in the formation of the final rock.

Dolomites and dolomitic limestones occur chiefly as sedimentary strata

associated with limestones and other sedimentary rocks of chemical or

detrital origin. They may form thick extensive beds, thin beds, or lenses
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and irregular masses. Many formations, some designated "limestone,"

others "dolomite," are in fact composed of limestone layers, dolomite

layers, and layers of dolomitic limestone. In addition to such strati-

graphic variations in composition, formations commonly contain beds

that vary in composition from limestone to dolomite along their strike.

Thus, a certain bed that is limestone in one locality may be represented

elsewhere by a bed of dolomitic limestone or dolomite. Less commonly,

marbleized dolomite occurs as lenses or layers associated with gneisses,

schists, or other metamorphic rocks, as typified by occurrences in Massa

chusetts, North Carolina, and Texas.

Although dolomitic limestones are of widespread occurrence, large de

posits of pure dolomite are much more restricted, and many potentially

commercial deposits are confined to definitely limited zones within forma

tions of impure carbonate rocks that are unsuitable for chemical or other

industrial purposes.

USES

The following reports summarize most of the uses of limestone and

dolomite (Miller, 1934, p. 77-111; Lamar and Willman, 1938; Stout, 1941,

p. 426-447). Although these summaries are somewhat general, they

afford a good background on the uses of the carbonate rocks. More

detailed information regarding specifications for specific uses will be found

in the literature. Chemical and physical specifications vary widely, not

only with the use but also with the user, as technologies have been modi

fied in order to make use of local sources of raw materials. Any given

deposit, after it has been thoroughly studied for its size, uniformity, ease

of quarrying, and marketability, should be adequately tested to determine

whether or not the rock will fulfill requirements of the potential consumer.

The uses of the carbonate rocks can be divided into two broad categor

ies: those in which the physical properties are more important and those

in which the chemical composition is more important. The second cate

gory can be further subdivided into (a) uses in which limestone is required,

(b) uses in which dolomite is required, and (c) uses in which one type can

be substituted for the other.

The construction industries annually consume great quantities of lime

stone and dolomite in the first category. Physical properties of the rock

are important, and, in general, the chemical^composition of the rock need

be considered only insofar as it affects the physical properties. Lime

stone and dolomite are used interchangably in the form of dimension

stone and as crushed and broken stone for concrete aggregate, railroad

ballast, road metal, riprap, and a variety of other purposes.

The agricultural, chemical, and manufacturing industries consume the

carbonate rocks for uses in which the chemical composition is more

important. Uses that annually require large amounts of reasonably pure
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limestone include the manufacture of portland cement, high-calcium lime,

alkalies, calcium carbide, mineral feeds, sugar refining, and others. Dolo

mite is required for refractories, magnesium production, manufacture of

technical carbonate, and the milk-of-lime-process for the manufacture

of paper. The uses that require dolomite as a raw material have been

described by Colby (1941). Substitution of one rock type for the other

is permitted when the rock is to be used for agricultural limestone, blast

furnace flux stone, fertilizer ingredient, coal-mine dusting, rock-wool pro

duction, whiting substitute, and various fillers.

It is difficult to determine the tonnage of dolomite consumed annually

in the United States. Published statistics (Chandler and Jensen, 1954,

p. 1205) show that in 1951 more than 5 million tons of dolomite was used

as refractories, nearly 364,000 tons for basic magnesium carbonate (includ

ing refractory magnesia), and 92,000 tons in the paper industry. In

addition to this known amount, an undetermined part of a total of more

than 205 million tons of "limestone" was dolomite and dolomitic lime

stone used as dimension stone and as crushed and broken stone for many

purposes.

Of the numerous uses of dolomite that do not permit substitution of

limestone, the most important from the tonnage consumed are as re

fractories and for magnesium production. As noted above, several mil

lion tons of dolomite are used annually for refractories. Capacity pro

duction of metallic magnesium from plants in the United States that

use only dolomite as a raw material would require a total of about

560,000 tons of dolomite per year. These two uses are described in more

detail below.

REFRACTORIES

Dolomite and dolomitic limestone containing not less than 35 percent

magnesium carbonate have found wide application in the steel industry

and in the nonferrous metals industry as a substitute for grain magnesite.

The subject of dolomite refractories has been discussed in general terms

by Lamar and Willman (1938, p. 18-20) and Colby (1941, p. 3-4) and

in more detail by Schallis (1942) . The rock is used in the form of crushed

raw stone, dead-burned clinker, and as a base for special refractories. It

is used chiefly for patching or repairing furnaces and also for building

up bottoms and banks of basic open-hearth furnaces and, to a lesser

extent, electric furnaces.

Owing to the instability of the lime, dolomite has not proved to be a

very satisfactory substitute for magnesite in the form of refractory brick

(Schallis, 1942, p. 6). In order to form a stable brick, the dolomite must

be processed in such a way as to control hydration and chemical re

activity of the lime. Hydration causes deterioration of the bricks, both

in storage and in use, and difficulty in handling. Chemical reaction with
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materials in the furnace also decreases the utility of the brick. To impart

the necessary refractory properties to dead-burned dolomite the lime

must, then, be partly or completely inhibited (semistabilizcd or stabi

lized) or must be removed. Several methods for the extraction of mag

nesia from dolomite have been summarized by Schallis (1943).

Various chemical specifications for dolomite to be used as refractory

material have been mentioned in the literature (Lamar and Willman,

1938, p. 19-20; Colby, 1941, p. 3-1). The minimum requirement for

magnesium carbonate content is 35 percent. The silica content should

be less than 1 percent and the combined alumina and iron oxide less than

1.5 percent. Naturally occurring impurities generally are undesirable

because they act as diluents, decreasing the carbonate content, and they

do not usually occur uniformly throughout the rock. Impurities, prin

cipally iron oxide, may be added to the rock when crushed, however, to

facilitate the dead-burning process (Schallis, 1942, p. 4)

MAGNESIUM

Dolomite has been used successfully as a commercial ore of magnesium

in several processes, including ferrosilicon reduction (Pidgeon), carbo-

thermic (Hansgirg), and certain of those involving electrolysis of mag

nesium chloride. During World War II attention was turned to the

development of these processes in order to utilize dolomite, the wide

spread occurrence of which eliminated the necessity for building mag

nesium plants along sea coasts.

Since World War II the ferrosilicon reduction process is the only one

that has attained any importance in the United States, although it is

uneconomic under normal competitive conditions. Of the 6 Government-

owned plants, 4 are ferrosilicon reduction plants and 2 are electrolytic

plants. These facilities are now used only intermittently to supplement

production from the single, privately owned sea-water plant. The table

below lists the magnesium plants in the United States and also shows the

capacity tonnage dependent upon dolomite as a source of raw material

Despite their higher costs of production, the ferrosilicon reduction

plants, according to Comstock (1954, p. 797), have made satisfactory

standby facilities because of their simplicity of design and operation,

their easily and economically storable equipment, and the comparatively

low consumption of electric power per unit of magnesium produced.

Approximately 4.5 kwh are needed to produce 1 pound of magnesium

(the power is used in the production of the ferrosilicon reducing agent),

as contrasted with 10 kwh per pound of magnesium produced by the

electrolytic process.

The ferrosilicon reduction process has been described by Pidgeon and

Alexander (1944) and by Pidgeon and others (1946). Essentially, this

process involves crushing and calcination of the dolomite; grinding, mix
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Magnesium metal plants in the United States

[Data from U. 8. Bur. Mines. The plant at Freeport, Tex., ia owned by Dow Chemical Corp. All

others are Government owned]

Annual

capacity

Plant Process (in Raw material and source

short

tons)

Freeport, Tex Electrolytic... 26,000

36,000

18,000

Sea water; Gulf of Mexico.

Velasco, Tex do Do.

MgCli cell feed; Ludington, Mich.,Painesville, Ohio.. do

and Freeport, Tex.

Dolomite; Canaan, Conn.Canaan, Conn Ferrosilicon... 5,000

Wingdale, N. Y do. 5,000 Do.

Dolomite; Marble, Wash.

Dolomite; Natividad, Calif.

Spokane, Wash do 20,000

Manteca, Calif do 10,000

ing, and briquetting the calcine with ground ferrosilicon; and heating in

an evacuated nichrome steel retort. By this process the magnesium is

vaporized, and the vapor is collected and condensed in the cooler end

of the retort to form a cluster of crystalline magnesium. An easily

removed residue of unfused dicalcium silicate and iron remains in the

retort. The reaction proceeds according to the following equation:

2MgO + 2CaO + (xFe)Si -> (CaO^SiO, + 2Mg + (xFe)

The ferrosilicon reduction process is the only one in which magnesia

is reduced directly from calcined dolomite. Other processes using dolo

mite involve removal of the magnesium from the dolomite, either as the

hydroxide or the chloride, preliminary to thermal reduction or elec

trolysis (Pidgeon and others, 1946).

Purity of the dolomite is important. Pilot plant operations at the

beginning of the war showed that dolomite for use in the ferrosilicon

reduction process should contain at least 21 percent magnesia and less

than 2 percent acid-insoluble material (Mayer, 1944, p. 363). According

to Pidgeon and Alexander (1944, p. 338-339), acid insolubles up to about

3 percent were found to be merely diluents, but when present in excess

of 3 percent they notably depressed the yield of magnesium. More than

a trace of the alkali metals sodium and potassium was found to be par

ticularly undesirable and, in some instances, dangerous (Pidgeon and

Alexander, 1944, p. 339-340). As they vaporize and condense along with

the magnesium, experience has shown that these metals are likely to

ignite spontaneously when the vacuum is broken and the condensate

exposed to air.

Although it is desirable to use dolomite containing impurities that are

within the tolerances outlined, chemical analyses (Deiss, 1955, p. 133,
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136) show that rock slightly below these standards has been used suc

cessfully as magnesium ore. Advances in technology eventually may

permit the use of dolomite containing alkalies in presently prohibitive

amounts or containing impurities in excess of 3 or 4 percent. Such

relaxing of specifications would greatly increase the already enormous

available tonnage of usable dolomite and considerably broaden the dis

tribution of reserves.

MINING AND BENEFICIATION

As most dolomites and dolomitic limestones for chemical purposes are

used in the form of fragments, the rock is obtained by standard crushed-

stone quarrying methods. Bowles (1939, p. 452-470) and Goldbeck

(1949, p. 269-286) have described the general features of exploiting

carbonate rock deposits for crushed stone.

The choice of quarrying methods is determined by the geological and

physical characteristics of the deposit. Usually, one of two main methods

is employed. Pit quarrying is used when a deposit lies below the adjacent

ground surface level; bank or open-cut quarrying is used when the deposit

stands at or above the adjacent ground level (Goldbeck, 1949), p. 271).

In either method the quarry face may be shot down in benches or as a

single face. One or more of several drilling and blasting techniques may

be used, depending chiefly upon the physical character of the rock.

Various drilling and blasting methods have been described by Bowles

(1939, p. 453-459) and by Goldbeck (1949, p. 272-278). Removal of

the overburden, which may consist of soil or unmarketable rock or both,

usually is necessary before quarrying by either the pit or bank methods.

Not uncommonly, where a deposit contains rock of a particularly

desirable quality and the geology of the deposit precludes economical

stripping of the overburden, underground quarrying may be employed.

This is usually done by the room-and-pillar method or some variation

thereof (Bowles, 1939, p. 467-168; Goldbeck, 1949, p. 285-286).

In the production of crushed stone for chemical purposes, it is some

times necessary to improve the quality of the quarry-run rock. Such

upgrading can be accomplished by one or more methods, including hand-

sorting, washing, and screening. Recently heavy-media separation has

been used commercially to improve the quality of dolomite by removing

granite that is associated with the deposit. The process has been de

scribed by Utley (1952) and Lenhart (1953).

No one standard procedure for the operation of a crushed stone quarry

would be applicable to all deposits. The practicability of the various

techniques for stripping, drilling and blasting, loading, hauling, upgrad

ing, and crushing must be determined by the quarry operator, whose

major concerns are the cost and quality of his product.
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GENERAL DISTRIBUTION

Dolomite and dolomitic limestone are of widespread occurrence in the

United States. Enormous quantities of dolomitic limestone are in many

geologic formations, ranging in age from Precambrian through Mesozoic.

Large, readily accessible supplies of high-purity dolomite are, however,

somewhat more limited in occurrence.

Immense tonnages of high-grade dolomite, most of it probably suitable

for either refractory or metal production, are in the region around the

Great Lakes. These dolomites are principally Ordovician and Silurian

in age. In some areas they occur as extensive, near-surface, essentially

flat-lying beds; in others they are local facies of extensive limestone or

dolomitic limestone beds.

Dolomites occur locally in the great limestone valleys of the Appa

lachian Mountains, from central Alabama northeastward through south

eastern Pennsylvania to New Jersey. Dolomite, some of which has been

used as magnesium ore, also occurs in several small areas in southeastern

New York and in the western parts of Connecticut, Massachusetts,

and Vermont.

In the Western United States dolomite generally does not occur in

extensive thick beds but rather as more localized deposits, some of which

contain substantial tonnages of high-grade rock. Such deposits are found

in nearly every State with the exception of the northern Great Plains

States. Dolomite from deposits in Washington and California has been

used in the production of magnesium in plants at Spokane, Wash., and

Manteca, Calif.

DISTRIBUTION BY STATES

Information pertaining to the dolomite and dolomitic limestone re

sources of the United States, arranged alphabetically by States, is given

in the following pages. Because dolomite is a high-tonnage low-cost

commodity and cannot be economically transported great distances, the

value of a given deposit is controlled largely by its proximity to trans

portation facilities and markets. It is thought, therefore, that a sum

mary of the resources of each State might be more useful to a potential

quarry operator or consumer than a summary of a larger region or one

based on geologic formations alone. The geologic formations known to

contain dolomite or dolomitic limestone are mentioned for each State,

but only those considered more important as possible commercial sources

of these rock types for use in the chemical and manufacturing industries

are described in detail.

Accompanying each State summary is a list of known or reported

occurrences of dolomite and of dolomitic limestone only slightly less

magnesian than dolomite (these contain a minimum of about 39 percent

magnesium carbonate). For each occurrence there are listed the location,
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the quarry or quarries (active and inactive quarries are not distinguished),

and the geologic formation.

In general, the descriptions of geologic formations are composite de

scriptions based upon information obtained from more than one source.

For convenience in reading, the references which were drawn upon for

the material in each paragraph are listed at the end of the paragraph,

and the reader is advised to consult each of the references listed for more

detailed information on a given subject.

ALABAMA

Dolomite occurs in large quantities in northeastern Alabama. The

more important deposits are in the area east and northeast of Birmingham,

where the rock is used extensively as flux stone in the smelting of iron

ore. The dolomites and dolomitic limestones of the series represented

by the shaded area on the map (pi. 2) include, in ascending stratigraphic

order, the Brierfield, Ketona, Bibb, and Copper Ridge dolomites, of

Upper Cambrian age, and the Chepultepec dolomite, of Lower Ordovician

(Beekmantown) age. The series has an aggregate thickness of more than

5,000 feet, and the rocks crop out principally in the anticlinal valleys of

the northeastern part of the State. High-purity dolomite is, however,

limited mainly to the Ketona, and large-scale quarrying is restricted to

this formation. (Butts, 1926; Jones, 1926; Smith and others, 1926)

Ketona dolomite.—The Ketona dolomite is primarily a light-gray

medium- to coarse-crystalline thick-bedded dolomite. It is nearly free of

silica. The formation attains a thickness of from 500 to 600 feet. Its out

crops extend from Vance, Tuscaloosa County, along the Jones River to

Bessemer, Jefferson County, thence northward into Opossum Valley,where

the formation is typically developed and the rock extensively quarried.

The Ketona crops out also from Chepultepec to Remlap in Murphrees

Valley, Blount County, and in the Shoal Creek area of Shelby County,

north of Montevallo. Chemical analyses indicate that the Ketona dolo

mite is the most promising source of high-purity dolomite in the State, and

Dolomite quarries and occurrences in Alabama

County Locality Formation Refertnce

Lee— Chewacla: quarry Chewacla marble Jones, 1026.

Jefferson Bessemer; quarries 2 miles west Ketona dolomite Ball and Beck, 1038.

Birmingham area; quarries do

a. Dolcito; quarries do

b. Ketona; quarry do L_ Burchard and Butts,

1010.

c. Lardona; quarry do Do.

d. North Birmingham; quarries. do Do.

e. Thomas; quarry do Do.

Shelby Montevallo; quarries 5 miles north. do Butte, 1011.

Talladega Talladega Copper Ridge dolomite Weiti, 1942.

Tuscaloosa.. Vance; quarry Ketona dolomite Burchard and Butts,

1910.
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available supplies of rock seem to be large in the Birmingham district.

(Burchard and Butts, 1910; Butts, 1926; Jones, 1926; Weitz, 1942)

Other formations.—Other known occurrences of high-grade dolomite in

Alabama include a lens in the usually cherty Copper Ridge dolomite

near Talladega, Talladega County, and portions of the Chewacla marble

(Precambrian) near Chewacla, Lee County. The extent and therefore the

potential importance of these occurrences is not known. (Weitz, 1942)

ARIZONA

Dolomite and dolomitic limestone occur principally in the central and

northwestern parts of Arizona. Smaller occurrences are also in the south

eastern part of the State. The dolomites occur predominantly as zones

within the Redwall limestone, the Martin formation, and their equiva

lents. A 60-foot dolomite zone is in the upper part of the Muav lime

stone of the Grand Canyon area. Many of the deposits are readily

accessible to transportation, and some probably would yield considerable

tonnages of rock if mined by open-pit methods. Most of the deposits

are, however, interbedded or otherwise closely associated with shale,

limestone, and sandstone. These probably are not uniformly pure over

wide areas and would require selective quarrying or, in a few places,

underground quarrying. The most promising deposit of dolomite seems

to be that in Tassai Ridge, near Pierce Ferry, Mohave County.

Muav limestone.—The Muav limestone, of Middle Cambrian age, in

the Grand Canyon area, is prevailingly a gray and buff mottled limestone

overlain by calcareous sandstone and massive magnesian limestone. The

magnesian limestone upper member is a hard buff crystalline rock, which

forms cliffs upon weathering. Where exposed in the Grand Canyon, its

thickness ranges from a thin wedge to about 70 feet. A chemical analysis

of a "typical specimen" from Bass Canyon shows the rock to be dolomite,

and it is reportedly uniform lithologically over considerable distances

in the canyon, despite its markedly varied thickness. (Noble, 1922)

Martin formation.—The Martin formation (Devonian) of the central

and southeastern mountain ranges and its Grand Canyon area equivalent,

the Temple Butte limestone, contain zones of dolomite or magnesian

limestone. The Martin formation, where typically developed, is a series

of limestones, sandstones, and shales that grade into one another verti

cally and laterally and have an aggregate thickness of 300 to 400 feet.

The lower part of the formation is the most prevailingly dolomitic. This

zone contains dark-brown or black to light-gray, generally fine-grained,

irregularly bedded dolomitic limestone beds, from 20 to more than 50

feet thick. The beds commonly contain dark chert nodules and masses

and are interbedded with thin layers of green shale. The rock weathers

to a characteristic buff color. Chemical analyses of samples of the

Temple Butte and descriptions of the Martin indicate that the formations
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generally are moderately high in impurities and contain less than 40

percent magnesium carbonate. The poor grade and usually interbedded

shales, limestones, and quartzites preclude the use of the rock, in most

places, as a source of high-purity dolomite. (Huddle and Dobrovolny,

1952; Wilson, 1942)

Redwall limestone.—The Redwall limestone, of Mississippian age, is

predominantly a light-gray to white thin- to very thick-bedded lime

stone. It ranges in thickness from a few feet in central Arizona to about

800 feet in the Grand Canyon area—perhaps more in the Lake Mead

area. Its southern equivalent, the Escabrosa limestone, attains a com

parable thickness in the southeastern part of the State. Brief studies

of the Redwall in northwestern Arizona around Peach Springs, in Tassai

Ridge, and between Chino Valley and Seligman have shown high-purity

dolomite to be present. Chemical analyses show some zones of the dolo

mite to be moderately siliceous, however, and careful detailed sampling

would be required to determine the exact areas of high-purity dolomite.

(Huddle and Dobrovolny, 1952; Wilson 1942)

Other formations.—Massive light-gray dolomite occurs in lake beds of

Tertiary age above the junction of Humbug Creek and the Agua Fria

River, near Pleasant Lake, Yavapai County. The dolomite is about 25

feet thick and is present over an area of more than a square mile. An

incomplete chemical analysis shows more than 40 percent magnesium

carbonate, but no information is available as to the impurity content.

(Wilson, 1942)

Dolomite occurrences in Arizona

County Locality Formation Reference

Cochise Bisbee; west and southwest Martin formation

Coconino. Grand Canyon Station; 15 miles Muav limestone, Tern- Noble, 1022; Wilson,

northwest, at Bass Canyon. pie Butte limestone, 1942.

and Redwall lime

stone.

Gila Globe; 3 miles northwest Martin formation

Maricopa. Roosevelt Dam; southeast wall of do

canyon.

Mohave Peach Springs; 2 miles east Temple Butte lime-

stone(?).

Tassai Ridge; southwest of Pierce Rocks of Devonian(?)

Ferry. and Mississippian

age.

Pinal Superior; 0.5 mile east Martin formation

Yavapai Chino Valley; 12-15 miles north... Redwall limestone

Pleasant Lake Rocks of Tertiary age. Wilson, 1942.

Seligman; 6 miles south Redwall limestone(?)..

ARKANSAS

Dolomite and dolomitic limestone occur in northern Arkansas in several

Middle and Lower Ordovician formations. They include the Jefferson

City, Cotter, and Powell dolomites, the Smithville and Black Rock for

mations, and the Everton formation, listed in ascending stratigraphic
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order. Chemical analyses indicate that only the Cotter dolomite con

tains sufficient magnesium carbonate to be considered a potential source

of high-grade rock. The other formations listed are dolomitic limestones ;

they probably contain only minor quantities of dolomite. The extent

of outcrop of the Cotter dolomite is shown on the map (pi. 2). (Branner,

1941 ; Branner, 1942)

Cotter dolomite.—The Cotter dolomite is predominantly a gray cherty

dolomite containing a few beds of sandstone and shale. The formation

crops out extensively over the northern part of the State and attains a

thickness of 500 feet in some places. Available chemical analyses, al

though showing more than 40 percent magnesium carbonate, show several

percent of silica, and it is not known if these analyses are representative

of the formation as a whole. Detailed sampling would be necessary to

determine what areas might be suitable as sources of high-grade rock.

Dolomite has been quarried from the Cotter at 2 localities in Benton

County. (Branner and others, 1940; Branner, 1941)

Dolomite quarries and occurrences in Arkansas

County Locality Formation Reference

Benton Sulphur Springs; quarry Cotter dolomite Branner and others,

1940.

Rogers; quarry _ do Do.

Oarroll Leatherwood Switch- _ do Branner, 1041.

Waldon's Switch do Do.

Marion Woods mine do Do.

CALIFORNIA

Deposits of dolomite in California occur for the most part as more or

less isolated or discontinuous masses, blocks, or lenses within rocks of

other types and range in age from Precambrian to Mississippian. They

are found principally in the southern half of the State, and commercial

production has been from Tuolumne, Inyo, Monterey, San Benito, and

San Bernardino Counties. Other occurrences have been reported from

Los Angeles, San Luis Obispo, Santa Clara, Calaveras, Nevada, Alameda,

El Dorado, Orange, Plumas, and Riverside Counties. Because of the

nature of the occurrences, no attempt has been made to delineate on the

map (pi. 2) the areal extent of the dolomite and dolomitic limestone

units. The locations plotted are only those for which adequate informa

tion concerning the extent and type of deposit is available, or those for

which chemical analyses of samples have been found in the literature.

(Logan and Wright, 1950; Pabst, 1938; Weitz, 1942)

Reed dolomite.—The Reed dolomite, of Precambrian age, is exposed in

several places in northern Inyo County. In this area the dolomite gener

ally is tan gray or pale gray, finely crystalline, thick bedded, and is

interbedded with 2- to 6-foot beds of bluish-gray dolomite. Much of

the rock, particularly that in the upper portions of the exposed sections,
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contains veins and stringers of calcite and quartz. Probably only the

lower 400 to 500 feet of the formation is sufficiently low in silica to be

considered a potential source of high-purity dolomite. Outcrops have

been studied in Black and Marble Canyons, 12.5 and 14 miles, respec

tively, southeast of Bishop. Chemical analyses show some of the rock

in the lower, less siliceous zone to be of excellent quality. (Jenkins, 1938)

Rocks of Cambrian age.—Dolomite beds tentatively assigned to the

Cambrian are in and near the Providence Mountains in the eastern part

of San Bernardino County and near Barstow, to the west. Most of the

deposits occur as fault blocks or as roof pendents in the Jurassic granitic

intrusive rocks. In general, the dolomites are some shade of tan or light

gray, although some are white. They are medium to coarse crystalline,

thick bedded, and not uncommonly show some degree of metamorphism.

Many of the deposits contain masses or stringers of hematite, calcite

veins, and might be intruded by plugs and dikes of diorite or granite.

Chemical analyses indicate the presence of high-purity dolomite, and

some of the rock has been quarried for use as refractory dolomite. (Logan

and Wright, 1950)

Rocks of Devonian age.—The dolomites of Devonian(?) age exposed

north of Owens Lake near Keeler and Lone Pine, west-central Inyo

County, occur in fault blocks of Ordovician, Devonian, and Carboniferous

metasediments. The dolomites are usually medium to fine crystalline,

thick bedded, predominantly white, and weather buff or pale tan. In

some places greenstone dikes and plugs are in the rock, but analyses from

certain localities indicate that, in general, the dolomite is of high purity.

Dolomite is quarried near Keeler, and it appears likely that sizable

reserves of quarriable dolomite are in the area. (Jenkins, 1938)

Sur series.—The Gabilan limestone of the Sur series, a group of meta

sediments the age of which is uncertain, contains dolomite in Monterey

and San Benito Counties. At Pico Blanco, Monterey County, the dolo

mite occurs as lenses or pods in the sedimentary series; at Natividad,

northeast of Salinas, Monterey County, and near Hollister, San Benito

County, important deposits occur as roof pendents in the Santa Lucia

granite. In the latter two localities the dolomite has been quarried and

used for the production of magnesium metal and magnesia. The rock

is usually white to bluish gray, medium to coarse crystalline, and is asso

ciated with and cut by veins and stringers of granite, chalcedony, and

contact-metamorphic minerals. Even though highly selective quarrying

and beneficiation have been necessary, a few of the deposits have proved

economic, and large reserves of high-purity dolomite are available.

Calaveras formation.—Lenses of dolomite and dolomitic limestone occur

in the Calaveras formation, of Mississippian age, in Tuolumne County.

Lenses of dolomite occur in a large body of metamorphosed limestone

that extends several miles northward from Sonora. The limestone con
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tains some beds of quartzite, conglomerate, and slate; it is intruded by

granite and lamprophyre dikes. The dolomite is commonly white, pale

gray or dull gray, and is locally streaked with thin dark-gray bands. It

is medium crystalline and soft and is cut by and interfingered with

irregular masses of limestone. In a few localities the rock has been

quarried for building stone; some of the rock may be suitable for re

fractories, although chemical analyses indicate that its quality is variable.

Southeast of Victorville, San Bernardino County, similar good-quality

dolomite, thought to be Mississippian in age, is found as roof pendents

in the granitic country rock.

Dolomite quarries and occurrences in California

County Locality Formation Reference

Inyo Ballarat; 8 miles southeast (?) Logan, 1947.

Bishop area:

a. Black Canyon Reed dolomite

b. Marble Canyon do

Keeler:

a. quarry 2.5 miles northwest Rocks of Devonian(?)

age.

b. quarries 4.5 miles northwest at do Do.

Dolomite Siding.

c. quarry 8 miles northwest at Rocks of Devonian Do.

Alico Siding. age.

Monterey Natividad; quarries Bur series - Do.

Pico Blanco; 20 miles south of Mon- do

terey.

San Benito Hollister:

a. quarry 11 miles south do Do.

b. quarries 1.3 miles southeast of do Do.

locality above.

San Bernardino.. Amboy ; 6 miles east Rocks of Cambrian(?) Do.

age.

Balch; 5 miles south (?) Do.

Barstow; 5 miles west.. (?)

Big Bear City; 7 miles south. __ (?)-— Do.

Cadiz; quarry 5.5 miles north Rocks of Cambrian (?) Do.

age.

Chubbuck Station; 2 miles south- (?) Do.

west.

Cima; 26 miles northwest (?) Do.

Hinkley; quarry 5 miles southwest. Rocks of Paleozoic(?) Do.

age.

Ivanpah; 3 miles southeast (?) Do.

Kelso; 9 miles southeast Rocks of Cambrian age

Lucerne Valley; quarry 10 miles Rocks of Paleozoic age. Do.

north.

Newberry; 18 miles southeast (?)

Siam ; 1 .5 miles south Rocks of Cambrian age Do.

Victorville; 15 miles southeast Rocks of Mississip- Do.

pian(?) age.

San Diego Live Oak Springs; 12 miles north- (?) Do.

east.

San Luis Obispo. Arroyo Grande; 15 miles northeast. (?) Franke, 1935.

Santa Clara San Jose Sur series.

Tuolumne Columbia:

a. quarry 0. 25 mile east Calaveras formation . .

b. quarries 2.8 miles north do Logan, 1947.

c. quarries just north of those do

above.

Sonora; 7.6 miles southeast do
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COLORADO

Considerable thicknesses of interbedded limestone, dolomitic limestone,

and dolomite occur in central and western Colorado. Exposures of dolo

mitic formations are along the east side of the Front Ranges in parts of

Douglas, Teller, El Paso, Fremont, and Pueblo Counties. West of the

mountain front, the dolomitic formations crop out in two roughly parallel

belts; exposures in the first belt are found principally in parts of Eagle,

Lake, Park, Chaffee, and Fremont Counties, those of the second in Eagle,

Pitkin, Gunnison, and Saguache Counties. Probably the three most

important of the dolomitic formations are the Manitou limestone, the

Chaffee formation, and the Leadville dolomite. Several analyses indicate

the presence of high-purity dolomite, but little information is available

regarding the extent and uniformity of the deposits. The shaded areas

on the map (pi. 2) represent the generalization of undivided groups of

dolomite and dolomitic limestone of Paleozoic age as shown on U. S.

Geological Survey Missouri Basin Studies Map 10 and include rocks rang

ing in age from Cambrian to Mississippian. (Larrabee and others, 1947;

Vanderwilt and others, 1947; U. S. Geol. Survey, 1935)

Manitou limestone.—The Manitou limestone (Ordovician) has been

described from several areas in central Colorado and referred to vari

ously as the Yule limestone, White limestone, and Manitou limestone.

In general, it is a white, light- to dark-gray, or blue-gray dolomitic lime

stone, commonly fine grained, thin bedded, and somewhat siliceous. In

the Leadville area it contains an abundance of white chert nodules. The

formation ranges in thickness from 50 to nearly 400 feet. Chemical

analyses show the rock to be a very siliceous dolomitic limestone, and,

if these analyses are typical of the formation as a whole, it could not be

considered a source of high-grade dolomite. (Emmons and others, 1927;

Larrabee and others, 1947)

Chaffee formation.—The Chaffee formation, of Devonian age, comprises

two distinct members; the parting quartzite member and the overlying,

much thicker Dyer dolomite member. Dolomitic rocks equivalent to

the Dyer include the Ouray limestone in the San Juan region of south

western Colorado. The Dyer member is commonly about 80 feet thick,

and the rock is principally a thin-bedded fine-grained dolomite which is

locally cherty. It weathers generally to light buff or yellowish gray and

not uncommonly contains thin shale partings. Chemical analyses of

samples from near Garfield, Chaffee County, show some of the dolomite

to be of excellent quality. Earlier writers did not recognize the Dyer

member as a distinct unit but, rather, as constituting the lower portion

of the Leadville limestone or Blue limestone of local usage. Some of the

analyses of the Leadville limestone from Eagle and Lake Counties,

therefore, might actually be of the Dyer member. No analyses of the

Ouray limestone are available, but it reportedly contains no units of
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high-grade dolomite. (W. S. Burbank, 1952, oral communication;

Emmons and others, 1927; Tweto, 1949)

Leadville limestone.—The Leadville limestone (Mississippian), overly

ing the Dyer member, consists of massive gray to blue-black crystalline

dolomite or dolomitic limestone. Locally, near mineralized areas, the

rock shows coarse recrystallization and at places a striped appearance

because of the formation of alternating light and dark bands, which gave

rise to the miners' term "zebra rock." Chemical analyses of the Leadville

from near Red Cliff and Leadville show the presence of high-purity dolo

mite. The formation ranges in thickness from about 50 to 375 feet.

(Emmons and others, 1927; Tweto, 1949)

Dolomite quarries and occurrences in Colorado

County Locality Formation Reference

Chaffee Garfield area; quarries- Chaffee formation Crawford, 1913.

Eagle Red Cliff area Leadville limestone Crawford and Gibson,

(and Chaffee forma- 1925.

tion?).

Fremont Canon City; quarry 1 mile west M&nitou Umestone(?) . Colo. Bur. Mines,

1948.

El Paso Colorado Springs; quarries Manitou limestone Larrabee and others,

1947.

Jefferson Golden; quarry 3 miles south (?) Colo. Bur. Mines,

194S.

Lake Leadville; quarries Chaffee formation and Emmons and others,

Leadville limestone. 1927.

Park Mount Silverheels - (?) Argall, 1949.

Pitkin.. Aspen (?) Do.

Summit Tenmile district. (?) Do.

CONNECTICUT

Limited quantities of high-purity dolomite occur in Connecticut, prin

cipally in the northwestern portion, as irregular lenses and layers in the

Stockbridge limestone, of Cambrian and Ordovician age. This formation

constitutes the marble belt of the western part of the State. The belt

is indicated by irregular and discontinuous outcrops through western

Litchfield and Fairfield Counties and is a continuation of the marble

belt that extends through Vermont and western Massachusetts. The

overburden in the region consists of glacial deposits and valley fill, which

makes prospecting and quarrying difficult. (Dale, 1923; Moore, 1935)

Stockbridge limestone.—The Stockbridge limestone is generally a white

to grayish-white medium- to coarse-grained thin-bedded to massive

marble, either calcitic or dolomitic in composition. Detailed studies

of the marble area have shown that the calcite and dolomite varieties

grade into one another, both vertically and laterally. In general, the

northern area of exposure is more dolomitic than the southern area.

Dolomite of high quality is, however, found as far south as Redding,

central Fairfield County. Much of the dolomite in the belt contains an

abundance of irregularly distributed mica and, locally, disseminated sul
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fides. Analyses of the rock, particularly in the vicinity of Canaan and

East Canaan, Litchfield County, where quarrying has been extensive,

show the presence of high-grade rock. Dolomite from this area supplies

the raw material for the Government-owned magnesium (ferrosilicon

reduction) plants at Canaan, Conn., and Wingdale, N. Y. (Moore, 1935)

Dolomite quarries and occurrences in Connecticut

(Data from Moore, 1935]

County Locality Formation

Fairfield Brookfield; quarries Stockbridge limestone.

Danbury; quarries Do.

Redding; quarries Do.

Litchfield Canaan; quarries Do.

East Canaan; quarries Do.

Falls Village; quarry 2 miles north Do.

Gaylordsville Do.

Lakeville Do.

New Milford; quarries Do.

Rattlesnake Hill; quarries Do.

FLORIDA

The occurrences of dolomite in Florida are so sparse as to make them

unsuitable as a source of high-grade rock. Considerable quantities of

dolomitic limestone are in a narrow belt of discontinuous outcrops and

subsurface patches along the west coast of the peninsula from Jefferson

County to southern Sarasota County. These rocks from Citrus County

northward are restricted principally to the Eocene and Oligocene sedi

ments; those in Manatee and Sarasota Counties occur in sediments of

Miocene age. (Hopkins, 1942)

In general, the dolomitic limestones of Eocene and Oligocene age are

buff or brown, porous, and they are composed of masses of small

dolomite crystals. Because of their crystalline structure and weak cemen

tation, the rocks are friable and can be pulverized easily. Some harder

masses occur within the softer portions of the rocks. The dolomitic rocks

belonging to the Miocene series are usually fight colored, siliceous, and

hard on surface exposures. At depth, however, they are gray, softer,

clayey in appearance, and contain appreciably less dolomite. (Hopkins,

1942; Vernon, 1951)

Dolomitic limestone quarries and occurrences in Florida

County Locality Formation Reference

Citrus Red Level; quarries Rocks of Eocene age.. Vernon, 1951.

Levy Lebanon ; quarry do Do.

Yankeetown (?) Hopkins, 1942.

Manatee Samoset; quarries Rocks of Miocene age. Do.

Sarasota Sarasota; quarry 3.5 miles north- do Do.

east.

Deposits of dolomitic limestone have been worked at several localities

for the production of agricultural lime in the form of soil conditioner and
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fertilizer filler. Although these pits are not to be considered as high-

grade dolomite quarries, they have been included on the map (pi. 2)

along with generalized representations of the areas underlain by dolo

mite and dolomitic limestone. (Hopkins, 1942; Vernon, 1951)

GEORGIA

Dolomite and dolomitic limestone occur^principally in the Paleozoic

rocks of northwestern Georgia and in the Precambrian marble belts to

the east. Because of their areal extent and chemical composition, the

Knox dolomite and the Murphy marble probably are the two most im

portant dolomitic formations. Deposits of lesser importance may occur

in the Gainesville and Dahlonega marble belts and in the Shady dolomite.

Dolomitic facies are reported also in the Chickamauga limestone, of

Ordovician age, and the Fort Payne chert, of Mississippian age, but they

are unlikely sources of high-grade dolomite. (Butts and Gildersleeve,

1948; Furcron, 1942)

Talladega slate.—According to Furcron (1942) the marble in the

Talladega slate (Precambrian) of the Gainesville belt is somewhat dolo

mitic, but analyses do not indicate that any of it is high-purity dolomite.

The marble crops out in the vicinity of Flowery Branch, Hall County,

and northeastward, near the Stephens-Habersham County line, . into

South Carolina. (Furcron, 1942)

Murphy marble.—The Murphy marble, of Lower Cambrian age, is

exposed in several localities in an interrupted belt that enters the State

in northeastern Fannin County and extends southwestward through

Gilmer and Pickens Counties to a point several miles north of Canton,

Cherokee County. This series of outcrops constitutes the Whitestone-

Marble Hill belt. Chemically, the Murphy marble varies in composition

from almost pure calcite to dolomite containing as much as 43 percent

magnesium carbonate. Analyses from Fannin, Gilmer, and Pickens

Counties indicate the presence of rather high-purity dolomite in some

areas. (Furcron, 1942; Ga. Div. Mines, 1939; Weitz, 1942)

Shady dolomite.—-The Shady dolomite, of Cambrian age, is predomi

nantly a bluish-gray medium-crystalline dolomite about 1,000 feet thick.

Outcrops of the Shady are rare, being restricted principally to eastern

Bartow County in an area extending from southeast of Cartersville north

ward to a point just north of Pine Log Creek. It crops out also for a

distance of about 4 miles along the Southern Railway in the vicinity of

Etna, western Polk County. Chemical analyses of samples from the

Cartersville area show that dolomite moderately high in silica occurs

locally. (Butts and Gildersleeve, 1948; Furcron, 1942)

Knox dolomite.—The Knox dolomite, of Cambrian and Ordovician age,

is the most widespread dolomitic formation in Georgia and includes rocks

that elsewhere have been separated into the Copper Ridge, Chepultepec,
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and Nittany dolomites. The Knox, averaging about 3,500 feet in thick

ness, is prevailingly a thick-bedded gray dolomite, locally containing an

abundance of chert. Fresh outcrops of Knox are rare, but its general

distribution is indicated by the residual chert fragments in the overlying

soils. It occurs extensively as the bedrock formation in Bartow, Polk,

Floyd, and Gordon Counties. The largest area is between Cartersville

and Rome, in Bartow and Floyd Counties, where the width of the occur

rence is approximately 22 miles. Many quarries have been developed

in this formation, and several analyses indicate the presence of high-

quality dolomite. No information on the reserves of high-grade mate

rial is available. (Butts and Gildersleeve, 1948; Furcron, 1942)

Dolomite quarries and occurrences in Georgia

County Locality Formation Reference

Bartow Adairsville; quarry 3 miles south- Knox dolomite Furcron. 1942; Butts

eaat. and Gildersleeve,

1948.

Cartersville Shady dolomite Furcron, 1942.

a. barite mine 1.5 miles southeast do Do.

b. quarry 2 miles southwest Knox dolomite.- Furcron, 1942; Butts

and Gildersleeve,

1948.

CassviUe; 3.7 miles northeast Shady dolomite Furcron, 1942.

Catoosa Graysville:

a. quarry 0.5 mile east Knox dolomite Do.

b. quarry 1.5 miles southeast do Do.

Chatooga Trion; quarry 1.5 miles north do Do.

Fannin. _ _ . Mineral Bluff; 1 mile east - Murphy marble Weits, 1942.

Floyd- -_ Cave Spring Knox dolomite Do.

Vans Valley .- do.. Furcron, 1942.

Gilmer. Northcutt Murphy marble Do.

Habersham Turnerville area; quarry Talladega slate Do.

Pickens Jasper; quarry 2 miles east Murphy marble Do.

Polk Youngs Station. Knox dolomite. Weits, 1942.

Whitfield Dalton:

a. quarry 0.5 mile west do Furcron, 1942.

b. quarry 4 miles east do Do.

IDAHO

Dolomite deposits of any potential commercial importance are re

stricted mainly to south-central and southeastern Idaho in Lemhi,

Custer, Butte, Bannock, Caribou, and Bear Lake Counties. The dolo-

mitic formations range in age from Precambrian to Carboniferous, but

only about half are worthy of mention. Deposits of high-grade rock

are very scarce, the largest and purest occurring in the Fish Haven and

Laketown dolomites. Other formations known to contain small, local

deposits of high-grade rock, probably of no economic importance, include

the Blacksmith and Nounan limestones, of Cambrian age, the Garden

City limestone, of Ordovician age, and the Jefferson limestone, of

Devonian age.

Fish Haven dolomite.—The Fish Haven dolomite, of Late Ordovician

age, is generally a fine-textured medium-bedded dark-gray to blue-black
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dolomite, locally containing chert. The formation is about 500 feet thick.

It is well exposed along the Portneuf River from Topaz to the ridge

west of Bancroft, Bannock County; along the southwest side of the Lost

River Range east of Mackay and northeast of Arco, Butte County; and

probably along the crest of the Lemhi Range south of Gilmore, Lemhi

County. A promising dolomite deposit east of the mouth of Elbow

Canyon in the Mackay district is in the Fish Haven. Chemical analyses

show that the formation contains dolomite of excellent quality in several

localities.

Laketown dolomite.—The Laketown dolomite, of Silurian age, overlies

the Fish Haven and is exposed in the same general areas. The formation

is more than 500 feet thick, and the rock is predominantly a massive

light-gray to whitish dolomite, locally containing lenses of calcareous

sandstone. It forms the upper part of the ridge west of Lava Hot Springs,

the ridge south of Topaz, and probably is exposed east of Mackay and

along the crest of the Lemhi Range. Chemical analyses indicate that

some of the purest dolomite in the State occurs in the Laketown dolomite.

Because outcrops of the dolomitic formations are few and discontinuous,

and because most of them are grouped on the Idaho State geologic map

(Ross and Forrester, 1947) as undifferentiated Paleozoic sedimentary

rocks, no attempt has been made to delineate their areal extent on the

map (pi. 2).

Dolomite occurrences in Idaho

County Locality Formation

Bannock Bancroft; 2 miles west Laketown dolomite(P).

Blaser; 1 to 4 miles north.. Garden City formation.

Lava Hot Springs:

a. 2 miles west - Fish Haven dolomite and Laketown dolo

mite.

b. 0.5 to 1 mile northeast Fish Haven dolomite.

Pebble: 1.4 miles south (?).

Topaz: south Laketown dolomite.

Bear Lake Paris; 6.6 miles west Blacksmith limestone.

St. Charles ; 4.5 miles west Nounan limestone.

Butte Arco; 4 miles east Fish Haven dolomite.

Mackay; 10 miles east Do.

Caribou Monroe Canyon __ Laketown dolomite.

Custer Challis; 13 miles southeast Jefferson limestone.

Lemhi Gilmore; 6 miles south Fish Haven dolomite and Laketown dolo

mite.

ILLINOIS

Extensive deposits of dolomite occur in Illinois, principally in the

northern third of the State. Chemical analyses indicate that high-

purity rock in commercial quantities generally is restricted to the Platte-

ville to Galena sequence, of Ordovician age, in the north-central region

and the four formations constituting the Niagara group (Silurian) in

the northwestern and northeastern areas. Smaller quantities of dolo

mite are in other formations; these are included in the shaded area on
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the map (pi. 2). Although much of northern Illinois is covered by-

glacial drift, in many areas this overburden is only a few feet thick, and

exposures of the dolomite bedrock are not uncommon. Many of the

deposits are very pure, readily accessible, and extensive enough to be

of potential importance as sources of high-grade material. Many areas

in northern Illinois have already been extensively developed. (Weitz,

1942; Willman, 1943)

Platteville and Decorahformations.—The Platteville and Decorah forma

tions, of Middle Ordovician age, consist of a series of interbedded lime

stone, dolomite, and beds of intermixed limestone and dolomite, having

an average total thickness of 100 to 150 feet. The proportions of lime

stone and dolomite vary widely both vertically and laterally, as does the

character of the beds; some are sandy, some cherty, and others shaly.

Dolomite deposits moderately high in impurities are near Ashton, Lee

County, Rockton, Winnebago County, and Winslow, Stephenson County.

Outcrops of these formations occur as far south as southern La Salle

County. (Willman, 1943)

Galena dolomite.—The Galena dolomite, which overlies the Decorah

formation, comprises three members having an aggregate thickness of

200 to 250 feet. The lowest member, the Prosser, is made up of 20 to

40 feet of high-purity chert-free dolomite, 80 to 100 feet of generally

cherty but locally high-purity dolomite, and about 30 feet of high-purity

dolomite. The overlying Stewartville member consists of 40 feet of chert-

free dolomite lithologically similar to the upper 30 feet of the Prosser.

The Dubuque member, overlying the Stewartville, consists of shaly dolo

mite. The Galena is in parts of Boone, Carroll, De Kalb, Jo Daviess,

Lee, Ogle, Stephenson, Whiteside, and Winnebago Counties. Chemical

analyses of samples from several of these counties show that the rock

is dolomite, usually with a moderately high impurity content. (Weller,

1945; Willman, 1943)

Joliet limestone.—The Joliet limestone, of Niagaran age, is composed

of five dolomitic members of varied degrees of purity. At Joliet, the

formation attains a thickness of approximately 75 feet, the upper 25 feet

of which commonly is high-purity dolomite. The formation is exposed

mainly in Du Page County and western Will County in the northeastern

part of the State, and in western Carroll County and southern Jo Daviess

County in the western part of the State. Chemical analyses show that

high-grade dolomite is present in the Joliet and Du Page and Will Coun

ties. (Willman, 1943)

Waukesha limestone.—The Waukesha limestone, of Niagaran age, is

present in the same general areas as the Joliet. In northeastern Illinois,

the rock is a dense fine-grained dolomite, usually highly argillaceous and

approximately 25 to 30 feet in thickness. In this region it is exposed

along the Des Plaines Valley from Joliet to Sag Bridge, along the Kanka
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kee River northwest of Kankakee, and in quarries at Hillside and Elm-

hurst. The Waukesha in the northwestern region is a highly porous

high-purity dolomite, about 50 feet thick. It is well exposed in Whiteside

County and western Carroll County in the vicinity of Savanna, Fulton,

and Morrison. (Willman, 1943)

Racine dolomite.—The Racine dolomite, of Niagaran age, generally con

tains many coral reefs. The reef rock is usually a very high-purity

dolomite, but the interreef strata commonly are quite impure. In the

northeastern region the formation attains a maximum thickness of 250

to 300 feet; it is exposed in Cook, Du Page, Will, and Kankakee Counties.

In the northwestern area it is exposed in parts of Whiteside, Rock Island,

and Carroll Counties. Chemical analyses indicate that the high-purity

rock occurs in several of these counties. (Willman, 1943)

Dolomite quarries in Illinois

[Data from Erey and Lamar, 1925, and Willman, 1943]

County Locality Formation

Boone Belvidere Galena dolomite.

Carroll Lanark _ Do.

Mount Carroll.. Waukesha limestone.

Savanna Do.

Cook Chicago Racine dolomite.

Chicago Heights Do.

Gary Rock of the Niagara group.

Hawthorne Do.

Hillside Racine dolomite.

La Grange Do.

McCook _ Do.

Riverside Do.

Thornton Do.

Du Page Elmhurst _ _ Do.

Naperville Joliet limestone.

Jersey Grafton Rock of Silurian age.

Jo Daviess Elisabeth Galena dolomite.

Galena Junction Do.

Warren Do.

Kankakee Kankakee Rock of the Niagara group.

Manteno Racine dolomite.

Kendall Piano Galena dolomite.

Lee Ashton Decorah formation.

Dixon Galena dolomite.

Palmyra Do.

Ogle Mount Morris Do.

Polo _ _ Do.

Rock Island Cordova _ Port Byron limestone of Savage (1926).

Stephenson Freeport Galena dolomite.

Ridott Do.

Rock City Do.

Winslow; 1 mile north Platteville formation.

Whiteside Albany Racine dolomite.

Fulton. Racine dolomite and Waukesha limestone.

Morrison Racine dolomite.

Will Joliet _. Joliet limestone.

New Lenox Racine dolomite.

Romeo Joliet limestone.

Symerton ; 3 miles east Platteville formation.

Winnebago Rockford _ Galena dolomite.

Rockton___ (?).

Seward. Galena dolomite.
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Port Byron limestone of Savage {1926).—The Port Byron limestone, of

Niagaran age, is lithologically similar to the rocks of the Racine, contain

ing reefs of high-purity dolomite and averaging 50 to 75 feet thick- It

is exposed in northern Rock Island County, where analyses show that

high-grade rock is present. (Willman, 1943)

The shaded area on the map (pi. 2) represents the areal distribution

of the Ordovician and Silurian carbonate rocks and, in addition, the

Wapsipinicon and Cedar Valley limestones, of Devonian age. The latter

formations, dolomitic in Iowa, are along the Mississippi River in Rock

Island and Mercer Counties. Because of the many occurrences of dolo

mite in Illinois, only quarries in dolomite that are listed by Willman (1943)

and not occurrences and road cuts, have been plotted on the map. Addi

tional locations are listed in the report by Krey and Lamar (1925).

INDIANA

Dolomite and dolomitic limestone occur in the strata of Silurian and

Devonian age which form the bedrock principally in the northwestern,

east-central, and southeastern parts of Indiana. In the northwestern

and east-central parts, where these rocks underlie extensive areas, out

crops are scarce and potential quarry sites limited because of the heavy

overburden of glacial drift. Exposures are confined chiefly to the major

drainage channels. In southeastern Indiana, however, where the forma

tions are in a relatively narrow southward-trending belt and are generally

not so dolomitic, overburden is thin or absent and exposures are numer

ous. Several formations have been described in the literature as being

dolomitic; these include the Laurel and Louisville limestones, the Geneva

dolomite, and the Jeffersonville limestone in the southeastern area, and

parts of the Mississinewa shale, the Liston Creek formation, the Hunting

ton dolomite and the Jeffersonville limestone (?) in the area to the north.

Of these, however, as indicated by chemical analyses, only the Huntington

and Geneva and the Jeffersonville appear to contain any quantity of

high-grade dolomite. (Cumings and Shrock, 1928; Dawson, 1941; Deiss,

1952b; Esarey and Bieberman, 1948; Patton, 1949)

Huntington dolomite.—The Huntington dolomite, of Silurian age, is

generally a massive to slabby evenly bedded yellowish, gray, or pinkish

granular dolomite. Most exposures originally identified as Huntington

are reefs and associated beds, some of which are now considered parts

of the underlying Liston Creek formation. It has been suggested that

all exposures called Huntington actually are reefs in older strata and that

the Huntington is not a separate formation. Exposures of this dolomite

are found in two general areas: one includes parts of Randolph, Jay,

Adams, Wells, and Huntington Counties, and the second includes parts

of Cass, Carroll, White, Pulaski, and Jasper Counties. Chemical analy

ses indicate that the dolomite is generally of good quality. The rock
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has been quarried in many localities in northern Indiana. (Cumings and

Shrock, 1928; Patton, 1949)

Geneva dolomite.—The Geneva dolomite, of Devonian age, is pre

dominantly a buff and chocolate-colored, calcareous, generally massive

but sometimes thin-bedded dolomite. The formation ranges from a thin

wedge to about 40 feet in thickness. It occurs as bedrock in a narrow

belt extending from southern Rush County and Shelby County south

ward to the vicinity of Charlestown, Clark County, beyond which it gen

erally is absent. Chemical analyses show that at least locally the Geneva

dolomite contains rock of good quality. (Dawson, 1941 ; Patton, 1949)

Jeffersonville limestone.—The Jeffersonville limestone (Devonian), in

its lower portion, consists of brown dolomitic limestone. The formation

overlies the Geneva, and it is in the same general area, extending from

eastern Bartholomew County southward to southern Clark County. One

analysis of a sample from Jasper County, thought to be from the Jeffer

sonville limestone or its equivalent, indicates a dolomite having a high

silica content. Another analysis of a sample from near Logansport, Cass

County, shows a dolomite of excellent quality thought to be of Devonian

(Jeffersonville?) age. (Dawson, 1941; Patton, 1949)

Dolomite quarries in Indiana

[Data from Cumings and Shrock, 1928, and Patton, 1949. Quarries marked with an asterisk (*) are

listed by Patton as active]

Courtly Locality Formation

Adams Decatur Huntington dolomite.

•Geneva: 4.5 miles southeast Do.

♦Linngrove ; 1 .5 miles northwest Do.

•Pleasant Mills ; 3 miles southeast Do.

Blackford *Montpelier Do.

Carroll •Delphi . Do.

Cass *Logansport; 2.5 miles east Jeffersonville limestone(?).

Delaware *Eaton Huntington dolomite.

Huntington *Huntington Huntington dolomite and Liston Creek

formation.

Jasper •Rensselaer Jeffersonville limestone(?).

Jay 'Portland; 1.5 miles west Huntington dolomite.

Jefferson *Wirt; 3 miles northwest Geneva dolomite.

Pulaski Franceville; 2.5 miles south Huntington dolomite.

Randolph Deerfield.. _ Do.

•Fairview; 1.5 miles southeast... Do.

Maxville Do.

•Ridgeville; 0.5 mile southeast. Do.

Rush *Millroy; 4 miles west Geneva dolomite.

•Moscow. _ Do.

Shelby •Geneva; 1 mile west Do.

•Norristown Do.

Wells *Bluffton; 1.5 miles north Liston Creek formation.

White *Monon; 1 mile south. Huntington dolomite.

IOWA

Several formations of Paleozoic age in Iowa are dolomites or dolomitic

limestones, but little information is available regarding deposits of high



418 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

grade dolomite. The dolomites are confined geographically to the east-

central and northeastern parts of the State and occur principally in the

Galena dolomite and in rocks of Early Silurian age. Chemical analyses

indicate that dolomite occurs at least locally also in theOneota and Shako-

pee dolomites and in the Wapsipinicon and Cedar Valley limestones. Al

though surficial material, both windblown and glacial in origin, covers

much of the area underlain by dolomite, exposures are plentiful, par

ticularly along drainage channels. Quarrying in this area has been exten

sive. Because of the many quarries, only those for which chemical an

alyses of the rock quarried are available have been plotted on the

map (pi. 2). (Beyer and Wright, 1914; Hershey, 1947; Smith, 1926;

Tester, 1937)

Galena dolomite.—The Galena dolomite, of Ordovician age, may con

tain sizable deposits of high-grade rock. Of a total thickness of approxi

mately 240 feet, only the lower 40 feet and the upper 100 feet are generally

free of chert and relatively pure. The color of the rock varies but in

general is buff or bluish. The Galena dolomite crops out along the

Mississippi River and its tributaries from Jackson County northward

into Alamakee and Winneshiek Counties, where it is less magnesian than

to the south. Available analyses show the presence of dolomite contain

ing more than 3 percent of impurities near Beulah, Clayton County, and

Dubuque, Dubuque County. (Beyer and Wright, 1914; Smith, 1926;

Tester, 1937)

Hopkinton dolomite.—The Silurian consists of two formations—the

Hopkinton and Gower dolomites—and appears to offer the best possi

bilities as a potential source of high-grade dolomite. The Hopkinton

comprises a sequence of dolomites that vary considerably in character

and composition. The rock generally is light buff to yellow, thick bedded

but sometimes finely laminated, hard to soft and earthy, and contains

cherty zones. The Hopkinton attains its maximum thickness of about

220 feet in Dubuque and adjacent counties. It is in a rather broad belt

extending from Clinton County northwestward to Fayette and Bremer

Counties. Analyses show that high-grade dolomite is present in parts

of Clinton, Delaware, and Jackson Counties. (Beyer and Wright, 1914;

Smith, 1926; Tester, 1937)

Gower dolomite of Norton (1899).—The overlying Gower dolomite in

cludes the LeClaire and Anamosa dolomites of Calvin (1895), which are

perhaps reef and interreef facies, respectively, of the Gower. Rock of

the LeClaire generally is bluish gray, grayish yellow, yellow or buff, hard,

vesicular dolomite. The Anamosa is typically a thin- to medium-bedded

dolomite, soft, laminated, and fight buff or yellow. The total thickness

of the Gower dolomite is about 80 feet. The formation is present in an

area southwest of that underlain by the Hopkinton, principally in Scott,

Clinton, Cedar, Jones, and Linn Counties. Analyses show the presence
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of high-grade dolomite in the latter three counties mentioned. (Beyer

and Wright, 1914; Smith, 1926; Tester, 1937)

Wapsipinicon and Cedar VaUey limestones.—The Wapsipinicon and

Cedar Valley limestones, of Devonian age, range from limestone to dolo

mite. The basal portion of the Wapsipinicon, the Coggan member of

Stainbrook (1944), is predominantly dolomite, which locally is cherty.

Analyses of this member in Linn County show some excellent-quality

dolomite. One analysis of the Cedar Valley limestone in Bremer County

indicates dolomite with a high percentage of impurities. These forma

tions form a belt from 25 to 75 miles in width extending from Scott and

Muscatine Counties northwestward to Mitchell and Howard Counties.

(Beyer and Wright, 1914; Norton, 1920; Smith, 1926; Stainbrook, 1944;

Tester, 1937)

Dolomite quarries and occurrences in Iotva

County Locality Formation Reference

Bremer Plainfield ; 3 miles north Cedar Valley limestone Beyer and Wright,

1914.

Tripoli; 3.5 miles west Hopkinton dolomite. _ Do.

Cedar Cedar Valley; quarry __ Gower dolomite Do.

quarry 6 miles west Wapsipinicon lime- Beyer and Wright,

stone(?). 1914; Smith, 1926.

Lime City; quarries Gower dolomite Do.

Rock Creek ; quarries do Beyer and Wright,

1914.

Clayton ._ Beulah ; quarry _ Galena dolomite. Smith, 1926.

Clinton Clinton; quarry Hopkinton dolomite _ . Do.

Elwood; 2 miles east __ do Do.

Delaware Delaware; quarry 2.5 miles west. -_ do Do.

Earlville; quarry do Do.

quarry 6 miles east do Do.

Greeley; quarry 1.75 miles north- do _ Do.

east.

Dubuque Dubuque; quarries Galena dolomite Beyer and Wright,

1914.

Eagle Point; quarry. do Do.

Peosta; quarry 0.75 mile northeast. Hopkinton dolomite. _ Smith, 1926.

Payette Postville; quarry 6 miles south- do Beyer and Wright,

west. 1914; Smith, 1926.

Jackson Maquoketa; quarries do Smith, 1926.

Jones Anamosa; quarries Gower dolomite Beyer and Wright,

1914.

Stone City; quarries do Beyer and Wright,

1914; Smith, 1926.

Linn Bertram Wapsipinicon limestone Norton, 1920.

Big Creek do _ Do.

Indian Creek do_ Do.

Mount Vernon; quarry Gower dolomite

Springville Wapsipinicon limestone Do.

■Scott LeClaire; quarry Gower dolomite Smith, 1926.

Winneshiek Fort Atkinson; quarry 1.6 miles (?) Do.

northwest.

KANSAS

Deposits of dolomitic limestone in Kansas are restricted to two forma

tions, the Stone Corral dolomite and the Day Creek dolomite, both

Permian in age. Outcrops of these formations are scant, and available
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analyses of the rocks do not indicate that any dolomite is in the areas

examined. It is doubtful that these deposits constitute a potential source

of dolomite. It has been suggested that these rocks might be used in

conjunction with waste oilfield brines for the extraction of magnesium or

magnesium compounds. (Jewett and Schoewe, 1942; Weitz, 1942)

Stone Corral dolomite.—The Stone Corral dolomite forms a massive

ledge of hard cellular gray dolomitic limestone. Below the surface the

rock is a mixture of dolomite and anhydrite, but where exposed the

anhydrite has been removed by the action of surface water. In some

places, the cells remaining have been filled with calcite, thereby raising

the calcium carbonate content of the rock. At its maximum develop

ment, in eastern Rice County, the formation attains a thickness of about

6 feet. It crops out in parts of Rice, Reno, Kingman, and Harper Coun

ties, in south-central Kansas. (Jewett and Schoewe, 1942; Norton, 1939)

Day Creek dolomite.—The Day Creek dolomite is a single bed of fine

grained dense dolomitic limestone, locally siliceous, attaining a thickness

of 2.5 feet. It is exposed near Ashland, Clark County. It is higher in

impurities and lower in magnesium carbonate than rock of the Stone

Corral. (Jewett and Schoewe, 1942; Norton, 1939)

Dolomitic limestone occurrences in Kansas

[Date from Jewett and Schoewe, 1042]

County Locality Formation

Clark Ashland Day Creek dolomite.

Rice T. 20 S., R. 6 W Stone Corral dolomite.

KENTUCKY

No extensive deposits of dolomite are known in Kentucky. Dolomitic

limestones occur in certain of the Ordovician, Silurian, and Devonian

formations on both the east and west sides of the Cincinnati Arch in

north-central Kentucky and, locally, in rocks of Mississippian age. For

mations that have been described as containing more than 30 percent

of magnesium carbonate include the Oregon limestone, of Ordovician age;

the Bisher formation of Foerste (1923), Laurel dolomite, Lilley dolomite

of Rogers (1936) and Peebles dolomites of Foerste (1929), of Silurian age;

and the Silver Creek limestone member, of Devonian age. Many other

formations have been described as magnesian limestones containing less

than 30 percent of magnesium carbonate. Of the formations named,

probably only the Laurel limestone need be considered as a potential

commercial source of dolomite. (McFarlan, 1943; Stokley, 1949; Stokl?y

and McFarlan, 1952; Stokley and Walker, 1953)

Laurel dolomite.—The Laurel is predominantly a fine-grained light- or

bluish-gray dolomitic limestone or dolomite. The thickness of the forma

tion ranges from 35 to 45 feet. The Laurel crops out in a southward-

trending belt that extends from southern Indiana through parts of
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Oldham, Jefferson, Bullitt, and Nelson Counties. Chemical analyses of

samples of the Laurel dolomite show that the rock contains less than 40

percent of magnesium carbonate on the average and excessive silica.

The Laurel has been quarried at several localities in Jefferson County.

(McFarlan, 1943; Stokley, 1949; Stokley and Walker, 1953)

Ste. Genevieve limestone.—Thin beds of dolomite occur locally in the

Ste. Genevieve limestone (Mississippian), generally a good-quality lime

stone, in Breckenridge and Meade Counties. (Stokley and McFarlan,

1952)

The shaded area on the map (pi. 2) represents a generalization of the

outcrop areas of the more important dolomitic formations of Silurian age

east and west of the Cincinnati Arch, which are shown on the State

geologic map. (Ky. Geol. Survey, 1954)

Dolomite and dolomitic limestone quarries and occurrences in Kentucky

County Locality Formation Reference

Breckenridge Webster; quarry... _ Ste. Genevieve lime- Stokley and McFar-

stone. Ian, 1952.

Fayette Grimes Mill; quarry Oregon limestone Richardson, 1923.

Jefferson Avooa; quarry _ Laurel dolomite Stokley, 1949.

Fern Creek; quarry 3 miles south- do Do.

west.

Louisville; quarry 1.2 miles north- Louisville limestone... Stokley and MoFar-

east. Ian, 1952.

Middletown; quarry 3.5 miles north- Laurel dolomite Stokley and Walker,

east. 1953.

Meade Brandenburg; quarry 7 miles north- Ste. Genevieve lime- Stokley and McFar-

west. stone. Ian, 1952.

Nelson Bardstown; quarry 7 miles west Laurel dolomite Stokley and Walker,

1953.

Oldham La Grange; 2 miles east. Osgood formation Richardson, 1923.

MAINE

Dolomite deposits in Maine are limited, so far as is known, to Knox

County. The deposits generally are small and occur as elongate lenses

or belts of dolomite marble in the Rockland formation, of Cambrian or

Ordovician age, in areas near Rockport, Thomaston, and Warren. Be

cause of their limited extent, the deposits probably are not potentially

important sources of high-grade dolomite. (Bastin, 1906; Allen, 1951)

Rockland formation.—Dolomite marble deposits occur in the Rockport

limestone member of the Rockland formation southwest of Rockland.

The dolomites are in lenses that crop out southeast of the main limestone

belt that extends from Thomaston to a point about 1.5 miles north of

Rockland. These lenses, as much as 1.5 miles in length, are from 100

to 200 feet wide, and chemical analyses of the rock from 2 quarries show

high-magnesia rock moderately high in silica. The country rock is shown

on the State geologic map as quartzite and slate of Cambrian and Ordo

vician age. (Bastin, 1906; Allen, 1951; Keith, 1933)

An important occurrence of dolomite is about 2 miles northwest of

Warren, where it is in a lens similar to those in the Rockland-Thomaston
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area but wider and probably extending to greater depth. The dolomite

is surrounded by schist, and in places it has been cut through by granite

dikes. The metamorphism that accompanied the emplacement of the

granite recrystallized and purified the dolomite to a greater degree than

in the Rockland area, which resulted in a rock of better quality than that

near Rockland. (Bastin, 1906; Keith, 1933; Trefethen, 1945)

Dolomite quarries and occurrences in Maine

County Locality Formation Reference

Knox Rockland area:

a. quarry 1 mile southwest Rockland formation... Bastin, 1906.

b. quarry 2 miles southwest do Do.

Warren; quarry 2 miles northwest.. do Do.

Warren Station; 2.25 miles north do Trefethen, 1945.

MARYLAND

The dolomite deposits of Maryland are restricted to the limestone for

mations of Cambrian and Ordovician age in Washington County and the

Cockeysville marble, of Precambrian(?) age, in Baltimore County. Little

detailed information is available regarding the size and purity of most of

the deposits, although nearly pure dolomite is known to occur in some

localities. (Mathews and Grasty, 1910; Weitz, 1942)

CockeysviUe marble.—The Cockeysville marble is a white crystalline

marble of varied grain size. The formation is about 400 feet thick, but

by repeated folding it locally attains thicknesses approaching 1,000 feet.

It occurs in central Baltimore County, and it has been quarried in the

vicinity of Cockeysville and Texas. Chemically the rock ranges from

calcitic to highly dolomitic and contains silica in quantities ranging from

less than 1 to more than 5 percent, sometimes showing both extremes in

the same quarry. For this reason, it seems doubtful that the formation

could be used as a source of high-purity dolomite, even with selective

quarrying. (Mathews and others, 1929; Weitz, 1942)

Tomstown dolomite.—The Cambrian and Ordovician formations include

the Tomstown dolomite, the Waynesboro formation, and the Elbrook

and Conococheague limestones, all of Cambrian age, and the Beekman-

town and Stones River groups, of Ordovician age. These formations,

together with the overlying Martinsburg shale, crop out across Washing

ton County in a broad northeastward-trending belt the width of which

extends from the vicinity of Harpers Ferry, W. Va., on the southeast to

McCoys, Md., on the northwest. Each of these formations is more or

less dolomitic in part, but chemical analyses indicate that the Tomstown

is probably the most promising potential source of high-grade dolomite.

The Tomstown is a massive drab dolomitic limestone, generally high in

magnesium carbonate and cherty near the top. Certain beds, however,

approach pure dolomite in composition and contain less than 1 percent

of silica. The Tomstown is about 1,000 feet thick, and it occupies a
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belt about 1.5 miles wide in the eastern part of Washington County.

(Mathews and Grasty, 1910; Weitz, 1942)

Dolomite quarries and occurrences in Maryland

County Locality Formation Reference

Baltimore Coclteysvule; quarries Cockeysville marble Weitz, 1942; Math

ews and others,

192S.

Loch Raven do Waits, 1942.

Summerfield do Do.

Texas; quarries. do... Weits, 1942; Math

ews and others,

1929.

Washington Cavetown; quarry Tomstown dolomite... Mathews and Grasty,

1910.

Eakles Mill; quarry do Do.

Hageretown Valley.- -- do. Do.

MASSACHUSETTS

Deposits of dolomite in Massachusetts are confined chiefly to the

Stockbridge limestone, of Cambrian and Ordovician age. This forma

tion, which occurs in a belt of discontinuous outcrops in western Berk

shire County, is the extension of the Stockbridge limestone belt of west

ern Connecticut. Because of the heavy cover of glacial drift over much

of the area, the interbedding of limestone and dolomite facies, and the

irregular distribution of impurities, it is not possible to obtain detailed

information regarding the extent of high-purity deposits. (Dale, 1923;

Weitz, 1942)

Stockbridge limestone.—The Stockbridge limestone ranges from a gray

mottled limestone to a white highly crystalline marble, which at some

places is very coarse grained. Chemically the rock varies from nearly

pure calcite to dolomite, the dolomitic phase predominating, and generally

has an abundance of secondary minerals. The formation may be divided

into two, perhaps three, members: a lower member comprising dolomite

marble 500 to 800 feet thick, an upper member principally of calcite

marble 200 to 400 feet thick, and, at least locally, a middle member

composed of quartzite. (Apfel, 1944; Dale, 1923; Emerson, 1917)

Recent studies of the area around Lee, where quarrying of rock from

the Stockbridge has been extensive, have shown that the faulting and

complex folding in the formation make difficult the tracing of favorable

beds over more than short distances. Some of the examined quarry

areas contain high-grade dolomite in rather large quantities, but chemical

analyses do not show the amount of potassium that the reportedly abun

dant mica would furnish. Excessive quantities of the alkali metals

would preclude the use of the dolomite in the production of magnesium

by the ferrosilicon reduction process. (Apfel, 1944)

Other formations.—At places in southern and eastern Worcester County

and in central Middlesex County, thin limestone beds, generally coarsely
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marbleized, occur interbedded with mica gneiss. Most of these lime

stones contain many secondary minerals and probably contain no high-

purity dolomite in commercial quantities. One analyses of white marble

from Webster shows dolomite containing; less than 2 percent of impurities.

(Emerson, 1917)

Dolomite quarries and occurrences in Massachusetts

County Locality Formation Rrfrrence

Berkshire Adams area:

a. 0.5 mile west Stockbridge limestone. Dale, 1923.

b. 0.5 mile north do Do.

c. 1.5 miles north _ do Do.

Lee area:

a. quarries 0.5 mile south do Apfel, 1944.

b. quarries 1 mile south do Do.

c. quarry 0.45 mile west-south- do Do.

west of "b".

d. 0.7 mile south of "c" do_ _ _ Do.

South Egremont; 0.5 mile north- do Dale. 1923.

east.

Stockbridge; 1 mile north at llattle- do_ Do.

snake Hill.

West Stockbridge; 2 miles south do Do.

Worcester _ Webster; quarries Bolton gneiss (as used Emerson, 1917.

by Emerson, 1917).

MICHIGAN

Practically unlimited supplies of hi^h-purity dolomite occur in Michi

gan, principally in the Niagaran series (Silurian) of limestones and dolo

mites of the northern peninsula. The reserves of dolomite probably are

measurable in billions of tons. Dolomites occur also in rocks of Pre-

cambrian, Ordovician, and Devonian ages. In addition to the deposits

of the northern peninsula, chiefly in the southeastern part, dolomite is

found also in the extreme northwestern and southeastern parts of the

southern peninsula. Much of the high-purity dolomite of the State is

accessible to roads, railroads, and harbors, and in many places the usually

heavy overburden of glacial drift is thin or absent. (Smith, 1916;

Weitz, 1942)

Lower Huronian group.—The Lower Huronian group (Precambrian),

present in the iron-bearing districts of the northern peninsula, contains

dolomitic limestones that sometimes approach the composition of true

dolomite. The formations generally are interbedded with quartzite and

and slate and contain chert and other impurities. Thick pure dolomite

beds are reported to occur locally. Because of the large amounts of

high-grade dolomite in other formations, these rocks are not important

as a source of high-grade dolomite. Their areal extent is not shown on

the map (pi. 2). (Martin, 1936; Smith, 1916)

Hermansville limestone.—Dolomite occurs locally in the Hermansville

limestone, of Late Cambrian and Early Ordovician age. The Hermans
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ville is composed of white dolomite that is generally sandy and white

sandstone, and gradations between the two. Because of its sandy nature,

the Hermansville probably is not a potential source of high-grade dolo

mite and therefore it is not shown on the map (pi. 2). It occurs in

Menominee, Marquette, Alger, Schoolcraft, Luce, and Chippewa Coun

ties. (Martin, 1936; Smith, 1916)

Black River-Trenton rocks.—The Black River-Trenton sequence, of

Middle Ordovician age, is composed of a series of limestones, ranging

from low- to high-magnesian, variably colored, and generally argillaceous.

The thickness varies from about 250 feet in the vicinity of Green Bay to

100 feet or less along the St. Marys River. The broad belt occupied by

these formations is represented on the map (pi. 2) by the shaded area that

extends along the west side of Green Bay and Little Bay de Noc, through

central Menominee County and parts of Delta, Schoolcraft, Luce, and

Chippewa Counties to the St. Marys River. Analyses do not confirm

the presence of high-purity dolomite, although in Wisconsin this sequence

is the source of some dolomite. (Martin, 1936; Smith, 1916; Steidt-

mann, 1924)

Manistique and Engadine formation of Smith (1916).—The Niagara

group consists of the Mayville formation, the Burnt Bluff formation as

used by Ver Wiebe (1928), the Manistique series of Smith (1916), and

the Engadine formation of Smith (1916). These formations range from

high-calcium limestone to very high-purity dolomite. The important

dolomite formations are the Manistique and Engadine. The Manistique

comprises a thick succession of dolomite and magnesian limestone, rang

ing from 150 to 275 feet, and varying widely in color and degree of bed

ding. Some of the beds contain cherty bands and nodules. The Enga

dine is a hard bluish crystalline dolomite, about 55 feet thick, and nearly

free from impurities. The extremely massive beds are uniformly high-

purity dolomite both vertically and laterally. This is the most important

potential source of high-purity dolomite in the State. The dolomites of

Niagaran age are in the northern peninsula in a belt along the north

shores of Lakes Michigan and Huron, extending from Big Bay de Noc,

Delta County, through Schoolcraft County, southern Chippewa County,

and Mackinac County to the easternmost point of Drummond Island

in Lake Huron. Analyses show that high-purity dolomite is present in

many localities in the northern peninsula. (Martin, 1936; Smith, 1916;

Weitz, 1942)

Bass Island dolomite.—The overlying Bass Island dolomite, of Silurian

age, consists of four members: the Greenfield dolomite member, the

Tymochtee shale, the Put-in-Bay dolomite member, and Raisin River

dolomite member. These members generally are too impure to be used

as a source of high-grade dolomite, although high-grade deposits occur

locally. The Bass Island is absent in the northern peninsula. The
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Raisin River member is exposed in Monroe County, southeastern Michi

gan. (Landes, 1951; Martin, 1936; Smith, 1916)

Detroit River group.—The Detroit River group, of Middle Devonian

age, consists of two formations—the Amherstberg and Lucas—which are

magnesian limestone or dolomite, gray to brown, and generally moder

ately impure. This group occurs in parts of Wayne and Monroe Coun

ties; it is exposed along the Detroit River and in several localities in

western Monroe County. (Landes, 1951; Martin, 1936; Smith, 1916)

Traverse group.—The Traverse group, of Devonian age, generally is

high-<:alcium limestone. In the area around Little Traverse Bay in

Emmet and Charlevoix Counties, however, it contains a 40-foot layer

of almost completely dolomitized rock, analyses of which indicate some

high-grade dolomite. The areal extent of the Traverse group is repre

sented on the map (pi. 2) in the northwestern part of the southern

peninsula. (Martin, 1936; Smith, 1916)

Dolomite quarries and occurrences in Michigan

County Locality Formation Reference

Alger Munising Hermansville limestone Smith, 1916.

Arenac Umatead; quarry (?) Do.

Charlevoix Norwood; 1 mile north Traverse group Do.

Chippewa Detour area; quarries Engadine formation of Do.

Smith (1916).

Drummond Island ; quarries mainly do Do.

in south and west parts:

Goetsville: do

a. 3 miles southeast do

b. 5 miles west do

Lime Island ; quarry Mayville formation or Do.

Burnt Bluff forma

tion as used by Ver

Wiebe (1928).

Osark ; 2 miles north Engadine formation of

Smith (1916).

Pickford; 5 miles south do

Trout Lake; 4 miles east do Do.

West Neebi&h Rapids on St. Marys Hermansville limestone Do.

River.

Delta Burnt Bluff; sec. 24, T. 38 N., R (?) Do.

19 W.

Emmet Petosky; quarry Traverse group Do.

Gogebic Ross; northwest Bad River dolomite.-- Do.

Jackson Jackson; southwest Rock of Mississippian Do.

age.

Mackinac Caffey Engadine formation of

Smith (1916).

Cedarville area:

a. 1.5mileseast do

b. 3 miles east do

c. 4.6 miles northeast do

d. 5 miles northeast do

Charles area:

a. 1 mile north.. Rock of Upper Monroe Do.

age of Smith (1916).

b. 6.6 miles north Engadine formation of

Smith (1916).
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County Locality Formation Reference

Mackinac—Con. Cordell area:

a. 3.5 miles southeast Engadine formatic 11 of

Smith (1916).

b. 5 miles southeast do

e. 5 miles south do

Corinne; 6.5 miles east % do

East Lake; 3 miles south. -- do —

Engadine area :

a. 1 mile west do Smith, 1916.

b. 2 miles west do

Garnet area:

a. 1 mile northwest do .

b. 1 mile south do

Hendricks Quarry; quarry Burnt Bluff formation Do.

as used by Ver Wiebe

(1928).

Hessel Engadine formation of

Smith (1916).

a. 2 miles northwest do

Kenneth. ..... do. ..... .... Do.

a. 1 mile south do

b. 2 miles east do

c. 3 miles southwest do .

Mackinac Island ; east side Rock of Upper Monroe Do.

age of Smith (1916).

Ozark; quarry Engadine formation of Do.

Smith (1916).

a. 1 mile south do

Pike Lake area:

a. 5 miles southeast . do

b. 6 miles southeast do

o. 6 miles east do

Sees. 9 and 28, T. 43 N., R. 2 W do

8ecs.2,7,andl0,T.42N..R.2W do

Menominee Menominee; quarry 2 miles north.. Trenton limestone Do.

Monroe Carleton... Rock of Upper Monroe Do.

age of Smith (1916).

Lulu; quarry Detroit River group.. Do.

Monroe; quarries Raisin River dolomite Do.

member.

a. quarry 2 miles north _ _ do Do.

Raisinville; quarries Detroit River group.. Do.

Scofield ; quarry do Do.

Schoolcraft Blaney Jet. ; quarry 2.5 miles north . Mayville formation Do.

Cooks Burnt Bluff formation Do.

as used by Ver Wiebe

(1928).

Manistique ; quarry. _ Manistique series of Do.

Smith (1916).

a. quarry 6 miles northeast do Do.

b. 11 miles northeast Burnt Bluff formation Do.

as used by Ver Wiebe

(1928).

Wayne. Gibraltar; quarry Detroit River group-. Do.

MINNESOTA

Dolomites and dolomitic limestones are restricted to southeastern

Minnesota. Although the rock in many of the deposits contains enough

magnesium carbonate to allow it to be classified as dolomite, in most

places the high silica content makes it unsuitable as a commercial source

of high-purity dolomite. Dolomite and dolomitic limestone are found in

the St. Lawrence formation, the Oneota and Shakopee dolomites, the
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Platteville and Galena formations, and the Cedar Valley limestone. In

the eastern part of the area of occurrence (pi. 2), principally in Winona

and Houston Counties and in eastern Fillmore County, the overburden

of glacial drift is negligible or absent, but it thickens to the west where

outcrops generally are restricted to drainage cuts. (Stauffer and Thiel,

1933; Stauffer and Thiel, 1941 ; Weitz, 1942)

Oneola and Shakopee dolomites.—The Oneota and Shakopee dolomites,

of Early Ordovician (Beekmantown) age, probably are the most important

sources of high-purity dolomite. The Oneota is primarily a thick-bedded,

drab to buff and in places pink dolomite, sometimes sandy or shaly, and

commonly cherty, especially in the upper part. The thickness varies

from 45 to more than 150 feet. The Shakopee, overlying the Oneota

and separated from it by the Root Valley sandstone of Stauffer and

Thiel (1941), is less dolomitic, much of the rock being a drab massive

dolomitic limestone. Locally it closely resembles the Oneota and crops

out over much the same area. The average thickness is less than 60

feet. These formations form a northeastward-trending belt extending

from southeast of Mankato, Blue Earth County, through parts of Nicollet,

Le Sueur, Sibley, Scott, Carver, Hennepin, Ramsey, Washington, and

Dakota Counties. They are present also to the east in parts of Goodhue,

Wabasha, Olmsted, Winona, Fillmore, and Houston Counties. Chemical

analyses show that, although many samples contain excessive silica, high-

purity dolomite occurs at least in Fillmore, Goodhue, and Scott Counties.

(Stauffer and Thiel, 1933; Stauffer and Thiel, 1941)

Platteville formation and Galena dolomite.—Certain beds in both the

Platteville and Galena formations, of Ordovician age, are dolomitic lime

stones. The McGregor (middle) member of the Platteville contains 8

to 10 feet of thin-bedded gray to bluish-gray brittle dolomitic limestone

having a high impurity content. The Stewartville (upper) member of

the Galena formation is a mottled gray to yellow or tan, thick-bedded

dolomitic limestone, usually about 50 feet thick. These formations occur

in parts of Faribault, Waseca, Rice, Goodhue, Dodge, Olmsted, and

Fillmore Counties. Neither appears to offer any possibilities as a poten

tial source of high-grade rock. Their areal distribution has been repre

sented on the map (pi. 2) to show their extension from northeastern

Iowa. (Stauffer and Thiel, 1933; Stauffer and Thiel, 1941)

Cedar Valley limestone.—The Cedar Valley limestone, of Devonian age,

is extremely variable lithologically. The rock ranges from high calcium

to high magnesium; it is hard to soft and earthy and usually heavy

bedded. The total thickness in Minnesota is about 130 feet. It occurs

in parts of Fillmore, Mower, Freeborn, and Faribault Counties. Chemi

cal analyses of samples from Fillmore and Mower Counties show the

presence of some high-purity dolomite. (Stauffer and Thiel, 1933;

Stauffer and Thiel, 1941)
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Dolamite quarries and occurrences in Minnesota

County

Blue Earth..

Dakota

Fillmore

Locality

Mankato; quarries

Hastings; quarry 4 miles down-river

Choice; quarry 0.5 mile south

Etna; quarry

Lanesboro; quarry..

Formation

Oneota and Shakopee

dolomites.

_---do.._

Oneota dolomite

Rushford; quarry.

a. quarry 2.5 miles north.

Spring Valley ; quarry

Goodhue.

Houston.

Le 8ueur.

Mower. .

Nicollet..

Olmsted.

Scott

Wabasha—

Washington.

Winona

Tawney; 1.5 miles south.

Cannon Falls; quarry

Cedar Valley limestone

Oneota and Shakopee

dolomites.

Oneota dolomite

do

Cedar Valley limestone

Shakopee dolomite

do

Frontenac; quarries

Red Wing; quarries..

Egbert

La Crescent; quarry 1.5 miles north

west.

Spring Grove; quarry

Kasota; quarries _.

Oneota dolomite

do

do

do...

Shakopee dolomite

Oneota dolomite

Ottawa; quarry do.

Lyle; quarry 3 miles west.

Racine; 2.5 miles south

Cedar Valley limestonedo.

Judson; across river.

North Mankato; quarry

Oronoco

Merriam Junction; quarry.

St. Lawrence; quarries _

Shakopee; quarries

Lake City; 4 miles south

Wabasha; 2 miles southeast.

Zumbro Falls

a. quarry 4.5 miles east.

Gray Cloud Island

St. Lawrence forma

tion.

Oneota dolomite

Shakopee dolomite

Oneota dolomite

St. Lawrence forma

tion.

Oneota and Shakopee

dolomites.

Oneota dolomite

do.

Oneota and Shako|>ee

dolomites.

Oneota dolomite

do

Stillwater; quarry

Drcsbach; quarry

Elba; quarry 4 miles southeast.

Winona; quarries.

.do.

-do.

-do.

.do.

Reference

Stauffer and Thiel.

1933;Stauffer,1950.

Do.

Stauffer and Thiel,

1933.

Stauffer, 1950.

Stauffer and Thiel.

1933;Stauffer,1950,

Stauffer and Thiel,

1933.

Stauffer, 1950

Stauffer and Thiel.

1933;Stauffer,1950.

Stauffer and Thiel,

1933.

Stauffer and Thiel,

1933;Stauffer,1950.

Do.

Stauffer, 1950.

Do.

Do.

Do.

Stauffer and Thiel.

1933;Stauffer,1950.

Stauffer and Thiel,

1933.

Stauffer, 1950.

Stauffer and Thiel,

1933.

Do.

Stauffer, 1950.

Do.

Stauffer and Thiel,

1933;Steuffer,1950.

Stauffer and Thiel,

1933.

Do.

Stauffer, 1950.

Do.

Do.

Do.

Stauffer and Thiel,

1933.

Stauffer, 1950.

Do.

Do.

Stauffer and Thiel,

1933; Stauffer, 1950.

MISSOURI

Dolomites and dolomitic limestones underlie large areas in central and

southeastern Missouri. From the few chemical analyses given in the

literature, it seems probable that sizable reserves of dolomite are available

in the region. Much of the dolomite in the thick sequence of Cambrian

and Ordovician rocks is, however, known to be too cherty or otherwise



430 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

unsuitable as a source of high-grade rock. The more important dolomite

formations, as indicated by chemical analyses, are the Bonneterre and

Eminence dolomites and, perhaps, parts of the Potosi and Gasconade

dolomites. Dolomite and dolomitic limestone containing some impuri

ties occur at least locally also in the Derby and Doe Run dolomites, of

Cambrian age, and in the Van Buren formation, Jefferson City (Cullison's

(1944) Rich Fountain and Theodosia formations), Cotter, Powell, and

Joachim dolomites, of Ordovician age.

Bonneterre dolomite.—The Bonneterre dolomite (Cambrian), oldest of

the dolomite formations, is generally a massive gray to buff crystalline

dolomite, essentially chert free, but containing varying amounts of silica

in the form of sand or in clay, glauconite, and other silicates. The

formation underlies the greater part of the Ozark uplift, but outcrops

are confined principally to the vicinity of the St. Francois Mountains

in Washington, St. Francois, Ste. Genevieve, Iron, and Madison Coun

ties. Chemical analyses of samples from Washington County indicate a

fairly high grade dolomite containing about 2.5 percent or less of silica.

Analyses from Madison County, representative of a 150-foot zone in the

vicinity of Fredericktown, show a high-grade rock with a lower silica

content. Sizable reserves probably are in the Fredericktown area.

(Bridge, 1930; Dake, 1930; McQueen, 1943; Mo. Geol. Survey, 1939)

Potosi dolomite.—The Potosi dolomite, of Cambrian age, is character

istically a massive fine- to medium-crystalline light to dark chocolate-

brown dolomite or dolomitic limestone. It generally contains abundant

quartz and chalcedony druses, and its thickness varies from a thin wedge

up to about 400 feet. The formation forms the bedrock over large areas

in and around the St. Francois Mountains. Analyses of the Potosi dolo

mite from Washington County show that it is a high-purity dolomite at

least locally, but the general abundance of quartz and chalcedony through

out much of the formation probably precludes its use as a source of

high-grade rock in most areas. (Bridge, 1930; Dake, 1930; Mo. Geol.

Survey, 1939)

Eminence dolomite.—The Eminence dolomite, of Cambrian age, is

essentially a massively bedded gray moderately crystalline dolomite or

dolomitic limestone. The formation averages about 300 feet thick and

is divided into a lower cherty member and an upper noncherty member

(Josiah Bridge, 1952, oral communication). The upper noncherty zone

is still officially designated the Proctor dolomite by the U. S. Geological

Survey. The Eminence crops out mainly in the valleys of each of the

drainage systems radiating from the St. Francois Mountains. It appears

in St. Francois, Ste. Genevieve, Madison, Iron, Wayne, Carter, Shannon,

Reynolds, Washington, Crawford, and Franklin Counties. It underlies

most of the Ozark region and appears at the surface again to the west

in Morgan and Camden Counties. Analyses from Shannon, Washington,
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Camden, and Morgan Counties show the presence of high-purity dolo

mite through at least the upper 30 feet of the noncherty zone (Proctor).

It seems probable that large reserves of high-grade rock are available.

(Bridge, 1930; Dake, 1930; Mo. Geol. Survey, 1939; Weitz, 1942)

Gasconade dolomite.—The Gasconade dolomite, of Ordovician age, is

essentially a well-bedded light-gray medium- to coarse-crystalline very

Dolomite quarries and occurrences in Missouri

County Locality

Benton. Warsaw; quarry 1.5 miles north.

Bollinger Lutesville; quarries

Formation

Jefferson City dolomitedo

Camden Camdenton

Cole Elston; quarries 2.5 miles west.

Jefferson City; quarries

Douglas Ava; quarry 0.5 mile east..

Franklin Union; quarry 1 mile east-

Eminence dolomite

Jefferson City dolomite

do

Greene Ash Grove; quarry.

Jefferson DeSoto; quarry

Hematite; quarry 0.25 mile south.

Madison Fredericktown; quarry

Miller Eldon; quarry 3 miles east.

Morgan Proctor...

Oiafe Koeltitown; quarry 0.75 mile east.

Phelps Rolla; quarries

Polk Bolivar; quarries

Rock of Cambrian age-

Jefferson City dolomite

Burlington limestone..

Jefferson City dolomite

..-do

Bonneterre dolomite.

Jefferson City dolomite

Eminence dolomite(?) _

Jefferson City dolomite

do

do

Reference

Buehler, 1907. .

Buckley and Buehler,

1904.

Weiti, 1942.

Buckley and Buehler,

1904.

Do.

Buehler, 1907.

Buckley and Buehler,

1904.

Buehler, 1907.

Buehler, 1907; Buck

ley and Buehler,

1904.

Buckley and Buehler,

1904.

Buckley and Buehler,

1904; McQueen,

1943.

Buckley and Buehler,

1904.

Weits, 1942.

Buckley and Buehler,

1904.

Do.

Do.

Bridge, 1930.

Do.

Do.

Do.

Eminence

a. 3 miles north

b. 4 miles southeast

Round Spring

St. Francois Bonneterre; quarry.

Eminence dolomite

Van Buren formation.

Eminence dolomite

Eminence and Gasco

nade dolomites.

Bonneterre dolomite. _

Desloge; quarry 2 miles north.

Farmington ; quarries

.do.

.do.

St. Louis Glencoe. Joachim dolomite.

Washington.

Wayne.

Caledonia area:

a. 2 miles south.

b. 3 miles west

Irondale area:

a. south

b. 6 miles southwest

Potosi; 7 miles northwest.

Shirley -

a. 4 miles north

b. 6 miles north

e. 2 miles east

Patterson; quarry

Bonneterre dolomite .

Derby dolomite

Piedmont; quarry.

Bonneterre dolomite. .do

Potosi dolomite

Gasconade dolomite...

Potosi dolomite

Eminence dolomite

Van Buren formation.

Eminence dolomite(0- Mo. Geol. Surrey,

Eminence dolomite Do.

Mo. Geol. Survey,

1944.

Buehler, 1907.

Buckley and Buehler,

1904.

Hinchey and others,

1947.

Dake, 1930.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

1944.
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cherty dolomite. The Gasconade is present over much of the Ozark

region, although its outcrops are confined principally to stream channels

where the rock sometimes forms large cliffs. Analyses from Shannon

and Washington Counties show a dolomite moderately high in impurities.

(Bridge, 1930; Dake, 1930; Mo. Geol. Survey, 1939)

Other formations.—The other Cambrian and Ordovician formations

mentioned contain dolomite locally, much of it with excessive impurities,

and in all probability none of these would contain large deposits of

uniformly pure dolomite. The shaded portion on the map (pi. 2) shows

the general distribution of all the formations named, except that of the

Joachim dolomite, in the eastern part of the State. (Bridge, 1930;

Buckley and Buehler, 1904; Buehler, 1907; Dake, 1930; Hinchey and

others, 1947; Mo. Geol. Survey, 1939)

MONTANA

Dolomite and dolomitic limestone occur principally in the Upper Cam

brian rocks, extensively exposed in western and southwestern Montana,

and in certain of the Ordovician rocks in the Bighorn and Little Rocky

Mountains. The more important dolomitic formations include the Has-

mark formation, the Pilgrim limestone, the Bighorn dolomite, and the

Jefferson formation. Of these formations, the Hasmark probably is the

most important as a potential source of high-grade dolomite, although

each of the other formations mentioned may contain local deposits of

high-grade rock. Other formations, of doubtful value because of the

limited extent of the dolomite, the impurity content, or relative inacces

sibility, include certain of the Precambrian limestones, the Devils Glen

dolomite, of Cambrian age, and the Hannan limestone, of Mississip-

pian age.

Hasmark formation.—The Hasmark formation, of Late Cambrian age,

contains probably the most promising dolomite deposits in the State.

The general sequence of the Hasmark consists of a lower unit of inter-

bedded limestone and dolomite, a middle unit of calcareous shale, and

an upper unit of dolomite and dolomitic limestone. The formation has

been studied in the Phillipsburg quadrangle in parts of Powell, Deer

Lodge, and Granite Counties, and it is considered to be the approximate

equivalent of the Pilgrim limestone. A series of exposures along the

highway 7 to 13 miles west of Anaconda total 350 feet in thickness; this

series may contain several million tons of readily accessible dolomite.

Similar deposits may be present elsewhere in the Phillipsburg quadrangle.

Southwest of Helena, Lewis and Clark County, a coarsely crystalline

marbleized dolomite (Pilgrim? or Hasmark?), ranging in thickness from

360 to 450 feet, also contains a large tonnage of high-purity rock. Dolo

mite has been quarried in this area as a source of lime. (Emmons and

Calkins, 1913; Perry, 1949)
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Pilgrim limestone.—The Pilgrim limestone contains a middle member

consisting of dolomitic limestone and dolomite interbedded with purer

limestones. The formation crops out in south-central Montana, and it

has been examined in the vicinity of Three Forks, western Gallatin County,

and south of Livingston, central Park County. These rocks are more

dolomitic in the Livingston area. Although no analyses are available,

the dolomites probably are too impure to be useful as a source of high-

grade material. (Deiss, 1936)

Bighorn dolomite.—The Bighorn dolomite, of Ordovician age, consists

generally of light-colored massive rough-weathering dolomite, interbedded

with pale-gray and buff, mottled dolomite. Its thickness ranges from

about 100 to nearly 300 feet. The Bighorn crops out in the Little Rocky

Mountains to the north, in the Pryor Mountains, and along the flanks

of the Absaroka Range and Beartooth Mountains in the south-central

part of the State. No chemical analyses are available, but the dolomite

may be moderately siliceous. The Bighorn in Montana, because of its

impurity content or its unfavorable locations, probably is not as promis

ing a source of rock as it is in Wyoming. (Blackwelder, 1913)

Jefferson formation.—The Jefferson formation, of Devonian age, con

tains thick beds of dolomitic limestone and dolomite usually too arena

ceous or argillaceous to be considered as a source of high-grade dolomite.

The dolomites are exposed in the Lewis and Clark and Sawtooth Ranges

of northwestern Montana and near Logan, Three Forks, and in the

Bridger Range of south-central Montana. The Jefferson also may con

tain dolomite beds in the central part of the State. No representative

analyses are available. (Deiss, 1933; 1943)

The shaded areas shown on the map (pi. 2) represent the general areal

extent of the "dolomite, or dolomite and limestone undivided" as taken

from KnechtePs map. (Knechtel and others, 1948)

Dolomite occurrences in Montana

County Locality Formation

Carbon Red Lodge; south aad southwest Bighorn dolomite.

Deer Lodge Anaconda; 7.5 miles west Hasmark formation.

Foster Gulch ; mouth of Do.

Silver Lake; 0.25 mile east Do.

Gallatin Logan; north Pilgrim limestone and Jefferson formation.

Manhattan; 8 miles north Do.

Lewis and Clark . Helena area :

a. south at Grizzly Gulch Hasmark formation.

b. 0 miles west at Colorado Gulch Do.

c. 6 miles west at Nelson Gulch Do.

Park Livingston; 5 miles south in Yellowstone Pilgrim limestone, Bighorn dolomite, and

Canyon. Jefferson formation.

NEVADA

Dolomites and dolomitic limestones, ranging in age from Cambrian

to Tertiary, occur at several localities in Nevada. However, because
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the reports in which the rocks are described do not include many chemi

cal analyses, little is known of their extent and uniformity of chemical

composition. The dolomites of economic importance occur in the Monte

Cristo dolomite in Clark County where, in the Sloan area, both dolomite

and limestone are produced commercially. Dolomites of good quality

are found also in the Goodsprings dolomite, the Luning formation, and

the Horse Spring formation. Other formations, analyses of which indi

cate a relatively high percentage of impurities or for which no analyses

are available, include the Highland Peak and Mendha limestones and

the Ely Springs and Silverhorn dolomites of the Pioche district of Lincoln

County, and the Sultan limestone, Muddy Peak limestone, and Bird

Spring formation of Clark County. (Callaghan and Vitaliano, 1948;

Deiss, 1952a; Hewett, 1931; Longwell, 1928; Muller and Ferguson, 1939;

Roberts, 1943; Spurr, 1906; Westgate and Knopf, 1932)

Goodsprings dolomite.—The Goodsprings dolomite, containing beds

ranging in age from Late Cambrian to Devonian(?), is composed princi

pally of light- and dark-gray mottled thin-bedded dolomite and mag-

nesian limestone. The formation attains a maximum thickness of

approximately 2,450 feet. It is widely distributed throughout the Good-

springs quadrangle, in southwestern Clark County, extending in a broad

belt along the west side of the Spring Mountains. Chemical analyses

indicate that dolomite of excellent quality occurs at least locally in the

formation. (Hewett, 1931)

Monte Cristo dolomite.—The Monte Cristo dolomite, of Mississippian

age, comprises a series of limestones and dolomites. It has been divided

into five members in the Goodsprings quadrangle; three of these members

have been recognized in the Sloan area. Of these units, which include

the Dawn and Anchor limestone members, the Bullion dolomite member,

and the Arrowhead and Yellowpine limestone members, only the Bullion,

because of its thickness, uniformity of composition, and accessibility,

particularly at Sloan, is a potentially important source of high-grade

dolomite. In the Sloan area the Bullion member is a thick (445 feet)

dolomite, the lower 350 feet of which is pale gray, cream gray, and white,

coarse crystalline, thick bedded, massive, and essentially chert free. The

upper 100 feet contains more silica and limestone, and it is thought to

be equivalent to the Arrowhead and Yellowpine members. Chemical

analyses show that dolomite is in all the members, although many of

the samples represent relatively pure areas in otherwise cherty zones and

are not representative of the member as a whole. The Bullion member

reportedly contains many millions of tons of readily accessible high-grade

dolomite in the Sloan area. Both limestone and dolomite are produced

commercially at Sloan. (Deiss, 1952a; Hewett, 1931)

Luning formation.—Dolomite of the Luning formation (Triassic) occurs

in association with brucite and magnesite in the Paradise Range near
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Gabbs, Nye County. In this area the uppermost of the three members

of the formation is a dark-gray to black fine-grained dense dolomite,

containing minor amounts of tremolite and talc. Chemical analyses of

the recrystallized dolomite in this member show that some of the rock

is of excellent quality. Only magnesite and brucite have been produced

commercially from the area, and during World War II magnesite from

these deposits supplied raw material for the magnesium plant near Las

Vegas. (Callaghan and Vitaliano, 1948; Muller and Ferguson, 1939)

Horse Spring formation.—The Horse Spring formation, of Tertiary(?)

age, comprises a thick, varied succession of limestone, dolomite, sandstone,

clay, magnesite, and gypsum. The formation occurs in the ranges in

southeastern Clark County. Pale-gray finely crystalline thick-bedded

dolomite and dolomitic limestone, containing considerable iron stain and

some chert nodules, form an isolated hill in the vicinity of Glendale. One

chemical analysis shows that part of the rock is a good-quality dolomite,

but the composition of the rock probably is not consistent throughout

the deposit. (Longwell, 1928)

Dolomite qxiarries and occurrences in Nevada

County Locality Formation Reference

Clark Apex area:

a. quarry 1.5 miles north Monte Cristo dolomite

b. 1.5 miles southwest do

Glendale; 2.5 miles southeast Horse Spring forma

tion.

Goodsprings quadrangle Goodsprings dolomite, Hewett, 1931.

Monte Cristo dolo

mite, and Bird Spring

formation.

Jean; east Monte Cristo dolomite

Las Vegas; 10 miles east do_

Sloan; quarry .. Monte Cristo dolomite Deiss, 1952a.

and Sultan limestone.

Eemeralda. Silver Peak district; northwest part Rocks of Cambrian age Spurr, 1906.

of T. 2 S., R. 39 E.

Eureka Eureka district (?).. Weitz, 1942.

Lincoln Pioche district Highland Peak and Weits, 1942; West-

Mendha limestones, gate and Knopf,

Ely Springs and Sil- 1932.

verhom dolomites.

Nye.. Gabbs. _. Luning formation Callaghan and Vita

liano, 1948; Cal

laghan, 1933.

Pershing Rose Creek Rock of Triaasic age.. Roberts, 1943.

NEW JERSEY

Dolomite occurs locally in two formations in northwestern New Jersey:

the Franklin limestone, of Precambrian age, and the Kittatinny lime

stone, of Cambrian and Ordovician age. Although high-grade deposits

have been reported from several localities, commercial deposits are not

known to be present. (Weitz, 1942)
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Franklin limestone.—The Franklin limestone is predominantly a coarse

white marble, usually high in calcite and silica, but in some places dolo-

mitic. The dolomites probably are too local and irregular in distribution

to be considered a potential source of high-grade rock. The Franklin

crops out in an interrupted belt trending northeastward through Warren

and Sussex Counties. Small isolated occurrences are found also in

Morris and Passaic Counties. Some dolomite of excellent quality occurs

at Franklin iFurnace, as shown by chemical analyses of samples from

the area. (Kummel and Gage, 1906; Lewis and Kummel, 1912;

Weitz, 1942)

Kitlatinny limestone.—The Kittatinny limestone consists primarily of

massive blue-gray magnesian limestone, sometimes cherty, and scattered

thin beds of shale and sandstone. Dolomite occurs in the upper portion

of the formation, the total thickness of which is 2,500 to 3,000 feet.

The Kittatinny crops out in several belts that trend northeastward

through Warren and Sussex Counties and in small areas in Hunterdon,

Morris, and Passaic Counties. Although many chemical analyses show

a high magnesium carbonate content, the impurity content usually is

moderately high. (Lewis and Kummel, 1912; Weitz, 1942)

Dohmite occurrences in New Jersey

County Locality Formation Reference

Hunterdon Vernoy Kittatinny limestone.. Lewis and Kummel,

1912; Weiti, 1942.

Morris Montville (?) Do.

Passaic Macopin (?) Do.

West Milford Kittatinny limestone.. Do.

Sussex Franklin Furnace; quarry Franklin limestone Kummel and Gage.

1906.

Hamburg Kittatinny limestonet?) Do.

Newton do Lewis and Kummel,

1912; WeiU, 1942.

Ogdensburg Franklin and Kitta- Do.

tinny limestones.

Vernon Township Kittatinny limestone.. Do.

Wantage Township do Do.

Warren Belvidere do Do.

Bushkill... do Do.

Columbia do Do.

New Hampton do Do.

I'hillipsburg do Do.

NEW MEXICO

High-magnesian limestones are reported to be widespread in central

and southern New Mexico. It is not known if commercial deposits of

high-purity dolomite occur, although chemical analyses indicate that

such rock might possibly be found in some localities. The formations

containing beds of dolomite or dolomitic limestone include the El Paso,

Montoya, and Fusselman limestones, and the Chupadera formation of

former usage. (Talmage and Wootton, 1937; Weitz, 1942; Wells, 1937)
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El Paso limestone.—The El Paso limestone, of Early Ordovician age,

is primarily a thin-bedded limestone that contains some dolomitic beds.

Some beds in the formation are sandy or cherty. At the type locality,

in the Franklin Mountains near El Paso, Tex., the El Paso attains a

thickness of about 1,000 feet. One analysis shows that the rock is mag-

nesian limestone containing a high percentage of impurities. (Darton,

1928a; Dunham, 1935)

Monloya limestone.—The Montoya limestone, of Late Ordovician age,

is predominantly a light- to dark-colored limestone, in places sandy or

cherty, which attains a thickness of about 300 feet in the vicinity of

Silver City. East of Silver City, in the vicinity of Hanover and Santa

Rita, the basal member of the Montoya consists of quartzitic sandstone,

and the upper member of massive beds of gray to pink and white dolomite

that becomes cherty near the top. Available analyses are of magnesian

limestone with a high-impurity content. (Darton, 1928a; Dunham,

1935;Lasky, 1936)

Fusselman limestone.—The Fusselman limestone, Silurian in age, con

sists generally of a lower member of compact fine-grained gray limestone

that weathers nearly white and an upper member of hard dark massive

dolomite. The formation ranges in thickness from 40 to about 1,000

feet. Analyses indicate a rock low in magnesium carbonate and high

in impurities. (Darton, 1928a; Dunham, 1935)

This group of limestones occurs principally along the west side of the

Sacramento Mountains southeast of Alamogordo, in the San Andres

Mountains of Socorro and Dona Ana Counties, and in the Franklin

Mountains extending from southern Dona Ana County southward to El

Paso, Tex. The group occurs also in some of the smaller ranges of

southwestern New Mexico. (Darton, 1928b)

Chupadera formation of former usage.—The Chupadera formation of

former usage, of Permian age, consists principally of a thick series of

limestone, gypsum, and red and gray sandstone. The formation con

tains a large amount of magnesia, and many oil wells in Chaves and

Dolomite and dolomitic limestone occurrences in New Mexico

County Locality Formation Reference

Dona Ana San Andres Canyon l Fusselman limestone-- Wells, 1937.

Eddy Carlsbad area:

a. 13 miles north Chupadera formation Weitz, 1942.

(?) of former usage.

b. 18 miles northwest do Do.

c. 20 miles west Rock of Permian age-- Wells, 1937.

Queen; northwest ' Chupadera formation Do.

of former usage.

Government test hole 18 (Carlsbad Carlsbad limestone Do.

area?).

Socorro Prairie Spring; 10 miles north l Chupadera formation Do.

of former usage.

1 Dolomitic limestone containing more than 38 percent magnesium carbonate.
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Eddy Counties have encountered thick dolomitic beds close to the

surface. Several analyses indicate the presence of dolomite, although

the impurity content is moderately high in all the samples. The Chupa-

dera extends over large areas in southern and central New Mexico; it

is represented on the map (pi. 2) by the large shaded area and the two

smaller areas to the northwest. (Darton, 1928a, 1928b; Talmage and

Wootton, 1937; Weitz, 1942; Wells, 1937)

NEW YORK

Dolomites are not widespread in New York. They are confined

chiefly to the southeastern part of the State, to the west in the counties

bordering the southern shore of Lake Ontario, and to the north, prin

cipally in St. Lawrence County. The more important dolomitic units

include the Grenville series and Inwood limestone, of Precambrian age,

the Stockbridge limestone, of Cambrian and Ordovician age, and the

Lockport dolomite, of Silurian age. Descriptions and chemical analyses

of Cambrian and Ordovician dolomitic limestones north, east, and south

of the Adirondack Mountains show the rocks generally to be siliceous

and to contain little dolomite; these rocks probably are of no potential

value as sources of high-grade dolomite. Quarrying of the dolomite has

been most extensive in the southeastern New York area, and high-purity

dolomite from Dutchess County has furnished raw material for the mag

nesium plant at Wingdale, N. Y. (Ries, 1901 ; Dale, 1923)

Inwood limestone.—The Inwood limestone is essentially a white coarse-

crystalline marble high in magnesia. The formation underlies Man

hattan Island and extends northward into Westchester County. The

dolomite has been quarried in the vicinity of Ossining, Pleasantville,

and Tuckahoe. Chemical analyses show that the Inwood at these locali

ties is a fairly good dolomite, although moderately siliceous at places

notably at Ossining. (Ries, 1901)

Grenville series.—Dolomite marbles occur in the Grenville series of

St. Lawrence County. These marbles vary from snow white to bluish

gray and are rather coarsely crystalline. They vary considerably in

purity because of the presence of grains and masses of serpentine, tremo-

lite, and other minerals. The distribution of these deposits is very

irregular, outcrops are scarce, and some of the probable deposits are

likely to be rather inaccessible. A very pure deposit about 3 miles north

of Gouverneur contains many millions of tons of uniformly high-purity,

dolomite. The deposit has been quarried in a small way. (Prucha,

1953; Ries, 1901)

Stockbridge limestone.—The Stockbridge limestone of southeastern New

York is lithologically similar to that in Massachusetts and Connecticut.

It ranges from almost pure limestone to equally pure dolomite, is highly

marbleized locally, and generally is light colored. The Stockbridge
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crops out along the east boundary of New York in Rensselaer, Columbia,

Dutchess, Putnam, and Westchester Counties and in several smaller

belts extending southwestward across Dutchess, Putnam, and West

chester Counties. Small areas of dolomite in southwestern Orange

County probably are extensions of the Kittatinny limestone of New

Jersey, of equivalent age. Dolomite has been quarried from the Stock-

bridge chiefly in the vicinity of South Dover and Dover Furnace, Dutchess

County, and has been used as an ore of magnesium at the Wingdale

magnesium plant. Several chemical analyses show that this high-grade

dolomite in places contains small quantities of the alkali metals, which

are detrimental if magnesium is to be produced by the ferrosilicon

reduction process. (Dale, 1923; Ries, 1901)

Lock-port dolomite.—The Lockport dolomite contains zones that are at

least locally a good grade of dolomite. The Gasport limestone member

has a fairly low silica content but generally is dolomitic limestone rather

than dolomite. Overlying the Gasport member is a 30- to 35-foot section

of massive heavy-ledged dolomite that usually is of good grade and fairly

low in silica. The upper portion of the Lockport, that part containing

Guelph fauna, is a brown partly thin bedded dolomite about 45 feet of

which is exposed at Shelby, Orleans County. Exposures of this zone

are rare, but analyses indicate that the rock is consistently a dolomite

with a low silica content. The Lockport dolomite occurs in a belt

extending from the Niagara River eastward through Niagara, Orleans,

Monroe, Wayne, and Cayuga Counties. A thin strip continues east

as far as Utica, Oneida County. (Ries, 1901)

Dolomite quarries and occurrences in New York

County Locality Formation Reference

Dutches* Dover Plains; quarries Stockbridge limestone. Ries, 1901 ; Dale, 1923.

Wingdale; quarries 2 miles north- do

east.

Lewis Sterlingbush (Lewisburg); quarries Grenville series

1.5 miles northeast.

Monroe East Penfield; quarries Lockport dolomite Ries, 1901.

Penfield; quarries do Do.

Rochester and vicinity; quarries do Do.

Niagara Lockport; quarry 1.6 miles east do

Niagara Falls; quarry south do Do.

Bt. Lawrence Gouvemeur; quarries 3 miles north. Grenville series Prucha, 1953.

Westchester Ossining; quarries Inwood limestone Ries, 1901.

Pleasantville; quarries do Do.

Tuckahoe; quarries ..do Do.

NORTH CAROLINA

Dolomitic rocks are confined to the western part of North Carolina

and occur in the Shady dolomite, of Early Cambrian age, and its ap

proximate equivalents, the Murphy marble in the extreme southwest and

the Gaffney marble, some distance to the east. Lenses of dolomite

marble occur also in the Carolina gneiss. Chemical analyses of samples
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from several localities show that dolomite occurs in each of these forma

tions, although no information is available regarding its extent and

uniformity in composition. It seems probable, however, that potentially

commercial deposits of high-grade rock in the State are few. (Loughlin

and others, 1921; Weitz, 1942)

Carolina gneiss.—The Bandana dolomite marble of Hunter and

Gildersleeve (1946) occurs as a lens in the Carolina gneiss. It is a

white extremely coarsely crystalline marble exposed in a railroad cut

approximately 3.5 miles from Toecane (or 1.25 miles north of Bandana

Station) along the Toe River, Mitchell County. The deposit is not

particularly large, but chemical analyses indicate that it is an exception

ally pure dolomite. (Hunter and Gildersleeve, 1946; Loughlin and

others, 1921)

Murphy marble.—The Murphy marble is a coarse- to fine-grained

rock, ranging from a high-calcite to a high-dolomite marble, and varying

in thickness from 150 to nearly 500 feet. It is predominantly white,

but not uncommonly dark gray or blue, and contains layers of banded

or mottled blue and white rock. The formation is present nearly the

entire length of Cherokee County, extending as a narrow band along

the valleys of the Nottely and Valley Rivers. It occurs also between

Nantahala and Hewitt along the valley of the Nantahala River, Swain

County, and as a group of narrow areas in the vicinity of Peachtree and

Brasstown, Clay County. Outcrops of the Muiphy marble Generally are

scarce, but analyses show the presence of dolomite locally. (Loughlin

and others, 1921 ; Van Horn, 1948)

Gaffney marble.—The Gaffney marble is predominantly a fine-grained

bluish-gray to white marble, ranging from 30 to about 120 feet thick,

and usually has a banded or schistose appearance due in part to impuri

ties. The white beds of the Gaffney generally are the more highly dolo-

mitic, but the content of impurities commonly is somewhat higher than

desirable. The formation forms a linear group of narrow bands extending

across the southeastern part of Cleveland County into Gaston County.

Minor occurrences of similar nature, in Catawba and Lincoln Counties,

are presumably continuations of the Gaffney belt. Outcrops are prin

cipally along stream valleys and generally are obscure. It seems doubtful

that commercial deposits of dolomite occur in the Gaffney marble.

(Loughlin and others, 1921)

Shady dolomite.—The Shady dolomite, although sometimes a limestone,

is almost wholly a dolomite in most areas. It is fine grained, somewhat

crystalline, commonly gray, bluish gray, or white in color, and not

uncommonly weathers to a dull gray or black. This formation occurs

near Hot Springs, Madison County, where it has an apparent thickness

of nearly 2,000 feet, and along the North Fork of the Catawba River

from near Linville Falls southward to the vicinity of Sevier, McDowell
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County. The rock has been quarried in the vicinity of Hot Springs and

near Ashford, a few miles south of Linville Falls. Chemical analyses

show that the Shady is a high-grade dolomite in these areas. (Loughlin

and others, 1921 ; Oriel, 1950)

Dolomite quarries and occurrences in North Carolina

Countu Locality Formation Reference

Catawba Catawba urea:

a. quarry 5 miles south Gaffney marble . Loughlin and others,

1921.

b. quarry 8 miles south _.'__do Do.

Cherokee Andrews Murphy marble Do.

Tomatla; 1 mile northeast do Do.

Madison Hot Springs ; quarries 1 mile north- Shady dolomite Do.

west.

Mitchell Toecane; 3.5 miles southwest Carolina gneiss Do.

McDowell Ashford area; quarry Shady dolomite Do.

Avery __ do - Do.

Woodlawn; quarry _ do Do.

Swain Hewitt; quarries Murphy marble _ Do.

Yancey.. _. Bumsville (?) Weits. 194L'.

OHIO

Very large quantities of high-purity dolomite are in surface or near-

surface deposits in the western half of Ohio, where many thousands of

square miles are underlain by carbonate rocks ranging in age from

Ordovician to Devonian. Development of these resources has been ex

tensive, and for many years Ohio has led in domestic production of lime.

Nearly half the production from Ohio has been as refractory (dead-

burned) dolomite, representing more than half the total quantity of

refractory dolomite produced in the United States in recent years.

(Stout, 1941; Chandler and Jensen, 1951)

The dolomites and dolomitic limestones are principally in the upper

part of the Niagara group, of Silurian age. The dolomitic formations in

clude the Euphemia dolomite of Foerste (1917), the Springfield, Cedarville,

and Lockport dolomites. The overlying Bass Island, Amherstburg, and

Lucas dolomites and parts of the Columbus limestone also are dolomitic.

Chemical analyses show that several of these formations are uniformly

pure dolomite over large areas. The beds are nearly flat lying, and most

of the structural features are small and cause little difficulty for quarry

operators. Although the overburden of glacial drift that covers most of

the region ranges from 25 to 75 feet in thickness over large areas, it is

thin or absent locally, and its removal apparently presents no great

problem. Even where overburden is heavy and outcrops scarce, quarry

ing operations are carried out on a large scale. (Stout, 1941)

Euphemia dolomite of Foerste (1917).—The Euphemia dolomite, at the

base of the dolomite sequence in the upper part of the Niagara group,

is an irregularly bedded porous somewhat mottled dolomite averaging
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about 6 feet in thickness. It occurs principally in Preble, Montgomery,

Greene, Clark, and Miami Counties and, where samples have been

analyzed, is a high-purity dolomite. (Stout, 1941)

Springfield dolomite.—The Springfield dolomite is a uniformly bedded

dull earthy dolomite having a porous texture and varying from buff to

light brown. The formation averages about 10 feet in thickness. It is

exposed in Preble, Montgomery, Miami, Clark, Greene, Clinton, High

land, and Adams Counties. Chemical analyses of the rock show that,

although the magnesium carbonate content is nearly always high, the

silica content also is moderately, high. (Stout, 1941)

CedarviUe dolomite.—The overlying Cedarville dolomite is a highly

crystalline generally massive dolomite, open textured and varying from

a light buff through light gray and bluish gray. Its thickness averages

about 50 feet. The Cedarville occurs in southwestern Ohio in at least

parts of the following counties: Adams, Highland, Clinton, Greene,

Fayette, Clark, Champaign, Logan, Montgomery, Miami, Shelby,

Auglaize, Preble, Darke, Mercer, and Van Wert. The chemical com

position of the rock generally is that of a high-purity dolomite. In

Adams and Highland Counties, this formation is the approximate cor

relative of the Peebles dolomite of Foerste (1929). (Stout, 1941;

Wilmarth, 1938)

Dolomite of Niagaran age.—Dolomite of Niagaran age (the Guelph

dolomite of former usage) is very similar to the Cedarville both physically

and chemically, but it has been distinguished from it on the basis of

certain faunal differences. The dolomite is highly crystalline, open and

porous in texture, and varies from nearly white to light gray or bluish

gray. The thickness ranges from 50 to 80 feet, and, locally, chert is in

the lower portion. The unit is confined to northwestern Ohio, cropping

out in parts of Marion, Hardin, Wyandot, Hancock, Seneca, Wood,

Sandusky, and Ottawa Counties. This dolomite of Niagaran age (the

Guelph of former usage) is an unusually pure dolomite, analyses often

showing less than 1 percent total impurities. In western Sandusky

County and southwestern Ottawa County, however, it contains from 1

to 4 percent celestite occurring as disseminated grains and in cavity

fillings. Commercially this unit is the most important dolomite in Ohio.

It has been used as a raw material in both the electrolytic and ferrosilicon

reduction processes for the production of magnesium; it is also used

extensively in the manufacture of refractory dolomite. Large reserves

of very high-purity dolomite are present throughout the area underlain

by this dolomite. (Stout, 1941)

Bass Island dolomite.—The Bass Island dolomite, of Silurian age, over

lies the Niagara group and consists of four members, which are, in

ascending order, the Greenfield dolomite, Tymochtee shale, Put-in-Bay

dolomite, and Raisin River dolomite members. The Bass Island has an
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average thickness of about 570 feet, and the rock is generally a fair grade

of dolomite but tends to be slightly siliceous. The formation ranges

from thin bedded to massive, dense and hard to coarsely crystalline and

open in texture, and generally is some shade of brown or dark bluish

gray. It is in at least 23 counties in the western part of the State, but

it does not occur in the southwest corner or the extreme northwest

corner. The rock has been quarried in many localities. (Landes, 1951 ;

Stout, 1941)

Amkerstburg and Lucas dolomites.—The Detroit River group, of

Devonian age, consists of two formations, the Amherstburg and Lucas

dolomites. The Amherstburg is an open-textured dolomite, usually

massively bedded, and varies from drab to brownish gray. Exposures

are scarce because of the heavy drift cover, but the thickness apparently

ranges from 50 to 75 feet. The formation is confined to two areas, one

east of Cincinnati Arch in Ottawa, Erie, and Sandusky Counties and

another west of the arch in Lucas, Wood, and Henry Counties. One

analysis indicates that the rock is relatively free from impurities but

slightly low in mangesium carbonate. The Lucas dolomite, although

locally somewhat calcareous, is predominantly a light-blue to drab

bedded dolomite, attaining a maximum thickness of 140 feet but usually

ranging from 30 to 75 feet. This formation is coextensive with the

Amherstburg. Chemical analyses show that the Lucas varies in com

position, ranging from a magnesian limestone moderately high in silica

to a high-purity dolomite. (Landes, 1951; Stout, 1941)

Monroe formation of former usage.—In some reports the Bass Island

dolomite and the Detroit River group have been called the Monroe

formation. The term has persisted to some extent, and analyses of

samples shown as being from the Monroe formation could be from any

one of the dolomites stratigraphically between the Niagara group and

the Columbus limestone.

Columbus limestone.—The Columbus limestone (Middle Devonian),

uppermost of the thick series of dolomites in Ohio, is a fight-gray to

light-brown massively bedded rock, rather earthy in appearance. It

varies in composition both vertically and laterally, but generally it is a

limy dolomite in the lower portion and a low-magnesium limestone in

the upper. The thickness ranges from 80 to 125 feet where the formation

is normally developed, and layers of chert are present locally. The

formation is in three general areas. The first is a broad belt 10 to 15

miles wide extending northward from Pickaway County to Kelleys Island,

in Lake Erie. The second, heavily drift covered, is a crescent-shaped

area on the rim of the Michigan Basin, reaching from northern Paulding

County through parts of Defiance, Putnam, Henry, and Wood Counties

into western Lucas County. The third area is in eastern Logan County

and north-central Champaign County. Several analyses, notably those
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of samples from Logan and Wood Counties, indicate the local presence of

a good grade of dolomite with about 2 percent of silica. (Stout, 1941)

The shaded area on the map (pi. 2) shows the general distribution of

the Niagara group, the Monroe formation of former usage, and the

Columbus limestone as taken from the geologic map of Ohio. Because

of the many quarries and sample localities in the dolomite, it is imprac

ticable to show on the map or to list in the accompanying table anything

but active or recently active quarries for which there are analyses, either

specific or representative, showing high-grade dolomite. For a more

complete listing of quarries and sample localities, special reference should

be made to Stout's (1941) paper. (Bownocker, 1947; Stout, 1941)

Dolomite quarries in Ohio

[Data from Stout, 1941 ; all quarries in this reference are listed as active or recently active. Except for

those localities marked with an asterisk (*), chemical analyses are available for locality shown or for

representative area]

County Locality Formation

Adams. _ Locust Grove; quarry Peebles dolomite.

Lynx; quarry 1.25 miles east Do.

Allen.. _ _ Bluffton; quarry .. Monroe formation (of former usage).1

*Elida; quarry _ Do.

Herrod ; quarry 1 .75 miles south Do.

Lafayette ; quarry _ Do.

Lima; quarry. Do.

♦Southworth; quarry Do.

•Westminster ; quarry Do.

Auglaize. _ *Buckland; quarry Do.

Champaign Salem Township ; quarry Do.

Clark Springfield; quarry 4 miles west Cedarville dolomite.

Clinton Melvin ; quarry 1 mile east Niagara group.

New Vienna; quarry 1.25 miles northwest Do.

Darke Greenville; quarry 4.5 miles east Cedarville dolomite.

Weavers; quarry Do.

Fayette... Greenfield; quarry 2.75 miles north Monroe formation (of former usage).

Rock Mills; quarry Do.

Greene Cedarville; quarry Cedarville dolomite.

Jamestown; quarry 1.75 miles west Niagara group.

Hancock Arlington area:

a. quarry 3 miles south Monroe formation (of former usage).

b. quarry 2 miles east Do.

Findlay; quarry Do.

•Williamstown; quarry Do.

Hardin Ada; quarry 1.5 miles north Do.

Blanchard ; quarry Do.

Dunkirk ; quarry _ Do.

Kenton; quarry _ Do.

McVittys: quarry _ Dolomite of Niagaran age (Guelph dolo

mite).

Highland Highland; quarry 2 miles south Base Island dolomite.

Hillsboro; quarry _ Lilley dolomite of Foerste (1917) and

Peebles dolomite of Foerste (1929).

•Marshall; quarry Niagara group.

•New Market; quarry _ Do.

Samantha; quarry 2 miles weBt Peebles dolomite of Foerste (1929).

Sinking Spring area:

a. quarry 1.5 miles northwest Lilley dolomite of Foerste (1917).

b. quarry 1 mile north Peebles dolomite of Foerete (1929).

Willettville; quarry 1.25 miles southeast. Cedarville dolomite(?).

1 Monroe formation includes Bass Island, Amherstburg, and Lucas dolomites.
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County Locality Formation

Logan Belle Center; quarry Monroe formation (of former usage).

Beliefontaine ; quarry Columbus limestone.

•Big Springs; quarry Monroe formation (of former usage).

East Liberty; quarry 1.25 miles west Columbus limestone.

•Huntsville; quarry Monroe formation (of former usage).

Northwood ; quarry Do.

Rushsylvania ; quarry 2 miles southeast.. Columbus limestone.

West Liberty; quarry 2 miles east Lucas dolomite.

Lucas *Holland; quarry _ Monroe formation (of former usage)

♦Maumee; quarry Do.

Monclova; quarry 1.75 miles north Bass Island dolomite.

■•Silica ; quarry Lucas dolomite .

Sylvania; quarry 2.5 miles southwest Do,

Waterville; quarry 1 mile south Monroe formation (of former usage).

•Whitehouse; quarry ColumbUB limestone.

Marion *Hepburn; quarry 3 miles east(?) Niagara group.

Marseilles; quarry 2 miles southwest Monroe formation (of former usage).

Mercer Celina; quarry 4.5 miles southwest Niagara group.

Hockford; quarry 1.5 miles northwest Do.

Miami Ludlow Falls Euphemia dolomite of Foerste (1917).

West Covington; 1 mile southwest Springfield dolomite.

Ottawa Clay Center; quarry Dolomite of Niagaran age (Guelph dolo

mite).

*Elmore; quarry Do.

Genoa ; quarry Do.

•Port Clinton; quarry Monroe formation (of former usage).

Paulding Grover Hill; quarry 2.5 miles east Do.

Preble Lewisburg; quarry 1.25 mites northwest.. Euphemia dolomite of Foerste (1917), and

Springfield and Cedarville dolomites.

New Paris; quarry Euphemia dolomite of Foerste (1917) and

Cedarville dolomite.

Putnam *Cloverdale; quarry Monroe formation (of former usage).

•Fort Jennings; quarry Do.

♦Ottawa ; quarry _. Do.

Pandora; quarry „ Do.

Rimer; quarry Do.

Roes Greenfield ; quarry Bass Island dolomite.

Sandusky. _ Fremont; quarry Niagara group.

Gibsonburg area; quarries Dolomite of Niagaran age (Guelph dolo

mite).

•Millersville; quarry Do.

Woodville area; quarries Do.

Seneca— _ Baacom; quarry 1.5 miles east Monroe formation (of former usage).

Maple Grove-Betteville area; quarries Dolomite of Niagaran age (Guelph dolo

mite).

Shelby Kirkwood ; 1 mile northwest Cedarville dolomite.

Union *Watkins; quarry. Monroe formation (of former usage).

York Center; quarry Do.

Van Wert •Convoy; quarry Do.

Delphos ; quarry Do.

Middlepoint; quarry 1 mile west Do.

Scott; quarry 3.5 miles southwest Do.

Wood Fostoria; quarry Dolomite of Niagaran age (Guelph dolo

mite).

Luckey; quarry__ Do.

North Baltimore; quarry Monroe formation (of former usage).

Portage; quarry Dolomite of Niagaran age (Guelph dolo

mite).

Rising Sun; quarry. Do.

•Rudolph ; quarry __ Monroe formation (of former usage) .

West Millgrove; quarry - Do.

Weston ; quarry Columbus limestone.
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Dolomite quarries in Ohio—Continued

County Locality Formation

Wyandot Carey; quarry -- Guelph dolomite and Monroe formation

(of former usage).

Upper Sandusky area:

a. quarry 2.5 miles northeast Monroe formation (of former usage).

b. quarry 4.5 miles southeast Do.

OKLAHOMA

Deposits of dolomite occur in several localities in Oklahoma in forma

tions ranging in age from Cambrian to Permian. Large quantities are

available in the Arbuckle and Wichita Mountains, in south-central and

southwestern Oklahoma. The principal dolomitic formations belong to

the Arbuckle group, of Cambrian and Ordovician age, and include, in

ascending order, the Royer and Butterly dolomites and the Strange

formation of Decker (1939). The Kindblade and West Spring Creek

formations also contain some dolomite. Of these formations, the Royer

is the only one that has been quarried on a large scale.

Royer dolomite.—The Royer dolomite, of Late Cambrian age, generally

is a coarsely crystalline marblelike dolomite, which attains a thickness

of more than 700 feet in the Arbuckle Mountains and about 200 feet

in the Wichita Mountains. The formation is more widespread in the

Arbuckles than in the Wichitas, where it occurs only in the northwestern

part. In the Arbuckle Mountains the Royer is typically a thick-bedded

gray locally brecciated dolomite, free of sand and chert. It contains

several discontinuous beds of fine-grained light-gray limestone, but these

beds constitute only a minor part of the total thickness. Chemical

analyses of samples from Atoka, Johnston, Murray, and Kiowa Counties

show that the Royer is in general a moderately good grade of dolomite.

Locally the quality is excellent, notably in the Mill Creek-Ravia area,

Johnston County, where quarrying operations were started in 1948 and

large reserves of high-grade dolomite are readily accessible. (Decker,

1939; Ham, 1949)

Butterly dolomite.—The Butterly dolomite, overlying the Royer and

separated from it by the Signal Mountain limestone, is a coarse- to

fine-crystalline partly laminated rock, containing large quartz grains and

thin layers of quartz conglomerate in the upper part. It is predominantly

gray, although in places it is pink to yellow. Owing to the resistance of

the rock to weathering, rough masses stand out in relief 4 to 6 feet above

the general surface level. So far as is known, the formation occurs only

in the Arbuckle Mountains, where it ranges in thickness from 150 feet

in the western part to 365 feet in the east. One analysis of the Butterly

dolomite from Murray County shows that the rock is of fairly high

purity, but another from the same locality shows that it is somewhat low

in magnesium carbonate and contains more than 10 percent impurities.

(Beach and English, 1940; Decker, 1939)
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Strange dolomite of Decker (1939).—The Strange dolomite of Decker

(1939), of Early Ordovician age, is a massive coarse-grained pink to gray

dolomite. It has been recognized only in the Wichita Mountains north

west of Lawton, Comanche County, where about 80 feet is exposed.

Several analyses of the rock show that it is generally a good-quality

dolomite, and large quantities of the rock are readily accessible. (Beach

and English, 1940; Decker, 1939)

Kindbladeand WestSpring Creekformations.—The overlying formations,

particularly the Kindblade and West Spring Creek formations, forming

the upper part of the Arbuckle group, are predominantly limestone

throughout most of the Arbuckle Mountain area. They tend to be more

dolomitic in the eastern part of the mountains, however, particularly in

the areas adjacent to faults. No analyses of samples from the Arbuckle

Mountains are available, but it is reported that large quantities of dolo

mite may be obtained from the upper part of the West Spring Creek

formation in the vicinity of Hickory, eastern Murray County. A few

analyses of rocks from the Kindblade of the Wichita Mountains, in east-

em Kiowa County, show that the rock is moderately high in impurities.

(Beach and English, 1940; Decker, 1939)

Other formations.—Thin but widespread beds of generally impure dolo

mite and dolomitic limestone are in western Oklahoma. The beds are

part of the Permian sequence of shales, sandstones, limestones, and

gypsum. Among these dolomitic limestones are the Mangum dolomite

Dolomite quarries and occurrences in Oklahoma

County locality Formation Reference

Atoka Coleman; 3.5 miles east Royer dolomite Ham, 1040.

Blaine Greenfield Relay Creek dolomite Beach and English,

beds. 1040.

a. 6 miles northwest- do _ Suffel, 1030.

Watonga; 6 miles east Blaine gypsum Beach and English,

1040.

Comanche Lawton area:

a. 6 miles northwest Strange dolomite of Ham, 1040.

Deoker (1030).

b. 7 miles northwest do Do.

Delaware Eucha; 2 miles southeast - Cotter dolomite Beach and English,

1040.

Flint do Do.

Sycamore; 6 miles northeast do Do.

takson Creta area:

a. 2 miles northwest Mangum or Crete Do.

member.

b. 2 miles southwest -do Do.

Johnston Mill Creek-Ravia area; quarry Royer dolomite Ham, 1049.

Wapanucka; 3 miles south do Do.

Kows Gotebo; 0 miles south Kindblade formation Beach and English,

1040.

Sedan; 6 miles eaBt Royer dolomite Do.

Murray Davis area:

a. 7 miles south do Ham, 1040.

b. 8 miles south. Royer and Butterly Do.

dolomites.
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member, the Creta and Jester dolomite members (Suffel, 1930) of the

Blaine gypsum, and the Relay Creek and Day Creek dolomites. Because

of the variability in composition, the general impure nature, and the

thinness of the beds, it is unlikely that any of these formations could be

used for high-grade dolomite. Dolomite occurs in northeastern Okla

homa in the Cotter dolomite. (Beach and English, 1940; Ham, 1949;

Okla. Geol. Survey, 1944; Suffel, 1930)

PENNSYLVANIA

Dolomites and dolomitic limestones are confined principally to south

eastern Pennsylvania in several northeast-trending belts of Cambrian and

Ordovician carbonate rocks. High-purity dolomite in these belts does

not persist either vertically or laterally, and intricate structure often

disrupts the normal sequence to such an extent that several formations

may appear in the same quarry. This condition necessitates careful

selective quarrying in order to recover rock of the desired composition.

Dolomites of varied quality have been quarried in many areas. The

dolomitic formations include the Tomstown dolomite, which, in the York,

Lancaster, and Chester Valleys, has been subdivided into the Vintage

dolomite, Kinzers formation, and Ledger dolomite; the Conococheague

limestone, which is the Allentown limestone of Berks, Lehigh, and North

ampton Counties, and the Gatesburg formation and Mines dolomite of

Blair and Huntingdon Counties; the Beekmantown limestone, which is

the Larke and Nittany dolomites, Axemann limestone, and Bellefonte

dolomite in Blair and Huntingdon Counties; and the Conestoga limestone.

Although these formations commonly are siliceous, intimately inter-

layered with low-magnesium limestone, or are otherwise impure, large

reserves of high-purity dolomite probably exist in certain areas, notably

in Chester and Montgomery Counties. Of the formations mentioned,

the Ledger is perhaps the most nearly uniform in composition and gener

ally contains the least amount of impurities. (Butts and others, 1939;

Miller, 1934; Stose and Stose, 1944)

Tomstown dolomite.—The Tomstown dolomite, of Early Cambrian age,

is predominantly a dolomitic limestone with varied quantities of silica

and magnesia. In many places the formation contains considerable

quantities of interbedded shaly material, which renders the rock undesir

able for many uses. It is generally blue, but sometimes gray, quite

massive and hard, and the thickness is about 1,000 feet. Outcrops of

the Tomstown form a discontinuous belt extending through parts of

Franklin, Adams, Cumberland, Lebanon, Berks, Lehigh, Northampton,

and Bucks Counties. Chemical analyses show that the rock is generally

moderately siliceous, although near Clayton, Berks County, and East

Allentown, Lehigh County, some of the dolomite is of good quality.

(Miller, 1934; Stose and Ljungstedt, 1931)
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Vintage dolomite.—The Vintage dolomite which, in the York, Lancaster,

and Chester Valleys, is equivalent to the lower part of the Tomstown, is

rather poorly exposed. Its presence generally is indicated by the char

acteristic weathering product, a dark-red or maroon, granular soil. In

addition to a basal unit of white quartzose marble, the formation consists

of two major units, a lower one principally of dark-blue or gray, heavily

bedded to massive, knotty dolomite and an upper one of mostly pure

fine-grained limestone. The thickness of the formation varies considerably

but probably never exceeds 1,000 feet. The Vintage is present in narrow

interrupted belts that extend through parts of Adams, York, Lancaster,

Berks, and Chester Counties. Analyses from Lancaster County, prob

ably from the Vintage, show some dolomite of excellent quality. (Miller,

1934; Stose and Ljungstedt, 1931; Stose and Stose, 1944)

Kinzers formation.—The Kinzers formation, equivalent to the middle

part of the Tomstown, is varied in character, but generally can be sepa

rated into three distinct members: a lower member of dark-colored

argillaceous shale or argillite, a middle member that is predominantly a

limestone of varied composition but locally a good-quality coarse-grained

dolomite, and an upper member of earthy or fine-grained quartzose lime

stone containing dark argillaceous layers. The thickness of the forma

tion varies with the locality and ranges from perhaps 150 feet or less in

Lancaster County to about 500 feet in York County. The Kinzers is

in the same general areas as the Vintage, and analyses of samples from

York County, thought to be from the Kinzers formation, indicate the pres

ence of some high-purity dolomite. (Miller, 1934; Stose and Ljungstedt,

1931; Stose and Stose, 1944)

Ledger dolomite.—The Ledger dolomite, equivalent to the upper part

of the Tomstown, generally is a white to light-gray pure dolomite, which

may be mottled with dark-gray or blue spots. It is thick bedded or

massive, coarse grained, and in some places may merge laterally into

high-calcium marble. The thickness of the Ledger is about 1,000 feet,

and in many places, although poorly exposed, its presence is marked by

the deep-red granular soil into which the rock weathers. The distribution

is approximately the same as the Vintage dolomite and Kinzers formation,

and in Chester, Lancaster, and Montgomery Counties good-quality rock

has been quarried for use in magnesian products. (Miller, 1934 ; Stose

and Ljungstedt, 1931; Stose and Stose, 1944)

Conococheague limestone.—The Conococheague limestone, of Late Cam

brian age, generally is a dense massive or thick-bedded dolomite or

dolomitic limestone, usually some shade of blue or light gray. This

formation, having a maximum thickness of about 1,500 feet, comprises

a series of alternating beds of limestone and dolomite and in places

contains black chert layers, shaly beds, wavy argillaceous partings, and

thin sandstone layers. Differential weathering causes the more highly
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magnesian beds to turn whiter than the others and the sandy layers to

stand out in relief, thus imparting a banded appearance that is an excel

lent, almost diagnostic, criterion for recognizing the formation. The

Conococheague and the underlying Elbrook limestones are combined as

a single unit on the State geologic map and are shown in parts of Franklin,

Cumberland, Lebanon, Berks, Lehigh, Northampton, Lancaster, Chester,

Montgomery, and Bucks Counties. Although the rock from this forma

tion commonly is moderately high in silica, some dolomite of good quality

has been quarried in the areas south of Centerville, Lancaster County,

and east of Bethlehem, Northampton County. (Miller, 1934; Miller and

others, 1939; Stose and Ljungstedt, 1931)

Beekmantown limestone.—The Beekmantown limestone, of Early Ordc—

vician age, ranges in composition from rather pure limestone to dolomite.

The rock is dark blue to light blue and gray, and in many places the

limestones and dolomites occur as alternating beds. The silica content

of the rock is quite varied. The thickness of the formation approximates

1,000 feet. The Beekmantown occurs in the same general areas as the

Conococheague, usually north and northwest of the older formation. It

occurs also in Dauphin County, where the Conococheague apparently

is absent. The siHca content of the rock commonly is higher than de

sirable for most purposes, but good-quality dolomite has been quarried

from the Beekmantown(?) in Blair and Montgomery Counties. (Gray,

1951; Miller, 1934; Miller and others, 1939; Stose and Ljungstedt, 1931)

Conestoga limestone.—The Cbnestoga limestone, of Cambrian(?) and

Early Ordovician age, is principally a blue argillaceous limestone. It is

thick bedded, blue to light gray in the lower part and thin bedded and dark

blue in the upper part. In many localities a coarse limestone conglomer

ate or breccia occurs at the base of the formation. The Conestoga forms

a broad belt through central Lancaster County, with narrower extensions

through York and Adams Counties to the southwest and Chester and

Montgomery Counties to the east. Chemical analyses show that good-

quality dolomite occurs a short distance southeast of Columbia, Lancaster

County. (Miller, 1934; Stose and Ljungstedt, 1931)

Dolomite quarries and occurrences in Pennsylvania

County Locality Formation Reference

Adams Bittinger area; quarries Ledger dolomite Miller. 1934.

Bedford Colerain Township Rocks of Cambrian Do.

and Ordovician age.

Berks BechtelBville area; quarries. Tomstowndolomite(?)_ Do.

Clayton; quarry do Do.

Dale; quarry ._ do. Do.

EarlviUe; quarries --do _ Do.

Greshville; quarry do Do.

Rabbit Hill do Do.

Reading; quarry Conococheague lime- Do.

stone(?).

Seisholtsville; quarries 2 miles east- Tomstown dolomite(?) Do.
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Locality Formation Reference

Bkir Birmingham; quarries Beekmantown lime- Miller, 1934.

•tooe(?)

Roanng Spring; quarries south do Do.

Backs Durham area; quarries Tomstown dolomite Do.

and Conococheague

limestone-

New Hope; quarries 2.5 miles north- Beekmantown lime- Do.

west. stone.

Chester Cedar Hollow; quarries Ledger dolomite(r') Do.

Mill Lane area; quarries.. do Do.

Planebrook; quarry.. do Do.

Fjankiw Mont Alto; quarry Tomstown dolomite.-- Do.

a. quarry 1.6 miles northeast do Do.

Fsiton McConnellaburg area; quarries Beekmantown lime- Do.

stone.

Huntingdon Spruce Creek; quarries Beekmantown (Nit- Do.

tany) limestone.

Union Furnace; quarries Beekmantown (Belle- Do.

fonte) limestone.

Lancaster Billmeyer; quarries Ledger dolomite Do.

Centerville; 0.5 to 0.75 mile south. Conococheague lime- Do.

stone.

Chickies area; quarries Ledger dolomite Do.

Columbia; quarry 1 mile southeast. Conestoga limestone. . Do.

Glenmanor; quarry Ledger dolomite(?) Do.

Lancaster area; quarries Ledger dolomite Do.

L&ndis Valley; quarry 0.5 mile do Do.

southeast.

Leaman Place—Kinsers area; Vintage dolomite Do.

quarries.

Newtown; quarry 0.75 mile south- Ledger dolomite. Do.

west.

Rowenna P. O, Ledger dolomitcf?) Do.

Lehigh Alburtis area:

a. quarry 0.75 mile northwest. . . Beekmantown lime- Do.

stone.

b. quarry 1 mile north Allentown limestone.. Do.

AUentown ; quarries Allentown limestone . . Do.

Cataeauqua; quarry across river Beekmantown lime- Do.

stone.

East Allentown ; quarries. Tomstown dolomite... Do.

Friedensville; quarry 0.5 mile north Beekmantown lime- Do.

stone.

Ormrod; quarry 0.5 mile south Beekmantown lime- Do.

stone(?).

Trexlertown; quarry 1.5 miles Beekmantown lime- Do.

northeast. stone.

Whitehall; quarry 0.75 mile west.- do Do.

Mifflin _- Reedsvttle _ (?)— Do.

Montgomery Bridgeport-Shainline area; quarries. Ledger dolomite Do.

Fitswatertown; quarries do Do.

Mogee; quarries do - Do.

Plymouth Meeting area; quarries.. Beekmantown lime- Do.

Btone(?)

Port Kennedy; quarry Ledger dolomite(?) Do.

a. quarry 1.5 miles southwest Ledger dolomite Do.

Williams; quarries Beekmantown lime- Do.

■tone(f)

Northampton Bethlehem area; quarries Conococheague lime- Do.

stone.

a. quarry 2 miles east do Do.

Bingen; quarry do . Miller and others,

Brodhead; quarry Beekmantown lime- Do.

1039.
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Dolomite quarries and occurrences in Pennsylvania—Continued

County Locality Formation Reference

Northampton— Easton; quarry Conococheague lime- Miller, 1034.

Continued stone.

Freemansburg; quarry do Do.

Hellertown; quarry 0.5 mile south- do Do.

west.

Island Park; quarry Tomstown dolomite. _ Do.

Portland ; quarry Allentown and Beek- Miller and others.

mantown limestones. 1930.

Redington; quarry Tomstown dolomite Miller, 1034.

York. Menges Mills; quarries (?) Do.

Saginaw; quarry (?) Do.

Thomasville; quarries Kinsers formation(?)__ Do.

York area:

a. 1 mile west do _ Do.

b. 2 miles west _„do Do.

c. quarry 1 .5 miles southwest do Do.

d. 2 miles north do Do.

SOUTH CAROLINA

Little information is available regarding dolomite in South Carolina.

A few chemical analyses indicate the presence of dolomite in Cherokee,

Laurens, and Oconee Counties, but practically nothing is known of the

extent or average composition of the deposits. The best known dolomite

deposits occur near Gaffney, Cherokee County, in the Gaffney marble;

the occurrence northwest of Laurens, Laurens County, has not been

assigned to a stratigraphic unit; and the occurrences northwest of Wal-

halla, Oconee County, have been assigned, at least tentatively, to the

Brevard schist. It appears doubtful that any commercial deposits of

high-purity dolomite occur in South Carolina. (Keith and Sterrett, 1931 ;

Sloan, 1908)

Brevard schist.—Details concerning the dolomite in the Brevard schist

sequence, in Oconee County, are lacking. Two analyses of samples from

the area northwest of Walhalla, from "limestone" beds 3.5 and 6.5 feet

thick associated with slates, are of dolomite, but they show that the

silica content is higher than desirable. (Sloan, 1908)

Gaffney marble.—The Gaffney marble, of Cambrian age, is predomi

nantly a fine-grained bluish-gray to white crystalline rock having a

banded appearance due to impurities. The whiter beds generally overlie

the gray ones and are more highly magnesian. The thickness of the

Gaffney, usually poorly exposed, probably does not exceed about 120

feet. These outcrops extend in interrupted belts from the quarries south

Dolomite quarries and occurrences in South Carolina

IData from Sloan, 1008]

County Locality Formation

Cherokee Gaffney; quarries 1 mile south Gaffney marble.

Laurens Laurens; quarrry 7.5 miles northwest (?).

Oconee,. Walhalla area:

a. 8.1 miles northwest Brevard schist(?).

b. 0 miles northwest Do.
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of Gaffney northeastward through Blacksburg and into North Carolina.

One analysis from a quarry south of Gaffney shows that the rock is a dolo

mite moderately high in silica. (Keith and Sterrett, 1931; Sloan, 1908)

SOUTH DAKOTA

Dolomite and dolomitic limestone are restricted to the Black Hills

region of South Dakota in parts of Custer, Fall River, Lawrence, Meade,

and Pennington Counties. The dolomites occur in three formations

ranging in age from Late Ordovician to Permian(?) and include the White-

wood dolomite and Pahasapa and Minnekahta limestones. These for

mations are predominantly limestones that locally contain high concen

trations of magnesium carbonate. Of these formations, the Pahasapa

limestone and, possibly, the dolomitic sands derived from it probably

are the most important potential sources of dolomite. Few analyses and

no details concerning the extent of these localized deposits are available,

but it is possible that large quantities of dolomite are in this region.

(Darton and Paige, 1925; Rothrock, 1944)

Wkitewood dolomite.—The Whitewood dolomite, of Late Ordovician

age, is predominantly a hard massive limestone, generally buff colored

or pinkish with pale-brownish spots. The maximum thickness is about

80 feet. The formation is principally in the northern part of the Black

Hills uplift. One analysis of a sample from near Deadwood, Lawrence

County, shows a dolomitic limestone. (Darton and Paige, 1925;

Rothrock, 1944)

Pahasapa limestone.—The Pahasapa limestone, of Mississippian age,

is a fine-grained massively bedded limestone, ranging from pale buff to

light gray or white. It ranges in thickness from 300 to more than 600

feet, and it is reported to be highly magnesian locally. No analyses of

the rock are available. Large deposits of dolomitic sand derived from

the weathering of the Pahasapa limestone are reported at several places

in the Black Hills, and an analysis from the largest deposit, near Pied

mont, southwestern Meade County; shows a magnesium carbonate

content approaching that of a pure dolomite. The Pahasapa is the

most widespread of the formations mentioned. It surrounds almost

completely the central part of the Black Hills uplift and forms the greater

part of the broad limestone plateau on the west side of the uplift. Com

mercial deposits of dolomite may be available in the Pahasapa limestone.

(Bryson and others, 1947; Darton and Paige, 1925; Rothrock, 1944)

Minnekahta limestone.—The Minnekahta limestone, of Permian (?) age,

is a light-gray rock, usually exhibiting a pinkish or purplish tinge. Its

average thickness is less than 40 feet, and it varies from limestone to

dolomite. An analysis of a sample from near Hot Springs, Fall River

County, shows that the rock is dolomite. The Minnekahta crops out

in a narrow band that forms the front of the limestone ridge around the
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periphery of the Black Hills uplift. (Bryson and others, 1947; Darton

and Paige, 1925; Rothrock, 1944)

Dolomite and dolomitic limestone occurrences in South Dakota

County Locality Formation Reference

Fall River Hot Springs Minnekahtalimestone- Darton and Paige,

1925.

Lawrence Deadwood Whitewood dolomite. _ Rothrock, 1944.

Meade Piedmont Pahaaapalimestone Do.

TENNESSEE

Dolomites and dolomitic limestones of Cambrian and Ordovician age

extend through eastern Tennessee in several northeast-trending belts

that are northward continuations of those that begin in northeastern

Alabama and northwestern Georgia. The dolomitic strata include the

Shady dolomite, of Cambrian age, and the Knox group, of Cambrian

and Ordovician age. The Knox group consists of the Copper Ridge,

Chepultepec, and Longview dolomites, the Kingsport limestone, and the

Mascot dolomite. It is doubtful that the rocks of the Longview, Kings-

port, and Mascot should be considered as sources of high-grade dolomite,

owing to the general abundance of sand, chert, and limestone in the

formations, although chemical analyses show that moderately siliceous

dolomite may occur locally. (Oder, 1934; Pond, 1933; Rodgers, 1948,

1953; Rodgers and Kent, 1948)

Shady dolomite.—The Shady dolomite, of Early Cambrian age, is char

acteristically a dolomite with some interbedded limestone. The dolomite

is white to light gray or blue gray, massive to well laminated, fine grained,

and locally contains a little chert. The rock not uncommonly exhibits

alternating bands or ribbons of light and dark dolomite. The thickness

of the formation averages about 1,000 feet. Outcrops are not common,

but they occur in parts of Blount, Monroe, Carter, Johnson, Cocke,

Unicoi, and Washington Counties. Chemical analyses of samples from

Johnson and Washington Counties indicate that the rock generally is

moderately siliceous but that some good-quality dolomite occurs locally,

notably near Wills Station and Erwin. (Pond, 1933; Rodgers, 1948,

1953; Secrist, 1924)

Knox group.—The Knox group comprises a thick series of limestones

and dolomites, with dolomites predominating, in several northeast-

trending belts that extend through the Great Valley region of eastern

Tennessee. The group averages about 2,600 to 3,000 feet in thickness,

and the rocks generally are dolomitic in the northwest side of the Valley,

becoming progressively more calcareous toward the southeast. The

Knox contains five formations where completely subdivided, but only the

two lower formations—the Copper Ridge and Chepultepec dolomites—

probably have any possibilities as sources of high-grade dolomite. (Josiah
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Bridge, 1952, oral communication; Rodgers, 1953; Rodgers and Kent,

1948)

Copper Ridge dolomite.—The Copper Ridge dolomite, of Late Cambrian

age, consists of two members. The lower one is massive knotty dark-

gray asphaltic crystalline dolomite interbedded with light-gray silty

dolomite and marked at the base by a striking black and white coarse

grained dolomitic oolite. The upper member is light-gray slightly silty

dolomite having an exceptionally coarse oolite at the base, arenaceous

zones at many levels, and marked near the top by prominent oolitic

chert layers and beds of sandstone. The average total thickness of the

Copper Ridge is about 900 feet, approximately 225 feet of which is

represented by the upper member. Chemical analyses representing parts

of the so-called lower Knox or of the Copper Ridge dolomite show that

the rock generally is a siliceous dolomite or, more frequently, a siliceous

dolomitic limestone. A moderately siliceous dolomite has been quarried

at Norris Dam, Anderson County. (Oder, 1934; Benjamin Gildersleeve,

1946, written communication; Rodgers, 1953; Rodgers and Kent, 1948)

ChepuUepec dolomite.—The overlying Chepultepec dolomite, of Ordo-

vician age, also contains two rather distinct members. The lower mem

ber is generally sandy and is composed of interbedded sandstone or chert

and light-gray to dark-gray fine-grained dolomite, which is in places silty

or cherty. The upper member is predominantly dolomite, light gray to

Dolomite quarries and occurrences in Tennessee

County Locality Formation Reference

Anderson Norris Dam; quarry Copper Ridge dolo- Benjamin Gilder-

mite. sleeve, 1946. writ

ten communication.

Offrutt _..do Do.

Hamilton Chattanooga; quarry Knox group Do.

Soddy; 2.5 miles east do Do.

Jefferson Dandridge; quarry do_ _- Do.

Johnson Doe Valley Shady dolomite Jenkins, 1916.

Mountain City area:

a. 3.5 miles north do Do.

b. 4 miles north do Do.

c. eastof Wills Station; quarry.- do _, Do.

d. Silver Lake do Do.

Roane Creek Valley; quarries 0.75 do Do.

miles east of Shouns, near Forge

Creek.

Shady Valley; quarry 0.5 mile do Do.

northwest.

Roane Harriman; quarry Knox group Benjamin Gilder

sleeve, 1946, writ

ten communication.

Kingston __ do Do.

Union Maynardsville; quarry 8.5 miles (?). Do.

northwest.

Sharps Chapel Knox group Do.

Washington Bumpass Cove; quarries northwest Shady dolomite Rodgers, 1948.

of Erwin.

Erwin; 0.5 mile northwest do Do.
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medium gray, although some dark beds are present, usually fine grained,

and contains some silty layers. The average thickness of the formation

is about 700 feet. Details concerning the chemical composition of the

rock are not available. (Oder, 1934; Rodgers, 1953; Rodgers and

Kent, 1948)

TEXAS

The dolomites of Texas range in age from Precambrian to Cretaceous

and occur in several areas. The more important localities include the

Central Mineral region, north-central Texas, and parts of western Texas.

The formations that appear, from chemical analyses, to contain the best

quality dolomite are the Tanyard, Gorman, and Honeycut formations

of the Ellenburger group in the central region. These formations and

the dolomite facies in them attain considerable thickness in certain areas.

Other dolomites that may have commercial possibilities include lenses

in the Packsaddle schist and, perhaps, parts of the Wilberns and Rustler

formations. Dolomite belonging to the lower part of the Ellenburger

group has been quarried as a source of magnesium. (Barnes and others,

1947; Cloud and Barnes, 1946; Warren, 1943)

Packsaddle schist.—Dolomite marble, associated with magnesitic dolo

mite and magnesite, occurs as lenses in the Packsaddle schist, of Pre

cambrian age. The dolomite is coarsely crystalline, predominantly

white, although in places cream colored, and contains varied amounts of

silicate minerals. In the vicinity of Llano, Llano County, parts of one

lens, more than one-half mile long and about 200 feet thick, have been

quarried as a source of terrazzo chips. Chemical analyses of samples

from several of these lenses in the same general area show the presence

of good-quality dolomite, but they probably are not representative of

the average composition of each lens. (Barnes and others, 1947)

Wilberns formation.—The Pedernales dolomite member of the Wilberns

formation, of Late Cambrian age, is a fine- to medium-grained, medium-

or brownish-gray dolomite, which contains some interstitial glauconite

and is locally cherty. The member ranges in thickness from 70 to 150

feet. The Pedernales crops out in Blanco, Burnet, and Llano Counties.

Analyses of samples of the dolomite from north of Johnson City, Blanco

County, show the rock to range from high-silica to excellent-quality

dolomite. (Barnes and others, 1947; Cloud and Barnes, 1946)

Ellenburger group.—The Ellenburger group, of Early Ordovician age,

consists of three formations—the Tanyard, Gorman, and Honeycut—each

of which contains some dolomite. In general, the Ellenburger group

crops out around the periphery of the Llano uplift in Mason, Llano, and

adjoining Counties.

Tanyard formation.—The Tanyard formation comprises the Threadgill

member and the overlying Staendebach member. The Threadgill, 91
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to 313 feet thick, is principally limestone in its western area of outcrop,

grading eastward into dolomite. Locally there are abrupt lateral transi

tions between the two rock types. The dolomite is medium to coarse

grained, locally cherty, and usually some shade of gray. Analyses of

samples from the dolomitic parts of the Threadgill show that it ranges

from dolomitic limestone to excellent-quality dolomite. It has been

quarried in the vicinity of Sudduth, Burnet County, as a source of mag

nesium. The Staendebach member, ranging in thickness from 205 to

456 feet, also contains limestone and dolomite, the dolomites predominat

ing in the western and southeastern areas of outcrop. This member

generally is similar in appearance to the Threadgill; it has been dis

tinguished from the Threadgill largely on its higher chert content and

finer grained texture. Owing to its cherty nature, the silica content of

the dolomite is somewhat higher than in the Threadgill member. (Barnes

and others, 1947; Cloud and Barnes, 1946)

Gorman formation.—The Gorman formation is from 426 to 498 feet

thick, where typically formed. The lower part generally is dolomitic,

the upper calcitic with local interbedded dolomites. The lower dolomitic

zone is as much as 230 feet thick. It consists of very fine grained to

microgranular dolomite with yellowish, pinkish, and brownish hues pre

dominating. A group of analyses of the dolomite in the vicinity of

Johnson City, Blanco County, shows the rock to have a high average

silica content. (Bames and others, 1947; Cloud and Barnes, 1946)

Honeycut formation.—The overlying Honeycut formation is roughly

divisible into three units. The lower unit is an alternation of limestone

and dolomite, the middle predominantly microgranular dolomite, and the

upper part is predominantly limestone. The maximum total thickness

of the formation is 678 feet. The formation closely resembles the Gorman

except that the light- or yellowish-gray colors generally are not so vivid.

Silica sand is common in the lower 50 feet of the Honeycut formation,

and siliceous limestone and chert also are common. Chemical analyses

indicate that it is slightly low in magnesium carbonate and high in silica.

(Barnes and others, 1947; Cloud and Barnes, 1946)

El Paso, Montoya, and Fusselman limestones.—Dolomites of Ordovician

age occur in the Franklin Mountains of El Paso County. These include

the El Paso and Montoya limestones which, together with the Fussel

man limestone, of Silurian age, comprise the summit of the range.

These limestones have been described in the section on New Mexico

(p. 437), and the same lithologic character prevails in the Franklin

Mountains.

Alibates dolomite lentil.—The Alibates dolomite lentil of the Quarter

master formation, of Permian age, occurs in Potter and Moore Counties,

where it forms bluffs along the Canadian River. It is a massive white

crystalline dolomite, usually separated by a shale member into 2 layers,
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2 and 9 feet thick. Although the dolomite is locally cherty, analyses

show that some good-quality dolomite is present. (Warren, 1943)

Other formations.—Certain of the limestones of Permian age in the

northwestern part of Culberson County contain dolomite locally. A few

of the available chemical analyses of the Victorio Peak member of the

Bone Spring limestone, the Goat Seep limestone, and the Carlsbad lime

stone are of high-grade dolomite. The extent of the rock of this quality

is not known, however. (King, 1948)

Thin, widespread dolomites of Permian age, similar in occurrence and

character to those of western Oklahoma, occur in north-central Texas.

Dolomite quarries and occurrences in Texas

County Locality Formation Reference

Blanco . _ Johnson City area:

formations. 1046.

formations.

Do.

Wilberna formation Barnes and others,

Round Mountain area:

1947.

.—do Do.

do Do.

Burnet .. Burnet; quarry .... (?) Do.

Rocks of Cambrian(?) Do.

Fairland; 5 miles east

age.

EUenburger group Do.

Kingsland; 7 miles northeast Rocks of Precambrian Do.

Lake Victor; quarry, 2.5 miles Gorman formation Do.

north-northwest.

Marble Falls; 2 miles south Honeycut formation. _ Do.

Tanyard formation Do.

a. quarries I mile north do Do.

b. quarry 3.1 miles south Gorman formation Do.

Culberson Pine SpringB area:

„ King, 1948.

Do.

c. 5.5 miles north-northwest Carlsbad limestone Do.

Gillespie, Fredericksburg area:

Tanyard formation Barnes and others,

1947.

Wilberns formation Do.

Packsaddle schist Do.

do Do.

b. 1.5 miles south-southeast do_ Do.

Oxford area:

do. Do.

do. _ Do.

do. Do.

._ Fritch; 3.5 miles southwest AHbates dolomite lentil Warren, 1943

Potter do_ Do.

San Saba . . Cherokee area :

Tanyard formation Cloud and Barnes,

1946.

b. 9 miles east-northeast ._ EUenburger group Do.

Harkeyville; 14 miles south-south Gorman formation Barnes and others,

west. 1947.

Richland Springs; 2 miles south- EUenburger group Do.

southwest.
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They are interbedded with gypsum, shale, sandstone, and limestone.

They include the Merkel dolomite member of the Choza formation, and

dolomites of the Blaine gypsum and the Dog Creek formation. Chemical

analyses are not available, but, if the dolomites are similar in composition

to those in western Oklahoma, they probably are not suitable as sources

of high-grade rock. The Edwards limestone (Cretaceous) in the central

region, although dolomitic in part, probably need not be considered as

a source of dolomite, because of the thick beds of pure limestone with

which the thin dolomites are interbedded. (Barnes and others, 1947;

Cloud and Barnes, 1946; Weissenborn and Stenzel, 1948)

UTAH

Dolomites and dolomitic limestones occur principally in the western

half of Utah in the Paleozoic sections exposed in the Wasatch Range and

in the fault-block mountains of the Basin and Range province. They

range in age from Cambrian to Mississippian, and they are best known

in the mineralized areas such as the Tintic, Gold Hill, Oquirrh Mountain,

San Francisco, and Cottonwood-American Fork mining districts. The

formations have not been correlated between districts; this has resulted

in different nomenclature for equivalent geologic sections in each of the

districts. The dolomite deposits in these mining districts, those in Cache

and Rich Counties, and several examined briefly during the war probably

represent most, if not all, the more important deposits in Utah. In most

of the areas, little information is available regarding the chemical com

position, uniformity, or extent of the dolomite.

Dolomites and dolomitic limestones of Cambrian age have been de

scribed at many localities in northern and western Utah. These forma

tions include the Langston, Blacksmith, Nounan, and St. Charles

limestones in the Bear River Range and in the Blacksmith Fork area,

eastern Cache County; the Bluebird and Cole Canyon dolomites, and

the Opex formation in the Tintic district, Juab County; the Maxfield

limestone in the Cottonwood-American Fork area, Salt Lake County; the

Young Peak dolomite, Trippe limestone, Lamb dolomite, and Hicks

formation in the Gold Hill district, western Tooele County; the lower

part of the Grampian limestone in the San Francisco district, Beaver

County; and the Lynch dolomite of the Oquirrh Mountain district

(Stockton-Fairfield quadrangles), near Ophir, Tooele County. (Butler,

1913; Calkins and Butler, 1943; Deiss, 1938; Eardley, 1944; Gilluly, 1932;

Lindgren and Loughlin, 1919; Nolan, 1935; Richardson, 1913)

Dolomites and dolomitic limestones of Ordovician age occur also in

most of the districts mentioned. These formations include the Ajax

limestone and Bluebell dolomite in the Tintic district; the Chokecherry

dolomite in the Gold Hill district; the Fish Haven dolomite in the Gold

Hill district, Blacksmith Fork area, Bear River Range, and probably
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south of Laketown, Rich County; and the upper part of the Grampian

limestone in the San Francisco district. (Butler, 1913; Nolan, 1935;

Lindgren and Loughlin, 1919)

Younger dolomitic rocks include the Laketown dolomite, of Silurian

age, in the Gold Hill district, in the area south of Laketown, Rich County,

and in the Bear River Range; the Red Warrior limestone, of Silurian(?)

and Devonian(?) age, in the San Francisco district; the Sevy and Simon-

son dolomites, and the Guilmette formation, of Devonian age, in the Gold

Hill district; the Jefferson dolomite (Devonian) in the Bear River Range,

in eastern Rich County, in the Oquirrh Mountain area, and in the

Cottonwood-American Fork district; the Gardner dolomite of Mississip-

pian age, in the Tintic district; and the Madison and Deseret limestones,

of Mississippian age, in the Cottonwood-American Fork district. (Butler,

1913; Calkins and Butler, 1943; Gilluly, 1932; Lindgren and Loughlin,

1919; Nolan, 1935; Richardson, 1913)

Of these 27 formations that have been described as dolomite or dolo

mitic limestone, 7 are shown to be dolomites by available chemical

analyses. Brief descriptions of these rocks follow.

Grampian limestone.—The Grampian limestone, of Cambrian(?) and

Ordovician age, occurs in the San Francisco district of north-central

Beaver County. It consists of about 4,000 feet of heavy-bedded blue

dolomitic limestone, with some beds of light-gray limestone and thin

shales. Locally the dolomitic limestone is siliceous or cherty, but one

analysis shows a "gray dolomitic limestone" that is high-grade dolomite.

(Butler, 1913)

Blacksmith limestone.—The Blacksmith limestone, of Middle Cambrian

age, consists predominantly of white-gray to dull steel-gray fine- to

medium-grained thick-bedded dolomite and interbedded dolomitic lime

stone. Many of the beds are banded and contain irregular markings

of white dolomite. In the Blacksmith Fork area, Cache County, the

formation is about 450 feet thick. Chemical analyses of the rock in this

locality show that it is a dolomite of excellent quality locally. (Deiss,

1938)

Nounan limestone.—The Nounan limestone, of Middle Cambrian age,

consists of light-gray and some dark-gray, medium-grained, thin- and

thick-bedded dolomite with about 150 feet of white-gray limestone in

the lower part. The formation is about 900 feet thick in the Blacksmith

Fork area. One chemical analysis of the rock shows that the sample

is a dolomite of excellent quality. (Deiss, 1938)

Bluebird dolomite.—The Bluebird dolomite, of Middle Cambrian age,

is typically a dark bluish-gray fine-grained dolomite that is character

istically spangled with short white calcite rods. The thickness of the

formation is 175 to 200 feet, and it occurs in several places in the Tintic

district, southwestern Utah County and northeastern Juab County. One
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chemical analysis shows the presence of good-quality dolomite in the area

west of Eureka. (Lindgren and Loughlin, 1919)

Cole Canyon dolomite.—The Cole Canyon dolomite, of Middle Cam

brian age, overlies the Bluebird and consists of a series of alternating

beds, from 10 to 25 feet thick, with nearly white and dark-gray weathered

surfaces. The white-weathering beds are medium gray to light gray on

the fresh surface; some are dense and finely banded; others are very

finely crystalline. The dense variety usually is rather argillaceous, and

the finely crystalline variety reportedly is nearly pure dolomite. A few

thin shale beds occur in the series. One chemical analysis shows that

the darker beds are highly dolomitic, siliceous limestone. No analyses

of the light-colored beds are available. (Lindgren and Loughlin, 1919)

Lynch dolomite.—The Lynch dolomite, of Middle(?) and Late Cambrian

age. comprises the dolomite sequence of Cambrian age in the Oquirrh

Mountains of eastern Tooele County. The formation consists of thick-

bedded light-gray dolomite, the lower part of which contains layers of

the distinctive dolomite that is characteristic of the Bluebird dolomite.

A few limestone beds also occur in the lower part of the formation. The

thickness of the Lynch ranges from 825 to 1 ,000 feet . One analysis of a

sample from near Ophir shows that the dolomite has a moderately high

silica content. (Gilluly, 1932)

Jefferson dolomite.—The Jefferson dolomite, of Devonian age, occurs

in the Bear River Range, west of Garden City, where it is chiefly a

massive fine-grained dark dolomite weathering with a brownish tint.

The thickness of the formation here is 1,200 feet. A partial analysis

shows more than 19 percent magnesia, but nothing is known of the purity

Dolomite quarries and occurrences in Utah

Cmtnty Locality Formation Rrferenrr

Beaver San Francisco district Grampian limestone. . Butler, 1013.

Cache - Hyrum; 12 miles east, at Black- Blacksmith limestone.

smith Fork Canyon.

a. 1 mile west of above-.. Nounan limestone

i.ogHn: east in Logan Canyon, (?) -

Juab Eureka; west Bluebird and Cole Can

yon dolomites.

I/pamimtton; 5 miles east ... Rocks of Cambrian(?)

or Mississippian(?)

age.

Rich Ijiketown; 3 miles south l,aketown and Jefferson Richardson. 1913.

dolomites.

Salt Lake Alta - Maifield limestone and Calkins and Butler.

Jefferson dolomite(?) 1943

Tooele Dolomite; quarry Jefferson dolomite(?)._

Ophir — Lynch and Jefferson (?)

dolomites.

Utah Santaquin area;

a quarry 3 miles west. . Rocks of Devonian'?)

or Mississippian'?)

age.

b quarry 2 miles northwest Bluebird'?) and Cole

Canyon dolomites.
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of the rock. The formation tentatively identified as Jefferson in the

Cottonwood-American Fork area is a thick-bedded light- to medium-gray

dolomite, in places faintly mottled. Near the base and near the middle

of the formation are layers of thin-bedded impure dolomite with a little

shale and chert. It is about 150 feet thick. No analyses of the rock

are available. Chemical analyses of rock from formations identified as

Jefferson(?) near Ophir and Dolomite, Tooele County, show the presence

of some good-quality dolomite. (Calkins and Butler, 1943; Richardson,

1913)

VERMONT

The dolomitic formations in Vermont are mainly in the partly meta

morphosed Cambrian and Ordovician sedimentary rocks that occur in

north-south belts in the extreme western part of the State. These rocks

are west of the Green Mountain front where, in northern Vermont, they

occupy the eastern part of the Champlain lowland. The belts extend

from the Canadian border southward through Addison County, the

narrow Rutland Valley east of the Taconic Range, and into northwestern

Massachusetts. The geology is complicated by thrusting, folding, varied

degrees of metamorphism, and lack of uniformity in the formations both

vertically and laterally. Metamorphism has been greater in the southern

part of the belt, and the areas around Proctor, Rutland, and Danby, all

in Rutland County, contain the high-grade marbles of the State. The

dolomitic formations worthy of mention include the Dunham dolomite

of Clark (1934), Winooski marble, Rutland dolomite, the Danby for

mation, and the Clarendon Springs dolomite. Owing to the lack of

uniformity and the siliceous nature of the rocks, the extent of high-purity

dolomite seems to be small. Commercial deposits of dolomite are not

known. (Cady, 1945; Prindle and Knopf, 1932)

Dunham dolomite of Clark (1934)-—The Dunham dolomite of Clark

(1934), of Early Cambrian age, is mainly a buff-weathering siliceous

dolomite with well-rounded sand grains irregularly distributed through

out. North of Malletts Bay, the upper part of the Dunham is represented

by the Mallett member of Cady (1945), typically a smooth gray sandy

dolomite interbedded with buff dolomite having siliceous partings and

several flaggy, shaly dolomite beds. The thickness of the Dunham

varies from 1,700 to 2,000 feet. Commercial quantities of high-grade

dolomite may be present in the Dunham (?) in the gorge of Mill River just

east of Clarendon, Rutland County. (Cady, 1945)

Winooski marble.—The Winooski marble, of Early Cambrian age, is

separated from the underlying Dunham dolomite of Clark (1934) by the

Monkton quartzite in west-central Vermont. The rock typically is pink

on the fresh surface, becoming less so upward in the section and finally

becoming buff or gray. The beds, usually less than 1 foot thick, are
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separated by siliceous partings. The thickness of the formation ranges

from about 100 feet on Snake Mountain, west-central Addison County,

to at least 800 feet in the vicinity of Pittsford, north-central Rutland

County. No analyses of the dolomites in the formation are available.

(Cady, 1945; Keith, 1932)

Rutland dolomite.—The Rutland dolomite, of Early Cambrian age,

is composed of a series of heavy-bedded snow-white dolomite; gray

dolomite; thin-bedded white grayish-streaked dolomite interbedded with

quart zose and shaly layers; and dark-blue to gray carbonaceous dolomite,

the uppermost beds of which contain considerable chert. The formation

occupies the southern part of the narrow valley bounded on the east by

the Green Mountains and on the west by the Taconic Range. South

of Pittsford, where the Monkton quartzite apparently pinches out, the

Rutland probably is the formational equivalent of the Dunham-Monkton-

Winooski sequence. (Cady, 1945; Prindle and Knopf, 1932)

Danby formation.—The lower part of the Danby formation, of Late

Cambrian age, contains protruding beds of sandstone separated by beds

of dolomite 10 to 12 feet thick. The thickness of this unit is from 400

to 800 feet. The upper part of the Danby is represented by the Walling-

ford member of Cady (1945). It consists of dark iron-gray magnesian

limestone, somewhat siliceous, with some of the beds approaching the

composition of sandstone. The thickness of the Wallingford is about

300 to 400 feet where typically formed. (Cady, 1945)

Clarendon Springs dolomite.—The Clarendon Springs dolomite, which

overlies the Wallingford member of Cady (1945), is a rather uniform

massive smooth-weathering gray dolomite, containing numerous geodes

and knots of white quartz. Locally, near the top of the formation,

sandy beds and masses of black chert occur. The thickness of the

formation varies from 50 to 200 feet and generally is greater to the west.

(Cady, 1945; Keith, 1932)

Other formations.—At many places in the eastern part of the State,

lenses of calcite marble or dolomite marble occur in the schists and

gneisses. These masses are not continuous nor are they uniform in com

position from one locality to another. An analysis of a sample from

one such lens, near Plymouth, Windsor County, shows that the rock is

excellent-quality dolomite, but this is by no means typical of the dolo

mite in these areas. (Dale, 1915)

Dolomite quarries in Vermont

[Data from Dale, 1915]

County Locality Formation

Windsor Plymouth; quarry. f?).

VIRGINIA

Dolomite and dolomitic limestone in Virginia are in the Cambrian and

Ordovician carbonate rocks that occur in nearly continuous northeast
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trending belts throughout the length of the Appalachian Valley. The

principal dolomitic formations include the Tomstown and Shady dolo

mites, Honaker dolomite, Elbrook limestone, Copper Ridge dolomite,

and the Beekmantown dolomite. Northwest of Clinch Mountain in

Tazewell, Russell, and Scott Counties, the Copper Ridge and Beekman

town, together with the intervening Chepultepec dolomite, constitute the

Knox dolomite. Dolomite also occurs locally in the Rome formation.

The Honaker appears to be the most promising source of high-purity

dolomite, and large quantities are reported to occur in Tazewell and

Russell Counties. (Cooper, 1944; Cooper, 1945; Edmundson, 1945)

Tomstown and Shady dolomites.—Dolomite of Early Cambrian age is

represented by the Tomstown dolomite northeast of Roanoke and by

its equivalent, the Shady dolomite, to the southwest. The upper part

of the Tomstown in the northern part of the Valley is predominantly a

light- to dark-gray fine- to medium-grained dolomite or dolomitic lime

stone; some of the beds are cream colored and saccharoidal. The

lithologic character of the lower part is less well known. The formation

generally is poorly exposed but crops out in parts of Clarke, Rockbridge,

and Botetourt Counties. The thickness ranges from 1,000 to 1,500 feet

in Clarke County, where large reserves of dolomite may be present along

the Shenandoah River. Chemical analyses of samples from near Berry-

ville and Shepherd Ford show the presence of good- to excellent-quality

dolomite. The Shady dolomite occupies parts of the Valley southwest

of Roanoke. The formation has been divided into three members: the

Patterson limestone member, Austinville dolomite member of Butts

(1940), and Ivanhoe limestone member. The Austinville is probably the

only member that need be considered a potential source of dolomite.

It is composed principally of gray and white, usually saccharoidal dolo

mite, containing some thin limestone beds. Its thickness ranges from

perhaps 600 to more than 1,000 feet. It is exposed south of Roanoke

and in a nearly continuous belt extending from near Allisonia, Pulaski

County, southwestward to Damascus, Washington County. (Butts,

1933; Butts, 1940; Currier, 1935; Edmundson, 1945)

Rome formation.—The Rome formation, of Early Cambrian age, is

principally a series of shales, siltstones, and limy sandstones, but it

contains local beds of dolomite, one of which is prominent in the vicinity

of Roanoke. In this area the dolomite member consists of medium-

bedded fine-grained dark-gray dolomite, ranging in thickness from 135

to 155 feet. Chemical analyses show that the rock normally averages

about 5 percent impurities, but that some of the dolomite, notably at

Roanoke, is of excellent quality. (Cooper, 1944)

Honaker dolomite.—The Honaker dolomite, of Middle Cambrian age,

is predominantly dark bluish-gray dolomite, usually finely granular but

in places medium grained. The formation contains a few intercalated
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zones of brecciated dolomite and, locally, minor quantities of limestone

and shale. The Honaker crops out in narrow, nearly continuous,

northeast-trending belts that extend through parts of Giles, Bland,

Tazewell, Russell, Wythe, Smyth, Scott, and Washington Counties.

South of Castlewood, Russell County, the dolomite gives way to an

equally thick succession of dark bluish-gray limestone (Maryville lime

stone). The maximum thickness of the Honaker is about 1,400 feet.

Analyses show that deposits of excellent-quality rock are in Russell and

Tazewell Counties. Large reserves of high-grade dolomite are reported

between Carterton and Honaker, Russell County, in the southern part

of Cedar Bluff, and in the vicinity of Wittens Mills, both in Tazewell

County. (Butts, 1933; Butts, 1940; Cooper, 1944; Cooper, 1945)

Elbrook limestone.—The Elbrook limestone, of Middle and Late Cam

brian age, is in part equivalent to the Honaker dolomite and somewhat

resembles the Honaker. The formation generally is composed of lime

stone and dolomitic limestone, but it contains zones of medium- to

dark-gray dolomite. Locally these zones attain a thickness of more

than 80 feet. Dolomite of good quality is restricted principally to zones

of this type. The Elbrook occurs on either side of the Shenandoah

Valley and in counties to the south, which include Botetourt, Roanoke,

and Montgomery. In Wythe County the formation crops out in a belt

that extends from the vicinity of Pierce Mill northeastward nearly to

Bertha. The dolomites of the Elbrook have been sampled in several

counties, and chemical analyses show them to range from high-silica

rock in Augusta County to good-quality rock in Rockingham and

Shenandoah Counties. (Butts, 1940; Cooper, 1944; Currier, 1935;

Edrrundson, 1945)

Copper Ridge dolomite.—The Copper Ridge dolomite, of Late Cam

brian age, is equivalent to the lower part of the Knox dolomite northwest

of Clinch Mountain and to the Conocochcague limestone in the south

eastern half of the Valley. It is separated from the underlying Honaker

by the Nolichucky shale. The rock is coarser in texture than the

Honaker, prevailingly medium gray but varying from bed to bed. The

thickness of the formation is from 1,400 to 1,650 feet in Giles County

and is probably somewhat less in Clinch Valley. Locally sandstone

beds as much as 70 feet in thickness, along with thin layers of chert

and silty material, occur. The Copper Ridge crops out in discontinuous

te!ts paralleling the trend of the Valley in parts of Roanoke, Botetourt,

Montgomery, Giles, Bland, Wythe, Smyth, Tazewell, Russell, Wash

ington, Scott, and Lee Counties. Chemical analyses show that some of

the rock is dolomite but that the content of silica generally is greater than

3 percent. (Butts, 1933; Butts, 1940; Cooper, 1944; Cooper, 1945)

Beekmantown dolomite.—The Beekmantown dolomite, of Early Ordo-

vician age, is predominantly rather fine-grained pearl-gray very compact
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dolomite containing beds of light- or bluish-gray limestone associated

with, or grading into, beds of coarse-grained dolomite. Chert, occurring

as masses or beds, is common locally. The thickness of the formation

is varied, attaining a maximum of about 3,000 feet. It occurs in belts

that extend through nearly every county in the Appalachian Valley.

Dolomite quarries and occurrences in Virginia

County Locality Formation Reference

Augusta Churchvillo; 1.25 miles northwest.. Elbrook limestone Edmundson, 1945.

Staunton; quarry Beekmantown dolo- Do.

mite.

a. 6 miles west Elbrook limeatone(?)_. Do.

Clarke. _ _ Berryville area:

a. 3.5 miles southeast Tomstown dolomite Do.

b. 5.6 miles east, or 1.5 miles do Do.

northeast of Castleman Ferry.

Shepherd Ford; 1.5 miles west do Do.

Frederick Meadow Mills Beekmantown dolo- Do.

mite.

Winchester; 0.5 mile south do Do.

Giles Berton; along Norfolk & Western Copper Ridge dolomite Cooper, 1944.

Railroad.

Bluff City; east, along Norfolk & Beekmantown dolo- Do.

Western Railroad. mite.

Eggleston Copper Ridge dolo- Do.

mite.

Goodwins Ferry; along Virginian Copper Ridge and Do.

Railroad. Honaker dolomites.

Klotz; quarry 0.5 mile northwest-- Beekmantown dolo- Do.

mite.

Narrows; northwest, along Norfolk Copper Ridge dolomite Do.

& Western Railroad.

Pembroke ; quarry 1 mile southwest Beekmantown dolo- Do.

mite.

Montgomery Montgomery Station Copper Ridge dolomite Do,

Radford-Peppers Ferry area do __ Do.

Yellow Sulphur; 0.75 mile south- do Do.

east.

Page "along Shenandoah River" (?) .. Bassler, 1909.

Roanoke Roanoke; quarry Rome formation Cooper, 1944.

Rockydale; quarry do Do.

Rockingham Cootes Store area :

a. quarry 1.5 miles northeast Elbrook limestone Edmundson, 1945.

b. 3 miles southwest do Do.

Mount Clinton; 2.5 miles north do Do.

Mount Crawford - _ Beekmantown dolo- Do.

mite.

Russell Boody; quarry Honaker dolomite Cooper, 1945.

Cleveland area:

a. 1 mile southeast. do Do.

b. 2 miles southeast do - Do.

Honaker; 1 mile southeast. _ do Do.

Hubbard Junction; along Norfolk Knox dolomite Do.

A Western Railroad.

Scott Clinchport _. Honaker doloraite(?)._ Bassler, 1909.

Glenita; quarry Knox dolomite. Cooper, 1945.

Speers Ferry; north do Do.

Shenandoah Mount Clifton ; 3.5 miles southwest. Elbrook limestone Edmundson, 1945.

Strasburg; 2 miles northeast Beekmantown dolo- Do.

mite.

Smyth— Glade Spring; northeast, at Lyon Knox dolomite Bassler, 1909.

Gap.
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County Locality Fortnation Reference

TaxeweU-- Cedar Bluff; south, alone Slate Honaker and Knox Cooper, 1945.

Route 4. dolomites.

Wittens Mills area:

a. north Honaker dolomite Do.

b. south Knox dolomite Do.

Wythe Wytheville. Beekmantovra dolo- Hauler, 1900

mite.

Northeast of Augusta County the formation becomes more dominantly

limestone. The Beekmantown has been quarried at many places, and

chemical analyses show that the silica content generally is higher than

desirable for a high-grade dolomite. (Butts, 1933; Cooper, 1944; Cooper,

1945; Edmundson, 1945)

WASHINGTON

Commercially important dolomite deposits are restricted to north

eastern Washington in Okanogan, Stevens, Pend Oreille, and Lincoln

Counties. The deposits in Stevens County have been the most im

portant. The dolomitic formations include the Stensgar dolomite of

Weaver (1920), which is the host rock of the magnesite deposits, the

Old Dominion limestone of Weaver (1920), the Metaline and Northport

limestones (perhaps equivalent in age), and the limestone at Riverside.

Each of these formations varies in composition, ranging from dolomitic

limestone to high-purity dolomite. Much of the dolomite is readily

accessible for quarrying, and the Northport limestone northeast of

Marble, Stevens County, has been used as the raw material for the

production of magnesium at the ferrosilicon reduction plant at Spokane,

Spokane County.

Stensgar dolomite of Weaver (1920).—The Stensgar dolomite of Weaver

(1920) , of Paleozoic(?) age, is predominantly thin-bedded bluish- or pink

ish-gray dolomitic limestone and dolomite, which weathers to medium

gray or light buff. It generally is fine grained to dense, but in places it is

a medium- to coarse-grained marble. Chert, as lenses or nodules, is not

uncommon. The formation ranges from 300 to 350 feet in thickness,

except in its northern exposures where the apparent thickness is more

than 700 feet, due probably to repetition of beds by faulting. The

Stensgar crops out in many places in a belt that extends from northwest

of Chewelah, Stevens County, southwestward nearly to the Spokane

River. Chemical analyses indicate that the impurity content is too high

for the rock to be used as a source of high-purity dolomite. (Bennett,

1941; Weaver, 1920)

Old Dominion limestone of Weaver (1920).—The Old Dominion lime

stone of Weaver (1920), of Paleozoic (?) age, varies considerably in com

position and appearance locally. It ranges from nearly pure limestone

to white or black coarse-crystalline dolomite that is commonly strongly

marbleized and somewhat thick bedded. Near Dunn Mountain, north
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west of Addy, Stevens County, dolomite and dolomitic limestone comprise

all but the lower 400 feet of the 4,000-foot section. The formation crops

out intermittently in a belt extending from Addy northwestward for 5

miles along the Stranger Creek Valley, and then northeastward, passing

east of Colville, to a point north of Aladdin. The dolomite in the Miles

area, northern Lincoln County, probably is part of the Old Dominion

Chemical analyses show the presence of some excellent-quality dolomite,

perhaps in large quantities, in the Addy district, the Miles area, and,

east of Colville, although the impurity content may be moderately high,

generally. (Bennett, 1944; Valentine, 1949; Weaver, 1920)

Northport limestone.—The Northport limestone, of Middle Cambrian (?)

age, generally is massive, fine-grained although in places rather coarse,

usually white limestone, which is dolomitic locally. The dolomite phase

northeast of Marble is fight gray and has large areas that are banded or

mottled dark gray or black, hard, dense, and finely cyrstalline. In this

area the exposed dolomite section is about 725 feet in thickness. The

formation crops out in a belt along the Columbia River Valley, from

the mouth of Kettle River northeastward nearly to the Canadian border.

Analyses of the dolomite from the Marble deposit show that the rock

ranges from dolomitic limestone to excellent-quality dolomite. The rock

has been quarried from this deposit for use as magnesium ore at the

Spokane plant. (Deiss, 1955)

Metaline limestone.—The Metaline limestone, of Middle Cambrian age,

has a total thickness of about 3,000 feet, of which approximately 1,200

feet is dolomitic. The base of the dolomitic zone is 1,200 feet above

the base of the formation. The upper part of the dolomite generally is

fine grained, massive, cream colored to gray, and contains a few inter

calated layers of black dolomite with white spots. Lower in the section

the texture becomes coarser, and the black layers become more plentiful

until, near the base of the dolomite, they constitute perhaps 50 percent

of the section. The black layers are usually 5 feet or less in thickness.

The general lithologic character of the dolomite is similar to that of the

dolomite in the Northport, which is one of the bases for the tentative

correlation of the two formations. The Metaline is exposed only in

northern Pend Oreille County, extending from lone northward through

the Pend Oreille Valley to the Canadian border. Chemical analyses of

the dolomite in the vicinity of Crescent Lake (sec. 12, T. 40 N., R.

44 E.) show that both the light- and dark-colored rock is excellent-

quality dolomite. (Park and Cannon, 1943)

Unnamed limestone.—Dolomite and dolomitic limestone of Carbonifer

ous^) or Triassic ape occur in the unnamed unit at Riverside, Okanogan

County. These rocks are part of a 10,000-foot succession of limestones,

dolomites, and subordinate amounts of shaly limestone, sandstone,

conglomerate, quartzite, and siltstone. The main body of dolomite
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appears to form a stratigraphic zone more than 500 feet thick at or near

the base of the series. This rock is mostly white to gray, fine grained,

and thick bedded to massive; it contains a few thin interbeds of buff

dolomitic limestone. Sand or silt and thin veinlets of quartz occur

locally. The dolomitic zone extends from sec. 36, T. 35 N., R. 26 E.,

southwest of Riverside, northwestward to sec. 3 of the same township.

It becomes less evident toward the north, due to folding, faulting, and

lateral gradation into sandy and limy phases. Chemical analyses show

that the rock ranges from dolomitic limestone to excellent-quality

dolomite. (Bennett, 1944)

County

Lincoln

Okanogan _

Dolomite quarries and occurrences in Washington

Locality Formation Reference

Miles area Old Dominion lime- Bennett, 1944.

stone(?) of Weaver

(1920).

Riverside area :

a. 0.5 mile southwest Unnamed limestone at

Riverside.

b. quarry 1.25 miles west do

c. 1.5 miles west do

d. 2.5 miles northwest do

e. 2 miles northwest do

f. north of "e" do

g. 3 miles northwest do

h. 1.25 miles northwest do

i. 3.5 miles northwest do

j. 4.5 miles southwest do

Pend Oreille-

Stevens

Metaline Falls; 11 miles north .

Addy area:

a. just northwest

b. quarry 1 1 miles west-north

west, at Dunn Mt.

Chewclah; 4.7 miles northwest

Colville area:

a. quarry 4.0 miles east

b. just west of "a"._

c. 6.5 miles east

Fruitland : 5 miles east .

Marble: quarry 2miles northeast.

Valley area:

a. quarry 1 mile southwest

b. 7 miles west

Metaline limestone.

Old Dominion lime

stone of Weaver

(1920).

do

Stensgar dolomite of

Weaver (1920).

Old Dominion lime

stone of Weaver

(1920).

....do

do

Stensgar dolomite(?)

of Weaver (1920).

Northport limestone. _

Do.

I)n.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Do.

Park and Cannon ,

1943.

Bennett, 1944.

Do.

Do.

Do.

Do

Do.

c. quarry 10.6 miles west.

d. 14.5 miles west

.... (?)

Old Dominion lime-

stone(?) of Weaver

(1920).

Stensgar dolomite of

Weaver (1920).do

Deiss, 1955.

Stebbins, 1951.

Bennett, 1944.

Do.

Do.

WEST VIRGINIA

Dolomite and dolomitic limestone are restricted principally to rela

tively small areas in the extreme southeastern and northeastern parts of
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West Virginia. They occur chiefly in the Cambrian sequence of car

bonate rocks, although dolomitic limestone and some dolomite occur

also in the Lower Ordovician strata. The dolomitic formations include

the Tomstown dolomite, perhaps parts of the Waynesboro formation,

the Beekmantown limestone, and lower Stones River limestone (Mur-

freesboro limestone). Quarrying has been rather extensive in the areas

around Millville, Jefferson County, and Martinsburg, Berkeley County.

The Tomstown probably contains the only deposits of high-grade dolo

mite that might be of commercial interest. (Grimsley, 1916; McCue

and others, 1939)

Tomstown dolomite.—The Tomstown dolomite, of Cambrian age, is

composed mainly of light blue-gray to white fine-grained splintery dolo

mite, medium bedded and weathering to dark brown. The formation

contains some zones of limestone and shale. The total thickness of the

formation is about 1,000 feet. The only exposures of the Tomstown are

in eastern Jefferson County, and a belt of high-purity dolomite has been

quarried about 1 mile east of Bakerton. Chemical analyses show that

the dolomite in this area, although low in impurities, contains more than

0.5 percent sodium and potassium oxides, the presence of which might

prove deleterious in some processes. It is probable that most of the

rock quarried in the Millville area and assigned questionably to the

Waynesboro formation is of Tomstown age. The division between the

two formations is not clearly marked in this area. (Grimsley, 1916;

McCue and others, 1939; Stose and Ljungstedt, 1932)

Copper Ridge dolomite and Beekmantown limestone.—Dolomitic lime

stone of Cambrian and Ordovician age is present in southeastern and

northeastern West Virginia. In the southeast, in Mercer and Monroe

Counties, they are represented by a lower division—the Copper Ridge

dolomite—consisting of medium- to massive-bedded dolomitic limestone

that weathers into red soil containing small blocks of sandstone; and

an upper division—the Beekmantown limestone—consisting of irregu

larly to massively bedded gray and light-blue magnesian limestones that

are dense, hard, and commonly cherty. This sequence in adjoining parts

of Virginia contains dolomite that is moderately high in silica, but

analyses of the rock in Mercer and Monroe Counties do not show the

presence of rock of comparable quality. (McCue and others, 1939)

Conococheague and Chepultepec limestones and Nittany and Bellefonte

dolomites.—In northeastern West Virginia the series described above is

represented by the Conococheague and Chepultepec limestones and the

Nittany and Bellefonte dolomites (Beekmantown). The group com

prises a succession of massive dark-blue limestones with dark dolomitic

lenses; fairly pure dove-colored to dark-gray limestone; medium- to

thick-bedded fine-grained light-blue to dove-colored magnesian lime

stone; and dark-blue to bluish-gray thick-bedded magnesian limestone
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and dolomite. The aggregate thickness varies, and its maximum is about

3,600 feet. These rocks crop out in two broad, northeast-trending belts

in western Jefferson County and eastern Berkeley County. The Beek-

mantown has been quarried in the Martinsburg area, and chemical

analyses show that it contains some dolomite that is moderately high

in silica. (Grimsley, 1916; McCue and others, 1939)

Murfreesboro limestone.—The Murfreesboro limestone probably is not

a potential source of dolomite, although it has been quarried in the

Martinsburg area, and analyses show that it contains some high-silica

dolomite. (Grimsley, 1916)

Dolomite quarries and occurrences in West Virginia

County Locality Formation Reference

Berkeley Martinsburg area; quarries __ Beekmantown lime- Grimsley, 1916.

stone and Murfrees

boro limestone.

Jefferson .__ Bakerton; quarry 1 mile east Tomstown dolomite Grimsley,1916;McCue

and others, 1939.

Millville area; quarries Waynesboro forma- Do.

tion(?).

a. 2.25 miles north do Do.

b. south of town do__ Do.

c. quarry 1 mile east (?).— - Do.

WISCONSIN

Dolomitic rocks, ranging from dolomitic sandstones, shales, and lime

stones to high-purity dolomites, are in the formations of Ordovician

and Silurian ages that crop out in an arcuate pattern extending through

western, southern, and eastern Wisconsin. The most important source

of high-purity dolomite probably is the Niagara dolomite, which crops

out along the eastern margin of the State. Older rocks, including those

of the Prairie du Chien and Black River groups and the Galena dolomite,

vary considerably in composition, are generally impure, and probably

contain only very local areas in which high-grade rock is to be found.

Owing to overburden, exposures of the dolomites are mostly confined to

hill and ridge tops, bluffs, and stream valleys. Quarrying has been

relatively widespread, and most of the rock has been used locally. Be

cause the dolomitic rocks are not uniform chemically, only those quarries

represented by chemical analyses showing dolomite are located on the

map (pi. 2). (Steidtmann, 1924)

Prairie du Chien group.—The Prairie du Chien group or Lower

Magnesian of former usage, of Early Ordovician age, consists of the

Oneota dolomite, a series of shaly, sandy, cherty, gray and light-buff

dolomitic limestones; the New Richmond sandstone; and the Shakopee

dolomite, which is locally cherty and resembles the lower part of the

Oneota. The thickness of the group is about 250 feet where typically

formed. These formations crop out in a U-shaped area that extends

from Polk County on the west, southward through the southern counties
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then northeastward to the west of Lake Winnebago and Green Bay, into

Marinette County. Chemical analyses indicate that the dolomites of

the group generally contain excessive silica, although some (.ood-quality

rock occurs in Grant, Outagamie, and Polk Counties. (Behre and others,

1948; Kay, 1935; Powers, 1935; Steidtmann, 1924)

Black River group.—The Black River group, which includes the

Platteville and Decorah formations, overlies the Prairie du Chien group

and is separated from it by the St. Peter sandstone. The Platteville

is principally a limestone and shale series, but one member, the Peciton-

ica dolomite, is composed of heavy ledges of rather dense blue or gray

buff-weathering dolomite. Pecitonica attains a maximum thickness of

about 30 feet. The overlying Decorah formation also is a shale and

limestone series. Its uppermost member, the Ion dolomite member,

is composed of gray argillaceous dolomite. These formations, together

with the overlying Galena dolomite, are shown on the State geologic

map as a single unit present in the following counties: Grant, Iowa,

Lafayette, Green, Rock, Walworth, Dane, Jefferson, Waukesha, Colum

bia, Dodge, Washington, Green Lake, Fond du Lac, Winnebago,

Calumet, Outagamie, Brown, Oconto, and Marinette. They occur also

in the western part of the State in parts of Pierce and St. Croix Counties.

Generally these formations are too high in impurities, usually silica,

to be considered a source of high-purity dolomite. (Behre and others,

1948; Kay, 1935; Steidtmann, 1924)

Galena dolomite.—The Galena dolomite, of Middle Ordovician age,

consists of three members: the Prosser cherty member, the Stewartville

massive member, and the Dubuque shaly member. The Prosser gen

erally makes up the bulk of the formation; it is a white to gray-buff

rather fine-textured cherty dolomitic limestone or dolomite, the thickness

of which is commonly more than 125 feet. The Stewartville is composed

of buff or gray, mottled thick-bedded dolomite or dolomitic limestone,

usually about 80 feet thick. The Dubuque member is composed of

thin-bedded ledges of yellow or light-buff dolomite with interbedded

shale. Analyses indicate that the Galena generally also is too high

in impurities to be considered a source of high-purity dolomite, except

possibly in the Watertown area, Dodge County. (Bays and Raasch,

1935; Behre and others, 1948; Kay, 1935; Steidtmann, 1924)

Niagara dolomite.—The Niagara dolomite, of Silurian age, is the most

promising source of high-purity dolomite in Wisconsin. The rocks gen

erally are light colored, fine to coarse grained, thin to thick bedded,

sometimes cherty, and attain a maximum thickness of about 700 feet.

The formation occurs along the eastern margin of the State in a broad

belt that extends from the Illinois border northward to the tip of the

peninsula separating Green Bay from Lake Michigan. Analyses show

that the silica content of the dolomite varies from more than 8 percent
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to 0.24 percent. It seems likely that large quantities of high-purity

dolomite are available from the Niagara. (Behre and others, 1948;

Steidtmann, 1924; Sutton, 1935)

Waubakee dolomite.—The Waubakee dolomite (Silurian), which crops

out only in Milwaukee and Ozaukee Counties, contains some good-

quality dolomite in the vicinity of Wauwatosa, although the impurity

content generally is moderately high. The rock is a hard brittle thin-

bedded dolomite and usually light gray. The formation is 10 to 12

feet thick. (Steidtmann, 1924; Sutton, 1935)

Dolomite quarries and occurrences in Wisconsin

[Data from Steidtmann, 1924]

County Locality Formation

Brown Duck Creek ; quarries Galena dolomite.

Buffalo Alma; quarries Prairie du Chien group, (the Lower Mag-

nesian dolomite of former usage).

Cochrane; quarry Do.

Fountain City; quarries Do.

Calumet Brillion; quarries Niagara dolomite.

Hayton; quarries Do.

High Cliff; quarries Do.

Columbia. Columbus ; quarries Galena dolomite.

Crawford DeSoto; quarry Prairie du Chien group (the Lower Mag-

nesian dolomite of former usage).

Soldiers Grove; quarry Do.

Dane Oregon; quarry 2 miles west Galena dolomite.

Sun Prairie; quarries 2 miles northeast. . Do.

Dodge. Iron Ridge; quarry Niagara dolomite.

a. quarry 3 miles north Do.

Knowles Do.

Mayville; 2 miles southwest Do.

Naebro; quarry Do.

Richwood ; quarry Galena dolomite.

Watertown area; quarries Do.

Door Sturgeon Bay area; quarries Niagara dolomite.

Fond du Lac Hamilton; quarries Do.

Marblehead ; quarries Do.

Oakfield; quarry... Do.

Ripon; quarry _„ Prairie du Chien group (the Lower Mag-

nesian dolomite of former usage) and

Black River group.

Taycheedah _ Niagara dolomite.

Grant Woodman _ _ Prairie du Chien group (the Lower Mag-

nesian dolomite of former usage).

Jefferson Fort Atkinson; quarry 2 miles southeast. Black River group and Galena dolomite.

Jefferson; quarry 4 miles northwest Do.

Mil ford; quarry 3 miles northwest Do.

Kewaunee Kewaunee; quarry 2 miles west Niagara dolomite.

La Crosse La Crosse; quarries 2 miles east Prairie du Chien group (the Lower Mag-

nesian dolomite of former usage) .

Lafayette.. Darlington; quarry Black River group and Galena dolomite.

Manitowoc Cooperstown ; quarry Niagara dolomite.

Grimms; quarry.. __ Do.

Quarry; quarry Do.

Milwaukee Milwaukee Waubakee dolomite.

Wauwatosa; quarry. _ Waubakee and Niagara dolomites.

Oconto _ Oconto Falls Prairie du Chien group (the Lower Mur-

nesian dolomite of former usage).

Outagamie Black Creek; quarry 3 miles north Do.

Kaukauna; quarries.. Black River group and Galena dolomite.
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Dolomite quarries and occurrences in Wisconsiii—Continued

County Locality Formation

Ozaukee Druecker; quarry Niagara dolomite.

Fredonia ; 1 mile west Waubakee dolomite.

Grafton; quarry Niagara dolomite.

Pierce -_ Elmwood; quarry 2 miles weBt Prairie du Chien group (the Lower Mag-

nesian dolomite of former usage).

Prescott; 6 miles north Do.

Polk Little Falls Do.

Racine Ives; quarry Niagara dolomite.

Racine; quarries Do.

Rock Beloit; quarry. Black River group and Galena dolomite.

a. quarry 1 mile west Do.

b. quarry 2 miles north Do.

Janesville; quarry Do.

St. Croix New Richmond; quarry 2 miles north- Prairie du Chien group (the Lower Mag-

weBt. nesian dolomite of former usage).

Wilson; quarry _ Do.

Sauk Sauk City area:

a. 5 miles west Do.

b. 5 miles southwest Do.

Sheboygan Sheboygan; quarries 1 mile northwest Niagara dolomite.

Sheboygan Falls; quarry Do.

Walworth Whitewater; quarry Black River group and Galena dolomite.

Waukesha Delafield; quarry 1 mile southeast Niagara dolomite.

Genesee; quarry 1 mile northeast Do.

Lannon; quarry Do.

Pewaukee; quarry Do.

a. quarry 2 miles northeast Do.

Templeton ; quarry Do.

Waukesha; quarry 0.5 mile north Do.

Winnebago Mehasha; quarry 2 miles northwest Black River group and Galena dolomite.

Oehkosh; quarry Do.

WYOMING

Dolomites and dolomitic limestones occur rather extensively in the

Absaroka, Wind River, Owl Creek, and Bighorn Mountains of west-

central and north-central Wyoming and, to a lesser extent, in the south

eastern part of the State. Potentially the most important of the dolomitic

formations is the Bighorn dolomite, although it is not everywhere a

high-purity dolomite. Other dolomitic formations include those of the

Whalen group, the Darby formation, the Madison limestone, and the

Amsden, Casper, and Phosphoria formations. These formations locally

contain dolomite, but deposits of high-grade rock in commercial quanti

ties probably are few. The Wyoming dolomites have not been exploited ;

many of the deposits are somewhat inaccessible and rather distant from

marketing areas.

Whalen group.—The dolomites of the Whalen group, of Precambrian

age, are maroon and salmon pink to tan gray, fine grained, thick bedded,

and siliceous and contain bands and nodules of chert in the lower part.

In the upper part the colors change to dull gray and white, and the

dolomite becomes extremely siliceous. These rocks have been studied

in the vicinity of Guernsey, Platte County. South and southwest of

Guernsey, dolomite, which might belong to the same group, occurs as

isolated masses, probably roof pendants, partly surrounded by granite.

The dolomite is coarsely crystalline, nearly pure white, thick and thin
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bedded, and contains abundant tremolite. Chemical analyses of these

dolomites are not available, but they are reported to range from slightly

magnesian limestone to nearly pure dolomite. (Clabaugh and others,

1946; Osterwald and Osterwald, 1952)

Bighorn dolomite.—The Bighorn dolomite (Ordovician), most wide

spread of the dolomites, is generally tan-gray or gray, usually strongly

mottled, fine- to medium-grained, very thick bedded dolomite which

weathers to extremely rough surfaces. The formation generally is from

150 to 300 feet thick, but thins rapidly to the south and, consequently,

is not present in the mountains in southern Wyoming. The most favor

able areas of the Bighorn are in the Absaroka, Wind River, and Owl

Creek Mountains. Chemical analyses indicate that the Bighorn is con

sistently a dolomite of moderately good quality, except in the Bighorn

Mountains where limestone and shale are more common than elsewhere.

One deposit of the Bighorn dolomite at the south end of Wind River

Canyon, about 20 miles south of Thermopolis, appears to be a promising

source of excellent-quality dolomite. (Blackwelder, 1913; Osterwald and

Osterwald, 1952)

Darby formation.—The Darby formation, of Devonian age, is prin

cipally a drab-brown impure dolomitic limestone, locally containing

dolomite, with interbedded limestones and shale partings. The forma

tion is chiefly in the Wind River Mountains. Although some good-

quality dolomite has been examined in the area west of Lander, Fremont

County, the Darby probably does not contain commercially important

deposits of high-purity dolomite. (Osterwald and Osterwald, 1952)

Madison limestone.—The Madison limestone, of Mississippian age,

comprises a limestone series, but in certain areas it contains dolomite

and dolomitic limestone, either as a basal zone or as lenticular masses.

In Wind River Canyon south of Thermopolis, in the area southwest of

Lander, and in Shoshone Canyon west of Cody, the basal zone of dolomite

and dolomitic limestone is present in thicknesses as much as 200 feet.

In the area south of Thermopolis the dolomites so closely resemble the

underlying Bighorn dolomite that separation of the two formations is

extremely difficult. Chemical analyses indicate that the dolomites of

the Madison are, in a few localities, of good quality. (Osterwald and

Osterwald, 1952)

Casper formation.—The Casper formation, of late Pennsylvanian and

Permian (?) age, equivalent in part to the Amsden, is principally in the

Laramie Range and the Casper Mountains, southeastern Wyoming. It

is predominantly an alternating series of limestones, dolomites, sand

stones, and shales. The dolomite beds in the lower part of the formation

are usually 5 to 20 feet thick in the vicinity of Casper, and analyses

indicate the presence of some good-quality dolomite in this area. In

the Laramie Mountains, however, the dolomites probably are too siliceous
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and calcareous to be considered high-purity dolomite. (Osterwald and

Osterwald, 1952)

Phosphoria formation.—The Phosphoria formation, of Permian age,

contains beds of dolomite that range from 3 to 16 feet in thickness sepa

rated by considerably thicker units of cherty limestones, sandstones, and

sandy shales. The formation is in the Bell Springs and Casper Mountain

areas, the Owl Creek Mountains, the Lovell area, and west of Cody.

Chemical analyses show that the rock is a dolomitic limestone generally,

although some good-quality dolomite occurs south of Thermopolis and

west of Cody. (Osterwald and Osterwald, 1952)

Dolomite occurrences in Wyoming

[Except for Casper area (a), data taken from Osterwald and Osterwald. 1952]

County Locality Formation

Albany... _ Bosler; 12 miles east Precambrian rocks.

Centennial; 8 miles northwest Ranger marble of Blackwelder.

Laramie; 85 miles northeast, in Rogers Casper formation.

Canyon.

Bighom_-_ Greybull; 21.8 miles east, in Shell Creek Bighorn dolomite.

Canyon.

Lovell area:

a. 5 miles east Phosphoria formation.

b. 29 miles by road east Bighorn dolomite.

Carbon Bell Springs __ Phosphoria formation.

a. 2 miles south Amsden formation.

Fremont Bull Lake Bighorn dolomite.

Lander area:

a. 10 miles southwest Bighorn dolomite, Darby formation, and

Madison limestone.

b. 36 miles by road west, at Bald Bighorn dolomite and Darby formatioa.

Mountain.

Thermopolis; 20 miles south Bighorn dolomite and Madison limestone.

Hot Springs Thermopolis area :

a. 5 miles south Phosphoria formation.

b. 6 miles south _ Embar formation.

c. 9 miles south Bighorn dolomite.

d. 13 miles south Do.

Johnson. _. Buffalo: 7.5 miles west _ Do.

Natrona. Casper area:

a. 5.5 miles south- _ Madison limestone.

b. 10.5 miles southwest, in Jackson Casper formation and Madison limestone.

Canyon.

c. 40 miles southwest, in Platte Can- Casper formation,

yon.

Park Cody area:

a. 4 miles west Bighorn dolomite

b. 7 miles west Phosphoria formation.

c. west of Shoshone Dam Bighorn dolomite.

Platte Guernsey; 2 miles northeast Whalen group.

Wheatland area:

a. 18.5 miles by road west Do.

b. 16.3 miles southwest Do.

c. 26 miles southwest Do.

d. 30-4 miles by road southwest Do.

Sheridan Dayton; 14 miles by road west Bighorn dolomite.

Sublette Gros Ventre Range:

a. Lebarge Mountain Do.

b. Shoal Creek, upper falls (?).

Teton Teton Mountains: Leigh Creek (?).
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RESERVES

Very little information has been published regarding reserves of dolo

mite in the United States. For this and many other reasons any attempt

to record an estimate of reserves in a report of this type would be futile.

To determine with any degree of accuracy the reserves of even a single

deposit would require systematic drilling and sampling, because of the

common vertical and lateral variations in chemical composition of the

rocks. This fact must be kept in mind by a potential quarry operator

in his appraisal of an otherwise desirable quarry site.

A figure representing tons of available dolomite in the United States

would be astronomical. A tonnage estimate of inferred "ore" in 125

deposits in California, Wyoming, Idaho, Montana, Washington, Arizona,

Nevada, and Utah, examined by the U. S. Geological Survey during

World War II, amounts to nearly 2 billion tons of dolomite available by

open-pit quarrying (Deiss, 1945, p. 1). This figure by no means repre

sents the total quantity of dolomite available in these States, but it

conveys some idea of the order of magnitude of reserves. For all practical

purposes, it appears that reserves of dolomite in the United States are

unlimited, or at least inexhaustible for any foreseeable time.

ANNOTATED BIBLIOGRAPHY

Allen, H. W., 1951, Preliminary report of limestone survey of a portion of Knox

County, Maine, in Report of the State Geologist, 1949-1950: Maine

Devel. Comm., p. 78-90.

Describes briefly the stratigraphy, structure, distribution of the limestone in

the main Rockland-Thomaston belt of Knox County and several areas potentially

useful for the production of agricultural lime, flux stone, and cement. No

analyses are included.

Apfel, E. T., 1944, Dolomite in the vicinity of Lee, Mass., as an available source

of metallic magnesium: Mass. Dept. Public Works and U. S. Geol. Survey

Cooperative Geol. Proj., Inf. Circ. 4, open-file rept., 34 p.

Describes in detail the Stockbridge limestone, as it occurs in the Lee area,

including geology, lithologic character, and structure of the dolomite marbles,

and several of the quarries in the area. Includes many analyses and a geologic

map, scale 1 inch = 1,150 feet. Estimated reserves of indicated ore in the area

are at least 3 million tons of high-purity dolomite.

Argall, G. O., Jr., 1949, Industrial minerals of Colorado: Colo. School Mines

Quart., v. 44, no. 2, 477 p.

Catalogs industrial minerals (nonmetallics) of Colorado and summarizes

properties, uses, occurrence, and production of each mineral. Includes in the

section on dolomite (p. 144-149) 13 analyses of samples, most of which are not

precisely located, describes general distribution, contains a brief bibliography

and a copy of the U. S. Geol. Survey Missouri Basin Studies map, "Construction

materials and nonmetallic mineral resources of Colorado," scale 1:500,000.

Geology of the deposits is not described.
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Index
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4 Bain, G. W., 1924, Types of magnesite deposits and their origin: Econ. Geology,

v. 19, p. 412-433.

Describes briefly the representative occurrences of four main types of mag

nesite deposits—(1) as a sedimentary rock, (2) as an alteration of serpentine, (3)

as a vein filling, and (4) as a replacement of limestone and dolomite. Discusses

briefly the mode of origin of each type of deposit and includes analyses.

5 Ball, C. J. P., 1944, The Basic Magnesium enterprise: Am. Inst. Min. Metall.

Eng. Trans., v. 159, p. 285-292.

Gives a general description of the entire process for the preparation of mag

nesium from the mining of magnesite at Gabbs, Nev., to the production of

magnesium metal at the Basic Magnesium, Inc., plant near Las Vegas.

6 Ball, E. M., and Beck, A. W., 1938, Quarrying dolomite at Dolonah, Ala.: Eng.

Min. Jour., v. 139, no. 9, p. 29-33.

Describes in detail a quarry in the Ketona dolomite', which is operated by the

Tennessee Coal, Iron & Railroad Co. at Dolonah, 2 miles west of Bessemer, Ala.

Gives a brief description of the formation and two analyses of the quarry product.

7 Barnes, V. E., Dawson, R. F., and Parkinson, G. A., 1947, Building stones of

central Texas: Tex. Univ. Bur. Econ. Geology Pub. 4246, 198 p. [1942].

Summarizes the stratigraphy of central Texas (Llano uplift areal with brief

lithologic descriptions; discusses, by localities, building stones of all types; and

includes a few analyses and discussion of physical tests, small-scale geologic maps

of certain of the areas, and an index map of the localities.

8 Barnes, V. E., Shock, D. A., and Cunningham, W. A., 1950, Utilization of Texas

serpentine: Tex. Univ. Bur. Econ. Geology Pub. 5020, 52 p.

Includes general descriptions of locations, geology, and reserves of serpentine

in Texas; description of mineralogy of serpentine; experimental data; and a

review of possible industrial uses.

9 Bassler, R. S., 1909, The cement resources of Virginia west of the Blue Ridge:

Va. Geol. Survey Bull. 2-A, 309 p.

Gives a general discussion of the manufacture of cement and the character of

cement raw materials, geologic features of western Virginia and a brief dis

cussion, by counties, of cement raw materials and their geology. Includes many

measured sections of the dolomitic formations—the Shady, Elbrook, and Beek-

mantown limestones—and analyses of limestones and dolomites.

10 Bastin, E. S., 1906, The lime industry of Knox County, Maine: U. S. Geol.

Survey Bull. 285, p. 393^00.

Discusses briefly the distribution, utilization, and character of the limestone

and dolomite in the vicinity of Rockland, Thomaston, and Rockport and includes

seven analyses of the rocks in the area.

11 Bays, C. A., and Raasch, G. O., 1935, Mohawkian relations in Wisconsin: Kans.

Geol. Soc. Guidebook, 9th Ann. Field Conf., p. 296-301.

Discusses the stratigraphic boundaries of the St. Peter, Platteville, Decorah,

and Galena formations, and describes briefly the 5 members in the Platteville, 2

in the Decorah, and 3 in the Galena, some of which are dolomites.

12 B<;ach, J. O., and English, S. G., 1940, Dolomite and magnesium limestone:

Okla. Geol. Survey Min. Rept. 6, 18 p.
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Index
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Lists the general uses of dolomite, the dolomitic formations of Oklahoma, and

their general geographic distribution in the State. Columnar sections of the

Arbuckle group in the Arbuckle and Wichita Mountains and of the Permian

formations in western Oklahoma show the stratigraphic position of the dolomites.

Includes analyses of 36 samples.

13 Behre, C. H., Jr., Heyl, A. V., Jr., and McKnight, E. T., 1948, Zinc and lead

deposits of the Mississippi Valley, in Dunham, K. C, ed., Symposium on

the geology, paragenesis, and reserves of the ores of lead and zinc: London,

18th Internet. Geol. Cong., p. 46-61.

Describes briefly the history, stratigraphy, and ore deposits of the several

lead-zinc districts in the Mississippi Valley area, including the upper Mississippi

Valley district of eastern Iowa, northwestern Illinois, and southwestern Wis

consin. Includes a generalized columnar section showing groups, formations,

and members, along with brief descriptions, of Ordovician and Silurian systems.

Treats the Niagara dolomite as a formation.

14 Bennett, W. A. G., 1941, Preliminary report on magnesite deposits of Stevens

County, Wash.: Wash. Dept. Conserv. and Devel., Div. Geology Rept.

Inv. 5, 25 p.

Describes briefly the rock types and structure of the magnesite belt and 17

magnesite areas. Includes 81 analyses of magnesite and dolomite and geologic

maps of the area, scale 1:62,500. Stensgar dolomite of Deer Trail group is

considered to be of Precambrian age.

15 1943, Character and tonnage of the Turk magnesite deposit: Wash.

Dept. Conserv. and Devel., Div. Geology Rept. Inv. 7, 22 p.

Includes brief description of 2 magnesite bodies in the Turk area, southeast of

Fruitland, Stevens County, a brief section on origin, logs and analyses of cores

from 19 drill holes; and 43 analyses of adit and surface samples. Reserves are

estimated to be more than 2 million tons of material containing more than 40

percent magnesia and less than 5 percent lime. Map, scale 1 inch = about 80

feet, shows location of drill holes and areas underlain by magnesite.

16 1944, Dolomite resources of Washington: Wash. Dept. Conserv. and

Devel., Div. Geology Rept. Inv. 13, 35 p.; 1945, Supp. Pt. 1, Preliminary

report on Okanogan, Lincoln, and Stevens Counties, chemical analyses, 15 p.

Describes the general geology of the Riverside, Old Fort Spokane (Miles),

and Addy districts and specific deposits including their location, property

ownership, topography, structure, estimates of tonnage available, and potential

quarry sites. Supplement lists more than 300 analyses of the dolomites.

Twelve maps, scale 1 inch = 200 feet, show the topography and outcrop areas

of the dolomite deposits.

17 Beyer, S. W., and Williams, I. A., 1907, The geology of quarry products, in

Quarry products of Iowa: Iowa Geol. Survey, v. 17, p. 185-525.

Presents a summary, by counties, of each formation of any economic import

ance, including distribution, lithologic descriptions of quarry exposures and

outcrops, uses, and general evaluation of the rocks in the formation, several

analyses, and many measured sections.

18 Beyer, S. W., and Wright, H. F., 1914, Road and concrete materials in Iowa:

Iowa Geol. Survey, v. 24, p. 33-685
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Index
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Includes a brief summary of the formations and the evaluation of each for

use as road material, a detailed discussion of the sand, gravel, and limestone

resources of each county, measured sections and descriptions of quarries and

outcrops, a directory of stone and sand and gravel producers, and a list of 112

analyses of limestone and dolomite.

19 Birch, R. E., and Wicken, O. M., 1949, Magnesite and related minerals, in

Industrial minerals and rocks: New York, Am. Inst. Min. Metall. Eng.,

2d ed., p. 521-541.

Includes general discussions on origin, occurrence, and distribution of deposits;

exploration; mining and processing in Washington, California, Nevada, and

Quebec; synthetic magnesite; tests and specifications; production; marketing,

uses, and price; other magnesium compounds; and a bibliography.

20 Blackwelder, Eliot, 1913, Origin of the Bighorn dolomite of Wyoming: Geol.

Soc. America Bull., v. 24, p. 607-624.

Presents a general description of the lithologic character, topographic expres

sion, distribution, age, and origin of the Bighorn dolomite. Includes several

analyses but does not give the specific localities of the samples used.

21 Bodenlos, A. J., 1950, Geology of the Red Mountain magnesite district, Santa

Clara and Stanislaus Counties, Calif.: Calif. Jour. Mines and Geology, v.

46, no. 2, p. 223-278.

Describes in detail the general geology and petrology of the district and the

mineralogy, origin, and character of the magnesite deposits; discusses individual

mines, and includes a bibliography, geologic map, scale 1 inch = about 2,000

feet, and more detailed maps of individual mines.

22 Bowles, Oliver, 1939, The stone industries: New York, McGraw-Hill Book

Co., Inc., 519 p.

Describes the various phases of the stone industries: Pt. 1—General features

of the stone industries; Pt. 2—Dimension stone; Pt. 3—Crushed and broken

stone. Discusses dolomite with limestone in Pt. 3, p. 377-472, including uses of

dolomite and high-magnesian limestone, crushed limestone industry by States,

and quarry methods and equipment.

23 Bowles, Oliver, and Jensen, M. S., 1941, Limestone and dolomite in the chemical

and processing industries: U. S. Bur. Mines Inf. Circ. 7169, 15 p.

Summarizes very briefly the principal uses of limestone and dolomite where

the chemical composition of the rock is important, mentions principal producing

areas, and includes statistical history, 1920-39, giving quantities used and sold

in the various consuming industries.

24 Bownocker, J. A., Compiler, 1947, Geologic map of Ohio. Reprinted 1947 with

revision of glacial boundary by G. W. White and changes in base map:

Ohio Geol. Survey, scale 1:500,000.

25 Bradley, W. W., 1925, Magnesite in California: Calif. State Min. Bur. Bull.

79, 147 p.

Summarizes briefly the industrial uses, tests, and production of magnesite;

lists, by counties, the occurrences, both commercial and noncommercial, giving

locations, brief descriptions of the mines and deposits, and the status of oper

ations; and includes several analyses.



MAGNESIUM RESOURCES OF THE UNITED STATES 481

Index

26 Branner, G. C, 1941, Limestones of northern Arkansas: Little Rock, Ark.,

Ark. Geol. Survey, 24 p.

Includes a brief summary of the composition, uses, occurrence, and production

of limestone and dolomite in northern Arkansas; 114 analyses; small-scale maps

showing general distribution of the limestones, sample localities, and quarries;

and a generalized stratigraphic section, which briefly describes the lithologic

character, areas of exposure, and thicknesses of the limestone formations. Men

tions the dolomite quarries near Rogers and Sulphur Springs, Benton County.

27 1942, iMineral resources of Arkansas: Ark. Geol. Survey Bull. 6, 101 p.

Includes a general summary of the mineral resources of the State with special

emphasis on occurrence and production, a short general section on limestone and

dolomite (p. 62-63) (which contains no geology), and a small-scale map, 1 inch =

about 43 miles, showing the general distribution of dolomite in the northern

part of the State.

28 Branner, G. C., and others, 1940, Mineral resources of Benton, Carroll, Madison,

and Washington Counties: Ark. Geol. Survey County Min. Rept. 2, 55 p.

Briefly describes the geology and summarizes the mineral resources, giving

composition, uses, occurrence, and production. Section on dolomite (p. 25-33)

states that the only surface occurrences of possible importance belong to the

Cotter dolomite in Benton and Carroll Counties. Mentions two quarries near

Sulphur Springs. Includes small-scale geologic and mineral localities maps.

29 Bridge, Josiah, 1930, Geology of the Eminence and Cardareva quadrangles:

Mo. Bur. Geology and Mines, 2d ser., v. 24, 228 p.

Gives a detailed report on the geology of this part of the Ozark region, including

descriptions of the stratigraphy, structure, economic geology, and paleontology.

Of special interest are the discussions of the Bonneterre, Potosi, and Eminence

dolomites and the Van Buren, Gasconade, Jefferson City, and Cotter formations.

Includes analyses of 5 samples of carbonate rocks and a geologic map, scale

1:62,500.

30 Bryson, R. P., and others, 1947, Map showing construction materials and non-

metallic mineral resources of South Dakota: U. S. Geol. Survey Missouri

Basin Studies Map 12.

Map, scale 1 :500,000, shows the areal distribution of the Whitewood, Pahasapa

and Minnekahta limestones, all of which are reportedly dolomitic. Shews

several quarries in the limestone areas but does not indicate that any are in

dolomite. Text briefly describes the areas of occurrence.

31 Buckley, E. R., and Buehler, H. A., 1904, The quarrying industry of Missouri:

Mo. Bur. Geology and Mines, 2d ser., v. 6, 371 p.

A general survey of the quarrying industry in the State, giving a brief sum

mary of the operations and geology of the important quarries. Also contains

general information on uses, selection of stone, properties, and results of labora

tory tests on stone. Includes about 80 analyses and a geologic map, scale 1

inch •= 18 miles.

32 Buehler, H. A., 1907, The lime and cement resources of Missouri: Mo. Bur.

Geology and Mines, 2d ser., v. 6, 255 p.

Discusses the character, uses, and manufacture of cements and concrete, and

the necessary raw materials, including limestone, clay, and shales; summarizes
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the lime and cement raw materials by counties, gives brief, general descrip

tions of the geologic formations; and includes more than 200 analyses of limestone

and dolomite.

33 Burchard, E. F., and Butts, Charles, 1910, Iron ores, fuels, and fluxes of the

Birmingham district, Alabama, with chapters on the origin of the ores, by

E. C. Eckel: U. S. Geol. Survey Bull. 400, 204 p.

Treats comprehensively the geology, character and origin of the ores, and

sources of fuels and fluxes in the district. Of interest to the study of dolomites

is the section on the "Ketona dolomite member," which briefly outlines its

distribution and character, quarries and quarrying methods and contains

analyses from the Ketona and North Birmingham quarries. Includes map,

scale 1 inch = about 7 miles, showing economic geology of the area and a geologic

map of the Birmingham Valley, scale 1:125,000.

34 Butler, B. S., 1913, Geology and ore deposits of the San Francisco and adjacent

districts, Utah: U. S. Geol. Survey Prof. Paper 80, 212 p.

Discusses in detail the stratigraphy and structure of the region and describes

the mineralogy and nature of the ore deposits of the several mining districts

studied. Includes two analyses of limestone and dolomite. Of interest is the

description of the Grampian limestone and the analysis, which indicate the

presence of high-grade dolomite. Includes also geologic map, scale 1:62,500.

35 Butts, Charles, 1911, Dolomite for flux in the vicinity of Montevallo, Shelby

County, Ala.: U. S. Geol. Survey Bull. 470, p. 525-527.

Describes briefly the occurrences of the Ketona dolomite in the area north of

Montevallo, Ala. Includes six analyses. In this area the Ketona dolomite is

reportedly much purer than in the Birmingham Valley.

36 1926, Geology of Alabama—The Paleozoic rocks: Ala. Geol. Survey

Special Rept. 14, p. 41-230.

Describes in general the lithologic character, distribution, thickness, structure,

age, and stratigraphic relations of the Paleozoic formations and gives descriptions

of the Brierfield, Ketona, Bibb, Copper Ridge, and Chepultepec dolomites. No

analyses are given. Includes a geologic map of Alabama, scale 1:500,000.

37 1933, Geologic map of the Appalachian Valley of Virginia with explana

tory text: Va. Geol. Survey Bull. 42, 56 p.

Geologic map, scale 1:250,000, shows general distribution of the geologic

formations of the region. Accompanying text gives general discussion of the

formations, including their lithologic character and distribution. No analyses

are given. [Some of the stratigraphy has since been revised.]

38 1940, Geology of the Appalachian Valley in Virginia, Part 1, Geologic

text and illustrations: Va. Geol. Survey Bull. 52, Pt. 1, 568 p.

Gives general descriptions, including measured sections, of the rocks, structure,

and geologic history of the Appalachian Valley, also descriptions of the Shady

and Tomstown dolomites, the Honaker and Elbrook dolomites, the Cono-

cocheague limestone, and the Copper Ridge dolomite. No analyses are included.

For geologic map, see Butts, 1933.

39 Butts, Charles, and Gildersleeve, Benjamin, 1948, Geology and mineral resources

of the Paleozoic area in northwest Georgia: Ga. Geol. Survey Bull. 54,

176 p.
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Presents the geology, including stratigraphic descriptions and structure, and

a summary of the mineral resources of northwest Georgia. Includes for each

mineral a description, along with sections on uses, location of deposits, character

of the ores, and remarks on production and reserves. Section on limestone and

dolomite (p. 127-137) includes brief descriptions of the formations and 21

analyses. Maps, scale 1 inch = about 4 miles, show the geology of the area and

mine, quarry, and prospect locations.

40 Butts, Charles, Schwartz, F. M., and Willard, Bradford, 1939, Geology and

mineral rwourcs, Tyrone quadrangle [Pennsylvania]: Pa. Geol. Survey,

4th ser., Tcpog. and Geol. Aties of Pennsylvania 96, 118 p.

Gives detailed description of the stratigraphy, structure, geologic history, and

mineral resources of the Tyrone quadrangle, covering parts of Blaire, Centre,

and Huntingdon Counties, and a few analyses. Report is of interest principally

for the descriptions of the formations equivalent to the Elbrook, Conococheague,

Beekmantown, and Conestoga limestones. Includes geologic map, scale 1 inch =

1 mile.

41 Cady, W. M., 1945, Stratigraphy and structure of west-central Vermont: Geol.

Soc. America Bull., v. 56, p. 515-587.

Gives a comprehensive discussion of stratigraphy and structure and a detailed

discussion of lithologic character, correlation, nomenclature, and revisions in the

stratigraphy. No analyses are included. Includes geologic maps, scale 1 :62,500.

42 Calkins, F. C, and Butler, B. S., 1943, Geology and ore deposits of the Cotton-

wood-American Fork area, Utah: U. S. Geol. Survey Prof. Paper 201,

152 p.

Describes in detail the stratigraphy, structure, and ore deposits of the district.

No analyses of the carbonate rocks are given. Lithologic descriptions of the

Maxfield limestone, Jefferson(?) dolomite, and Madison limestone indicate that

parts of these formations are dolomite or dolomitic limestone. Includes geologic

map, scale 1:25,000.

43 Callaghan, Eugene, 1933, Brucite deposit, Paradise Range, Nev.: Nev. Univ.

Bull., v. 27, 34 p.

Preliminary report includes brief sections on the general geology, meta-

morphism, and structure; more detailed descriptions of the brucite and mag-

nesite deposits, with preliminary reserve estimates; log of diamond-drill core;

sample analyses; and a geologic map, scale 1 inch = about 475 feet.

44 Callaghan, Eugene, and Vitaliano, C. J., 1948, Magnesite and brucite deposits

at Gabbs, Nye County, Nev.: U. S. Geol. Survey open-file rept., 18 p.

Brief preliminary report of the deposits at Gabbs summarizes the general

geology and occurrence of the ore deposits, including their distribution, compo

sition, origin, and reserves of magnesite. Reserves are estimated to be 27 million

tons of magnesite containing less than 5 percent CaO. Includes 10 analyses of

magnesite, brucite, and associated rocks, and geologic map, scale 1 inch = 100

feet, showing distribution of dolomite, magnesitic dolomite, magnesite, hydro-

magnesite, and brucite.

45 Calvin, Samuel, 1895, The Leclaire limestone: Iowa State Univ. Bull. Lab.

Nat. History, v. 3, p. 183-189.

Presents a detailed description of the Leclaire limestone, which "constitutes

the second stage of the Niagara formation as it is developed in Iowa." Also
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includes brief description of beds of the Anamosa stage, which overlies the

Leclaire.

46 Case, F. 0., Satterthwaite, H. G., Coulter, L. R., and Harden, B., 1944, Process

improvements at the Henderson plant of Basic Magnesium, Incorporated:

Am. Inst. Min. Metall. Eng. Trans., v. 159, p. 293-295.

Gives brief summary of improvements in pellet mixing, metal handling, and

metallurgical recovery and of production from September 1942 to July 1944 at

the Basic Magnesium, Inc., plant near Las Vegas, Nev.

47 Chandler, H. P., and Jensen, N. C, 1954, Stone: U. S. Bur. Mines Minerals

Yearbook, 1951, p. 1180-1211.

Summarizes general statistics of the stone industry in 1951. Data on dolomite

generally included with those on limestone. Table (p. 1205) shows quantity of

dolomite used for basic magnesium carbonate, refractory uses, dead-burned

dolomite, and paper mills during 1950-51.

48 Chelf, Carl, 1941, Magnesite mining in Llano County, Tex.: Tex. Univ. Bur.

Econ. Geology, Min. Res. Survey Circ. 40, 6 p.

Describes briefly the magnesite deposits at the Texas Mines and Meramec

mines, southeast of Llano. Includes cross-section sketches of the mines, brief

summary of the uses and consumption of magnesite, and a bibliography.

49 Clabaugh, S. E., and others, 1946, Construction materials and nonmetallic

mineral resources of Wyoming: U. S. Geol. Survey Missouri Basin Studies

Map 9.

Map, scale 1 :500,000, shows areal distribution of rock types and nonmetallic

minerals, including dolomite and dolomitic limestone. Brief explanatory text

lists the following units as containing dolomite: Whelan, Bighorn, Madison,

Darby, Amsden, Casper, and "Permian." States that "reserves are almost

inexhaustible."

50 Clark, T. H., 1934, Structure and Stratigraphy of southern Quebec: Geol.

Soc. America Bull., v. 45, p. 1-20.

Uses the term Dunham dolomite to identity certain dolomite beds of Early

Cambrian age in the Sutton quadrangle, Quebec and Vermont.

51 Clemmer, J. B., and Cooke, S. R. B., 1936, Flotation of Vermont talc-magnesit e

ores: U. S. Bur. Mines Rept. Inv. 3314, 12 p.

Talc concentrates and tailings rich in magnesite were obtained in experimental

concentration of the ores. Describes results of batch-testa; magnesite, containing

8 to 14 percent impurities, comprised the tailings. Concludes that this material

might be suitable for some uses and constitute a source of extra income for talc

producers.

52 Cloud, P. E., Jr., and Barnes, V. E., 1946, The Ellenburger group of central

Texas: Tex. Univ. Bur. Econ. Geology Pub. 4621, 473 p. (19481.

Describes in detail the stratigraphy, including measured sections, general

geology, and structure of central Texas and discusses the lithologic character,

facies changes, and thicknesses of the formations ranging in age from Precambrian

to Pennsylvanian. Includes analyses of 113 samples of limestone and dolomite

from Johnson City and Cherokee areas, analyses of samples from 32 drill holes

on the Victoria Gravel Co. properties near Sudduth, small-scale index map
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showing where Ellenburger was mapped, and large-scale (1 in. = about 800 ft.)

geologic maps of these areas.

53 Colby, S. F., 1941, Occurrences and uses of dolomite in the United States: U. S.

Bur. Mines Inf. Circ. 7192, 21 p.

Discusses briefly the composition, properties, and uses of dolomite, and gives

a very brief survey of occurrence and uses of dolomite by States. Includes a

small-scale map showing "location of high-grade dolomite quarries in the U. S."

and a bibliography.

54 Colorado Bureau of Mines, 194.5, 1945 list of operating mines, mills, smelters,

quarries, etc. : Colo. State Bur. Mines, 14 p.

55 Comber, A. W., 1937, Magnesite as a refractory: Philadelphia and New York,

J. B. Lippincott Co., 114 p.

Presents a general discussion of magnesite, its composition and properties,

sources, methods of calcination, the chemical and physical properties of refractory

magnesite, manufacture of refractory brick, and the industrial application of

refractory magnesite. Includes a bibliography.

56 Comstock, H. B., 1954, Magnesium: U. S. Bur. Mines Minerals Yearbook,

1951, p. 791-800.

Reviews the magnesium industry for 1951. Summarizes status of Govern

ment-owned magnesium plants and the ferrosilicon reduction process; points

out the advantages of this type of plant for standby production facilities.

57 Cooper, B. N., 1944, Industrial limestones and dolomites in Virginia, New

River—Roanoke River district: Va. Geol. Survey Bull. 62, 98 p.

Describes in detail limestone and dolomite occurrences in parts of Giles,

Montgomery, Pulaski, Roanoke, and Botetourt Counties. Includes columnar

sections, about 90 analyses of limestones and dolomites, and brief descriptions of

some quarries and potential quarry sites. Maps (scales range from 1 in. = 250

ft. to 1 in. = 1 mi.) show quarry locations and geology of some of the areas

discussed.

58 ■ 1945, Industrial limestones svnd dolomites in Virginia; Clinch Valley

district: Va. Geol. Survey Bull. 66, 259 p.

Describes in detail the limestone and dolomite formations in Tazewell, Russell,

and Scott Counties, also quarries and potential quarry sites. Includes 144

geologic sections and 241 analyses of limestones and dolomites. Maps show the

distribution of the carbonate rocks in the 3 counties.

59 Crawford, A. L., 1941, Magnesite—a new economic mineral for Utah [abs.]:

Utah Acad. Sci. Proc, v. 18, p. 18.

Brief note on geology of magnesite deposit in the Fish Springs district, Juab

County, Utah.

60 Crawford, R. D., 1913, Geology and ore deposits of the Monarch and Tomichi

districts, Colorado: Colo. Geol. Survey Bull. 4, 317 p.

Describes the stratigraphy, structure, lithologic character of the formations,

and economic geology of the area, in southwestern Chaffee County. Most

important to a dolomite study is the description of the Ouray limestone, nine

analyses from the vicinity of Garfield, and a geologic map, scale 1 :62,500.

61 Crawford, R. D., and Gibson, Russell, 1925, Geology and ore deposits of the

Red Cliff district, Colorado: Colo. Geol. Survey Bull. 30, 89 p.
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Describes the stratigraphy, structure, and mineral deposits of the district,

in southeastern Eagle County. Gives a Hthologic description of the Leadville

limestone, which here includes the dolomite portion (Dyer dolomite) assigned

to the Chaffee formation of later reports, and six analyses of the limestone.

62 Cullison, J. S., 1944, The stratigraphy of some Lower Ordovician formations

of the Ozark uplift: Mo. Univ. School Mines and Metallurgy Bull. Tech.

Ser., v. 15, no. 2, 112 p.

Discusses in detail the areal distribution, thickness, Hthologic character, and

paleontology of the Jefferson City-Cotter-Powell sequence in central and

south-central Missouri. The Jefferson City is raised to group status with two

formations, the Rich Fountain and Theodosia, on the basis of its Hthologic

character and fauna. Includes a geologic map, scale 1 inch = about 16 miles,

of the area studied and 18 measured sections. No analyses of the limestone and

dolomite are given.

63 Cumings, E. R., 1922, Nomenclature and description of the geological formations

in Indiana, in Handbook of Indiana geology: Ind. Dept. Conserv. Pub.

21, p. 403-570.

Gives a summary of the stratigraphy, including general descriptions of the

formations, their distribution, fauna, and historical sketches of the nomen

clature. Small-scale maps, 1 inch = about 43 miles, show the distribution of

the formations. No analyses are included.

64 Cumings, E. R., and Shrock, R. R., 1928, The geology of the Silurian rocks of

northern Indiana: Ind. Div. Geology, Conserv. Comm. Pub. 75, 226 p.

Discusses in detail the physiography, stratigraphy, structure, and economic

geology of the Silurian area of northern Indiana. Describes Hthologic character,

thickness, general outcrop area, and quarries and outcrops of each formation.

Of particular interest is the discussion of the Huntington dolomite. Includes

geologic and outcrop maps, scale 1 inch = about 5 miles, and 8 analyses of the

Huntington.

65 Currier, L. W., 1935, Zinc and lead region of southwestern Virginia: Va. Geol.

Survey Bull. 43, 122 p.

Presents a general description of the stratigraphy, structure, economic geology,

and occurrences of lead and zinc and a rather detailed description of the Shady

dolomite, which is divided into three members in this region. No analyses are

given. Includes geologic map, scale 1 :62,500.

66 Dake, C. L., 1930, The geology of the Potosi and Edgehill quadrangles: Mo.

Bur. Geology and Mines, 2d ser., v. 23, 233 p.

Includes a detailed report on the stratigraphy, structure, and economic

geology of the area, which comprises parts of Washington, Iron, and Reynolds

Counties; detailed discussions of the Bonneterre dolomite, Derby-Doerun

formation, Potosi and Eminence dolomites, and the Van Buren and Gasconade

formations; 11 analyses of limestone and dolomite; and -a geologic map, scale

1 :62,500.

67 Dale, T. N., 1912, The commercial marbles of western Vermont: U. S. Geol.

Survey Bull. 521, 170 p.

Discusses limestones, dolomites, marble, also general geology of the marble

belt; describes individual quarries and the character of the marbles. Includes

some analyses and geologic maps, scales 1 :125,000 and 1 :31,250.
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68 Dale, T. N., 1915, The calcite marble and dolomite of eastern Vermont: U. S.

Geol. Survey Bull. 589, 67 p.

Describes occurrences of calcite and dolomite marbles in the eastern part of

the State. The term "dolomite" is used in a rather broad sense and is not

restricted to the rocks approaching the theoretical composition of dolomite.

Includes 4 analyses. Small-scale map, 1:750,000, shows the location of the

deposits.

69 1923, The lime belt of Massachusetts and parts of eastern New York

and western Connecticut: U. S. Geo). Survey Bull. 744, 71 p.

Briefly describes the general geology and areal distribution of the limestones

and dolomites in the area. Includes many of the structural details of the

quarries and textural and mineralogical descriptions of thin sections, chemical

analyses of 13 samples, and geologic maps, scale 1 :62,500.

70 Darton, N. H., 1928a, "Red Beds" and associated formations in New Mexico,

with an outline of the geology of the State: U. S. Geol. Survey Bull. 794, 356 p.

Summarizes the geology of the State, giving descriptions of the principal

formations, including their general features, lithologic character, and distribution.

Discusses in more detail the stratigraphy and structure of several regions and

gives brief summaries of the geology of many more. Of particular interest are

the general and local descriptions of the El Paso, Montoya, and Fusselman

limestones and of the Chupadera formation.

71 1928b, Geologic map of New Mexico: U. S. Geol. Survey, scale

1 :500,000.

72 Darton, N. H., and Paige, Sidney, 1925, Description of the central Black Hills

[with contributions by J. D. Irving): U. S. Geol. Survey Geol. Atlas, folio

219, 34 p.

Discusses the geology of the central Black Hills, including general and local

descriptions of the dolomitic Whitewood, Pahasapa, and Minnekahta limestones.

Includes analysis of one sample of the Minnekahta limestone from near Hot

Springs.

73 Dawson, T. A., 1941, The Devonian formations of Indiana; Pt. 1, Outcrop in

southern Indiana: Ind. Dept. Conserv., Div. Geology, 48 p.

Describes in detail the Devonian formations of southern Indiana, including

history of names, lithologic character, distribution, and discussion of age. Of

interest are the descriptions of the Geneva formation and Jeffersonville limestone.

No analyses are included.

74 Decker, C. E., 1939, Progress report on the classification of the Timbered Hills

and Arbuckle group of rocks, Arbuckle and Wichita Mountains, Okla.:

Okla. Geol. Survey Circ. 22, 62 p.

Gives a detailed discussion of the stratigraphy of the Timbered Hills and

Arbuckle groups and brief discussion of the structure and economic features of

the areas studied. Includes 17 detailed columnar sections and geologic map of

the Wichita Mountains, scale 1 inch = about 2 miles.

75 Deiss, C. F., 1933, Paleozoic formations of northwestern Montana: Mont. Bur.

Mines and Geology Mem. 6, 51 p.

Gives detailed descriptions of 10 measured stratigraphic sections, in parts of

the Swan, Flathead, and Lewis and Clark Ranges and a tentative correlation
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of the sections. The sections lie stratigraphically between the top of the Pre-

cambrian Missoula group and the top of the Mississippian Madison limestone.

Also gives summary descriptions of the formations and their type localities.

76 Deiss, C. F., 1936, Revision of type Cambrian formations and sections of Mon

tana and Yellowstone National Park: Geol. Soc. America Bull., v. 47, p.

1257-1342.

Includes detailed descriptions of 1 1 measured stratigraphic sections in central

and southern Montana just west of the central part of the State and in the

northwestern part of Yellowstone Park; historical summary of Cambrian

stratigraphic nomenclature in the area; original and emended definitions and

general descriptions of the Cambrian formations, and a tentative correlation of

the 11 sections.

77 1938, Cambrian formations and sections in part of Cordilleran trough:

Geol. Soc. America Bull., v. 49, p. 1067-1168.

Gives detailed descriptions of 7 measured sections of the Cambrian in the

Cordilleran region, 2 of which, the Blacksmith Fork and House Range areas, are in

Utah. Summarizes the previous studies in each area. Describes and, in some

instances, redefines the Langston, Blacksmith, Nounan, and St. Charles lime

stones; each of these formations are reportedly dolomitic. No analyses are

included.

78 1943, Stratigraphy and structure of southwest Saypo quadrangle,

Montana: Geol. Soc. America Bull., v. 54, p. 205-262.

Includes a general description of the sedimentary and igneous rocks and of

the structure of the area, which covers parts of the Sawtooth and Lewis and

Clark Ranges, and a few measured sections. General descriptions of the Devils

Glen, Devonian (Jefferson age) limestones and dolomites, and Hannan limestone

are of interest.

79 1945, Distribution of dolomite deposits in the Western States: U. S.

Geol. Survey Prelim. Rept. and Map, 4 p.

Summarizes very briefly the geologic and geographic distribution of dolomite

deposits and describes the 10 most important ones. Index map shows the

location of 125 deposits in the Western United States.

80 1952a, Dolomite deposit near Sloan, Nev.: U. S. Geol. Survey Bull.

973-C, p. 107-141.

Gives a detailed study of the stratigraphy and structure at Sloan Hill, Clark

County, Nev., and a description of the dolomite deposit and the formations

involved, including the Sultan limestone, Monte Cristo dolomite, and Bird

Spring formation. Estimated reserves of dolomite total about 70 million tons.

Includes an annotated bibliography and a geologic map, scale 1 inch = 400 feet.

81 1952b, Geologic formations on which and with which Indiana's roads are

built: Ind. Dept. Conserv. Geol. Survey Circ. 1, 17 p.

Gives a general outline of geologic history, distribution of limestones, glacial

drift, potential quarry sites, and types of road subgrades in Indiana. Small-

scale maps, 1 inch = about 42 miles, show distribution of crushed rock quarries,

sand and gravel areas, and bedrock formations. No analyses are included.

82 1955, Dolomite deposit near Marble, Wash.: U. S. Geol. Survey Bull.

1027-C, p. 119-141.
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Includes detailed description of the dolomite deposit in the Northport lime-

Rtone, about 2 miles northeast of Marble, Stevens County; descriptions of

quarrying operations; estimate of reserves; analyses of 53 samples, and a geologic

map, scale 1 inch = 400 feet.

83 Dow, D. H., and others, 1945, Mineral resources of the Missouri Valley region;

Pt. 4, Construction materials: U. S. Geol. Survey Missouri Basin Studies

Map 1, 4 sheets.

The map, scale 1:2,500,000, outlines the general areal distribution of the

"sedimentary rocks of Paleozoic age" in the Black Hills region. These

rocks include the dolomitic Whitewood, Pahasapa, and Minnekahta limestones.

The map does not indicate any dolomite occurrences in this area.

84 Dungan, T. A., 1944, Production of magnesium by the carbothermic process at

Permanente: Am. Inst. Min. Metall. Eng. Trans., v. 159, p. 308-314.

Describes the process used by Permanente Metals Corp. at their plant at

Permanente, Calif. The process involved reduction of magnesium oxide obtained

from dolomite by carbon (coke) in electric furnaces.

85 Dunham, K. C, 1935, The geology of the Organ Mountains, with an account of

the geology and mineral resources of Dona Ana County, N. Mex. : N. Mex.

School Mines Bull. 11, 272 p.

Includes detailed description of the geology and mineral deposits of the Organ

Mountains; outline of the geology of Dona Ana County, along with brief dis

cussions of the geology of other mountain ranges in the county, mineral districts,

and mines; 6 analyses of dolomitic limestones, and geologic maps of Dona Ana

County, scale 1 inch = 5 miles, Organ Mountains, scale 1 inch = 1 mile, and

Organ mining district, scale 1 :24,000.

86 Eardley, A. J., 1944, Geology of the north-central Wasatch Mountains, Utah:

Geol. Soc. America Bull., v. 55, p. 819-894.

Contains general description of the stratigraphy, structure, and physiography

of the Wasatch Range east and southeast of Ogden; very brief description of a

sequence of more than 1,300 feet of Cambrian limestone and dolomite, mention

ing the occurrence of rocks of the "Bluebird type" and "Lynch type". No

analyses are given. Includes a geologic map, scale 1 inch = about 2 miles.

87 Edmundson, R. S., 1945, Industrial limestones and dolomites in Virginia,

northern and central parts of Shenandoah Valley: Va. Geol. Survey Bull.

65, 195 p.

Includes general discussion of the geology of the Valley from Augusta County

northward; more detailed descriptions of the limestone and dolomite areas in

parte of Frederick, Shenandoah, Rockingham, Augusta, Page, Warren, and

Clarke Counties; descriptions of 130 sections and 224 analyses of limestones and

dolomites; and geologic maps, scale 1 inch = 2 miles.

88 Emerson, B. K., 1917, The geology of Massachusetts and Rhode Island: U. S.

Geol. Survey Bull. 597, 289 p.

Discusses in general the sedimentary and igneous rocks, their distribution,

character, and geologic relationships. Mentions several localities where the

"Bolton" gneiss contains lenses of marbleized magnesian limestone (p. 83-84).

Includes analysis of dolomite marble from near Webster, Mass., and a geologic

map, scale 1 :250,000, of the States.
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89 Emmons, S. F., Irving, J. D., and Loughlin, G. F., 1927, Geology and ore deposits

of the Leadville mining district, Colorado: U. . S. Geol. Survey Prof.

Paper 148, 368 p.

Gives a comprehensive treatment of the stratigraphy, petrology, structure,

and ore deposits of the district. Of particular interest are lithologic descriptions

of the "White" limestone (now Manitou limestone) and the Leadville limestone

(including Dyer dolomite member of the Chaffee formation) and 6 analyses of

the Leadville limestone.

90 Emmons, W. H., and Calkins, F. C, 1913, Geology and ore deposits of the

Philipsburg quadrangle, Montana: U. S. Geol. Survey Prof. Paper 78,

271 p.

Describes in detail the sedimentary and intrusive rocks, structure, mineralogy,

ore deposits, and mines of the area. Of particular interest to dolomite study is

the original description of the Hasmark formation (p. 57-61). Includes a

geologic map, scale 1 :125,000.

91 Esarey, R. E., and Bieberman, D. F., 1948, Correlation of the Waldron and

Mississinewa formations [Indiana]: Ind. Dept. Conserv., Div. Geology

Bull. 3, 38 p.

Contains a brief description of the physiography and regional structure of

Indiana; more detailed descriptions of the rocks and faunal assemblages upon

which the formation correlations are made; and a discussion of geologic history.

No analyses are included. Small-scale map, 1 inch = 40 miles, shows Silurian

outcrop areas.

92 Faust, G. T., and Callaghan, Eugene, 1948, Mineralogy and petrology of the

Currant Creek magnesite deposits and associated rocks of Nevada: Geol.

Soc. America Bull., v. 59, p. 11-74.

Gives a detailed discussion of the megascopic and microscopic character of

the rocks of the area, their mineralogy and chemistry, and the origin of the

magnesite deposits.

93 Foerste, A. F., 1917, Notes on Silurian fossils from Ohio and other central States:

Ohio Jour. Sci., v. 17, p. 17, 201-202.

Proposes the name Euphemia dolomite for the lowest of the beds that make up

the dolomitic Niagaran series north of Cedarville, Ohio; formerly regarded as

the Mottled Zone of Prosser and, to the south, as part of the West Union for

mation.

94 1923, Notes on Medina, Niagaran, and Chester fossils: Denison Univ.,

Sci. Lab. Jour., v. 20, p. 41^3.

Discusses very briefly the Bisher formation, formerly treated as the Bisher

member of the West Union formation.

95 1929, Correlation of the Silurian section of Adams and Highland Counties

with that of the Springfield area [abs.] : Ohio Jour. Sci., v. 29, p. 168-169.

States that the Peebles dolomite is equivalent to the Guelph of Canada and

belongs above the Cedarville of the Springfield, Ohio, area.

96 Ford, W. E., 1932, Dana's textbook of mineralogy: New York, John Wiley &

Sons, Inc., p. 516-518, 805-806.

Describes the physical and chemical characteristics of dolomite and magnesite.

Lists about 150 minerals of which magnesium is a basic constituent.
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97 Franke, H. A., 1935, Mines and mineral resources of San Luis Obispo County:

Calif. Jour. Mines and Geology, v. 31, p. 402-461.

Presents a survey of the mineral resources of the county, listed alphabetically

and including metals and nonmetals, with specific mines and occurrences for

each mineral. Includes a very brief description of each locality and state of

activity at the time of compilation. Lists one occurrence and one analysis for

dolomite.

98 Furcron, A. S., 1942, Dolomites and magnesian limestones in Georgia: Ga.

Geol. Survey Inf. Circ. 14, 30 p.

Outlines the general distribution of the dolomites and magnesian limestones

and describes in some detail outcrops of the Talladega(?) marble in the Gaines

ville belt, the Murphy marble of the Whitestone-Marble Hill belt, the general

occurrence of the Shady and Knox dolomites, the Chickamauga formation, and

the magnesian limestones of the Coastal Plain area. Includes chemical analyses

of 76 samples, some of which are not precisely located.

99 Gale, H. S., 1914, Late developments of magnesite deposits in California and

Nevada: U. S. Geol. Survey Bull. 540-S, p. 483-520.

Gives summary descriptions of certain magnesite deposits in Sonoma, Santa

Clara, Placer, San Benito, Fresno, Tulare, Kern, and Riverside Counties, Calif. ;

mentions reported occurrences in Nye and Esmeralda Counties, Nev.; and

includes 18 chemical analyses and small-scale maps showing location of the

deposits.

100 Georgia Division Mines, Mining, and Geology, 1939, Geologic map of Georgia>

prepared in cooperation with the U. S. Geological Survey: Atlanta, Ga-

Geol. Survey, scale 1 :500,000.

101 Gibbs, Ralph, 1949, Manufacturing refractory dolomite: Rock Products, v.

52, no. 4, p. 129-131, 161-163.

Summarizes the requirements of refractory dolomites; outlines the steps in

production—quarrying, crushing and grinding, sizing, storage, kiln feeding,

burning, screening; and considers plant and manufacturing costs.

102 Gilluly, James, 1932, Geology and ore deposits of the Stockton and Fairfield

quadrangles, Utah: U. S. Geol. Survey Prof. Paper 173, 171 p.

Discusses in detail the stratigraphy, structure, rock alteration, mineralogy,

ore deposits and mines of the area, which covers parts of Tooele, Utah, and Salt

Lake Counties. The dolomitic formations described include the Lynch and

Jefferson dolomites. Includes 2 analyses of dolomitic limestone and a geologic

map, scale 1 :62,5O0.

103 Goldbeck, A. T., 1949, Crushed stone, in Industrial minerals and rocks: New

York, Am. Inst. Min. Metall. Eng., 2d ed., p. 245-293.

Presents a general discussion of crushed stone, including classification of

rocks, mineral composition, physical properties, uses, production and consump

tion, prospecting, stripping, quarrying, crushing, etc. Includes a bibliography.

104 Gray, Carlyle, 1951, Preliminary report of certain limestones and dolomites of

Berks County, Pa.: Pa. Topog. and Geol. Survey, 4th ser., Progress Rept.

136, 85 p.

Contains detailed descriptions of the Ordovician formations, including the

Beckmantown limestone and dolomite, Annville limestone, and Jacksonville
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formation; summaries of the structure and economic possibilities of the lime

stones; brief descriptions of 81 quarries and outcrops; and analyses of 378

samples. Dolomite, usually siliceous, occurs locally in the Beekmantown.

Index map, scale 1 inch = 2 miles, shows principal limestone areas and sample

localities.

105 Grimsley, G. P., 1916, Jefferson, Berkeley, and Morgan Counties: W. Va.

Geol. Survey, 644 p.

Includes general treatment of the history, industrial development, physio

graphy, climate, general geology, structure, and mineral deposits of the eastern

panhandle counties; general lithologic descriptions; measured sections; and

many analyses of limestones and dolomites. The dolomitic formations include

the Stones River limestones, Beekmantown limestone, Conocochcague limestone,

Waynesboro formation, and Tomstown limestone. Briefly describes many of

the quarry operations.

106 Gross, W. H., 1949, The story of magnesium: Cleveland, Ohio, Am. Soc.

Metals, 260 p.

Gives a nontechnical summary of the sources, methods of production, alloying

and refining, casting, fabrication, machining, jointing, finishing, physical

metallurgy, and uses of magnesium. Of particular interest are the brief, clear

outlines (with flow sheets) of the more important methods of metal production.

107 Gwinn, G. R., 1943, Olivine: U. S. Bur. Mines Inf. Circ. 7239, 11 p.

Summarizes briefly the occurrence and use of olivine, particularly in refrac

tories, and the properties of forsterite refractories.

108 Ham, W. E., 1949, Geology and dolomite resources, Mill Creek-Ravia area,

Johnston County, Okla. : Okla. Geol. Survey Circ. 26, 104 p.

Describes in detail the stratigraphy of the area, giving distribution of the

formations, their general character, origin, and their characteristics helpful for

field identification. Includes detailed columnar sections. Discusses physical

and chemical properties of the Royer dolomite and shows that it compares

favorably with the best dolomites of northwestern Ohio. Briefly mentions other

dolomite occurrences in Oklahoma and shows their location on small-scale map.

Gives analyses of 22 samples. Reserves are estimated to be at least 150 million

tons of readily accessible dolomite. Includes a geologic map, scale 1 inch =

yi mile.

109 Harness, C. L., and Jensen, N. C, 1943, Marketing magnesite and allied products:

U. S. Bur. Mines Inf. Circ. 7269, 25 p.

Summarizes magnesia raw materials, mining methods, calcination, specifica

tions for crude, dead-burned, and caustic-calcined magnesia, uses, and mineral

industry statistics (to 1941).

110 Hatmaker, Paul, 1931, Utilization of dolomite and high-magnesium limestone:

U. S. Bur. Mines Inf. Circ. 6524, 18 p.

Includes a brief description of the uses of dolomite, some production statistics

for 1920-29, general chemical requirements for dolomite, and a bibliography.

Contains substantially the same information as in the later paper by Colby

(1941).

111 Hershey, II. G., and others, 1947, Mineral resources of Iowa: Iowa Geol.

Survey, index map, scale 1 :500,000.
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112 Hess, F. L., 1908, The magnesite deposits of California: U. S. Geol. Survey

Bull. 355, 67 p.

Contains brief descriptions of magnesite occurrences in several counties, and

brief sections on uses, markets, and the origin of the magnesite. Small-scale

map, 1 inch = about 60 miles, shows location of deposits.

113 Hewett, D. F., 1931, Geology and ore deposits of the Goodsprings quadrangle,

Nevada: U. S. Geol. Survey Prof. Paper 162, 172 p.

Describes in detail the stratigraphy, structure, rock alteration, ore deposits,

and mines in this part of Clark County. Discusses the lithologic character and

distribution of the dolomite and dolomitic limestone formations which include

the Goodsprings dolomite, the Sultan and Monte Cristo limestones, and the

Bird Spring. Includes a good, detailed discussion on dolomitization, analyses

of 42 limestone and dolomite samples, and a geologic map, scale 1 :62,500.

114 Hinchey, N. S., Fisher, R. B., and Calhoun, W. A., 1947, Limestones and

dolomites in the St. Louis area: Mo. Geol. Survey and Water Res. Rept.

Inv. 5, 80 p.

Gives brief descriptions of 17 selected limestone and dolomite deposits,

including location, transportation facilities, stratigraphic position, measured

section, and analyses of representative samples. Only one locality, that near

Glencoe, contains dolomite (more than 40 percent magnesium carbonate).

115 Hodge, E. T., 1938, Market for Columbia River hydroelectric power using north

west minerals; Sec. 1, Northwest magnesia ores: War Dcpt., Corps of

Engineers, U. S. Army, Office of Div. Engineer, North Pacific Div., Port

land, Oreg., v. 1, Pt. 2, p. 33-131.

Presents a brief survey of areas of magnesite occurrence, both United States

and foreign, with particular emphasis on the Washington deposits, and a brief

description of the deposits, including economic considerations, such as trans

portation facilities and estimates of mining costs. Paper is principally a survey

of the available literature on the subject.

116 Holmes, G. H., Jr., 1949, Mining methods at the brucite deposit, Basic Refrac

tories, Inc., Gabbs, Nye County, Nev. : U. S. Bur. Mines Inf. Circ. 7543,

10 p.

Describes briefly the plant operations and mining methods at the brucite

deposit, which is the only commercial deposit in production in the United States.

117 Holmes, G. H., Jr., and Matson, E. J., 1950, Investigation of the magnesite

deposit of the Ala-Mar Magnesium Co., Inc., and Nevada Magnesite Co.

White Pine County, Nev. : U. S. Bur. Mines Rept. Inv. 4608, 13 p.

Includes a summary discussion of the deposits, an account of the exploratory

drilling program carried on by the Bureau of Mines in 1942, sample analyses

from 13 drill holes, and 196 analyses of trench samples.

118 Hopkins, R. H., 1942, The dolomitic limestones of Florida: Fla. Geol. Survey

Rept. Inv. 3, 105 p.

Presents a summary of the properties, modes of occurrence in Florida, and

uses of dolomite and dolomitic limestone. Gives locations, drill-hole logs,

drill-core analyses (at about 5-ft. intervals), and brief descriptions of the rocks

for about 80 test holes which were drilled to determine the character of the

dolomites in Taylor, Dixie, Levy.Citrus, Pasco, Manatee, and Sarasota Counties.
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119 Huddle, J. W., and Dobrovolny, Ernest, 1952, Devonian and Mississippian rocks

of central Arizona: U. S. Geol. Survey Prof. Paper 233-D, p. 67-112.

Gives a detailed description of the Martin formation (Devonian) and Redwall

limestone (Mississippian), including descriptions of facies and their distribution

and correlation with formations to the north and south. Includes several

detailed Btratigraphic sections, a bibliography, an index map (scale 1 in. =

approx. 35 mi.) of area studied, and an outline map of the State (scale 1 in. =

about 50 mi.) showing the general distribution of outcrops of Devonian and

Mississippian rocks.

120 Humes, W. B., 1944, Vacuum engineering as related to the dolomite ferrosilicon

process: Am. Inst. Min. Metall. Eng. Trans., v. 159, p. 353-362.

Describes in detail vacuum technology as applied to the retorts used in the

ferrosilicon reduction process for producing magnesium from dolomite.

121 Hunter, C. E., and Gildersleeve, Benjamin, 1946, Minerals and structural

materials of western North Carolina and north Georgia: Tenn. Valley

Authority, Commerce Dept., Regional Products Research Div., Rept. C,

p. 23-29.

Presents brief descriptions and several chemical analyses of some dolomites in

North Carolina and Georgia; includes description of the Bandana dolomite

marble at Bandana Station, N. C.

122 Irving, D. R., and Uswald, F. P., 1954, Magnesium compounds: U. S. Bur.

Mines Minerals Yearbook, 1952, preprint, 16 p.

Presents a general summary and statistics of domestic and foreign industry.

123 Jenkins, O. P., 1916, Phosphates and dolomites of Johnson County, Tenn.:

Tenn. Geol. Survey, Res. Tenn., v. 6, p. 51-106.

Describes in general the geology and mineralogy of the phosphate deposits.

Briefly mentions the formations in the area, including the Shady limestone.

Includes 19 analyses of dolomitic limestones, along with more detailed descrip

tions of the occurrences from which the samples were taken.

124 1938, Geologic map of California: Calif. Div. Mines, six sheets, scale

1 :500,000.

125 Jewett, J. M., and Schoewe, W. H., 1942, Kansas mineral resources for wartime

industries: Kans. Geol. Survey Bull. 41, pt. 3, p. 69-180.

Summarizes the mineral resources of the State, with brief statements con

cerning occurrence, uses, production and reserves. Section on magnesium

(p. 104-112) discusses the possibility of producing magnesium from oilfield

brines, listing several specific fields and the magnesium content of the brines.

Discusses briefly the occurrence of the Stone Corral and Day Creek dolomites

and gives 6 analyses from Clark and Rice Counties. Reserves are estimated

to be about 16 million tons of readily accessible dolomite in these counties.

126 Jones, W. B., 1926, Index to the mineral resources of Alabama: Ala. Geol.

Survey Bull. 28, 256 p.

Presents a survey of the mineral resources of the State, with sections on the

location of each of the minerals. Of interest to the subject of dolomite are 2

analyses of the Chewacla dolomite from Chewacla, Lee County, and the section

on fluxing materials, page 49 and pages 120-128. Describes the lithologic

character and areal distribution of the Ketona dolomite.
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127 Kay, G. M.( 1935, Ordovician system in the upper Mississippi Valley: Kans.

Geol. Soc. Guidebook, 9th Ann. Field Conf., p. 281-295.

Describes briefly the Ordovician formations in the upper Mississippi Valley.

Of interest are the descriptions of the dolomite units in the Prairie du Chien

group, Platteville formation, and Galena group. No analyses are included.

128 Keith, Arthur, 1932, Stratigraphy and structure of northwestern Vermont:

Washington Acad. Sci. Jour., v. 22, p. 357-379; v. 22, p. 393-406.

Discusses in detail the Cambrian and Ordovician rocks that occur in three

sequences in northwestern Vermont and correlates them. No analyses are

included. Outline map shows the distribution of the rocks in the region. [Some

of the stratigraphy has since been revised.]

129 1933, Preliminary geologic map of Maine: Maine Geol. Survey, scale

1:100,000.

130 Keith, Arthur, and Sterrett, D. B., 1931, Description of the Gaffney and Kings

Mountain quadrangles: U. S. Geol. Survey Geol. Atlas, folio 222, 13 p.

Describes the general and economic geology of the area. Of interest is the

general description of the Gaffney marble, which in places is highly magnesian.

Includes topographic, areal geology, and economic geology maps, scale 1:62,500.

131 Kentucky Geological Survey, 1954, Geologic map of Kentucky, prepared in

cooperation with Ky. Agr. Indus. Devel. Board: Lexington, Ky. Geol.

Survey, scale 1:1,000,000.

132 King, P. B., 1948, Geology of the southern Guadalupe Mountains, Tex.: U. S.

Geol. Survey Prof. Paper 215, 183 p.

Describes in detail the Permian stratigraphy, structure, and Cenozoic deposits

of the area. Includes descriptions of the dolomites of the Bone Spring, Goat

Seep, and Carlsbad limestones, a few analyses, and a geologic map, scale 1 :48,000.

133 Knechtel, M. M., and others, 1948, Map showing construction materials and

nonmetallic mineral resources of Montana: U. S. Geol. Survey Missouri

Basin Studies Map 11,2 sheets.

Map outlines the general areal distribution of dolomite and limestone in the

State. Brief text on map gives very general description of the geographic and

geologic distribution of the carbonate rocks and mentions a few of the more

important limestone formations. Scale 1 :750,000 or about 1 inch = 12 miles.

134 Krey, Frank, and Lamar, J. E., 1925, Limestone resources of Illinois: 111. Geol.

Survey Bull. 46, 392 p.

Contains sections on limestone and dolomite for road materials, properties of

Illinois limestone and dolomite, quarry practice, a comprehensive survey of the

resources (by counties) that describes the quarries and outcrops in each county,

and a table of about 300 analyses, most of which are well located. Page-size

county maps show the locations of quarries and sample sites.

135 Kummel, H. B., and Gage, R. B., 1906, The chemical composition of the white

crystalline limestones of Sussex and Warren Counties: N. J. Geol. Survey

Ann. Rept. State Geologist, 1905, p. 173-191.

Describes the distribution, lithologic character, and chemical composition of

the "white limestone" (Franklin limestone). Includes 108 analyses of limestones

and dolomites, many of which represent drill-hole samples. Map, scale 1 inch =

1 mile, shows the distribution of the limestone in Sussex County.
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136 Ladoo, R. B., and Meyers, W. M., 1951, Nonmetallic minerals: New York,

McGraw-Hill, 2d ed., 605 p.

Catalogs commercial nonmetallic minerals. The summary of each mineral

includes brief sections on composition, description, physical properties, occur

rence, production, uses, and a bibliography. Describes dolomite on pages 194-

202 and magnesite and magnesium compounds on pages 298-311.

137 Lamar, J. E., and Willman, H. B., 1938, A summary of the uses of limestone

and dolomite: 111. Geol. Survey Rept. Inv. 49, 50 p.

Summary of more than 50 uses of limestone and dolomite, briefly describes

how the material is used and outlines the general chemical and physical require

ments of the rock for each use. Gives a bibliography.

138 Landes, K. K., 1951, Detroit River group in the Michigan basin: U. S. Geol.

Survey Circ. 133, 12 p.

Discusses in detail the nomenclature and stratigraphy of the Detroit River

group. Presents revised section of the type locality and correlates it with the

subsurface strata explored by wells in the Michigan basin. Includes strati-

graphic column, cross sections, and isopach maps, scale about 1:2,500,000, of

Detroit River formations as they occur in the southern peninsula of Michigan.

139 Larrabee, D. M., and others, 1947, Map showing construction materials and

nonmetallic mineral resources of Colorado: U. S. Geol. Survey Missouri

Basin Studies Prelim. Map 10.

Shows the general areal distribution of dolomite and dolomitic limestone in

Colorado. Text briefly mentions the Manitou, Ouray, Leadville, and Madison

limestones as containing dolomite. Also briefly describes the general areas of

outcrop of the dolomite and summarizes quarrying activity and uses of Colorado

dolomite.

140 Lasky, S. G., 1936, Geology and ore deposits of the Bayard area, Central mining

district, New Mexico: U. S. Geol. Survey Bull. 870, 144 p.

Describes in detail the stratigraphy, igneous rocks, and structure of this area,

about 9 miles east of Silver City, Grant County. Discusses rock alteration

and ore deposits, giving descriptions of individual mines and prospects. Also

briefly describes on page 17 the Montoya and Fusselman limestones. No

dolomite analyses are given. Includes a geologic map, scale 1 :12,000.

141 Lenhart, W. B., 1953, Heavy media separation removes friable granite from

dolomite: Rock Products, v. 56, no. 2, p. 89-93, 152.

Presents a general description of the heavy media separation process used by

Kaiser Aluminum & Chemical Corp. at their Natividad, Calif., plant to upgrade

quarry-run dolomite by removing granite.

142 Lewis, J. V., and Kummel, H. B., 1912, Geologic map of New Jersey, 1910-1912:

N. J. Geol. Survey, scale 1 :250,000.

143 Lindgren, Waldemar, and Loughlin, G. F., 1919, Geology and ore deposits of

the Tintic mining district, Utah: U. S. Geol. Survey Prof. Paper 107, 282 p.

Describes in detail the stratigraphy, structure, ore deposits, and mines of the

district. Formations described as being dolomites or dolomitic limestones

include the Bluebird, Cole Canyon, and Opex dolomites, the Ajax limestone,

and the Bluebell and Gardner dolomites. Gives 4 carbonate rock analyses;

1 is of dolomite. Includes a geologic map, scale 1 :62,500.
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144 Lloyd, R. R., Rawles, W. T., and Knickerbocker, R. G., 1944, Pilot-plant pro

duction of magnesia from Sloan dolomite: Am. Inst. Min. Metall. Eng.

Trans., v. 159, p. 296-307.

Describes in detail the pilot-plant operation for producing cell-grade magnesia

from dolomite quarried at Sloan, Nev. Pilot plant was at U. S. Bureau of

Mines experiment station at Boulder City, Nev.

145 Logan, C. A., 1947, Limestone in California: Calif. Jour. Mines and Geology,

v. 43, p. 175-357 [1948].

Summarizes the uses of lime and limestone (including dolomite) and describes,

by counties, limestone and dolomite deposits, which are precisely located.

Includes brief summary of production from each deposit, many analyses, and a

brief description of the controlling structure for most of the more important

deposits. A map, scale 1 inch = about 34 miles, shows locations of 307 lime

stone and dolomite deposits.

146 Logan, C. A., and Wright, L. A., 1950, Dolomite, in Mineral commodities of

California: Calif. Dept. Nat. Res., Div. Mines Bull. 156, p. 155-158.

The report comprises a summary' of the mineral resources of the State, including

fuels, metallics, and nonmetallics, and describes their geographic and geologic

occurrence, economic development, and uses. The section on dolomite briefly

summarizes some of the more important occurrences. No analyses are given.

Small-scale map, 1:5,000,000, shows distribution of the principal mineral re

sources.

147 Longwell, C. R., 1928, Geology of the Muddy Mountains, Nev.: U. S. Geol.

Survey Bull. 798, 152 p.

Discusses in general the physiography, structure, and stratigraphy of the

Muddy Mountains and parts of the Virgin Mountains and Grand Wash Cliffs.

Dolomite occurs in the Muddy Peak limestone; magnesite occurs with limestone,

dolomite, and other sediments in the Horse Spring formation (Tertiary) near

Overton. Also discusses the origin of the magnesite and gives 2 magnesite

analyses.

148 Loughlin, G. F., Berry, E. W., and Cushman, J. A., 1921, Limestones and marls

of North Carolina: N. C. Geol. and Econ. Survey Bull. 28, 211 p.

Includes general descriptions of the limestone, dolomite, and marl formations

of the State; more detailed descriptions of specific occurrences in quarries and

outerops; and summaries of the uses, character, and production of limestones

and marls. The principal formations that contain dolomite include the Murphy

and Gaffney marbles and the Shady limestone. Gives analyses of 36 limestone

and dolomite samples. Maps of specific areas (scalp, generally 1 in. = 1 mi.)

show areal distribution of the carbonate roclfc.

149 McAllister, J. F., 1952, Rocks and structure of the Quartz Spring area, northern

Panamint Range, Calif.: Calif. Dept. Nat. Res., Div. Mines Special Rept.

25, 38 p.

Describes in general the stratigraphy and structure of the area, which covers

about 50 square miles in east-central Inyo County. Dolomite occurs in the

Racetrack dolomite, Nopah formation, Pogonip limestone, Ely Springs and

Hidden Valley dolomites, and Lost Burro formation. Does not mention the

quality of the dolomite, although much of it apparently is siliceous or cherty

Includes a geologic map, scale 1 inch = about 2,700 feet.
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150 McCammon, J. H., 1941, Report on tin and magnesite deposits in Mason

County, Tex.: Tex. Univ. Bur. Econ. Geology, Min. Res. Survey Circ.

32, 8 p.

Gives a description and 1 analysis of the small magnesite deposit 3 miles

northwest of Mason. Map, scale 1 inch = 660 feet, shows location of the

deposit.

151 McCue, J. B., Lucke, J. B., and Woodward, H. P., 1939, Limestones of West

Virginia: W. Va. Geol. Survey, v. 12, 560 p.

Includes general descriptions of the limestone formations in West Virginia,

discussion of the geographic distribution of the formations, along with brief

descriptions of quarries and outcrops, section on quarrying and grinding methods

and on uses of limestone, and nearly 1,500 chemical analyses. Accompanying

map, scale 1:500,000, shows the areal distribution of the Cambrian and Ordo-

vician limestones and of sample localities.

1 52 McFarlan, A. C, 1943, Geology of Kentucky: Lexington, Ky., Ky. Univ., 531 p.

Presents a comprehensive treatment of the geology of the State, including

stratigraphy, regional geology, and mineral resources. Includes a very general

reference to resources of "limestone (including dolomite)." Of interest are

the lithologic descriptions in the section on Ordovician-Devonian stratigraphy

(p. 8-55). Small-scale map, 1 inch = about 97 miles, shows general geology.

153 McQueen, H. S., 1943, Occurrence of dolomite in the Fredericktown area,

Madison County, Mo.: Mo. Geol. Survey and Water Res. 62d Bienn.

Rept., App. 2, 16 p.

Describes briefly the Bonneterre dolomite near Fredericktown and includes

18 analyses and descriptions of the samples. The dolomite is appraised as being

suitable for the production of magnesium by the ferrosilicon reduction process.

Geologic map, scale 1 inch = about % mile, shows distribution of the various

zones of the Bonneterre.

154 Martin, H. M., 1936, Geologic maps of the southern and northern peninsulas of

Michigan: Mich. Dept. Conserv., Geol. Survey Div. Pub. 39, Geol. ser. 33.

155 Mathews, E. B., and Grasty, J. S., 1910, The limestones of Maryland with

special reference to their use in the manufacture of lime and cement: Md.

Geol. Survey Special Pub., v. 8, pt. 3, p. 227-484.

Discusses the uses of limes and cements, and describes the geology and dis

tribution of lime and cement materials as they occur in the Piedmont Plateau,

Frederick Valley, and in Washington, Allegany, and Garrett Counties. Includes

many analyses of limestones and dolomites and a map, scale 1 inch = 3 miles,

showing the distribution of the limestones in the State and sample localities.

156 Mathews, E.B., and others, 1929, Baltimore County: Md. Geol. Survey, 420 p.

Presents a report on the physical features of. Baltimore County, including

physiography, geology, mineral resources, soils, climate, and forests. Describes

the lithologic character and areal distribution of the Cockeysville marble.

Includes three analyses and descriptions of quarrying operations in the Cockeys-

ville-Texas area. Map, scale 1 inch = 3 miles, shows location of "quarries and

open workings" in the county.

157 Mayer, Andrew, 1944, Plant for production of magnesium by the ferrosilicon

process: Am. Inst. Min. Metall. Eng. Trans., v. 159, p. 363-376.
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Gives a summary description of the plant operated by National Lead Co. at

Luckey, Ohio.

158 Miller, B. L., 1934, Limestones of Pennsylvania: Pa. Geo!. Survey, 4th ser..

Bull. M 20, 729 p.

Discusses the composition, mineral associations, physical properties, origin,

weathering, uses, and distribution of limestones, dolomites, and marbles. De

scribes in some detail the occurrences, in outcrops and quarries, of limestone

and dolomite by counties. Gives many analyses, some of which are not precisely

located. County maps, scale, generally about 1 inch = 9 miles, show dis

tribution of the limestones. State map, scale 1 inch = about 26 miles, shows

the general areal distribution of the limestones.

159 Miller, B. L., Fraser, D. M., and Miller, R. L., 1939, Northampton County,

Pa.: Pa. Geol. Survey, 4th ser., Bull. C 48, 496 p.

Gives a detailed description of the geography and geology of the county,

including sections on stratigraphy, structure, and economic geology; analyses of

limestones and dolomites from many localities; an annotated bibliography; and

a geologic map, scale 1 inch = 1 mile.

160 Missouri Geological Survey, 1939, Geological map of Missouri: Holla, Mo.

Geol. Survey and Water Res., scale 1 :500,000.

161 1944, Mineral resources of Missouri: Holla, Mo. Geol. Survey and

Water Res., map, scale 1:600,000.

162 Moore, F. H., 1935, Marbles and limestones of Connecticut: Conn. Geol. Nat.

History Survey Bull. 56, 56 p.

Describes in detail the marbles of western Connecticut, by areas of occurrence,

giving their general distribution, structural relations, and physical character.

Mentions localities where marble is quarried, and includes 18 analyses of the

calcite and dolomite marbles. Summarizes the requirements of marble for its

varied uses.

163 Moore, R. C, Frye, J. C, Jewett, J. M., Lee, Wallace, and O'Connor, H. G,

1951, The Kansas rock column: Kans. Geol. Survey Bull. 89, 132 p.

Contains brief, general descriptions of the lithologic character, thickness, and

distribution of the formations of Kansas; generalized columnar sections; and

small-scale maps showing areal distribution of the formations. Of interest

are the descriptions of the Day Creek and Stone Corral dolomites.

164 Muller, S. W., and Ferguson, H. G, 1939, Mesozoic stratigraphy of the Haw

thorne and Tonopah quadrangles, Nevada: Geol. Sor. America Bull., v.

50, p. 1573-1624.

Describes in detail the stratigraphy and paleontology of the Triassic and lower

Jurassic formations in the mountain ranges in these quadrangles. Of particular

interest is the description of the Luning formation, the dolomite host rock for

the magne8ite and brucite deposits at Gabbs. Map, scale 1:125,000, shows

the distribution of the formations in the area.

165 Noble, L. F., 1922, A section of the Paleozoic formations of the Grand Canyon

at the Bass Trail: U. S. Geol. Survey Prof. Paper 131-B, p. 23-73.

Gives a detailed stratigraphic section at Bass Trail, Grand Canyon, and

general descriptions of the lithologic character and distribution of each of the
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Paleozoic formations. Correlates the section with other Grand Canyon sections.

Includes 10 analyses. Of interest are the descriptions of the Muav, Temple

Butte, and Redwall limestones.

166 Nolan, T. B., 1935, The Gold Hill mining district, Utah: U. S. Geol. Survey

Prof. Paper 177, 172 p.

Describes in detail the stratigraphy, structure, ore deposits, and mines of the

district. No analyses are included, but the lithologic descriptions of the Young

Peak, Trippe, Lamb, Hicks, Chokecherry, Fish Haven, Laketown, Sevy, Simon-

son, and Guilmette indicate that each of these formations are dolomite, at least

in part. Includes a geologic map, scale 1 :62,500.

167 Norton, G. H., 1939, Permian red beds of Kansas: Am. Assoc. Petroleum

Geologists Bull., v. 23, p. 1751-1819.

Describes in detail the Permian red bed formations of Kansas. Of interest

are the descriptions of the Stone Corral and Day Creek dolomites. No analyses

are included. Small-scale map, 1 inch = about 23 miles, shows the distribution

of the red beds in Kansas and northern Oklahoma.

168 Norton, W. H., 1899, Geology of Scott County: Iowa Geol. Survey, v. 9, p.

422-440.

Refers the beds of Niagaran age in Scott County to a single formation—the

Gower stage; treats the Le Claire and Anamosa beds as members—or substage.s—

of approximately equivalent ages. Includes measured sections and brief

descriptions of Le Claire and Anamosa beds at several quarries.

169 1920, Wapsipitiicon breccias of Iowa: Iowa Geol. Survey, v. 27, p.

355-547.

Describes in detail the lithologic character and the breccias of the several

subdivisions (which have since been revised) of the Wapsipinicon limestone.

Includes a discussion of the origin of the breccias, several measured sections,

and 12 analyses of the limestones and dolomites.

170 Oder, C. R. L., 1934, Preliminary subdivision of the Knox dolomite in east

Tennessee: Jour. Geology, v. 42, p. 469-497.

Subdivides the Knox dolomite and describes each of the proposed formations.

Includes the Maynardville limestone at the base. [The subdivisions above

the Chepultepec have since been revised.] Includes two detailed sections and

a small-scale map showing the areal distribution of the Knox dolomite.

171 Oklahoma Geological Survey, 1944, Minerals of Oklahoma: Norman, Okla.

Geol. Survey, index map with text, scale about 1 :554,000.

Outlines the distribution of minerals by colors, patterns, and symbols. Text

very briefly summarizes areas of occurrence of each mineral. Shows distribution

of dolomite in the State in a very general way.

172 Oriel, S. S., 1950, Geology and mineral resources of the Hot Springs window,

Madison County, N. C: N. C. Dept. Conserv. Devel., Div. Min. Res.

Bull. 60, 70 p.

Discusses the name, limits and thickness, distribution, character, and corre

lation of the rocks in the area, also the structure and mineral resources. De

scribes the Shady dolomite (p. 9-12) and briefly discusses quarrying operations

in the Shady near Hot Springs (p. 52-54). Lists 7 chemical analyses of the

Shady. Includes a geologic map, scale 1 :24,000.
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173 Osterwald, F. W., and Osterwald, D. B., 1952, Wyoming mineral resources:

Wyo. Geol. Survey Bull. 45, 215 p.

Catalogs minerals of Wyoming, listing producing areas, plants, prospects,

and reported occurrences for each mineral. Lists prospects and occurrences of

dolomite by section, township, and range (p. 50-561. Includes analyses for 16

of the localities.

174 Pabst, Adolph, 1938, Minerals of California: Calif. Dept. Nat. Res., Div.

Mines Bull. 113, 344 p.

Catalogs minerals of California, giving their physical properties, descriptions,

and general modes of occurrence. Lists occurrences of dolomite in 14 counties,

including minor, uneconomic deposits, and 1 analysis of a sample from San

Bernardino County.

175 Palache, Charles, Berman, Harry, and Frondel, Clifford, 1951, Dana's system

of mineralogy: New York, John Wiley & Sons, Inc., v. 2, p. 162-166.

176 Park, C. F., Jr., and Cannon, R. S., Jr., 1943, Geology and ore deposits of the

Metaline quadrangle, Washington: U. S. Geol. Survey Prof. Paper 202,

81 p.

Describes in detail the general geology, stratigraphy, structure, and ore

deposits of the quadrangle, northern Pend Oreille County. Of interest is the

detailed description of the Metaline limestone, including 4 analyses of dolomite

samples from Crescent Lake. Includes a geologic map, scale 1:96,000.

177 Parker, J. L., 1945, Open-pit mining of magnesite ore: Explosives Engineer,

v. 23, p. 9-11.

Describes in general the Anaconda operations at Gabbs, Nev.

178 Partridge, E. P., and Davis, A. E., 1935, Magnesium and its compounds: U. S.

Bur. Mines Minerals Yearbook, 1935, p. 1165-1176.

Presents a general summary and statistics of foreign and domestic industry.

179 Patton, J. B., 1949, Crushed stone in Indiana: Ind. Dept. Conserv. Div.

Geology, Rept. Progress 3, 47 p.

Describes the lithologic character of 29 formations quarried in Indiana for

use as crushed stone. Includes brief descriptions of 92 quarries, giving their

locations, geologic formation quarried, and the quarry products; analyses of 103

samples from 32 quarries; and a map, scale 1 inch = about 10 miles, showing

the locations of the quarries and the rock quarried.

180 Pennsylvania Department Internal Affairs, 1944, Pennsylvania's mineral

heritage: Pa. State Coll., Bur. Statistics, Topog. and Geol. Survey, 248 p.

Summarizes the mineral resources of the State, both by commodity and by

counties. Includes production statistics and general section on technology,

trends, and possibilities for future development of the industries. Mentions

briefly magnesite and dolomite and their use in the production of magnesium.

181 Perry, E. S., 1949, Gypsum, lime, and limestone in Montana: Mont. Bur.

Mines and Geology Mem. 29, 45 p.

Contains brief summary discussions of the preparation and uses of lime, the

limestone formations, and production of limestone and lime in Montana; descrip

tion of quarrying of the Pilgrim limestone in the vicinity of Helena, with a

generalized geologic map of the Helena area, scale 1 inch = 1 mile; a few lime
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stone analyses; and a page-size map of Montana showing exposures of Madison

limestone.

182 Perry, J. B., and Kirwan, G. M., 1938, The Bald Eagle magnesite mine, Cali

fornia: Am. Inst, Min. Metall. Eng. Tech. Pub. 861, p. 1-15.

Describes briefly the geology of the deposit, the mining methods used, and the

plant of the Bald Eagle mine, about 20 miles southwest of Gustine. Magnesite

occurs as a blanket deposit in an accumulation of serpentine breccia, rather than

in association with solid serpentine as in the typical "California type" deposits.

183 Pettijohn, F. J., 1949, Sedimentary rocks: New York, Harper & Bros., 526 p.

Textbook deals with the properties, composition, descriptions, etc., of sedi

mentary rocks. Brief section on dolomites (p. 312-317) defines dolomite in

terms of percent of dolomite in the carbonate fraction, describes general char

acteristics, and outlines theories of origin.

184 Pidgeon, L. M., and Alexander, W. A., 1944, Thermal production of magnesium—

pilot-plant studies on the retort ferrosilicon process: Am. Inst. Min.

Metall. Eng. Trans., v. 159, p. 315-352.

Gives a detailed discussion of the ferrosilicon reduction process for producing

magnesium from dolomite, including discussions of the character of the dolomite,

the retorts used, and the effects of varying conditions of time, temperature,

grade of ferrosilicon, etc.

18.r) Pidgeon, L. M., and others, 1946, Magnesium: Cleveland, Ohio, Am. Soc.

Metals, 265 p.

Contains a series of five papers covering (1) extractive metallurgy, (2) mag

nesium structural design, (3) magnesium castings, (4) wrought magnesium alloy

fabrication, and (5) corrosion protection of magnesium. Paper on extractive

metallurgy contains summary descriptions of the several methods of metal pro

duction including electrolytic, carbothermic, and ferrosilicon processes as they

are used in various installations. Includes a bibliography.

186 Pierce, W. M., Waring, R. K., Fetterolf, L. D., and Mahler, G. T., 1944, Some

developments in the production of magnesium from dolomite by the ferro

silicon process: Am. Inst. Min. Metall. Eng. Trans., v. 159, p. 377-391.

Discusses the advantages and disadvantages of wet and dry briquetting and

the effect of time, temperature, and grade of ferrosilicon on the efficiency of the

ferrosilicon reduction process.

187 Pond, W. F., 1933, Geologic map of Tennessee: Tenn. Dept. Education, Div.

Geology, 4th ed., scale 1 :500,000.

188 Powers, E. H., 1935, Stratigraphy of the Prairie du Chien [upper Mississippi

Valley): Kans. Geol. Soc. Guidebook, 9th Ann. Field Conf., p. 390-394.

Discusses in general the Prairie du Chien group and its subdivisions. Treats

the Prairie du Chien here as a formation with 3 members—the Oneota, New

Richmond, and Willow River. Small-scale map, 1 inch = about 37 miles, shows

the areal distribution of the Prairie du Chien.

189 Price, P. H., Tucker, R. C, and Haught, O. L., 1938, Geology and natural

resources of West Virginia: W. Va. Geol. Survey, v. 10, 462 p.

Contains a brief discussion of the general geology and stratigraphy of the

State, a catalog of the mineral resources, briefly outlining their character, uses,
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occurrence in the State, and production, a section on dolomite (p. 330-331) which

states that it occurs in Monroe, Jefferson, Berkeley, and Morgan Counties, and

a geologic map, scale 1 inch = about 16 miles. No analyses are included.

190 Prindle, L. M., and Knopf, E. B., 1932, Geology of the Taconic quadrangle:

Am. Jour. Sci., 5th ser., v. 24, p. 257-302.

Discusses in general the stratigraphy and structure of the Taconic quadrangle,

which includes the southwest corner of Vermont, the northwest corner of

Massachusetts, and the adjoining portion of eastern New York. Of interest is

the description of the Rutland dolomite in the vicinity of Bennington, Vt.

Includes a geologic map, scale 1 inch = about ilA miles. No analyses are given.

191 Prucha, J. J., 1953, The White Crystal dolomite deposit near Gouverneur, N. Y.:

N. Y. Univ., N. Y. State Sci. Service Rept. Inv. 9, 13 p.

Includes a general description of the dolomite deposit about 3 miles north of

Gouverneur, St. Lawrence County; a summary of chemical analyses of composite

chip samples and of uses of dolomite; and a geologic map, scale 1 inch = 600 feet.

Reserves are estimated at 68 million tons.

192 Rankama, Kalervo, and Sahama, T. G., 1950, Geochemistry: Chicago, 111.,

Univ. of Chicago Press, 911 p.

Surveys in general the broad science of geochemistry. Discusses on pages

448—456, the abundance, geochemical character, minerals, occurrence in igneous

rocks, biogeochemistry, and cycle of magnesium.

193 Richardson, C. H., 1923, The building stones of Kentucky: Ky. Geol. Survey,

ser. 6, v. 11, 355 p.

Contains discussion, by counties, of the building stones of the State, which

include limestone, dolomite, marble, and sandstone; brief descriptions of stone

found in quarries and in outcrops that might have potential value; about 100

analyses of building stones of all types, listing location, description of the rock,

and original source of the information.

194 Richardson, G. B., 1913, The Paleozoic section in northern Utah: Am. Jour.

Sci., 4th ser., v. 36, p. 406-416.

Gives a general description of the Paleozoic section in the Blacksmith Fork

area; more detailed descriptions of the Fish Haven, Laketown, and Jefferson

dolomites; and 1 partial analysis.

195 Ries, Heinrich, 1901, Lime and cement industries of New York: N.'Y. State

Mus. Bull., v. 8, p. 641-968.

Includes a detailed discussion of the origin, properties, uses, geology, and

occurrence of New York limestones, and the cement industry in New York, and

nearly 1,000 analyses of limestones and dolomites in the United States. Maps

(1) scale 1 inch = about 12 miles, shows locations of limestone and marl deposits,

limestone quarries, and cement plants; and (2) scale 1 inch = about 24 miles,

shows areal distribution of limestone in the State.

196 Roberts, R. J., 1943, The Rose Creek tungsten mine, Pershing County, Nev.:

U. S. Geol. Survey Bull. 940-A, p. 1-14.

Describes briefly the geology, structure, ore deposits, and mine workings in

the area, 11 miles southwest of Winnemucca, Nev.; also describes downfaulted

blocks of generally silicified dolomite, indicating from its lithologic character
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that the dolomite is Triassic in age. Geologic map, scale 1 inch = 2.000 foot,

shows the distribution of the dolomite.

197 Rodgers, John, 1948, Geology and mineral deposits of Bumpass Cove, Unicoi,

and Washington Counties, Tenn.: Tenn. Dept. Conserv., Div. Geology

Bull. 54, 82 p.

Describes in general the geology and mineral deposits of the area. Of interest

is the description of the Shady dolomite, which was studied in greater detail

than the other formations because the Shady and the residual clay derived from

it contain all the commercial ore deposits. Gives two chemical analyses of the

dolomite. Mentions several flux-stone quarries.

198 1953, Geologic map of East Tennessee with explanatory text: Tenn.

Dept, Conserv., Div. Geology Bull. 58, pt. 2, 168 p.

Includes general descriptions of the rock units of the Unaka Mountains and

the Valley of East Tennessee and of the larger structural features, descriptions

of the Shady dolomite (p. 42-43) and the Knox dolomite (p. 53-64), and geologic

maps, scale 1 :125,000. No analyses are given.

199 Rodgers, John, and Kent, D. F., 1948, Stratigraphic section at Lee Valley,

Hawkins County, Tenn.: Tenn. Dept. Conserv., Div. Geology Bull. 55,

47 p.

Describes in detail the geologic section at Lee Valley; section extends from the

Rome formation to the Martinsburg shale. Treats the Knox as a group, includ

ing in it the Copper Ridge, Chepultepec, and Longview dolomites, the Kingsport

limestone, and Mascot dolomite. Index map shows location of the section and

the generalized geology.

200 Rogers, J. K, 1936, Geology of Highland County: Ohio Geol. Survey, 4th ser.,

Bull. 38, 148 p.

Describes the general and economic geology of Highland County; treats the

Lilley dolomite as a formation rather than as a member of the West Union for

mation. Includes also descriptions of the Bisher, Peebles, and Greenfield

dolomites. Gives several chemical analyses of these dolomites and mentions

localities where sizable quarries have been operated.

201 Ross, C. P., and Forrester, J. D., 1947, Geologic map of the State of Idaho:

U. S. Geo]. Survey, scale 1 :500,000.

202 Rothrock, E. P., 1944, Mineral resources, Pt. 3 of A geology of South Dakota:

S. Dak. Geol. Survey Bull. 15, 255 p.

Briefly mentions the Whitewood, Pahasapa, and Minnekahta limestones as

being dolomites locally and therefore a potential source of magnesium. Mentions

dolomite sands near Piedmont. Includes the analysis of the Minnekahta given

in U. S. Geological Survey Geologic Atlas, folio 219.

203 Rubey, W. W., and Callaghan, Eugene, 1936, Magnesite and brucite, in Hewett,

D. F., and others, Mineral resources of the region around Boulder Dam:

U. S. Geol. Survey Bull. 871, 93 p.

Bulletin 871 summarizes metallic and nonmetallic mineral occurrences in the

Boulder Dam area. The section on magnesite and brucite (p. 113-144) describes

in some detail the magnesite deposit near Overton, Nev., with detailed discussion

of the mineralogy and probable origin of the deposit. Reserves are estimated
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to be greater than 5 million tons. Includes a geologic map, scale 1 inch = about

2,000 feet, and several analyses. Briefly mentions the occurrences near Bauer,

in the Currant Creek district, and near Gabbs.

Section on limestone and dolomite (p. 163-165) gives a very brief summary

of a few of the occurrences in the region.

204 Savage, T. E., 1926, Silurian rocks of Illinois: Geol. Soc. America Bull., v. 37,

p. 525-526, 531-533.

Defines and briefly describes the Port Byron limestone, of Niagaran age, which

overlies the Racine dolomite in northern Illinois.

205 Schallis, Alvin, 1942, Dolomite-base refractories: U. S. Bur. Mines Inf. Circ.

7227, 11 p.

Describes briefly some of the chemical and physical properties of and methods

of producing calcined and stabilized dolomite refractories. Briefly touches on

the separation of lime and magnesia in dolomite. Small-scale map of the

United States shows general distribution of high-purity dolomite.

206 1943, Economic considerations in the recovery of magnesia from dolo

mite: U. S. Bur. Mines Inf. Circ. 7247, 53 p.

Discusses briefly the thermal decomposition of dolomite and methods of

producing half-burned dolomite. Includes brief descriptions of mechanical and

chemical methods by means of which magnesia can be separated from dolomite,

short general section on cost and applicability of certain processes in the pro

duction of magnesia for selected end uses, and a bibliography.

207 Schallis, Alvin, and Warner, K. G., 1942, Magnesium compounds and miscella

neous salines: U. S. Bur. Mines Minerals Yearbook, 1941, p. 1497-1508.

Presents a general review of the industry in 1941, giving statistics on the

magnesite industry in particular. States that crude magnesite mined amounted

to nearly 375,000 tons.

208 Schlocker, J., 1942, Magnesium-bearing minerals in the Boulder Dam area for

the production of magnesium metal: U. S. Bur. Mines Inf. Circ. 7216,

15 p.

Summarizes the magnesite deposits at Bissell, Afton, Needles, and Cima,

Calif., and at Overton and Indian Springs, Nev. Mentions some of the dolomite

occurrences in the area.

209 Schoch, E. P., 1918, Chemical analyses of Texas rocks and minerals: Tex. Univ.

Bull. 1814, 256 p.

Contains several analyses of Texas dolomites (p. 60-61, 182). Most locations

are not given exactly.

210 —. 1938, High magnesia marble from Sharp Mountain area of Llano

County, Tex.: Tex. Univ., Div. Nat. Res., Min. Res. Circ, 5 p.

Gives chemical analyses of high-magnesia rock samples collected in Llano

County, Tex.

211 Seaton, M. Y., 1942, Production and properties of the commercial magnesias:

Am. Inst. Min. Metall. Eng. Tech. Pub. 1496, 21 p.

Includes a general discussion of the production of magnesia from its several

sources, which include magnesite, silicates, natural brines, sea water, and sea-

water bitterns, and descriptions of the magnesite industries in California,

Washington, and Nevada.
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212 Secrist, M. H., 1924, Zinc deposits of east Tennessee: Tenn. Dept. Education,

Div. Geology Bull. 31, 165 p.

Includes brief descriptions of the stratigraphy and structure of the Great

Valley area of eastern Tennessee and of districts and of the mines and prospects

within them, discussions of chemistry and genesis of the ores, and a geologic

map, scale 1 :500,000, of eastern Tennessee.

213 Shreve, R. N., 1945, The chemical process industries: New York, McGraw-

Hill Book Co., Inc., 1st ed., 957 p.

Textbook gives somewhat detailed summaries of many of the more important

chemical processes used in industry. Each summary outlines the chemical and

physical changes and how they are brought about, physical chemistry, economics,

and energy and power requirements. Of interest are the sections on magnesium

compounds (p. 209-216) and magnesium (p. 306-311), which briefly outline

magnesium chloride electrolysis, carbon reduction, and ferrosilicon reduction

processes for magnesium production, and present several flow sheets illustrating

production of magnesium compounds from sea water, bitterns, sea water and

dolomite, and dolomite.

214 Sloan, Earle, 1908, Catalogue of the mineral localities of South Carolina: 8. C.

Geol. Survey, 4th ser., Bull. 2, 505 p.

Lists mineral localities and includes brief description of each deposit. Delin

eates the so-called petrographic zones and briefly describes the geology of each.

Gives column of "tentative sub-divisions" of geologic formations in the State.

Map, scale about 1 inch = 15 miles, shows mineral localities. Includes analyses

of 20 limestone samples.

215 Smith, E. A., and others, 1926, Geologic map of Alabama, prepared in cooperation

with the U. S. Geological Survey, scale 1:500,000: Ala. Geol. Survey.

216 Smith, J. E., 1926, The fertilizer materials of Iowa: Iowa Geol. Survey, v. 31,

p. 91-151.

Discusses the fertilizer resources of Iowa, which include salt, gypsum, marl,

pyrites, phosphates, peat, limestone, and dolomite. Contains brief notes on

quarries in and outcrops of limestone and dolomite suitable for use as a fertilizer.

Small-scale maps, 1 inch = about 12 miles, show the location of quarries and

outcrops. Gives about 160 analyses, along with several measured sections.

217 Smith, R. A., 1916, Limestones of Michigan: Mich. Geol. Biol. Survey Pub*

21, pt. 2, p. 109-311.

Presents a general summary of the origin, classification, and uses of limestone

and descriptions of the lithologic character and distribution of the limestone and

dolomite formations in the State. Includes a more detailed discussion of their

character, development, and distribution by counties and descriptions of occur

rences as seen in quarries and outcrops. Outline map, scale 1 inch — about 26

miles, shows distribution of formations and location of limestone quarries.

Gives analyses of 724 samples.

218 Spun-, J. E., 1906, Ore deposits of the Silver Peak quadrangle, Nevada: U. S.

Geol. Survey Prof. Paper 55, 174 p.

Gives a very general reference to dolomitic limestone and marble occurring

in the Cambrian sequence in this portion of Esmeralda County. Includes 4

analyses, 2 of which are dolomite, from "lower Cambrian carbonate rocks," and

a geologic map, scale 1 :125,000.
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219 Stainbrook, M. A., 1944, The Devonian system in Iowa, in Symposium on

Devonian stratigraphy: 111. Geol. Survey Bull. 68, p. 182-188.

Summarizes Iowa Devonian stratigraphy, including brief lit hologic descriptions

of the formations. Discusses general outcrop areas. Of interest are the descrip

tions of the Wapsipinicon and Cedar Valley limestones.

220 Stauffer, C. R., 1950, The high magnesium dolomites and dolomitic limestones

of Minnesota: Minn. Geol. Survey Summary Rept. 4, 27 p.

Describes briefly the dolomites, which include the Nicollet Creek member of

the St. Lawrence formation, Oneota dolomite, Shakopee dolomite, Stewartville

member of the Galena formation, and the Cedar Valley limestone, and 36 sample

localities, usually accompanied by measured sections. Gives 196 chemical

analyses of the dolomites.

221 Stauffer, C. R., and Thiel, G. A., 1933, The limestones and marls of Minnesota:

Minn. Geol. Survey Bull. 23, 193 p.

Summarizes the nature and origin of limestones, dolomites, and marls, and their

occurrence in Minnesota in quarries and outcrops. Contains many measured

sections, 160 analyses of limestones and dolomites including location, geologic

formation, and, in some instances, a brief description of the rock sampled.

222 1941, The Paleozoic and related rocks of southeastern Minnesota:

Minn. Geol. Survey Bull. 29, 261 p.

Describes in detail the stratigraphy of southeastern Minnesota, including

descriptions of the lithologic character, general distribution, and measured

sections of the formations. Includes about 90 selected analyses taken from

Minnesota Bulletin 23, well records, small-scale county index maps, and faunal

lists; also small-scale, 1 inch =• about 35 miles, geologic map of southeastern

Minnesota.

223 Stebbins, R. H., 1951, Directory of Washington mining operations, 1951 : Wash.

Dept. Conserv. and Devel., Div. Mines and Geology Inf. Circ. 19.

Lists sll active mines and quarries and products of each, including 2 dolomite

quarries active in 1951.

224 Steidtmann, Edward, 1911, The evolution of limestone and dolomite: Jour.

Geology, v. 19, p. 323-345, 392-428.

Discusses in detail the decrease in proportion of dolomite to limestone going

up the geologic time scale. Presents evidence for the origin of dolomite in the

sea, evidence for the origin of dolomite by the alteration of limestones after their

emergence from the sea, discusses calcium and magnesium in the products of

metamorphism, and presents the conclusion that most dolomites are formed

in the sea and that changes in life processes and changes in the chemical com

position of the sea are the two factors primarily responsible for a decrease in the

quantity of dolomite with the advance of geologic time.

225 1917, Origin of dolomite as disclosed by stains and other methods:

Geol. Soc. America Bull., v. 28, p. 431-450.

Discusses the principles and methods of distinguishing calcite and dolomite

by stains and of the time and manner of dolomitization as disclosed by direct

observation. Staining shows that pure limestones and dolomites predominate

over mixed beds of limestone and dolomite. Concludes that most dolomites
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were formed in the sea and that replacement of lime carbonate is an important

process in the formation of dolomite.

226 Steidtmann, Edward, 1924, Limestones and marls of Wisconsin: Wis. Geol.

and Nat. Hist. Survey Bull. 60, 208 p.

Discusses in general the occurrence of limestone, dolomite, and marl, arranged

by counties. Includes many sections, quarry locations, and characteristics of

the deposits, brief discussions of origin and uses of limestones and marls and

of the general geology of Wisconsin; 225 analyses of limestones and dolomites;

also analyses of marls, clays, slates, and shales. Geologic map of Wisconsin,

scale 1 : 1,000,000, shows general geology and sample localities.

227 Stokley, J. A., 1949, Industrial limestones of Kentucky: Ky. Geol. Survey

Rept. Inv. 2, 51 p.

Summarizes the uses of limestone and dolomite, along with approximate

specifications for each use; briefly describes distribution, thickness, and character

of the carbonate rocks. Includes sets of chemical analyses representing 30

quarries. At only one locality, Avoca, Jefferson County, does the magnesium

carbonate content exceed 39 percent.

228 Stokley, J. A., and McFarlan, A. C., 1952, Industrial limestones of Kentucky,

no. 2: Ky. Geol. Survey Rept. Inv. 4, 95 p.

Includes brief notes on the stratigraphy of the middle and upper Mississippian

beds and summaries of several areas that seem favorable for the production of

high-calcium limestone. Lists 23 quarries, drill holes, and road cuts with logs,

analyses, and lithologic descriptions of the more important limestone units.

The analyses indicate that in the quarries examined, dolomite exists only locally,

mainly in the Ste. Genevieve limestone.

229 Stokley, J. A., and Walker, F. H., 1953, Industrial limestones of Kentucky no.

3: Ky. Geol. Survey Rept, Inv. 8, 62 p.

Includes brief notes on areas favorable for the production of high-calcium

limestone and near high-magnesium dolomite, description of the formations

involved, and discussion of quarrying conditions. Lists 12 quarries with logs,

chemical analyses, and lithologic descriptions of the quarryable units. Magnesian

limestone and dolomite occur principally in the Laurel dolomite in Jefferson,

Oldham, Bullitt, and Nelson Counties.

230 Stone, R. W., 1918, Magnesite deposits of Washington: Eng. Min. Jour.,

v. 105, p. 665-668.

Includes a description of magnesite quarries and plant facilities in Stevens

County, Wash., production figures, and a brief note on uses. Map, scale about

1 inch = 3 miles, shows location of deposits.

231 1922, Magnesite in Pennsylvania: Pa. Bur. Topog. and Geol. Survey

Bull. 28, 3 p.

Presents a brief treatment of the history, description, and evaluation of the

small magnesite deposits in Chester and Lancaster Counties, near the Pennsyl

vania-Maryland State line. The deposits are too small to be considered com

mercial.

232 Stose, A. J., and Stose, G. W., 1944, Geology of the Hanover-York district,

Pennsylvania: U. S. Geol. Survey Prof. Paper 204, 84 p.
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Gives a detailed account of the stratigraphy and structure of the area, which

lies in York County, and a brief section on the mineral resources of the district.

No analyses of the carbonate rocks. Includes a geologic map, scale 1 inch =

1 mile. Paper is of particular interest for the descriptions of the Vintage,

Kinzers, Ledger, and Conestoga formations.

233 Stose, G. W., and Ljungstedt, 0. A., 1931, Geologic map of Pennsylvania: Pa:

Geo!. Survey, scale 1 inch = 6 miles.

234 1932, Geologic map of West Virginia, by the West Virginia Geological

Survey, James D. Sisler, State geologist. Scale 1 :500,000.

235 Stout, W. E., 1941, Dolomites and limestones of western Ohio: Ohio Geol.

Survey, 4th ser., Bull. 42, 468 p.

Discusses the general features of western Ohio geology and describes in detail

the formations, including lithologic character, thickness, areal distribution, and

commercial importance. Discusses in detail the carbonate rocks by counties

and gives chemical and mineralogical data on samples obtained from quarries

and outcrops. Includes chapter on utilization, a list of operators, and analyses

of about 300 well-located samples.

236 Suffel, G. G., 1930, Dolomites of western Oklahoma: Okla. Geol. Survey Bull.

49, 155 p.

Discusses in detail the dolomites of the Blaine gypsum and the Permian

dolomites overlying the Blaine. Describes the lithologic character and dis

tribution of the dolomites, giving detailed descriptions of individual occurrences.

Includes only a few analyses. Small-scale maps show distribution of the Day

Creek dolomite, the Blaine escarpment in northwestern Oklahoma, and the

dolomite members of the Blaine in southwestern Oklahoma.

237 Surplus Property Administration, 1945, Magnesium plants and facilities: Rept.

to Congress, Washington, D. C, 48 p.

Report discusses the magnesium industry and the Government's investment

therein and outlines the economic problems involved in the disposition of the

Government-owned magnesium plants.

238 Sutton, A. H., 1935, Stratigraphy of the Silurian system of the upper Mississippi

Valley: Kans. Geol. Soc. Guidebook, 9th Ann. Field Conf., p. 268-280.

Discusses the Alexandrian and Niagaran series of Illinois, Iowa, and Wis

consin. Of interest are the brief descriptions of the Mayville and Byron for

mations of the Alexandrian, the Waukesha formation, Coral beds, and Racine-

Guelph formation of the Niagaran, and the Waubakee formation. Includes

correlation charts and a sketch map showing general distribution of these

formations.

239 Taft, H. H., 1936, Magnesite in Dona Ana County, N. Mex.: Eng. Min. Jour.,

v. 137, p. 137.

Describes magnesite locality.

240 Talmadge, S. B., and Wootton, T. P., 1937, The nonmetallic mineral resources

of New Mexico and their economic features (exclusive of fuels): N. Mex.

School Mines Bull. 12, 159 p.

Presents a brief summary of the geologic history of the State and a survey of

the nonmetallic minerals, including their general features, occurrences, and

uses. Section on magnesite and dolomite (p. 110-112) mentions that the El
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Paso, Montoya, and Fusselman limestones contain many dolomite and dolomitic

beds and that the Chupadera formation contains a large amount of magnesia.

Briefly describes 3 magnesite deposits, giving 5 analyses of magnesite.

241 Tester, A. C, 1937, Geologic map of Iowa: Iowa Geol. Survey, scale 1 :500,0OO.

242 Trefethen, J. M., 1945, Report of the State Geologist 1943-44: [Maine Devel.

Comm.], 64 p.

Section on limestone and dolomite (p. 13-18) gives brief description of the

dolomite around Warren, Knox County, with suggestions for utilization. Two

maps, scale 1 inch — 4/5 mile; 1 inch = about 3/7 mile, show general dis

tribution and sample localities. Six partial analyses show high magnesia content

but do not indicate amount or type of impurities present.

243 Tucker, W. B., and Sampson, R. J., 1943, Mineral resources of San Bernardino

County [Calif.]: Calif. Jour. Mines and Geology, v. 39, p. 427-549 [1944).

Sections on limestone, dolomite, and magnesite (p. 516-535) give locations of

deposits by section, township, and range. Includes brief descriptions of each

deposit and analyses of samples from a few of the deposits.

244 Tweto, O. L., 1949, Stratigraphy of the Pando area, Eagle County, Colo.:

Colo. Sci. Soc. Proc, v. 15, p. 149-235.

Includes detailed description of the stratigraphy of the area and measured

sections. Of interest are the descriptions of the dolomite members of the

Chaffee formation (Dyer dolomite member), the Leadville dolomite, and the

Minturn formation (Wearyman, Hornsilver, and Resolution dolomite members).

245 Tyler, P. M., 1931a, Magnesium compounds (other than magnesite): U. S.

Bur. Mines Inf. Circ. 6406, 19 p.

Summarizes the uses and methods of production and presents statistical data

for magnesium carbonate, magnesium sulphate, magnesia, and magnesium

chloride. Includes a list of manufacturers of these compounds.

246 1931b, Magnesite: U. S. Bur. Mines Inf. Circ. 6437, 53 p.

Describes magnesite, its geologic occurrence, methods of mining, calcining,

and brickmaking, and gives summary descriptions of domestic and foreign

sources of supply. Includes export, import, and consumption statistics, a

bibliography, and lists of producers, brick manufacturers, importers, and dealers.

247 United States Bureau of Mines and United States Geological Survey, 1948,

Mineral resources of the United States: Washington, D. C, Public

Affairs Press, p. 127-129.

Gives a summary appraisal of the United States resources of magnesium raw

materials. Section on reserves of sea water, brines, magnesite, dolomite,

olivine, and serpentine is very general. States that magnesite reserves are

adequate for 250 years at 1941 rate of consumption.

248 United States Geologic Survey, 1935, Geologic map of Colorado, in cooperation

with the Colorado State Survey Board and Colorado Metal Mining Fund,

compiled by W. S. Burbank and others, edited by G. W. Stose. Scale

1:500,000.

249 Utley, H. F., 1952, Wartime Nevada brucite plant now producing dead-burned

magnesite: Pit and Quarry, v. 44, no. 9, p. 96-98.

Describes briefly the new dead-burning operations of Basic Refractories, Inc.,

at Gabbs, Nev.
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250 Valentine, G. M., 1949, Inventory of Washington minerals; Part 1, Nonmetallic

minerals: Wash. Dept. Conserv. and Devel., Div. Mines and Geology

Bull. 37, 113 p.

Shows the general distribution and specific locations of the nonmetallic

minerals of Washington, using maps of the State (scale 1 in. = about 24 mi.)

and brief descriptive texts, along with a key for each map giving specific localities

by section, township, and range. Includes a separate map for each mineral or

group of related minerals and lists the source of information for each location.

251 Vanderwilt, J. W., Burbank, W. S., and Traver, W. M., Jr., 1947, Minera_

resources of Colorado; foreword by W. E. Scott, Jr., Pt. 1, Metals, non

metals, and fuels, by J. W. Vanderwilt; Pt. 2, Summaries of mining districts

and mineral deposits, by W. S. Burbank and others; Pt. 3, Investigations of

strategic mineral resources, by W. M. Traver, Jr.: Colo. Min. Res. Board

[Bull.], 547 p.

Report summarizes the occurrences of metallic and nonmetallic minerals'

outlines their general distribution and geology, and gives brief descriptions of

many of the mining districts. Small- and large-scale maps show mineral

resources of the State and the geology of the mining districts described. Brief

section on dolomite mentions only general areas of occurrence. No analyses

are given.

252 Van Horn, E. C, 1948, Talc deposits of the Murphy marble belt: N. C. Dept.

Conserv. Devel., Div. Min. Res. Bull. 56, 54 p.

Includes a general description of the stratigraphy, structure, geology of the

talc deposits, and of the individual talc deposits and a general discussion of the

distribution, extent, and character of the Murphy marble (p. 8-13). Of interest

is the concept of zoning of lithologic character in the marble. Also includes

geologic maps, scale 1 :24,000.

253 Van Tuy], F. M., 1916, The origin of dolomite: Iowa Geol. Survey, v. 25, p.

251-421.

Gives an excellent summary of the various theories of origin of dolomite.

Presents theories in three groups: (1) primary deposition theories, (2) alter

ation theories, and (3) leaching theories. Cites positive and negative evidence—

experimental, field and chemical, and petrographic—bearing on the various

theories. Concludes that the majority of stratified dolomites have resulted

from the alteration of limestones before their emergence from the sea.

254 Vernon, J. W., 1950, Magnesite, magnesium, and magnesium compounds, in

Mineral commodities of California: Calif. Dept. Nat. Res., Div. Mines

Bull. 156, p. 177-184.

Summarizes the status of production of magnesium compounds in California,

history of production, raw materials (mentioning the larger magnesite deposits),

uses, and markets.

255 Vernon, R. O., 1951, Geology of Citrus and Levy Counties, Fla.: Fla. Geol.

Survey Bull. 33, 256 p.

Describes in detail the physiography, structure, and stratigraphy of Citrus

and Levy Counties. Summary of economic geology includes brief section on

dolomite (p. 221-224); 1 analysis of sample from near Lebanon, Levy County;

brief discussion of mining methods, uses of the dolomite, and reserves. Includes
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geologic map, scale 1 inch = 1.5 miles, and small-scale map, scale 1 inch —

about 14 miles, showing distribution of the dolomite.

256 Ver Wiebe, W. A., 1928, Stratigraphy of Chippewa County, Mich.: Mich.

Acad. Sci. Papers, v. 9, p. 309-331.

Presents general descriptions of the strata, consisting in part of the rocks

of Niagaran age, which include the Engadine, Manistique, and Burnt Bluff

formations.

257 Vitaliano, C. J., 1950, Needles magnesite deposit, San Bernardino County,

Calif.: Calif. Jour. Mines and Geology, v. 46, p. 357-382.

Describes in detail the geology, structure, and mineral deposits of 2 magnesite

areas near Needles. Reserves of indicated and inferred ore are estimated to be

521,000 tons of magnesite containing less than 10 percent lime at 1 deposit.

Includes analyses and a geologic map, scale 1 inch = about 400 feet.

258 1951, Magnesium-mineral resources of the Currant Creek district,

Nevada: U. S. Geo). Survey Bull. 978-A, 25 p.

Gives a general description of the geology, petrology, structure, and occurrence

of magnesite and more detailed descriptions of the several individual deposits.

Reserves are estimated to be 10,000 tons of commercial-grade magnesite and

350,000 tons of magnesium silicate-bearing material. Includes a geologic map

of the district, scale 1 inch = 1 mile, and geologic maps of individual deposits,

scale generally 1 inch = 200 feet.

259 Ware, Louis, 1944, Magnesium from potash ores: Am. Inst. Min. Metal).

Eng. Trans., v. 159, p. 280-284.

Summarizes the process for extraction of magnesium from magnesium chloride

discharge liquor from Carlsbad, N. Mex. Process involved magnesium chloride

liquor and treated, calcined dolomite to produce magnesium chloride cell feed

for electrolytic cells. Plant was located near Austin, Tex., and operated by

International Minerals & Chemical Co".

260 Warren, L. E., 1943, Notes on dolomite in Potter and Moore Counties, Tex.:

Tex. Univ. Bur. Econ. Geology Pub. 4301, p. 258-264 [1946].

Includes a detailed description of the Alibates dolomite lentil which is exposed

along the bluffs of the Canadian River in Potter and Moore Counties; descrip

tions of 4 measured sections, and 8 analyses of the dolomite. Accompanying the

publication is an index map, scale 1:1,000,000, that shows metallic and non-

metallic mineral localities of the State.

261 Watkins, D. G., 1951, Ohio's lime industry: Ohio Chamber of Commerce'

Indus. Devel. Dept. [Rept.] no. 12, 9 p.

Gives a summary of the lime industry, including uses, production, consump

tion, location of resources, production methods, and future possibilities for the

industry. A map, scale 1 inch = about 32 miles, shows the areal distribution

of the limestone formations.

262 Weaver, C. E., 1920, The mineral resources of Stevens County: Wash. Geol.

Survey Bull. 20, 350 p.

Presents general descriptions of the geography, stratigraphy, structure, and

economic geology of the county; includes brief descriptions of the Stensgar

dolomite member of the Deer Trail argillite and of the old Dominion limestone.
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both of the Stevens series of Paleozoic(?) age. Includes also general descriptions

of the magnesite mines and a geologic map of the county, scale 1 :125,000.

263 Weissenborn, A. E., and Stenzel, H. B., eds., 1948, Geological resources of the

Trinity River tributary area in Oklahoma and Texas: Tex. Univ. Bur.

Econ. Geology Pub. 4824, 252 p.

Includes brief summary of the geology of the area; catalog of metallic and

nonmetallic mineral deposits, with maps (scale 1 in. = about 75 mi.) showing

the general distribution of these resources; and general discussion of dolomite

and magnesian limestone on pages 93-99. Mentions the dolomite beds of the

Permian in north-central Texas. Gives 8 analyses of the dolomite in Potter

and Moore Counties and 15 analyses of Oklahoma dolomites.

264 Weitz, J. H., 1942, High-grade dolomite deposits in the United States: U. S.

Bur. Mines Inf. Circ. 7226, 86 p.

Includes a compilation of information from published and unpublished

sources, summarizing dolomite occurrences by States; brief descriptions, includ

ing some structural details, of some of the deposits in each State; tables con

taining nearly 1,000 analyses; a bibliography; and a small-scale map showing

distribution of high-purity dolomite in the United States.

265 Weller, J. M., 1945, Geologic map of Illinois: 111. Geol. Survey, scale 1 :500,000.

266 Wells, R. C., 1937, Analyses of rocks and minerals from the laboratory of the

U. S. Geological Survey, 1914-1936: U. S. Geol. Survey Bull. 878, 134 p.

Catalogs more than 1,500 chemical analyses of rock and mineral samples

made by the chemistry laboratory, arranged by composition. Gives analyses

of carbonate rocks of New Mexico on page 57.

267 Westgate, L. G., and Knopf, Adolph, 1932, Geology and ore deposits of the

Pioche district, Nevada: U. S. Geol. Survey Prof. Paper 171, 79 p.

Describes in detail the stratigraphy, structure, and ore deposits of this section

of Lincoln County. The lithologic descriptions indicate that the following

formations are dolomites or dolomitic limestones: the Highland Peak, and

Mendha limestones and the Ely Springs and Silverhorn dolomites. No analyses

are included. Includes a geologic map, scale 1 :62,500.

268 Whitlatch, G. I., 1948, Minerals, in Forests, agriculture, and minerals, industrial

resources of Tennessee: Tenn. State Plan. Comm., revised ed., v. 2, p.

61-100.

Brief section on limestone and dolomite (p. 81-83) includes general comments

on the distribution and quality of carbonate rocks of Tennessee; the dolomites

include the "Knox" and Shady. Gives 1 dolomite analysis (average of 5

"Knox" samples) from TVA quarry at Norris, Anderson County.

269 Whitwell, G. E., and Patty, E. N., 1921, The magnesite deposits of Washington;

their occurrence and technology: Wash. Geol. Survey Bull. 25, 194 p.

Briefly discusses the geologic occurrence and origin of the magnesite and

describes individual deposits, mining methods, and the occurrence of dolomite.

Includes sections dealing with world occurrences, production, uses, technology,

and research for new uses of magnesite and a geologic map, scale 1 inch = about

\Yi miles, of the magnesite area.
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270 Willman, H. B., 1943, High-purity dolomite in Illinois: 111. Geol. Survey Rept.

Inv. 90, 89 p.

Includes general descriptions of the high-purity dolomites in the Chicago.

Savanna-Port Byron, Rockford, and Grafton-Hardin regions; detailed descrip

tions of each of the dolomite formations in each region, along with small-scale

index maps showing the general distribution of the dolomite quarries and

outcrops; and analyses of 58 samples, well located both as to geography and

stratigraphy.

271 Wilmarth, M. G., 1938, Lexicon of geologic names of the United States (including

Alaska) : U. S. Geol. Survey Bull. 896, pt. 1, A-L, pt. 2, M-Z, 2396 p.

Lists and defines geologic names.

272 Wilson, E. D., 1942, Magnesium: Ariz. Bur. Mines, Ariz. Univ., Circ. 11, 9 p.

Summarizes dolomite occurrences in Arizona. Primary emphasis is on

northwestern Arizona where, in general, "portions of the lower Redwall and

underlying limestone formations are dolomitic." Cites several localities and

gives partial analyses; also cites the occurrence of Tertiary dolomite in the Agua

Fria-Humbug area. Mentions the dolomitic portions of Martin, Mescal, and

Abrigo limestones and includes a few representative analyses.

273 Yale, C. G., and Stone, R. W., 1921a, Magnesite: Min. Res. U. S., 1919, pt. 2,

p. 227-234 [1922].

Presents a general review of industry with production and import statistics,

general discussion of deposits in California and Washington, and a brief

note on the geology of an undeveloped deposit 30 miles north of Lordsburg,

N. Mex.

274 1921b, Magnesite: Min. Res., U. S. 1920, pt. 2, p. 1-16 [1923].

Presents a general review of industry with production, consumption, and

import statistics, discussions on deposits in California, Washington, and Nevada,

and a brief description of undeveloped hydromagnesite deposits in Idaho, near

Soda Springs, Bannock County, with one analysis.
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Alabama 6, 33, 35, 36, 126, 215

Ariaona 119, 165, 272

Arkansas 26, 27, 28

California 21, 25, 97. 99, 112, 124, 141, 145,

146, 149, 174, 182, 203, 208, 211,

243, 254, 257, 273, 274

Colorado 3, 54, 60, 61, 89, 139, 244, 248, 251

Connecticut... 69, 162

Dolomite, general.. 22, 23, 47, 53, 79, 83, 96, 101,

103, 110, 136, 137, 141, 144,

175, 183, 195, 205, 206, 224,

225, 247, 253, 264, 266

Honda 118, 255

Georgia 39, 98, 100

201, 274

13, 134, 204, 265, 270

Indiana 63, 64, 73, 81, 91, 179

Iowa 13, 17, 18, 45, 111, 168,

169, 216, 219, 241

Kaneas 125, 163, 167

Kentucky. 94, 96, 131, 152, 193, 200, 227, 228, 229

Magneaite, general... 4, 19, 65, 96, 109, 115, 122,

136, 175, 177, 178, 207,

211, 246, 247, 273, 274

Magnesium, general... 56, 108, 144, 178, 192, 237

metallurgy 5, 46, 84, 120, 157, 184,

185, 186, 213, 259

Magnesium compounds, general 213, 245

Maine 1, 10, 129, 242

Maryland.. 155, 166

Massachusetts 2, 69, 88, 190

Michigan — 138, 154,217,256

Index

no.

Minnesota 220, 221, 222

Missouri 29, 31, 32, 62, 66, 114, 153, 160, 161

Montana 75, 76, 78, 90, 133, 181

Nevada 43,44,80.92,99, 113. 116, 117,

144, 147, 164, 177, 196, 203, 208,

211, 218, 249, 258, 267, 274

New Jersey 135, 142

New Mexico... 70, 71, 85, 140, 239, 240, 266, 273

New York 69, 190, 191, 195

North Carolina 121, 130, 148, 172, 252

Ohio 24,93,94,95,200, 235, 261

Oklahoma 12, 74, 108, 171, 236, 263

Olivine 107

Oregon _ 115

Pennsylvania 40, 104, 158, 159,

180, 231, 232, 233

Sea water 211

Serpentine 8

South Carolina 130, 214

South Dakota 30, 72, 83, 202

Tennessee. _ 123, 170, 187, 197, 198, 199. 212, 268

Texas. 7, 48, 52, 132, 150, 209, 210, 260, 263

Utah 34, 42, 59, 77, 88. 102, 143, 166, 194

Vermont 41,50,51,67,68, 128, 190

Virginia... 9, 37, 38, 57, 58, 65, 87

Washington 14, 15, 16, 82, 115, 176, 211, 223,

230, 250, 262, 269, 273, 274

West Virginia 105, 151, 189, 234

Wisconsin 11, 13, 127, 188, 226, 238

Wyoming. 20,49, 173
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IELECTED ANNOTATED BIBLIOGRAPHY OF THORIUM

AND RARE-EARTH DEPOSITS IN THE UNITED STATES

INCLUDING ALASKA

By Katharine L. Buck

INTRODUCTION

Thorium and rare-earth metals have come into strategic importance

n this country in the last few years with the potential use of thorium

ji the production of atomic power and the development of new uses

for the rare earths in the aircraft industry. The United States was

hought to be dependent upon foreign sources of these elements because

its entire supply from 1910 to 1950 was imported, principally from

India and Brazil. By 1951 the foreign supplies of monazite, the

nain ore of thorium and the rare earths, were seriously curtailed

because of restrictions imposed by the producing countries on the

ixportation of fissionable materials and their ores. In order to develop

sources of these elements within the United States, a search has been

made which has resulted in a significant increase in the known reserves

(U. S. Congress Documents, 1953, p. 211-219) .

The rare-earth metals are the elements ranging in atomic number

from 57 to 71 ; they include lanthanum, cerium, praseodymium, neo-

dymium, promethium, samarium, europium, gadolinium, terbium,

dysprosium, holmium, erbium, thulium, ytterbium, and lutecium.

Yttrium, atomic no. 39, and scandium, no. 21, occur almost inseparably

with the rare earths proper and are usually included in the group.

Thorium, no. 90, also occurs with the rare earths in nature.

USES

The principal early use of rare earths and thorium was in the manu

facture of incandescent gas mantles. Monazite was mined in the

United States for this purpose from the 1890's until 1911, when the

tungsten lamp largely replaced the gas mantle. The manufacture of

517
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gas mantles is, however, still the main use of thorium, although the

amount consumed in such manufacture is decreasing. Thorium is

now used in the filaments of tungsten lamps, in radio tubes, in refrac

tories, and in the chemical and medical industries. Pure thorium has

recently been produced for experimental purposes and would probably

have industrial use if it were in sufficient supply (U. S. Congress

Documents, 1952, p. 112-113). The use of thorium in the manu

facture of atomic energy is now in the planning stage (U. S. Atomic

Energy Commission, 1954, p. 25), and it takes precedence over the

development of other new uses.

The rare earths are more widely used than thorium in industry.

Cerium compounds are used in the carbon-arc electrode cores of search

lights and motion-picture projectors. Mischmetal, a mixture of rare

earths, is used in the sparking elements of cigarette lighters and,

alloyed with copper, nickel, zinc, aluminum, and magnesium, in air

craft parts, gas turbines, and jet engines. Some of the rare earths are

used in waterproofing, mothproofing, and mildew-proofing fabrics,

in printing and dyeing, in the glass industry as coloring agents, polish

ing agents, and in the manufacture of certain special-purpose glasses.

THE INDUSTRY AND ITS PROBLEMS

The main ore mineral of thorium and the rare earths, monazite.

occurs primarily in beach and river placer concentrations. In this

country domestic placers have been mined for their monazite content

alone only in the last 5 years and in the period 1893-1911. The mona

zite produced between these two periods has been a byproduct of the

mining of other minerals, such as ilmenite or gold, and even now the

economics of producing monazite are complicated by the problem of

marketing the byproduct minerals in order to reduce the overall cost

of mining.

Large deposits of bastnaesite, which have recently been discovered

and may become the main source of rare earths in this country, inter

ject another factor into the economics of production and use of rare

earths and thorium. Bastnaesite contains an amount of thorium that

is insignificant at current prices so that, if bastnaesite, instead of

monazite, were to dominate as the rare-earth ore, byproduct produc

tion of thorium would drop considerably.

There is a ready market for rare earths in this country, but domestic

mining operations are insecure because of the threat of the return

of foreign imports which would place the price below the domestic cost

of mining. The profitable mining of monazite is dependent on the

market for byproduct heavy minerals. This factor is especially im

portant in the Idaho field. The market for thorium as such is limited
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Thorium is purchased in the mineral monazite, which is sold for and

graded on its combined rare-earth and thorium content.

ORE DEPOSITS

Monazite is the principal ore mineral of both thorium and the rare

earths. In this country, thorite is an important potential ore mineral

of thorium, and bastnaesite is an important ore mineral of the rare

earths. Monazite is essentially a phosphate of cerium and lanthanum

and contains small variable quantities of the other rare earths, thorium,

silicon, uranium, and other elements. It commonly contains from a

few percent to 10.6 percent thorium. Minable monazite deposits are

found generally in placers, but monazite also occurs as an accessory

mineral in many granitic rocks, which are the ultimate source of the

placer concentrations. Commercial monazite contains from 55 to 65

percent total rare-earth oxides plus thoria.

Thorite is a silicate of thorium and contains from 25.2 to 62.7 per

cent thorium and as much as 9.0 percent uranium. Thorite or a hy-

drated thoritelike mineral is the main ore mineral of some of the vein

deposits recently discovered in this country, notably those in the

Westcliffe and Powderhorn districts of Colorado and the Lemhi Pass

district of Idaho. It also occurs along with bastnaesite in similar

deposits in the Mountain Pass district of California.

Bastnaesite was a mineralogic curiosity until early in this decade

when a large bastnaesite-barite deposit was discovered at Mountain

Pass, Calif., and production began from a bastnaesite-fluorite deposit

in the Gallinas Mountains of New Mexico. Bastnaesite is a fluocar-

bonate of the rare earths, primarily cerium and lanthanum, and con

tains less than 1 percent uranium and thorium.

Monazite is now being produced in the United States from the

placers of the central Idaho region (Anonymous, 1949a, 1950a, 1952b,

1954a, 1954e) and from the placer deposit of the National Lead Co.,

Jacksonville, Fla. (Mertie, 1953, p. 15), where it is produced as a by

product of ilmenite mining. Monazite was mined from stream placers

in western North and South Carolina in the late nineteenth and early

twentieth centuries for use in gas mantles. It has also been produced

from a beach placer near Mineral City, Fla. (Santmyers, 1930, p. 11),

and as a byproduct of the Climax molybdenum deposit of the Ten-

mile district, Colo. (Carlson and others, 1953, p. 11). Potential re

gions of monazite production are the drainage areas of the Idaho

batholith in Idaho and Montana, the drainage areas of the western

and eastern monazite belts of the southeastern States as outlined by

Mertie (1953, p. 15, 24-30), and the drainage areas of the Tuscaloosa

formation of the southeastern States (Mertie, 1953). Other districts
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which may produce thorium and the rare earths from monazite are

the Mineral Hill district, Idaho and Montana, where monazite and

allanite occur in marble layers in Precambrian metamorphic rocks,

and the Palmer area, Marquette County, Mich., where monazite oc

curs in ancient placers of the upper Huronian Goodrich quartzite.

Monazite may also contribute to the radioactivity of the beach sands

of the southeastern Atlantic and Gulf coasts, and it is possible that

a commercial deposit may be found in such sands (Anonymous, 1954a,

1954d).

No mines in this country are producing thorite or thorogummite

(hydrothorite) at present. However, the Westcliffe and Powderhorn

districts of Colorado (Christman and others, 1953 ; Burbank and Pier-

son, 1953, p. 2, 3 and the Lemhi Pass district of Idaho (Trites and

Tooker, 1953, p. 191-205) are potential sources of thorite or thorogum

mite. Thorium occurs in the thorogummite (Th, U) Si04.6H20, and

thorium-bearing zircon in the Wausau area, Wisconsin.

Bastnaesite is currently being produced from the Mountain Pass

district, California (Carlson, Keiser, and Sargent, 1953; Olson and

others, 1954), and the Gallinas Mountains district of New Mexico

(Anonymous, 1952a). No other potential producers of bastnaesite

are known in this country at present.

The Baringer Hill district, Llano County, Tex., produced, in the

early 1900's, a few hundred pounds of rare earths a year from a peg

matite intruded into Precambrian granite. The principal rare-earth-

bearing minerals mined were gadolinite, Be2FeY4Si20is ; allanite,

(Ca,Ce,Th)2Al,Fe,Mg)3Si3Oi2(OH) ; cyrtolite, an altered zircon

containing uranium, thorium, yttrium, and other rare earths; fergu-

sonite, (Y,Er,Ce,Fe) (Nb,Ta,fi)0«; and polycrase, (Y,Ca,Ce,U,Th)

(Ti,Nb,Ta)206 (Hess, 1908).

Potential areas of production of rare earths and thorium from min

erals other than monazite, thorite, or bastnaesite are the Bear Lodge

Mountains district, Wyoming, where the thorium-, rare-earth-bearing

minerals have not yet been identified ; the Mineville district of New

York where rare earths and thorium occur in fluorapatite and might

be recovered as a byproduct of magnetite mining ; and the St. Peters

Dome district, El Paso County, Colo., where several rare-earth- and

thorium-bearing minerals occur in pegmatites.

There are no deposits in Alaska that have produced thorium or the

rare earths, and the possibility of such production is small. In

Alaska, thorium-bearing minerals have been recognized at 47 locali
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ties which are described in U. S. Geological Survey Circular 202

(Bates and Wedow, 1953) ; deposits which might, with a change in

economic conditions, come into production or byproduct production

of thorium-bearing minerals, are also indicated.

Monazite has been the principal ore of thorium and the rare earths

produced from foreign deposits. The main world sources of monazite

in the last 40 years have been the beach deposits of India and Brazil

(Carlson, Keiser, and Sargent, 1953, p. 9). Other areas that have

produced monazite from beach placers are Ceylon, Malaya, parts of

Africa, and western Australia (Petar, 1935, p. 16, 17) . A small quan

tity of monazite has been produced from pegmatites in southern Nor

way as a byproduct of feldspar mining (Petar, 1935, p. 18). Lode

deposits of monazite have been reported in the Union of South Africa

and in Uganda (Carlson, Keiser, and Sargent, 1953, p. 9).

EXPLANATION OF SELECTED ANNOTATED BIBLIOGRAPHY, INDEX,

AND INDEX MAP

The following selected annotated bibliography includes books, ar

ticles, and other publications generally available in September 1954,

on thorium and rare-earth deposits in the United States including

Alaska. Many general papers are also included. Entries are ar

ranged alphabetically by author. The index to the bibliography

cross-references the authors' listing by locality and subject. An effort

has been made to include in the bibliography references to those

deposits which produce or may produce thorium and (or) the rare

earths and to exclude those references dealing with minor occurrences

of primarily mineralogic interest; however, the extensive Bibliog

raphy and Index of Literature on Uranium and Thorium and Radio

active Occurrences in the United States by Margaret Cooper (1953,

1954) does include references to such minor occurrences of thorium-

bearing minerals and many rare-earth-bearing minerals.

The index maps (pi. 3 and fig. 1) show those deposits in the United

States including Alaska for which information was available in Sep

tember 1954 and which may produce, or have produced, thorium and

(or) rare-earth-bearing minerals either as principal products or

byproducts. The type of deposit is indicated by symbol, and the

presence of important amounts of thorium or the rare earths is indi

cated by letters. The name of the mining district or area of the

deposits is included on the map.

This report was prepared on behalf of the Division of Raw Materials

of the U. S. Atomic Energy Commission.

413790—57-
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Compiled by Katharine L Buck

Type of deposit

Production category

Vein Modern

placer

Potential producer of thorium

and (or) rare earths as the

principal product

a

Potential producer of thorium

and (or) rare earths as ■

byproduct

€

Abbreviations beside the map symbols

indicate the commodities as follows:

Th Thorium and rare earths,

RE thorium predominating

Th Thorium onry

Figure 1.—Index map of thorium and rare-earth deposits in Alaska.
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SELECTED ANNOTATED BIBLIOGRAPHY

Abbott, A. T., 1954, Monazite deposits In calcareous rocks, northern I-emhi

County, Idaho: Idaho Bur. Mines and Geology Pamph. 99, 24 p.

Between North Fork and Shoup, Idaho, immediately north of the Salmon

River, several thin beds of marble are interbedded with the paragneisses and

schists that belong to the vast assemblage of metamorphlc rocks derived from

the pre-Cambrian Belt series. Crystalline aggregates and disseminated crystals

of the radioactive phosphate mineral monazite occur sporadically within the

beds of marble. Other minerals commonly associated with the monazite are

actinolite, barite, siderite, apatite, ilmenite and magnetite. A genetic interpre

tation involves the migration of rare earth elements during metamorphism of

sandy, argillaceous sediments of the Belt series to a more compatible environ

ment of phosphatlc limestone in which porphyroblasts of monazite were formed.

Although relatively little is known at the present time concerning the value of

these deposits, results of this investigation should encourage further explora

tion and development.—Author's abstract

Argall, G. O., Jr., 1954, New dredging techniques recover Idaho monazite : Min.

World, v. 16, no. 2, p. 26-30.

Dredging operations for monazite begun in Idaho in 1950 and now carried

on by Baumhoff-Marshall, Inc., Idaho-Canadian Dredging Co., and the Warren

Dredging Corp. are described In detail and are contrasted with dredging

operations for gold.

The main recovery problem in dredging for monazite is caused by the ir

regularity and wide variation in heavy-mineral content of the sand which

do not allow the jigs to be set for a uniform feed. Test drilling and sampling

are used to block out areas for dredging, and churn drilling is operated directly

ahead of the dredges.

This newly created mining industry has made the United States independent

of Imports of monazite.

Atkinson, A. S., 1910, Mining for the rare minerals: Min. Sci., v. 61,

p. 76-77.

Gadolinlte from Llano County, Tex., and from Henderson County, N. C, has

been mined and used for gaslight mantles. Gadolinlte used In the Nernst lamp

contains 40 to 45 percent yttria.

Bates, R. G., and Wedow, Helmuth, Jr., 1953, Preliminary summary

review of thorium-bearing mineral occurences in Alaska : U. S. Geol.

Survey Circ. 202, 13 p.

Of the forty-seven known thorium-bearing mineral localities in Alaska, only

a very few may have commercial possibilities. These are the Salmon Bay area,

Prince of Wales Island ; the Tofty tin belt in the Manley Hot Springs district,

central Alaska ; the Long area in the Ruby-Poorman district, central Alaska ;

the Nixon Fork area, central Alaska ; the Buckland-Kiwalik district, eastern

Seward Peninsula ; the Cape Mountain area, western Seward Peninsula ; and

the Chandalar district, northeastern Alaska.

The thorium-bearing minerals at each locality are listed in the text and

indicated on a map. Published and unpublished references are cited.
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Bnrbank, W. S., and Pierson, C. T., 1963, Preliminary results of radlorcu

reconnaissance of parts of the northwestern San Juan Mountains, C«

U. S. Geol. Survey Circ. 236, 11 p.

Radiometric reconnaissance survey of parts of the San Juan Mountains

resulted In the discovery of thorium-bearing quartz-carbonate-sulflcle

deposits in the Cebolla (Powderhorn) district, Gunnison County, Colo.,

uranium-bearing ores In several districts In Ouray and San Juan Ccranl

The pre-Juraselc thorium-bearing veins of the Cebolla district cut Precambi

schists and greenstone. The veins, which are not of economic significance

this time, have been subjected to several cycles of erosion and leaching. Loci

they are Jasperized. Leaching of uranium disintegration products In

Cebolla district Is in progress. ( See p. 2, 3. )

Cannon, H. B., 1950, Economic minerals in the beach sands of the southeast

United States, in Snyder, F. G., ed., Symposium on mineral resources of

southeastern United States: Knoxvllle, Tenn., Univ. of Tenn. Proc, li

p. 202-210.

According to present practice, an economically workable beach sand dep<

in the southeastern United States must have a reserve of a million tons of m

erals heavier than 3.0 specific gravity making up 4 or 5 percent of the sa

Smaller deposits must be of higher grade. The main ore mineral of beach sa

deposits is ilmenite, and a deposit to be workable must contain two or three hi

dred thousand tons of this mineral. Ilmenite is used chiefly in the producti

of white pigment. Changes in the several variable characteristics of the mine

often require costly changes in the processing plant. Therefore, Ilmenite

usually purchased by the titanium pigment industry In large lots of known char

t eristics rather than in small odd lots.

Only two beach sand deposits are being worked in the southeastern Unit

States, one 9 miles east of Jacksonville, Fla., and the other at Trail Ridge,

miles southwest of Jacksonville. Other deposits worked In the past in Florl

were at Pablo Beach, Vero Beach, 2 miles inland from Vero Beach, and the w<

shore of Indian River lagoon.

It Is probable that there are still undiscovered large high-grade economic o

bodies in the southeastern United States. Because of high water table, thii

vegetation, and low-grade sand cover, discovery of such deposits requires sj

tematic exploration programs using mechanical drills. The best deposits nc

known are In the old raised beaches, with only small deposits having been foui

in the modern beaches.

The sources of beach sand deposits of the southeastern States are the crysta

line rocks of the southeastern Piedmont province. The heavy minerals ha'

been concentrated, after erosion from the original rock and transportation t

streams and rivers to the sea, Into "stormllne" deposits of heavy minerals on tl

active beaches or in lagoons and dunes.

The heavy minerals of Florida are divided into two assemblages, the Gu

assemblage and the Atlantic coast assemblage. Staurolite and kyanite are tl

main constituents of the Gulf assemblage. The Gulf assemblage also includf

zircon with few Inclusions, ilmenite containing 64 to 65 percent titanium oxid'

and no hornblende or epidote. In the Atlantic coast assemblage there Is littl

staurolite and kyanite; hornblende and epidote are the main constituents. Tb

zircon contains many inclusions, and the ilmenite contains only 52 to 56 perces

titanium oxide. Other heavy minerals likely to occur in both assemblages «r

leucoxene, rutile, monazite, tourmaline, pyroxene, garnet, andaluslte, spi"e

corundum, collophane, and limonite.
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Carlson, E. J., Keiser, H. D., and Sargent, J. D., 1953, Minor metals : Minerals

Yearbook, 1052, v. 1, p. 1178-1180 [preprint, p. 7-0].

The activities and success of the U. S. Bureau of Mines in searching for

monazite in the Carollnas, Georgia, Florida, Idaho, Montana, and Wyoming are

mentioned. The United States may soon become independent of foreign sources

of rare earths because of the recent discoveries of monazite and bastnaesite de

posits in this country. The principal producers of monazite in this country In

1952 are three Idaho companies—Baumhofl Marshall, Inc., the Warren Dredging

Corp-, and the Idaho-Canadian Dredging Co. Monazite is also produced by the

Humphreys Gold Corp. of Jacksonville, Fla., and bastnaesite by the Molybdenum

Corp. of America at Mountain Pass, Calif. Processors of monazite ores are

Lindsay Chemical Co., which also processes bastnaesite concentrates; Rare

Earths, Inc. ; and Maywood Chemical Works.

The price of monazite in 1052 is quoted as 16% cents per pound for 55 percent

total rare-earth oxides plus thoria, f. o. b. domestic mill ; 18% cents per pound

for 64 percent ; and 19 cents per pound for 65 percent. The price of mischmetal

is $4.50 and ferro-cerlum $8.00 per pound. Cerium metal of high purity is $18.00

per pound. Rare-earth chlorides are quoted at 45 to 50 cents per pound.

A brief world review states that lode deposits of monazite have been found

in the Union of South Africa and Uganda. Monazite sand discoveries are re

ported from Madagascar, Brazil, and Argentina.

Carlson, E. J., Kauffman, A. J., Jr., Keiser, H. D., and Needleman, Stanley, 1053,

Minor metals: Minerals Yearbook, 1051, p. 1361-1363 [preprint p. 11-13].

The activities of the U. S. Bureau of Mines in searching for monazite in Idaho,

Montana, and the Carollnas, are mentioned. Climax Molybdenum Co., Leadville,

Colo., is listed as a producer of monazite. Purchasers, uses, and prices of

monazite are listed along with a brief world review.

f'hristman, R. A., Heyman, A. M., Dellwlg, L. F., and Gott, G. B., 1953, Thorium

investigations, 1950-52, Wet Mountains, Colo.: U. S. Geol. Survey Clrc.

290, 40 p.

In the Wet Mountains, Colo., thorium-bearing minerals, principally thorite,

occur in an area 20 miles long by 10 miles wide. The minerals occur in barite-

stilflde veins in northwest-trending shear zones that cut a Precambrian igneous

and metamorphic complex. The largest ore body is 300 feet long, 26 feet wide,

and 400 feet deep. Some of the veins contain as much as 4.5 percent equivalent

thorium oxide. Descriptions of the rock units and the deposits studied, geologic

maps, logs of the 11 diamond-drill holes, and analyses of samples are included.

Cooley, C. M., 1953, Storke level—Key to $25 million Climax project: Min.

Eng., v. 5, no. 1, p. 36-41.

The flow sheet on page 41 shows clean monazite as a final product.

rooper, Margaret, 1953 and 1954, Bibliography and Index of literature on uranium

and thorium and radioactive occurrences in the United States: Geol. Soc

America Bull., v. 64, p. 197-234, 1103-1172; v. 65, p. 467-590.

This extensive bibliography will cover uranium, thorium, and radioactive oc

currences throughout the United States, although to date only the sections for

Arizona, Nevada, and New Mexico (pt. 1) ; California, Idaho, Montana, Oregon,

Washington, and Wyoming (pt. 2) ; and Colorado and Utah (pt. 3) have been

published. The bibliography contains a listing of articles by author, a gazetteer

by States, a geographical index, and a subject index. Geologic and mining
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literature has been reviewed through 1949 and a few standard publications

through early 1952.

Day, D. T., and Richards, R. H., 1906, Useful minerals In the black sands of the

Pacific slope: Mln. Res. U. S., 1905, p. 1175-1258.

Heavy-mineral analyses of various black sands obtained from placer mines

throughout the western States are presented in tabular form by locality. De

scriptions of the methods by which the sands were concentrated, methods of

testing and examining the sands, results of concentration, and a bibliography

are Included.

Frondel, J. W., and Fleischer, Michael, 1952, A glossary of uranium- and thorium-

bearings minerals : U. S. Oeol. Survey Circ. 191, 25 p.

This glossary contains a compilation of (1) minerals containing uranium and

thorium as major constituents, (2) minerals containing uranium and thorium

as minor constituents, (3) minerals that might show uranium or thorium con

tent, and (4) minerals that often contain uranium, thorium, or the rare earths

as Impurities or intergrowths. Formulas but not properties are given for most

of the minerals, and their relations to other minerals are indicated. The uranium

and thorium content of each mineral is listed by percent.

Gillson, J. L., 1949, Titanium, in Industrial minerals and rocks : New York, Am.

Inst. Mln. Metall. Eng., 2d ed., p. 1042-1073.

The geologic history common to most commercial beach-sand deposits includes

a source area of crystalline rocks, a period of deep-soil formation and the de

composition of magnetite, a period of uplift and rapid erosion of the soil zone.

heavy-mineral deposition in coastal-plain sediments, subsidence and straighten

ing of the coast, and, finally, elevation and erosion of the coast.

Glass, J. J., and Smalley, R. G., 1945, Bastnaslte : Am. Mineralogist, v. 30,

p. 601-615.

Bastnaesite, a fluocarbonate of cerium metals, occurs in the fluorspar deposits

of the Gallinas Mountains, N. Mex., where the two minerals are associated with

barite, barytocelestite, calcite, goethite, hematite, orthoclase, pyrite, quartz, and

limonitic material along fissures and faults near the contacts of intrusive

porphyrltic quartz-monzonites, rhyolites, and syenites with Permian sediments

that overlie Precambrian granites. The physical, optical, and chemical prop

erties of bastnaesite specimens from this locality are described and compared

with the properties of bastnaesite from five other localities. This comparison

suggests that bastnaesite has a constant chemical composition. The comparison

also indicates that most of the known occurrences of bastnaesite are in contact

with metamorphic rocks. A bibliography is included.

Hess, F. L., 1908, Minerals of the rare-earth metals at Baringer Hill, Llano

County, Tex. : U. S. Geol. Survey Bull. 340, p. 286-294.

A few hundred pounds per year of rare earths, mainly yttrium, and zirconium

have been produced from this area for use in the Nernst lamp. The principal

rare-earth minerals of the deposit are gadolinlte, alanite, cyrtolite, fergusonite,

and polycrase containing the elements yttrium, beryllium, cerium, praseodymium,

neodymium, lanthanum, zirconium, niobium, and uranium. The minerals occur

In a pegmatite that has been intruded Into Precambrian granite.

Houk, L. G., 1943, Monazite sand : U. S. Bur. Mines Inf. Circ. 7233, 19 p.

This report includes analyses of foreign and domestic monazite sands, world-

production figures for the period 1893-1938, a review of tariff history, domestic
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production and imports figures, a description of the uses of monazite, and a list

of Importers and consumers of monazite sands.

Kithil, K. L., 1915, Monazite, thorium, and mesothorium : U. S. Bur. Mines Tech.

Paper 110, 32 p.

This paper presents the history of world production of monazite, including the

German thorium conventions ; descriptions of domestic and Brazilian deposits ;

methods of mining and milling monazite ; a description of the separation, deter

mination, and uses of mesothorium ; and a selected bibliography on monazite,

thorium, and mesothorium.

Kremers, H. E., 1949, The rare earth industry : Jour, of the Electrochem. Soc,

v. 96, no. 3, p. 152-157.

The industrial treatment of monazite sand for the extraction of cerium and

other rare earths and the uses of the rare earths are described briefly. A bibli

ography is included.

Levy, S. I., 1915, The rare earths, their occurrence, chemistry and technology :

London, Edward Arnold, 345 p.

This well-documented older book includes descriptions of the minerals, the

mode of occurrence, chemistry, and technology of the rare earths. The incandes

cent mantle industry, the chemical treatment of monazite, artificial silk and its

application to the mantle industry, and other early technological and industrial

uses of the rare earths are described.

Lindgren, Waldemar, 1898, The mining districts of the Idaho Basin and the Boise

Ridge, Idaho : U. S. Geol. Survey 18th Ann. Rept, pt. 3, p. 677-679.

The heavy minerals derived from the granites of the Idaho Basin are found

in the sand of the gravels and lake beds of the region. Throughout the basin,

monazite forms a large percentage of the heavy minerals. Samples of monazite

from 3 miles east of Idaho City and from Wolf Creek near Placerville are

described. This is the first report of monazite placers in Idaho.

Mertie, J. B., Jr., 1949, Monazite, in Industrial minerals and rocks : New York, Am.

Inst. Min. Metall. Eng., 2d ed., p. 629-636.

The characteristics, occurrence, production, economic control, and uses of

monazite, the rare earths, and thorium are described. A bibliography is included.

1953, Monazite deposits of the southeastern Atlantic States : U. S. Geol.

Survey Circ. 237, 31 p.

Monazite, the principal ore mineral of thorium and the rare earths, was

mined from fluviatile placers in the Piedmont province of the Carolinas from

1887 to 1917 with some Interruptions. From 1917 to 1946 monazite was im

ported from India and Brazil ; since 1946 the embargoes on exportation of foreign

monazite have made it a scarce commodity in this country. Monazite is now

being produced in Idaho as well as in Florida, where it is a byproduct of the

ilmenite mining near Jacksonville.

New deposits of monazite have been discovered in the southeastern Piedmont,

and the placers which were formerly mined have been re-evaluated. The latter

were not exhausted by mining and many of the deposits have been rejuvenated.

Mining In the area is complicated by the predominance of farming and by the

uncertainty of the future value of monazite. These deposits are, however, a

reserve which could be invaluable in a time of emergency.

Monazite in the southeastern Piedmont province of complex metamorphic and

igneous rocks occurs in two belts, a western belt that is traced from east-central
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Virginia southwestward into Alabama and an eastern belt from near Fredericks

burg, Va., south-southwestward into North Carolina. These monazite belts may

have been the sites of Precainbrian valleys where detrital monazite was con

centrated and later reconstituted into gneisses or remelted Into intrusives.

The western monazite belt includes the area of placers formerly mined in

the Carolinas. Results of sampling of the early headwater placers show as

much as 8.4 pounds of monazite per cubic yard and a mean content of 5.7 percent

thorium oxide. These placers do not contain enough yardage to be mined by

large-scale methods.

The principal source rocks in the monazite belts are certain granitic intrusives,

granitized and pegniatized country rock, and certain granitic phases of the

Carolina gneiss. There is a mean tenor of 0.006 percent monazite in the bedrock.

Moxham, R. M., 1954, Reconnaissance for radioactive deposits in the Manley Hot

Springs-Rampart district, east-central Alaska, 1948: U. S. Geol. Survey

Circ. 317, 6 p.

The radioactive minerals eschynite, ellsworthite, columbite, monazite, and

zircon have been found in the gold-tin placer deposits of the Tofty area, east-

central Alaska. The bedrock source of these minerals was not found, although

monazite is present in the granite country rock ; geologic data suggest a common

local bedrock source for both the cassiterite and the radioactive minerals of the

Tofty tin placers.

Under present conditions the radioactive minerals of the Tofty placers are

probably not sufficiently concentrated to be recovered as a byproduct of the gold

and tin mining.

Murata, K. J., Rose, H. J., Jr., and Carron, M. K., 1953, Systematic variation of

rare earths in monazite : Geochim. et Cosmochim. Acta, v. 4, p. 292-300.

Ten monazite samples from scattered localities have been analyzed for the

Individual rare-earth elements by a combined chemical and emission spectro-

graphic method. Rules are given for the variation in the proportions of the

rare-earth elements. Variation trends are explained by fractional precipitation

and deviations from the trends by abnormally high or low temperatures.

N'inlnger, R. D., 1954, Minerals for atomic energy : New York, Toronto, London,

D. Van Nostrand Co., Inc., 3G7 p. ( See especially p. 16, 17, S7, 89, 91-100, 116,

128-131, 133-139, 142, 172-170, 213, 218, 219, 228, 229, 242, 243.)

Uranium, thorium, and beryllium minerals are discussed in this useful book-

according to their mineralogy and deposits, to the possibility of their occurrence

In various broad geographic and geologic settings, and according to the equip

ment used in prospecting. Also discussed in detail are regulations pertinent to

prospecting for these metals, along with the evaluation of discoveries, and a

review of services available to the prospector by governmental and private agen

cies for sample examination and assay, property examination, and financial aid.

Generalized maps of the United States and of the world show occurrence of these

elements and their relation to various geologic features. Selected references

are listed.

Marketing of the minerals is discussed, and a list of companies that may be

interested in the purchase of monazite and rare-earth ores is found on page 309.

The mineralogy of thorium is described in some detail, and tables of the

characteristics and tests for the Identification of the various minerals are in

cluded. The productive deposits of monazite and significant deposits of other

thorium minerals in Brazil, India, Ceylon, Indonesia, Malaya, Australia, the

Union of South Africa, and the United States are briefly described.
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The edges of the Precambrian shield areas of the world have produced the

important primary deposits of uranium, but thorium minerals occur only as

minor disseminated constituents of these old masses. The concentration of

thorium minerals into placer deposits is aided by the mechanical and chemical

breakdown of the parent rocks which is carried on most rapidly and to the great

est degree in those shields found In warm climates, such as the Brazilian and

Indian shields.

Massifs or roughly equadimensional mountainous areas, seem to be favorable

for primary uranium deposits but less so for thorium and beryllium. Examples

of massifs which are source areas for placer deposits of monazite are the mid-

African Highlands which contribute to the beach placers of Sierra Leone, to the

river placers of the Gold Coast, and to the tin placers of central and southern

Nigeria which also contain monazite and thorite, and the Korean Highlands

which are a source of commercial monazite deposits.

The great linear mountain systems of the world with their large areas of

crystalline rocks and their associated basins and plateaus of sedimentary rocks

have produced great amounts of metals and offer many possibilities for primary

and secondary deposits of uranium and thorium. The principal mountain chains

of North and South America, the Alpine-Himalayan system, and the East-

Australian Cordillera, are described in detail.

The broad plains areas of sedimentary rocks offer little possibility for primary

deposits of uranium and thorium but may contain some secondary deposits of

these metals. Local areas of igneous and metamorphic rocks within the plains

may contain primary deposits of thorium minerals, and there may be secondary

deposits near these source rocks.

Coastal lowlands near granitic source rocks may contain placers of monazite

or of other minerals from which monazite may be obtained as a byproduct.

Such deposits occur in the southeastern United States.

Nitze, H. B. C, 1895a, Monazite and monazite deposits in North Carolina : N. C.

Geol. Survey Bull. 9, 47 p.

Monazite is briefly described and its history, nomenclature, and crystallography

are reviewed. Chemical analyses of monazite from various localities are given.

The geologic and geographic occurrence of monazite is described. Also covered

are the uses, methods of extraction and concentration, and the production and

value of monazite. A bibliography is included.

1895b, Monazite : U. S. Geol. Survey 16th Ann. Rept., pt. 4, p. 667-693.

The mineralogical and chemical nature of monazite is described and a brief

Bketch is given on the history and nomenclature of the mineral. The methods

of analysis are presented. Geologic and geographic occurrence of monazite is

presented in tabular form. The uses, methods of extraction and concentration,

production and value are described. A good early bibliography is included.

Olson, J. C, Shawe, D. R., Pray, L. C, and Sharp, W. N., 1954, Rare-earth mineral

deposits of the Mountain Pass district, San Bernardino County, Calif : U. S.

Geol. Survey Prof. Paper 261, 75 p.

Bastnaesite, a rare-earth fluocarbonate, was discovered in the Mountain Pass

district in April 1949. Geologic mapping has shown that rare-earth mineral

deposits occur in a belt about 6 miles long and 1% miles wide. One deposit, the

Sulphide Queen carbonate body, is the greatest concentration of rare-earth min

erals now known in the world. The report describes the district, the history of
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the discovery, the rare-earth and thorium deposits, and the alkalic igneous rocks

with which the deposits are associated. Geologic maps of the district and of

selected mineral deposits accompany the report.

The radioactive minerals occur in mineralized shear zones characterized by

abundant hematite and goethite and in the carbonate rocks. The radioactivity

is due almost entirely to thorium and its decay products. The uranium content

of vein samples, determined chemically, is low, the highest value being 0.020

percent uranium. Thorium oxide, however, is more than 2 percent of some

selected samples. The strongest radioactivity is attributable chiefly to thorite

and thorogummite and, to a lesser extent, to monazite which occurs in and near

the Sulphide Queen carbonate body.

Parks, R. D., 1949, Source materials for nuclear power, in Goodman, Clark, ed-,

The science and engineering of nuclear power ; Cambridge, Mass., Addison-

Wesley Press, Inc., v. 2, p. 1-18.

Thorium is not a particularly scarce element in the earth's crust ; it is found

in about the same quantity as tin, cobalt, zinc, or lead. Economically workable

concentrations of thorium are, or have been, less common than those of tin,

cobalt, zinc, or lead.

Monazite, for all practical purposes, has been the only commercial source of

thorium, and it is generally considered to have been derived from pegmatite

sources. Economic deposits have been concentrated into placers by the weather

ing of such pegmatites.

The monazite mining capacity of India is about 7,000 tons per year, which

could be increased by shifting operations from low-monazite high-ilmenlte sands

to sands richer in monazite. The monazite mining capacity of Brazil is about

1,500 tons per year, which could be increased by adding equipment or going on

two shifts. Australia's capacity is about 100 tons per year.

The monazite reserves of India were estimated 25 years ago to be over 2 million

tons on a basis of beds 2 feet thick containing 10 percent monazite. They have

not been seriously depleted. Brazilian deposits are thought to be of similar

magnitude. Ceylon deposits are stated to be very rich but not extensive.

Petar, A. V., 1935, The rare earths: U. S. Bur. Mines Inf. Circ. 6847, 46 p.

This is a general paper, with a good bibliography, on the rare earths. A

description and list of properties of the individual elements by family are

included, and the history of their discovery is reviewed. Tables are presented

of the abundances of rare earths in the earth and of rare-earth-bearing minerals

and their occurrence. The chemical separation of these elements and the

rare-earth industry, both foreign and domestic, are described. Tables of im

ports and exports, a discussion of tariff regulations, markets and prices, and a

list of producers, dealers, and possible buyers of rare earths are included.

Pratt, J. II., 1916, Zircon, monazite, and other minerals used in the production

of chemical compounds employed in the manufacture of lighting apparatus:

N. C. Geol. and Econ. Survey Bull. 25, p. 19-69.

This is an excellent report on monazite and the rare earths. A description

of the yttrium minerals is given with special attention to gadolinite. Thorium-

bearing minerals are also described. Monazite is described as a source of

thorium and cerium for use in incandescent lamp mantles, and its occurrence is

covered thoroughly by a table of foreign and domestic localities, which lists

the country rock and minerals associated with each locality. The uses of
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lanthanum are reviewed. The Carolina and Idaho areas are described in

more detail. Production In North Carolina from 1893 to 1915 is reviewed. A

full description is given of the mining and cleaning of the Carolina monnzite

sands, including an attempt at mining saprolite. A description of the Brazil

ian deposits, the history of foreign trade in monazite, and Import and export

data on monazite and thoria are included.

Pratt, J. H., 1917, Monazite In the United States : Mineral Foote-Notes, v. 1, no. 10,

p. 8-15.

A table of occurrences of monazite lists for each locality the country rock and

associated minerals. The Carolina and Idaho deposits and the types of rock in

which they occur are discussed. A description of monazite and a brief discus

sion of its uses are included.

Pratt, J. II., and Sterrett, D. B., 1910, Monazite and monazite-mlning in the

Carolinas : Am. Inst. Min. Eng. Trans., v. 40, p. 313-340.

Monazite and its occurrences in the United States are described along with

the geology and deposits of the Carolina monazite region. A description of the

separation and uses of monazite is included.

Roots, E. F., 1946, Cerium and thorium : Western Miner, v. 19, no. 8, p. 50-56.

Minerals carrying cerium and thorium (particularly monazite, thorite,

auerlite, thorianite, and xenotime) are described, and placer and lode deposits

of cerium- and thorium-bearing minerals, both foreign and domestic, are re

viewed. Other items covered are the production and consumption of cerium

and thorium ; mining and milling ; marketing, shipping, and duties ; extraction

of cerium and thorium compounds from monazites ; byproducts and utilization ;

and grades, prices, and buyers of cerium and thorium products and ores.

Santmyers, R. M., 1930, Monazite, thorium, and cerium: U. S. Bur. Mines Inf.

Clrc. 6321, 43 p.

Thorium- and cerium-bearing minerals and ores, especially monazite, are re

viewed, and tests for their identification, history of their discovery, and brief

descriptions of their mode of occurrence and geographical distribution are

given. Other topics especially well covered are domestic and world production,

imports, exports, trade, and the tariff history of monazite, thorium, and cerium.

The Incandescent gas-mantle industry is described and other uses of thorium

and cerium are discussed. Mesothorium is described and Imports listed. A

good bibliography is included.

At Mineral City, Fla., 4 miles south of Jacksonville Beach, monazite, along

with zircon and rutlle, was recovered as a byproduct of ilmenite mining (see

p. 11). In 1925 there was a reported production of 2,000 pounds of monazite

from this deposit.

Schaller, W. T., 1922, Thorium, zirconium, and rare-earth minerals: Min. Res.

U. S., 1919, pt. 2, p. 1-32.

This report includes a review of the thorium and rare-earth industry with

production and import data, both foreign and domestic; foreign and domestic

producing localities ; uses ; and a review of the sources of ore. Monazite, thorite,

auerlite, and thorianite are described; analyses of foreign and domestic mona

zites with percentage of thoria are given. A good selected general bibliography

covering foreign and domestic occurrences is included.
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Schrader, F. C, 1910, Aa occurrence of monazite in northern Idaho : U. S. GeoL

Survey BuU. 430, p. 184-191.

Occurrences of monazite are reported in Idaho on Mussel Shell Creek, Xez

Perce (now Clearwater) County, near Dent, and in the Pierce district, Idaho.

The Mussel Shell Creek deposit is described, and analyses of the monazite from

this locality are given.

The origin and distribution of monazite in Idaho are discussed and related to

the Idaho batholith. A bibliography is included.

Sharp, W. N., and Pray, L. C, 1952, Geologic map of bastnaeslte deposits of the

Birthday claims, San Bernardino County, Calif. : U. S. Geol. Survey Min.

Inv. Field Studies Map MF 4.

The Precambrian metamorphlc complex, country rock in the Birthday claims

area, is intruded at the Birthday claims by a body of shonkinlte which contains

most of the bastnaeslte veins in the area. The shonkinite and enclosing gneiss

are cut in turn by fine-grained granite bodies and other intruslves.

The barite-rich bastnaesite-bearing carbonate veins follow a west- to north

west-trending fracture system which cuts the Precambrian metamorphlc com

plex as well as the intrusive sequence. The veins have been divided into six

types on the basis of mineral content.

The main minerals of the veins are bastnaesite, calcite and other car

bonates, barlte, quartz, and lluorite. The paragenesis of the minerals, at least

locally, is bastnaesite, barite, and the carbonates. Quartz and fluorlte may have

been deposited later.

Thorium is the main radioactive element in the veins and in the shonkinite,

which is more radioactive than the country rock. The largest concentrations

of thorium and uranium are in limonitic alteration products found in the

weathered veins. Small amounts of these elements occur In the bastnaeslte.

Sloan, Earle, 1908, Catalogue of the mineral localities of South Carolina : S. C.

Geol. Survey, 4th ser., Bull. 2, p. 129-142.

The geographic limits of monazite zones in South Carolina are described,

and detailed locations of monazite gravels in the State are given.

Soul6, J. H., 1946, Exploration of Gallinas fluorspar deposits, Lincoln County,

N. Mex. : U. S. Bur. Mines Rept. Inv. 3854, 25 p.

Bastnaesite was discovered in the Gallinas deposits during the Bureau of

Mines drilling program in 1943-44. Methods for separating the bastnaesite are

discussed. Analyses of bastnaesite are included.

Staley, W. W., 1948, Distribution of heavy alluvial minerals in Idaho: Idaho

Bur. Mines and Geology Min. Res. Rept. 5, 12 p.

The mlneralogical and chemical composition of black sands, their commercial

use, and the distribution of such sands in Idaho are described. Assay results

on Idaho heavy sands are given by localities along with chemical and spectro-

graphic analyses. The estimated tonnages of monazite, zircon, and ilmenite

available in Idaho are listed ; the amount of monazite is 181,500 tons.

Staley, W. W., and Browning, J. S., 1949, Preliminary Investigation of con

centrating certain minerals in Idaho placer snnd : Idaho Bur. Mines and

Geology Pamph. 87, 23 p.

Increasing Interest in certain heavy minerals accumulated In placer deposits

led to this study on the methods of concentrating monazite, zircon, Ilmenite,

and magnetite in material obtained primarily from dredging operations in the
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Boise Basin, Idaho. The experimental method found successful in separating

these minerals is a combination of screening, flotation, and magnetic separation.

Sterrett, D. B., 1907, Monazite and zircon : Min. Res. U. S., 1906, p. 1195-1209.

The monazite industry as a whole is reviewed, and the geology of monazite

deposits and the mining and cleaning of the monazite sand in North Carolina,

South Carolina, and Georgia are described. The deposits in Idaho and in for

eign countries are reviewed. Figures are given on price, production, imports

and exports of monazite.

1911, Monazite and zircon : Min. Res. U. S., 1909, pt. 2, p. 897-905.

The monazite deposits near Centerville, Idaho, the operation of the Center-

ville Mining and Milling Co. along Grimes and Quartz Creeks, Idaho, and the

methods of mining and concentrating are described. Estimates of the mona

zite and thoria content of the deposits are given.

Trites, A. F., and Tooker, E. W., 1953, Uranium and thorium deposits in east-

central Idaho and southwestern Montana : U. S. Geol. Survey Bull. 988-H,

p. 157-209.

Monazite occurs in Precambrian pegmatites of the Deer Creek district, Mon

tana (p. 184-191), at the Divide nos. 1 and 2 claims and at the Gray Goose

claims where allanlte also occurs in the pegmatite. The lookout no. 3 claim In

the same district contains an hydrothermal carbonate vein, a sample of which

contained 0.24 percent thorium oxide and 2.71 percent rare earths, cutting

Precambrian (?) gneissic hornblende diorite.

The 11 deposits examined in the Lemhi Pass district (p. 191-208) contain

thorium. Thorite is the main thorium-bearing mineral and occurs in quartz-

hematite veins which fill fractures in the Precambrian Belt series and which

measure from less than 1 foot to 50 feet In width and from 10 to more than 700

feet in length. Other minerals in the veins are goethite, chalcedony, and barite.

Samples from the veins contain as much as 6.6 percent calculated thorium oxide,

and spectrographs analysis indicates the presence of yttrium, cerium, samarium,

neodymium, gadolinium, and lanthanum.

Copper veins also occur as fracture fillings in the Belt series in the Lemhi Pass

district. The radioactivity of these veins is similar to that of the quartz-

hematite veins, and It is thought to be caused by thorium.

The claims and mines checked in the Lemhi Pass district are the Wonder Lode

mine, the Buffalo nos. 1 and 2 claims, the Wonder Lode no. 18 claim, the Lucky

Strike nos. 1 and 2 claims, the Trapper nos. 1 and 4 claims, the Radio claim, the

Brown Bear claim, the Last Chance claim, and the Shady Tree claim.

United States Atomic Energy Commission, 1954, Sixteenth semiannual report

of the Atomic Energy Commission : Washington, D. C, U. S. Govt. Printing

Office, p. 25.

The Atomic Energy Commission now has an homogeneous thorium reactor in

the planning stage. This reactor will use thorium as a blanket from which

uranium 233 will be produced. Construction of the reactor Is planned to begin

in the fiscal year 1957 and to be completed in the fiscal year 1959.

United States Congress Documents, 1952, 82d Cong., 2d sess., H. Doc. 527, v. 4,

p. 22, 23, 112-114.

The current need to increase domestic supplies of thorium and the rare earths

has led to the discovery of deposits of monazite in Idaho and bastnaesite in New

Mexico and California. New techniques for separating the rare earths will
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make It possible to develop new individual uses for these elements, which are

now often used in the mixture known as mlschmetal.

Embargoes on the exportation of monazite from Brazil and India have raised

the price of domestic monazite. The development of new uses for the rare

earths has been discouraged because the supply has been considered limited and

the price, even of foreign ore, has been unstable. The recent bastnaesite dis

coveries could supply all the current requirements for rare earths for many

years, and monazite mining could be abandoned if bastnaesite had a higher

thorium content. Hence the thorium content of monazite continues to make It a

mineral essential to our nation, and it is estimated that the probable production

of monazite from Idaho will be from 3,000 to 5,000 tons a year for the years

1952 to 1955.

Experiments with pure thorium are being carried on, and they indicate that

the properties of the metal are such that there will be a continuing demand

for thorium, even outside the field of atomic energy.

United States Congress Documents, 1953, 83d Cong., lst-2d sess., Hearings on

S. R. 143, pt. 1, p. 211-219.

The United States is now becoming self-sufficient in rare-earth metals, largely

through the intense search made for rare-earth-bearing minerals since 1950.

Promising deposits and adequate reserves of monazite have been found in South

Carolina and in Idaho, and a large deposit of bastnaesite has been found at

Mountain Pass, Calif. Foreign supplies have been seriously curtailed since

January 1951, although there is a possiblity that these sources might be reopened

to the United States. Shipments of monazite have been contracted for from

Africa for a 3-year period.

Substitutes are available for the rare earths in certain of their uses, such as

in carbon-arc electrodes and in flints for lighters.

Recommendations made to assure adequate supplies of rare earths are :

1. A stockpile sufficient for a 5-year emergency.

2. Continued exploration for new placer deposits of monazite and byproduct

minerals.

3. Development of markets for the byproduct minerals of monazite placer

mining.

4. Continued studies to improve recovery of monazite and heavy minerals from

placers and to Improve extraction of rare earths from the ore.

5. Extensive study of the treatment of bastnaesite and its separation from

gangue minerals.

6. Studies of the separation of individual rare-earth elements from their ores.

7. Research in metallurgy on the value and uses of the individual rare-earth

metals.

West, W. S., and Matzko, J. J., 1053, Buckland-Kiwalik district, 1947, in Gault

H. R., and others, Reconnaissance for radioactive deposits in the northeastern

part of the Seward Peninsula. Alaska, 1945-47 and 1951 : U. S. Geol. Survey

Circ. 250, p. 21-27.

Uranothorianite and thorite are the most important of the radioactive minerals

found widely distributed in the Buckland-Kiwalik district. These minerals occur

mainly in well-defined placer zones within areas of granitic rock and are thought

to be concentrated accessory minerals from the differentiate phases of certain

of the granitic rocks. It is possible, however, because of the presence of

metallic sulfides, that some of the uranium was introduced during a period of

hydrothermal alteration of the granitic rocks. Concentrations of uranothorianite

are found in the headwaters of the Peace River and Quartz and Sweepstakes
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Creeks on Granite Mountain ; In the Hunter Creek-Connolly Creek area ; and on

Clem Mountain. The Peace River placer locality may be a lead to a high-grade

uranium lode.

White, M. G., and Stevens, J. M., 1953, Reconnaissance for radioactive deposits

in the Ruby-Poorman and Nixon Fork districts, west-central Alaska, 1949 :

U. S. Geol. Survey Circ. 279, 19 p.

In the Long area of the Ruby-Poorman district are two small granite bodies

with an average equivalent uranium content of 0.005 percent This radio

activity is due largely to uranothorite(?) disseminated throughout the granite.

No high concentrations of the mineral were found.

In the Nixon Fork district uraniferous thorianite, allanite and other radioactive

minerals whose radioactivity is principally due to thorium, were found in the

placers of Hidden, Ruby, and Eagle Creeks. Bedrock occurrences are found

at the Whalen mine where the rare-earth mineral parisite is found along with

allanite, radioactive hematite and spbene, and zircon ; in the monzonite of the

Ruby Creek area which contains zircon and sphene ; and the Nixon Fork mine.

Anonymous, 1949a, Monazite production : Min. Cong. Jour., v. 35, no. 7, p. 71.

Bare Earths Mineral Co., McCall, Idaho, is extracting monazite from Idaho

sands and is contracting to ship 16,000 tons of concentrated sand during the

next 10 years.

1949b, Monazite research : Min. Cong. Jour., v. 35, no. 9, p. 82.

University of Idaho School of Mines is conducting a research program on the

rare earths recovered as byproducts in the milling of monazite sand.

Idaho placer gravels are being treated for monazite content at a plant at

McCall, Idaho.

1950a, Idaho—Operation of a bucket-line dredge on Big Creek: Bng.

Min. Jour., v. 151, no. 11, p. 130.

A bucket-line dredge on Big Creek, Idaho, is producing monazite and gold

and is handling 5,000 to 6,000 yards of gravel daily.

1950b, Wyoming—-Atomic energy representatives investigating the uranium

deposits reported at Sundance : Eng. Min. Jour., v. 151, no. 6, p. 126.

The uranium deposits at Sundance, Wyo., contain low-grade uranium and rare-

earth oxides.

1952a, Companies join with Heim to develop bastnasite : Eng. Min. Jour., v.

153, no. 1, p. 108.

The Gallinas district, Lincoln County, N. Mex., produces each month several

• arloads of rare-earth ore which is shipped to Lindsay Light & Chemical Co.

1952b, Fred Baumhoff, Centerville, Idaho : Eng. Min. Jour., v. 153, no. 2,

p. 168-169.

Fred Baumhoff, operating near Cascade, Idaho, has shipped 1,000 tons of mona

zite to Lindsay Light & Chemical Co.

1952c, Southern California's rare-earth bonanza : Eng. Min. Jour., v. 153,

no. 1, p. 100-102.

The massive bastnaesite-barite veins of the Mountain Pass district are de

scribed, and an estimate of their size and grade is given. The ore-dressing prob

lem Is discussed. A history of the discovery and development of the district is

presented.
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Anonymous, 1954a, Atlantic beaches radioactive : Min Cong. Jour., v. 40, no. 1,

p. 63.

The U. S. Geological Survey has released maps showing the location of radio

activity anomalies detected along parts of the Atlantic Ocean beach from Cap*

Henry, Va., to Cape Fear, N. C, and from Savannah Beach, Ga., to Miami Beach,

Fla. These anomalies may or may not indicate the presence of uranium oi

thorium.

1954b, Dredges work Idaho sand : Eng. Min. Jour., v. 155, no. 3, p. 190.

Dredges operating in the Long Valley, Idaho, area are recovering monazite from

gravels which contain about 15% pounds per cubic yard of black sand which in

turn contains about 7% percent monazite. The black sand is separated at Boise

in the Baumhoff-Marshall, Inc. plant. Half of the monazite, which contains

about 60 percent rare-earth metals, is purchased by Lindsay Light & Chemical Co.

and half by the Government for stockpiling.

Bear Valley, Idaho, is reported to be a new source of radioactive elements, in

cluding thorium and rare earths. Production in Bear Valley is scheduled

to begin by September 1954.

1954c, Idaho dredge plans : Min. Cong. Jour., v. 40, no. 8, p. 127.

Preparations are being made for large-scale dredging in Bear Valley, Idaho,

where a plant for processing the dredge products is to begin operations by

September 1954. Monazite, thorium, tantalum, columbium, and uranium are to

be recovered.

■ — 1954d, Survey eastern coast : Min Cong. Jour., v. 40, no. 6, p. 98.

The U. S. Geological Survey has released maps showing the location of radio

activity anomalies detected along parts of the Atlantic Ocean beach between Cape

Fear, N. C, and Edisto Island, S. C, and along the Gulf of Mexico between Sani-

bel and Caladesi Islands, Fla. These anomalies may or may not indicate the

presence of uranium or thorium.

1954e, Three of central Idaho's placer deposits are currently producing

radioactive minerals : Eng. Min. Jour., v. 155, no. 5, p. 93.

The Bureau of Mines announces the production of rare-earth minerals-

thorium, uranium, columbium, and tantalum—from the Big Creek, Boise Basin.

and Ruby Meadows placers in Idaho. The Bureau lists as potential producers

Bear Valley, Secesh Meadows, Scott Valley, Horsothief Basin, Pearsol and Corral

Creeks.
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BIBLIOGRAPHY OF TITANIUM DEPOSITS OF THE WORLD

By Robert Lawthers and Helen R. Mark

INTRODUCTION

Since early 1951, when the U. S. Geological Survey issued Circular 87,

"Bibliography on titanium," by J. R. Carpenter and G. W. Luttrell, the

titanium industry has continued to expand. Not only has the production

of titanium metal advanced from the experimental stages to become a

new and important industry, but the production of titanium pigments

has increased. As a result of this expansion, new sources of titanium

ore have been developed. This bibliography has been prepared, there

fore, to fulfill the need for a comprehensive, up-to-date compilation of

the literature on raw materials used by this important industry.

The preparation of the bibliography was facilitated by consulting

references given in Circular 87, and by using articles obtained during

the senior author's studies of the worldwide resources of titanium (manu

script in preparation) .

The authors acknowledge with thanks the assistance given by

A. P. Cerkel during initial phases of the compilation.

EXPLANATION OF THE BIBLIOGRAPHY

This bibliography contains about 600 references selected to provide

information on the resources and utilization of titanium deposits; it

includes articles on the geology, resources, exploration, mining methods,

and beneficiation of deposits. Because some general background infor

mation is necessary for a proper evaluation and understanding of the

economics of titanium, a few articles are included on the mineralogy

of titanium minerals, the geology of rocks in which titanium deposits

occur, and the petrology and geochemistry of mineral assemblages that

are common to both titaniferous and other deposits.

The utilization of a deposit depends, in part, on mining and ore-

dressing techniques, hence articles on these subjects relevant to certain

deposits are included.

Production and consumption statistics, information on uses of titanium
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compounds, methods of producing metal and pigments, and other data

on various phases of the titanium industry are of secondary importance

in this bibliography. Such material has been treated comprehensively

in other reports. (See, for example, Archer and Gibson, 1953; Brophy,

Archer, and Gibson, 1952; and DuMont, 1947).

The bibliography has been compiled from domestic and foreign publi

cations available through December 31, 1955, in libraries in the Wash

ington, D.C., area. Most of the entries were obtained from publications

in the U. S. Geological Survey Library and the Central Library of the

Department of the Interior.

Individual references are given in the language that appears on the

title page of the publication. Exceptions are references by Japanese and

Chinese publications, which are given in English. A translation, within

the citation, of the title and publication of some foreign entries, particu

larly Russian, is inclosed in brackets. In some instances brief notes

have been added at the end of the citation, and where there were no

titles, brief bracketed titles have been supplied.

Much information published as short articles in the "current events"

sections of technical journals is of interest only for a short time. How

ever, all such articles that contain material believed to be of permanent

value have been included in the bibliography.

Annual summaries of developments in the titanium industry appear in

many technical journals and publications of State and Federal geologi

cal surveys and mining bureaus. Although many of these reports give

excellent annual summaries, the references included in this bibliography

are those which contain information on titanium deposits that has not

been published elsewhere. Exceptions are the issues of the Minerals

Yearbook from 1940 to the present, which are included because they

provide excellent summaries of the years of greatest development of the

domestic titanium industry. The annual volumes of the Minerals Year

book have been published for the years 1932-33 to the present by the

U. S. Bureau of Mines. They were preceded by the annual volumes

of the Mineral Resources of the United States, issued for the years 1924

through 1931 by the Bureau of Mines, and from 1882 through 1923 by

the U. S. Geological Survey.

The references in this bibliography are listed by authors in alpha

betical order; those by anonymous authors are at the end. All citations

are cross-indexed, and the index is subdivided to include such topic?

as location of deposit, geology, resources, mineralogy, petrology, and

mining activities. Information pertaining to production, consumption,

trade statistics, metal technology, uses of titanium products, and related

subjects is not indexed completely, because the principal purpose of the

bibliography is to provide references on deposits of titanium.
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Moisle sand deposits : Dulieux 1915

Natashkwan sand deposits : Mac

kenzie 1912a, b

St ("harles prospect, Chicoutlmi

County :

Dulieux 1916

Imperial Institute 1917b

Robinson 1922, 1926

Stansfleld 1916

St Urbain : Karpoff 1953

Shawlnlgan mine : Robinson 1922

Egypt.

Abu Ghalqa deposit (Wad! El

Ranga) : Holman 1968

Finland.

Otanmaki: Magnusson 1950

India.

Mysore.

Tltanlferous magnetite deposits :

Radhakrlshna 1951

Titanium minerals in bauxite :

Swamp and Sharma 1954

U. S. Bur. Mines 1960

New Zealand.

Tltanlferous Iron sands:

Aubel 1920

Anonymous 1955q

Norway.

Rodsand : Imperial Mln. Res. Bur.

1922e

SolnSrdal : Magnusson 1950

Sierra Leone.

Norlte body near Freetown : Sierra

Leone Geol. Survey 1948

Sweden.

Miscellaneous deposits: Magnusson

1950

Union of Soviet Socialist Republics.

Ural Mountains.

Kusa : Kullbln 1935

United States.

Arkansas.

Christy deposit :

Fine and Frommer 1952

Tumin and Cservenyak 1956

Magnet Cove area :

Falconer and Crawford 1944

Fine and others 1949

U. S. Bur. Mines 1988b

Titanium minerals in bauxite :

Calhoun 1960

Coghill 1928

Lawthers 1954

California.

San Gabriel Mountains: Oakeshott

1948
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Beneflclatton tests—Continued

United States—Continued

Idaho.

Stream placer deposits: Shelton ami

and Stickney 1955

Minnesota.

Titaniferous deposits In Duluth

gabbro : Grout 1949-50

Montana.

Teton County titaniferous sand

stone :

Barksdale 194 9

Wimmler 1946

Nevada.

Blue Metal corundum property :

Blnyon 1946

Corral Canyon mine : U. S. Bur.

Mines 193Sb

New York.

Lake Sanford area: Balsley 1943

Maclntyre mine, Tahawus :

MacMlllan, Dinnln 19E0

MacMillan, Heindl 1962

Sanford Hill deposit (At present,

Maclntyre mine) : Slngewald

1913b

North Carolina.

Buffalo Creek monazite placer :

Griffith and Overstreet 1953a

First Broad River monazite placer :

Hansen and Cuppels 1954

Knob Creek monazite placer: Grif

fith and Overstreet 1958b

Yadkin Mica and Ilmenite Co. :

McMurray 1944

Oldham 1952

Oregon.

Beach sands of southwest coast :

Dasher and others 1942

Rhode Island.

Iron Mine Hill, Cumberland:

MacMillan, Heindl 1962

Tumin and Cservenyak 1965

Texas.

Marfa rutile deposit, Jeff Davis

County: U. S. Bur. Mines 1942

Wyoming.

Iron Mountain deposit :

Back and others 1952

Dletz 1932

Frey 1946b

O'Dea 1946

Osterwald and Osterwald 1952

Finnel 1954

Singewald 1913b

Tumin and Cservenyak 1955

Bibliography:

Archer and Gibson 1963

Brophy, Archer, and Gibson 1952

Carpenter and Luttrell 1953

Dumont 1947

Anonymous 1950b

Europe.

Bulgaria.

Bourgas black sand deposits:

Kurope—Continued

Bulgaria—Continued

Bourgas black sand deposits—Cont.

Gmelln-Instltut 1951

Lawthers 1954

U. S. Bur. Mines 1988a

England.

Cornwall.

St Keverne titanium placer: Lam

ming 1952

Finland.

Miscellaneous deposits :

Harme 1965

Lawthers 1954

Mamm 1952

Palmunen 1952

Pehrman 1927

Otanmaki deposit:

Gmelln-Instltut 1961

Jarvinen 1954

Lawthers 1964

Magnusson 1950

Marmo 1952

Meyer 1949

Paarma 1954

Shimkln 1953

Stigzellus 1952

United Nations 1966

Vaasjokl 1947

Anonymous 1953e, g

Germany.

Frisian Islands :

Lawthers 1954

Trusheim 1935

Anonymous 1962f

Hungary.

Szarvasko, Bilkk Mountains:

Gmelln-Instltut 1951

Lawthers 1954

Pant6 1952

Szentpetery 1937

Italy.

Titaniferous coastal sands :

Gmelln-Instltut 1951

Lawthers 1954

Tucker 1927

U. S. Bur. Mines 1946b

Norway.

General :

Bugge 1953

Gmelln-Instltut 1951

Magnusson 1960

Poulsen 1952

Ekersund-Soggendal area :

Barksdale 1949

Bugge 1953

Cservenyak and Tumin 1964

Dulleux 1915

Evrard 1944

Frankel and others 1951

Gillson 1949

Gmelln-Instltut 1961

Hess and Gillson 1937

Imperial Min. Res. Bur. 1922e

Kemp 1899a, b
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Europe—Continued

Norway—Continued

Ekersund-Soggendal area—Continued

Lawthers 1964

Magnusson 1950

Meyer and Bryson 1948

Michot 1939

Poulsen 1952

Robinson 1922

Thornton 1927

Tucker 1927

United Nations 1955

U. S. Bur. Mines 1951, 1953b

Vogel, F. 1950

Warren 1918

Youngman 1930b

Anonymous 1951d, 1955h

Tellnes deposit : Anonymous 1955n,

s, u, v, w

Kragero rutlle deposit :

Barksdale 1949

Hess and Gillson 1937

Imperial Institute 1917a

Lawthers 1954

Robinson 1922

Thornton 1927

Warren 1918

Watson 1915, 1917

Watson and Taber 1913

Youngman 1930b

RSdsand :

Bugge 1963

Omelin-Instltut 1951

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Magnusson 1950

Poulsen 1953

United Nations 1955

U. S. Bur. Mines 190 3b

Youngman 1930b

Anonymous 1955n

Selvaag :

Bugge 1953

Gmelln-Institut 1951

Imperial Min. Res. Bur. 1922e

Lawthers 1964

Magnusson 1950

Poulsen 1952

United Nations 1955

SoinOrdal :

Bugge 1953

Gmelin-Institut 1951

Imperial Min. Res. Bur. 1922e

Lawthers 1964

Magnusson 1950

Poulsen 1952

Portugal:

Barksdale 1949

Castro 1947

Gmelin-Institut 1951

Lawthers 1954

Youngman 1930b

Spain.

Miscellaneous deposits :

Gmelin-Institut 1(151

Lawthers 1954

1952

1952

Europe—Continued

Spain—Continued

Miscellaneous Deposits—Continued

U. S. Bur. Mines 1947b, 1949a

Anonymous 1942a, 1944

Sweden.

JarvsiJ, Kramsta :

Geljer and Magnusson

Lawthers 1954

Magnusson 1950

Ruoutevare :

Dulieux 1916

Geijer and Magnusson

Gmelin-Institut 1951

Imperial Min. Res. Bur. 1922e

Kemp 1899b

Kuhn 1927

Lawthers 1964

Magnusson 1950

United Nations 1955

S5dra UlvBn:

Geljer and Magnusson 1952

Gmelin-Institut 1951

Lawthers 1954

Magnusson 1950

Mogensen 1946

Taberg :

Bateman 1951

Dulieux 1915

Evrard 1944

Geijer and Magnusson 1952

Hjelmqvlst 1949

Imperial Min. Res. Bur. 1922e

Kemp 1899b

Kuhn 1927

Lawthers 1954

Magnusson 1950

United Nation* 1965

Union of Soviet Socialist Republics.

Karelia and Kola Peninsula.

General :

Gmelin-Institut 1951

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Leningrad, Geog.-ekon. nauchno-

Issled. in st 1934

Leningrad, Geog.-ekon. nauchno-

Issled. Inst. 1935

Polkanov 1937, 1944

Pudozhgora deposit :

Gmelin-Institut 1961

Lawthers 1954

Leningrad, Geog.-ekon. nauchno-

lssled. inst 1934

Shlmkin 1953

Suirokomskl 1926

Anonymous 1948a

Miscellaneous deposits:

Bol'shoy sovetskiy atlas mira

1937-39

Gmelin-Institut 1951

Lawthers 1964

Suirokomskl 1926

Ural Mountains.

General :

Afanas'yev-Solov'yev 1934
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Kurupe—Continued

Union of Soviet Socialist Repub lies—Cent.

Ural Mountains—Continued

Barksdale 1949

Gmelln-Instltut 1951

Gorskiy 1939

Hess and Gillson 1937

Lawthers 1954

Malyshev 1936

Panteleyev and Malyshev 1934

Shimkln 1953

Suirokomski 1926

Vogel, F. 1950

Kusa deposit:

Barksdale 1949

Gmelln-Instltut 1951

Imperial Mln. Ken. Bur. 1922e

Kullbin 1935

Lawthers 1954

Malyshev 1937

Panteleyev and Malyshev 1934

Shimkin 1953

Suirokomski 1926

Other deposits:

Gmelin-lnstitut 1951

Panteleyev and Malyshev 1934

Shimkln 1953

Suirokomski 1921!

Vertushkov 1949

Warren 1918

Kxploltatlon and utilization of titaniferous

deposits.

General :

Dulieux 1915

Singewald 1913b

Development plans.

Maryland.

Cove Point: Anonymous 1955g

Mexico.

Pluma Hidalgo : Anonymous 1955a,

b, c

Western Australia.

Wonnerup : McMath 1951

Possibilities of utilization.

Argentina.

Buenos Aires Province coastal

sands: Lannefors 1929

New Zealand.

Titaniferous iron sands : Anony

mous 19531

Union of South Africa:

Frankel and others 1951

Masson 1953

United States.

California.

San Gabriel Mountains : Oake-

shott 1948, 1950

New York.

Essex County deposits : Singe-

wald 1913b

Sanford Hill deposit: Singewald

1913b

Rhode Island.

Iron Mine Hill, Cumberland :

Singewald 1913b

Exploitation and utilization of titaniferous

deposits—Continued

Possibilities of utilization—Continued

United States—Continued

Virginia.

Amherst-Nelson Counties area :

Ryan 1933

Rutlle deposits : Watson and Ta-

ber 1913

Wyoming.

Iron Mountain deposit: Singe

wald 1913b

Hawaii.

Titaniferous soils : Sherman 1954

Exploration.

Airborne radioactivity surveys.

United States.

Southeast coast : Moxham and John

son 1953

Florida.

Beaches of west coast: Meuschke

and others 1953

Florida and Georgia.

Folkston area: Moxham 1954

South Carolina.

Edlsto Island area: Meuschke 1955

Field test for titanium: Shapiro and

Brannock 1953

Magnetic surveys.

Canada, Quebec.

Allard Lake:

Bourret 1949

Hammond 1952

McDonald 1961

United Nations 1955

Degrosbois deposit: Osborne 1936

Ivry deposit: Osborne 1936

Natashkwan sand deposits: United

Nations 1955

St Urbaln: Gillson 1932

Norway.

Ekersund-Soggendal area: Anony

mous 195 Su, w

United States.

New York.

Lake Sanford area : Balsley 1943

Oregon.

Sands of southwest coast: Ste

phenson, E. L. 1945

Wyoming.

Laramie Range: Dempsey 1965

Shanton deposit: Frey 1946a

Methods of test-drilling.

Florida.

Trail Ridge area: Thoenen 1950

Idaho.

Long Valley area, Cascade: Argall

1954

Virginia.

Plney River deposit: Davidson 1948

Results of test-drilling.

Arkansas.

Christy brookite deposit: Reed

1949a

Magnet Cove area: Dupuy 1949
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Exploration—Continued

Results of test-drilling—Continued

Arkansas—Continued

Magnet Cove area—Continued

Fryklund and others 1954

Magnet Cove Rutlle Co. deposit:

Reed 1949b

Spencer 1946

Florida.

Burled heavy mineral sands, central

and northeast part of state:

Thoenen and Warne 1949

Trail Ridge area: Spencer 1948

Trail Ridge mine, Starke : Carpen

ter and others 1953

Idaho.

Bovill clay deposit: Scheld and

Hosterman 1951

Deary clay deposit :

Scheld and Sohn 1945

Scheld, Sohn 1952

Olson clay deposit: Scheld, Hoster

man 1961a

Stanford clay deposit: Scheld, Hos

terman 1951b

Stockton and Stanley Hill clay de

posits: Scheld 1952

Maryland.

Cove Point: Anonymous 1953d

Minnesota.

Titan iforouM deposits in Duluth gab-

bro: Grout 1949-50

Montana,

Teton County titanlferous sand

stone : Wimmler 1946

New York.

Lake Sanford area: Balsley 1943

North Carolina.

Buffalo Creek monazlte placer :

Griffith and Overstreet 1953a

First Broad River monazlte placer :

Hansen and Cuppels 1954

Knob Creek monazlte placer: Grif

fith and Overstreet 1963b

Virginia.

Bush - Hutchlns deposit, Roanoke

County: Hickman 1947

Washington.

Excelsior clay deposit :

Scheld 1945

Scheld, Hosterman 1945

Wyoming.

Iron Mountain deposit:

Frey 1946b

Plnnel 1964

Shanton deposit:

Frey 194 6a

Jlild 1953

Tumln 1966

Geochemistry.

General :

Clarke 1924

Daly 1933

Hevesy, von 1931

Rankama and Sahama 1951

Geochemistry—Continued

Association of titanium and niobium.

General : Fleischer and others 195!

Arkansas.

Magnet Cove area: Fryklund an J

others 1954

Chemical composition of ilmenite anil

magnetite.

General : Buddlngton and others 1955

Greenland.

Skaergaard complex: Vincent and

Phillips 1954

Wyoming.

Iron Mountain : Newhouse and Hag-

ner 1951

Chromium, titanium, and vanadium re

lations.

General :

Lawthers 1954

Robinson 1922

Wilson, H D. B. 1953

New York.

Lake Sanford area: Balsley 194J

New Zealand.

TaranakI Iron sands:

Hutton 1945b

Wylle 1938

Union of South Africa.

Bushveld complex: Schwellnus ant!

Wlllemse 1943

Field test for titanium: Shapiro and

Brannock 1953

Magnetic properties of ilmenlte-magne-

tite assemblages : Chevalller and

others 1954

Stability of gelkiellte and Ilmenite:

Sahama and Torgeson 194 9

Geology.

Algeria.

Sand deposits : Bellair 1940

Argentina.

Buenos Aires Province.

Coastal sands: Lannefors 1929

Catamarca.

Mlna Podesta: Bass! 1952

Australia.

Beach deposits.

General :

Blaskett 1960

Dunkln 1953

Fisher 1948, 1949

Gardner 1951

Glllson 1949

Lyons 1964

U. S. Bur. Mines 1948c

Anonymous 19551

New South Wales :

Poole 1939

U. S. Bur. Mines 1935

Anonymous 1939

Queensland :

Beasley 1948, I960

Carlson 1944

Connah 1948

Morton 1948
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Geology—Continued

Australia—Continued

Beach deposits—Continued

Western Australia: McMath and

de la Hunty 1951a, b

New South Wales.

Tltaniferous magnetites near Wil

liams and Karuah Rivers: Im

perial Mln. Res. Bur. 1922d

Queensland.

Boyne River, Kingaroy district:

Cribb 1943

South Australia.

Mount Crawford area:

Imperial Institute 1938

Watson 1915

Watson and Taber 1913

Belgian Congo:

Huge and Egoroff 1948

Brazil.

Coastal placer deposits :

Fr6es Abreu 1933, 1936a

Glllson 1961

Gmelln-Instltut 1961

Rutlle deposits :

Chambers 1942

Prfies Abreu 1936a

Jobim 1941

Leonardos 1938

Zuqulm 1936

British Borneo.

Beach sands: Fitch 1962

Canada.

Alberta.

Burmls titanlferous sandstone : Rob

inson 1922

Ontario.

Angus township titanlferous mag

netite deposit, Nipisslng dis

trict: Hurst 1932

Pine Lake deposit, Haliburton coun

ty: Dulieux 1915

Seine Bay and Bad Vermillion Lake

area: Robinson 1922

Quebec.

General: Dulieux 1915

Allard Lake :

Bateman 1961

Bourret 1949

Bulsson 1952

Gmelln-Instltut 1951

Hammond 1949, 1952

Illihgworth 1952

Lawthers 1954

Retty 1942, 1944

Tumln and Cservenyak 1955

Bay of Seven Islands area :

Dulieux 1912b, 1915

Faessler and Schwartz 1941

Robinson 1922

Degrosbois deposit:

Dulieux 1913, 1915

Osborne 1936

Geology—Continued

Canada—Continued

Quebec—Continued

Ivry deposit:

Dulieux 1913, 1916

Osborne 1928, 1936

Robinson 1922

St Charles prospect, Chtcoutiml

county :

Denis 1925

Dulieux 1913, 1915

Robinson 1922, 1926

St Lawrence River sand deposits :

Dulieux 1912a, 1915

MacKenzle 1912b

St Urbaln:

Barksdale 1949

Dulieux 1912b, 1915

Glllson 1932

Gmelln-Instltut 1951

Karpoff 1953

Lawthers 1954

Mawdsley 1927

Osborne 1928

Robinson 1922

Ross 1941

Warren 1912, 1915

Watson and Taber 1913

Ceylon.

Titanlferous beach deposits :

Fernando 1948

Wadta 1943

Wadla and Fernando 1944

China.

Chl-chia-tzu deposit: Tsuru 1934

Egypt.

Abu Ghalqa deposit (WadI El Ranga) :

A mln 1964

Attla 1950, 1962

Stella 1932

England.

Cornwall.

St Keverne titanium placer : Lam

ming 1952

Finland.

Miscellaneous deposits :

Harme 1955

Palmunen 1925

Pehrman 1927

OtanmakI mine:

Magnusson 1950

Marmo 1952

Paarma 1954

Stlgzelius 1962

Vaasjokl 1947

French Cameroona.

Rutlle placer deposits: Haugou 1935

French West Africa.

Dahomey :

Blondel 1932

Chermette 1938

Ivory Coast

Coastal beach deposits :

Bolgarsky 1951

la Rue 1927, 1932
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Geology—Continued

French West Africa—Continued

Senegal.

Coastal beach deposits :

Arnaud 194S

la RUe 1932

Legoux 1939

Legoux and Faucheux 1935

Germany.

Frisian Islands.

Beach deposits: Trusheim 1936

Gold Coast:

Junner 1950

Greenland.

Skaergaard complex : Vincent and

Phillips 1954

Titaniferous placers: Moos 1938

Hungary.

Szarvasko, BUkk Mountains :

Pantft 1952

Szentpetery 1937

India.

Titaniferous magnetite deposits:

Dunn and Dey 1937

Fox 1926

Krishnan 1952

Krishnan and Roy 1942

Swanlmathan 192S

Tipper 1936

Travancore.

Beach deposits :

Barksdale 1949

Chambers 1939

Oillson 1949

Krishnan 1951

Krishnan and Roy 1942

Tipper 1914

Viswanathan 1961

Japan.

Fukushima Prefecture.

Kengaminc Mine: Andrews 1947

Titaniferous iron sands :

Andrews 1947

Kikuchi and others 1955

Maeda 1935

Mitsuchl 1952

Staatz 1947, 1948

Korea.

Kyonggl-do-Porum-do :

Gallagher and others 1946

Shoenpeito deposit: Ichlmura 1931

Madagascar :

Guigues 1951

Lacrolx 1920

Malaya.

Tin-bearing placer deposits : Scrive-

nor 1928

Mexico.

Guerrero.

Papanoa beach sands : Sanchez Me

jorada 1952

Oaxaca.

Huitzo llmenlte deposit: Sanchez

Mejorada 1952

Geology—Continued

Mexico—Continued

Oaxaca—Continued

Pluma Hidalgo: Sanchez Mejorada

1952

Morocco (French).

Beach sands : Agard and Permingett

1952

Mozambique.

Kakanga: Legraye 194 0

Mawili: Legraye 1940

New Zealand.

Titaniferous Iron Bands:

Finch 1947

Glllson 1949

Gmelin-Institut 1951

Hutton 1940, 1950

Imperial Min. Res. Bur. 1922d

Kemp 1899b

"Wylie 1937

Norway.

Ekersund-Soggendal area :

Bugge 1963

Dulleux 1916

Evrard 1944

Gillson 1949

Gmelin-Institut 1951

Kemp 1899b

Michot 1939

KragerB rutlle deposit:

Barksdale 1949

Lawthers 1954

Thornton 1927

Watson 1916

Watson and Taber 1913

Portugal.

Sines.

Sao Torpes beach: Castro 1947

Sierra Leone.

Freetown norite deposit :

Gmelin-Institut 1961

Junner 1930b, 1950

Lawthers 1954

Pollett 1961

Sweden.

Ruoutevare deposit: Kuhn 1927

Sbdra Ulv8n:

Gmelin-Institut 1961

Magnusson 1960

Taberg :

Bateman 1961

Dulleux 1916

Geljer and Magnusson 1952

Hjelmqvist 1949

Kemp 1899b

Kuhn 1927

Lawthers 1954

Taiwan.

Western coastal area : Chen

Tanganyika.

Llganga deposits :

Gmelin-Institut 1951

Harpum 1962

Stockley 1945

1953
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Ueology—Continued

Thailand.

Tltaniferous placer deposits : Burvas

1951

Turkey.

Istanbul.

Site: Eg era n 1941

Uganda.

Bukusu Hill : Broughton and others

1950

Union of South Africa.

Bushveld complex :

Bateman 1951

Prankel and others 1951

Gmelln-Instltut 1951

Hall 1932

Imperial Mln. Res. Bur. 1922a

Lawthers 1954

Masson 1953

Reunig- 1929

Union of South Africa Geol.

Survey 1940

Wagner 1928

Natal.

Coastal sands :

Frankel and others 1951

Kent 1938

Partridge 1938

Union of South Africa Geol.

Survey 1940

Anonymous 1954b

Tugela and Mambula Rivers deposit :

Du Tolt 1918

"Wagner 1928

Southwest Africa:

Frankel and others 1961

Frommurze and others 1942

Gmelin-Institut 1951

Union of Soviet Socialist Republics.

Kola Peninsula : Polkanov 1937, 1944

Ural Mountains.

General :

Gorskiy 1939

Panteleyev and Malyshev 1934

Kusa deposit:

Gmelin-Institut 1951

Malyshev 1937

Panteleyev and Malyshev 1934

Other deposits :

Gmelin-Institut 1951

Panteleyev and Malyshev 1934

Sulrokomskl 1926

Vertushkov 1949

United States.

Arizona.

Yavapai County tltaniferous mag

netite deposit: Ball and Broil

er ick 1919

Arkansas.

Magnet Cove area.

General :

Fryklund, Harner 1954

Fryklund and Holbrook 1950

Geology—Continued

United States—Continued

Arkansas—Continued

Magnet Cove Area—Continued

General—Continued

Lawthers 1964

Ross 1941

Vogel, F. A. 1944

Christy deposit :

Fryklund and others 1964

Fryklund and Holbrook 1950

Holbrook 1947

Reed 1949a

Hardy-Walsh or Kilpatrick brook-

ite deposit:

Fryklund and others 1954

Fryklund and Holbrook 1960

Magnet Cove Rutlle Company

deposit :

Fryklund and others 1954

Fryklund and Holbrook 1950

Kinney 1949

Reed 1949b

Spencer 1946

Mo-Tl deposit :

Fryklund and others 1954

Fryklund and Holbrook 1950

Southern Howard County.

Tltaniferous sands :

Holbrook 1948

California.

San Gabriel Mountains:

Hlggs 1954a, b

Moorehouse 1938

Oakeshott 1937, 1948, 1950,

1954

Tucker 1927

Colorado.

Caribou Hill: Singewald 1913b

Cebolla Creek-Iron Hill:

Larsen 1942

Singewald 1912, 1913b

Iron Mountain, Freemont County :

Kemp 1899b

Singewald 1913b

Florida.

Beach deposits, modern and burled :

Cannon 1950

Lawthers 1964

MacNell 1950

Martens 1935

Phelps 1941

Thoenen and Warne 1949

Vernon 1943

Highland mine, Lawtey : Roberts

1955

Pablo Beach mine, Mineral City:

Liddell 1917

Trail Ridge area:

Spencer 1948

Thoenen 1950

Trail Ridge mine, Starke:

Carpenter and others 1953

Anonymous 1952d
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neology—Continued

United States—Continued

Georgia.

Coastal sand deposits: Teas 1921

Graves Mountain :

Watson 1915

Watson and Taber 1913

Watson and Watson 1912

Idaho.

Long Valley area, Cascade: Argnll

1954

Titanium-bearing, high-alumina

clay deposits :

Scheid 1952

Scheid and Hosterman 1951

Scheid, Hosterman 1951a, b

Scheid and Sohn 1945

Scheid, Sohn 1952

Maryland.

Cove Point beach placer : Anony

mous 1963d

Harford County ruttle deposits :

Ostrander 1942

Tomlinson 1946

Minnesota.

Titanlferous deposits In Dululh

gabbro :

Broderick 1917

Emmons and Grout 1943

Grout 1926, 1949-1950

Kemp 1899b

Lawthers 1954

Slngewald 1913b

Van Hise and Lelth 1911

Montana.

Titanlferous sandstones :

Steblnger 1914

Wlmmler 1946

Nevada.

Corral Canyon mine : Ferguson

1939

New Jersey.

Tltaniferous magnetite deposits :

Bayley 1910

Slngewald 1913b

Smith 1933

New York.

Adirondack Mountains :

Balk 1931

Buddlngton 1939

Evrard 1947

Newland 1908

Essex County titanlferous magmi

tite deposits :

Dulieux 1916

Kemp 1899a

Osborne 1928

Slngewald 1913b

Lake Sanforcl area.

General :

Balsley 1943

Dulieux 1916

Geology—Continued

United States—Continued

New York—Continued

Lake Sanford area—Continued

Gmelln-Institut 1951

Herres and others 1943

Kemp 1899a

Newland 1908

Osborne 1928

Calamity-Mill Pond deposit:

Slngewald 1913b

Stephenson, R. C. 1945, 1948

Cheney Pond deposit:

Slngewald 1913b

Stephenson, R. C. 1945, 1948

Iron Mountain (Mt Adams) de

posit: Stephenson, R. C. 1945,

1948

Maclntyre mine, Tahawus :

Bateman 1951

Glllson 1949

Lawthers 1954

Stephenson, R. C. 1945, 1948

Sanford HIH deposit (At present,

Maclntyre mine) : Slngewald

1913b

North Carolina.

Buffalo Creek monazite placer:

Griffith and Overstreet 1953a

First Broad River placer deposit:

Hansen and Cuppels 1954

Knob Creek monazite placer: Grif

fith 1963b

Titanlferous magnetite deposits :

Bayley 1923a, b, c

Cross 1949

Singewald 1913b

Yadkin Mica and Ilmenlte Company

deposit :

Glllson 1949

Slngewald 1913b

Oklahoma.

Wichita Mountains :

Chase 1952

Merrltt 1938, 1939, 1940

Oregon.

Coastal placer deposits :

Pardee 1934

Stephenson, E. L. 1945

Twenhofel 1943, 1940a, b

Ferruginous bauxite deposits :

Lawthers 1954

Llbbey and others 1946, 1916

Pennysivania.

Chester County: Watson 1915

Rhode Island.

Iron Mine Hill, Cumberland:

Johnson and Warren 1908

Kemp 1899b

Lawthers 1954

Slngewald 1913b

Warren and Powers 1914

South Carolina.

Gaffney rutile deposit: Watson 1915
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Geology—Continued

United States—Continued

Tennessee.

Titaniferous magnetite

Bayley 1923b, c

deposits :

Texas.

Barlnger Hill, Llano County : Hess

1908

Marfa rutlle deposit, Jeff Davis

County: Vogei, F. A. 1942

Virginia.

Amherst-Nelson Counties area.

General :

Barksdaie 1949

Gillson 1949

Gmelin-Institut 1951

Hess and Gillson 1937

Lawthers 1964

Merrill 1902

Moore 1940

Pegau 1950

Ross 1932, 1936, 1941, 1942

Ryan 1933

Thornton 1927

Watson 1907a, b, 1916

Watson and Taber 1909, 1913

Youngman 1930b

Plney River deposit :

Cross 1949

Davidson 1948

Davidson and others 1946

Roseland rutile mine: Hess 1909

Bush-Hutchins deposit, Roanoke

County :

Hickman 1947

Watson and Taber 1913

Goochland and Hanover Counties :

Brown, C. B. 1937

Hess 1910

Watson 1915

Watson and Taber 1913

Miscellaneous deposits :

Bloomer and DeWitt 1941

Watson 1922

Watson and Taber 1913

Washington.

Excelsior clay deposit :

Scheid 1945

Scheid, Hosterman 1945

Wyoming.

Iron Mountain deposit :

Ball 1907

Birch 1955

Diemer 1941

Dietz 1932

Dulieux 1915

Frey 1946b

Gmelin-Institut 1951

Kemp 1899b

Lawthers 1954

Newhouse and Hagner 1951

Osterwald and Osterwald 1952

Plnnel 1954

Slngewald 1913b

Geology—Continued

United States—Continued

Wyoming—Continued

Shanton deposit :

Diemer 1941

Hild 19E3

Titaniferous sandstones : Murphy

and Houston 1955

Hawaii.

Titaniferous soils : Sherman

1952, 1954

Uruguay.

Florida titaniferous magnetite deposit :

U. S. Bur. Mines 1940

Mineralogy.

General :

Barksdaie 1949

Dana 1911

Ford 1932

Frankel and others 1951

Gary 1942

Gillson 1949

Hess and Gillson 1937

Lawthers 1954

Palache and others 1944

Vogei, F. 1960

Alteration of titanium minerals :

Cannon 1950

Frederlckson 1948

Lynd and others 1964

Murphy and Houston 1965

Arlzonite :

Gillson 1949

Overholt and others 1950

Palmer 1909

Coulsonite :

Dunn and Dey 1937

Frankel and Grainger 1941

Strauss 1947

Ilmenite :

Barksdaie 1949

Gillson 1949

Sahama and Torgeson 1949

Thornton 1927

Youngman 1930a

Leucoxene :

Allen, V. T. 1950

Broughton and others 1950

Coil 1933

Creitz and McVay 1948

Edwards 1942

Frederlckson 1948

Gillson 1949

Hutton 1950, 1952

Murphy and Houston 1955

Tyler and Marsden 1938

Maghemite :

Newhouse 1929

Sosman and Posnjak 1925

Strauss 1947

Thornton 1927

Niobium content of titanium minerals :

Fleischer and others 1962

Fryklund and others 1964
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Mineralogy—Continued

Occurrence of titanium minerals.

United States: Schrader and other*

1916

Western Australia: Simpson 1948

P. utile :

Barksdale 1949

Gillson 1949

Thornton 1927

Watson and Watson 1912

Youngman 1930a

Titanium minerals In primary deposits.

Osborne 1928

Warren 1918

Canada, Quebec.

St. Urbaln : Warren 1912

Union of South Africa.

Bushveld complex :

Frankel and Grainger 1941

Strauss 1947

United States.

Colorado.

Cebolla Creek-Iron Hill : Larsen

1942

Italian mountains : Cross and

Shannon 1927

New York.

Lake Sanford area: Stephenson,

R. C. 1945, 1948

Virginia.

Amherst-Nelson Counties area :

Ross 1941

Watson and Taber 1913

Titanium minerals in secondary deposits.

General : Lynd and others 19B4

Australia.

Chromium In beach sands of east

coast : Blaskett and Dunk In

1948

New South Wales:

Poole 1939

U. S. Bur. Mines 1948c

Whitworth 1931

Anonymous 1939

Queensland :

Beasley 1950

U. S. Bur. Mines 1948c

New Zealand.

New Plymouth :

Fyfe 1952

Hutton 1945a

South Island: Hutton 1950

Wanganul Iron sands : Finch 1947

United States.

Coastal beach sands of southeastern

states : Martens 1935

Florida.

Beach sands, modern and burled :

Cannon 1950

Miller 1945

Phelps 1941

Idaho.

Placer deposits : Shannon 1922

Mineralogy—Continued

Titanium minerals in secondary de

posits—Continued

United States—Continued

Oregon.

Coastal beach sands : Twenhofel,

1943, 1946a, b

Texas.

Gulf coast: Bullard 1942

Wyoming.

Buried beach sand deposits : Mur

phy and Houston 1955

UlvOspinel.

Girault 1953

Mogcnsen 1946

Ramdohr 1353

Mining Activities.

Australia.

Untile placer mines :

Blaskett 1950

Carlson 1944

Dunkin 1953

Fisher 1949

Gardner 1951

Gillson 1949

Lyons 1954

Meyer 1950

Tumin 1965

Tumin and Cservenyak 1965

U. S. Bur. Mines 1948c, 1953a

Anonymous 1939, 1952g, j,

1953f, 1955f, 1

Brazil.

Rutile deposits.

Ceara: Chambers 1942

Goyaz :

Fr6es Abreu 1936b

Leonardos 1938

Minas Geraes: Fr6es Abreu 1936b

Canada.

Quebec.

Allard Lake and Sorel :

Buisson 1952

Cross 1949

Cservenyak 1963

Cservenyak and Tumin 1954

Illingworth 1952

Knoerr 1952

Lawthers 1954

McDonald 1951

U. S. Bur. Mines 1955b

Anonymous 1948b 1951a

Egypt.

Damietta and Rosetta mines: U. S.

Bur. Mines 1945a, 1952c

Finland.

Otitnmuki :

Jiirvinen 1954

Anonymous 1953e

French West Africa.

Senegal.

Coastal beach sands : U. S. Bur.

Mines 1954a,
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Mining Activities—Continued

India.

Bombay State.

Ratnaglri district:

Anonymous 1953c

Travancore.

Beach deposits:

Barksdale 1949

Gillson 1949

Hess and Gillson 1937

TJ. S. Bur Mines 1946a, 1955a

Anonymous 19551

Japan.

Titaniferous Iron sands: Maeda 1935

Malaya.

Tin-bearing placer deposits : Fermor

1940

Xortcay.

Ekersund-Soggendal area.

Storgangen :

Magnusson 1950

U. S. Bur. Mines 1951

RBdsand: Magnusson 1950

Union of South Africa.

Natal.

Umgababa :

U. S. Bur. Mines 1953c

Anonymous 1953b

United States.

Arkansas.

Magnet Cove Rutlle Company : Fryk-

lund and Holbrook 1950

Titanium Alloy Company mine :

Vogel, F. A. 1944

California.

Hermosa and Redondo Beaches:

Baughman 1927

Tucker 1927

Toungman 1930a

Florida.

Highland mine, Lawtey :

Roberts 1955

Anonymous 1953J, 1955r

Jacksonville mine :

Cross 1949

Detweiler 1952

Gillson 1949

Hubbard and others 1953

Humphreys 1946

Lawthers 1954

Lenhart 1949

Michell 1952

Pablo Beach mine, Mineral City .

Llddell 1917

Martens 1928

Robinson 1922

Youngman 1930a

Riz Mineral Co. mine, Melbourne :

Vernon 1943

Trail Ridge mine, Starke :

Carpenter and others 1963

Cross 1949

Mining Activities—Continued

United States—Continued

Florida—Continued

Trail Ridge mine, Starke—Cont.

Cservenyak and Tumin 1956

Dennis 1953

Gillson 1949

Hubbard and others 1953

Lawthers 1954

Lenhart 1949, 1951

Michel] 1952

Anonymous 1950a, 1952d

Idaho.

Long Valley area. Cascade :

Argall 1964c

Anonymous 1964c

New York.

Maclntyre mine, Tahawus :

Balsley 1943

Barksdale 1949

Cross 1949

Cservenyak and Tumin 1956

Dennis 1953

Frankel and others 1951

Gillson 1949

Hagar 1942

Herres 1946

Herres and others 1943

Kearney and Lutjen 1953

Macmillan, Dlnnin, and Con-

ley 1950

Matthews 1943a

Matthews and Bryson 1947

Merritt 1952

Milliken 1948

Oldham 1952

Stephenson, R. C. 1946, 1948

Tumin and Cservenyak 1955

Anonymous 1943, 1951e

North Carolina.

Yadkin Mica and Ilmenlte Company

mine:

Cross 1949

Lawthers 1954

Oregon.

Placer mines along coast : Pardee

1934

Virginia.

Piney River mine :

Cross 1949

Cservenyak and Tumin 1956

Hubbard and others 1953

Lawthers 1954

Anonymous 1942b

Roseland rutlle mine:

Bevan 194 2b

Hess and Gillson 1937

Robinson 1922

Thornton 1927

Watson 1907a

Watson and Taber 1913

Youngman 1930b
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North America.

Canada.

Alberta.

Burmls titaniferous sandstone:

Goodwin, W. L. 1919

Imperial Min. Res. Bur. 1922b

Lawthers 1954

Robinson 1922

Toungman 1930b

Newfoundland :

Gmelin-Institut 1951

Imperial Min. Res. Bur. 1922b

Lawthers 1954

Toungman 1930b

Nova Scotia.

Rutile occurrences :

Robinson 1922

Watson and Taber 1913

Ontario.

Miscellaneous deposits :

Gmelin-Institut 1951

Goodwin, W. L. 1919

Hurst 1932

Kemp 1899b

Lawthers 1954

Robinson 1922

Pine Lake deposit, Haliburton

County :

Dulieux 1915

Imperial Min. Res. Bur. 1922b

Kemp 1899b

Seine Bay and Bad Vermillion Lake :

Barksdale 1949

Lawthers 1954

Parsons and others 1934

Robinson 1922

Tucker 1927

Toungman 1930b

Quebec

Allard Lake and Sorel :

Barksdale 1949

Bateman 1951

Bourret 1949

Brown, D. I. 1951

Buisson 1952, 1954

Cross 1949

Cservenyak 1953

Cservenyak and Tumin 1954,

1956

Dennis 1953

Dunn and Morgan 1955a

Faessler 1950

Frankel and others 1951

Gillson 1949

Gmelin-Institut 1951

Goodwin, W. M. 1953

Hammond 1949, 1962

Illingworth 1952

Knoerr 1962

Lawthers 1954

McDonald 1951

Maillet 1950

Matthews 1943b

Meyer 1950, 1951

Oldham 1952

North America—Continued

Canada—Continued

Quebec—Continued

Allard Lake and Sorel—Continued

Retty 1942, 1944

Tumin 1955

Tumln and Cservenyak 1955

United Nations 1955

U. S. Bur. Mines 1955b

Wilson, H. D. B. 1953

Anonymous 1948b, 1951a, 4

1955i

Bay of Seven Island area:

Buisson 1952

Dulieux 1912b, 1915

Faessler and Schwartz 1941

Gmelin-Institut 1951

Imperial Institute 1917a

Kemp 1899b

Lawthers 1954

Robinson 1922

Tumin and Cservenyak 1955

Degrosbois deposit:

Dulieux 1913, 1915

Imperial Min. Res. Bur. 1922b

Osborne 1936

Robinson 1922

Ivry deposit:

Barksdale 1949

Buisson 1954

Dulieux 1913, 1915

Gmelin-Institut 1951

Hess and Gillson 19S7

Lawthers 1954

Osborne 1928, 1936

Robinson 1922

Tucker 1927

Tumin and Cservenyak 1955

Vogel, P. 1950

Toungman 1930b

Anonymous 1951b

Miscellaneous deposits :

Dulieux 1913, 1915

Glrault 1953

Goodwin, W. L. 1919

Imperial Min. Res. Bur. 1922b

Kemp 1899b

Lawthers 1954

Robinson 1922

U. S. Bur. Mines 1956b

Watson and Taber 1913

Toungman 1930b

Anonymous 19651

St Charles prospect, Chlcouttal

County :

Barksdale 1949

Denis 1926

Dulieux 1913, 1915

Gmelin-Institut 1951

Imperial Institute 1917b

Imperial Min. Res. Bur. 192*h

Kemp 1899b

Lawthers 1954

Robinson 1922, 1926

Stansfleld 1916
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19221)

1917a

Bur. 1922h

North America—Continued

Canada—Continued

Quebec—Con tinued

St Lawrence River sand deposits,

including Molsie and Natashk-

wan :

Dulieux 1912a, b, 1915

Gmelin-Institut 1915

Imperial Min. Res. Bur.

Kemp 1899b

Lawthers 1954

MacKenzie 1912a, b

United Nations 1955

SL Urbain :

Barksdale 1949

Bulsson 1954

Dulieux 1912b, 1915

Glllson 1932, 1949

Gmelin-Institut 1951

Hess and Gillson 1937

Imperial Institute

Imperial Min. Res.

Karpoff 1953

Kemp 1899b

Lawthers 1954

Mawdsley 1927

Osborne 1928

Robinson 1922

Ross 1941

Thornton 1927

Tucker 1927

Vogel, F. 1950

Warren 1912, 191S

Watson 1915, 1917

Watson and Taber

Toungman 1930b

Anonymous 1951.1

Yukon Territory.

Rutile occurrences :

Robinson 1922

Watson and Taber

Greenland:

Lawthers 1954

Moos 193S

Ramberg 1948

Vincent and Phillips

Mexico.

Miscellaneous deposits :

Lawthers 1954

Meyer 1949

Sanchez Mejorada

U. S. Bur. Mines

U. S. Tariff Comm.

Toungman 1930b

Anonymous 19521

Oaxaca.

Pluma Hidalgo deposit :

Gmelin-Institut 1951

Lawthers 1954

Meyers 1949

Sanchez Mejorada 1952

Anonymous 1955a, b, c, d, e

United States.

Alabama :

Watson and Taber 1913

Toungman 1930b

1913

1913

1954

1952

1947a

1946

North America—Continued

I'nttcd States—Continued

Arizona.

General: Day and Richards 1906

Hackberry : Palmer 1909

Yavapai County tltaniferous mag

netite deposit : Ball and Brod-

erlck 1919

Arkansas.

Christy deposit:

Falconer and Crawford 1944

Fine and Frommer 1962

Fryklund and others 1954

Fryklund and Holbrook 1960

Holbrook 1947

Reed 1949a

Tumtn and Cservenyak 1955

Hardy-Walsh or Kllpatrlck brook-

Ite deposit:

Fryklund and others 1954

Fryklund and Holbrook 1950

.Magnet Cove area, general:

Barksdale 1949

Cservenyak and Tumln 1966

Dupuy 1949

Fine and others 1949

Fryklund and others 1954

Fryklund and Holbrook 1950

Gmelin-Institut 1951

Hess and Gillson 1937

Lawthers 1954

.Matthews 1943b, 1946

Matthews and others 1947

NIghman and Bryson 1946

Ross 1941

U. S. Bur. Mines 1938b

U. S. Senate, Comm. Interior

and Insular Affairs 1954

Vogel, F. A. 1944

Warren 1918

Watson and Taber 1913

Toungman 1930b

Magnet Cove Rutile Company de

posit:

Fryklund and Holbrook 1960

Fryklund and others 1954

Kinney 1949

Reed 1949b

Spencer 1946

Mo-Tl deposit:

Fryklund and others 1964

Fryklund and Holbrook 1960

Holbrook 1948a

Southern Howard County tltani

ferous sands:

Holbrook 1948b

Lawthers 1954

Titanium in bauxite :

Calhoun 1950

Cservenyak and Tumin 1956

California : Matthews and others 1947

Aptos, Santa Cruz County :

Barksdale 1949

Gary 1942

Youngman 1930b
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North America—Continued

United States—Continued

California—Continued

Hermosa and Redondo beaches :

Barksdale 1949

Baughman 1927

Gary 1942

Gmelln-Institut 1951

Lawthers 1954

Tucker 1927

Youngman 1930a, b

Los Angeles County : Mulryan 195 1

San Gabriel Mountains:

Barksdale 1949

Baughman 1927

Gary 1942

Gillson 1949

Graelin-Instltut 1951

Hess and Gillson 1937

Hlggs 1954a, b

Lawthers 1954

Meyer 1950

Moorehouse 1938

Oakeshott 1937, 1948, 1950,

1954

Tucker 1927

United Nations 1956

Youngman 1930b

Colorado.

Caribou Hill:

Barksdale 1949

Jennings 1913

Kemp 1899b

Lawthers 1964

Singewald 1913b

Cebolla Creek-Iron Hill :

Barksdale 1949

Brunton 1913

Gmelln-Institut 1951

Larsen 1942

Lawthers 1954

Singewald 1912, 1913b

El Paso County rutile occurrences :

Watson and Taber 1913

Iron Mountain, Freemont County:

Barksdale 1949

Dulleux 1915

Kemp 1899b

Lawthers 1954

Singewald 1913b

Italian Mountain, Gunnison County :

Cross and Shannon 1927

Florida.

Beach deposits, modern and buried :

Gmelln-Institut 1961

Lynd and others 1954

MacNell 1950

Martens 1928, 1935

Matthews 1934b

Matthews and others 1947

Meuschke and others 1953

Moxham 1954

Moxham and Johnson 1953

Phelps 1941

Thoenen and Warne 1949

North America—Continued

United States—Continued

Florida—Continued

Beach deposits, modern and buried

—Continued

Vernon 1943

Youngman 1930b

Anonymous 1955e, in, o, a

Highland mine, Lawtey:

Roberts 1965

Tumln 1956

Anonymous 1953], 1, n, 1955e, r

Jacksonville mine:

Cannon 1950

Cross 1949

Detweller 1952

Gillson 1949

Hubbard and others 1953

Humphreys 1945

Lawthers 1954

Lenhart 1949

Matthews 1945

Michell 1952

Miller 1945

Anonymous 1951d

Pablo Beach, Mineral City :

Barksdale 1949

Gillson 1949

Lawthers 1954

Llddell 1917

Martens 1928

Robinson 1922

Thornton 1927

Tucker 1927

Youngman 1930a, b

Pensacola Bay area :

Gmelin-Institut 1951

Lawthers 1954

Matthews 1945

Miller 1945

Trail Ridge area:

Cannon 1950

Creltz and McVay 1948

Lawthers 1954

Spencer 1948

Thoenen 1950

Thoenen and Warne 1949

Trail Ridge mine, Starke :

Cannon 1950

Carpenter and others 1953

Cross 1949

Cservenyak and Tumln 1956

Dennis 1953

Gillson 1949

Hubbard and others 1953

Lawthers 1964

Lenhart 1949, 1951

Meyer 1949, 1961

Michell 1952

Anonymous 1950a, 1952d,

19651

Vero Beach deposits :

Lawthers 1954

Matthews 1945

Miller 1945
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forth America—Continued

United States—Continued

Georgia.

Coastal beach deposits :

Lawthers 1954

McKelvey and Balsley 1M8

Martens 1928, 1935

Moxham and Johnson 1953

TeaB 1921

Youngman 1930b

Graves Mountain :

Lawthers 1954

Watson 1915

Watson and Taber 1913

Watson and Watson 1912

Youngman 1930b

Miscellaneous deposits:

Lawthers 1954

MacNeil 1950

Moxham 1954

Idaho.

Long Valley area, Cascade :

Argall 1954

Banning and others 1955

Cservenyak and Tumin 1964,

1956

Shelton and Stlckney 1965

Anonymous 1954c

Miscellaneous placer deposits:

Lawthers 1954

Shannon 1922

Shelton and Stlckney 1955

Anonymous 1954c

Titanium-bearing hlgh-alumlna clay

deposits :

Scheld 1962

Scheld and Hosterman 1961

Scheld, Hosterman 1951a, b

Scheld and Sohn 1945

Scheld, Sohn 1952

Maryland.

Cove Point beach placer: Anony

mous 1953d, 1955g

Harford County rutile deposits :

Lawthers 1954

Ostrander 1942

Tomlinson 1946

Miscellaneous deposits:

Miller 1945

Youngman 1930b

Michigan.

Copper district: Cornwall 1951

Minnesota.

Titanlferous deposits in Dulufh

gabbro :

Barksdale 1949

Broderick 1917

Clements 1903

Emmons and Grout 1943

Gmelln-Institut 1961

Grout 1926, 1949-60

Kemp, 1899a, b

Lawthers 1954

Schwartz 1930

Singewald 1913b

North America—Continued

United States—Continued

Minnesota—Continued

Tltaniferous deposits in Duluth

gabbro—Continued

Tucker 1927

Van Hlse and Leith 1911

Youngman 1930b

Missouri.

Frederlcktown-Binsteln Sliver mine :

Youngman 1930b

Montana

Teton County titanlferous sand

stone : Barksdale 1949

Gmelln-Institut 1961

Wlmmler 1946

Anonymous 1952c

Titanlferous sandstone:

Lawthers 1954

Steblnger 1914

Youngman 1930b

Nevada.

Blue Metal corundum property:

Blnyon 1946

Lawthers 1954

Corral Canyon mine :

Ferguson 1939

Lawthers 1954

U. S. Bur. Mines 1938b

New Jersey.

Tltaniferous magnetite deposits :

Bayley 1910

Dulieux 1915

Kemp 1899b

Singewald 1913b

Smith 1933

Youngman 1930b

New Mexico.

Hidalgo County: Coulter 1939

New York.

Adirondack Mountains:

Balk 1931

Buddlngton 1939

Evrard 1947, 1949

Essex County tltaniferous magne

tite deposits (exclusive of Lake

Sanford area) :

Dulieux 1915

Gmelln-Institut 1951

Imperial Mln. Res. Bur. 1922f

Kemp 1899a, b

Lawthers 1954

Newland 1908

Osborne 1928

Singewald 1913b

Anonymous 1943

Lake Sanford area, general :

Brunton 1913

Dulieux 1916

Hess and Glllson 1937

Kemp 1899a

Lawthers 1954

Matthews and others 1947

Newland 1908

Newland and Hartnagel 1939
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North America—Continued

United States—Continued

New York—Continued

Lake Santord area, general—Con.

Osborne 1928

Slngewald 1913b

Tucker 1927

United Nations 1955

Warren 1918

Watson 1917

Youngman 1930b

Anonymous 1943

Lake Sanford area deposits, exclu

sive of Maclntyre mine :

Balsley 1943

Gmelin-Institut 1951

Slngewald 1913b

Stephenson, R. C. 1945, 1948

Maclntyre mine, Tahawus :

Balsley 1943

Barksdale 1949

Bateman 1951

Cross 1949

Cservenyak and Tumin 1956

Dennis 1953

Frankel and other* 1951

Gillson 1949

Gmelin-Institut 1951

Hagar 1942

Herres 1946

Herres and others 1943

Kearney and Lutjen l!i,ri3

Lawthers 1954

MacMlllan, Dinnin 1950

MacMlllan, Heindl 1952

Maillet 1950

Matthews 1943a, b, 1945

Matthews and Biyson 1947

Meyer 1951

Michel 1 1952

Mil liken 19 48

Oliver 1942

Stephenson, R. C. 1945, 1948

Tumin and Cservenyak 1955

Tyler 1941

Anonymous 1950O, 1951d, e.

1955h, s

Miscellaneous deposits :

Ellison 1950

Kemp 18991)

Lawthers 1954

Newland 190S

Slngewald 1913b

North Carolina.

Beach placer deposits :

Lawthers 1954

Lynd and others 1954

McKelvey and Balsley 1948

Moxham and Johnson 1953

Rutile deposits :

Gillson 1949

Hess and Gillson 1937

Matthews 1943b

Murdock 1950(7)

Watson and Taber 1915

Youngman 1930b

\'orth America—Continued

United States—Continued

North Carolina—Continued

Stream placer deposits :

Griffith and Overstreet 1963a, b

Hansen and Cuppels 1954

Titan iferous magnetite deposits:

Bayley 1923a, b, c

Dulieux 1915

Gmelin-Institut 1951

Kemp 1899b

Lawthers 1954

Matthews and others 1947

Murdock 1950 (?)

Slngewald 1913b

Yadkin Mica and Ilmenite Company,

Caldwell County :

Barksdale 1919

Cross 1949

Cservenyak and Tumin 1956

Frankel and others 1951

Gillson 1949

Gmelin-Institut 1951

Greaves-Walker 1945

Lawthers 1954

McMurray 1944

Maillet 1950

Murdock 1950(7)

Slngewald 1913b

Tumin and Cservenyak 1955

Anonymous 1951d

Oklahoma.

Wichita Mountains, placer deposits:

Chase 1952

Youngman 1930b

AVlchita Mountains, titaniferous

magnetite deposits:

Barksdale 1949

Gmelin-Institut 1951

Lawthers 1954

Merrltt 1938, 1939, 1940

Oregon.

Coastal placer deposits :

Dasher and others 1942

Gmelin-Institut 1951

Griggs 1945

Lawthers 1954

Pardee 1934

Stephenson, 10. L. 1945

Twenhofel 1943, 1946a, b

Ferruginous bauxite deposits :

Bell 1945

Lawthers 1954

Libbey and others 1945, 1946

Pennsylvania :

Bayley 1941

Lawthers 1954

Watson 1916

Watson and Taber 1913

Youngman 1930b

Rhode Island.

Iron Mine Hill, Cumberland :

Barksdale 1949

Brunton 1913

Driver 1963

Dulieux 1915
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rth America—Continued

'Jnited. States—Continued

Rhode Island—Continued

Iron Mine Hill, Cumberland—

Continued

Gmelin-Institut 1951

Imperial Mln. Res. Bur. 1922f

Johnson and Warren 1908

Kemp 1899b

Lawthers 1954

MacMillan and Helndl 1952

Singewald 1913b

Tucker 1927

Tumln and Cservenyak 1956

"Warren 1918

Warren and Powers 1914

Youngman 1930b

South Carolina.

Coastal placer deposits :

McKelvey and Balsley 1948

Martens 1935

Meuschke 1955

Marine Minerals, Aiken : Anony

mous 1955e

Rutile occurrences :

Watson 1915

Watson and Taber 1913

Youngman 1930b

South Dakota:

Custer County area :

Watson and Taber 1913

Youngman 1930b

Tennessee.

Tltaniferous magnetite deposits:

Bayley 1923a, b. o

Gmelin-Institut 1951

Texas.

Barlnger Hill, Llano County :

Hess 1908

Lawthers 1954

Youngman 1930b

Gulf Coast: Bullard 1942

Marfa rutile deposit, JelT Davis

County :

Gmelin-Institut 1951

Lawthers 1954

U. S. Bur. Mines 1942

Vogel, F. A. 1942

Virginia.

Amherst—Nelson Counties area :

Barksdale 1949

Bevan 1942b

Brunton 1913

Cservenyak and Tumin 1956

Glllson 1949

Gmelin-Institut 1951

Hess and Glllson 1937

Imperial Institute 1917a

Lawthers 1954

Matthews and others 1947

Merrill 1902

Meyer and Bryson 1948

Moore 1940

Pegau 1950

Robinson 1922

Ross 1932, 1936,1941,1942, 1947

North America—Continued

United States—Continued

Virgin la—Continued

Amherst-Nelson Counties area—

Continued

Ryan 1933

Thornton 1927

Tucker 1927

Tyler 1941

Warren 1918

Watson 1907a, b, 1915, 1917

Watson and Taber 1909, 1913

Youngman 1930b

Anonymous 1942b

Bush-Hutchlns deposit, Roanoke

County :

Hickman 1947

Lawthers 1954

Steldtmann 1931

Watson 1907a

Watson and Taber 1913

Goochland and Hanover Counties :

Brown, C. B. 1937

Hess 1910

Hess and Glllson 1937

Lawthers 1954

Pegau 1950

Watson 1915, 1917

Watson and Taber 1913

Youngman 1930b

Anonymous 1942b

Miscellaneous deposits :

Bevan 1942b

Bloomer and DeWltt 1941

Gmelin-Institut 1951

Lawthers 1954

Moxham and Johnson 1953

Pegau 1950

Steldtmann 1931

Watson 1922

Watson and Taber 1913

PIney River deposit:

Cross 1949

Davidson 1948

Davidson and others 1947

Hubbard and others 1953

Malllet 1950

Matthews 1943b

Roseland rutile deposit :

Cross 1949

Hess 1909

Meyer 1950 1951

Ross 1932

Youngman 1930b

Washington.

Excelsior clay deposit:

Lawthers 1954

Scheid 1945

Scheid, Hosterman 1945

Other deposits :

Glover 1942

Huntting 1943

Lawthers 1954

Tucker 1927

Youngman 1930b
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North America—Continued

United States—Continued

Wisconsin.

N.W. of Wausau : Youngman 1930b

Wyoming.

Iron Mountain deposit:

Back and others 1952

Ball 1907

Barksdale 1949

Birch 1955

Brunton 1913

Cservenyak and Tumln I96i

Dempsey 1956

Diemer 1941

Dletz 1929, 1932

Dulieur 1916

Frey 1946b

Gillson 1949

Gmelln-Instltut 1951

Herres 1946

Hess and Gillson 1937

Kemp 1899a, b

Lawthers 1964

Meyer and Bryson 1948

Newhouse and Hagner 1951

O'Dea 1946

Osterwald and Osterwald 1952

Pinnel 1964

Singewald 1913b

Tucker 1927

Tumln and Cservenyak 1955

United Nations 1955

Warren 1918

Watson 1917

Youngman 1930b

Anonymous 1954d

Shanton deposit:

Diemer 1941

Prey 1946a

Gmelin-Institut 1951

HUd 1953

Newhouse and Hagner 1961

Osterwald and Osterwald 1952

Singewald 1913b

Tumln 1955

Taylor deposit:

Diemer 1941

Osterwald and Osterwald 1952

Tltanlferous sandstones : Murphy

and Houston 1965

Hawaii

Tltanlferous soils:

Sherman 1952, 1954

Anonymous 1953m

Oceania.

Australia.

Placer deposits of east coast:

Blaskett 1950

Dunn and Morgan 1965a

Fisher 1948

Gillson 1949

Gmelin-Institut 1961

Hess and Gillson 1937

Raggatt 1953

Anonymous 1962s;, 1953f, 1956f,

1. k. L t

Oceania—Continued

Australia—Continued

New South Wales.

Rutlle-bearlng placers of east coasl

Blaskett and Dunkin 1948

Dunkin 1953

Fisher 1949

Gardner 1951

Lawthers 1954

Lyons 1954

Meyer 1960

Poole 1939

Raggatt 1963

Tumin 1955

Tumin and Cservenyak 1951

U. S. Bur. Mines 1936, 1948

1953a

Whitworth 1931

Anonymous 1934, 1939

Tltanlferous magnetite deposi

near Williams and Karui

Rivers :

Gardner 1951

Imperial Mln. Rea Bur. 192!

Lawthers 1954

United Nations 1955

Youngman 1930b

Northern Territory :

Fisher 1949

Gardner 1961

Lawthers 1954

Queensland.

Rutlle-bearlng placers of east coaj

Beasley 1948, 1950

Blaskett and Dunkin 1948

Carlson 1944

Connah 1948

Cservenyak and Tumin 195

Dunkin 1953

Fisher 1949

Gardner 1951

Lawthers 1954

Lyons 1954

Meyer 1950

Morton 1948

Nighman and Bryson 1946

Raggatt 1953

Tumin 1966

Tumln and Cservenyak 195

U. S. Bur. Mines 1948c, 195

Watson and Taber 1913

Youngman 1930b

Anonymous 1952]

Tltanlferous deposits other th

placers of east coast :

Cribb 1943

Fisher 1949

Gardner 1951

Lawthers 1954

South Australia.

General :

Fisher 1949

Gardner 1951

Lawthers 1954

U. a Bur. Mines 1963a
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:tania—Con 1 1 n ued

Australia—Continued

South Australia—Continued

Miscellaneous deposits :

Alderman 1925

Hess and Glllson 1937

Mount Crawford area:

Fisher 1949

Gardner 1951

Imperial Institute 1917a, 1938

Lawthers 1954

Thornton 1927

Watson 1916, 1917

Watson and Taber 1913

Tasmania.

King Island :

Barksdale 1949

Fisher 1949

Gardner 1951

Gmelln-Institut 1951

Hess and Glllson 1937

Lawthers 1954

U. S. Bur. Mines 1948c

Youngman 1930b

Anonymous 1928

Miscellaneous deposits ;

Fisher 1949

Gardner 1951

Imperial Institute 1917a

Anonymous 1928

Victoria :

Edwards 1942

Fisher 1949

Gardner 1951

Lawthers 1954

U. S. Bur. Mines 1963a

Youngman 1930b

Western Australia.

Coastal placer deposits :

Fisher 1949

Gardner 1951

Lawthers 1954

McMath 1961

McMath and de la Hunty

1951a, b

Tumin and Cservenyak 1956

U. S. Bur. Mines 1948c, 1963a

Anonymous 1963f, 1955h

Titan iferous deposits other than

coastal placers:

Fisher 1949

Gardner 1951

Imperial Mln. Res. Bur. 1922d

Lawthers 1954

Tumin and Cservenyak 1955

Youngman 1930b

-Veio Zealand.

Tltanlferous iron sands.

General :

Aubel 1920

Barksdale 1949

Fyfe 1962

Glllson 1949

Imperial Institute 1917a

Oceania—Continued

New Zealand—Continued

Tltanlferous Iron sands.

General—Continued

Imperial Mln. Reg. Bur. 1922d

Kemp 1899b

Lawthers 1964

Mason 1945

Meyer 1949

United Nations 1956

Wylle 1938

Youngman 1930b

Anonymous 19631, 1965q

New Plymouth deposits:

Beck 1947

Gmelin-Institut 1951

Hutton 1945a, b

Wylle 1937

Patea deposits:

Donovan 1916

Gmelln-Institut 1951

Hutton 1940

Wylie 1937

Wanganul deposits :

Finch 1947

Fleming 1946

Gmelin-Institut 1951

South Island:

Hutton 1950

Mason 1945

Penology.

Tltanlferous deposits.

General: Lawthers 1964

Anorthositic and gabbroic deposits.

Argentina.

Mina Podesta, Catamarca: Bassl

1952

Canada.

St Urbain area, Quebec : Ross 1941

Greenland.

General: Ramberg 1948

India.

MayurbhanJ and Singhbhum: Dunn

and Dey 1937

United States.

California.

San Gabriel Mountains:

Higgs 1964a, 1954b

Moorehouse 1938

Minnesota.

Duluth gabbro: Grout 1949-60

New York.

Adirondack Mountains :

Balk 1931

Buddlngton 1939

Rhode Island:

Iron Mine Hill, Cumberland:

Johnson and Warren 1908

Virginia,

Amherst-Nelson Counties area :

Davidson and others 1946

Moore 1940

Ross 1936, 1941, 1947

Watson 1907b

Watson and Taber 1909, 191J
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Petrology—Continued

Anorthosltlc and gabbrolc deposits—Con.

United States—Continued

Wyoming.

Laramie Range: Newhouse and

Bagner 1951

Ferromagnesian deposits.

Sweden.

Taberg: Hjelmqvist 1949

Iron oxides associated with titanium

minerals.

General :

Bateman 1951

Brunton 1913

Buddlngton and others 1955

Evrard 1944

Kemp 1899a

Osborne 1928

Ramdohr 1926, 1939

Rechenberg 1955

Slngewald 1913a, 1913b

Warren 1918

Wilson, H. D. B. 1953

Australia.

General: Edwards 1938

Canada.

Allard Lake, Quebec:

Hammond 1949

Retty 1944

Bay of Seven Islands area, Quebec :

Faessler and Schwartz 1941

Degrosbois deposit, Quebec: Os

borne 1936

Ivry, Quebec: Osborne 1936

St Urbaln, Quebec :

Gillson 1932

Mawdsley 1927

Warren 1912

Egypt

Abu-Ghalqua (Wadl El Riuigai:

Amln 1954

Finland.

Attu: Pehrman 1927

Otanroaki: Vaasjoki 1947

Greenland.

Skergaard complex :

Chevallier and others 1954

Vincent and Phillips 1954

Hungary.

Szarvasko : Pantfl 1952

India.

Dhalbum and MayurbhanJ : Tipper

1936

Norway.

General: Bugge 1953

Union of South Africa.

Bushveld complex :

Schwellnus and Willemse 1943

Wagner 1928

Natal—Tugela and Mambula Riv

ers deposit: Du Toit 1918

Union of Soviet Socialist Republics.

Ural Mountains: Malyshev 1936

Petrology—Continued

iron oxides associated with titanlu:

minerals—Continued

United States.

Arizona.

Western Yavapai County: Bt

and Broderick 1919

California.

San Gabriel Mountains: Oak

shott 1948

Michigan.

Copper district lavas: Cornws

1951

Minnesota.

Duluth gabbro: Schwartz 1931

New Jersey : Bayley 1910

New York.

Adirondacks, General :

Buddlngton 1939

Evrard 1947, 1949

Lake Sanford area :

Balsley 1943

Newland, D. H. 1908

Stephenson, R. C. 1945, 194

Maclntyre mine, Tahawus : Gi

son 1949

North Carolina-

Tennessee: Bayley 1923c

Western Piedmont:

Bayley 1923a, b, c

Layered norite complexes.

Sierra Leone.

Freetown : Junner 1930b

Union of South Africa.

Bushveld complex :

Reunlg 1929

Strauss 1947

Titanium-bearing alkallc and carbons

deposits.

Arkansas.

Magnet Cove area :

Fryklund and Holbrook 191

Fryklund and others 1954

Colorado.

Cebolla Creek-Iron Hill: Lars

1942

Production and consumption of tltanlt

ores and products.

General :

Barksdale 1949

Cservenyak and Tumin 1951

Dunn and Morgan 1955a

Fox 1926

Frankel and others 1951

Gillson 1949

Herres 1946

Hess and Gillson 1937

Krlshnan and Roy 1942

Ladoo and Meyers 1951

Thornton 1927

Youngman 1930a

World.

1940-1954 :

Cservenyak 1953

Cservenyak and Tumin 191
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Production and consumption of titanium

ores and products—Continued

World—Continued

1940-1954—Continued

Matthews 1943a, b, 1945

Matthews and Bryson 1947

Meyer 1949, 1950, 1951

Meyer and Bryson 1948

Nlghman and Bryson 1946

Tumin 1955

Tumin and Cservenyak 1955

Tyler 1941

Anonymous 1955e

Australia.

General :

Dunkin 1953

Dunn and Morgan 1955a

Fisher 1949

Gardner 1951

Lyons 1954

U. S. Bur. Mines 194Sc. 1953a

Anonymous 1955t

Brazil.

Goyaz: Leonardos 1938

Northeastern states: la Riie 1954

Canada.

General: Goodwin, W. M. 1953

Finland.

Otanmakl: Jarvinen 1954

French West Africa.

Senegal: la Rue 1932

India.

General: Krlshnan and Roy 1942

Travancore area: U. S. Bur. Mines

1946a

Honcay.

Ekersund-Soggendal area: U. S. Bur.

Mines 1951

Spate.

Coruna Province: U. S. Bur. Mines

1947b

Eesources.

Argentina.

TitanIferous sands :

Lawthers 1954

United Nations 1955

Anonymous 1953k

Australia.

Bast coast, rutlle placer deposits :

Dunn and Morgan 1955a

Fisher 1948

Tumin 1955

Tumin and Cservenyak 1955

Anonymous 1955 1

New South Wales, general :

Fisher 1949

Gardner 1951

Imperial Min. Res. Bur. 1922d

Lawthers 1954

Lyons 1954

Raggatt 1953

United Nations 1955

U. S. Bur. Mines 1953a

Anonymous 1934

Resources—Continued

Australia—Continued

Queensland, general :

Connah 1948

Fisher 1949

Gardner 1961

Lawthers 1954

Lyons 1964

Raggatt 1953

U. S. Bur. Mines 1948c, 1953a

Tasmania, general :

Fisher 1949

Gardner 1951

Lawthers 1964

U. S. Bur. Mines 1963a

Victoria, general :

Fisher 1949

Gardner 1951

U. S. Bur. Mines 1953a

Western Australia, general :

Fisher 1949

Gardner 1951

Imperial Min. Res. Bur. 1922d

Lawthers 1954

McMath 1951

Tumin and Cservenyak 1955

U. S. Bur. Mines 1948c, 1953a

Anonymous 1963f

Brazil

Espirlto Santo.

Coastal beach deposits: U. S. Bur.

Mines 1937c

Canada.

Quebec.

A Hard Lake :

Barksdale 1949

Bulsson 1954

Cross 1949

Cservenyak 1953

Cservenyak and Tumin 1954

Dunn and Morgan 1955a

Faessler 1950

Glllson 1949

Hammond 1949, 1952

Illingworth 1962

Lawthers 1964

McDonald 1951

Meyer 1950

Tumin and Cservenyak 1955

United Nations 1966

Anonymous 1948b, 1961a

Bay of Seven Island area:

Bulsson 1952

Dulleux 1915

Faessler and Schwartz 1941

Lawthers 1954

Tumin and Cservenyak 1956

Chertsey township, Montcalm Coun

ty:

U. S. Bur Mines 1955b

Anonymous 1965]
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Resources—Continued

Canada—Continued

Quebec—Continued

Ivry deposit:

Tumln and Cservenyak 1965

Vogel, F. 1960

Anonymous 1961b

St. Charles prospect, Chlcoutimi

County:

Dulieuz 1913, 1915

Imperial Institute 1917b

Imperial Min. Res. Bur. 1922b

Lawthers 1954

Stansfleld 1916

St Lawrence River sand deposits :

Dulieux 1915

Gmelin-Instltut 1951

Imperial Min. Res. Bur. 1922b

Lawthers 1954

MacKenzie 1912b

United Nations 1955

St Urbain: Vogel, F. 1950

Wexford township, Terrebonne

county.

U. S. Bur. Mines 1955b

Anonymous 1965J

Ceylon.

Titanlferous beach deposits :

Fernando 1948

Gmelin-Instltut 1951

Lawthers 1954

Matthews 1945

Wadla 1943

Wadia and Fernando 1944

China.

Taiwan.

Western coastal area: Chen 1953

Egypt.

Nile delta sands :

Meyer and Bryson 1948

Tumln and Cservenyak 1966

U. S. Bur. Mines 1952c

Finland.

Otanmakl mine :

Lawthers 1954

Magnusson 1960

Marmo 1962

Meyer 1949

Shimkin 1963

Stlgzelius 1952

United Nations 1956

Anonymous 1953g

Vuorokas : Marino 1952

India.

Coastal beach sands, other than Tra-

vancore :

Krlshnan 1951

Lawthers 1964

U. S. Bur. Mines 1946a

Anonymous 1951c, 1953h

Titanlferous magnetite deposits :

Krlshnan 1952

Lawthers 1954

Radhakrishna 1951

United Nations 1966

Resources—Continued

India—Continued

Travancore.

Beach deposits :

Dennis 1953

Dunn and Morgan 1955a

Tumln and Cservenyak l*:i

Wadia 1950

Indonesia.

Island of Java.

Titanlferous Iron sands : United N»-

tions 1956

Japan.

Titanlferous iron sands:

Barksdale 1949

Hess and Gillson 1937

Lawthers 1954

Maeda 1935

Mltsuchl 1952

Staatz 1947

United Nations 1955

U. S. Bur. Mines 1954b

Anonymous 1927

Madagascar.

Betroka :

Barksdale 1949

Lawthers 1954

Robinson 1922

Vongoha :

Gulgues 1961

Imperial Min Res. Bur. 1»2J<

Lawthers 1954

Tucker 1927

Malaya.

Amang stockpiles : Meyer and Brj'

son 1948

Mexico.

Oaxaca.

Pluma Hidalgo : Anonymous 1955*

b, c d

New Zealand.

Titanlferous Iron sands.

General :

Barksdale 1949

Fyfe 1952

Gillson 1949

Imperial Min. Res. Bur. Ui!<

Lawthers 1954

Mason 1945

Meyer 1949

United Nations 1956

Anonymous 1956q

New Plymouth deposits:

Gmelin-Instltut 1951

Hutton 1945a

Wylie 1937

Patea deposits :

Gmelin-Institut 1951

Hutton 1940

Wylie 1937

Waitara deposits :

Beck 1947

Gmelin-Instltut 1951
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sources—Continued

few Zealand—Continued

Titaniferous Iron sands—Continued

Wanganul deposits:

Fleming 1946

Gmelln-Instltut 1951

for-way.

Ekersund-Soggendal area.

General :

Barksdale 1949

Hess and Gillson 1937

Imperial Min. Res. Bur. ]922e

Lawthers 1954

Meyer and Bryson 1948

Poulsen 1952

Robinson 1922

Thornton 1927

Tucker 1927

United Nations 1955

U. S. Bur. Mines 1951, 1963b

Youngman 1930b

Storgangen deposit:

Gmelin-Instltut 1951

Magnusson 1950

Tellnes deposit : Anonymous 1955o,

s, u, v, w

Itodsand :

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Magnusson 1950

Poulsen 1952

United Nations 1955

Imperial Min. Res. Bur. 1922e

Selvaag :

Imperial Min. Res. Bur. 1922e

Lawthers 1954

United Nations 1955

SolnOrdal : Lawthers 1964

South Korea.

So-Yonpyong-do : Yagyu 1951

Sweden.

Jarvsfl, Kramsta:

Geijer and Magnusson 1962

Lawthers 1954

Magnusson 1950

Ruoutevare :

Geijer and Magnusson 1952

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Magnusson 1960

United Nations 1965

Sodra Ulvon :

Geijer and Magnusson 1952

Lawthers 1954

Magnusson 1950

Taberg :

Geijer and Magnusson 1952

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Magnusson 1960

United Nations 1965

Tanganyika.

Liganga deposits:

Barksdale 1949

Harpum 1952

Resources—Continued

Tanganyika—Continued

Liganga deposits—Continued

Imperial Institute 1945

Lawthers 1954

Stockley 1946

United Nations 1955

Union of South Africa.

Bushveld complex :

Frankel and others 1951

Imperial Min. Res. Bur. 1922a

Lawthers 1954

Masson 1963

Tucker 1927

United Nations 1955

Wagner 1928

Natal.

Tugela and Mambula Rivers de

posit :

Lawthers 1954

Wagner 1928

Umgababa deposit:

Tumln 1955

U. S. Bur. Mines 1952a, 1953c,

1954

Anonymous 1952k, 1964b, f

Southwest Africa.

Karlbib rutlle deposit:

Lawthers 1954

U. S. Bur. Mines 1948b

Union of Soviet Socialist Republics.

General: Shlmkin 1953

Pudozhgora deposit:

Gmelin-Instltut 1951

Lawthers 1954

Shlmkin 1953

Ukraine.

Titaniferous sands: Gmelin-Instltut

1951

Ural Mountains.

General :

Barksdale 1949

Hess and Gillson 1937

Lawthers 1954

Sulrokomski 1926

Vogel, P. 1950

Kusa deposit:

Gmelin-Instltut 1951

Imperial Min. Res. Bur. 1922e

Lawthers 1954

Panteleyev and Malyshev 1934

Shlmkin 1953

Sulrokomski 1926

Other deposits :

Gmelin-Instltut 1961

Panteleyev and Malyshev 1934

Shlmkin 1953

Sulrokomski 1926

United States.

General : Lawthers 1964

Arkansas.

Magnet Cove area :

Lawthers 1954

Matthews and others 1947
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Resources—Continued

United States—Continued

Arkansas—ContInued

Magnet Cove area—Continued

U. S. Senate, Comm. Interior

and Insular Affairs 1964

California.

Ilmenite deposits : Matthews and

others 1947

San Gabriel Mountains :

Baughman 1927

Lawthers 1954

Oakeshott 1937, 1948, 1950

Tucker 1927

United Nations 1956

Florida.

North Central : Anonymous 195So, s

Pablo Beach, Mineral City : Tucker

1927

Pensacola Bay area :

Matthews 1946

Titaniferous sand deposits:

Cannon 1950

Lawthers 1964

Matthews and others 1947

Idaho.

Deary clay deposit: Scheld and

Sohn 1945

Long Valley area, Cascade: Cser-

venyak and Tumln 1954

Minnesota.

Titaniferous deposits In Dulutli

gabbro :

Grout 1949-50

Lawthers 1954

Montana.

Teton County titaniferous sand

stone :

Lawthers 1954

Anonymous 1952c

New York.

Lake San ford area:

Balsley 1943

I less and Gillson 1937

Lawthers 1954

Matthews and others 1947

Stephenson, K. ('. 1945

Tucker 1927

United Nations 1955

Anonymous 1943

Maclntyre mine, Tahawus :

Balsley 1943

Barksdale 1949

Hagar 1942

Lawthers 1954

Matthews 1943a

Matthews and Bryson 1947

Anonymous 1950o, s

North Carolina :

Lawthers 1954

Matthews and others 1947

Buffalo Creek monazlte placer : Grif

fith and Overstreet 1953a

First Broad River monazite placer :

Hansen and Cuppels 1954

Resources—Continued

United States—Continued

North Carolina—Continued

Knob Creek monazite placer : Gi

nth and Overstreet 1953b

Yadkin Mica and Ilmenite Conipi

mine: Greaves-Walker 1941

Oklahoma.

I,ake Lawtonka placer depoi

Chase 1962

Oregon.

Coastal placer deposits :

Lawthers 1954

Twenhofel 1946b

Ferruginous bauxite deposits :

Bell 1945

Lawthers 1954

Libbey and others 1945, 19

Rhode Island.

Iron Mine Hill, Cumberland : E

ver 1953

Virginia.

Amherst-Nelson Counties area :

Barksdale 1949

Hess and Gillson 1937

Lawthers 1954

Matthews 1943b

Matthews and others 1947

Anonymous 1942b

Washington.

Rlma titaniferous sand :

Glover 1942

Lawthers 1954

Excelsior clay deposit :

Lawthers 1954

Scheid 1945

Wyoming.

Iron Mountain deposit:

Birch 1965

Cservenyak, and Tumln 19

Dietz 1932

Gmelin-Institut 1951

Lawthers 1954

Newhouse and Hagner 195

Osterwald and Osterwald 1

Pinnel 1954

United Nations 1955

Anonymous 1954d

Titaniferous sandstones : Murph

and Houston 1966

Smelting of titaniferous ores.

General :

Cservenyak and Tumln IS

Dulieux 1915

Frankel and others 1951

Gillson 1949

Goodwin, W. L. 1919

Robinson 1922

Stansfleld 1916

Thornton 1927

Tucker 1927

Youngman 1930a
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Imelting of titanlferous ores—Continued

Canada.

Quebec

St Charles prospect, Chicoutlmi

County :

Imperial Institute 1917b

Stansfleld 1916

Japan.

Honshu.

Kuji tltaniferous iron sands : Anon

ymous 1927

New Zealand.

Iron sands: Wylle 1938

Union of South Africa.

Bushveld complex : Frankel and

others 1951

United States.

Idaho.

Valley County placer deposits :

Banning and others 1955

South America.

Argentina.

Catamarca.

Mina Podesta:

Bassi 1952

Imperial Min. Res. Bur. 1922f

Lawthers 1954

Youngman 1930b

Coastal sands :

Barksdale 1949

Carnevall 1951

Gmelin-Institut 1951

Hess and Gillson 1937

Imperial Min. Res. Bur. 1922f

Lannefors 1929

Lawthers 1954

United Nations 1955

Youngman 1930b

Anonymous 1953k

Brazil

Ceara.

Coastal tltaniferous placer deposits :

Barksdale 1949

Gillson 1949, 1951

Gmelin-Institut 1951

Hess and Gillson 1937

Lawthers 1954

Lynd and others 1954

U. S. Bur. Mines 1937b c,

1945b

Youngman 1939b

Rutile deposits :

Chambers 1942
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SELECTED ANNOTATED BIBLIOGRAPHY OF HIGH-GRADE

SILICA OF THE UNITED STATES AND CANADA, THROUGH

DECEMBER 1954

By Marion C. Jaster

ABSTRACT

This bibliography consists of about 282 annotated references concerned

with, high-silica (minimum SiOj content, 95 percent) raw materials in the

United States and Canada. The annotations, arranged alphabetically by

author, contain information on geology, geographic distribution, physical

and chemical properties, mining, processing, and uses of high-grade mate

rials, the more important of which are sand, sandstone, and quartzite.

Canadian and United States entries are cross indexed. The United States

index is divided into two parts, a general list and a State list. In both parts,

references are arranged in alphabetical order by author under each type of

high-grade silica material.

INTRODUCTION

Silica occurs in many forms and associations. The term "high-

grade silica," as used in this bibliography, is restricted to naturally

occurring materials containing a minimum of 95 percent Si02.

These materials include chert, "chert-clay," conglomerate, flint,

gravel, quartz-mica schist, novaculite, massive quartz, quartzite,

sand, "sand-clay," sandstone, and tripoli. "Chert-clay" is used here

for a high-silica material in Illinois in preference to the end-use

term "ganister" (Lamar, 1953) ; and for a natural mixture of

high-silica material and clay occurring in California, the term

"sand-clay" is used in preference to "Livermore ganister" (Turner,

1950; Wright, 1948).

Although high-grade silica raw materials enter principally into

the metallurgical, glass, and abrasives industries, some are used

for the same purposes as materials of lower grades, such as aggre

gate and building stone. Annual production data are not published

separately for high- and low-grade silica materials.

609
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EXPLANATION OF THE BIBLIOGRAPHY

This bibliography contains annotations on publications of the

U. S. Geological Survey, U. S. Bureau of Mines, and State organi

zations; scientific, professional, and trade journals; and a few

publications of the Ontario Department of Mines and the Canada

Department of Mines. Some older references that have been super

seded by more recent ones have been omitted. Reports that contain

little information on high-grade silica are excluded. Material

through December 1954, is included.

The annotated references are listed by authors in alphabetical

order; anonymous references are listed at the end. All entries

are cross indexed according to United States and Canadian refer

ences. The United States references are divided into two cate

gories, general and States.

In the index to general references, lists of authors are arranged

alphabetically under each type of high-grade silica material. The

general references include information on geology, geographic

occurrence, physical and chemical properties, production, mining,

processing, analyses, and uses of high-grade silica materials. Also

included are descriptions of several deposits distributed over large

regions in several States.

State references describe deposits within a particular State and

include much of the information given in general references. The

State references appearing under each type of high-grade silica

material are grouped according to the following categories: (a)

general references for the State, (b) references concerned with

particular areas within the State, (c) references concerned with

counties, and (d) references concerned with independent cities.

In each category, authors are listed alphabetically.

The Canadian references are listed under each types of silica

material and are arranged according to area and provinces.

Listed under "silica" are those references in which the type

of siliceous material is not identified.

The stratigraphic nomenclature in this report is that of the

various authors and does not necessarily correspond to U. S.

Geological Survey usage.



BIBLIOGRAPHY

Adams, G. I., 1929, Molding sands of Alabama: Ala. Geol. Survey Bull. 35,

p. 30.

The Hartselle sandstone, which crops out in Jefferson County in the

northeastern suburbs of Birmingham, has been quarried and crushed near

Irondale. It is very friable, and has been used in steel foundries and in the

manufacture of glass. A sand bed in the Citronelle formation crops out in a

railway cut near the waterworks siding northwest of Mobile. The sand has

been used in steel foundries. In the Greeley opencut brown iron ore mines,

near Woodstock station, Bibb County, is a bed of sand that is also used

in steel foundries.

American Foundrymen's Association, 1925, Report of certain molding sand

resources of Iowa, Kentucky, New Jersey, Pennsylvania, and Wisconsin:

Preprint 492, p. 4-16.

Gives location, producer, formation, physical properties, grade, and use

of samples from Kentucky, New Jersey, and Pennsylvania. Some of the

deposits in New Jersey yield sand that is used for steel molding. Deposits

listed in Iowa and Wisconsin are not of high-purity grade.

Anderson, R. J., 1942, Pulaski, Saline, Garland, and Montgomery Counties

[Ark.] : Ark. Geol. Survey County Mineral Rept. 3, p. 66-74, 87-90.

Novaculite is a hard, highly siliceous, compact material of almost pure

silica content. Two commercial types are identified. The Arkansas stone is

very fine grained, commonly white, has a waxy luster, is translucent on thin

edges, and breaks with a conchoidal fracture. This type is valuable for the

manufacture of oilstones, whetstones, and abrasives in general. The Ouachita

stone is much more porous and resembles unglazed porcelain ; its composition

is the same as the Arkansas stone. It has fewer joints and quartz veins than

the Arkansas stone but contains more cavities. It is not damaged by freezing,

but, on long drying, loses its easy fracture and becomes much tougher; this

type is used for railroad ballast, road metal, and, in pebbles of 2 to 4 inches

in diameter, for tube mill grinding. Analyses and location of quarries and

deposits are given.

Tripoli occurs in the Arkansas novaculite in Garland and Montgomery

Counties. The tripoli ranges in color from white to red, is soft, fine textured,

and friable. Beds range from 2 to 50 feet in thickness, and they have an

overburden ranging from 2 to 6 feet in thickness. Descriptions of the occur

rences are given.

Argall, G. 0., Jr., 1949, Industrial minerals of Colorado: Colo. School Mines

Quart., v. 44, no. 2, p. 354-361.

Gives the locations of high silica sandstone deposits, production, treatment,

and marketing. These deposits are in Chaffee, Douglas, El Paso, Fremont,

Jefferson, Pueblo, and Prowers Counties. The silica deposits in Jefferson and

611
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Douglas Counties occur in the Dakota and Lykins formations. Four silica

deposits in Fremont County also yield ganister. Analysis of El Paso County

sand is given.

Averill, C. V., and Norman, L. A., Jr., 1951, Counties of California—Mineral

production and significant mining activities, 1949 : Calif. Jour. Mines and

Geology, v. 47, p. 319, 344-345, 351, 357.

Foundry sand was produced from beds of Eocene sandstone south of

Antioch and at Nortonville, Contra Costa County. Dune sands at Moss

Beach, Monterey County, yield high-quality white sand for the foundry and

glass industries. The dune deposit covers about 12 square miles. Glass sand

has been produced near Corona, Riverside County. Various grades of silica

and quartzite were quarried about 3 miles east of Oro Grande, San Bernardino

County. This material has been used as a refractory and in the manufacture

of sulfate-resistant cements.

Bain, H. F., 1907, Analysis of certain silica deposits: 111. Geol. Survey Bull.

4, p. 185-186.

Gives analyses of silica taken from deposits at Anna and Reynoldsville,

Union County, and from Thebes and McCotridge prospect, Alexander County.

All material came from surface pits.

Baldwin, W. B., 1949, A preliminary report on the Sioux quartzite: S. Dak.

Geol. Survey Rept. Inv. 63, 34 p.

Discusses the Sioux quartzite, also known as the Sioux Falls "granite,"

in the southeastern corner of South Dakota; in southwestern Minnesota, and

minor occurrences in northwest Iowa, south of Rowena, S. Dak. Four quarries

produce quartzite in South Dakota. Describes outcrops in Minnehaha, Turner,

McCook and Hanson Counties, which may be of commercial value. Analyses

and map (scale 1 in. = 5 mi.), showing outcrops in eastern South Dakota, are

included.

Barrell, Joseph, and Loughlin, G. F., 1910, The lithology of Connecticut:

Conn. Geol. Nat. History Survey Bull. 13, p. 199-201.

Lantern Hill quartz deposit is between Ledyard and North Stonington.

It is slightly more than a mile long and, in most places, several hundred

feet wide. The geology of the area is described.

Barrett, Edward, 1914, Glass sands of Indiana—Industries: Ind. Dept.

Geology Nat. Res. 38th Ann. Rept., 1913, p. 41-59.

Discusses glass sand deposits and includes some analyses of the sands,

qualities of Mansfield sandstone (texture, color, thickness, and workability),

preparation of glass sand, Indiana limestone as an ingredient for glassmaking,

and general aspects of the glass and industry. Dune sands of the lakefront

at Michigan City are described as an excellent glass sand source; the sands

also can be used as core sand in steel foundries.

Bascom, Florence, Clark, W. B., Darton, N. H., and others, 1909, Description

of the Philadelphia district [Pennsylvania-New Jersey-Delaware] : U. S.

Geol. Survey Geol. Atlas, folio 162, p. 21.

Sand (Magothy), along the south bank of Pensauken Creek in New Jersey,

consists of fine to coarse angular quartz grains. Pockets or lenses of sand

ranging from a few to 20 feet in thickness are distributed over an area of
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several acres. It is used for filter material and in the manufacture of fire

brick. Southeast of the Philadelphia district, glass sand (Cohansey) is

dredged.

Bascom, Florence, Darton, N. H., Kummel, H. B., and others, 1909, Descrip

tion of the Trenton quadrangle [New Jersey-Pennsylvania] : U. S. Geol.

Survey Geol. Atlas, folio 167, p. 23.

Fine and coarse clean qua*tz sand (Magothy) occurs near Florence. It is

used in steel molding and for other foundry purposes.

Bastin, E. S., 1911, Geology of the pegmatites and associated rocks of Maine:

U. S. Geol. Survey Bull. 445, p. 133-137.

Describes the processing, uses, marketing, and production of quartz and

other pegmatite minerals in general, and lists States where massive crystalline

quartz is found. Map, scale 1:1,000,000, shows location of pegmatites.

Bayley, W. S., Salisbury, R. D., and Kummel, H. B., 1914, Description of the

Raritan quadrangle [New Jersey] : U. S. Geol. Survey Geol. Atlas, folio

191, p. 30-31.

At Carey, N. J., the Green Pond conglomerate occurs in deeply disintegrated

ledges, which is quarried for furnace-bottom and core sands.

Beach, J. O., 1939, Glass sands: Okla. Geol. Survey Mineral Rept. 3, 7 p.

Discusses briefly the Oklahoma glass sand deposits that have not been

exploited commercially in Woods, Jefferson, and Major Counties. Also men

tions that quarries near Roff, Pontotoc County, and near Mill Creek,

Johnston County, are yielding high-grade silica sandstone.

Bengston, R. J., Moore, D. D., Ramsey, R. H., and Lund, R. J., 1950, Mineral

resources of southeastern Ohio: Ohio Geol. Survey, Dept. Nat. Res.

(Battelle Mem. Inst.), p. 59-76.

The Sharon conglomerate contains members of sandstone and quartz pebble

conglomerate in Jackson and Pike Counties. It is an almost inexhaustible

source of high-silica raw material. Because of its location to markets, it is

not used for glass sand. To compete with West Virginia plants it must be

acid treated and washed. Chemical analyses, sketch map, and bibliography

on this area are included.

Beyer, S. W., 1897, Sioux quartzite and certain associated rocks: Iowa Geol.

Survey, v. 6, p. 71-112.

The Sioux quartzite is a southwestward prolongation of Minnesota Point.

It extends across the northwest corner of Iowa and underlies about equal

areas in South Dakota and Minnesota. Its extreme eastern limit of outcrop

is marked approximately by Redstone, at the junction of the Cottonwood and

Minnesota Rivers; its most westernly exposure is near Mitchell on the James

River. Its maximum width is 60 miles, extending from Flandreua northerly to

Canton. It probably extends over an area of more than 6,000 square miles,

and is from 3,000 to 4,000 feet thick. Sketch map is included.

Bieber, C. L., and Smith, N. M., 1952, Industrial sands of the Indiana dunes:

Ind. Geol. Survey Bull. 7, 31 p.

Beaches formed during several stages of glacial Lake Chicago and Lake

Michigan are sources of commercial sand. The commercial operations are
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described. Samples were taken for laboratory determination of particle size,

density separation, and chemical analysis. Composition and roundness of

sand grains, as well as details of bedding, weathering, porosity, bonding,

and moisture content, were studied.

The general requirements of each of the uses of dune sand are summarized.

Although it is used extensively for molding sand for some types of large

castings, most of it has been used as fill; smaller amounts have been

utilized for asphalt paving sand, core sand, fire and furnace sand, engine

sand, and glass sand. If the present supply and demand are maintained, sand

operations will be possible for 50 to 100 years.

Map, scale about 1 inch = 2 miles, showing industrial sand deposits south

of Lake Michigan is included.

Born, K. E., 1936, Summary of the mineral resources of Tennessee : Term.

Div. Geol., Res. Tenn., 2d ser., p. 82, 85.

The geologic formations considered favorable for producing glass sands

are the Bon Air and Sewanee (Pennsylvanian) of the Cumberland Plateau,

the Clinch sandstone (Silurian) of East Tennessee, and possibly certain for

mations in the Tertiary and Cretaceous of West Tennessee. Glass sand is

produced from the Sewanee conglomerate, 3 miles east of Sewanee. In East

Tennessee, sand has been used from the Holston River; sands from the Bays

Mountain area were used for experimental purposes only.

The most extensive development of tripoli is in the Collinwood district,

Wayne County, in the southern part of the western Highland Rim region. It

varies from a few to 60 feet thick. The deposit is in the Fort Payne and

Warsaw formations (Mississippian). Tripoli is also reported in Dickson,

Hickman, Johnson, and Bradley Counties.

Map, scale about 1 inch = 15 miles, showing localities of deposits is

included.

Boswell, P. G. H., 1917, Notes on American high grade glass sands: Soc.

Glass Tech. Jour. 1, p. 147-152.

Gives a brief description and chemical analysis of sand deposits at Ottawa,

111., Cheshire, Mass., Berkeley Springs, W. Va., Baltimore, Md., and St

Louis, Mo.

Bowdish, F. W., and Runnels, R. T., 1952, Experimental production of feldspar

and silica from several river sands in Kansas: Kans. Geol. Survey Bull.

96, pt. 6, p. 279-300.

Six river and flood-plain sand samples from the vicinity of Kansas City,

Wichita, Concordia, and Salina were treated by flotation methods to deter

mine the feasibility of producing feldspar and silica concentrates for use

in glass, glass fiber, ceramic, and allied industries. The silica and residue after

flotation of the feldspar is amenable to concentration to a ferric oxide content

of less than 0.03 percent. These tests show that both a silica sand and

feldspar product of commercial grade can be produced from the sand sam

ples at three of the localities. Chemical and sieve analyses and flow sheets are

included.

Bowen, C. H., 1953, Petrology and economic geology of the Sharon con

glomerate in Geauga and Portage Counties, Ohio : Ohio State Univ. Eng.

Expt. Sta. Bull. 153, 58 p.

The area is roughly triangular, and extends from Thompson in the north
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eastern part of Geauga County to Lake Geauga on the west, and to Windham,

Portage County on the east. The Sharon conglomerate is the lowermost mem

ber of the Pottsville series (Pennsylvanian) . The general areal character

istics, geologic history, and economics are discussed, and many mechanical and

chemical analyses are given.

Bowles, Edgar, 1941, The geology and mineral resources of Cherokee County,

Ala. : Ala. Geol. Survey Circ. 15, p. 29.

Extremely high-grade quartzite is produced from the Weisner formation

(lower Cambrian), which yields material of nearly pure silica. This forma

tion crops out extensively through the southern part of the county where

it maintains a fairly uniform composition. Typical analyses are:

SiOi 98.1 percent 97.76 percent

R,0, 1.3 do 1.62 do

The metal present may be aluminum, iron, or manganese.

Bownocker, J. A., 1921, Steel molding sand in Ohio: Ohio Jour. Sci., v. 21,

p. 249-266.

Steel molding sands of Ohio occur in the Pottsville and Allegheny forma

tions (Pennsylvania). The Sharon conglomerate of the Pottsville group

is the larger source. It attains a thickness of 225 feet. The Allegheny forma

tion is quarried for steel molding sands only at Strasburg, Tuscarawas

County.

Many foundries, quarry locations, and chemical analyses of the sandstone,

a map showing the outcrop of the Pottsville formation, and location of plants

are included.

1939, Glass sands and molding sands: Ohio Geol. Survey Repr. Ser.

2, p. 1-37.

Gives the age, specifications, locations, and many analyses of glass and

steel molding sands of Ohio.

Branner, G. C, 1940a, Polk County [Ark.] : Ark. Geol. Survey County Mineral

Rept. 1, p. 4-5, 22-23, 36-37.

Novaculite in Polk County occurs in the Arkansas novaculite formation

as two types: the Arkansas stone which on the broken surface is smooth,

compact, and hard; and the Ouachita stone, the surface of which is rough

and porous. Most of the stone is white, although it varies in color.

Arkansas novaculite (Devonian) is divided into three lithologic units.

The lower unit is almost wholly compact massive novaculite, even bedded in

layers 2 to 10 feet thick, white or bluish white, with a manganiferous horizon

at the top. This unit ranges from 10 to 410 feet in thickness. The middle unit

is dark-colored dense novaculite in layers 1 to 5 inches thick interbedded with

black cleavable shale, in beds ranging from an inch to 100 feet in thickness.

Novaculite and sandstone pebble conglomerate occur at the base of this 75-

to 525-foot unit. The upper unit is mostly massive light-gray to bluish-black

calcareous novaculite, which, upon weathering, becomes porous, lighter col

ored and also yields manganese. This unit is 20 to 125 feet thick. The whole

formation ranges from 250 to 950 feet in thickness.

Chemical analysis of novaculite near Hot Springs, Garland County, is

given ; this is believed to be representative of the Polk County novaculite.

Tripoli in Polk County is white and compact, but some is stained along

joints by iron and manganese oxides. It is in the Arkansas novaculite forma
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tion and probably was formed by the leaching of the lime from the rocks. At

Hot Springs, about 20 feet of tripoli is exposed in the upper unit of the

Arkansas novaculite. Other occurrences also are given.

1940b, Mineral resources of Benton, Carroll, Madison, and Washing

ton Counties [Ark.] : Ark. Geol. Survey County Mineral Rept. 2, p.

19-24.

Tripoli has been mined since 1929 and the industry centers around Rogers,

Benton County. Fourteen deposits have been investigated but not all have

been exploited. Two deposits in Washington County and one in Madison

County are reported. The tripoli at these localities is in the Boone formation

(Mississippian), derived from the original cherts and cherty limestones by

leaching. The deposits are generally flat lying and from 5 to 30 feet thick;

the largest deposit is 30 feet thick over an area of 60 acres. Most of the

tripoli is lightweight, snow white, fine grained, firm, and in places entirely-

free of chert inclusions and limy fragments; it generally contains more than

98 percent SiOi.

The developed deposits contain large reserves. Many undeveloped deposits

appear to be of good quality and contain large tonnages. Chemical analyses

and production figures of Benton County are included.

1942, Mineral resources of Arkansas: Ark. Geol. Survey Bull. 6,

p. 58-60, 67-68, 78-79.

Glass sand is produced in Arkansas from the St. Peter sandstone (lower

Ordovician) in Madison, Carroll, Newton, Boone, Searcy, Marion, Baxter,

Stone, Izard, Sharp, and Independence Counties. It is well exposed along the

White and Buffalo Rivers and many of their tributaries, where it occurs in

bluffs about 40 feet high. It varies in thickness from 40 to 100 feet, with an

average of about 60 feet.

Calico Rock formation (Ordovician) is an equally good glass sand exposed

over a large area in southern Baxter, northern Stone, northern and western

Izard, and central Fulton Counties. The formation ranges in thickness from

50 to 150 feet.

Kings River sandstone (Ordovician), also a good glass sand, crops out in

the valleys of streams that have cut their channels through overlying strata

of later rocks in Carroll, Madison, eastern Marion, and southern Baxter

Counties. This sandstone is widely distributed. Thickness in Izard County is

80 feet, but it is less to the north and west.

Reserves of glass sand in northern Arkansas are very large.

Novaculite (Devonian) is widely distributed in the Ouachita Mountains of

southwestern Arkansas. Between 200 to 300 miles of narrow belts of novacu

lite crop out from Pulaski County westward to Polk County. The novaculite

occurs in layers from 2 to 10 feet thick.

Tripoli has been quarried and reported in Benton, Garland, Hot Spring,

Pike, Baxter, Montgomery, Polk, and Washington Counties. Tripoli in north

and northwestern Arkansas apparently was derived from siliceous limestone,

whereas that from the west-central part of the State was derived from

novaculite. It is mined both by underground and by opencut methods.

Broadhurst, S. D., 1949, A general survey of some high silica materials in

North Carolina : N. C. Dept. Conserv. Devel., Div. Min. Res. Inf. Circ 7,

34 p.

High-silica rocks in North Carolina include quartzites, quartz veins, sand,
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and gravel. The higher grade quartzites occur in the mountainous area.

There are a few sizable quartz veins which are quite pure, some containing

98 percent SiOs. High-grade quartz also occurs as cores in the pegmatites of

western North Carolina.

Sand and gravel of the Coastal Plain seem to be the most important

silica resources. Although some treatment is necessary to bring them up to

specifications, there are sizable deposits which approach general chemical

requirements of the glass and refractory industries. Some of these deposits

are very thin whereas others are 30 feet or more thick.

Descriptions of the rocks and localities, with analyses from each location,

are included.

1954, A report on the high-silica sand resources of North Carolina:

N. C. Dept. Conserv. Devel., Div. Min. Res. Inf. Circ. 11, 35 p.

An appraisal of potential raw materials for the manufacture of high-

silica products in North Carolina. Their physical, mineralogical, and chemical

qualities are equal to other eastern United States coastal sands. For potential

use as glass sand, they are favorably located with respect to markets and

transportation to make them economically feasible. Tests have shown that

with beneficiation they meet specifications required for high-grade glass

manufacture.

Chemical and mechanical analyses and a map, scale about 1 inch = 40

miles, showing silica deposits in eastern North Carolina, are included.

Brown, G. G., 1936, Molding sands of Michigan and their uses: Mich. Dept.

Conserv., Geol. Survey Div. Pub. 41, Geol. Ser. 35, 262 p.

The first part of this publication includes a discussion of the physical and

chemical properties of sand and the results of the investigation of the cause

of bond in naturally bonded sands. The second part is a detailed description

of the sand areas and deposits throughout the State, with a table giving all

the properties of the sands which have been tested. Maps of sand areas of

the northern and southern peninsulas of Michigan are included.

Bryson, H. J., 1937, The mining industry in North Carolina from 1929 to

1936: N. C. Dept. Conserv. Devel., Div. Min. Res. Econ. Paper 64, p. 93.

Vein quartz occurs in Anson, Montgomery, Moore, and Harnett Counties.

In places, it is found in its original position cutting the old slates; elsewhere

it occurs as pebbles in the Lafayette formation of the Coastal Plain. Quartz

production comes chiefly from the feldspar mines of Mitchell, Avery, and

Yancey Counties. Important deposits of quartz are in Buncombe and Tran

sylvania Counties. The Tusquitee (lower Cambrian) quartzite has been mined

in Cherokee County.

Bryson, R. P., Fox, E. L., Larrabee, D. M., and others, 1947, Map showing

construction materials and nonmetallic mineral resources of South

Dakota: U. S. Geol. Survey Missouri Basin Studies Map 12, scale

1:500,000.

Soft white sandstone (Unkpapa) in the southeastern part of the Black

Hills is pure enough to be used for glass sand. In many places, this sandstone

is red or variegated and of lower purity. In places, layers of shale are

interbedded.
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Buckley, E. R., 1898, On the building and ornamental stones of Wisconsin:

Wis. Geol. Nat. History Survey Bull. 4, Econ. Ser. 2, p. 164-254.

Discusses the Precambrian quartzite outcrops, Potsdam and St. Peter

sandstones, and gives descriptions of individual quarries, with a few chemical

analyses.

Buie, B. F., 1949, Industrial minerals and rocks, in Shiver, H. E., and others.

South Carolina raw materials: Columbia, S. C, Univ., South Carolina

Press, p. 116-119.

The glass sand deposits of South Carolina are in the Coastal Plain. The

chemical and screen analyses indicate an abundance of glass sand suitable

for use in all except the highest quality crystal and optical glass.

The Nichols deposit, Marion County, is favorably located for rail trans

portation. The glass sand is reported to contain 0.025 to 0.035 percent Fe:0r

and about 99.50 percent Sid. This deposit has yielded about 400 tons of sand

per week for the manufacture of soft-drink bottles.

Burchard, E. F., 1905, The requirements of sand and limestone for glass

making: U. S. Geol. Survey Bull. 285-N, p. 452-455.

The chemical and physical properties of certain sandstones and sand of

the middle Mississippi River basin, including general proportions by weight,

of various components of glass, requirements for glass sand, and chemical

analyses of glass sand, are given.

1906, Glass sand of the middle Mississippi basin: U. S. Geol. Survey

Bull. 285-N, p. 459-^72.

Geologic descriptions, quarry locations, sample descriptions, and analyses

for some possible sources of glass sand in Arkansas, Illinois, Kansas, Missouri,

and Wisconsin are discussed.

1907a, Glass-sand industry of Indiana, Kentucky, and Ohio: U. S.

Geol. Survey Bull. 315-376.

Geologic formations, quarries, utility, and analyses of samples from de

posits in Indiana, Kentucky, and Ohio are described in detail.

1907b, Notes on various glass sands, mainly undeveloped: U. S. Geol.

Survey Bull. 315-K, p. 377-382.

Geologic details, quarry descriptions, analyses of samples, and utility are

given for various sources of glass sand in Alabama, Arkansas, Florida,

Georgia, Iowa, Kansas, Missouri, and Nebraska.

Burchfiel, B. M., 1936, Ceramic materials other than clays abundant in Cali

fornia : Mining and Metallurgy, v. 17, no. 357, p. 441-443.

High-grade silica occurs in many places in California. In general the

quartz is simply quarried from the vein. Considerable quartz occurs with

feldspar in the deposit at Campo, San Diego County. This deposit is in Hauser

Canyon, 6 miles northeast of the mill, which is 2 miles west of Campo.

Chemical analysis of typical silica from Campo shows 99.65 percent SiO:,

with 0.02 percent FejOj and a trace of AUOs.

Burwell, A. L., and Ham, W. E., 1945, New facts regarding Oklahoma raw

materials for the ceramic industries: Am. Ceramic Soc. Bull., v. 24, p.

293-295.

Glass sand deposits occur in the north-central Arbuckle Mountain district
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The principal deposits are in the Oil Creek and McLish formations (Ordo-

vician). Chemical and sieve analyses of the glass sand and a map showing

geographic distribution of Oklahoma deposits are included.

Butler, P. B., 1928, Tripoli: Mining and Metallurgy, v. 9, no. 264, p. 527-531.

Discusses briefly the properties, occurrence, history, preparation, and uses

of tripoli.

Buttram, Frank, 1913, The glass sands of Oklahoma : Okla. Geol. Survey Bull.

10, p. 42-91.

Glass sand deposits occur in the Arbuckle Mountains and in northeastern

Oklahoma near Tahlequah. The general features, occurrence, and character

of the sands are described. Analyses of the deposits, geologic map of the

Arbuckle Mountains, and maps showing distribution of the Simpson forma

tion, the Trinity sand, and the Burgen sandstone are included.

Beds of almost pure white sand are reported near Tulsa, Bartlesville,

Claremore, Kamona, Cleveland, Catoosa, Muskogee, and Holdenville. Analyses

show that these beds contain large amounts of ferric oxide and other impuri

ties, making the sand suitable only for bottle glass.

Butts, Charles, 1945, Description of the Hollidaysburg and Huntingdon

quadrangles [Pennsylvania] : U. S. Geol. Survey Geol. Atlas, folio 227,

p. 18-19 [1946].

Stone suitable for ganister occurs in the Tuscarora quartzite. This forma

tion is 400 to 600 feet thick and extends through the mountainous region

of central Pennsylvania. It is a compact light-gray to white quartzite with

a vitreous luster, and is used to make refractory brick and furnace linings.

Analyses of this stone from Lock Mountain near Point View are given.

A good glass sand occurs in the Ridgeley sandstone formation at Mapleton,

a few miles southeast of Huntingdon.

Butts, Charles, and Gildersleeve, Benjamin, 1948, Geology and mineral re

sources of the Paleozoic area in northwest Georgia: Ga. Geol. Survey

Bull. 54, p. 155-156.

Most tripoli deposits occur as irregular beds from a few inches to several

feet thick associated with chert layers in residuum of the Knox dolomite

formation. In Chattooga County near Harrisburg, tripoli deposits are asso

ciated with the Bangor limestone formation. Small deposits near Cartersville,

Bartow County, occur in areas underlain by the Shady dolomite formation.

Geologic and index maps, scale 1 inch = 4 miles, are included.

California Division of Mines Mineral Information Service, 1954, Glass sand

in California : v. 7, no. 6, 4 p.

Sand mined from the lone formation (Eocene), Amador County, containing

94 percent SiOj was used for glassmaking before 1922.

Glass sand has been produced from the Tesla formation (middle Eocene),

near Tesla, Alameda County.

Almost white fine-grained sand used for foundry sand and bottles is quar

ried from the middle Eocene sandstone, exposed in a 20-mile area on the

northeast side of Mount Diablo in the Brentwood area, Contra Costa County.

Glass sand is produced for bottles from the lowermost sandstone of the

Paleocene Silverado formation in the Corona area, Riverside County.

Sandstone layers as much as 40 feet thick are quarried for the bottle
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industry from the Tejon formation (Eocene) east of Oceanside, San Diego

County. The sand is fine to coarse grained and contains a moderate amount

of feldspar.

A white beach and dune sand deposit (Quaternary) containing little clay

and used for bottles js near Pacific Grove. It extends about 6 miles along

the coast and about 1 mile inland, Monterey County. Chemical analysis of

this deposit is included.

Cameron, E. N., Larrabee, D. M., McNair, A. H., and others, 1954, Pegmatite

investigations 1942-45 New England: U. S. Geol. Survey Prof. Paper

255, 352 p.

Detailed geologic maps of pegmatites show small deposits of quartz as cores.

Quartz also is recovered from the flotation of feldspar from a mixture of the

two minerals.

Campbell, M. R., 1902, Description of the Masontown and Uniontown quad

rangles [Pennsylvania] : U. S. Geol. Survey Geol. Atlas, folio 82, p. 21.

The Homewood sandstone is exposed along the Youghiogheny River west of

Connellsville ; also in the Chestnut-Laurel Ridge area where it is quarried

on the north side of the valley. Some glass sand has been obtained from

abandoned channels of the Monongahela River.

1903, Description of the Brownsville and Connellsville quadrangles

[Pennsylvania] : U. S. Geol. Survey Geol. Atlas, folio 94, p. 19.

Glass sand is produced from river sand near Bellevernon and at Perry-

opolis. It also is produced from the Homewood sandstone (Pottsville) on the

east side of the Youghiogheny River about 1 mile north of Layton.

1904, Description of the Latrobe quadrangle [Pennsylvania]: U. S.

Geol. Survey Geol. Atlas, folio 110, p. 15.

Glass sand is quarried from the Homewood sandstone (Pottsville) half way

up the western slope of Chestnut Ridge, near the town of Derry.

Carman, J. E. 1936, Sylvania sandstone of northwestern Ohio: Geol. Sot

America Bull., v. 47, p. 253-265.

Gives the distribution of the Sylvania sandstone (Devonian) and discusses

its characteristics, stratigraphic relation to underlying formations, fauna,

and origin. Map, scale 1 inch = 20 miles, showing the distribution of the

sandstone and the location of several exposures in Lucas and part of Wood

Counties, and columnar sections of the sandstone are included.

Chelf, Carl, 1941, The crushed quartz industry of Llano County [Tex.] : Tex.

Univ. Min. Res. Survey Circ. 37, 2 p.

Half a mile northwest of Packsaddle Mountain, and 9 miles from the

railway at Kingsland, in the Llano region, quartz is quarried from peg

matite dikes which cut the pre-Paleozoic schists, gneisses, and granites.

Most dikes contain feldspar and smaller amounts of accessory materials, but

some pegmatites contain clear to dark smoky quartz crystals. The most

common occurrence is well-consolidated milky-colored "sugar" quartz. One

outcrop is 150 yards wide and about 300 yards long. Concentrations of large

tonnages are rare. The quartz is used for roofing granules.
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Chicago and North Western Railway Company, 1942, Preliminary outline

of mineral resources, State of Wyoming: p. 27, 60, 78.

Deposits of fine-grained tough sandstone occur near Rawlins, Carbon

County, and on Baldwin Creek near Lander, Lander County. It is used for

grindstones. A bedded sand deposit, 3 feet thick, covering a large area, is in

the Casper formation, east of Laramie, Albany County.

Occurrence of tripoli is reported in Laramie County and at Sunrise, Platte

County.

Clabaugh, S. E., Larrabee, D. M., Griffitts, W. R., and others, 1946, Map

showing construction materials and nonmetallic mineral resources of

Wyoming: U. S. Geol. Survey Missouri Basin Studies Map 9, scale,

1:500,000.

High-purity silica sandstone occurs in Wyoming, but due to its remoteness

from markets, it has been produced only at Lovell, Big Horn County, and at

Laramie, Albany County. Both quarries were inactive in 1946.

Glass sand has been produced from the Casper formation (Pennsylvanian),

east of Laramie. Operation is now idle because of inaccessibility to markets.

Cleaves, A. B., 1939, The Oriskany group in The Devonian of Pennsylvania:

Pa. Geol. Survey Bull. G 19, ser. 4, p. 92-130.

An extensive study of the Oriskany sandstone (Devonian) in Pennsylvania,

together with the Oriskany of adjacent States, is discussed. Formations,

thickness, and fossil representatives are given, and a correlation chart of the

Oriskany group in Pennsylvania is included.

Cole, L. H., 1923, Silica in Canada, part 1, Eastern Canada: Canada Dept.

Mines, Mines Br. Pub. 555, 126 p.

Comprehensive report on deposits in eastern Canada discusses types of

occurrence, structural and geologic features, localities, method of testing, and

uses. Maps showing the distribution of sandstone and quartzite are included.

1928, Silica in Canada, part 2, Western Canada: Canada Dept. Mines,

Mines Br. Pub. 686, 59 p.

Comprehensive report on deposits in western Canada discusses structural

and geologic features and occurrences. Chemical analyses, mechanical tests,

and an appendix on recent developments in the silica industry in eastern

Canada to 1928, are included.

Cole, S. S., 1932, Effect at 1500° C. on the porosity and specific gravity of

quartzites: Am. Ceramic Soc. Jour., v. 15, p. 87-106.

Quartzites from deposits commercially utilized for the manufacture of

silica brick in the United States, Canada, and Europe were tested for 2 hours

for porosity and apparent specific gravity before and after firing at 1500° C.

Petrographic examinations were made of several of the raw quartzites, and

the differences in crystalline structure are shown by photomicrographs. The

rate of conversion of quartz was not constant for the quartzites reported. The

porosity, after firing, ranged from 2 to 30 percent, and the apparent specific

gravity ranged from 2.30 to 2.44. A fine-grained quartzite tends to give lower

porosity after firing than does a coarse-grained one.

Colony, R. J., 1919, High-grade silica materials for glass, refractories, and

abrasives: N. Y. State Mus. Bulls. 203-204, p. 5-31.

Lithologic character, general geology, chemical analyses, and locality of
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each of the following formations are given: Poughquag, quartzite, Shawan-

gunk conglomerate, Oriskany sandstone, Potsdam sandstone, and Oneida glass

sands. Suggestions are made as to operating facilities, transportation, and

various specific industries in which rock from the different formations might

be used. Physical tests are reported.

Crickmay, G. W., 1937, Tripoli deposits of Georgia: Ga. Div. Geol. Inf. Circ.

9, p. 3-7.

The tripoli deposits of Georgia have not been fully developed. Comparison

is made with Missouri-Oklahoma and Illinois-Tennessee tripoli. It has been

"shown that Georgia tripoli of the amorphous type is not inferior to tripoli

found elsewhere. Chemical composition, description of properties, and a spot

map showing locations of tripoli deposits are included.

Dake, C. L., 1921, The problem of the St. Peter sandstone : Mo. Univ., School

Mines and Metallurgy Bull., Tech. Ser., v. 6, no. 1, 228 p.

Gives a description of the St. Peter sandstone, paleogeographic interpreta

tions, and the stratigraphy of the areas in which it occurs.

Dale, Phyllis, and Beach, J. 0., 1951, Mineral production of Oklahoma 1885-

1949: Okla. Geol. Survey Circ. 29, p. 21, 32.

Presents a table showing production, tonnage, and value of glass sand in

Oklahoma from 1920 to 1930. Sand and gravel are included in the figures

from 1931 to 1949. Tripoli production in Oklahoma and Missouri is briefly

discussed.

Damon, H. G., 1943, The origin and distribution of spiculite near Lampasas,

Lampasas County, Tex., in Texas mineral resources: Tex. Univ. Pub.

4301, p. 271-282 [1946]. See also Sellards and others, 1944.

Spiculite (tripoli) beds occur in the Marble Falls formation (Pennsyl

vania) , where it crops out west and southwest of Lampasas. Outcrops of pure

silica may grade into limestone, or unaltered limestone beds may alternate

with beds of spiculite. Description of deposits, composition, and physical

properties in Lampasas and Burnet Counties are given. A geologic map, scale

about 1 inch = 1,800 feet, showing outcrops of spiculite in parts of Burnet

and Lampasas Counties is included.

Darton, N. H., 1939, Gravel and sand deposits of eastern Maryland: U. S.

Geol. Survey Bull. 906-A, p. 31, 34-39.

Discusses sand for glass, molding, and other uses and the requirements of

the sands. Gives some localities of glass and molding sand in the area and

the results of sieve tests of steel molding sands from various localities for

comparison with materials from the Baltimore-Washington region.

The Brennan pit, one of the largest producers, is on the west side of

Forked Creek, 2 miles west of Round Bay station; it was active from 1906

to 1920. Considerable stripping was necessary to uncover the sand, much of

which was regarded as suitable for glassmaking. Borings showed it was 30

feet or more thick. Map, scale 1:62,500, showing distribution of sand and

gravel in the area is included.

Darton, N. H., Bayley, W. S., Salisbury, R. D., and Kummel, H. B., 1908,

Description of the Passaic quadrangle [New Jersey-New York] : U. S.

Geol. Survey Geol. Atlas, folio 157, p. 26.

Molding sand has been quarried near Montville and south of Morris Plain
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railroad station. Chemical analysis of the best grade of this sand underlying

the Woodbridge fire clay is from 92.5 to 98 percent SiOj, and from 1.45 to

6.55 percent AliOa and Fe>Oj. The sand is used in foundries.

Darton, N. H., and Smith, W. S. T., 1904, Description of the Edgemont

quadrangle [South Dakota-Nebraska] : U. S. Geol. Survey Geol. Atlas,

folio 108, p. 10.

A deposit of Dakota sandstone suitable for grindstones is 3% miles north-

northeast of Edgemont. It is of excellent quality and uniform grain size, but

the overburden is thick.

Dasher, John, Rough, R. R., and Bacon, F. L., 1943, Beneficiation of Del

Monte, Calif., sand: U. S. Bur. Mines Rept. Inv. 3740, 10 p.

Gives methods of removing objectionable impurities, largely oxides of iron

and aluminum, from west coast sand that otherwise would be suitable for

use in the glass container industry.

Davis, F. A. W., and Johnson, Martin, 1938, Technology of the western

Tennessee tripoli in Tripoli deposits of western Tennessee and Missis

sippi: Knoxville, Tenn. Valley Authority, Water Control Plan. Dept.,

Geol. Div., Geol. Bull. 8, p. 13-17.

Discusses the processing of tripoli from the Warsaw formation in western

Tennessee Valley area. Tests have shown this tripoli is comparable to the

Missouri tripoli in its high-oil obsorption. Mechanical tests are included, and

a table shows the comparative screen analysis and oil obsorption for

Tennessee tripoli, with standard commercial grades of Missouri tripoli,

Illinois "soft" silica, and Black Fox (East Tennessee) "soft" silica.

Davis, F. F., and Vernon, J. W., 1951, Mines and mineral resources of Contra

Costa County [Calif.] : Calif. Jour. Mines and Geology, v. 47, p. 580-584.

Locations of glass and foundry sand deposits in Contra Costa County are

described. A map, scale about 1 inch = 80 miles, showing mineral distribu

tion is included.

Dorisy, C. E., 1935, Index of mineral occurrences in the State of Washington :

Wash. Plan. Council Pub. 3, p. 30.

Glass sand, 96 percent SiOj, occurs near Newport, Pend Oreille County.

Silica suitable for making glass is found 2 miles east of Kettle Falls, Stevens

County. Reserves of high-grade sandstone in the vicinity of Denison, Spokane

County, are reported to be 7 million tons.

Dunkin, D. D., 1928, Mining and preparation of St. Peter sandstone in

Arkansas: Am. Inst. Min. Metall. Eng. Tech. Pub. 55, 10 p.

The St. Peter sandstone (lower Ordovician) is widely distributed in north-

central Arkansas and is exposed most prominently along the slopes of the

White River valley and its tributaries. The greatest thickness is at the south

eastern end where it is more than 100 feet thick in many places. The deposit

and methods of operations at ' Guion, Izard County, are described, and

chemical and sieve analyses are included.

Edwards, A. C, 1926, Pioneer in the silica sand industry keeps plant abreast

of times: Pit and Quarry, v. 13, no. 1, p. 58-60.

For several miles along the Illinois River, sand is mined from the St.
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Peter sandstone, and is used for the manufacture of iron, steel, and glass,

sandblasting, and chemical purposes. It extends into the high ground border

ing the Illinois River on the north, and about 4 miles west of Ottawa. Over

burden consists of 10 to 12 feet of earth and shale, a 22-inch seam of coal,

and a second layer of shale. No material is stored at the plant; production is

moved direct from the pit to railway cars. No attempt is made to produce

molding sand during the winter because the frozen sandstone does not break

as desired. However, a small amount is mined by hand during this period.

Ehlers, G. M., Stumm, E. C, and Kesling, R. V., 1951, Devonian rocks of

southeastern Michigan and northwestern Ohio: Ann Arbor, Mich.,

Edwards Bros., Inc., 40 p.

Discusses the lithology, succession, and relationship of the Devonian strata

of southeastern Michigan and northwestern Ohio. Comparison of the Devonian

strata of northern Michigan and New York is made in relation to the

deposition of the rocks and the chief diagnostic fossils of the various

formations. A brief description of the Sylvania sandstone is given.

Geologic map, scale about 1 inch = 1 mile, showing distribution of

Devonian rocks and drawing showing distribution of Sylvania sandstone and

quarries in which it is exposed are included.

Emerson, B. K., 1899, The geology of eastern Berkshire County, Mass. : U. S.

Geol. Survey Bull. 159, p. 78-79, 100.

Cheshire quartzite (Cambrian) suitable for the glass industry extends

approximately from north of Dalton southward to Washington. At Coltsville

station, the deposits are 180 feet thick. The quartzite has been quarried for

glass sand in the mountains of Washington Township at Dalton. The

geology and topography of the area are discussed. Buhrstone also has been

quarried in the mountains in Washington Township.

Geologic map, scale about 2 inches = 1 mile, showing Cheshire quartzite at

Ferncliff and East Lee, and a geologic map, scale 1 inch = 2 *4 miles, showing

Cheshire quartzite in the eastern half of the Housatonic quadrangle are

included.

1917, Geology of Massachusetts and Rhode Island: U. S. Geol. Survey

Bull. 597, p. 74-75.

Discusses the Quabin quartzite of Carboniferous age. The quartzite, which

is pure, white, and sugary, in many places flaggy, makes up a great part of

Quabin and Felton Mountains. It was formerly used as hearthstones for iron

furnaces and flrestone. At Chaffee's Place, 4 miles south of Peaked Mountain,

Stafford, Conn., are large quarries of quartzite and a mill where it was sawed

50 years ago.

Emmons, W. H., and Grout, F. F., 1943, Mineral resources of Minnesota:

Minn. Geol. Survey Bull. 30, p. 78-89, 111-112, 134.

Grinding pebbles derived from the Sioux quartzite, which compare favor

ably with the Danish, Belgian, and French flint pebbles, are found on the

shores of Lake Superior between Grand Portage and Pigeon Point. Recent

deposits in the Lake Superior area also are used in making cores. Sioux

quartzite is quarried at Pipestone, Jasper, Luverne, and formerly was

produced at New Ulm. It is used for refractory molds and sandblast castings.

Some screenings are sold as refractory sand for foundry use and some as

ganister used in the manufacture of silica brick or furnace lining. At Pipe

stone, sized chips are used for roofing granules.
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Jordan sandstone (upper Cambrian) is mined near Ottawa, Jordan, and

other localities along the Minnesota River. It is a white to yellow medium-

grained friable high-grade silica sandstone. It ranges from about 100 to 200

feet in thickness, and is exposed along the St. Croix, Minnesota, and Missis

sippi Rivers. It is used for sandblasting, stone sawing, other abrasive pur

poses, in foundries, for filter beds, and for making glass. St. Peter sandstone

(lower Ordovician) is exposed in the Minneapolis-St. Paul area. It is a weakly-

cemented white medium- to fine-grained rock, whose sand grains are well

rounded and frosted. It contains some clay and silt. It is used for rough

finishing of stone, as a core sand, in foundry work, and also for making glass.

Tripoli was quarried at Stillwater. It is believed to be a silt partly inter-

laminated with clay that was deposited in a glacial lake.

Evans, G. L., 1943, Mineral abrasive and polishing material in Texas, in

Texas mineral resources: Tex. Univ. Pub. 4301, p. 245-248 [1946]. See

also Sellard and others, 1944.

Grinding pebbles occur in large thin deposits on interstream divides and

in river terraces of the Gulf Coastal Plain between Guadalupe River and

the Rio Grande. Pebbles also have been produced in many counties. The

milled pebbles are equal in quality to foreign pebbles.

A small quantity of flint-tube-mill liner stock has been produced from the

Edward formation in western Travis County. Flint occurs as thin beds and

lenses as well as nodules in this formation.

Sandblast sand (rice sand) occurs mainly near the base of the Catahoula

formation and in later deposits derived therefrom. The sand grains are sub-

rounded to sharp and range from fine to coarse.

Tripoli (spiculite) deposits occur in the Pennsylvanian Marble Falls

formation in Lampases and Burnet Counties.

Massive quartz occurs as vein deposits in the Precambrian rocks in the

Llano region and in the Carrizo Mountains of Culberson and Hudspeth

Counties. The Texas deposits are of sufficient size and quality to meet in

dustrial requirements.

Novaculite formation (Caballos) forms prominent and extensive outcrops

in the Marathon uplift in Brewster County. The strata of the novaculite have

been intensely folded and fractured. Value of the novaculite is impaired if

blocks are cracked and filled with material of different hardness.

Distribution map, scale about 1 inch = 75 miles, is included.

Fettke, C. R., 1918, Glass manufacture and the glass sand industry of

Pennsylvania: Pa. Topog. Geol. Survey Rept. 12, 278 p. [1919].

Comprehensive report on the glass sands of Pennsylvania gives composition

of glass, classification of glasses, chemical and mechanical analyses, raw

materials for glass manufacture, statistics of the glass industry, location of

glass sand deposits and factories.

The Oriskany glass sand deposits are in Huntingdon, Mifflin, Bedford,

Blair, Carbon, Centre, and Monroe Counties. The Pottsville glass sand

deposits are in Clearfield, Elk, Fayette, Forest, Jefferson, McKean, Venango,

Warren, and Westmoreland Counties. Other glass sand deposits occur in

river terraces. The Tuscarora sandstone, or quartzite, may also be a possible

source of glass sand.

Small maps showing outcrops in specific counties and a map, scale about

1 inch = 15 miles, showing location of glass plants and glass sand quarry

are included.
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Fettke, C. R., 1926, American glass sands, their properties and preparation:

Am. Inst Min. Metall. Eng. Trans., v. 73, p. 398-423.

Report on the technology of glass manufacture gives specifications and

procedures of processing. Includes short discussion on prices and production

and geographic location of raw materials in the mid-West and Eastern States.

Flint, N. K., 1951, Geology of Perry County [Ohio] : Ohio Geol. Survey, 4th

ser., Bull. 48, p. 122-123.

The only sandstone presently used for glass is the Massillon. Operations

in the vicinity of Glenford and Glassrock in Hopewell Township are briefly

descrihed. Analyses are given.

Frederick, C. L., 1932, Properties of silica brick manufactured from Sharon

conglomerate: Am. Ceramic Soc. Jour., v. 15, p. 61-67.

Silica refractories are discussed, and a resume of materials utilized in the

manufacture of silica brick in the United States is given. Comparative tests

were made on brick manufactured from Medina (Tuscarora) quartzite,

Oriskany sandstone, and Sharon conglomerate of Pennsylvania. Final con

clusion was that bricks made from Sharon conglomerate are equal in quality

to the average silica brick. Analyses of Pennsylvania quartzite and Sharon

conglomerate are included.

Frye, J. C., 1942, Kansas mineral resources for wartime industries: Kans.

Geol. Survey Bull. 41, pt. 3, p. 168-169.

Short discussion on Mississippian tripoli in Cherokee County.

Fuller, J. O., 1947, Sharon conglomerate, a source of high silica raw material:

Ohio State Univ. Eng. Expt. Sta. News, v. 19, no. 2, p. 48-55.

The Sharon conglomerate (Pennsylvanian) averages 95 to 99 percent SiOi

as rounded pebbles ranging in diameter from one-eighth of an inch to 3

inches. The pebbles are generally white, but pink, rose, gray, and black are

fairly common. The thickness in northeast Ohio is 175 feet, whereas in the

southern part of the State it is 200 feet. Total production for industrial uses

is well over 700,000 tons a year.

Chemical analyses giving locations where the samples were obtained and an

outcrop map, scale about 1 inch = 64 miles, are included.

Fulton, J. A., and Smith, A. M., 1932, Nonmetallic minerals in Nevada: Pit

and Quarry, v. 24, no. 11, p. 37.

Large quantities of silica associated with alunite and sulfur were quarried

in the Cuprite district, Esmeralda County, from 1914 to 1918. No production

in recent years has been reported.

Glass sand was mined in 1931 at Steamboat Springs, Washoe County, 10

miles south of Reno. Analysis of the sand show 99 percent SiOj, 0.6 percent

AljOi, and about 0.04 percent Fe»Oi.

Silica is mined at Overton, Clark County. This mine produces 30,000 tons

of washed silica annually.

Many large deposits of silica sand occur in Clark County. Two deposits are

7 and 11 miles, respectively, northwest of Crystal; another occurs in the

White Basin district, about 12 miles southeast of Crystal. Near Apex, 12

miles north of Las Vegas, hard white sandstone, interbedded with limestone,

crops out, and on the Union Pacific Railroad, 30 miles south of Las Vegas,

a large deposit of loosely consolidated sandstone has yielded glass sand.
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Furcron, A. S., and Teague, K. H., 1943, Mica-bearing pegmatites of Georgia:

Ga. Geol. Survey Bull. 48, 192 p.

Discusses quartz occurring in the mica-bearing pegmatites. Description of

the deposits and a map, scale about 1 inch = 65 miles, showing five principal

areas are included.

Gildersleeve, Benjamin, 1946a, Minerals and structural materials of the

Pickwick, Wilson, and Wheeler reservoir areas (revised) : Knoxville,

Tenn. Valley Authority Rept. 2, p. 33-35.

Tripoli occurs in the Stout district, in the southwest corner of Wayne

County, Tenn., and adjoining parts of Hardin County, Tenn., and Lauderdale

County, Ala. The average analysis of this deposit shows 96 percent SiOi, 1

percent Fe2Oj, and 3 percent AUOj. In the Bear Creek district, it occurs from

Riverton, Colbert County, Ala., southward along the east side of Bear Creek

to about 2 miles north of Margerum. On the west side of Bear Creek, the

most important deposits are in the vicinity of Eastport, Tishomingo County,

Miss.

The tripoli ranges in thickness from a few feet to 60 feet, the larger deposits

averaging about 25 feet. No tripoli has been produced in this area since 1912.

Geologic and location maps, scale about 1 inch = 7 miles, are included.

1946b, Minerals and structural materials of southwest Virginia

(revised) : Knoxville, Tenn. Valley Authority Rept. A, p. 34-35.

Gives locations of outcrops of the Erwin, Clinch, Oriskany, Price, and

Gladeville sandstones and quartzites. The above formations have been cited

as typical of the sandstones and quartzites of the area. In some places they

have been used as a source of glass sand. Attention is called to the fact that

sodium carbonate and other essential ingredients for glass manufacture are

produced in this area. Map, scale 1 inch = 8 miles, shows location of deposits.

1946c, Minerals and structural materials of the Hales Bar and

Chickamauga reservoir areas [Tennessee] (revised) : Knoxville, Tenn.

Valley Authority Rept. 4, p. 49, 54.

Glass sand is produced from the Sewanee conglomerate (Pennsylvanian)

about 3 miles east of Sewanee, Franklin County, Production in 1943 averaged

about 3,500 tons per month.

Bon Air formation is a possible potential resource of glass sand.

Map, scale about 1 inch = 9 miles, showing locations is included.

Tripoli formerly was produced from a dense chert horizon of the lower

Knox dolomite at Black Fox, 3% miles south of Cleveland, Bradley County.

This operation was abandoned about 1932.

Giles, A. W., 1930, St. Peter and older Ordovician sandstones of northern

Arkansas: Ark. Geol. Survey Bull. 4, 187 p.

Presents a comprehensive report on the Kings River, Calico Rock, and St.

Peter sandstones. The Kings River and Calico Rock sandstones are members

of the Everton formation (lower Ordovician). The Kings River sandstone

ranges from 2 to 40 feet in thickness, and averages about 25 feet. It is

chemically pure and averages above 99 percent SiOj. Calico Rock sandstone

ranges from 50 to 150 feet in thickness, and averages about 100 feet. The

SiO» content averages above 98 percent. St. Peter sandstone (Ordovician)

ranges in thickness from 10 to 200 feet. The grains are generally frosted and

pitted. The Si02 content exceeds 98 percent.
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These sandstones are widely distributed, but the St. Peter is the only sand

stone being exploited at present. Sieve analyses; map, scale about 1 inch. =

13 miles, showing outcrops of Calico Rock sandstone; and maps, scale 1

inch = 1 mile, showing location and surface outcrop of St. Peter sandstone

are included.

Glenn, L. C, 1914, A tripoli deposit near Butler, Tenn. : Tenn. Geol. Survey,

Res. Tenn., v. 4, no. 1, p. 29-35.

Tripoli occurs on the Matherley farm at Cobb Creek, 2% miles northwest

of Butler, Johnson County. It occurs in the Watauga formation (Cambrian)

where it is interbedded with shale and limestone more than 800 feet thick.

Most of the particles range from 0.0015 mm to 0.16 mm in diameter. Analysis,

origin, mining, and uses are included.

Glover, S. L., 1936, Nonmetallic mineral resources of Washington : Wash. Div.

Geology Bull. 33, p. 12-13, 94-96.

Sandstone suitable for abrasives occurs in the Eocene rocks of the Puget

Sound area and in Chelan and Kittitas Counties. The Miocene and Oligocene

rocks in the Olympic Mountains are possible sources of abrasive sandstones.

Pulpstone has been quarried from a deposit at Wilkerson, Pierce County, and

in Skagit County. Whetstones were quarried from an 8-foot bed in Skamania

County between White Salmon and Stevenson. Sandstone with a high per

centage of silica but which would require beneficiation before it could be of

commercial use as high-purity silica occurs in Stemilt Canyon, south of

Wenatchee, Chelan County. The Swauk sandstone, after beneficiation, con

tains 98 to 99 percent SiO»; it occurs 3 miles south of Wenatchee, Chelan

County. Sands of the Hammer Bluffs formation in King County overlie

Eocene rocks a few miles east of Auburn, and crop out in the Hammer Bluffs

and Green River region. Some samples, after washing, were satisfactory for

glass. Green glass was produced from the Kummer sandstone in northwestern

Washington.

A dike of white quartz, 50 feet wide and 96.6 percent pure, is near

Wenatchee. A large quartz vein occurs near Merritt, Chelan County. Vein

quartz is mined at Rockport, Skagit County. The Denison (Latshaw) peg-

matitic quartz deposit is about 7 miles south of Denison and 13 miles north of

Spokane, Spokane County. This deposit extends over an area of 3% acres.

The stained surface quartz averages about 95 percent SiO» and the fresher

rock about 98 percent Si03. Quartz in the Chuckanut formation in Whatcom

County is found on the northeast shore of Samish Lake in the NE1/4 sec.

26, T. 37 N., R. 3 E., on the Saar Creek, southeast of Sumas, and in the

NW1/4 sec. 17, T. 40 N., R. 6 E. ; the latter deposit, which is 80 feet thick,

is reported to contain 98 percent SiOa and very little Fe.

Quartzite occurs at Kettle Falls, Stevens County, and south of Spokane

near the north center of NE1/4 sec. 15, T. 24 N., R. 43 E., Spokane County.

It also is reported 8 miles east of Enumclaw.

Goldstein, August, Jr., and Hendricks, T. A., 1953, Siliceous sediments of

Ouachita facies in Oklahoma : Geol. Soc. America Bull., v. 64, p. 428—430.

Certain sedimentary rocks crop out in the Ouachita Mountains; these

contain large amounts of silica disseminated through a relatively thick series

of novaculite beds. Four lithologic types, including novaculite and spiculite

chert, are present. The stratigraphy and petrography of these types are given

in detail, with extracts from other authors.
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Gould, C. N., 1908, Glass sand in Preliminary Report on the mineral resources

of Oklahoma: Okla. Geol. Survey Bull. 1, p. 44-46.

Glass sand in Oklahoma occurs in three regions, near Tahlequah, in the

Arbuckle Mountains, and north of the Red River in southern Oklahoma. The

glass sand at Tahlequah is in the Bergen sandstone, which is a massive

moderately fine grained light-brown rock. The formation ranges from a thin

stratum to beds more than 100 feet in thickness. The Arbuckle Mountain

glass sand occurs in the Simpson formation, which is composed of three

members. Some limestone is interbedded with the sandstone, which in places

is 100 feet thick. In southeastern Oklahoma, glass sand occurs in the Trinity

sandstone which crops out as a band ranging in width from 5 to 15 miles

along the southern base of the Arbuckle and Ouachita Mountains, extending

from Marietta to the Arkansas line. Localities near Marietta, Atoka, and

Antlers are said to yield good glass sand.

1910, Brief chapters on Oklahoma's minerals: Okla. Geol. Survey Bull.

6, pt. 2, p. 94-96.

Gives a brief discussion on the tripoli industry of Oklahoma. Tripoli occurs

in the Boone formation in the vicinity of Seneca, Mo., and in the area of

Spring and Grand Rivers and north of the Arkansas River. Small amounts

occur near Tahlequah and near Spavinaw Creek. Oklahoma tripoli is not

suitable for filters.

Novaculite occurs in the eastern part of the Ouachita Mountains, near Hot

Springs, Ark. The same formation passes westward into Oklahoma where

it is exposed near Talihina and Otoka. Possible potential resources are east

of the Missouri-Kansas-Texas Lines between Stringtown and Otoka and in

the Potatoe Hills east of Talihina and north of Tuskahoma.

Gould, C. N., and Beach, J. O., 1930, Oklahoma glass sands: Okla. Geol.

Survey Mineral Rept. 3, 12 p.

Sands suitable for the manufacture of various grades of glass occur in

three localities in Oklahoma: in the Simpson formation in the Arbuckle

Mountain region of Pontotoc, Johnston, Murray, and Carter Counties, in the

Trinity sandstone north of the Red River in south-central and southeastern

Oklahoma, and in a small area in the Burgen sandstone near Tahlequah in

northeastern Oklahoma. Brief description is given of the locality and deposits.

A map, scale 1 inch = 43 miles, showing distribution of glass sands in

Oklahoma is included.

Grimshaw, R. W., 1953, The quantitative estimation of silica minerals: Clay

Mineral Bull., v. 2, no. 9, p. 2-7.

Discusses the importance of silica and siliceous materials for refractory

purposes. Analyses of samples from various localities are included.

Grimsley, G. P., 1909, History of the glass sand industry in West Virginia:

W. Va. Geol. Survey, v. 4, p. 375-390.

Gives a description of the glass sand producing plants as they existed in

1909, a classification of glass, location of deposits, list of companies, and

many analyses.

1916, Jefferson, Berkeley, and Morgan Counties [W. Va.] : W. Va.

Geol. .Survey County Repts., p. 222, 224, 313, 321-344.

Discusses the Oriskany sandstone at Berkeley Springs and the properties
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of the Antietam sandstone in Jefferson County. Describes the glass sand

resources, glass plants, mining, milling, economical features, and companies

engaged in the glass sand industry of the eastern Panhandle counties. A few

chemical analyses are given. Maps, scale 1:62,500, showing the topography

and general and economic geology are included.

Griswold, L. S., 1892, Whetstones and the novaculites of Arkansas: Ark.

Geol. Survey Ann. Rept. for 1890, v. 3, 443 p.

Presents a comprehensive report on deposits of whetstones and novaculites

known before 1892. Localities are listed in Arkansas, Georgia, Oklahoma,

Maine, Maryland, Massachusetts, and New Hampshire. Deposits in Arkansas

are described in detail. Chemical analyses and analyses of tripoli from Seneca,

Mo., and of novaculite from Marquette, Mich., are included. Geologic map,

scale 1 inch — 3 miles, of the novaculite region in Arkansas accompanies the

report.

Ham, W. E., 1945, Geology and glass sand resources, central Arbuckle

Mountains, Okla. : Okla. Geol. Survey Bull. 65, 103 p.

Describes the glass sand deposits in the Arbuckle Mountains. These

deposits are in the Oil Creek and McLish formations of the Simpson group

(Ordovician). They range in thickness from 150 to 400 feet and in width

from 500 feet to 1% miles, and have an overburden 3 to 20 feet thick of loose

iron-stained sandy soil or clay.

Crude sands contain 97.82 to 99.57 percent SiO,, 0.09 to 0.40 percent Fe,0>,

0.04 to 1.16 percent AUOj, and very little CaO and MgO. Sieve analyses show

83 to 90 percent fine to very fine sand (Wentworth scale). The average median

diameter of the sands is 0.142 mm, and the average sorting coefficient is 1.20.

Map showing localities of glass sand in Oklahoma is included.

Hanley, J. B., Heinrich, E. W., and Page, L. R., 1950, Pegmatite investigations

in Colorado, Wyoming, and Utah, 1942-1944: U. S. Geol. Survey Prof.

Paper 227, 125 p.

Discusses quartz occurring in pegmatites in Colorado, Wyoming, and Utah,

which might be a possible source of glass sand, and includes 17 plates, 34

figures, and 7 tables.

Harris, G. D., 1941, Report on the geology of Lee County, Tex.: Tex. Univ.

Min. Res. Survey Circ. 33, p. 4-5, 6-8.

The Carrizo sand crops out in Lee County. The area of outcrop is about

1 mile wide in the northeast corner and is at least 5 miles wide in the south

west part of the county. Thickness exceeds 200 feet. The lower part of the

Carrizo consists of tan and white medium-grained sands, with one or two

layers of bluish sand or siltstone. The upper part of the formation consists

of iron-stained massive sandstone, with a conglomerate ironstone cap. The

Queen City sand is exposed in Lee County in an outcrop that ranges in width

from 1 to 3 miles.

Harton, B. H., 1953, Ouachita chert facies, southeastern Oklahoma: Am.

Assoc. Petroleum Geologists Bull., v. 37, p. 788-796.

The Arkansas novaculite includes three divisions, lower, middle and upper.

It not only is related to faulting but also to widespread solution and redeposi-

tion of silica. The lower and upper divisions, originally shale and shaly lime

stone, have been altered chemically by replacement of clay minerals by silica
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through action of ground waters. In the middle division, the process of

segregation of silica within the belt of deformation was aided and controlled

by conditions developed during overthrusting. The age of the middle division

is Devonian and lower Mississippian. Specific locations are given for those

divisions where novaculite occurs. The theory is advanced that the excessive

deposition of silica in the Ouachita region was produced by alteration during

the orogenic process.

Havell, R. F., and McVay, T. N., 1939, Beneficiation of some Alabama glass

sands: Am. Ceramic Soc. Bull., v. 18, p. 429-431.

Studies were made on the beneficiation of beach sands southeast of Mobile,

on the Gulf of Mexico. Tests have shown the following: Iron content may be

lowered by tabling from 0.093 to 0.169 percent Fe,03 to 0.057 to 0.066 percent

FeiOj. Grain-size distribution of the sands is satisfactory for glass manu

facture. It might be possible to recover small amounts of zircon, kyanite,

ilmenite, and rutile as byproducts.

Proposed flow sheet for possible treatment of sands, mechanical and chem

ical analyses, and tables giving percentage grain counts of heavy minerals

are included.

Heinz, C. E., 1937, Tripoli, in Industrial Minerals and Rocks: New York, Am.

Inst. Min. Metall. Eng, 1st ed. p. 911-922.

Discusses the properties, origin, and mining of tripoli in the United States

and lists five districts where it occurs. Missouri-Oklahoma district includes

Racine and Seneca, Newton County, Mo., and Peoria, Ottawa County, Okla.;

Illinois district includes Alexander and Union Counties; Tennessee-Georgia-

Alabama district; Tennessee Valley district, where Tennessee, Alabama, and

Mississippi join; and Arkansas 6 miles from Rogers, Benton County.

Hewett, D. F., Callaghan, Eugene, Moore, B. N., and others, 1936, Mineral

resources of the region around Boulder Dam: U. S. Geol. Survey Bull.

871, p. 169-170.

A 300-foot crossbedded sandstone member of the Supai formation forms

a cliff along the mountain front several miles west of Bard. Because of the

crossbedding, there is a great variation in composition and size of grains. The

sandstone, which contains a small amount of iron and some lime, is used for

molding sand. The reserves are said to be inexhaustible.

Extensive deposits of quartz sand crop out northeast and southwest of the

Muddy Mountains. In the northeastern area, large sand deposits occur in the

Jurassic (?) sandstone and in dunes. Silica is quarried from the Overton

fanglomerate, 5 miles south of Overton. Some of the deposits are reported

to average 99.2 percent Si02. Other analyses included show a slightly lower

percentage.

Dune sand in Magnesite Wash, 2 miles south of Overton, is suitable for

making colored bottle glass.

Exploratory work is being done in the Overton fanglomerate, southwest

of Muddy Mountains.

Chemical analyses are included.

Hewitt, D. F., 1951, Silica in Ontario: Ont. Dept. Mines Indus. Mineral Circ.

2, 16 p.

This report gives a brief discussion of the occurrences, characteristics, and

uses of silica deposits in Ontario. Mining, milling, beneficiation, and market
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ing are also mentioned. Workable deposits consist of unconsolidated silica

sand, sandstone, quartzite, and pegmatitic quartz. The main silica resources

in Ontario are the Lorrain quartzite (Precambrian), Potsdam sandstone

(Cambrian), Medina sandstone (Silurian), Sylvania sandstone (Devonian),

and the unconsolidated sands (Quaternary and Recent).

Chemical analyses of samples from most deposits are given. Map, scale 1

inch = about 25 miles, showing the distribution of quartzite deposits and a

map, scale 1 inch = about 38 miles, showing the location of sandstone deposits

are included.

Hickok, W. O., IV, and Moyer, F. T., 1940, Geology and mineral resources of

Fayette County, Pa. : Pa. Geol. Survey, 4th ser., Bull. C 26, p. 53-59, 299,

311, 487-488, 492-494.

Discusses the Connoquenessing and Homewood sandstones (Pottsville) .

Several quarries and one mine are on Chestnut Ridge, along the Youghiogheny

River and Dunbar Creek, where 40 to 50 feet of the Upper Connoquenessing

sandstone and about 40 to 50 feet of Homewood sandstone have been worked.

Both formations are composed of light-buff to white coarse-grained heavy-

bedded sandstone. Sands from these formations must be washed to be suitable

for the better grades of glass. Silica refractories are produced from these

sands. Geologic and topographic maps, scale 1:62,500, of Fayette County, are

included.

Hodge, E. T., 1938, Northwest silica minerals, in Market for Columbia River

hydroelectric power using northwest minerals: Portland, Oreg., War

Dept., Corps of Engineers, U. S. Army, North Pacific Div., sec. 2., v. 1,

175 p., v. 2, p. 177-189.

Discusses the silica deposits of Idaho, Washington, and Oregon and

localities other than the Pacific Northwest; gives a detailed discussion on the

technology of silica. Maps showing location, topography, and geology are

included.

Hoeman, E. C, and Redneld, R. C, 1943, Industrial sand from the Eocene

Rockdale formation in Texas, in Texas mineral resources: Tex. Univ.

Pub. 4301, p. 283-300 [1946]. See also Sellards and others, 1944.

Sand strata in the Simsboro member of the Rockdale formation (Eocene)

crop out in many counties in the Texas Coastal Plain. Geologic and

geographic description, properties, and analyses of the deposits are given.

After beneficiation this sand may be used for foundry, molding, filter and

engine sands, flint glass, abrasives, sand-lime and silica brick, sodium silicate,

and silicon carbide.

Holmquist, P. J., 1947, Details of the quartz transformation in silica bricks:

Ingeniors vetens. akad. Handl. 192 (The Royal Swedish Academy of

Eng. Sci. Proc), 19 p.

Several observations indicate that the transformation of quartz in bricks

may be essentially accelerated by subordinate admixed substances. Even very

small quantities of alkali metals are highly active in the formation of easily

fusible mixtures of alkali silicates and fluid eutectics.

Petrographic examinations have shown that burning gives rise to two

products in the silica bricks. One consists of a fine grained mixture of

tridymite and glassy slag (sometimes also containing slag minerals) of the

groundmass; the other consists of coarser grains, mainly composed of
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heterogenous cristobalite which often contains remnants of nontransformed

quartz.

lioness, C. W., 1923, Geology of the southern Ouachita Mountains of Okla

homa, part 1, Stratigraphy, structure, and physiographic history, p.

19-139; part 2, Geography and economic geology, p. 54-58: Okla. Geol.

Survey Bull. 32.

Discusses the general features of the Arkansas novaculite formation, which

has three lithologic units. The lower consists of massive white novaculite;

the middle contains thin layers of dense dark novaculite interbedded with

shale; and the upper is chiefly massive calcareous novaculite. The maximum

thickness does not exceed 600 feet.

Two types of commercial material are the Arkansas stone and the Ouachita

(Washita) stone. The Arkansas stone, a true novaculite, is homogeneous,

gritty, fine-grained, has low porosity (0.25 percent) and a conchoidal fracture.

Chemical analyses indicate a content of 99 percent Sid. The Ouachita stone

is chemically similar to the Arkansas stone, but its dull luster and porosity

of 5 percent exclude it from the classification of a true novaculite. The

cryptocrystalline silica of the Ouachita stone is denser around the rims of

minute rhombohedral cavities; the rims of these cavities accomplish the

sharpening of tools rubbed across the stone. The Arkansas stone is better

adapted for fine finish work done on whetstones, whereas the Ouachita stone

is better for the coarse cutting as done on scythestones. Reserves are large.

Geologic map, scale 1 inch = 1 mile, of the southern Ouachita Mountains is

included.

Hudson, W. C, 1946a, Investigation of the Miami-West Palm Beach belt of

silica sand in Florida: U. S. Bur. Mines Rept. Inv. 3865, 5 p.

The Miami-West Palm Beach belt of silica sand extends 65 miles north

ward from Miami to West Palm Beach. The width of the belt is more than

a mile and the deposits range from 4 to more than 7 feet in thickness. The

long, narrow sand terrace is 10 to 30 feet above sea level. Most of it is flat

but sand dunes occur near the northern end. The possible glass sand is

believed to end a few miles north of West Palm Beach because of the increased

content of black sands, especially near Stuart. Overburden is about 1 foot

thick. Chemical and mechanical analyses of the sand and a map, scale about

1 inch = 11 miles, showing the glass sand belt are included.

1946b, Investigation of the McLeod glass-sand pits Wheeler County,

Ga.: U. S. Bur. Mines Rept. Inv. 3859, 3 p.

The McLeod pits are on the southeast side of the Little Ocmulgee River,

Wheeler County. They are about 1 mile long and one-fourth mile wide. Over

burden is about 6 to 11 feet thick. Thickness of sand is about 5 feet. Chemical

and mechanical analyses of sample are given, and location map, scale 1 inch

= 19 miles, is included.

Huey, A. S., 1948, Geology of the Tesla qaudrangle, California: Calif. Div.

Mines Bull. 140, p. 61.

Abandoned glass sand prospects of the Tesla formation are in San Joaquin

and Alameda Counties. The mining of glass sand in the Tesla area has been

limited by the more ready accessibility and higher quality of the white sands

near Mount Diablo, Contra Costa County. "Livermore ganister," a natural

mixture of silica sand and clay, occurs in Alameda County. It is confined to a
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single stratigraphic unit and is used in foundries as a ladle-patching and

furnace-lining material. Geologic map, scale 1 :62,500, is included.

Huttl, J. B., 1937, A glass sand enterprise on the Pacific Coast: Engr. Min.

Jour., v. 138, no. 12, p. 29-31.

The report describes operations of the Silica Co. of California, about 3

miles southeast of Brentwood, a station on the Santa Fe Railway. The

deposit is of Eocene age and consists of compact sandstones in which a work

able bed of amber-colored sand occurs, ranging in thickness from 30 to 40

feet. The mining and processing of the sand are discussed, illustrated by a

flow sheet.

Jahns, R. H., Griffitts, W. R., and Heinrich, E. M., 1952, Mica deposits of the

southeastern Piedmont; part 1, General features: U. S. Geol. Survey

Prof. Paper 248-A, 102 p. See also Prof. Papers 248-B, C, D, E, F.

Discusses quartz occurring in pegmatites in Virginia, North Carolina,

Georgia, South Carolina, and Alabama. Includes 1 plate, 31 figures, and 14

tables.

Jensen, N. C, 1942, Marketing silica (Quartz, tripoli, diatomite, etc.) : U. S.

Bur. Mines Inf. Circ. 7202, 39 p.

Describes various forms of silica, discusses their occurrence, properties,

and uses, and gives production and prices. Includes list of buyers.

Jewell, W. B., 1931, Geology and mineral resources of Hardin County, Term. :

Tenn. Geol. Survey Bull. 37, p. 80-85.

Tripoli occurs in the Fort Payne and Warsaw formations. Descriptions of

the occurrences and chemical analyses are given.

Flint for tube-mill lining has been produced on a small scale in Wayne

County, but none has been exploited in Hardin County. Map, scale 1 inch =

1 mile, showing areal geology of Hardin County is included.

Jillson, W. R., 1938, The Saint Peter sandstone in Kentucky: Louisville, Ky.,

Standard Printing Co., Inc., 46 p.

Discusses the occurrence of St. Peter sandstone in Franklin, Gallatin,

Harrison, Menifee, Estill, and Madison Counties, giving the regional geology

and outline of its stratigraphic correlatives.

Johnson, J. H., 1934, Paleozoic formations of the Mosquito Range, Colo. : U. S.

Geol. Survey Prof. Paper 185-B, p. 20-21.

The Sawatch quartzite lies directly upon the eroded surface of the Pre-

cambrian rocks. Generally the formation consists of hard, massive bedded

grayish-white quartzite. Locally there are thin basal conglomerate beds com

posed of well-rounded and polished grains of bluish-gray quartz, about pea

size, well cemented with silica. The quartzite differs considerably in thickness

in different localities. Near Trout Creek it is absent or very thin ; at Weston

Pass, about 60 feet of it appears to be present; and, in the Leadville and

Alma districts, it is about 120 to 130 feet thick.

Little information from adjoining areas indicates Upper Cambrian age,

probably middle Upper Cambrian, for the quartzite.

Cross sections showing the thickness of the quartzite throughout the area

are given, but no analyses as to the purity of the rock are included.
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Johnson, M. E., 1935, The mineral industry of New Jersey for 1933: N. J.

Dept. Conserv. Devel. Bull. 42, p. 13.

A quartzite deposit about 1% miles west of Wharton, adjacent to the

Delaware, Lackawanna and Western Railroad, is quarried for use in foundries,

filters, and cement flux. Most of the rock, part of the Green Pond conglom

erate, is white but some is iron stained. Random and grab samples showed

95.78 percent SiOi and 0.68 percent Fe,Oa.

Jones, W. B., 1938, Glass sands of Alabama: Am. Ceramic Soc. Bull., v. 17,

p. 327-328.

The Mohawk deposit of the Shades formation (lower Pottsville) near

Ohatchee, Calhoun County, is a massive bedded sandstone and conglomerate,

ranging in thickness from 40 to 80 feet. The texture ranges from a medium

fine-grained sandstone to a conglomerate consisting of small water-worn

pebbles. The sandstone is almost pure white. There is little overburden. The

tract is 1 mile square and about 3 miles northwest of Ohatchee, near rail and

water transportation. Outcrops and test pits have disclosed tonnage calculated

at 100 million tons. Chemical and mechanical analyses from the deposit are

given.

The Gulf Beach sands of southern Baldwin County exceed 20 feet in thick

ness. Most of the deposit is 5 feet above and 15 feet below sea level. Production

is done by dredging. It is somewhat higher in ferric oxide and lower in silica

than the Mohawk deposit. It has good transportation facilities. A chemical

analysis is given.

The author believes that the materials of these two deposits are the only

ones in the State suitable for supplying glass sand of high quality.

Keith, M. L., 1946, Sandstone as a source of silica sands in southeastern

Ontario : Ontario Dept. Mines 55th Ann. Rept, pt. 5, 36 p.

This area is in parts of Frontenac, Leeds, and Lanark Counties, extending

from Kingston to Brockville along the St. Lawrence River and from the St.

Lawrence River northward beyond Perth and Smiths Falls. The sandstone

is in the Potsdam formation (Precambrian). The thickness ranges from less

than 72 feet to 280 feet. This sandstone is used for foundry work, blast sand,

and for the manufacture of silicon carbide; it could be used for glass sand if

demand required. Each area is described, giving chemical and mechanical

analyses. The Kingston Silica Mines deposit is reported to contain about 10

million tons of sandstone. A mill flow sheet and histograms showing the size

analysis of a sandstone sample of the deposit and a map, scale 1:126,720,

showing the distribution of the Potsdam sandstone of part of southeastern

Ontario are included.

Kinney, D. M., 1948, Glass sand and other special sands, in Geological re

sources of the Trinity River tributary area in Oklahoma and Texas : Tex.

Univ. Pub. 4824, p. 143-147.

Sands suitable for glass are found in the Arbuckle Mountains near

Tahlequah in northeast Oklahoma, southeast Oklahoma, north-central Texas,

and the Gulf Coastal Plain of Texas. The sands of the Arbuckle Mountains

occur in the Oil Creek and McLish formations of the Simpson group

(Ordovician). The Oil Creek sand is the base of the Simpson group and

ranges from 150 to 400 feet in thickness. The McLish sand is about 165 feet

thick and overlies the Oil Creek sand. Sands near Tahlequah occur in the

Burgen sandstone (Ordovician). Sands in southeast Oklahoma and north
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central Texas occur in the Trinity sand (Lower Cretaceous). The outcrop

is from 5 to 20 miles wide. Sources for glass sand are rare. However, south

of the main body of the Trinity sand in Texas, a sand deposit in the lower

Trinity is being mined for making bottle and glass containers. The Gulf

Coastal Plain of Texas yields the Carrizo, Queen City, and Sparta sands

(Eocene). These sands may be suitable for glass, but, for the most part,

they contain too much iron and are too fine grained. The Trinity, Carrizo,

Queen City, and Sparta sands cross the Trinity River basin, but deposits of

sufficient purity for the manufacture of common bottle glass are rare.

Production figures are not available, but reserves of the Oil Creek and

McLish formations are said to be very large. Reserves at Santa Anna, Tex.,

are also large.

Map, scale about 1 inch = 70 miles, showing distribution of glass sand and

other special sands in the Trinity River tributary area is included.

Knapp, G. N., 1923, The foundry sands of Minnesota: Minn. Geol. Survey

Bull. 18, p. 17-22, 62-65.

Describes the sands in Minnesota, giving the best use of each, localities

where they occur, and some chemical and mechanical analyses of the sands.

Coarser quartz sand is sometimes desired for cores in heavy work in gray iron

and steel foundries. This material is obtained from the Jordan formation

(Cambrian). The material preferred for core work is a quartz sand with the

least possible amount of silt and with little or no clay. The St. Peter sandstone

(lower Ordovician) is well suited for this work. Sioux quartzite (upper

Huronian) withstands attrition and abrasion to a remarkable degree and is

in demand as pebbles for ball mills.

Knechtel, M. M., Larrabee, D. M., Fischer, E. C, and others, 1948, Map show

ing construction materials and nonmetallic mineral resources of Montana:

U. S. Geol. Survey Missouri Basin Studies Map 11, scale 1:750,000.

Rock that probably forms part of the Tertiary "lake beds," 15 miles south

west of Dillon, Beaverhead County, is used for fluxing and silica brick in

copper converter work, and might be used for the manufacture of glass. A

quarry at Columbus, Stillwater County, has produced material for grind

stones.

Knight, Nicholas, 1926, Iowa glass sand [abs.] : Pan-Am. Geologist, v. 46, p.

402-403.

At several points in Linn County, along the Chicago, Milwaukee, St. Paul

and Pacific Railroad between Marion and Cedar Rapids; and also along the

old county highway sandstone occurs in marked unconformity upon limestone

of Devonian age. Fossils clearly indicate that this sandstone is of Carbonif

erous age. Analyses show this material to be nearly 99 percent SiOj. The

several exposures seem to warrant a moderate glass industry.

Krynine, P. D., Klepper, M. R., and Glasser, M., 1940, Mineralogy of the

Mapleton glass sand: Pa. State College, Mineral Industries Expt. Sta,

Tech. Paper 51, p. 88-94.

Report on the technology of the Oriskany sandstone in a quarry at

Mapleton and at Mount Union. Mechanical analyses and histograms are

included.

Krynitsky, A. I., and Raring, F. W., 1951, Sieve analyses of silica sands : Am.

Foundrymen's Soc. Trans., v. 59, p. 117-120.

A study of sieve analyses of silica sand was undertaken to determine the
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precision of the American Foundrymen's Society fineness test for foundry

sands. The primary purpose of the investigation was to determine whether

the type of sieve shaker used has any significant effect on the analytical

results for a given sample and the reproductibility of a sampling technique.

Conclusions were that, under the conditions of the analyses made in the

study, the vibratory and rotary type sieve shakers will yield approximately

the same results on a given sample with the same set of sieves.

Kummel, H. B., and Gage, R. B., 1907, The glass-sand industry of New

Jersey: N. J. Geol. Survey Ann. Rept., 1906, p. 77-96.

Sands along the Maurice River below Millville, in the region around Vine-

land and Williamstown, may be a source of glass sand. Glass sand has been

mined at Egg Harbor and west of Salem.

Description of the deposits, method of mining, and physical properties are

described; chemical analyses of 13 washed glass sands from New Jersey and

1 from Pennsylvania are given; a few mechanical analyses are included.

Ladoo, R. B., and Myers, W. M., 1951, Nonmetallic minerals: New York,

McGraw-Hill Book Co., Inc., 2d ed., p. 423-431, 561-566.

Gives a general description of the geographic distribution, physical

properties, mining, milling, specifications and tests, production, consumption,

grades and prices, utilization of silica, and contains a bibliography.

Lamar, J. E., 1928, Geology and economic resources of the St. Peter sand

stone of Illinois : 111. Geol. Survey Bull. 53, 175 p.

Describes the distribution, lithology, thickness, structure, origin, and

geologic history of St. Peter sandstone in Illinois. Discusses in detail its

structural, physical, and compositional features, giving special attention to

the impurities, and production methods of local quarries; lists and specifies

requirements for more than 100 uses of sand ; describes methods of sampling

and testing and tabulates the results of these tests. Mentions briefly un

developed deposits of possible commercial value.

1953, Siliceous materials extreme southern Illinois: 111. Geol. Survey

Rept. Inv. 166, 39 p.

Most silica produced in southern Illinois is from the Clear Creek formation.

Recently silica also has been produced from the Grassy Knob formation at

Olive Branch. All mines currently producing tripoli from the Clear Creek

formation are west of Elco and Mill Creek. Specific gravity, weight per cubic

foot, and porosity of silica are given, along with character of deposits of

commercial silica, mining, processing, uses, and resources.

Novaculite Gravel Co. pit near Tamms, Alexander County, is described as

to character, occurrence, resources, mining, processing, uses; chemical and

sieve analyses are included.

It is thought that ganister deposits in southern Illinois occur in the

Hartline formation, although some may have been formed also from

calcareous siliceous beds of the Springville formation. Chemical analyses of

ganister from the Hartline formation are given. Ganister in Alexander

County is discussed as to character of the deposits, mining, processing, uses,

resources, and origin.

Larrabee, D. M., Clabaugh, S. E., Griffitts, W. R., and others, 1947, Map

showing construction materials and nonmetallic mineral resources of
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Colorado: U. S. Geol. Survey Missouri Basin Studies Prelim. Map 10,

scale 1:500,000.

Silica sand has been produced from white sandstones and quartzite in

Douglas, El Paso, Fremont, and Pueblo Counties. These sandstones crop out

along the mountain front, and similar sandstones and quartzites crop out

in a belt from Orient, Saguache County, northwestward to Leadville and

Aspen. Among the formations that contain white sandstone and quartzite are

the Uncompahgre formation, the Sawatch and Ignacio quartzites, and the

Lyons sandstone.

Le Chatelier, H., and Bogitch, B., 1918, Manufacture of silica brick: Am.

Inst. Min. Metall. Eng. Trans., v. 60, p. 134-161.

Discusses the methods of investigation, the tridymite network, independent

variables, and manufacturing operations of silica brick.

Leith, Andrew, 1935, The Pre-Cambrian of the Lake Superior region, the

Baraboo district, and other isolated areas in the upper Mississippi

Valley: Kans. Geol. Soc. 9th Ann. Field Conf., p. 329-331.

The Baraboo quartzite is massive, well cemented, almost pure, and about

4,000 feet thick. Some thin beds of slate occur between the layers of quartzite.

Geologic map, scale about 1 inch = 4 miles, of the Baraboo district is included.

Levings, G. V. B., 1923, Marketing of tripoli: Eng. Min. Jour.-Press, v. 116,

p. 631-632.

Gives a brief discussion of tripoli, including its properties, uses, and

location of producing areas—stressing tripoli from Seneca, Mo.—and market

ing.

Libbey, F. W., 1950, Oregon's mineral industry in 1950: Ore.-Bin, v. 13, no.

1, p. 4.

Metallurgical silica is mined and processed at Rogue River, Jackson County,

Oreg.

Littlefield, M. S., 1925, Natural-bonded molding sand resources of Illinois:

111. Geol. Survey Bull. 50, p. 100, 122-125.

Describes a deposit of weathered chert mined and shipped as ganister near

Elco and the occurrences of high-purity silica in Randall, Lake, and La Salle

Counties.

Loughlin, G. F., 1912, The gabbros and associated rocks at Preston, Conn.:

U. S. Geol. Survey Bull. 492, p. 24, 53, 106, 110, 135-146.

The Lantern Hill quartz deposit forms a high narrow ridge 1M, miles long

and about 1,000 feet wide along the west boundary of North Stonington.

Analyses show pulverulent quartz is 98 to 99.4 percent SiOi.

Another quartz mass similar to the Lantern Hill occurs a mile north of

Glasgo village in Griswold. The origin and geology of the quartz mass and

a complete petographic description of the quartz and wall rock are discussed.

Maps, scale 1:62,500, showing location and geology of deposits are

included.

Lowe, W. B., 1926, The phenomena of the Sioux quartzite: Pit and Quarry,

v. 12, no. 8, p. 82-84.

Sioux quartzite (Huronian) occurs along the Big Sioux River: it is the
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only quartzite of any commercial value in South Dakota. Maximum width is

believed to be 60 miles, extending across the northwestern corner of Iowa.

It underlies about equal areas in South Dakota and Minnesota. The f6rmation

probably extends over an area of 6,000 square miles. It is fine grained and

friable. Thickness is estimated to be from 1,500 to 4,000 feet.

Density and acid tests are given. The fusion point is very high. This

quartzite has many uses; among them is furnace converter linings for steel

mills.

iLowry, W. D., 1947, Foundry sand produced near Eugene, Oreg. : Am. Inst.

Min. Metall. Eng., v. 173, p. 532-541.

Report on the steel foundry sands near Eugene, Oreg., includes the history,

geology, properties, and a map, scale about 1 inch = 50 miles, showing the

location of deposits. Gives a flow sheet of a current operation and references.

1954, Silica sand resources of western Virginia: Va. Polytech. Inst.,

Eng. Expt. Sta. Ser. Bull., 96, 62 p.

This report describes the geology of the silica sand deposits, giving

descriptions of the deposits and mechanical and chemical analyses. Map,

scale about 1 inch = 25 miles, showing localities is included.

McAllister, H. E., and Bartram, J. W., 1947, Handmade glass tableware, a

potential new industry for Colorado: Colo. Univ., Bur. Business Research,

p. 12, 17-20.

A sand deposit meeting all the requirements of glass sand is being worked

in a hogback west of Denver. Sand deposits near Colorado Springs are also

found suitable for the glass industry. Other deposits near Pueblo have been

analysed and found suitable, after beneficiation, for glassmaking.

Analysis of sand produced near Denver: Si02 — 99.5 percent, FesOj —

0.029 percent, A1,0, — 0.261 percent, CaO — 0.00 percent, MgO — 0.03 per

cent, loss on ignition — 0.18 percent.

Analyses of 2 potential glassmaking sands of Colorado Springs :

1 Percent

Si03 98.56

AUOj-TiO, .85

AhOa .81

Fe,Os .038

MgO .02

CaO .06

K20 .05

Na,0 .04

Ignition loss .34

The deposit from which sample 1 was taken yields washed sand possibly

suitable for making flint glass, containers and tableware. However, it exceeds

0.003 percent Fe2Oa standards set up by the American Society for Testing

Materials.

Samples of sand from deposits near Pueblo were submitted to Colorado

University for analyses. They were adequately high in silica, but the iron

content was too high, running 0.059 percent. With beneficiation, this sand

might be suitable for glassmaking.

McGrain, Preston, 1952, Recent investigations of silica sands of Kentucky:

Ky. Geol. Survey, ser. 9, Rept. Inv. 5, 14 p.

Gives requirements, specifications, chemical, and physical analyses of glass

2 Percen

SiO, 97.98

AU03-TiO, 1.55

Fe,0, .068

Ignition loss .40
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sand. Hardinsburg sandstone near Marion, Crittendon County, and Bethel

sandstone near Princeton, Caldwell County, seem to offer the best possibilities

for sources of sand for high-grade glass in the State. Map showing sources of

analyzed sands is included.

Machin, J. S., and Tooley, F. V., 1937, Decolorization of southern Illinois

silica: 111. Geol. Survey Rept. Inv. 47, p. 5-35.

Possible methods of decolorizing silica are classified roughly as high-

temperature methods, wet bleaching with acids alone or in the presence of

reducing agents, and electrical or magnetic separation of iron compounds.

Experimental investigations of three wet leaching methods employing first,

hydrochloric acid ; second, sulfuric acid ; and third, a combination of an active

metal with sodium bisulfite and sulfuric acid, indicate that it is technically

feasible to bleach by any of the three methods investigated.

McNamara, E. P., 1938, Introduction to ceramics: Pa. State Coll., School

Mineral Industries, v. 2, p. 79-95.

Describes forms of silica: quartz, tridymite, and cristobalite, their forma

tion and occurrence, Oriskany and St. Peter sandstone occurrences, the com

mercial forms of silica. Chemical analyses of some American sands, sand

stones, and quartzites are given ; also a table showing ferric oxide in different

types of glass sand and screen analyses of glass sands.

Metcalf, R. W., 1940a, Grinding pebbles: Stone, v. 61, p. 468, 470.

Describes the resources of quartzite pebbles and silex liners and summarizes

foreign sources, namely Denmark and France, markets for export, and the

domestic supply situation.

1940b, Grinding pebbles and tube-mill liners: U. S. Bur. Mines Inf.

Circ. 7139, 5 p.

Artificially rounded grinding pebbles have been produced from quartzite

deposits near Jasper, Minn., and from the Sioux quartzite near East Sioux

Falls, S. Dak. No production has been reported for 15 years. Before 1936,

pebbles were used from the beaches between Oceanside and Encinitas, Calif.

Although somewhat harder than Danish flint pebbles, the California pebbles

wore out faster on hard material, being coarser grained and rougher than

the Danish pebbles. However, their cost is less than one-half the price of

Danish pebbles.

Various types of stream or beach pebbles have been produced locally in

the Rocky Mountain region for use in metallurgical mills.

Tube-mill liners, and possibly artificially rounded-grinding pebbles, formerly

were supplied from the Ocala limestone beds in Florida and from the Fort

Payne chert near Iron City, Tenn.; they also were obtained from a quartzite

belt of central and southeast Pennsylvania, and in Calhoun, Talladega,

Cherokee, Clay, and Cleburne Counties, Ala.

1949, Tripoli, in Industrial Minerals and Rocks: New York, Am. Inst.

Min. Metall. Eng., 2d ed., p. 1074-1101.

Discusses tripoli with respect to composition, physical properties, mining,

milling, specifications, uses, marketing, and deposits in Alabama, Arkansas,

Georgia, Illinois, Mississippi, Missouri, Oklahoma, Pennsylvania, Tennessee,

and some foreign deposits. Chemical analyses, production data, and a

bibliography are included.
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Meyers, T. R., 1941, Some New Hampshire quartz deposits, preliminary

report: N. H. State Plan. Devel. Comm., Mineral Resources Survey, pt.

7, 21 p. Rept. N. H. Plan. Devel. Comm., pt. 6, 21 p.

Discusses only the larger deposits of quartz in New Hampshire. The

deposits are grouped into three types; silicified zones, quartzites and quartz

conglomerates, and pegmatites. Emphasis is placed upon the study of silicified

zones. Geology and some chemical analyses of the deposits examined are

given; also a map, scale about 1 inch = 20 miles, showing distribution and

types of quartz deposits examined.

Miser, H. D., 1943, Quartz veins in the Ouachita Mountains of Arkansas and

Oklahoma (their relations to structure, metamorphism, and metalliferous

deposits) : Econ. Geology, v. 38, p. 105-106/

Quartz veins are hydrothermal deposits of probable magmatic origin, and

novaculite is the result of progressive metamorphism. Dynamic metamorphism

had produced fracturing, shearing, and preferred orientation of the grains

in some novaculites. The oilstone quarries in the Arkansas novaculite near

Hot Springs, Ark., are in an area that has been metamorphosed to a greater

extent than elsewhere in the Ouachita Mountains, except in the mountains a

few miles north of Broken Bow, Okla.

Miser, H. D., and Purdue, A. H., 1929, Geology of the De Queen and Caddo

Gap quadrangles, Arkansas: U. S. Geol. Survey Bull. 808, p. 162-166,

178-180.

Discusses the Arkansas novaculite deposits which occur in three lithologic

units. The novaculite for the most part is massive, breaks with a conchoidal

fracture, and ranges in color from yellow to white. It occurs in beds of a

maximum thickness of almost 1,000 feet. At Hot Springs, two commercial

types are mentioned. The Arkansas stone is fine grained and suitable for

sharpening fine edges of tools. The Ouachita (Washita) stone is porous.

Novaculite pebbles range from a fraction of an inch to 10 inches in diameter.

Most of the pebbles are white with a bluish tint, but many are red, gray,

green, yellow, brown, and black. They are comparatively brittle, which may

hinder the economic use in tube mills. The basal part of the Arkansas

novaculite is composed almost wholly of silica, which is white, free from

impurities, and is used for pottery. The purest grade might be used for

making optical glass. Tripoli deposits occurring in the Arkansas novaculite

are described.

Modes, C. H., 1932, Sand supply and the glass industry on the Pacific Coast :

Ceramic Industry, v. 18, p. 254, 266, 268, 270.

Gives locations, sources, production, and chemical analyses of glass sand

in California, and analyses of glass sand from Missouri, Pennsylvania,

Illinois, and New Jersey for comparison. Data on Belgian sand imports

are included.

Moore, E. S., and Taylor, T. G., 1924, The silica refractories of Pennsylvania:

Pa. Geol. Survey, 4th ser., Bull. M 3, 100 p.

Gives a detailed description of the Tuscarora and Chickies quartzite.

Chemical analyses and map, scale about 1 inch = 15 miles, showing localities

of quartzites used as ganister for silica brick are included.

Murphy, T. D., 1954, Silica, in Mineral resources of Clark County, Nev. : Nev.

Bur. Mines Bull. 55, 6 p.

The Eureka quartzite, the Supai, Aztec, and Baseline sandstones, and
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certain deposits of eolian sand are of sufficient purity to be potentially com

mercial in Clark County. Although practically all of these materials have

been exploited, only the Baseline sandstone and eolian sand are currently

used. Four companies in the Overton area ship both crude and dry finished

products that are used by the foundry, glass, and chemical industries.

Market specifications favor the present utilization of the sands from Clark

County for glass melting, but a substantial tonnage is consumed by the West

Coast foundry trade. The Eureka quartzite may be considered a potential

resource for refractory and metallurgical use.

Raw material resources of most type of silica seem to be substantial but

not inexhaustible. Finished products shipped from the Overton area to West

Coast industries must always compete with sources of supply in southern

California.

Murray, H. H., and Patton, J. B., 1953, Preliminary report on high-silica sand

in Indiana : Ind. Geol. Survey Progress Rept. 5, 35 p.

From 1850 to 1910, high-silica sands were produced in Indiana from dunes

along the Lake Michigan shores; the Pendleton sandstone (Devonian) at

Pendleton, Madison County; the Mansfield formation (Pennsylvanian) near

Loogootee, Martin County; the Linton (Staunton) formation (Pennsylvanian)

near Coxville, Parke County; the Ohio River formation (Tertiary) in eastern

Harrison County and southeastern Washington County. At present, all high-

silica sand used by the glass industries is imported from other States.

The report gives stratigraphic units sampled, descriptions of selected

exposures, and chemical and spectrographic analyses. Map, scale 1:1,000,000,

showing location of samples of sand and sandstones is included.

Nevin, C. M., 1929, The sand and gravel resources of New York State: N. Y.

State Mus. Bull. 282, p. 116-117.

Glass, core, and blast sands have been produced at Cleveland, Oswego

County. This deposit is a continuation of the large sand plain between Rome

and Oneida Lake. Thickness is about 15 feet; overburden, 2 feet. Chemical

and mechanical analyses are given.

Another extensive area of beach and dune sands suitable for core work

occurs in Oswego County, along the east shore of Lake Ontario near Selkirk.

Sieve tests are given for samples of this sand.

New Hampshire State Planning and Development Commission, 1949, Mineral

resources in the Lakes region: p. 3.

Quartz used for glass and abrasives had been mined near Sandwich and

Strafford in the Lakes region. Most of the material came from pegmatite

deposits and from large silicified or fault zones. Map, scale 1 inch = 8 miles,

showing distribution of deposits is included.

Newland, D. H., 1919, The mineral resources of the State of New York: N. Y.

State Mus. Bull. 223-224, p. 154-156, 220-221, 241, 272-276.

The Shawangunk conglomerate, a hard, firmly cemented pebbly light-gray

sandstone ranges from 50 to 300 feet in thickness, thinning northeastward.

Millstones are quarried in the Shawangunk Mountain area, from the vicinity

of High Falls, near Kingston, southwestward into New Jersey and Pennsyl

vania. Extensive quarrying has been done near Kyserike, St. Josen, Granite,

and Kerhonkson. In the past it was quarried for glass sand at Ellenville.

Beach sand from the Oneida Lake region has been used for glass, fire,

and core sand.
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Potsdam sandstone crops out on the northern, eastern, and southern borders

of the Adirondacks. The beds range from a few inches to more than 2 feet

in thickness. Deposits in the vicinity of Moira and Bangor, Franklin County,

have been worked for glass sand.

Quartzite of high quality occurs at Port Henry and Fort Ann. White

granular sandstone 96 to 99 percent SiOj at Keck Center, Fulton County, is

used for ferrosilicon manufacture. Poughquag quartzite occurs in the High

land region. It is very hard and tough, suitable for tube-mill lining, and

probably for chemical and metallurgical purposes.

The Oriskany sandstone crops out at Oriskany Falls, Oneida, and near

Union Springs, Cayuga County.

Vein quartz, used for abrasives, was quarried near Fort Ann and Port

Henry.

Nixon, E. K., Runnels, R.' T., and Kulstad, R. 0., 1950, The Cheyenne sand

stone of Barber, Comanche, and Kiowa Counties, Kans., as raw material

for glass manufacture : Kans. Geol. Survey Bull. 86, pt. 3, p. 43-84.

Results of chemical, mineralogical, mechanical and spectrographic analyses

show that Cheyenne sandstone (lower Cretaceous), which crops out in

southern Kansas, is suitable for both glass and foundry sands. All data

indicate that reserves are adequate for commercial operation of sands

amenable to standard methods of beneficiation established by the American

Ceramic Society and the National Bureau of Standards.

Nordberg, Bror, 1954, Producing high-grade silica from sandstone: Rock

Products, v. 57, no. 4, p. 126-127, 130, 180, 182.

Sand for all grades of glass except optical is obtained from the Hardinsburg

sandstone, 1 mile east of Marion, Ky. Daily production includes 12 carloads

of glass and foundry sand. Includes description of plant and sieve analyses.

Oregon Department of Geology and Mineral Industries, 1951, State of Oregon

map showing principal mineral deposits, scale 1:100,000; Key to Oregon

mineral deposits map, by R. S. Mason : Oreg. Dept. Geology and Mineral

Industries (Misc. paper no. 2).

Shows location of the following silica deposits :

Owen: T. 33 S., R. 12 W., Powers District, Curry County.

Bristol: sec. 30, T. 36 S., R. 3 W., Gold Hill District, Jackson County.

Hugo : sec. 5, T. 35 S., R. 6 W., Grants Pass District, Josephine County.

Hauser: T. 24 S., R. 13 W., Coos Bay District, Coos County.

Eugene: sec. 34, 35, T. 17 S., R. 4 W., Lane County.

Luckiamute: sec. 30, T. 9 S., R. 4 W., Polk County.

Oklahoma Geological Survey, 1942, Utilization of glass sand : Director's Bienn.

Rept. 1941-42, p. 29-31.

Deposits of sand suitable for glass manufacture occur in Pontotoc, Johnston,

Murray, Carter, Cherokee, and Love Counties. Analyses are given.

Page, L. R., and others, 1953, Pegmatite investigations 1942-1945, Black Hills,

S. Dak.: U. S. Geol. Survey Prof. Paper 247, 228 p.

Discusses quartz occurring in pegmatite dikes in the Black Hills. Report

includes 45 plates, 37 figures, and 4 tables.

Parker, J. M., Ill, 1952, Geology and structure of part of the Spruce Pine

district, North Carolina: N. C. Dept. Conserv. Devel. Bull. 65, p. 21.

Discusses high-grade quartz occurring as cores or pods in pegmatites suit
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able for the manufacture of glass, and also fairly high silica quartz recovered

as a byproduct from the froth-flotation production of feldspar. Geologic map,

scale 1 inch = 2,000 feet, is included.

Parkinson, G. A., and Barnes, V. E., 1943, Grinding pebbles deposits in

western Gulf Coastal Plain of Texas, j'n Texas mineral resources: Tex.

Univ. Pub. 4301, p. 47-54 [1946].

Numerous deposits of flint suitable for grinding pebbles occur west of the

Guadalupe River. The gravels of the Colorado and Brazos Rivers contain

abundant flint pebbles unsuitable for grinding purposes. The stratigraphy,

lithologic character, and source of many of the deposits are given. Map,

scale about 1 inch = 75 miles, showing distribution by counties is included.

Parmelee, C. W., 1932, Progress report on the study of southern Illinois silica

as a pottery material : 111. Geol. Survey Rept. Inv. 24, p. 3-7.

Tripoli, locally called "silica," occurs in deposits that range in thickness

from a few feet to almost 50 feet in the Clear Creek formation (Devonian).

Results of investigations of southern Illinois tripoli for pottery manufacture

are given. Tests show that quartz sand, "flint," and French pebble flint are

superior to tripoli for this purpose.

Parmelee, C. W., and Harman, C. G., 1946, Southern Illinois novaculite and

novaculite gravel for making silica refractories: 111. Geol. Survey Rept

Inv. 117, 55 p.

Extensive deposits of novaculite and of novaculite gravel occur in Alexander

and Union Counties. The novaculite is a cryptocrystalline material containing

approximately 97 percent silica; novaculite gravel contains a small amount

of clay. The character and properties of the novaculite when properly crushed,

graded, bonded with lime, and fired correspond closely with commercial

refractory silica brick. Better brick can be obtained by mixing with the

novaculite a certain proportion of extremely fine grained silica or tripoli

obtainable in the same area as the novaculite and novaculite gravel.

Patty, E. N., and Glover, S. L., 1921, The mineral resources of Washington

with statistics for 1919: Wash. Geol. Survey Bull. 21, p. 111-113, 132-133.

Pegmatitic quartz deposit estimated to contain several million tons of

almost pure quartz occurs as a hill, 650 feet in diameter, in sec. 14, T. 27 N.,

R. 42 E., 12 miles north of Spokane and 6 miles from the Great Northern

Railway. The quartz is used chiefly to make silica brick.

The Denny-Renton Co. deposit on McClellan Pass Highway, east of

Enumclaw, King County, and a deposit on the Siegmund ranch, 1 mile north

of Clay City, Pierce County, supply material for use in the manufacture of

silica brick.

Some molding sand has been produced in King, Spokane, and Pierce

Counties.

Phalen, W. C, 1910, Description of the Johnstown quadrangle [Pennsylvania] :

U. S. Geol. Survey Geol. Atlas, folio 174, p. 14.

Gives chemical analysis of glass sand from the Pottsville formation on the

west flank of Laurel Ridge, near Seward.

Plummer, F. B., 1942?, A new quartz sand horizon in the Cambrian of Mason

County, Tex. : Tex. Univ. Circ. 22, 2 p.

Erna sand (upper Cambrian) crops out along the valley of Leon Creek,
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southeast of Erna. It is a pure very friable sand. Mechanical and chemical

analyses and a sketch map, scale about 1 inch = 1 mile, showing sand

localities are included.

Popoff, C. C, 1949, Investigation of silica deposits near the Skagit River,

Skagit County, Wash. : U. S. Bur. Mines Rept. Inv. 4472, 16 p.

Describes three large vein quartz deposits near Marblemount. Analyses are

included.

Price, P. H., 1929, Pocahontas County [W. Va.] : W. Va. Geol. Survey County

Rept., p. 346-348.

Discusses the Droop sandstone, which covers several hundred acres on

Droop Mountain. This sandstone meets the requirements of glass sand. The

White Medina sandstone near Minnehaha Springs also offers possibilities for

glass sand. Chemical analyses of the sand are given. Geologic and topographic

maps, scale 1:62,000, are included.

1938, Geology and natural resources of West Virginia: W. Va. Geol.

Survey Repts., v. 10, p. 291, 335, 380-384.

Presents a general discussion on occurrences of high-grade silica sand and

uses, production from 1902-23, and occurrences of "grindstone." Geologic map,

scale 1 inch = 16 miles, is included.

Purdue, A. H., and Miser, H. D., 1923, Description of the Hot Springs district

[Arkansas] : U. S. Geol. Survey Atlas, folio 215, p. 10-11.

Novaculite is quarried at several places on the mountain ridges northeast

of Hot Springs. Two commercial types are described. The Arkansas stone is

a homogeneous gritty stone, fine grained and siliceous. This type is used in

the manufacture of oilstones, but it is best adapted to finishing the sharpening

of tools that have had a preliminary sharpening with a coarser abrasive. The

Ouachita (Washita) stone resembles the Arkansas stone but it is more porous,

and has the appearance of unglazed porcelain. It is used mainly for making

whetstones for larger tools.

The basal part of the Arkansas novaculite is composed almost wholly of

silica, some of which may be suitable for making optical glass. The middle

part of the formation has weathered to a soft porous fine-grained white to

cream-colored tripoli.

Purdy, C. P., Jr., 1953, Directory of Washington mining operations, 1953:

Wash. Dept. Conserv. Devel. Inf. Circ. 21, p. 4-5, 48, 50-53, 56, 59-60, 63.

Gives a list of the active mining operations in Washington and the current

status of activities. Map, scale 1 inch = about 40 miles, shows silica deposits.

Quinn, Alonzo, Ray, R. G., and Seymour, W. L., 1948, Bedrock geology of the

Pawtucket quadrangle, Rhode Island and Massachusetts, in The geology

and ground-water resources of the Pawtucket quadrangle, Rhode Island:

R. I. Indus. Comm. Geol. Bull. 3, p. 11-12, 18-19, 25.

Westboro quartzite occurs along the Blackstone River between Albion and

Berkeley; although predominantly massive, thin beds of quartz-mica schist

occurs throughout the formation. The thickness ranges from about 1,000 feet

near Lonsdale to about 3,000 feet northwest of Ashton.

Vein quartz more than 1,000 feet wide and a mile long makes up the

western face of Diamond Hill. Numerous quartz veins cut the Grant Mills
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granodiorite west of Thompson Hill. Chemical analysis shows the quartz to be

98.7 percent SiO..

Ralston, O. C, 1937, Quartz and silica in Washington, in Annual report of

the nonmetals division, fiscal year, 1937 : U. S. Bur. Mines Inf. Circ. 6974,

p. 11-13.

Vein quartz near Mica, Spokane County, can be used for glass, potter's

flint, and ceramic glazes. The cost of mining and beneficiation of vein quartz

in this area prevents it from competing with the Belgian sand.

Quartzites in Stevens County and the Wenatchee sands of the Swauk

formation can be used for amber and colored glasses and possibly for

abrasives in steel foundries.

Tertiary sandstones of Washington might be used for amber glass, where

the feldspar content is low.

Richardson, C. H., 1920, The glass sands of Kentucky: Ky. Geol. Survey, ser.

6, v. 1, 149 p.

Gives a comprehensive discussion of sandstones, including the history of

glass in the United States, classification of sands, raw materials, location of

deposits, and analyses.

Ries, Heinrich, 1949, Special sands, in Industrial Minerals and Rocks: New

York, Am. Inst. Min. Metall. Eng., 2d ed., p. 965-979.

The report gives the distribution, properties, mining methods, and specifica

tions for preparation of sands for commercial use of glass, filter, abrasive,

blasting, and steel molding sands. A bibliography is included.

Roalfe, G. D., 1937, New silica sand plant in Nevada: Rock Products, v. 40,

no. 8, p. 86-87.

Describes silica deposits about 4 miles northwest of Arden on Salt Lake

Route of Union Pacific Railroad. The silica is used in steel foundries. Esti

mated reserves are 25 million tons.

Rose, K. E., 1950, Silica sand from south-central Kansas for foundry use:

Kans. Geol. Survey Bull. 86, pt. 4, p. 89-104.

Cheyenne sandstone of Barber, Comanche, and Kiowa Counties is said to

be a satisfactory source of silica sand for preparing molding sand and cores.

The Cheyenne sands are characterized by a low percentage of minus 140-mesh

particles and by a broad grain-size distribution. Chemical and sieve analyses,

cumulative curves, and a map, scale about 1 inch = 2 miles, showing localities

are included.

Ross, D. W., 1919, Silica refractories—Factors affecting their quality and

methods of testing the raw materials and finished ware : Bur. Standards

Tech. Paper 116, 84 p.

Discusses the properties of silica refractories and the preparation necessary

to obtain the best silica brick. The harder parts of the Medina formation in

Blair and Huntingdon Counties, Pa., have proved particularly suited for steel

furnace work. About 60 percent of the silica brick manufactured in the

United States is made from this formation. The remainder comes largely from

the Baraboo formation of Wisconsin. A table showing the geologic column

with reference to commercial quartzites for silica refractories is included.
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Rothrock, E. P., 1944, Mineral resources, part 3 of A geology of South

Dakota: S. Dak. Geol. Survey Bull. 15, p. 147-154, 207.

Quartzites of the Sioux formation are in the valley of the Big Sioux River

at Dell Rapids, Sioux Falls, East Sioux Falls, in the valley of the Vermillion

Eiver at Parker, in Wolf Creek at Salem, Pierre Creek at Alexandria, and

in the James Valley south of Mitchell. The quartzite is more than 97 percent

SiOj. Chemically, the stone could be used for refractories, ganister, and silica

brick. Tests and chemical analyses of the quarries at Sioux Falls and Dell

Rapids are included.

Sampson, R. J., and Tucker, W. B., 1931, Feldspar, silica, andalusite, and

cyanite deposits of California : Calif. Dept. Nat. Res., Div. Mines, Mining

in California, v. 27, p. 432-450.

Describes the occurrence of silica deposits in California, giving some

mechanical and chemical analyses. Map, scale 1 inch = 80 miles, shows

location of the principal deposits.

Santmyers, R. M., 1931a, Quartz and silica—part 1, General summary: U. S.

Bur. Mines Inf. Circ. 6472, 15 p.

Presents material introductory to three reports relative to occurrence and

uses of quartz and silica. It also contains a flow sheet from deposit to con

sumer.

1931b, Quartz and silica, part 2, Quartz, quartzite, and sandstone:

U. S. Bur. Mines Inf. Circ. 6473, 20 p.

Presents data on uses, markets, prices and producers of optical quartz,

piezoelectric quartz, fused quartz glass, agate, ferrosilicon, fluxing quartz,

quartz for acid towers, fillers, refractories, ceramics, the abrasive industry,

and dimension stone.

1931c, Quartz and silica, part 3, Sand and miscellaneous silicas: U. S.

Bur. Mines Inf. Circ. 6474, 17 p.

Gives uses, market prices, and other information on fused silica glass and

silicon carbide; building, paving, molding, glass, Are or furnace, abrasive,

filter, and engine sands; and roofing granules, sand-lime brick, tripoli, and

diatomite.

Schafer, G. H., 1942, Rice sands in Polk and adjoining counties [Texas] : Tex.

Univ. Circ. 41, p. 1-3.

"Rice sand," which contains a high percentage of quartz, occurs in Polk,

Trinity, Tyler, and Walker Counties in the Jackson (Eocene), Catahoula

(Oligocene), and Willis (Pliocene) formations. Deposits are briefly described

and screen analyses of some of the deposits are given. This sand is suitable

for molding sand.

Schrader, F. C, 1908, Description of the Independence quadrangle [Kansas] :

U. S. Geol. Survey Geol. Atlas, folio 159.

Sandstone about 10 feet thick and suitable for making glass occurs in the

Buxton formation 4 miles northwest and 2 miles north of Caney. Other

exposures are farther north. A noteworthy deposit is in the SE1/4 sec. 22,

Fall River Township, about 4 miles southwest of Fredonia. The rock is

exposed over an area of 10 to 15 acres and is about 12 feet thick.
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Schrader, F. C, Stone, R. W., and Sanford, Samuel, 1917, Useful minerals of

the United States: U. S. Geol. Survey Bull. 624, 412 p.

The more important occurrences of useful minerals including silica are

listed by States. Some of the deposits are briefly described.

Searle, A. B., 1923, Sands and crushed rocks; their uses in industry: London,

Oxford Tech. Pubs., v. 2, p. 192-205.

Discusses silica glass, alkali glasses, purpose served by sand in glass, sources

of sands, chemical and mineral composition, shape and size of grains, specifica

tion of sand for glass manufacture, preparation of glass sands, and testing.

Sellards, E. H., and Evans, G. L., 1943, Index to Texas mineral resources, in

Texas mineral resources: Tex. Univ. Pub. 4301, p. 359-383, pi. 1 [1946].

See also Sellards and others, 1944.

Resume of occurrence of silica in the State.

Sellards, E. H., Evans, G. L., and Hendricks, Leo, 1944, Mineral locality map

of Texas, scale 1:1,000,000, in Texas mineral resources, 1943: Tex. Univ.

Pub. 4301, pi. 1 [1946].

Map shows occurrence of minerals, rocks, oil and gas.

Shaw, E. W., and Munn, M. J., 1911, Description of the Foxburg and Clarion

quadrangles [Pennsylvania] : U. S. Geol. Survey Geol. Atlas, folio 178, p.

17.

The Connoquenessing and Homewood sandstones are quarried near Upper

Hillville and north of Foxburg. The rock is almost pure silica. Near Upper

Hillville it is treated as ganister and made into silica brick. North of

Foxburg it is used for molding sand, for grinding plate glass, and as engine

traction sand.

Shaw, Edmund, 1937, Mining and milling methods and costs at the glass sand

plant of P. J. Weisel, Inc., Corona, Calif.: U. S. Bur. Mines Inf. Circ

6937, 16 p.

Includes a good description of marine sand deposits in an area about 25

miles long and 4 miles wide, sieve and chemical analyses, a flow sheet of the

silica plant, and a locality map.

Shead, A. C, 1928, Chemical analyses of Oklahoma mineral raw materials:

Okla. Univ. Bull. 14, p. 25-27, 80-83.

Gives location, description, and chemical analyses of the Burgen sandstone

(lower Ordovician), Cherokee County; Silo sandstone (upper Cretaceous),

Bryan County; Simpson sands (lower and upper Ordovician), Murray and

Johnston Counties; and Trinity sands (lower Cretaceous), Johnston, Marshall,

Carter, and Love Counties.

Sheakley, H. L., and Coolidge, D. J., 1942, Use of silica sand in the glass

industry in Missouri: Am. Inst. Min. Metall. Eng. Tech. Pub. 1538, 6 p.

Describes in general the occurrence and distribution of the St. Peter sand

stone in Missouri. Properties, mining methods, and comparative analyses of

St. Peter sandstone from Crystal City are given.

Sherzer, W. H., 1917, Description of the Detroit district [Michigan] : U. S.

, Geol. Survey Geol. Atlas, folio 205, p. 18.

Sylvania sandstone, 7 miles northwest of Monroe, Monroe County, has been
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mined for a number of years for glass and abrasive purposes. East of Rock-

wood, Wayne County, a pit opened through more than 15 feet of till has

reached 75 feet of sand, and is said to be available for the same purposes.

Analyses of both deposits are given.

Siebenthal, C. E., and Mesler, R. T)., 1908, Tripoli deposits near Seneca, Mo.:

U. S. Geol. Survey Bull. 34<KF, p. 429-437.

Tripoli occurs in the Boone formation in the vicinity of Seneca and Racine.

The deposits range in thickness from 4 to more than 12 feet, and overburden

from 2 to more than 3 feet.

Analyses of tripoli near Seneca and a sketch map, scale 1 inch = about 2%

miles, showing location of deposits are included.

Singewald, J. T., Jr., 1928, Notes on feldspar, quartz, chrome, and manganese

in Maryland: Md. Geol. Survey, v. 12, p. 131-157.

Gives production, uses, occurrences, distribution, quarrying, milling, and

economic aspects of the Maryland flint industry. Map, scale 1 inch = 1 mile,

showing locations of quarries in Harford County, and map, scale 1 inch = 3

miles, showing locations of quarries in Baltimore, Carroll, and Howard

Counties, are included.

Smith, E. A., 1884, List of the ores and minerals of industrial importance

occurring in Alabama: [Ala. Geol. Survey], p. 10.

Friable quartz rock occurs in T. 22 N., R. 16 E., in Chilton County, and

also in Randolph, Tallapoosa, northwest Macon, Lee, Chambers, and other

counties.

In the Tennessee Valley the siliceous cherty rocks of the lower Carbonif

erous period at many places yield a fine white friable silica that may be used

for making glass.

Smith, W. H., 1949, Sand and gravel resources in northern Ohio: Ohio Geol.

Survey Rept. Inv. 6, p. 20.

Describes production of silica and silica pebbles from the Sharon conglom

erate which occurs in the western part of Jackson County, and in parts of

Summit, Portage, and Geauga Counties. Outliers extend into parts of Medina,

Cuyahoga, and Lake Counties. The Sharon is a medium- to coarse-grained

sandstone containing scattered thin pebble beds. The parts most extensively

quarried are the zones of true conglomerate containing large quantities of

pebbles. These pebble zones form long, narrow north-south bands which

represent deposition in channels cut into the underlying Mississippian rocks.

Sosman, R. B., 1927, The properties of silica: Am. Chem. Soc. Mon. Ser. 37,

885 p.

Discusses the fundamentals, phases and their transformations, symmetry

and structure, thermal and mechanical energy, and applications of silica; also

silica in the electric and magnetic fields and in the periodic electromagnetic

field.

Spain, E. L., Jr., 1936, Tripoli deposits of the western Tennessee Valley: Am.

Inst. Min. Metall. Eng. Tech. Pub. 700, 17 p.

The deposits described occur over the greater part of Wayne County and

the southeast part of Hardin County, Tenn., and in the northeast and north

west part of Mississippi and Alabama, respectively. Origin and stratigraphy



650 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

are discussed. Analyses of tripoli from Hardin County, Tenn., and a map

showing location of deposits of the western Tennessee Valley are included.

Stead, F. W., and Stose, G. W., 1943, Manganese and quartzite in the Lick

Mountain district, Virginia: Va. Geol. Survey Bull. 59, p. 15-16.

Gives locations of Erwin quartzite deposits in the Lick Mountain district

Description of 3 quartzite workings and 7 analyses of quartzite ranging from

97.63 percent to 99.37 percent SiOj are listed.

Reserves for the Lick Mountain district are estimated at about 2 million

tons of metallurgical grade quartzite.

Map, scale 1 inch = 200 feet, showing plan and sections of quartzite work

ings at the west end of Sand Mountain and map, scale 1:31,250, showing

geology and structure sections of the Lick Mountain area are included.

Stenzel, H. B., 1938, Glass sands in Leon County, Tex.: Tex. Univ. Bur.

Econ. Geology Circ. 9, 1 p.

Outcrops of the Carrizo, Queen City, and Sparta formations in Leon County

furnish glass sand. Some beds are 40 feet thick. Sand soil produced by

weathering from these beds is also suitable for glassmaking. These soils reach

a thickness of more than 8 feet.

Stenzel, H. B., Fountain, H. G., Jenke, A. L., and Weissenborn, A. E., 1948,

Natural abrasives, in Geological resources of the Trinity River tributary

area in Oklahoma and Texas: Tex. Univ. Pub. 4824, p. 56-57, 60-61, 65.

Grinding pebbles occur in the gravel deposits of the major stream valleys

in Texas. All production is in Bastrop, Frio, Llano, and Travis Counties.

Texas produced 5,341 short tons in 1943.

Rice sand deposits occur in lenticular bodies near the base of the Catahoula

formation (Tertiary) in Trinity, Polk, Walker, and San Jacinto Counties. It

is believed reserves are large. Producers, localities, and mechanical analyses

are listed. Map, scale 1 inch = 70 miles, showing occurrences is included.

Fine-grained quartzites and quartzitic sandstones of the Stanley and Jack-

fork (Pennsylvanian) formations in the Ouachita Mountain region of Okla

homa may be suitable for the manufacture of millstones and buhrstones.

Oklahoma novaculite (Devonian) occurs in central McCurtain County.

Smaller exposures are known in the Potatoe Hills area in southeastern

Latimer and northern Pushmataha Counties, and near Atoka and Stringtown,

Atoka County. Map, scale 1 inch = 70 miles, shows outcrops.

Stoll, W. C, 1950, Mica and beryl pegmatites in Idaho and Montana: U. S.

Geol. Survey Prof. Paper 229, 64 p.

Discusses quartz occurring in pegmatites in Idaho and Montana. Includes

9 plates, 25 figures, and 25 tables.

Stone, R. W., 1919, Sand and gravel, in Our mineral supplies: U. S. Geol.

Survey Bull. 666-G, p. 47-49.

Gives a brief history of glass, molding, and abrasive sands, the productive

States, and production figures.

1925, Molding sands of Pennsylvania (preliminary report) : Pa.

Topog. Geol. Survey Bull. 87, 20 p.

The location of high-purity silica deposits in Butler, Elk, Erie, Jefferson,

Lycoming, Mercer, Mifflin, and Venango Counties are listed. Mechanical tests

of molding sands are included.
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Stone, R. W., 1928, Molding sands of Pennsylvania: Pa. Geol. Survey, 4th ser.,

Bull. M 11, 94 p.

Deposits and operations are classified and described either as natural-

konded (low silica) molding sand or as silica and core sand. Mechanical

analyses and resulting histograms are furnished on a large and representative

list of samples. Map showing location of sand is included.

1939, The minerals of Pennsylvania—Non-metallic minerals: Pa.

Geol. Survey, 4th ser., Bull. M 18-C, p. 32-35.

Summarizes the occurrence, distribution, and development of vein quartz

deposits in Adams, Chester, and Cumberland Counties, Pa.

Stose, G. W., 1932, Geology and mineral resources of Adams County, Pa. : Pa.

Geol. Survey, 4th ser., Bull. C 1, p. 129-13.

Describes the occurrence, development, and utilization of vein quartz,

Adams County, Pa. Geologic map, scale 1:125,000, and topographic map, scale

1:62,500, are included.

1946, Structure of Lick Mountains, Va.: Am. Jour. Sci., v. 244, p.

189-199.

The Lick Mountains are a small isolated group of mountains in the

Appalachian Valley about 8 miles north of the main front range. They are in

an anticline exposing thick resistant Lower Cambrian quartzites in parallel

south-dipping plates which are upthrust on their north sides. The Erwin

quartzite is the most important formation in the study of the structure of the

area. The main body of the formation is a massive resistant quartzite about

350 feet thick. Analyses of selected beds 60 to 80 feet thick are given.

Stose, G. W., and Jonas, A. I., 1933, Geology and mineral resources of the

Middletown quadrangle, Pennsylvania: U. S. Geol. Survey Bull. 840, p.

12-17, 69-71.

Describes the occurrence and character of the Chickies quartzite in the

Middleton quadrangle. Analysis and geologic map, scale 1:62,500, are included.

Stose, A. J., and Stose, G. W., 1944, Geology of the Hanover-York district,

Pennsylvania: U. S. Geol. Survey Prof. Paper 204, p. 81.

Gives locations of quarries in Chickies quartzite, Chickies slate, and

Antietam quartzite. Geologic map, scale 1 :62,500, shows outcrops.

Stose, G. W., and Swartz, C. K., 1912, Description of the Pawpaw and

Hancock quadrangles [Maryland-West Virginia-Pennsylvania] : U. S.

Geol. Survey Atlas, folio 179, p. 21.

The Oriskany sandstone crops out in many places in the Pawpaw and

Hancock quadrangles, but it is only pure enough for glass sand in the Warm

Spring Ridge, which extends southwest in West Virginia from the Potomac

River opposite Hancock, Md. The sandstone is pure quartz, white, medium to

fine grained, and free from silt and other fine debris, except particles of milky

cryptocrystalline silica. The oldest mine is 2 miles from Hancock, on top of

Warm Spring Ridge. Several quarries are in operation. The sand is reported

to contain 98 to 99.8 percent SiOj.

Stout, Wilber, 1946, Mineral resources of Ohio: Ohio Geol. Survey Inf. Circ.

1 (revised), ser. 4, p. 20-23, 27-28, 31.

Summarizes the occurrence and distribution, and describes the mineralogy

of sandstone, conglomerate, flint, and ganister in the State.
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Stow, M. H., 1938, Conditions of sedimentation and sources of the Oriskany

sandstone as indicated by petrology: Am. Assoc. Petroleum Geologists

Bull., v. 22, p. 541-564.

Exposures of the Oriskany formation were examined, and samples collected

between Monroe County, N. Y., and Monroe County, W. Va. The lithologic

character of the Oriskany and adjacent formations at 10 localities is

described. Samples were studied by the usual methods of sedimentary

petrography.

Two distinctly different heavy mineral suites were found. The assemblage

of tourmaline, zircon, rutile, leucoxene, indicative of derivation from sedi

mentary rocks, was characteristic of the Oriskany south of New York. The

assemblage of garnet, hypersthene, kyanite, biotite, and amphiboles, in addi

tion to those minerals just mentioned, is indicative of derivation from crystal

line rocks as well as sedimentary rocks. This assemblage was confined to the

Oriskany of New York.

The minerals indicate that south of New York the Oriskany sediments were

derived from sedimentary formations exclusively, probably from Cambrian

and Silurian sandstones, and that in the New York area they were derived

from crystalline rocks of the Adirondacks as well as from sedimentary

formations.

Map, scale about 1 inch = 100 miles, showing the generalized outcrop of

Oriskany sandstone from Genessee County, N. Y., to Giles County, Va., is

included.

Symons, H. H., 1946, California mineral production and directory of mineral

producers, 1945: Calif. Div. Mines Bull. 137, p. 102-103.

Silica suitable for glass occurs in Contra Costa, Monterey, Riverside, and

San Bernardino Counties. The industry is of limited importance because much

of the available material is not of the quality to produce first-grade colorless

glass. Total silica production in California since the beginning of the industry

in 1899 is given.

Teas, L. P., 1921, Preliminary report on the sand and gravel deposits of

Georgia: Ga. Geol. Survey Bull. 37, 392 p.

Includes a general discussion of classification, properties, uses, prospecting,

production and marketing of sand and gravel; detailed descriptions of

deposits by counties; chemical and screen analyses; map, scale 1:1,500,000,

showing distribution of deposits; and bibliography.

Thiel, G. A., 1935, Sedimentary and petrographic analysis of the St. Peter

sandstone: Geol. Soc. America Bull., v. 46, p. 559-613.

The St. Peter sandstone in Illinois, Missouri, Arkansas, and Oklahoma is

a composite marine sandstone formed in a shallow sea characterized by re

treats and readvances of the marine environment. The upper 6 or 8 feet of

the St. Peter sandstone in the upper Mississippi Valley is much coarser

grained than the lower levels. The sands 10 to 40 feet from the top of the

formation are more rounded and frosted in the area of the upper Mississippi

Valley; however, there is a decrease in grain size from north-central Illinois

northward to the present margin of the formation. The sands of the St. Peter

are too well sorted and rounded to have been derived directly from an area

of maturely weathered granite.

Samples of the St. Peter sandstone were collected in Arkansas, Oklahoma,

Missouri, Illinois, Iowa, Wisconsin, and Minnesota and were subjected to
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uniform laboratory tests and methods of calculating textural analysis, heavy

residuals, and other characteristics of correlative value.

Thiel, G. A., and Schwartz, G. M., 1932, Geology and development of Min

nesota's nonmetallic-mineral resources: Pit and Quarry, v. 24, no. 6, p.

24-28.

Describes quarries in Sioux quartzite (upper Huronian) in Nicollet, Pipe

stone, Cottonwood, Rock, and Watonwan Counties. Quartzite also occurs north

of the Mesabi range in St. Louis County. Much of this material is used for

ball-mill liners and grinding pebbles.

The Jordan (upper Cambrian) sandstone crops out along the Minnesota

River and the Mississippi River below Red Wing. The sandstone is almost

pure silica and is used in the glass industry. The St. Peter (lower Ordovician)

sandstone is exposed in Minneapolis and St. Paul; it consists of about 200

feet of almost pure silica sand, but the iron content is too high for making

cores.

Formations that are used for foundry sands are the Sioux quartzite,

Jordan sandstone, Kettle River sandstone, and St. Peter sandstone.

Trainer, D. W., Jr., 1927, The geology of molding sand deposits: Am.

Foundrymen's Assoc. Repr. 428, 11 p.

Discusses types of molding sand deposits : lake, commonly of glacial origin,

terrace; deposits along abandoned drainage lines, those of estuarine char

acter; deposits associated with terminal moraine material; those in terraces

of outwash material; marine; those along the shores of present lakes, and

dunes.

1928a, The molding sands of Maryland: Md. Geol. Survey, v. 12, p.

29-89.

Discusses the requisite properties of molding sands; permeability, bond

strength, general geology of molding sand deposits, occurrence and properties

of the deposits. Describes occurrences in the State.

1928b, Molding sands of Wisconsin: Wis. Geol. Nat. History Survey

Bull. 69, p. 21-22, 23, 43, 55, 78-93.

No steel molding sands are produced in Wisconsin. Blast sand, known as

"Red flint" because of its red color, is produced for cleaning castings. Deposit

in SW1/4 NW1/4 sec. 15, T. 17 N., R. 13 E., Green Lake County, 1 mile south

of Chicago, Milwaukee, St. Paul and Pacific Railroad may be a possible

source for steel molding sands. Samples taken from this deposit are steel

sand grade.

Possible sources for steel molding sands are in Fond du Lac, Green Lake,

Columbia, Sauk, La Crosse, and Buffalo Counties. The St. Peter sandstone

is in general too fine for steel sands but excellent for core sand.

Future prospecting of outwash terraces or sand plains for sources of

coarse molding sand and of glacial lake deposits of the Berlin district for

sources of fine molding and core sands may prove profitable. Samples from

Cambrian sandstone are of steel sand grade.

Mechanical analyses are included.

Tuck, Ralph, 1930, Classification and specifications of siliceous sands: Econ.

Geology, v. 25, p. 57-64.

Gives definitions of sand from various sources. The properties are the
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amount of clay, mineralogic composition, purity, size of grain, distributed

grading, uniformity of grain size, and the angularity of the individual grains.

Classifying sands according to uses cannot be done successfully, because the

same sand may be adapted to several uses. Table of classification and

specifications of siliceous sands, some sieve tests, and a selected bibliography

are included.

Tucker, W. B., and Sampson, R. J., 1931, Nonmetallic minerals; Calif. Dept.

Nat. Res., Div. Mines, Mining in California, v. 27, p. 376-377.

Emsco ganister deposits are approximately 2% miles northeast of Wilde

siding on the Santa Fe Railway, about 20 miles northeast of Oro Grande

The entire upper part of the cone-shaped hill is composed of quartzite, about

200 feet thick. This property is abandoned, and operations have been trans

ferred to a similar deposit approximately 9 miles east and slightly north of

Victorville. Here the quarry face is 300 feet long and 20 feet high. The

quarry is about 1 mile from the railroad.

The Kennedy, or Atlas Fire Brick Co. deposit, is about 4 miles northwest

of Wilde siding on the Santa Fe Railway. The deposit is similar to the Emsco

deposit and is probably a continuation of the same quartzite belt.

Turner, M. D., 1950, Sand and gravel, in Mineral commodities of California:

Calif. Div. Mines Bull. 156, p. 254-258.

Descriptive report giving the geologic formation, mining methods, and

locations of foundry sand, ganister, and glass sand in California.

Twenhofel, W. H., 1946, Mineralogical and physical composition of the sands

of the Oregon coast from Coos Bay to the, mouth of the Columbia River:

Oreg. Dept. Geology and Mineral Industries Bull. 30, 65 p.

Describes the beach sands of the area and includes many chemical and

mechanical analyses.

Tyler, P. M., 1950, Special methods for the beneficiation of glass sand: Am.

Inst. Min. Metall. Eng. Trans., v. 187, p. 1139-1142.

Methods are given for the beneficiation of the poorer quality glass sand

deposits.

United States Bureau of Mines, 1924-31 : Mineral resources of the United

States.

These annual publications list statistics on silica production, consumption,

uses, prices, imports, and exports. Domestic production generally reviewed

by States. Includes brief statements on annual developments in the silica

industry.

1932-52: Minerals Yearbook.

These annual publications list statistics on silica production, consumption,

uses, prices, imports, and exports. Domestic production generally reviewed by

States. Includes brief statements on annual developments in the silica

industry.

United States Geological Survey, 1882-1923 : Mineral resources of the United

States.

These annual publications list statistics on silica production, consumption,

uses, prices, imports, and exports. Domestic production generally reviewed by
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States. Includes brief statements on annual developments in the silica

industry, with certain volumes going into more detail on occurrence and

resources.

Utley, H. F., 1942, Crude silica-sand output doubled to meet war demands of

foundries : Pit and Quarry, v. 35, no. 2, p. 41-44.

Outcrops of St. Peter sandstone in the vicinity of Ottawa, 111., provide

practically pure silica sand, most of which is sold to steel foundries as mold

ing sand and for core making. Best exposed in the bluffs along the Illinois

and Fox Rivers. Maximum overburden 38 feet. Analyses of seven types of

crude sand produced at Ottawa are included.

Valentine, G. M., 1949, Inventory of Washington minerals, part 1, Non-

metallic minerals: Wash. Dept. Conserv. Devel., Div. Mines and Geology

Bull. 37, p. 73, 75, 89-91, 93-94.

Resume of occurrence and economic uses of deposits of vein quartz, silica

sand, sandstone, and quartzite in the State. Map, scale about 1 inch =: 23

miles, shows occurrences.

Vanderwilt, J. W., 1947, Mineral resources of Colorado, part 1, Metals, non-

metals, and fuels: Colo. Min. Res. Board [Bull.], p. 262-264.

Describes three sandstone beds about 3 miles southeast of Waterton in

Douglas County and another bed about three-fourths of a mile north of

Waterton in Jefferson County.

The Molding Sand Quarry, Helmer Quarry, Kassler Quarry, Little Quarry,

and Roxborough Park deposit are discussed, giving location and chemical

analysis for each deposit. Location map, scale about 1 inch — 40 miles, is

included.

Vernon, R. 0., 1943, Florida mineral industry: Fla. Geol. Survey Bull. 24,

p. 121-139.

Subrounded quartz and quartzite pebbles, together with minor amounts of

chert, limonitic sandstone, and limestone occur as stream deposits in the

Escambia, Apalachicola, Flint, and Chattahoochee Rivers. These deposits

might be of commercial value. Mining of sand and gravel in Florida is done

by dredging; some small operations are roadside pits. The sand industry is

in Polk, Hillsborough, Orange, Putnam, and Dade Counties. The high-grade

sand is used for blasting, glass sand, and filter aggregates.

Vestal, F. E., 1938, Tripoli deposits of Mississippi, in Tripoli deposits of

western Tennessee and Mississippi: Knoxville, Tenn. Valley Authority,

Water Control Plan. Dept., Geol. Div., Geol. Bull. 8, p. 8-12.

The best known tripoli deposits is about 1 mile southwest of Eastport. The

tripoli deposits in Mississippi are part of the Iuka formation of the lower

Iowa series of the Mississippian system. Appreciable quantities of tripoli

have been shipped from a mine in the SW1/4 sec. 26, T. 2 S., R. 11 E.

1950, Carroll County geology [Mississippi] : Miss. Geol. Survey Bull.

67, p. 55, 61, 93.

Sand in the channel of Palusha Creek, sec. 35, T. 19 N., R. 3 E., near the

southern boundary, and sands from the Coila Creek, NE1/4 sec. 4, T. 17 N.,

R. 2 E., might be used for .the manufacture of green or amber glass.
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Voskull, W. H., and Sweeny, A. R., 1936, Illinois mineral industry in 1934:

111. Geol. Survey Rept. Inv. 39, p. 40-48.

Treats briefly the economic possibilities of the uses of glass sand in

Illinois, distribution of glass manufacturing industry in the United States,

and the glass market.

Wadell, Hakon, 1935, Volume, shape, and roundness of quartz particles:

Jour. Geology, v. 43, p. 250-280.

The report discusses the methods of measuring the volume, shape, and

roundness of sedimentary quartz particles.

Watson, T. L., 1907, Mineral resources of Virginia: Lynchburg, Va., J. P.

Bell Co. (Virginia-Jamestown Exposition Comm.), p. 216, 392-396.

Glass sand is derived from the Potsdam sandstone along the eastern edge

of the Middle Valley region. Deposits of high grade sand occur at Balcony

Falls, Rockbridge County; at Stapleton Mills, Amherst County; about 9 miles

northwest of Salem, Roanoke County; at the foot of Potsdam Mountain,

southeast of Greenville, Augusta County; and in the vicinity of Waynesboro.

Includes analyses.

Molding sands of superior quality, strength, and a certain degree of

fineness are found in the Coastal Plain. Chemical analyses and physical tests

are given on molding sands in the vicinity of Richmond, Petersburg, and

Fredericksburg.

Quartz has been mined from large pegmatite dikes near Amelia Court

House, Amelia County, and from a bedded deposit in crystalline schists near

Falls Church, Fairfax County. White pure crystalline quartz occurs three-

fourths of a mile west of Wirtz Post Office, Franklin County.

1919, Glass-sand resources of Virginia: Am. Ceramic Soc. Jour.,

v. 2, p. 794-803.

Summarizes the occurrence and stratigraphic distribution of sands, sand

stones, and quartzites considered sources of silica raw material suitable for

glassmaking in the State. Analyses are included.

Weidman, P. A., 1942, The Berea sandstone of the Cleveland area: Ohio

State Univ. Eng. Expt. Sta. News, v. 14, no. 5, p. 14-21.

The Berea sandstone of the Waverly series (Mississippian) occurs as an

irregular band in the southeastern part of Ashtabula County. It crops out

westward through Lake, Geauga, Cuyahoga, Lorain, and Erie Counties, and

then turns southward at Norwalk to form a broad north-south belt extending

to the Ohio River. Thickness varies from 50 to more than 225 feet. A descrip

tion of the geology, physical character, and mineralogy of the sandstone is

given, including some chemical analyses.

Weidman, Samuel, 1904, The Baraboo iron-bearing district of Wisconsin:

Wis. Geol. Nat. History Survey Bull. 13, Econ. Ser. 8, p. 1-2, 22-46.

The Baraboo district in Sauk and Columbia Counties, Wis., is about 28

miles long, and ranges from 2 to 12 miles in width. The area is about 225

square miles. The Baraboo quartzite occurs throughout the largest part of

the district. This quartzite is hard, brittle, vitreous, and consists of rounded

medium-sized grains of quartz cemented by secondary quartz.

Massive beds of quartzite vary in thickness and at many places are inter
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leaved with quartz schist. Describes the structure of the Baraboo quartzite

localities.

Geological map, scale 1 inch = 1 mile, of the district is included.

1907, The geology of north-central Wisconsin: Wis. Geol. Nat.

History Survey Bull. 16, Sci. Ser. 4, p. 41-53, 82-84, 366-408, 560-563,

600-603.

Discusses the Rib Hill and Powers Bluff quartzites, giving their occurrence

and petrographic character. Analysis of the Rib Hill quartzite shows 99.07

percent SiOj. Thin sections of the Powers Bluff quartzite closely resemble

sections of the medium-grained Rib Hill quartzite. The Potsdam sandstone

and its conglomeratic beds are described. Geologic map, scale 1 inch = 3 miles,

and outcrop maps, scale about 1 inch = 1% miles, are included.

Weigel, W. M., 1926, Preparation and use of industrial special sands: Am.

Inst. Min. Metall. Eng. Trans. 1569-H, 14 p.

Special sands are those classified as filter, sand blast, potter, flooring, fire

or engine, standard, burnishing sands, sand for magnesium oxychloride

cement-plasters, and sand for chemical and metallurgical uses. New Jersey,

Pennsylvania, West Virginia, Ohio, Illinois, Minnesota, and Missouri produce

some of these sands. Mining methods, some uses and properties of the sands,

and possible fields for research are discussed.

1927, Technology and uses of silica and sand: U. S. Bur. Mines Bull.

266, 204 p.

Summarizes mining and quarrying methods and uses of silica and sand in

the United States and foreign countries. Chemical and screen specifications

used by manufacturers are included.

Wells, F. G., Gates, G. O., Grantham, R. M., and others, 1940, Preliminary

geologic map of the Grants Pass quadrangle, Oregon: Oreg. Dept.

Geology and Mineral Industries, scale 1:125,000.

Discusses silica deposit of very pure quality is in the SE1/4 sec. 30, T.

36 S., R. 3 W., Jackson County. The deposit occurs as a lens-shaped body

about 1,000 feet long and 200 feet wide. The silica generally is pure and

white but is impure along the western edge of the lens.

Whitlatch, G. I., 1937, Tripoli: Tenn. Dept. Conserv., Div. Geology Markets

Circ. 1, p. 3-12.

Occurrence and general uses of tripoli in the Missouri-Oklahoma and

Illinois-Tennessee areas are described. Analyses are included.

1938, The ceramic resources of Tennessee: Am. Ceramic Soc. Bull.,

v. 17, p. 290-291.

Glass sand and potter's flint, 99 percent SiO., occur in the Sewanee

conglomerate, of the Cumberland Plateau area.

Molding sand is mined from the Ripley formation (Cretaceous) in Benton

and Carroll Counties. The annual production is estimated to be 30,000 tons.

Tripoli occurs in extensive deposits along the western valley of the

Tennessee River. It is milled at Collinwood, and analyses show more than

99 percent SiO> and less than 0.02 percent FejOs.
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Whittemore, J. W., and Dear, P. S., 1940, Ceramic silica possibilities in

Virginia: Va. Polytech. Inst., Eng. Expt. Sta. Ser. Bull. 43, 23 p.

Requirements of silica sand for the ceramic industries are discussed,

publications on ceramic silica in Virginia are reviewed, and ceramic silica

plants in Virginia are described.

Petrographic examinations and mechanical and chemical analyses have

been made on many samples from different parts of the State. The results

are discussed with reference to ceramic silica possibilities. These studies

indicate that many silica deposits suitable for use as ceramic raw materials

are favorably located for quarrying with respect to transportation and

abundant fuel supplies.

Wilkerson, A. S., and Comeforo, J. E., 1948, Some New Jersey glass sands:

Rutgers Univ. Bur. Mineral Research Bull. 1, 155 p.

The field relations, mineral and chemical composition, and results of

laboratory beneficiation of 24 silica sand samples are described. The samples

were collected in central and southern New Jersey, south and east of New

Brunswick and Trenton. Of the 24 samples collected, 19 were found suitable,

after treatment, for use as high-quality glass sand. The mineralogy, methods

of treatment, and uses of the sands are discussed. Map, scale 1 inch = 27

miles, showing locations is included.

Willman, H. B., and Payne, J. N., 1942, Geology and mineral resources of the

Marseilles, Ottawa, and Streator quadrangles [Illinois] : 111. Geol.

Survey Bull. 66, p. 71-80, 234-243, 344-348.

The St. Peter sandstone crops out along the Illinois valley west from Fox

River to the west side of the Ottawa quadrangle and forms high bluffs along

both sides of the valley west of Buffalo Rock. It also is exposed in the eastern

part of the LaSalle quadrangle, west of the Ottawa quadrangle, and along

Fox River Valley, with small outcrops along Indian, Buck, and Crooked Leg

Creeks in the Ottawa quadrangle, and Brumbach and Mission Creeks in the

Marseilles quadrangle.

The mineralogical and chemical composition of the deposits are described.

Many chemical analyses show SiOi content greater than 97 percent; average

SiOj content after beneficiation, 99 percent. Maps included are geologic map

of Ottawa and Marseilles quadrangles, scale 1:62,500; bedrock topographic

maps, Ottawa and Marseilles quadrangles, scale 1:62,500; isopach maps

showing thickness of St. Peter-Glenwood formations, scale 1 inch = 5 miles;

and map showing graphic logs of deep wells in north-central Illinois, scale 1

inch = 5 miles.

Wilson, E. D., and Roseveare, G. H., 1949, Arizona nonmetallics ; a summary

of past production and present operations (revised) : Ariz. Bur. Mines

Bull. 155, Mineral Tech. Ser. 42, v. 20, no. 2, p. 41, 44.

Quartzite for reverberatory furnace lining has been produced from a

deposit west of Douglas. A few thousand tons of silica was mined from the

Dixie claims, 40 miles northeast of Phoenix. Sand from the Coconino sand

stone (Permian) at Meteor Crater, 18 miles west of Winslow, is used for the

manufacture of glass and in the foundry industry.
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Wilson, Hewitt, Skinner, K. G., and Couch, A. H., 1942, Silica sands of

Washington: Wash. Univ. Eng. Expt. Sta. Bull. 108, p. 21-22, 32, 45-46,

48, 52-53.

Many silica deposits occur in Washington, but most are not high enough

in silica content, or contain too many impurities, to be used in the glass and

steel industries. Vein deposits in Eocene sandstone may be developed if factors

other than quality are favorable.

The Brown deposit is in the Swauk formation, 2 miles from Appleyard,

Chelan County. Thickness ranges from 150 to 200 feet and estimated reserves

are 430,000 tons. Sample of this deposit showed 99.4 percent SiO. and 0.1

percent Fe.

Brooke deposit, at Hammer Bluff, King County, contains 97.2 percent SiO.

and 0.1 percent Fe.

Siegmund deposit is in sec. 30, T. 17 N., R. 4 E., Pierce County. The SiO,

content is 95.1 percent and Fe is 0.6 percent.

Stoner deposit is three-fourths of a mile north of the Jennings and Nestes

bridge, Skagit County. The SiO» content is 99.6 percent and Fe is 0.13

percent.

Scheel deposit is in sec. 16, T. 36 N., R. 11 E., Skagit County. The SiO.

content is 99 percent and Fe is 0.47 percent.

Sample of vein quartz in NW1/4 sec 17, T. 40 N., R. 4 E., Whatcom

County, showed 99.3 percent SiO. and 0.3 percent Fe.

Map showing localities of sampled sand deposits is included.

Wilson, Hewitt, and Zvanut, F. J., 1936, Properties of quartz sands washed

from kaolins of the Pacific Northwest: Wash. Univ. Eng. Expt. Sta. Bull.

88, 42 p.

Studies were made of the purification of quartz sand and the removal of

muscovite mica and heavy iron minerals in the Spokane district of eastern

Washington and in Latah County, Idaho. After beneficiation, colored glass is

made from sands at Troy, Idaho, and Mica, Wash. These studies were made

to determine the possibility of utilizing the quartz recovered from the

purification of kaolin. Tests and sieve analyses and suggested flow sheet for

kaolin washing and sand concentration are included.

Witherow, C. N., 1933, Silica as a refractory material: Brick and Clay

Record, v. 82, p. 123-124, 137, 164-165, 171, 208-209.

Discusses the properties of silica, silica in special refractories, its physical

and chemical nature, its reaction to heat, physical forms of silica, silicate

minerals, and properties of fused silica. Types of sandstones and quartzites

and sillimanite and mullite refractories are also discussed. Chemical analyses

are included.

Woodward, H. P., 1932, Geology and mineral resources of the Roanoke area,

Virginia: Va. Geol. Survey Bull. 34, p. 136-137.

Sands from the Clinch and Clinton sandstones near Roanoke and deposits

in the Catawba Valley, about 9 miles northeast of Salem, were used for

making glass. In general, the sandstones of the Price formation are too

clayey and carbonaceous for making glass.

Analyses of sand and sandstone from Catawba Mountain and Catawba

Valley are given. Map, scale 1:125,000, showing the geology of the Roanoke

area and map, scale 1 inch = 1 mile, showing geologic structure sections

across the Roanoke area are included.
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Woodward, T. P., and Guena, A. J., Jr., 1941, The sand and gravel deposh.-

of Louisiana: La. Geol. Survey Bull. 19, 365 p.

Report consists mainly of data sheets for each locality, listed alphabeticaj.r

by parish. Many sieve and some chemical analyses are included. In mos:

places the silica content is high, but the iron content is also somewhat higt

for use in the glass industry.

Map, scale 1 inch = 12 miles, showing localities and map, scale 1 inch =

4 miles, showing general geology are also included.

Wright, L. A., 1948, California foundry sands: Calif. Jour. Mines and

Geology, v. 44, p. 37-72.

California is self-sufficient in foundry sands of all general types except

high-grade silica sands. Five dune areas along the California coast, at San

Francisco, Lapis, Del Monte (Moss Beach), Oceano Beach, and El Segundo

Beach are contributing clay-free felspathic sands. These sands are suitable

for cores.

Three foundry sands produced in California have silica contents high

enough to meet steel-casting requirements. Two of these are obtained from

the Eocene sediments west of Mount Diablo in C6ntra Costa County; the

third is a machine-crushed silica rock from a deposit near Montrose in

southern California.

Two natural mixtures of refractory clay and high silica sand, are used as

patching materials and to a lesser degree, in synthetic sand mixes. Both are

from Eocene sediments, one from the Livermore area, the other from the

vicinity of Trabuco Canyon in the Santa Ana Mountains.

Many sieve analyses and a few chemical analyses are included.

Wright, L. A., Stewart, R. M., Gay, T. E., Jr., and Hazenbush, G. C, 1953,

Mines and mineral deposits of San Bernardino County, Calif.: Calif.

Jour. Mines and Geology, v. 49, p. 4-5, 196-197.

Silica (quartz) recently has been produced in San Bernardino County. The

principal sources are quartzite beds and lenses in the Paleozoic metamorphic

series near Oro Grande and Barstow. Felsite from the Ivanpah deposit in the

Castle Mountains also is marketed as a silica rock. It is used chiefly in re

fractories and in sulfate-resistant cement. Map, scale 1 inch = 80 miles,

showing distribution of silica is included.

Wyer, S. S., 1922, The Smithsonian Institution's study of natural resources

applied to Pennsylvania's resources: U. S. Natl. Mus., p. 86-91, 109—112.

Discusses glass sand and the manufacture of glass. The glass industry is

confined to the western and central part of the State; the latter area is more

important in production and quality of sand.

Deposits occur at Falls Creek, Clearfield County; Daguscahonda, Elk

County; at Dunbar and along the Monongahela River near Belle Vernon,

Fayette County; in the vicinity of Mapleton, Huntingdon County; in Jefferson

County; in the vicinity of Vineyard and at Granville along the main line of

the Pennsylvania Railroad between Huntingdon and Lewistown, Mifflin

County; at Kennerdell and Rockmere station near Oil City, Venango County;

in Warren County; and in Westmoreland County. Map, scale 1 inch = 28

miles, showing glass sand quarries and plants is included.

Cambrian sandstone, quarried for whetstone, occurs in the South Mountains

near Allentown, Lehigh County.

Canister is mined for silica brick at Pattonsville, Bedford County; McKee
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5ap and Point View, Blair County; Water Street Gap, Huntingdon County;

3eartown, Lancaster County; Edge Hill, Montgomery County; and near

Bowmans, Carbon County.

Millstone occurs at East Earl and Lincoln, Lancaster County.

Crushed quartzite is produced at Exton and Honeybrook, Chester County,

for fire sand.

Quartz-mica schist is quarried at Edge Hill and Glenside, Montgomery

County. It is used for the manufacture of cupola blocks, furnace bricks, silica

bricks, and fire mortar.

Anonymous, 1926a, Nevada Pacific Company plans extensive operations: Pit

and Quarry, v. 13, no. 1, p. 92-93.

Deposit of 640 acres of silica sand occurs near Las Vegas on the Salt Lake

Route of the Union Pacific Railroad. The sand grains are round and compare

in quality to the Ottawa silica. Used in foundries and for glass manufacture.

The exposed deposit is estimated to contain 100 million tons.

1926b, New modern silica sand operation opens up in Wisconsin: Pit

and Quarry, v. 12, no. 4, p. 103-104.

A sandstone deposit occurs on a 35-acre tract 5 miles north of Westfield,

Marquette County. Tests show that the sandstone averages 99 percent SiOj

and is very low in impurities. The sand grains are sharp, and the fusion

point is 3,128°F.

The report describes the operation of the plant, which has a crushing

capacity of 150 to 200 tons per hour, with a drying and screening capacity

of 50 tons per hour.

1926c, New plant makes sand-lime brick from pure silica deposit:

Rock Products, v. 29, no. 14, p. 53-55.

In Florida, sand containing 99.6 percent SiOi and practically free from

iron occurs 7 miles from Lakeland, near Galloway. The deposit is 13 feet

deep; the lower half is below the water table. Brick is now being made from

this sand. Because of its purity, it would also make excellent glass sand.

1926d, Possibilities for the glass industry in the South: Glass

Worker, v. 45, no. 19, p. 15.

Glass sand occurs in three areas in Oklahoma; the most extensive is in the

Arbuckle Mountains. The Trinity sandstone occurs in the southeastern part

of the State. In the northeastern part of the State, the Bergen sandstone is

50 to 100 feet thick.

The St. Peter sandstone (Ordovician) is exposed in Missouri and Arkansas.

It is composed of very pure quartz sand, averaging more than 99 percent

SiOi and less than 0.10 percent Fe. The formation averages 80 feet in thick

ness and crops out in a belt 150 miles long and as much as 15 miles wide.

The sand is uniform in grain size, averaging about 0.154 mm. The maximum

thickness is 200 feet. In the past 2 years nearly 90,000 yards of sand were

produced at one of three exposures. Some of the glass sand used in Arkansas

comes from Oklahoma.

Of the southern States east of the Mississippi, West Virginia has the most

important glass sand deposits. The Piedmont province contains deposits of

pure quartzite used for making glass. The Cambrian and Silurian formations

in the mountain province are the most important sources of glass sand. The

Clinch sandstone (Silurian) is exceptionally pure and may be used for
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optical glass. The same formation in Tennessee is reported to have favorable

outcrops for furnishing good glass sand. Glass is also made from the sandj

dredged from the St. Johns River, Fla.

Anonymous, 1926e, Silica sand taken out by dredging: Rock Products, v. 29, no.

15, p. 48-49.

Chemical analyses of silica sand near Millville, N. J., is about 99.5 percent

SiOi. Some of the unwashed sand was used for chemical glassware. AH the

sand can be washed to an exceptionally pure grade or glass and silicate of

soda. The deposit contains some gravel and large amounts of molding sand

1926f, Underground mining protects purity: Pit and Quarry, v. 12,

no. 9, p. 93-95.

The St. Peter sandstone mined at Pacific, Mo., is known locally as the

Pacific, Crystal City, and Cap au Gres sandstone. The formation is massive

and shows indistinct bedding. It averages more than 99.0 percent SiOa and

less than 0.01 percent FejOj.

1932, Shenandoah Silica Company builds new mill: Ceramic Age, v.

20, no. 5, p. 181-182.

Silica deposit on Cold Run Ridge near Gore, Va., has the same pure quartz

sand as other deposits in the Oriskany sandstone and is similar to the deposit

at Berkeley Springs, W. Va. The sandstone crops out on the side of the ridge

in beds 4 to 7 feet thick, which dip about 45° toward the base of the

mountain. Drilling and blasting are necessary in quarrying. The deposit is

near rail transportation.

1944, Alabama today and tomorrow: Manufacturers Record, v. 113,

no. 8, p. 87.

Molding sand is obtained at several localities near the foundry industries

of Birmingham, Gadsden, and Anniston. Production of molding sand in 1942

was 105,371 tons. Deposits of glass sand occur in Baldwin County near the

Gulf Coast and in Calhoun County in northeast Alabama. These sands are

of the highest grade used by the glass industry, including sand for plate and

optical glass.

1946, Sand and gravel covers coastal plain: Rock Products, v. 49,

no. 5, p. 78, 82.

Glass sand (99 percent SiOi) is obtained at Gate City, Ala., from sand

stone of lower Carboniferous age.

The Tuscaloosa formation (Cretaceous) contains a practically unlimited

supply of all grades of sands, and some parts of the Ripley formation (upper

Cretaceous) has some excellent sands, including glass sand.

Map showing distribution of silica sand, Gate City, Jefferson County, and

Ohatchee, Calhoun County, is included.

1953a, Jeanette Creek Mining and Development Co.: Eng. Min. Jour.,

v. 154, p. 140.

A large silica deposit is being developed about a mile north of Bergdorf,

Idaho County, Idaho.

1953b, Min. World, v. 15, no. 2, p. 103.

Four companies in the Northwest obtain silica from a quarry at Denison,

Wash. In 1952, this quarry produced 140,000 tons of silica.
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Anonymous, 1953c, Processing silica for refractory brick: Rock Products, v. 56,

no. 9, p. 114, 116, 118, 120.

The Sharon conglomerate (Pennsylvanian) is quarried 6 miles north of

Windham near Nelson's Ledges, Ohio. This very friable quartz conglomerate

average 60 feet in thickness. The overburden is 5 to 20 feet thick.

Two types of refractory silica brick are made from this rock. One consists

of about 96 percent Sid; 1-2 percent oxides, in which A1,0. and Fe>Ot

predominate; and 2-3 percent lime which is added as a bond. The second

type, used in higher temperature furnaces, is quality controlled so that the

total content of alumina, titania, and alkalies does not exceed 0.5 percent.

A flow sheet of operations in the manufacture of refractory brick accom

panies the article.
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Santmyers 1931a, b, c
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Sosman 1927
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Witherow 1933
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Butler 1928

Dale and Beach 1961

Gildersleeve 1946

Gould 1910

Heinz 1937

Levings 1923

Metcalf 1949

Spain 1986

Whitlatch 1937

Alabama.

Chert.

Area, Tennessee Valley: Smith, E. A.

1884

Conglomerate.

County, Calhoun: Jones 1938

Massive quartz.

Area, general: Jahns and others 1962

Quartzlte.

County :

Calhoun, Talladega, Cherokee, Clay.

and Cleburne: Metcalf 1940b

Cherokee : Bowles 1941

Sand.

County :

Baldwin : Jones 1938

Baldwin and Calhoun : Anonymous

1944

Bibbs and Mobile: Adams 1929

Mobile: Havell and McVay 1939

Sandstone.

County :

Calhoun : Jones 1938

Calhoun, Etowah, and Jefferson:

Anonymous 1944

665
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Alabama—Continued

Sandstone—Continued

County—Continued

Calhoun and Jefferson : Anonymous

1946

Chilton, Randolph, Tallapoosa, Macon,

Lee, and Chambers : Smith, E. A.

1884

Jefferson : Adams 1929 ; Burchard

1907b

Tripoli.

Area, Tennessee Valley: Heinz 1937

County:

Colbert and Lauderdale : Gildersleeve

1946a; Spain 1936

Colbert, Lauderdale, and Calhoun : Met-

calf 1949

Arizona.

Quartzite.

County, Cochise and Maricopa: Wilson

and Roseveare 1949

Sandstone.

County, Coconino: Wilson and Rose-

veare 1949

Arkansas.

Chert.

Area, southwest Arkansas : Goldstein and

Hendricks 1953

Novaculite.

Area:

Ouachita Mountains : Miser 1943

Southwest Arkansas: Goldstein and

Hendricks 1963

County :

Clark, Hempstead, Howard, Montgom

ery, Pike, Polk, and Sevier: Miser

and Purdue 1929

Garland and Hot Spring: Purdue and

Miser 1923

Garland, Hot Spring-, Howard, Mont

gomery, Pike, Polk, Pulaski, and

Saline Counties: Griswold 1892

Garland, Montgomery, Pulaski, and

Saline: Anderson 1942

Polk: Branner 1940a

Polk and Pulaski: Branner 1942

Sandstone.

Area:

General: Thiel 1936

Northern Arkansas: Giles 1930

County :

Baxter, Boone, Carroll, Fulton, Inde

pendence, Izard, Madison, Marion,

Newton, Searcy, Sharp, and Stone:

Branner 1942

Boone: Burchard 1906

Izard : Burchard 1907b ; Dunkin 1928

Silica.

County, Garland: Purdue and Miser

1922

Miser and Purdue 1929

Tripoli.

County :

Baxter, Benton, Garland, Hot Spring,

Madison, Montgomery, Pike, Polk,

and Washington: Metcalf 1949

Arkansas—Continued

Tripole—Continued

County—Continued

Baxter, Benton, Garland, Hot Spring,

Montgomery, Pike, Polk, and Wash

ington : Branner 1942

Benton : Heinz 1937

Benton, Madison, and Washington:

Branner 1940b

Garland: Purdue and Miser 1922

Garland and Montgomery: Anderson

1942

Montgomery, Pike, and Polk : Miser

and Purdue 1929

Polk: Branner 1940a

California.

Massive quartz.

County :

Eldorado, Los Angeles, and Stanislaus:

Sampson and Tucker 1931

San Bernardino: Symons 1946

San Diego: Burchnel 1936

Quartzite.

County :

San Bernardino: Averill and Norman

1951 ; Sampson and Tucker 1931 ;

Tucker and Sampson 1931 ; Wright

and others 1953

San Diego: Metcalf 1940b

Sand.

County :

Alameda, Amador, Los Angeles, Mon

terey, Orange, Placer, Riverside, Sac

ramento, San Diego, San Francisco,

San Mateo, and Ventura: Turner

1950

Contra Costa, Monterey, Riverside, and

San Diego: Symons 1946

Imperial and Riverside: Sampson and

Tucker 1981

Los Angeles, Monterey, San Diego, and

San Francisco: Wright 1948

Monterey : Averill and Norman 1951 ;

Calif. Div. Mines Inf. Service 1954;

Dasher and others 1943

"Sand-clay."

County :

Alameda: Huey 1948

Alameda and Orange: Wright 1948

Alameda, Orange, San Diego, San

Mateo, and Ventura: Turner 1950

Sandstone.

County :

Alameda, Amador, Contra Costa, River

side, and San Diego: Calif. Div.

Mines Inf. Service 1954

Alameda, Contra Costa, and Saa

Joaquin: Huey 1948

Contra Costa: Davis and Vernon

1951; Huttl 1937

Contra Costa and Los Angeles :

Wright 1948

Contra Costa and Riverside: Aver.;

and Norman 1951 ; Turner 1954)

Riverside: Shaw 1937
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California—Continued

Silica.

County:

Amador, Contra Costa, El Dorado,

Inyo, Kern, Monterey, Placer, River

side, and San Diego: Modes 1932

San Bernardino: Averill and Norman

1951

Canada.

Massive quartz.

Province:

British Columbia and Manitoba : Cole,

L. H. 1928

Maritime, Ontario, and Quebec : Cole,

L. H. 1923

Ontario: Hewitt 1951

Quartzite.

Province:

Alberta, British Columbia, and Mani

toba: Cole, L. H. 1928

Ontario: Hewitt 1951

Sand.

Province :

Alberta, Manitoba, and Saskatchewan:

Cole. L. H. 1928

Maritime and Ontario : Cole, L. H.

1923

Ontario: Hewitt 1951

Sandstone.

Area, southeast Ontario : Keith 1946

Province:

Alberta, Manitoba, and Saskatchewan :

Cole, L. H. 1928

Maritime, Ontario, and Quebec: Cole,

L. H. 1923

Ontario: Hewitt 1961

Colorado.

Massive quartz.

County, Boulder, Chaffee, Douglas. El

Paso, Fremont, Gunnison, Jefferson,

Larimer, and Park: Hanley and others

1950

Quartzite.

Area:

Missouri River basin : Larrabee and

others 1947

Mosquito Range: Johnson, J. H. 1934

County, Fremont: Art-nil 1949

Sandstone.

Area, Missouri River basin : Larrabee

and others 1947

County :

Chaffee, Douglas, El Paso, Fremont,

Jefferson, Pueblo and Prowers : Ar-

Itall 1949

Denver, El Paso, and Pueblo: McAllis

ter and Bartram 1947

Doug-las and Jefferson : Vanderwilt

1947

Connecticut.

Massive quartz.

County, New London : Barrell and

Loughlin 1910; Loughlin 1912

Quartzite.

County, Tolland: Emerson 1917

Florida.

Flint.

Area, general: Metcalf 1940b

Gravel.

Area, Apalachicola, Chattahoochee, Es

cambia, and Flint Rivers: Vernon

1943

Sand.

Area, Miami to West Palm Beach : Hud

son 1946a

County :

Dade, Hillsborough, Orange, Polk, and

Putnam : Vernon 1948

Escambia : Burchard 1907b

Polk : Anonymous 1926c

Georgia.

Gravel.

Area, general: Teas 1921

Massive quartz.

Area, general: Furcron and Teague

1943: Jahna and others 1962

Novaculite.

County, Heard, Lincoln, McDuffle, Meri

wether, Oglethorpe, and Troup : Gris-

wold 1892

Sand.

Area, general: Teas 1921

County :

Richmond: Burchard 1907b

Wheeler: Hudson 1946b

Tripoli.

County :

Bartow, Catoosa, Chattooga, Floyd,

Gilmer, Gordon, Murray, Polk,

Walker, and Whitfield: Crickmay

1937

Bartow, Catoosa, Chattooga, Floyd,

Gilmer, Murray, Polk, Walker, and

Whitfield: Metcalf 1949

Bartow and Chattooga : Butts and

Glktersleeve 1948

Idaho.

Massive quartz.

County, Adams, Idaho, and Latah: Stoll

1950

Sand.

County, Latah : Wilson and Zvanut

1936

Silica.

Area, general : Hodge 1938

County, Idaho: Anonymous 1953a

Illinois.

"Chert-clay."

County :

Alexander: Lamar 1958

Alexander, Kendall, and Lake: Little-

field 1925

Gravel.

County, Alexander and Union: Parmelee

and Harman 1946

Novaculite.

County :

Alexander: Lamar 1953

Alexander and Union : Parmelee and

Harman 1946
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Illinois—Continued

Sand.

County, La Salle: Weigel 1926

Sandstone.

Area, general: Thiel 1935; Voskull and

Sweeney 1936

County :

Calhoun, La Salle, Ogle, and Winne

bago: Lamar 1928

Grundy, Kendall, La Salle, and Liv

ingston : Willman and Payne 1942

La Salle : Boswell 1917 ; Burchard

1906; Edwards 1926; Littlefield

1926; Utley 1942

Tripoli.

General : Machin and Tooley 1937 ;

Whitlach 1937

County, Alexander and Union: Bain

1907 ; Heinz 1937 ; Lamar 1953 ; Mot-

calf 1949; Farmelee 1932; Parmelee

and Harman 1946

Indiana.

Sand.

Area, general: Bieber and SmiUS 1952

County :

Harrison, Madison, Martin, Parke, and

Washington : Murray and Patton

1953

La Porte: Barrett 1914

Sandstone.

County :

Clay, Crawford, Dubois, Fountain,

Greene, Martin, Owen, Parke, Perry,

and Putnam: Barrett 1914

Parke, Martin, and White: Burchard

1907a

Iowa.

Quartzite.

Area:

General: Beyer 1897

Northwest Iowa: Baldwin 1949

Sandstone.

Area, general: Thlel 1935

County :

Linn: Knight 1926

Woodbury: Burchard 1907b

Kansas.

Sand.

County, Cloud, Saline, Sedgwick, and

Wyandotte: Bowdish and Runnels

1952

Sandstone.

County:

Barber, Comanche, and Kiowa : Nixon

and others 1950 ; Rose 1950

Chautauqua, Montgomery, and Wilson :

Burchard 1906

Greenwood : Burchard 1907b

Wilson and Montgomery : Schrader

1908

Tripoli.

County, Cherokee: Frye 1942

Kentucky.

Sand.

Area, general : Richardson 1920

Kentucky—Continued

Sand—Continued

County, Boyd, Carroll, and Greenup :

Am. Foundrymen's Assoc. 1925

Sandstone.

Area, general: Richardson 1920

County :

Caldwell and Carter : Am. Foundry-

men's Assoc. 1925

Caldwell and Crittenden : McGrain

1952

Crittenden: Nordberg 1954

Estill, Franklin, Gallatin, Harrison,

Madison, and Menifee: Jillson 1938

Hardin: Burchard 1907a

Louisiana.

Sand.

Area, general: Woodward and Gueno

1941

Maine.

Massive quartz.

Area, general: Bastin 1911

Novaculite.

Counties, Franklin, Hancock, and York :

Griswold 1892

Maryland.

Massive quartz.

' County, Baltimore, Carroll, Cecil, Har

ford, Howard, and Montgomery : Sinpe-

wald 1928

Novaculite.

County, Anne Arundel and Prince

George: Griswold 1892

Sand.

Area, general: Trainer 1928a

County, Anne Arundel and Prince

George : Darton 1939

City, Baltimore: Boswell 1917

Massachusetts.

Novaculite.

County, Essex: Griswold 1892

Quartzite.

County :

Berkshire : Boswell 1917 ; Emerson

1899

Franklin, Hampden, and Hampshire:

Emerson 1917

Michigan.

Sand.

Area, general : Brown 1936

Sandstone.

Area, southeast Michigan: Ehlers and

others 1951

County, Monroe and Wayne: Sherzer

1917

Tripoli.

County, Marquette: Griswold 1892

Minnesota.

Quartzite.

Area:

General: Beyer 1897

Southwest Minnesota: Baldwin 1949

County:

Brown, Cook, Pipestone, and Rock :

Emmons and Grout 1948
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Minnesota—Continued

Quartzite—Continued

County—Continued

Cottonwood, Nicollet, Pipeatone, Rock,

St. Louis, and Watonwan: Thiel and

Schwartz 1932

Nicollet, Pipestone, and Rock: Knapp

1923

Pipeatone and Rock : Metcalf 1940b

Sand.

Area, general: Weigel 1926

Sandstone.

Area, general : Thiel 1935

County :

Fillmore, Goodhue, Hennepin, Le Suer,

Pine, Ramsey, Rice, and Wabasha :

Knapp 1923

Goodhue, Hennepin, and Ramsey:

Thiel and Schwartz 1932

Hennepin, Lake, Le Suer, and Ramsey:

Emmons and Grout 1943

Tripoli. *

County, Washington : Emmons and Grout

1943

Mississippi.

Sand.

County, Carroll: Vestal 1950

Tripoli.

Area. Tennessee Valley: Heinz 1937

County, Tishomingo : Gildersleeve 1946a ;

• Metcalf 1949; Spain 1986; Vestal

1938

Missouri.

Sand.

County, Franklin, Jefferson, and St.

Louis: Weigel 1926

Sandstone.

Area, general: Thiel 1935

County :

Barry, Cape Girardeau, Franklin, Jef

ferson, St. Charles, St. Louis, and

Ste. Genevieve: Burchard 1906

Cape Girardeau, Jefferson, and Mont

gomery: Sheakley and Coolidge 1942

Franklin : Anonymous 1926f

Morgan: Burchard 1907b

City, St. Louis: Boswell 1917

Tripoli.

Area, general: Whitlatch 1987

County, Newton: Dale and Beach 1951 ;

Gould 1910; Griswold 1892; Heinz

1937 ; Levings 1923 : Metcalf 1949 ;

Siebenthal and Mesler 1908

Montana.

Massive quartz.

County, Madison : Stoll 1950

Sandstone.

County, Beaverhead and Stillwater:

Knechtel and others 1948

Nebraska.

Sandstone.

County, Burt, Dakota, Dixon, Gage, Jef

ferson, Lancaster, and Saunders:

Burchard 1907b

Nevada.

Quartzite.

County, Clark: Murphy 1954

Sand.

County Clark : Hewett and others 1936 ;

Murphy 1954

Sandstone.

County :

Clark: Hewett and others 1936;

Murphy 1954 ; Roalfe 1987 ; Anon

ymous 1926a

Clark, Esmeralda, and Washoe: Fulton

and Smith 1932

New Hampshire.

Massive quartz.

Area:

General: Meyers 1941

Lakes region : N. H. State Plan. Devel.

Comm. 1949

Novaculite.

County, Carroll: Griswold 1892

Quartzite.

County, Grafton and Sullivan : Meyers

1941

New Jersey.

Conglomerate.

Area, general: Newland 1919

Gravel.

County, Cumberland: Am. Foundrymen's

Assoc. 1925

Quartzite.

County, Morris: Johnson, M. E. 1936

Sand.

Area, general: Weigel 1926

County :

Burlington: Bascom and others 1908;

Bascom and others 1909

Cumberland : Am. Foundrymen's Assoc.

1925 ; Anonymous 1926e

Cumberland and Gloucester: Kummel

and Gage 1907 •

Mercer and Middlesex: Wilkerson and

Comeforo 1948

Morris: Darton and Kummel 1904

Sandstone.

County, Morris: Bayley and Kummel

1914

New York.

Conglomerate.

General: Colony 1919

County, Ulster: Newland 1919

Massive quartz.

County, EsBex and Washington : New-

land 1919

Quartzite.

General: Colony 1919

Area, Highland region: Newland 1919

County, Essex, Fulton and Washington :

Newland 1919

Sand.

General : Colony 1919

Area, Oneida Lake region : Newland

1919

County, Oswego: Nevin 1929

Sandstone.

General: Colony 1919
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New York—Continued

Sandstone—Continued

Area: Stow 1938

County, Cayugo, Franklin, and Madison :

Newland 1919

North Carolina.

Gravel.

Area, Coastal Plain : Broadhurst 1949 ;

Bryson 1987

Massive quartz.

Area.

General: Jahns and others 1952

Spruce Pine district: Parker 1952

Western North Carolina: Broadhurst

1949

County, Anson, Avery, Harnett, Mitchell,

Montgomery, Moore, and Yancey:

Bryson 1937

Novaculite.

County, Anson, Chatham, Orange, Per

son, and Randolph: Griswold 1892

Quartzite.

Area, Mountainous region : Broadhurst

1949

County, Cherokee: Bryson 1937

Sand.

Area:

General : Broadhurst 1954

Coastal Plain: Broadhurst 1949

Ohio.

Conglomerate.

Area, general: Fuller 1947

County :

Cuyahoga, Geauga, Jackson, Lake,

Medina, Portage, and Summit:

Smith, W. H. 1949

Geauga and Portage: Bowen 1953

Jackson and Pike: Bengston and

others 1950

Jackson, Perry, Pike, Portage, Scioto,

Stark, Summit, and Trumbull: Stout

1946

Jackson, Perry, Portage, Summit,

Trumbull, and Wayne: Bownocker

1921

Portage : Anonymous 1953c

Flint.

County, Coshocton, Hocking, Licking,

Muskingum, Perry, and Vinton : Stout

1946

Sand.

County, Stark and Wood: Weigel 1926

Sandstone.

Area:

General : Bownocker 1989 ; Stout 1946

Northwest Ohio: Ehlers and others

1961

County :

Ashtabula, Cuyahoga, Erie, Geauga,

Huron. Lake, and Lorain: Weid-

men. P. A. 1942

Coshocton, Hocking, Holmes, Jackson,

Knox, Licking, Lucas, Mahoning,

Muskingum, Perry, Stark, Summit,

Trumbull, Tuscarawas, and Wayne:

Burchard 1907a

Ohio—Continued

Sandstone—Continued

County—Continued

Lucas and Wood: Carman 1936

Muskingum, Scioto, Stark, and Tus

carawas : Bownocker 1921

Perry: Flint 1951

Oklahoma.

Chert.

Area, Southeast Oklahoma: Goldstein

and Hendricks 1953

Novaculite.

Area :

General: Honess 1923

Ouachita Mountains : Miser 1943

Southeast Oklahoma: Goldstein and

Hendricks 1958; Harton 1953

County:

Atoka, Garland, Latimer, and Le Flore :

Gould 1910

Atoka, Latimer, McCurtain, and Push

mataha : Stenzel and others 1948

Choctaw: Griswold 1892

McCurtain: Miser and Purdue 1929

Quartzite.

Area, Ouachita Mountain region : Stenzel

and others 1948

Sand.

Area:

Arbuckle Mountain region : Burnwell

and Ham 1945

Southeast Oklahoma: Kinney 1948

County :

Carter, Johnston, Love, Marshall, and

Murray: Shead 1928

Hughes, Muskogee, Pawnee, Rogers,

Tulsa, and Washington: Buttram

1913

Sandstone.

General: Dale and Beach 1951

Area:

General: Thiel 1935

Ouachita Mountain region: Stenzel

and others 1948

Arbuckle Mountain region: Kinney

1948

Southeast Oklahoma and Arbuckle

Mountain region: Gould 1908

County :

Bryan and Cherokee: Shead 1928

Carter, Cherokee, Johnston, Love,

Murray, and Pontotoc: Okla. Geol.

Survey 1942

Carter, Cherokee, Johnston, Murray,

and Pontotoc: Gould and Beach

1930

Cherokee: Kinney 1948

Cherokee: Gould 1908

Cherokee and Murray: Buttram 1913

Jefferson, Johnston, Major, Pontotoc,

and Woods : Beach 1989

Johnston, Murray, and Pontotoc: Ham

1945

Tripoli.

Area, general: Whitlach 1987
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Oklahoma—Continued

Tripole—Continued

County :

Beaver and Ottawa: Metcalf 1949

Cherokee and Ottawa: Gould 1910

Ottawa: Heim 1937

Oregon.

Sand.

Area, Oregon coast : Twenhofel 1946

County, Lane: Lowry 1947

Silica.

Area, general: Hodge 1938

County :

Coos, Curry, Jackson. Josephine, Lane,

and Polk: Oreg. Dept. Geology and

Mineral Industries 1951

Jackson: Libbey 1950; Wells and

others 1940

Pennsylvania.

Conglomerate.

General: Frederick 1932

Area, General: Newland 1919

Massive quartz.

County:

Adams: Stose 1932

Adams, Chester, and Cumberland :

Stone 1939

Quartz-mica schist.

County, Montgomery: Moore and Taylor

1924: Wyer 1922

Quartzite.

General: Frederick 1932

Area:

General: Stone 1928

Central and southeast Pennsylvania :

Metcalf 1940b; Moore and Taylor

1924

County:

Adams and York : Stose and Stose

1924

Bedford, Blair, Carbon, Chester, Hunt

ingdon, Lancaster, and Mongomery :

Wyer 1922

Blair: Butts 1945

Blair and Huntingdon: Ross 1919

Lancaster: Stose and Jonas 1933

Sand.

Area:

Genera] : Bascom and others 1908

Honongahela and Youghiogheny

Rivers: Fettke 1918

County :

Cleveland, Elk, Jefferson, and Venan

go: Am. Foundrymen's Assoc. 1925

Fayette: Campbell 1902

Fayette and Washington: Campbell

1903

Huntingdon : Weigel 1926

Washington: Wyer 1922

Sandstone.

General: Cleaves 1939; Frederick 1982

Area, general: Stone 1928

Pennsylvania—Continued

Sandstone—Continued

County :

Bedford, Blair, Carbon, Centre. Clear

field. Elk, Fayette. Forest, Hunting

don, Jefferson, McKean, Mifflin,

Monroe, Venango, Warren, and

Westmoreland: Fettke 1918

Butler, Elk, Erie, Jefferson, Lycoming,

Mercer, Mifflin, and Venango: Stone

1925

Clarion : Shaw and Munn 1911

Clearfield. Elk, Fayette, Huntingdon,

Jefferson, Lehigh, Mifflin, Venango,

Warren, and Westmoreland: Wyer

1922

Clearfield. Jefferson, and Mercer : Am.

Foundrymen's Assoc. 1925

Fayette: Campbell 1902a, b; Hickok

and Moyer 1940

Huntingdon: Butts 1945; Krynine

and others 1940

Lancaster : Stose and Jonas 1933

Westmoreland : Campbell 1904 ; I'halen

1910

Tripoli.

County, Lycoming: Metcalf 1949

Rhode Island.

Massive quartz.

County, Providence: Quinn and others

1948

Quartzite.

County, Providence: Quinn and Seymour

1948

South Carolina.

Massive quartz.

Area, general: Jahns and I loin rich 1952

Sand.

Area, Coastal Plain: Buie 1949

South Dakota.

Massive quartz.

Area, Black Hills : Page and others

1953

Quartzite.

Area, general : Beyer 1897

County:

Davison, Hanson, McCook, Minnehaha,

and Turner: Rothrock 1944

Hanson, McCook, Minnehaha, and

Turner: Baldwin 1949

Minnehaha : Knapp 1923 ; Lowe 1926 ;

Metcalf 1940b

Sandstone.

Area, southeast Black Hills: Bryson and

others 1947

County, Fall River: Darton and Smith

1904

Tennessee.

Chert.

County:

Hardin: Jewell 1931

Lawrence: Metcalf 1940b

Conglomerate.

County. Franklin : Born 1936 ; Gilder-

sleeve 1946c
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Tennessee—Continued

Flint.

County, Wayne: Jewell 1931

Sand.

County. Benton and Carroll: Whitlatch

1938

Sandstone.

Area, Bays Mountain: Born 1936

Silica.

Area, Chattanooga region: Whitlatch

1938

Tripoli.

Area, Tennessee River Valley: Davis and

Johnson 1938; Heinz 1937: Whit

latch 1938

County :

Bradley: Gilderaleeve 1946c

Bradley, Dickson, Greene, Hardin,

Humphreys, Johnson, Lewis, Perry,

and Wayne: Metcalf 1949

Bradley, Decatur, Dickson, Hardin,

Humphreys, Johnson, Lewis, Perry,

and Wayne: Whitlatch 1937

Bradley, Decatur, Dickson, Hickman,

Johnson, and Wayne: Born 1936

Hardin: Jewell 1931

Hardin and Wayne: Gildersleeve

1946a: Spain 1936

Johnson: Glenn 1914

Texas.

Flint.

Area, Coastal Plain : Evans 1943 ; Park

inson and Barnes 1943

County, Bastrop, Frio, Llano, and

Travis: Stenzel and others 1948

Massive quartz.

County :

Culberson and Hudspeth: Evans 1943

Llano: Chelf 1941

Novaculite.

County, Brewster: Evans 1943

Sand.

Area:

Coastal Plain: Hocman and Redfleld

1943

North-central Texas and Gulf Coastal

Plain : Kinney 1948

County:

Lee : Harris 1941

Leon : Stenzel 1938

Mason : Plummer 1942

Polk: Evans 1943

Polk, Trinity, Tyler, and Walker:

Schafer 1942

Sandstone.

County:

Leon: Stenzel 1938

Polk, San Jacito, Trinity, and Walker :

Stenzel and others 1948

Silica.

Area, general : Sellards and Evans 1948 ;

Seliards and others 1944

Tripoli.

County, Burnet and Lampasas: Damon

1943; Evans 1943

Utah.

Massive quartz.

County, Tooele: Hanley and others 1960

Virginia.

Massive quartz.

Area, general: Jahns and Heinrich 1952

County, Amelia: Watson 1907

Quartzite.

Area:

General: Whittcmore and Dear 1940

Northern Virginia: Watson 1919

Western Virginia: Lowry 1964

County:

Amherst: Watson 1919

Fairfax and Franklin: Watson 1907

Smyth and Wythe: Gildersleeve 1946b

Wythe: Stead and Stose 1943; Stose

1946

Sand.

Area, Coastal Plain: Watson 1907

County, Princess Anne: Watson 1919

Sandstone.

Area:

General: Watson 1919; Whittemore

and Dear 1940

Western Virginia: Lowry 1954

County :

Amherst, Augusta, Roanoke, and

Rockbridge: Watson 1907

Frederick : Anonymous 1932

Roanoke: Woodward 1982

Russell, Scott, and Tazewell: Gilder

sleeve 1946b

City, Waynesboro: Watson 1907

Washington.

Massive quartz.

County :

Chelan, Pierce, Skagit, and Spokane:

Glover 1936

King, Pierce, and Spokane: Patty and

Glover 1921

Pierce, Skagit, Spokane, and Stevens :

Valentine 1949

Skagit: Popoll 1949

Spokane: Purdy 1963; Ralston 1937;

Anonymous 1953b

Quartzite.

County :

King, Spokane and Stevens : Glover

1936

Pend Oreille: Purdy 1958

Stevens: Dorisy 1935; Ralston 1937

Stevens and Whitman : Valentine 1949

Sand.

County :

Clark, King, and Stevens: Purdy 1953

King: Glover 1936

King, Spokane, and Stevens: Valentine

1949

Pend Oreille: Dorisy 1935

Spokane : Wilson and Zvanut 1936

Sandstone.

Area, Olympic Mountains : Glover 1934

County :

Chelan: Ralston 1937
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Washington—Continued

Sandstone—Continued

County—Continued

Chelan, King, Pierce, Skagit and

Whatcom: Wilson and others 1942

Chelan, King, and Whatcom : Valentine

1949

Chelan, Kittitas, Pierce, Skagit, Ska

mania, and Whatcom: Glover 1936

Spokane: Dorisy 1935

Silica.

Area, general: Hodge 1938

County, Chelan and Skagit: Purdy 1953

West Virginia.

Sand.

County, Morgan: Weigel 1926

Sandstone.

Area:

General: Price 1938: Stow 1938

Droop Mountain : Price 1929

County:

Berkeley, Jefferson, and Morgan :

Grimsley 1916

Morgan : Boswell 1917 ; Stose and

Swartz 1912

Morgan, Preston, Monongalia, and

Upshur: Grimsley 1909

Pocahontas: Price 1929

Wisconsin.

Conglomerate.

County, Marathon, Portage, and Wood :

Weidman, Samuel 1907

Quartzite.

General: Ross 1919

Wisconsin—Continued

Quartzite—Continued

Area, general: Leith 1935

County:

Barron, Chippewa, Dodge, Jefferson,

Juneau, and Sauk: Buckley 1898

Columbia and Sauk : Weidman, Samuel

1904

Marathon and Wood : Weidman, Samuel

1907

Sand.

County, Green Lake, Waushara, and

Winnebago: Trainer 1928b

Sandstone.

Area, general: Buckley 1898; Thiel

1935 ; Trainer 1928b

County :

Grant: Burchard 1906

Marathon, Portage. Taylor and Wood:

Weidman, Samuel 1907

Marquette: Anonymous 1926b

Wyoming.

Massive quartz.

County, Fremont and Goshen: Hanley

and others 1960

Sandstone.

County :

Albany and Big Horn : Clabaugh and

others 1946

Albany, Carbon, and Lander: Chicago

and North Western Ry. Co. 1942

Tripoli.

County, Laramie and Platte: Chicago

and North Western Ry. Co. 1942
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CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

ANNOTATED BIBLIOGRAPHY OF HIGH-CALCIUM LIME

STONE DEPOSITS IN THE UNITED STATES INCLUDING

ALASKA, TO APRIL 1956

by G. C. Gazdik and Kathleen M. Tagg

ABSTRACT

This bibliography of 226 annotated references lists publications that appeared

before May 1956. Annotations emphasize geology, areal distribution, results of

chemical and physical tests on samples, mining, utilization, reserves, and potential

resources of high-calcium limestone. The index forms a cross-reference system to

the literature cited.

INTRODUCTION

Preparation of this bibliography was begun by the United States

Geological Survey early in 1954 as the result of numerous requests for

information concerning high-grade limestone. Most of the bibliog

raphy was compiled by the junior author between March 1954 and

September 1955. The annotation was done by the senior author dur

ing the period September 1955-June 1956. New publications were

added until May 1, 1956. Many of the references contain further

bibliographic information. All references in this report are published

and can be obtained either from or through any major library. Strati-

graphic nomenclature used in the annotations is that of the original

authors and is not necessarily that of the Geological Survey.

At present there is no universally accepted definition of high-calcium

limestone. A calcium carbonate content greater than 95 percent

seems to be the most generally used figure for high-calcium limestone,

although many authors use a figure as high as 98 percent. In this

bibliography, references to any limestone having a calcium carbonate

content greater than 90 percent are included. It was thought that

by so doing the bibliography would find a broader use because many

large consumers of high-calcium limestone do not require an extremely

675
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high degree of purity. A few references included describe limestones

that just approach 90 percent calcium carbonate; these references are

only for areas deficient in high-grade limestone.

The chemical composition of a limestone may change from one local

ity to another; consequently it would be presumptuous to assume that

a formation known to be a high-calcium limestone in one locality is

consistently a high-calcium limestone throughout its extent. For this

reason, selection of references in this bibliography was restricted to

those that in some way indicate that the formation discussed is of high

calcium content in the locality studied.

The index provides a geographic cross reference system wherein

separate lists of authors are given for each State and Alaska. A list

at the beginning of the index under the heading, "General," refers to

publications on limestone deposits throughout the States in general.



BIBLIOGRAPHY

Abbott, C. E., 1935, A limestone mine in the Birmingham district: Am. Inst. Min.

Metall. Eng. Tech. Pub. 666, 15 p.

Describes mining of the Warsaw formation (Lower Mississippian) in the Muscoda

mine of the Tennessee Coal, Iron and Railroad Company, near Bessemer, Jefferson

County, Ala. Limestone is 40 to 50 feet thick and averages more than 98 percent

calcium carbonate. Mining, crushing and washing, and safety procedures are

noted. Summarizes geology and includes a mine map.

Adair, R. B., Doody, T. C, and Schoenborn, E. M., 1947, Evaluation of North

Carolina raw materials for the production of portland cement, part 1, Pre

liminary laboratory investigation: N. C. State Coll., Dept. Eng. Research,

Bull. 35, 31 p.

Describes physical and chemical tests of limestones and marls sampled chiefly

along Trent and Deep Rivers. Rocks tested offer good possibilities as raw material

for manufacture of portland cement. Tables and analyses are included.

Adams, G. I., Haworth, Erasmus, and Crane, W. R., 1904, Economic geology of the

Iola quadrangle, Kansas: U. S. Geol. Survey Bull. 238, p. 11-20, 63-69.

The Fort Scott and Iola limestones (Pennsylvanian) are utilized for cement. Dis

cusses cement manufacturing processes. Two geologic maps, Iola quadrangle, scale

1 : 125,000, and a strip to the east of Iola quadrangle, scale 1 : 125,000, are included.

Allen, H. W., 1953, Progress report of limestone survey, Knox County [Maine],

in Report of the State Geologist for 1951-1952: Maine Devel. Coram., p. 11-30.

Describes geography of the Rockland, Rockport, and Union limestone belts.

Discusses these areas, giving reserves and possible uses of deposits in each. Most

important uses of Knox County limestones are in agriculture, in the chemical and

cement industries, in manufacturing rock wool, and as a flux stone. The Union

limestone belt, although small, is chiefly high-calcium limestone. Tables give lime

stone analyses of 40 samples from the Rockland belt, 27 from the Rockport belt,

and a representative sample from the Union belt. A geologic map of each belt, at

various scales, is included.

Allen, J. E., 1946, Reconnaissance geology of limestone deposits in the Williamette

Valley, Oreg.: Oreg. Dept. Geology and Mineral Industries Short Paper 15, 15 p.

Summarizes geology and describes limestone deposits. Of 25 localities studied,

3 in Polk County and 1 in Clackamas County have commercial significance. Listed

for these deposits are owner, location, development, topography, geology, grade and

reserves. Includes a summary of characteristics and importance of formations ar

ranged by counties, a bibliography, analyses, index map, and three geologic maps,

at various scales.

Ames, J. A., 1949, High-calcium limestones in the area served by the Baltimore and

Ohio Railroad: Baltimore, Baltimore and Ohio Railroad Co., 105 p.

Lists stratigraphic occurrences, areal distribution, and chemical composition of

high-calcium limestones in New York, Ohio, Pennsylvania, Virginia, and West

677
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Virginia. Appendices include a discussion of the origin of limestone, uses of high-

calcium limestone, summary of the stratigraphy of the areas covered, and glossary

of terms. A comprehensive bibliography, some analyses, and many geologic maps,

at various scales, are included.

Anderson, A. L., 1928, Portland cement materials near Pocatello, Idaho: Idaho Bur.

Mines and Geology Pamph. 28, 15 p.

Reviews topography, stratigraphy, and structure. Mentions the Black Rock and

Langston limestones (Cambrian) as most economically feasible for cement material.

Discusses three suitable quarry sites and summarizes factors controlling location o:

cement plants.

1931, Geology and mineral resources of eastern Cassia County, Idaho:

Idaho Bur. Mines and Geology Bull. 14, 164 p.

Presents an extensive discussion of stratigraphy and structure. Summarizes

topography, geologic history, mineralization, individual mines, and all types of

building stones quarried in Cassia County. The section on limestone and marble

includes 3 analyses of the Carboniferous limestones (Brazer and Wells formations i

and 4 analyses of Precambrian marbles. All average more than 93 percent calcium

carbonate. The Carboniferous limestones have not been utilized, but the Pre

cambrian marble has been quarried for building stone and burned for lime. There is

sufficient quality of these rocks to form a valuable potential resource. Analyses,

structure sections, and a geologic map, scale 1:250,000, are included.

Argall, G. O., Jr., 1949, Industrial minerals of Colorado: Colo. School Mines

Quart., v. 44. no. 2, p. 254-274.

Catalogues industrial nonmetallic minerals. Summarizes uses, occurrences, and

production of each. Describes limestone operations in 23 counties. Discusses

treatment and marketing of the limestone. Map, scale 1 : 500,000, shows construc

tion materials and nonmetallic mineral resources of Colorado.

Bain, H. F. See Eckel, 1905.

Baldwin, E. M., 1947, Geology of the Dallas and Valsetz quadrangles: Oreg. Dept.

Geology and Mineral Industries Bull. 35, 61 p.

Dallas and Valsetz quadrangles are chiefly within Polk County with western edges

in Lincoln County. Discusses geography, topography, stratigraphy, structure,

physical geology, geologic history, and economics. Describes the Dallas limestone

(basal member of the Umpqua formation, Middle Eocene), its characteristics and

uses. Also lists other limestones, their locations and calcium carbonate content

A bibliography, index map, and geologic maps of Dallas and Valsetz quadrangles,

scale 1 : 62,500, are included.

Ball, E. M., and Beck, A. W., 1937, Limestone mining in Muscoda No. 5—A unique

underground operation in the Birmingham district: Eng. Min. Jour., v. 138,

no. 12, p. 32-36.

Describes history and development of mine in the Warsaw formation (Missis-

sippian), including mining methods and hauling. The limestone is 130 feet thick

and is 330 feet above the Clinton iron ore. Cross section of mine and diagrams of

methods used are included.

Ball, J. R., 1952, Geology and mineral resources of the Carlinville quadrangle:

111. Geol. Survey Bull. 77, 110 p.

Resume of physiography, stratigraphy, structure, geologic history, and economic

geology. Describes cores and field sections. At most places limestones in the
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Carlinville quadrangle are less than 10 feet thick and not suitable for large-scale

commercial operation. Analyses and geologic map, scale 1 :62,500, are included.

Banks, D. M. See Bowles, 1933, 1941.

Barnes, V. E., 1952, High purity Marble Falls limestone, Burnet County, Tex.:

Tex. Univ., Bur. Econ. Geology Rept. Inv. 17, 27 p.

Describes stratigraphy and areal distribution of the Marble Falls limestone

(Pennsylvania), which has a calcium carbonate content greater than 99 percent in

this area, and the Honeycut formation (Ordovician), which may be of economic

value. Includes detailed description of the type section of the Marble Falls lime

stone, table of analyses, and two geologic maps, scale 4 inches = 1 mile.

Bascom, Florence, and Stose, G. W., 1938, Geology and mineral resources of the

Honeybrook and Phoenixville quadrangles, Pennsylvania: U. S. Geol. Survey

Bull. 891, p. 106-110.

Summarizes geography, topography, stratigraphy, structural and historical

geology, and mineral resources. Gives location of limestone quarries in Chester

County. Colored geologic map and structure sections of Honeybrook and Phoenix

ville quadrangles, scale 1:62,500, are included. [Many other geologic maps, at

various scales, and structure sections are included.]

Bassler, R. S., 1905, Cement materials of the Valley of Virginia: U. S. Geol. Survey

Bull. 260, p. 531-544.

Presents information on general geology and suitability of various limestone beds

in the Valley of Virginia for commercial use. Locations of favorable sites for cement

plants are given. Analyses of samples from Augusta, Rockbridge, Rockingham,

and Shenandoah Counties and geologic maps, scale 1 inch = about 10 miles, are

included.

1908, Cement materials of western Virginia: Econ. Geology, y. 3, p. 503-524.

Almost all cement materials of western Virginia are confined to outcrops in the

Valley of Virginia and surrounding foothills. Most important source rocks for

cement materials are of Cambrian and Ordovician age. Cross sections, analyses,

and small-scale map showing outcrop of Ordovician limestones and shales are in

cluded.

1909, The cement resources of Virginia west of the Blue Ridge: Va. Geol.

Survey Bull. 2-A, 309 p.

Discusses general geology, stratigraphy, and cement materials by individual

county in western Virginia. E. C. Eckel contributed the chapter on materials and

processes used in production of hydraulic cements. Fossil illustrations, analyses,

and many geologic maps and cross sections, at various scales, are included.

Bastin, E. S., 1906, The lime industry of Knox County, Maine: U. S. Geol. Survey

Bull. 285-J, p. 393-400.

Knox County has the only limestone in Maine that is suitable for the production

of lime. Describes physical features and occurrence of the limestone. Locates

adjacent dolomite deposits. The limestone from a quarry at Rockland has a calcium

carbonate content of 98.17 percent. Seven analyses and two small-scale geologic

maps are included.

Bates, R. L., 1939, Geology of Powell Valley in northeastern Lee County, Va.: Va.

Geol. Survey Bull. 51-B, p. 31-94.

Gives detailed information on stratigraphy and structure. Geography, physi

ography, and mineral resources are noted. The limestone of the area is used chiefly

as agricultural lime or road metal. Some is of sufficiently high quality for use as a
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flux material or for calcining, but it is not so accessible as similar deposits elsewhere.

The Mosheim and Lenoir limestones have the highest calcium carbonate content,

93.12 percent. Three analyses, structural cross section across Powell Valley, and

structural and geologic maps, at various scales, are included.

Beach, J. O. See English, 1940.

Beatty, K. 0., and Adair, R. B., 1948, Evaluation of North Carolina raw materials

for the production of portland cement, part 2, Small-scale production of port land

cement: N. C. State Coll. Eng. School Bull. 42, 51 p.

Briefly reviews laboratory investigations reported in part 1 of this paper. Both

high- and low-grade limestone of the Trent formation was used to produce cement,

thus proving that, with proper treatment, cement can be made from low-grade

limestone. Discusses purification methods. Gives location of other cement raw

materials. Describes preparation and physical properties of cement. Report

concludes that North Carolina has suitable raw materials for cement. The most

promising area is southern Jones and Craven Counties in the vicinity of the Trent

River. Analyses and small-scale map showing outcrop of Trent limestone and

Triassic shale are included.

Beck, A. W. See Ball, 1937.

Bengston, R. J., and others, 1950, Survey report on mineral resources of south

eastern Ohio to the southeastern Ohio Regional Council: Ohio Dept. Nat.

Res., Div. Geol. Survey, p. 44-57.

Limestones of southeast Ohio are used chiefly as road metal and for portland

cement. The Vanport (Pennsylvanian) and the Maxville (Mississippian) limestones

have been utilized in the Ohillco area for portland cement. The Maxville is a high-

calcium limestone, its composition and thickness vary, and its occurrance is spotty.

The Vanport limestone is more persistent and of more uniform composition although

only about 10 to 12 feet thick. Reserves and future uses of available limestone are

discussed. Includes two sketch maps of southeast Ohio, one showing the known

occurrances of the Maxville, the other showing the occurrances of the Vanport,

Brush Creek, and Cambridge limestones and some dolomites; production figures,

costs and prices, uses and markets; and analyses of Vanport and Maxville limestones.

Berry, E. W. See also Loughlin, 1921.

1947, Marls and limestones of eastern North Carolina: N. C. Dept. Conserv.

Devel., Div. Min. Res. Bull. 54, 16 p.

Discusses physiography, location of outcrops, and commercial development of

marls and limestones for each of the 35 counties in eastern North Carolina. Marls

of the New Bern and Wilmington area are described separately because of their

persistence and higher grade. Includes analyses of limestones of many counties,

20 partial analyses from New Bern area, and geologic map, scale 1 inch = 10 miles.

Beyer, S. W., 1906, Supplementary report on portland cement materials in Iowa:

Iowa Geol. Survey Bull. 3, 36 p.

Discusses limestones of Iowa. Includes analyses of major formations and sketch

map of Iowa showing chief localities investigated for portland cement materials.

Blatchley, R. S., 1908, The Indiana oolitic limestone industry in 1907: Ind. Dept.

Geology and Nat. Res., Ann. Rept. 32, p. 301-459.

Concerns limestone in Owen, Monroe, and Lawrence Counties. Includes topog

raphy, stratigraphy, physical characteristics, and properties of the limestone.

Quarrying and handling methods are discussed and individual quarries are de

scribed. Also included are a list of quarries, active and inactive, and their locations;
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19 chemical analyses; and geologic maps of Bedford and Bloomington districts, scale

1 inch = 2 miles.

Bleininger, A. V., 1904, The manufacture of hydraulic cements: Ohio Geol. Survey,

4th ser., Bull. 3, 391 p.

The report is concerned chiefly with the manufacture of hydraulic cements. How

ever, one chapter reviews the available limestones of Ohio and another chapter

describes methods of determining the value of a depost. Four pages of chemical

analyses are included.

Bleininger, A. V., Lines, E. F., and Layman, F. E., 1912, Portland cement resources

of Illinois: 111. Geol. Survey Bull. 17, 121 p.

Discusses portland cement materials including impurities and their effects. Rough

ly half of the report deals with mechanics of the manufacture of portland cement.

Describes the stratigraphy of Illinois with special reference to portland cement mate

rials. More than 100 analyses and locations of limestones and many clays are given.

Boucher, L. J., 1930, Limestone quarrying at Northampton plant of the Atlas

Portland Cement Co.: Am. Inst. Min. Metall. Eng. Tech. Pub. 272, 19 p.

The cement rock of the Lehigh district of Pennsylvania and New Jersey is from

the Jackson series of the Trenton limestone. Its composition is variable and its

thickness is from 150 to 300 feet. The Atlas cement plant at Northampton, Pa.,

is the largest in the world (1930). The article is chiefly concerned with describing

the mining procedures at the cement plant's quarry.

Bowen, O. E., Jr., 1950, Lime and limestone, in Mineral commodities of California:

Calif. Dept. Nat. Res., Div. Mines Bull. 156, p. 171-176.

The portland cement industry is the most important consumer of limestone in

California. Bulletin discusses local limestones used in portland cement, their forma

tion, and distribution and lists the important limestones from each district. Sum

marizes mining and manufacturing methods, utilization, and markets.

Bowles, Oliver, and Banks, D. M., 1933, Limestone, part 1, General information:

U. S. Bur. Mines Inf. Circ. 6723, 21 p.

Reports in general on the uses of limestone, considers many of the uses of high-

calcium limestone, and gives production and consumption statistics.

1941, Lime: U. S. Bur. Mines Inf. Circ. 6884R, 48 p.

Presents a history of the use of limestone, its origin, composition, and varieties.

Gives location of major limestone areas in the United States and describes many

uses for high-calcium limestone. Includes' statistics, economics of plant location,

and grades of lime produced in selected counties of each producing State. Outlines

manufacturing processes.

Boynton, R. S., and Jander, F. K., 1952, Lime and limestone, in Encyclopedia of

chemical technology: New York, The Interscience Encyclopedia, Inc., v. 8,

p. 346-382.

Describes physical characteristics and chemical behavior of limestone. Includes

distribution, origin, mining, quarrying, manufacturing methods, and economics of

the limestone industry. Analyses from 16 typical areas of high calcium rocks and

small-scale map of the United States showing the occurrence of high-calcium lime

stone and dolomite are included.

Branner, G. C, 1940, Mineral resources of Benton, Carroll, Madison, and Washing

ton Counties [Ark.]: Ark. Geol. Survey, County Mineral Rept. 2, p. 33-36.

Limestones in Benton, Carroll, Madison, and Washington Counties are used as

building stones, road metal, limestone for burning, and agricultural lime. Of 30
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analyses, including samples from the Boone, Brentwood, and Pitkin formation?.

21 samples contain more than 95 percent calcium carbonate. Map showing location

of samples is included.

Branner, G. C, 1941, Limestones of northern Arkansas: Ark. Geol. Survey Pub.,

24 p.

Limestones are restricted to northern Arkansas in the Interior Highlands physio

graphic province. They range in age from Ordovician to Pennsylvanian. Dis

cusses reserves and value from 1889 to 1939. Lists limestone companies and

quarries. Includes analyses and locations of 114 limestone samples and small-scale

maps.

Brantly, J. E., 1916, Limestones and marls of the Coastal Plain of Georgia: Ga.

Geol. Survey Bull. 21, 300 p.

Presents a comprehensive report on physiography, structure, and stratigraphy o:

the Coastal Plain deposits. About half of the text is devoted to discussions of

calcareous deposits considered by county. Included are history of workings, analy

ses, and future possibilities. Also includes information on quarrying, preparation,

and use of limestone. Many analyses and geologic map of the Coastal Plain of

Georgia with locations of limestone properties, scale 1 : 1,000,000, are included.

Bryson, R. P., Fox, E. L., Larrabee, D. M., and others, 1947, Construction materials

and nonmetallic mineral resources of South Dakota: U. S. Geol. Survey Missouri

Basin Studies Map 12, scale 1 : 500,000.

Includes information on an outcrop of Niobrara formation (Cretaceous) that has

been used for cement manufacture at Yankton.

Buddington, A. F., 1926, Mineral investigations in southeastern Alaska: U. S. Geol.

Survey Bull. 783-B, p. 58-62.

Contains a short discussion on the readily accessible high-calcium limestone oc

curring in thick and extensive deposits on the islands off the west coast of Alaska

and at the north end of Prince of Wales Island. In these areas, the Silurian lime

stones have the highest calcium carbonate content, ranging from 95 to 99 percent.

Many deposits are discussed and 20 analyses are included.

Buddington, A. F., and Chapin, Theodore, 1929, Geology and mineral deposits of

southeastern Alaska: U. S. Geol. Survey Bull. 800, p. 44, 83-88, 390-393.

Describes outcrops of important limestone beds and their physical characteristics.

In 1928 the Pacific Coast Cement Co.'s newly installed plant at Seattle initiated

the use of a limestone quarried at Dall Island, Alaska. The calcium carbonate

content averaged between 95-99 percent.

Buehler, H. A., 1907, The lime and cement resources of Missouri: Mo. Bur. Geology

and Mines, 2d ser., v. 6, 255 p.

Presents a general discussion about limestone and clay. Methods given for manu

facturing lime and portland, natural, and pozzolean cements, also specifications for

various uses of cement and concrete. County-by-county discussions of the lime and

cement materials of Missouri including chemical analyses and the amount and type

of development in each county. Seven pages of analyses are included.

Burchard, E. F., 1912, Lime, in Mineral Resources of the United States for 1911,

part 2, Nonmetals: U. S. Geol. Survey, p. 645-718.

Includes 50 pages of analyses from nearly every State.1940, The cement industry in Alabama: Ala. Geol. Survey Circ. 14, 32 p.

Mentions use of Chickamauga, Bangor, Conasauga, and St. Stevens limestones and

the Selma chalk as cement materials. Discusses cement plants, their raw materials.
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and production. A few analyses and a map showing areas of high-

calcium limestone in Alabama, with portland and puzzolan cement plants located,

are included.

Barchard, E. F. and Chapin, Theodore, 1920, Marble resources of southeastern

Alaska: U. S. Geol. Survey Bull. 682, 118 p.

This bulletin is primarily concerned with marble suitable for cutting and polishing

but many analyses are included which show calcium carbonate as high as 99 percent.

Quarries and prospects are located and described. Sketch maps show the location

of these deposits.

Burchard, E. F., and Emley, W. E., 1914, The source, manufacture, and use of

lime, in Mineral Resources of the United States for 1913, part 2, Nonmetals:

U. S. Geol. Survey, p. 1509-1593.

Includes small-scale map of Eastern United States showing distribution of high-

calcium limestone.

Burr, A, C., Fallgatter, W. S., and MacMillan, W. W., 1950, Raw materials for the

manufacture of portland cement in North Dakota: N. Dak. Acad. Sci. Proc.

1949, v. 3, p. 15-18.

Reports on feasibility of a cement plant in North Dakota. Discusses Niobrara

formation and marl deposits. Concludes that the Colgrove Butte deposits are most

favorable. Gives cost statistics.

Butts, Charles, 1907, Limestone and dolomite in the Birmingham district, Alabama:

U. S. Geol. Survey. Bull. 315-G, p. 247-255.

The Bangor, Chickamauga, and Conasauga limestones and the Knox dolomite

are used for flux stone, and in the manufacture of lime and cement. The Chicka

mauga (Ordovician) is the limestone used locally in the cement industry. Notes

occurrences and includes lithologic sections and a few analyses.

1940, Description of the Montevallo-Columbiana quadrangles, Alabama:

U. S. Geol. Survey Geol. Atlas, folio 226, 20 p.

Includes 7 analyses of Newala limestone, which is used for cement manufacture

at Leeds, Ala. Geologic and topographic quadrangle maps, scale 1:62,500, are

included.

Butts, Charles, and Gildersleeve, Benjamin, 1948, Geology and mineral resources

of the Paleozoic area in northwest Georgia: Ga. Geol. Survey Bull. 54, p.

127-137.

Report briefly describes the Paleozoic limestones and dolomites that occur

throughout northwest Georgia. Analyses of 21 limestones with descriptions of

sample locations are given.

Butts, Charles, and Moore, E. S., 1936, Geology and mineral resources of the Belle-

fonte quadrangle, Pennsylvania: U. S. Geol. Survey Bull. 855, 111 p.

Much high-calcium limestone occurs in this quadrangle. No cement plants have

been built, probably because of the lack of adjacent shale beds. Includes a few

analyses and a geologic map of the quadrangle, scale 1 : 62,500.

Butts, Charles, Swartz, F. M., and Willard, Bradford, 1939, Geology and mineral

resources, Tyrone quadrangle [Pennsylvania]: Pa. Geol. Survey, 4th ser.,

Topog. and Geol. Atlas 96, 110 p.

Limestone is the most important mineral resource. The Lowville (Ordovician)

is the highest quality limestone in the area. Publication includes analyses for many

Ordovician limestones in the quadrangle; geologic and topographic maps, scale

1 :62,500; and geologic structure sections.
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Cady, G. H., 1907, Cement making materials in the vicinity of La Salle, in Year-

Book for 1907: 111. Geol. Survey Bull. 8, p. 127-134.

Both natural and portland cement are manufactured in the vicinity of La Salle,

111. Natural cement is made from the Lower Magnesian limestone and portland

cement from the La Salle limestone and the carbonaceous shale underlying it.

The article describes thickness and outcrops of these formations. Includes anal

yses of 7 natural cement rock samples, 21 portland cement rock samples, and 3

clays; also small-scale map showing outcrop of cement formations and location ol

plants.

Calhoun, F. H. H., 1915, Limestone and marl deposits of South Carolina: S. C.

Expt. Sta., Clemson Agr. Coll. Bull. 183, 27 p.

Discusses briefly limestone and its use in agriculture. Possible quarry sites are

listed. Forty-four analyses of limestones and marls, a few showing high calcium

content, and a small-scale map showing location of limestone and marl are included.

Calhoun, W. A. See Hinchley, 1947.

Catlett, Charles, 1904, Cement resources of the Valley of Virginia: U. S. Geol.

Survey Bull. 225, p. 457-462.

The Trenton limestone, famous as the cement rock of the Lehigh Valley of Penn

sylvania, is well developed throughout the Valley of Virginia. Two other raw

materials also necessary in the manufacture of portland cement are readily avail

able; namely, shale (Hudson) and coal which is used as a fuel. Includes discussion

of the limestones and economic factors of the most promising undeveloped locations

and analyses of samples from many of these places.

Chapin, Theodore. See Buddington, 1929.

Clabaugh, S. E., Larrabee, D. M., Griffitts, W. R., and others, 1946, Construction

materials and nonmetallic mineral resources of Wyoming: U. S. Geol. Survey

Missouri Basin Studies Map 9, scale 1 : 500,000.

High-calcium limestones suitable for cement manufacture occur in the Niobrara,

Forelle, Greenhorn, and Sundance formations and in some calcareous Tertiary sedi

ments.

Clapp, F. G., 1905, Limestones of southwestern Pennsylvania: U. S. Geol. Survey

Bull. 249, 52 p.

Describes each of the important limestones of southwestern Pennsylvania from

the Pocono formation (Mississippian) through the Dunkard series (Permian).

The Vanport and Upper Freeport limestones are of sufficiently high quality for

cement. Includes a geologic map of southwestern Pennsylvania, scale 1 inch =

20 miles; two maps of the outcrop pattern of the Vanport limestone, scale 1 inch

= 10 miles; and many analyses.

Clark, W. B., 1954, The Cool-Cave Valley limestone deposits, El Dorado and Placer

Counties, Calif. : Calif. Jour. Mines and Geology, v. 50, p. 439-465.

The Cool-Cave Valley limestone, discussed in this report, consists of two lenses in

the Calaveras group (Paleozoic). The limestone was used in the manufacture of

Portland cement from 1910 to 1942 and was the chief source of limestone in northern

California from 1910 to 1930. It is uniformly high in calcium, much averaging

about 98 percent calcium carbonate. Geology of the limestone and also quarrying

and milling methods are discussed. Gives ownerships for other limestone deposits

together with literature references, analyses of 45 samples from the Cool-Cave

Valley limestone, and many analyses from other nearby limestones. Includes
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geologic maps showing the Cool-Cave Valley limestone: scale approximately 1 inch

= 3,000 feet.

Cobb, E. H. See Moxham, 1953.

Cook, C. W., 1912, Michigan cement, in Mineral resources of Michigan * * *: Mich,

Geo!. Biol. Survey, Pub. 8, Geol. Ser. 6, p. 337-354.

Gives classification of cements and location of raw materials. Only the Traverse

aid the Michigan limestones are used for cement. Includes list of plants, analyses

of 4 limestones and 5 marls, one map showing location of cement plants.

Cooke, C. W., 1945, Geology of Florida: Fla. Geol. Survey Bull. 29, p. 111-136.

Mention is made of high calcium content of the Ocala limestone (Eocene) and the

Mariana and Suwannee limestones (Oligocene). These formations are shown on the

accompanying map of Florida, scale 1 : 1,000,000.

Cooper, B. N., 1944, Industrial limestones and dolomites in Virginia, New River-

Roanoke River district: Va. Geol. Survey Bull. 62, 98 p.

Presents a general discussion of physiography and stratigraphy followed by de

tailed descriptions of areas with respect to structure, operating quarries, and possible

stes for new quarries. Also included are lithologic sections and maps showing oc

currences of limestone and dolomite, active quarries and possible quarry locations,

md analyses of 89 samples. ;

1945, Industrial limestones and dolomites in Virginia, Clinch Valley district:'

Va. Geol. Survey Bull. 66, 259 p.

Considering the quality of the available rock, quarrying conditions, and cost of

fuel, the cost of producing lime in Clinch Valley is less than in any other section of the

Appalachian Valley of Virginia. General geology of Clinch Valley district precedes

detailed discussion of geology and stratigraphy by county. Includes many analyses,

'ithologic sections, and maps, including geologic maps of the three counties in the

district. The scales of the county maps range from 1 inch — 1 lA miles to 1 inch =,

- miles.

Cooper, B. N., and Dietrich, R. V., 1953, Virginia mineral resources [map]: Va.

Eng. Expt. Sta., Va. Poly. Inst., scale 1:500,000.

Shows areas in State that are directly underlain by limestone and dolomite;

limestones and dolomites of chemical grade are designated.

Crider, A. F., 1905, Cement resources of northeast Mississippi: U. S. Geol. Survey

Bull. 260, p. 510-521. :

Selma Chalk is a high-quality cement material. Some well logs and analyses Sri

given.

1907, Cement and portland cement materials of Mississippi: Miss. Geol.

Survey Bull. 1, 73 p. ;

Gives a general history of cement and lists cement materials and manufacturing

methods. Formations ranging from Devonian to Tertiary in age are discussed.

The Selma Chalk (Cretaceous), Jackson marl (Eocene), and Vicksburg formation

(Oligocene) are discussed in detail. Analyses are given.

Cramp, M. H., 1913, The oolitic limestones of Warren County [Ky.]: Ky. Geol.

Survey, 4th ser., v. 1, pt. 2, p. 1037-1051.

Oolitic limestones occur in the Mississippian, immediately below the Chester

formation. They are used chiefly as a building stone, but would make a good stain-

tas portland cement. Lists quarrying companies, their holdings and production,'

Md describes their products. Two analyses are given. .' •
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Cullen, John, 1917, Lime resources and industry in Oklahoma: Okla. Geol. Survey

Bull. 26, 70 p.

Discusses the composition and uses of lime and also the types and uses of cements.

Methods of quarrying and milling limestone are described. The limestones of

Oklahoma range in age from Cambrian to Cretaceous. Each limestone formation is

discussed with respect to distribution, thickness, location of quarries, and, where

available, chemical analyses. A history of the Oklahoma lime industry and small-

scale map showing limestone areas in the State are included.

Cushman, J. A. See Loughlin, 1921.

Dale, T. N., 1914, The commercial marbles of western Vermont: Vt. State Geologist

Rept. 9, for 1913-1914, p. 1-160.

Section summarizes physical properties, origin, and areal distribution. Structure

is described and accompanied by cross sections. Both mineralogic and commercial

types of marbles are noted. Important quarries are discussed. Includes five

analyses and geologic maps of the marble belts of western Vermont, south of Salis

bury, scale 1 :125,000, and of the Rutland marble belt, scale 1 :31,250.

1923, The lime belt of Massachusetts and parts of eastern New York and

western Connecticut: U. S. Geol. Survey Bull. 744, 71 p.

Describes, by quadrangle, the limestone and dolomite formations and notes their

outcrops. Discusses those suitable for a good grade of finishing lime, those that

yield a poorer quality, and those rejected by the lime industry. Four geologic maps

distinguishing limestone from dolomite, scale 1 : 62,500, are included.

Darton, N. H., 1909, Structural materials in parts of Oregon and Washington:

U. S. Geol. Survey Bull. 387, p. 21-33.

Report discusses, by county, limestones and marbles suitable for cement. The

majority of these are very high in calcium. Some of these deposits occur adjacent to

natural harbors which make ocean transportation readily available. Includes

analyses and map showing distribution of limestone in Washington and Oregon,

scale 1 inch = about 75 miles.

1910, Cement materials in Republican Valley, Nebr.: U. S. Geol. Survey

Bull. 430-F, p. 381-387.

The only limestones suitable for cement in the Republican Valley are those of the

Niobrara formation. They occur at or near the surface in Webster, Franklin, Har

lan, and Furnace Counties. Includes four analyses and map showing outcrop of

Niobrara formation, scale 1 inch = about 30 miles.

Decker, C. E., and Merritt, C. A., 1928, Physical characteristics of the Arbuckle

limestone: Okla. Geol. Survey Circ. 15, 56 p.

Describes geology of the Arbuckle formation and gives detailed lithologic section

12 miles north of Ardmore, Carter County. One bed, more than 43 feet thick,

averages 98 percent calcium carbonate, and another, about 143 feet thick, averages

96 percent. The remainder of this 7,442-foot section is low in calcium.

DeWolf, F. W., 1929, New Castle quadrangle, Topographic and geologic atlas of

Pennsylvania, no. 5: Pa. Geol. Survey, 4th ser., p. 169-188.

Describes the Vanport limestone as a valuable resource used for road material,

flux stone, sinter stone, cement, and lime. Uniform in both thickness and purity,

it commonly occurs in several distinct benches: the bottom two, a total of from

5 to 10 feet, are the high-calcium limestones, averaging about 96 percent calcium

carbonate. Individual exposures are described. Includes analyses and map of the
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New Castle quadrangle showing outcrop pattern of the Vanport limestone, scale

L : 62,500.

Dietrich, R. V. See Cooper, 1953.

Oilier, J. S., 1904, Mining and mineral resources in the Redding quadrangle, Cali

fornia, in 1903: U. S. Geol. Survey Bull. 225, p. 176-177.

States that the McCloud and Hosselkus limestones are high in calcium. Parts of

the Hosselkus limestone could be used for Portland cement.

1914, Mineral resources of southwestern Oregon: U. S. Geol. Survey Bull.

546, p. 15-17.

Gives the distribution and age of local limestones. Includes 10 analyses from

Josephine and Jackson Counties, Oreg., many showing very high calcium content,

and map showing limestone outcrops, scale 1 inch = 5 miles.

D'Invilliers, E. V., 1883, The geology of the South Mountain belt of Berks County

[Pa.]: Pa. 2d Geol. Survey Progress Rept., D-3, v. 2, pt. 1, p. 136-197.

Notes the distribution and uses of those limestones of the Great Valley that occur

in Berks County. Includes short descriptions of the limestone exposures giving

physical characteristics, thickness, and dip; analyses; and maps, at various scales,

supplementing this report in Pennsylvania Geological Survey Atlas D-3.

Doody, T. C. See Adair, 1947.

Dott, R. H. See English, 1940; 1943.

Dubins, I. M. See Runnels, 1949.

Eardley, A. J., 1932, A limestone chiefly of algal origin in the Wasatch conglomerate,

southern Wasatch Mountains, Utah: Mich. Acad. Sci. Papers, v. 16, p. 399-414.

Describes a very small fresh-water lake deposit. The limestone is almost 100

percent calcium carbonate, and has been used as an interior decoration. Small-

scale map of Utah showing the location of this deposit is included.

Eckart, R. A. See Moxham, 1953.

Eckel, E. C, 1904, Cement-rock deposits of the Lehigh district of Pennsylvania and

New Jersey: U. S. Geol. Survey Bull. 225, p. 448-456.

Lists the Hudson shale and Trenton and Kittatinny limestones of the Lehigh dis

trict as cement resources. Notes the distribution of each of these formations.

Discusses manufacturing processes and composition of Portland cement. Gives

analyses.

1905a, Cement materials and industry of the United States: U. S. Geol.

Survey Bull. 243, 395 p.

The bulletin is divided into two parts. Part 1, "Materials and manufacture of

Portland cement," is concerned with composition of portland cement, composition

and characteristics of cement raw materials, mining methods, and manufacturing

processes. Part 2, "Portland cement resources of the United States" includes

sections by E. C. Eckel, E. A. Smith, J. A. Taff, H. F. Bain, W. H. Weed, E. O.

Ulrich, and R. S. Bassler. The States are taken up in alphabetical order and cement

resources, both developed and undeveloped, are located and described. The cement

industry of each State is noted. Analyses and maps are included.

1905b, Portland-cement resources of New York: U. S. Geol. Survey Bull.

260, p. 522-530.

Notes the Chazy, Trenton, Helderberg, Onondaga, and Tully limestones and

marls of Quaternary age as being of such quantity and chemical composition to be
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important as portland cement materials. Includes chemical analyses of each of the

above formations, their distribution, and relative usefulness as regards composition

and location.

Eckel, E. C, 1906, Cement resources of the Cumberland Gap district, Tennessee-

Virginia: U. S. Geol. Survey Bull. 285-1, p. 374-376.

Mentions the Newman limestone (Mississippian) as being high in calcium and

suitable for portland cement. Notes the proximity of rail transportation and

the Middlesboro coal district for manufacture of the cement. Includes some

analyses.

1913, Portland cement materials and industry in the United States: U. S.

Geol. Survey Bull. 522, 401 p.

Bulletin divided into three parts. Parts one and two are written entirely by

Eckel. Part one, "The portland cement industry," reviews types of cements, dis

cusses their history, and gives cement industry statistics. Part two, "Raw materials

of the portland cement industry," covers cement materials, elaborating on lime

stone, its composition and impurities. It lists the types of limestone and the types

of fuels used. A section is devoted to factors to be considered when building a

cement plant. The third part of this bulletin, entitled, "Portland cement resources

of the United States," has chapters contributed by E. C. Eckel, E. F. Burchard,

A. F. Crider, G. B. Richardson, E. A. Smith, J. A. Taff, E. O. Ulrich, and W. H.

Weed. This part of the bulletin discusses, for each State, general geology, known

and possible cement raw materials, and their distribution. Many analyses and

maps are included.

1933, Limestone deposits of the San Francisco region: Calif. Jour. Mines and

Geology, v. 29, p. 348-361.

The Gavilan limestone of the Santa Lucia series (Paleozoic?) and the Calera

limestone of the Franciscan series (Jurassic) are two limestones of this area of major

interest as industrial stones. There are several others of less importance. Dis

tribution is discussed and some outcrops and quarries described. Analyses of 31

samples are given.

1935, Large high-calcium deposit found in northwestern Alabama: Pit and

Quarry, v. 27, no. 9, p. 26.

Deposit in area near Muscle Shoals discovered and bought by Tennessee Valley

Authority. Article states that the deposit may be the largest and purest limestone

in the country. Includes 11 analyses; all show more than 98 percent calcium

carbonate.

Eckel, E. C, and Bain, H. F., 1905, Cement and cement materials of Iowa, in Ann.

Rept. for 1904: Iowa Geol. Survey, v. 15, p. 102-124.

High-calcium limestone occurs throughout Iowa in the following formations:

Trenton limestone (Ordovician), Kinderhook limestone, Augusta formation, and

St. Louis limestone (Mississippian). Analyses are given.

Edmundson, R. S., 1945, Industrial limestones and dolomites in Virginia—northern

and central parts of Shenandoah Valley: Va. Geol. Survey Bull. 65, 195, p.

Emphasis is on the occurrence of high-calcium limestone and high-magnesian

dolomite in the northern and central sections of the Valley of Virginia. Geology of

the Valley of Virginia is discussed, but most of the report deals with industrial lime

stones; starting with the northernmost county of the Valley and working southward.

Includes, for each of the nine counties, geology and stratigraphy of the local lime

stones with special attention to high calcium and high magnesium content. Uses
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of high-calcium limestones are listed. Also includes many lithologic sections, some

structure sections, a geologic map of each county and analyses.

Emley, W. E. See Burchard, 1914.

English, S. G., Dott, R. H., and Beach, J. O., 1940, Limestone analyses: Okla. Geol.

Survey Mineral Kept. 5, 28 p.

Includes brief description of chief limestone areas in the State, general information

on the importance of limestone in the chemical industry, and list of chemical speci

fications for limestone in various products. Table 1 lists, by county, limestone anal

yses with calcium carbonate content greater than 95 percent. Table 2 lists analyses

of limestones with combined calcium and magnesium content greater than 90 per

cent, but magnesium content less than 10 percent. Map, scale 1 inch = about 50

miles, shows principal limestone outcrops and indicates those of commercial thick

ness and quality.

Fisher, R. B. See Hinchey, 1947.

Galloway, J. J., 1919, Geology and natural resources of Rutherford County [Tenn.]:

Tenn. Div. Geology Bull. 22, p. 75, 81.

Formerly the Hermitage limestone was used for making a natural hydraulic

cement, but its distance from fuel and transportation now makes it of little economic

importance. Six analyses (p. 81) of the Lebanon, Ridley, and Murfreesboro lime

stones show high calcium content. Geologic map of Rutherford County, scale

1 inch = 1 mile, is included.

Gay, T. E., Jr. See Wright, 1953.

Gildersleeve, Benjamin. See also Butts, 1948.

1946a, Minerals and structural materials of the Kentucky Reservoir area:

TVA, Commerce Dept., Regional Products Research Div., Rept. 1, p. 13-16.

Principal limestones occur east of the Tennessee River. Notes the Warsaw-St.

Louis formations (Mississippian) and some Silurian formations as having a high

calcium content. Includes 10 analyses, geologic map, and a map indicating the

locations of minerals and structural materials in the Kentucky Reservoir area

(scales 1 in. = about 16 mi.).

1946b, Minerals and structural materials of the Pickwick, Wilson, and

Wheeler reservoir areas: TVA, Commerce Dept., Regional Products Research

Div., Rept. 2, p. 27-28.

Most of the limestones in the area have a high calcium content. Gives three

analyses of limestones, two exceed 98 percent calcium carbonate. Geologic map,

scale 1 inch = 7 J 4 miles is included.

1946c, Minerals and structural materials of the Guntersville Reservoir area:

TVA, Commerce Dept., Regional Products Research Div., Rept. 3, p. 14-16.

High-calcium limestones (Mississippian) underlie the sandstone and shale forma

tions of Sand Mountain and other erosional remnants of the Cumberland Plateau.

Includes limestone analyses from Marshall and Jackson Counties, Ala., and

Marion County, Tenn., and a map, scale 1 inch = 4 miles.

1946d, Minerals and structural materials of the Hales Bar and Chickamauga

reservoir areas: TVA, Commerce Dept., Regional Products Research Div., Rept. 4,

p. 43.

High-calcium Mississippian limestones occur in outliers of the Cumberland

Plateau. Limestones in this area are quarried for the lime, chemical, and cement

industries and for other uses. Map, scale 1 inch = about 9 '-2 miles, is included.
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Gildersleeve, Benjamin, 1946e, Minerals and structural materials of southwest Vir

ginia: TVA, Commerce Dept., Regional Products Research Div., Rept. A,

p. 29-31.

Notes the Mosheim, Lenoir, and Holston limestones as being high grade. The

Mosheim, in places, is nearly 100 percent calcium carbonate.

1946f, Minerals and structural materials of east Tennessee: TVA, Com

merce Dept., Regional Products Research Div., Rept. B, p. 19-20.

High-calcium limestones are found in the Mississippian rocks of the Cumberland

Plateau and in the Ordovician rocks of the Great Valley. Seven analyses are in

cluded.

1946g, Minerals and structural materials of the Watts Bar and Fort Loudoun

Reservoir areas: TVA, Commerce Dept., Regional Products Research Div.,

Rept. 5, p. 8, 21.

Mentions that many of the limestones of the area are high calcium. Limestone

analyses are included in the chapter on cement.

Glover, S. L., 1936, Nonmetallic mineral resources of Washington, with statistics for

1933: Wash. Div. Geology Bull. 33, p. 53-61.

Gives important limestone deposits of Washington by county. Notes those that

are high in calcium content.

Gordon, C. H., 1911, Cement resources and possibilities, in The resources of Ten

nessee: Tenn. Geol. Survey, v. 1, p. 58-69.

Describes outcrops of the three important cement lime rocks in Tennessee which

are the Holston marble, Lenoir (Chickamauga) limestone, and the Bangor or New

man limestone. Locates several favorable sites for cement plants. Analyses are

included.

Gould, C. N., 1911, Limestone, in Preliminary report on the structural materials of

Oklahoma: Okla. Geol. Survey Bull. 5, p. 66-84.

Indicates that high-calcium limestone can be found in most areas of Oklahoma.

Maps show limestone areas; one in northern Oklahoma and one in the Arbuckle

Mountains, scale 1 inch = 20 miles.

Graf, D. L., 1951, Petrology of the basal high-purity bed of the Burlington lime

stone: 111. Geol. Survey Circ. 170, p. 160-164.

A petrographic study of the high-purity, chert-free limestone occurring near the

base of the Burlington formation in western Illinois. Discusses the major and minor

components of the rock and the history of its formation.

Grasty, J. S. See Mathews, 1910.

Gray, Carlyle, 1951, Preliminary report on certain limestones and dolomites of

Berks County, Pa. : Pa. Geol. Survey, 4th ser., Progress Rept. 136, 85 p.

Includes a short summary of local structure and stratigraphy; analyses of 366

samples of Ordovician limestones from the Beekmantown, Annville, and Jacksonburg

formations; a short description of locations from which these samples were taken;

contour diagrams of the chemical composition of some of the limestones analysed;

and a map showing principal limestone areas of Berks County, scale 1 inch = 2

miles.

1952, The high calcium limestones of the Annville belt in Lebanon and Berks

Counties, Pa.: Pa. Geol. Survey, 4th ser., Progress Rept. 140, 17 p.

The Annville limestone, upper Cambro-Ordovician, occurs on the north limb of a

regional anticlinorium and is exposed in a narrow east-west belt in Lebanon and
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Berks Counties, Pa. It ranges in purity from 88 percent to more than 98 percent

calcium carbonate; most of the higher purity stone is in the western part of the belt.

Used now in cement, steel, and chemical industries. Geologic mapping indicates

large reserves. Includes maps: one showing the Annville outcrop, scale 1 inch = 1

mile, and others showing certain important areas, scale 1 inch = about 600 feet;

also cross sections.

Griffitts, W. R. See Larrabee, 1947.

Grimsley, G. P., 1906, Clays, limestones, and cements: W. Va. Geol. Survey, v. 3,

p. 330-357.

Describes the limestones of West Virginia from the Kanawha series (Pennsyl-

vanian) through the Dunkard series (Permian). Only the Shenandoah limestone

(Silurian) is noted as having a high calcium content. However, in places, this

formation is a dolomite of nearly theoretical composition. Gives location of out

crops and discusses development. Includes analyses.

1916, Jefferson, Berkeley, and Morgan Counties [W. Va.]: W. Va. Geol.

Survey County Rept., p. 361-511.

Briefly describes limestones of the eastern panhandle counties. These limestones

are used for furnace flux, fertilizer, glass industry, in asphalt paving and in cement.

Includes description and analyses of marl deposits and location of plants and

quarries.

A chapter concerns the chemical characteristics of the low-silica fluxing limestones

in Berkeley and Jefferson Counties. Many of these flux stones are high in calcium.

Includes location of outcrops and analyses.

The chapter on lime and cement resources includes a general discussion of lime,

its properties, uses, and manufacture. Notes existing cement plants and their lime

stone sources. Advises on locations for new plants.

Analyses are given throughout the report. Includes maps, at various scales, under

separate cover: one topographic and one geologic of Jefferson, Berkeley, and Morgan

Counties, and a map of low-silica limestones in the Martinsburg area.

Grogan, R. M., and Lamar, J. E., 1940, Agricultural limestone resources of Cumber

land, Effingham, Clay, Richland, and Jasper Counties [111.]: 111. Geol. Survey

Rept. Inv. 65, 44 p.

In Illinois the following limestones are sufficiently thick to quarry: Bogata, New

ton, Omega, and Shumway. Describes thickness variations, outcrops, quantity and

substance of overburden, general quarrying considerations, and prospecting sug

gestions for each of these limestones. The calcium carbonate equivalent of various

localities and formations is given throughout the text. Many sketch maps show

outcrops.

Grout, F. F., Stauffer, C. R., Allison, I. S., and others, 1932, Geologic map of the

State of Minnesota: Minn. Geol. Survey, scale 1 : 500,000.

According to the explanation, Cedar Valley limestone (Devonian) has beds of

nearly pure calcium carbonate; the Galena formation (Ordovician) is also high

grade.

Hale, D. J., and others, 1903, Marl (bog lime) and its application to the manufacture

of portland cement: Mich. Geol. Survey, v. 8, pt. 3, 399 p.

Includes theories of origin of marls and discussion of the manufacturing of portland

cement from marl. Lists plants using marls and locates and describes their source

areas. Includes a great many analyses and a map, scale 1 inch = 45 miles, showing

marl deposits in lower Michigan, location of portland cement plants, and suggested

sites for future developments.
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Ham, W. E., Dott, R. H.F Burwell, A. L., and Oakes, M. C, 1943, Geology and

chemical composition of the St. Clair limestone near Marble City, Okla. :

Okla. Geol. Survey Mineral Rept. 16, 24 p.

Gives structure, stratigraphy, and lithologic description of the high calcium and

dolomitic St. Clair formation (Silurian). A conservative estimate of 50 million tons

of high calcium stone is available for quarrying. Includes analyses of 18 samples

and a map showing sample locations, quarries, and distribution of the St. Clair

formation in Sequoyah County.

Haworth, Erasmus. See also Schrader, 1906.

Haworth, Erasmus, and Schrader, F. C, 1905, Portland-cement resources of the

Independence quadrangle, Kansas: U. S. Geol. Survey Bull. 260, p. 506-509.

Independence quadrangle embraces all of Montgomery County and parts of

adjacent counties. The Drum and Piqua limestones are used here to manufacture

cement. Analyses of nine samples of Piqua limestone are included.

Hazenbush, G. C. See Wright, 1953.

Heyl, G. R., and Walker, G. W., 1949, Geology of limestone near Gazelle, Siskiyou

County, Calif.: Calif. Jour. Mines and Geology, v. 45, p. 514-520.

Structure and stratigraphy of limestone occurring 2 to 5 miles west southwest of

Gazelle along the North Branch of Willow Creek. Large reserves of high-grade

stone with very little overburden are available. Only small quarries have been

opened. Includes five analyses, a location map, and a geologic map with cross

sections showing the Gazelle deposits, scale 3 inches = 4,000 feet.

Heyl, G. R., and Wiese, J. H., 1949, Geology of limestone near Sonora, Tuolumne

County, Calif. : Calif. Jour. Mines and Geology, v. 45, p. 509-513.

Describes accessibility, general topography, and geology. The high-calcium

limestone is found in two zones in the limestone belt; one in the east along Black

Leg Creek, the other on the west near Sullivan Creek. Because of the crystallinity

of the formation the limestone' can be easily distinguished from the dolomite by a

difference in the grain size: the limestone having a grain size of from 0.5 to 5 mm and

the dolomite from 0.05 to 0.3 mm. The limestone has been quarried for the glass

and chemical industries. Only a minor amount of the available resources has been

mined. Includes five analyses and a geologic map and cross sections of limestone at

Black Leg Creek, scale 3 inches = 4,000 feet.

Hinchey, N. S., Fischer, R. B., and Calhoun, W. A., 1947, Limestones and dolomites

in the St. Louis area: Mo. Geol. Survey and Water Res. Div. Rept. Inv. 5, 80 p.

Gives analyses of 270 samples of Ordovician and Mississippian formations from

17 localities. Description of sample locations includes a stratigraphic section and

available transportation. High-calcium limestone is available.

Hodge, E. T., 1935, Available raw material for a Pacific Coast iron industry: U. S.

Army Corps of Engineers, Office of the Div. Engineer, North Pacific Div.,

Portland, Oreg., v. 4, App. L, p. 19-84.

Describes and gives analyses for many deposits in Alaska, Washington, Oregon,

and California. Some other deposits outside economic transportation range are

mentioned.

1938, Northwest limestones, Section 3, in Market for Columbia River

hydroelectric power using northwest minerals: Portland, Oreg., War Dept.,

Corps of Engineers, Office Div. Engineer, North Pacific Div., 621 p.

Discusses general geology, occurrence of limestone, quarrying, tonnage, and costs.

Part 1, volume 1, "Limestones of the Northwestern States," is concerned with



HIGH-CALCIUM LIMESTONE DEPOSITS IN THE UNITED STATES 693

Washington, Oregon, and Idaho. Part 2, volume 2, "Other limestone occurrences

available to (or) competitive with the lower Columbia area," includes chapters on

deposits in California, Nevada, southeastern Alaska, and British Columbia. Part 3,

volume 2, discusses uses, technology, and available markets for limestone and lime.

1944, Limestones o; the Pacific Northwest; available limestones suitable for

calcium carbide and/or for flint glass industries: [Portland, Oreg.], Bonneville

Power Administration, 104 p.

A comprehensive report on the availability and marketability of high-calcium

and high-purity limestones. The introduction discusses transportation costs, rail,

ship and barge, and mining costs. Gives potential markets and their consumption.

The areas included are the southeastern coastal Alaska, coastal British Columbia,

all of Washington, Oregon, and Idaho, western and southwestern Montana, north

western Nevada, and northern and coastal California. The discussion for each

of these areas includes mileage to various markets, estimated transportation costs,

composition of the limestone, short description of the deposit, and a map showing

the location of the deposit.

Hodges, P. C, 1936, Production and preparation of blast furnace flux: Am. Inst.

Min. Metall. Eng. Tech. Pub. 668, lip.

The Columbus and Delaware limestones (Devonian) are quarried at Marble Cliff

quarry, Franklin County, Ohio. The Columbus limestone is noted as a high-

calcium flux and chemical stone; the Delaware is used as an aggregate and as railroad

ballast.

Hopkins, T. C, 1893, Marbles and other limestones: Ark. Geol. Survey Ann. Rept.

for 1890, v. 4, p. 96-115, 212-356.

The marble belt of Arkansas is in the north and northwestern part of the State.

The high-calcium limestones of this part of the Ozark Plateau are the St. Joe marble

and the Boone limestones, members of the Boone formation (Mississippian), and the

Izard and St. Clair formations (Silurian). Analyses and the location and description

of outcrops are included.

Huner, John, Jr., 1939, Geology of Caldwell and Winn Parishes [La.]: La. Geol.

Survey Bull. 15, p. 210-214, 284-288.

One of the two limestone quarries in the State is in the cap rock limestone of the

Winnfield salt dome. The limestone is used chiefly as chemical lime. Three

analyses are given.

Iowa Geological Survey, 1907, Analyses of limestones and chalks, in Ann. Rept. for

1906: Iowa Geol. Survey, v. 17, p. 531-537.

Contains more than 100 analyses of Iowa chalks and limestones arranged alpha

betically by county.

Jander, F. K. See Boynton, 1952.

Jewett, J. M. See O'Connor, 1951.

Jicha, H. L., Jr., 1956, A deposit of high-calcium lime rock in Valencia County,

N. Mex.: N. Mex. Inst. Mining and Technology, State Bur. Mines and Min.

Res., 5 p.

An analysis of two samples of limestone from an area in Valencia County, 34

miles west of Belen, shows an aggregate calcium carbonate content of 97.5 percent.

The formation is a travertine deposited on the Chinle formation (Triassic). The

deposit is 5H miles long and 1 mile wide. Its maximum thickness of 150 feet is in .

the northeast with a thinning to the south and west. There are estimated re-



694 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

serves of 100 million tons. Two small-scale maps, one location and one geologic

are included.

Jones, W. B., 1926, Index to the mineral resources of Alabama: Ala. Geol. Survey

Bull. 28, p. 60-74.

Divides source areas for cement raw materials in Alabama into four groups.

The first district, the Coosa and neighboring valleys, has available the Ordoviaac

limestones and the Bangor limestone. Analyses are given of the Trenton limestone.

The second district, the Tennessee Valley region, has available the Bangor and

Tuscumbia limestones. Analyses of the Bangor are given. The third district is the

Selma chalk belt of central Alabama. The analyses show that the formation is no:

high in calcium. The fourth district is the St. Stevens limestone belt of south

Alabama. Analyses of this formation are included

Kay, G. M., 1943, Chemical lime in central Pennsylvania: Econ. Geology, v. 38,

p. 188-203.

Of the many limestones of central Pennsylvania, only the Valentine member of the

Curtin formation is suitable for large-scale production of chemical-grade stone.

The Valentine limestone is exposed in parts of Centre, Clinton, and Lycoming

Counties. Includes a map showing distribution and thickness of the Curtin forma

tion and some chemical analyses of the Valentine member.

Kerns, W. H. See Rutledge, 1953.

Knight, Nicholas, 1929, The chemical composition of the Burlington limestone near

Oakville, Iowa: Iowa Acad. Sci. Proc, v. 35, p. 217-218.

Four analyses of limestone from near Oakville, Louisa County, Iowa, are given.

Krey, Frank, and Lamar, J. E., 1925, Limestone resources of Illinois: 111. GeoL

Survey Bull. 46, p. 311-334.

The publication is concerned chiefly with limestone as a road material but in

cludes 23 pages of chemical analyses and location of samples. Many of the lime

stones tested show high calcium content.

Lamar, J. E. See also Krey, 1925; Grogan, 1940.

Lamar, J. E., 1927, Economic geology of the limestones of Illinois: Rock Products,

v. 30, no. 8, p. 56-59.

Discusses Illinois limestones in chronological order. Gives uses and chemical

and physical analyses. The formations high in calcium include the Kimmswick,

Wapsipinicon, Burlington, Salem, St. Louis, Ste. Genevieve, and Shoal Creek

limestones.

1929, The limestone resources of the Pontiac-Fairbury region: 111. Geol.

Survey Rept. Inv. 17, 27 p.

Results of a survey of possible uses for the Pontiac limestone (Pennsylvanian).

Notes that this stone is of uniform quality, has only from 1 to 5 feet overburden, and

estimated reserves of 7.5 million tons. Discusses active quarries. Includes analy

ses, location map, and a map showing areas sampled.

1936, The economic utilization of the Burlington limestone in the Quincy

region: 111. Acad. Sci. Trans., v. 29, no. 2, p. 170-171.

In the Quincy region the normally cherty Burlington limestone has a 20- to 30-foot

chert-free stratum averaging 98 percent carbonate. Because of its white color and

high calcium content, this limestone has a variety of uses.
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Lamar, J. E., and Willman, H. B., 1931, High-calcium limestone near Morris, 111.:

111. Geol. Survey Rept. Inv. 23, 26 p.

Two high-calcium limestone deposits occur only 60 miles from Chicago and are

adjacent to both rail and water transportation. They are in the Divine limestone

(Ordovician). Includes one analysis and maps showing outcrops and area underlain

fc»y the Divine limestone and areas with less than 3 Yi feet overburden.

1933, Results of test drilling of limestone near Morris, 111.: 111. Geol. Survey

Inf. Circ. 4, 6 p.

Four test borings were made to supplement the information given in the Illinois

Geological Survey Report of Investigation 23 (Lamar and Willman, 1931). These

borings show that the high calcium part of the limestone is buff to brown in color

Miid only the upper 4 to 5 feet contain more than 95 percent calcium carbonate.

The purity decreases with depth. The fact that so little of the stone is rich in cal

cium and that this is discolored would probably limit the use of this stone. Logs

and analyses of cores are included.

1938, A summary of the uses of limestone and dolomite: 111. Geol. Survey

Rept. Inv. 49, 50 p.

Discusses the chemical and physical properties required by many of the limestone

industries. Many uses of high-calcium limestone are included.

Lamborn, R. E., 1945, Recent information on the Maxville limestone: Ohio Geol.

Survey Inf. Circ. 3, 18 p.

The Maxville limestone is thick enough in a few places in Muskingum and Perry

Counties to be commercial. Burned for lime to make mortar and also used as flux

stone. Article includes lithologic sections and chemical analyses from a few im

portant quarries. These analyses show that the calcium carbonate content varies

considerably.

1951, Limestones of eastern Ohio: Ohio Geol. Survey, 4th ser., Bull. 49, 377 p.

Detailed description of limestone formations, by counties, includes distribution,

economic significance, and lithologic sections. Chemical analyses given for Missis-

sippian, Pennsylvanian, and Permian limestones that are of unusual commercial im

portance or that represent some stratigraphic horizon. Map shows sample locations.

Table at end of report summarizes the more than 150 analyses given in the text.

Landes, Henry, 1906, Cement resources of Washington: U. S. Geol. Survey Bull.

285-1, p. 377-383.

Limestone is found in Washington from Puget Sound to Idaho County. Report

describes the limestone deposits of the northern counties and includes analyses.

Landes, K. K., 1949, Metallurgical limestone reserves in the United States: Wash

ington, D. C, National Lime Assoc, 25 p.

Discusses extent of metallurgical limestone reserves. State-by-State discussion

gives important metallurgical limestones, their grade, and possibilities for production

expansion.

Larrabee, D. M., Clabaugh, S. E., Griffitts, W. R., and others, 1947, Construction

materials and nonmetallic mineral resources of Colorado: U. S. Geol. Survey

Missouri Basin Studies Map 10, scale 1 :500,000.

The map text notes that the Leadville, Madison, Timpas, and Greenhorn lime

stones are high in calcium but that the Timpas and Greenhorn have a tendency

toward being clayey.
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Lincoln, F. C, 1929, Quarrying limestone in the Black Hills of South Dakota:

Rock Products, v. 32, no. 11, p. 42-47.

There are three sources of high-calcium limestone in the Black Hills. The Minne-

kahta, which is the highest purity limestone in the State, and the Niobrara are

laterally uniform in quality. The Pahasapa is normally a dolomite but in places is

quarried as a high calcium stone. Reviews the history of the uses of South Dakota

limestones which include road stone, concrete, aggregate, lime, cement, etc.

Lindgren, Waldemar, 1905, Description of the Clifton quadrangle, Arizona: U. S.

Geol. Survey Atlas, folio 129, p. 13.

The upper 100 feet of the Modoc formation (Mississippian) has a calcium carbon

ate content as high as 96 percent. Includes a geologic map, scale 1:62,500.

Ljungstedt, O. A. See Stose, 1932.

Logan, C. A., 1947, Limestone in California: Calif. Jour. Mines and Geology, v. 4-3.

p. 175-357.

Reviews the origin and uses of limestone. Discusses, by county, the geology of

the State and the history of production of limestone; gives location of existing

quarries; and gives a few chemical analyses. Map shows limestone deposits.

Logan, W. N., 1911, The structural materials of Mississippi: Miss. Geol. Survey

Bull. 9, 78 p.

Report not chiefly concerned with high-calcium limestones but analyses from

Tishomingo, Warren, and Wayne Counties are given. Some of these are high cal

cium.

1916, Preliminary report on the marls and limestones of Mississippi: Miss.

Geol. Survey Bull. 13, p. 29-82.

Report is primarily concerned with agricultural limestone. Includes chemical

analyses for nearly every county in the State, some of which are high in calcium

content.

Loughlin, G. F., Berry, E. W., and Cushman, J. S., 1921, Limestones and marls of

North Carolina: N. C. Geol. and Econ. Survey Bull. 28, 211 p.

Discusses in general limestone and its physical characteristics. First, the lime

stone areas in western North Carolina are discussed, then those in the east. De

scribes in detail the distribution and availability of the limestones and gives useful

quarrying information. Includes a section on North Carolina's position in the

limestone and marble industry, three pages of analyses, and many county maps

showing the distribution of limestone.

Luttrell, E. M. See Stokley, 1952.

McCue, J. B., Lucke, J. B., and Woodward, H. P., 1939, Limestones of West Vir

ginia: W. Va. Geol. Survey, v. 12, 560 p.

Marine limestones crop out mainly in the eastern panhandle and along the eastern

boundary from Mercer County to Preston County. Fresh-water limestones crop

out in the north-central part of the State and, in general, are less uniform and of

lower grade than the marine deposits. The few outcrops in the central and south

western parts of the State generally are too thin and low grade to be of economic

importance. The most valuable deposits are Ordovician, Silurian, and Devonian.

A brief introduction to the history of limestone is followed by a discussion of the

limestones of West Virginia arranged according to their geologic age. The Cambrian

to Devonian formations are discussed by H. P. Woodward and the Mississippian

to Permian by J. B. Lucke. These sections include distribution of the formation.
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structure, stratigraphy, lithologic sections, and some analyses. The final chapters

fere contributed by J. B. McCue. They discuss mining methods, preparation, and

utilization of the limestone. Analyses are found on pages 379-428. Map shows

location of samples and important limestone outcrops.

McFarlan, A. C. See Stokley, 1952.

Martens, J. H. C, 1948, Possibility of shaft mining of Greenbrier limestone: W. Va,

Geol. Survey Rept. Inv. 6, 18 p.

Motes localities in the State where underground mining of Mississippian Green

brier limestone is feasible. It is quarried along the outcrop from Monongalia County

to Mercer County and underlies much of the western and central part of the State.

Six pages of analyses are included.

Martin, G. C, 1909, The Niobrara limestone of northern Colorado as a possible

source of portland cement material: U. S. Geol. Survey Bull. 380-J, p. 314-326.

A survey for cement materials in Boulder and Larimer Counties. Niobrara is the

only limestone of sufficiently high calcium content for portland cement. Includes

stratigraphy, lithologic sections, and analyses. Map of a part of the foothills area

shows distribution of Niobrara formation.

Martin, H. M., 1936, The centennial geological map of Michigan: Mich. Dept.

Conserv., Geol. Survey Div. Pub. 39, Geol. Ser. 33, 2 pts., scale 1 : 500,000.

Lists uses or possible uses of the following high-calcium limestones: the Slonington

formation (Ordovician), the Burnt Bluff (Silurian), the Mackinac formation and

Traverse group (Devonian), and the Bayport limestone (Mississippian).

Mathews, E. B., and Grasty, J. S., 1910, The limestones of Maryland: Md. Geol.

Survey, v. 8, pt. 3, p. 227-477.

Describes the origin, types, and uses of limestone. There is a lengthy section on

Portland cement and its raw materials. Most of the report is concerned with lime

and cement materials of Maryland. The limestones are discussed by physiographic

province. Includes a discussion of structure, location of quarries, a description of

other cement materials, and a map noting location of samples, scale 1 inch = 8

miles. Many analyses are given throughout text.

Maynard, T. P., 1912, A report on the limestones and cement materials of north

Georgia: Ga. Geol. Survey Bull. 27, 293 p.

Presents a short review of the origin and uses of limestones, clays, and shales;

discussion of the differences between hydraulic limes, natural cements, and portland

cements; and a section on the physiography, stratigraphy, and structure of north

Georgia. The remainder of the bulletin describes the limestone and cement ma

terials that occur in the Piedmont Plateau and the Appalachian Mountain areas of

Georgia. Describes, by county, individual areas, gives lithologic sections, dis

cusses economic development, and includes analyses throughout the text and a

geologic map of the Appalachian Valley and the Cumberland Plateau, scale 1 inch =

I miles.

Mellen, F. F., 1942, Mississippi agricultural limestone: Miss. Geol. Survey Bull. 46,

20 p.

The report is concerned only with agricultural uses of limestone but analyses ap

pear on pages 10-13. Some of these show high calcium content.

Miller, B. L., 1925, Limestones of Pennsylvania: Pa. Geol. Survey, 4th ser., Bull.

M-7, 368 p.

The preliminary discussion includes types of limestone, mineralogy, origin, and

uses; also a chart showing the many uses of lime.
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The commercial limestones of Pennsylvania are confined to the southern part of

the State and high-grade limestones are, in general, confined to the central and

southeastern parts. Limestones of the southwest counties are generally too thin

or impure to be of great importance. Even the valuable Vanport limestone of

southwestern Pennsylvania has small reserves when compared with limestones of the

southeastern counties.

The main body of the report discusses Pennsylvania's limestones first by age and

then by area. A general section on stratigraphy, structure, and topography is

included. A formation-by-formation discussion of physical characteristics, de

scription of quarries, and uses follows. Analyses occur throughout the text. Map,

scale 1 : 500,000, shows limestone outcrops in Pennsylvania.

1934, Limestones of Pennsylvania: Pa. Geol. Survey, 4th ser., Bull. M-20,

729 p.

The first few chapters include such general information as the minerals occurring;

in metamorphosed and unmetamorphosed limestones, origin, effects of weathering,

table of physical properties, topography of limestone areas, and uses of Pennsylvania

limestones. Stratigraphy is discussed and a columnar section is included. De

scribes the limestones by counties, arranged in alphabetical order. Each county is

preceded by a small-scale geologic map showing limestone outcrops and quarries.

The discussion of the individual formations in places includes physical characteristics,

lithologic sections, descriptions of quarries, available sites for new quarries, and

analyses. Map shows limestones of Pennsylvania, scale 1 : 750,000.

Minister, P. F., 1930, Quarrying of limestone at Lime Spur, Mont.: Mining and

Metallurgy, v. 11, no. 278, p. 108-110.

Describes history, geology, and quarry methods. Quarry is V/i miles east of

Cardwell, Jefferson County, in limestone of the Madison formation. Most of the

production is for the sugar industry and flux stone; it is also used for concrete aggre

gate and glass manufacture. The average calcium carbonate content is 98 percent.

Moore, B. N., 1937, Nonmetallic mineral resources of eastern Oregon: U. S. Geol.

Survey Bull. 875, p. 118-149.

Deposits of commercial importance are limited to crystalline Paleozoic and Meso-

zoic limestones of the Ochoco and Blue Mountain regions and Baker, Crook, Wal

lowa, Grant, and Wheeler Counties. Each of these areas is discussed individually

and geography, accessibility, structure, stratigraphy, geomorphology, and de

scription of limestone occurrences are included. Most of the limestone of eastern

Oregon is high calcium. Analyses are given. Geologic maps of areas are discussed.

Moore, E. S. See Butts, 1936.

Moore, F. H., 1935, Marbles and limestones of Connecticut: Conn. Geol. and Nat.

History Survey Bull. 56, 56 p.

The marbles of Connecticut are confined to the Western Highlands physiographic

division. In general, the calcitic marble occurs south of the village of Brookfield

and dolomitic marble to the north. A discussion of topography, weathering, stratig

raphy, origin, and physical and chemical properties is included. Describes in detail

the marbles of the northern, central, and southern sections of the marble belt, and the

Ridgefleld and smaller areas. Includes distribution, structure, and description of

each marble. Economics, location of quarries, and age relationships are considered.

Analyses and a small-scale map showing occurrence of marbles in Connecticut are

included.

Moore, W. E., 1955, Geology of Jackson County, Fla.: Fla. Geol. Survey Geol.

Bull. 37, p. 84-85.

The Eocene limestones of Jackson County have a high calcium carbonate content

and are soft and easily mined. County geologic map, scale 1:137,500, is included.
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Moresi, C. K., 1936, Limerock, in Twelfth biennial report: La. Dept. Conserv.,

General Conserv. Bull, for 1934-35, p. 505-511.

Limestone is quarried from the cap rock of two Louisiana salt domes, the Pine

Prairie and the Winnfield. The rock is used for lime and road metal. Analyses are

given.

Morse, W. C, 1910, The Maxville limestone: Ohio Geol. Survey, 4th ser., Bull. 13,

128 p.

This bulletin is chiefly concerned with stratigraphy, but the included analyses

indicate that the Maxville is a high-calcium limestone in Ohio. Location and

description of exposures are given.

Mossom, Stuart, 1925, A preliminary report on the limestones and marls of Florida:

. Fla. Geol. Survey 16th Ann. Rept., 1923-24, p. 33-203.

Reviews types of limestone found in Florida, their origin, uses, physical properties,

structure, and weathering. The section on stratigraphy includes the distribution

and uses of each limestone and marl discussed. Describes deposits by counties and

locates operating quarries. Many analyses are given throughout the text. Map of

Florida shows distribution of workable limestone and marl deposits, scale 1 inch =■

about 53 miles.

Moxham, R. M., Eckhart, R. A., Cobb, E. H., West, W. S., and Nelson, A. E., 1953,

Geology and cement raw materials of the Windy Creek area, Alaska: U. S.

Geol. Survey open-file rept. 49 p.

Discusses in general topography, climate, accessibility, and stratigraphy. The

Windy Creek area is in the northern part of the Alaska Railroad region. Three

deposits of commercial size are described. Many analyses and a geologic map of

the Windy Creek area, scale 1 inch = about 4,500 feet, are included. Also in

cluded are maps of the three limestone areas discussed.

Mulligan, J. J. See Rutledge, 1953.

Nelson, A. E. See Moxham, 1953.

Oakes, M. C. See Ham, 1943.

O'Connor, H. G., Goebel, E. D., and Plummer, Norman, 1953, Mineral resources of

Lyon County, in Geology, mineral resources, and ground-water resources of

Lyon County, Kans.: Kans. Geol. Survey, v. 12, pt. 2, p. 24-27.

Gives a short discussion of uses and possible uses of the local limestones, and

analyses and locations of 22 samples.

O'Connor, H. G., Jewett, J. M., and Smith, R. K., 1951, Mineral resources of Chase

County [Kans.]: Kans. Geol. Survey, v. 11, pt. 2, p. 16-19.

Describes uses of limestone and gives locations of quarries in Chase County.

Map, scale 1 inch = 1M miles, shows, among other things, limestone quarries, lime

stone plants, location of samples, and a columnar section. Analyses of 17 samples

are given.

O'Hara, C. C, 1908, The cement resources of the Black Hills: S. Dak. School Mines

Bull. 8, p. 9-27.

Structure and area of outcrop of the high-calcium Minnekahta limestone are dis

cussed. A stratigraphic column and two analyses are included. Report contains

maps of individual formations, and a small-scale map shows outcrop of Minnekahta

limestone and its relation to cultural features.

Orton, Edward, Jr., and Peppel, S. V., 1906, The limestone resources and the lime

industry in Ohio: Ohio Geol. Survey, 4th ser., Bull. 4, p. 20-248.

The beginning chapters include the stratigraphy of Ohio. The limestones of

Ohio are discussed first by their occurrence in counties and then each formation is
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discussed individually as to areal extent and chemical and physical properties.

Thickness, lithologic sections, analyses, location of samples, and the value of each

limestone to the cement industry are all considered. Tables of analyses are given

for each of the formations discussed. A small-scale geologic map of the State

shows location of samples.

Patton, J. B., 1949, Crushed stone in Indiana: Ind. Dept. Conserv., Div. Geology,

Progress Rept. 3, 47 p.

Describes briefly the limestones being used for crushed stone in Indiana. Quarry

locations are listed and formations being quarried are named. Five pages of

analyses and a map showing quarry and location of samples, scale 1 inch = 10 miles,

are included.

Peck, F. B., 1908, Geology of the cement belt in Lehigh and Northampton Counties,

Pa. * * •: Econ. Geology, v. 3, no. 1, p. 37-55.

Describes physiography, stratigraphy, and structure of the cement belt. Locates

and describes the formations used in cement manufacture. Analyses are given through

out. Map, 1 inch — 4 miles, shows the location of plants, quarries, and outcrops.

Peppel, S. V. See Orton, 1906.

Pepperberg, L. J., 1909, Cement material near Havre, Mont.: U. S. Geol. Survey

Bull. 380-J, p. 327-336.

Approximately 5 miles south of Havre, Hill County, about 80 acres are underlain

by a 15-foot-thick limestone giving a reserve estimate of more than 4 million tons of

stone. This cement raw material is important because of the scarcity of other

building materials in this area.

Perry, E. S., 1949, Gypsum, lime, and limestone in Montana: Mont. Bur. Mines

and Geology Mem. 29, p. 27-43.

Limestone outcrops are confined to the western and central parts of the State.

The Upper Madison (Mississippian) and the Meagher (Cambrian) are the two

limestones of Montana quarried because of their high calcium content. The

Meagher has a variable calcium content. The Tertiary marls of northern Montana,

although not yet exploited, are nearly pure calcium carbonate. Individual quarries

are described. Small-scale maps show distribution of limestones in Montana and

quarry locations. A few analyses are given.

Perry, T. G., Smith, N. M., and Wayne, W. J., 1954, Salem limestone and associated

formations in south-central Indiana: Ind. Geol. Survey Field Conf. Guidebook

7, 73 p.

Analyses of samples from stops made during the field trip are given on pages 58-71.

Plummer, Norman. See O'Connor, 1953.

Popoff, C. C, 1948, Investigation of the Sauk Mountain limestone deposits, Skagit

County, Wash.: U. S. Bur. Mines Rept. Inv. 4355, 14 p.

Deposit is located 110 miles northeast of Seattle near the towns of Sauk and

Rockport. The limestone is probably Carboniferous. It extends from 600 to 4,500

feet on the west and south slopes of Sauk Mountain. The beds are highly meta

morphosed and faulted. A list of property owners is given, and individual deposits

are discussed. Calcium oxide usually ranges between 53 and 55 percent and mag

nesium seldom exceeds 3 percent, but silica may be as high as 10 per cent. Numer

ous analyses and maps, at various scales, showing location of deposits, are included.1949a, Investigation of limestone deposits near Arlington, Snohomish

County, Wash.: U. S. Bur. Mines Rept. Inv. 4393, 14 p.

These deposits are 45 miles north of Seattle. A list of property owners is given,

geology is reviewed, and individual deposits are discussed. The calcium oxide con
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tent is uniformly high and the magnesium oxide is generally less than 1 percent.

Analyses and a map showing areal extent of the limestones and sample locations

are included.

Popoff, C. C, 1949b, Investigation of Whitehorse limestone deposits, Snohomish

County, Wash.: U. S. Bur. Mines Rept. Inv. 4510, 9 p.

Deposit is found in north-central part of Snohomish County. Lists property

owners, discusses geology and climate. Of the three limestone deposits described,

the Galbraith shows the highest average calcium oxide content, 51.1 percent.

Includes analyses and maps showing areal extent of deposits and location of samples.

Richardson, C. H., 1923, The building stones of Kentucky: Ky. Geol. Survey, 6th

ser., v. 11, p. 259-329.

A few high-calcium limestones are represented in these 70 pages of analyses.

1927, Cement materials of Kentucky: Ky. Geol. Survey, 6th ser., v. 29, p.

65-154.

Contains chapters on the history of the cement industry, types of cement, its

composition, necessary raw materials, and its manufacture. Discusses the cement

materials of Kentucky by dividing the State into districts. Gives for each district

the available cement raw materials and the best locations for new cement plants.

Some analyses are given.

Richardson, G. B., 1908, Portland cement materials near El Paso, Tex.: U. S. Geol.

Survey Bull. 340-H, p. 413-414.

Notes that the Carboniferous and Cretaceous limestones of the El Paso region are

high calcium. Gives a representative analysis for each.

1909, Description of El Paso quadrangle, Texas: U. S. Geol. Survey Geol.

Atlas, folio 166, p. 4-5, 10.

Notes the Hueco and Comanche limestones (Pennsylvanian) as being high cal

cium. Reserves available for expansion of industries using this grade of stone.

Includes a geologic map, scale 1:125,000, and a few analyses.

Ries, Heinrich, 1899, Limestones of New York and their economic value: N. Y.

State Geologist 17th Ann. Rept., 1897, p. 355-467.

Report is chiefly concerned with chemical uses of limestone. Describes the im

portant limestones of New York by county. Includes a general section on origin,

types, and uses of limestone. Gives analyses throughout text.

1901, Lime and cement industries of New York: N. Y. State Mus. Bull. 44,

p. 753-849, 893-955.

Describes the limestones of New York and notes the Trenton and Helderberg as

being the most important high-calcium limestones. Includes, by counties arranged

in alphabetical order, the areal extent, analyses, and location and description of

quarries. Gives many tables of analyses of limestones throughout the United

States.

Roehm, J. C, 1946, Some high-calcium limestone deposits in southeastern Alaska:

Alaska Dept. Mines Pamph. 6, 85 p.

In southeastern Alaska high-calcium limestones are confined to the Silurian,

Devonian, and certain formations of indefinite but pre-Silurian age. The Silurian

beds are the most uniform and extensive, have the greatest thickness, and the highest

calcium content. Much good-quality limestone suitable for large-scale production is

readily accessible to ocean-going vessels. Discusses in detail individual areas, in

cluding information about the geology, applicable mining methods, available ship
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ping and housing sites, and recommended uses for the stone. Includes analyses and

many index maps showing the areas studied and sampled.

Rothrock, E. P., 1931, A preliminary report on the chalk of eastern South Dakota:

S. Dak. Geol. and Nat. History Survey Rept. Inv. 2, 42 p.

Gives descriptions of the Niobrara chalk, lithologic sections, and possible quarry

sites for many areas. Includes analyses and a sketch map showing the cultural

features and chalk outcrops.

1944, Mineral resources, part 3 of A geology of South Dakota: S. Dak. Geol.

Survey Bull. 15, 255 p.

Discusses and gives analyses of the Pahasapa, Minnekahta, and Greenhorn lime

stones and Niobrara chalk; all are high in calcium. Map shows mineral resources of

South Dakota.

Runkle, D. M., 1951, Chemical limestone: Ohio Chamber Commerce, Indus. Devel.

Dept., Inf. Brochure 9, 7 p.

Discusses uses of chemical limestones. Map (scale 1 in. = 30 mi.) shows the

limestones of Ohio that might contain more than 90 percent calcium carbonate and

their areal extent.

Runnels, R. T., 1951, Some high-calcium limestones in Kansas: Kans. Geol. Survey

Bull. 90, pt. 5, p. 81-104.

Analyses of samples from 14 formations in eastern Kansas. All have greater

than 90 percent calcium carbonate and three are over 98 percent. Discusses

possible uses of high-calcium limestone and available quarry sites.

Runnels, R. T., and Dubins, I. M., 1949, Chemical and petrographic studies of the

Fort Hays chalk in Kansas: Kans. Geol. Survey Bull. 82, pt. 1, p. 8-9, 22-23.

Gives analyses and location of samples of the Fort Hays member of the Niobrara

formation.

Russell, I. C, 1901, Geology and water resources of Nez Perce County, Idaho, Pt. 2:

U. S. Geol. Survey Water-Supply Paper 54, p. 120-121.

Describes high-calcium limestone deposits along Snake and Columbia Rivers and

gives analyses of limestones from Nez Perce County.

Rutledge, F. A., Thorne, R. L., Kerns, W. H., and Mulligan, J. J., 1953, Preliminary

report—nonmetallic deposits accessible to the Alaska Railroad as possible

sources of raw materials for the construction industry: U. S. Bur. Mines Rept.

Inv. 4932, p. 90-124.

West Fork of Windy Creek near Foggy Pass has large tonnages of high-grade

limestone. Includes data on accessibility, ownership, general geology, and descrip

tion of deposits; logs and analyses of drill cores; small-scale maps showing geology

and distribution of limestones; also maps of areas discussed.

Sampson, Edward, 1928, Geology and silver ore deposits of the Pend Oreille district,

Idaho: Idaho Bur. Mines and Geology, Pamph. 31, p. 9-10.

The Lakeview limestone is of commercial interest because it is the only limestone

in this area and is used for portland cement. Gives short description of deposits.

Schoenborn, E. M. See Adair, 1947.

Schrader, F. C. See also Haworth, 1905.

Search, Herman, and Ranklin, Roy, 1939, The lime content of rocks of the Upper

Cretaceous system of Osborne County, Kans. [abs.]: Kans. Acad. Sci. Trans.,

v. 42, p. 233-236.

Analyses of the Smoky Hill and Fort Hays members of the Niobrara formation

show that the Fort Hays has a consistantly high calcium carbonate content.
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Schrader, F. C, and Haworth, Erasmus, 1906, Economic geology of the Inde

pendence quadrangle, Kansas: U. S., Geol. Survey Bull. 296, p. 55-58.

In discussing the growing cement industry of the Independence quadrangle the

Drum, Allen, Piqua, and Iola limestones are mentioned a3 sources of raw materials.

The Piqua and Iola limestones are noted as being persistent over wide areas and of

uniformly high calcium content. Includes analyses and a geologic map, scale

1=125,000.

Shedd, Solon, 1903, The building and ornamental stones of Washington: Wash.

Geol. Survey Ann. Rept., 1902, v. 2, pt. 1, p. 75-133, 141-142.

Many of these stones used for building purposes have a high calcium content.

Analyses are scattered throughout the text from pages 75-133; tables of analyses

on pages 141-142.

1913, Cement materials and industry in the State of Washington: Wash.

Geol. Survey Bull. 4, p. 112-251.

Limestones are found in only a few localities of eastern Washington, and in the

western half of the State they are found only in the north. In general, western lime

stones are higher grade. Discusses each county having high-calcium limestone, and

includes a summary of topography, general geology, and individual deposits. Gives

analyses for important localities and alocation map showing cultural features, streams,

and the known extent of the limestone. Tables of analyses are on pages 244-251.

Sloan, Earle, 1908, Catalogue of the mineral localities of South Carolina: S. C. Geol.

Survey, ser. 4, Bull. 2, p. 225-240, 256-261.

Gives description and location of limestone and marble outcrops. Limestone

unlyses are on pages 256-261.

Saith, E. A., 1903, The cement resources of Alabama: U. S. Geol. Survey Bull. 225,

p. 424-447.

The limestones suitable for portland cement in northern Alabama are the Car

boniferous, especially the Chester, and the Ordovician Trenton limestone. In the

central and southern parts of the State the Selma chalk (Cretaceous) and the St.

Stephens limestone (Tertiary) are of sufficiently high quality to be used. Tables

of analyses are given.

Smth., R. A., 1916, Limestones of Michigan, in Mineral resources of Michigan * * *:

Mich. Geol. Biol. Survey Pub. 21, Geol. Ser. 17, p. 101-311.

Introductory chapters discuss origin, types, and uses of limestone. The stratig

raphy and distribution of Michigan limestones follows. The final section describes,

oy counties, the distribution, character, and development of deposits. Analyses

we given throughout the text. Many small-scale maps show extent of individual

formations.

' 1917, The portland cement industry, in Mineral Resources of Michigan * * *:

Mich. Geol. Biol. Survey Pub. 21, Geol. Ser. 17, p. 132-141.

The limestones of Michigan sufficiently pure for cement are the Bayport limestone

(L'pper Mississippian), the Traverse formation and Dundee limestone (Devonian),

Md the lower part of the Niagara (Silurian). Discusses occurrence, physical char

acteristics, and past and present uses of each of these formations and includes

roany tables of analyses.

Smith, R. W., 1937, Limestone mining at Ste. Genevieve, Mo.: Am. Inst. Min.

Metall. Eng. Tech. Pub. 902, 23 p.; Am. Inst. Min. Metall. Eng. Trans., v. 129,

p. 76-98; 1938, Min. Technology, v. 2, no. 3.

The high-calcium limestone quarried at Ste. Genevieve, Mo., is the upper part

°f the Spergen formation. The analyses given show the calcium carbonate content
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to be nearly 99 percent. A sketch map shows the area where this limestone is at - 3

surface. The report continues with a lengthy discussion of mining procedures.

Smock, J. C, 1890, Building stone in New York: N. Y. State Mus. Bull. 10, p. 35i

The report is concerned with the building stone industry. A table, opposit!

page 358, giving the results of physical and chemical tests show that many of to!

samples have a high calcium content.

Stauffer, C. R., 1944, The geological section of the limestone mine, Barberton, Ohk:

Am. Jour. Sci., v. 242, p. 251-271.

The Columbus (Onondaga) limestone of Devonian age is mined at a depth of

more than 2,300 feet at Barberton, about 40 miles south of Cleveland, Ohio. It

yields high-calcium limestone for the Columbia Chemical Division of the Pittsburgh

Plate Glass Co. This operation produces 1.3 million tons per year. The report

gives a complete stratigraphic section of the shaft and discusses the key horizons.

Includes a small-scale sketch map of Ohio showing the relation of Barberton, Ohio,

to the cultural features and geology of the State and nine analyses of the Columt ■■_-

limestone.

Stauffer, C. R., and Thiel, G. A., 1933, The limestones and marls of Minnesota:

Minn. Geol. Survey Bull. 23, 193 p.

An introductory chapter discusses uses of limestone, dolomite, and marl. The

main part of the bulletin is divided into two parts: the limestones and dolomites of

Minnesota, and the marls of Minnesota.

Part 1 reviews the origin of limestone and dolomite. The limestones and dolo

mites range from Cambrian to Devonian and occur in the eastern and southeastern

parts of the State. Discussion by individual county includes lithologic sections.

The Prosser limestone (Ordovician) in Fillmore and Olmsted Counties, the limestone

members of the Decorah shale (Ordorician), and the Cedar Valley limestone (Devon

ian) are noted as high-calcium stones. Analyses are given on pages 72-73.

Part 2 discusses origin of marl and the relation of marl deposits to types of glacial

drift. Includes prospecting procedures, discussion by counties, sketch maps showing

location of marl beds, and analyses for larger deposits.

Steidtmann, Edward, 1924, Limestones and marls of Wisconsin: Wis. Geol. and Nat

History Survey, Econ. ser. 22, Bull. 66, 208 p.

Discusses origin of marl, limestone, and dolomite. Stratigraphy and distribution

included in the chapter on general geology. High-calcium limestone occurs in the

upper Black River formation and in the lower part of the Galena formation in Grant,

Iowa, and Lafayette Counties. Some found also in Pierce and Dane Counties.

Index to high-calcium limestone analyses occurring in the text is given in the last

paragraph on page 97. Some marls also have a high calcium content. Analyses

of these are given on page 191. Discusses uses and possible uses of Wisconsin

marls, limestones, and dolomites with emphasis on portland cement.

Stewart, R. M. See Wright, 1953.

Stokley, J. A., 1949, Industrial limestones of Kentucky: Ky. Geol. Survey, ser. 9,

Rept. Inv. 2, 51 p.

Describes uses of limestone and dolomite with emphasis on chemical uses. Gives

table of specifications for important chemical uses and detailed discussion of stratig

raphy and distribution of formations. About half the report consists of tables of

analyses. Map shows approximate location of high-calcium limestone in Kentucky.

Stokley, J. A., and Luttrell, E. M., 1952, High-calcium limestone in the Kentucky

Lake area: Ky. Geol. Survey Inf. Circ. 2, 5 p.

High-calcium limestone occurs in the Warsaw formation (Mississippian) where it

crops out on the Tennessee River, a few miles upsteam from Kentucky Dam, Lyon
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County. Locates, very generally, the extent of that part of the formation that is

high calcium. Includes a sketch map showing cultural features and analyses of

47 samples.

Stokley, J. A., and McFarlan, A. C, 1952, Industrial limestones of Kentucky—No.

2: Ky. Geol. Survey, ser. 9, Rept. Inv. 4, 94 p.

The important industrial limestone in eastern Kentucky is the Lower Chester and

in southern and western Kentucky, the Lower Chester and the Ste. Genevieve.

Discusses Middle and Upper Mississippian stratigraphy. Describes favorable area

for quarry sites. Most of report consists of analyses of limestones from quarries.

Many of these are accompanied by pictures of the quarry faces with formations and

members traced on the photos. Maps include one showing location and available

information about quarries in Kentucky, and another showing approximate location

of high-calcium limestone belts in Kentucky.

Stokely, J. A., and Walker, F. H., 1952, High-calcium limestone in the Somerset,

Pulaski County area [Kentucky]: Ky. Geol. Survey Inf. Circ. 3, 8 p.

High-calcium limestone deposit in Paint Creek formation (Mississippian) where

it crops out near Somerset, Pulaski County. Includes maps showing cultural

features and probable occurrence of high-calcium limestone, and analyses of 91

samples.

1953, Industrial limestones of Kentucky—No. 3: Ky. Geol. Survey Rept.

Inv. 8, 62 p.

Includes recently discovered industrial limestone localities. This report adds to

the material contained in Stokley and McFarlan, 1952. High-calcium limestone

found in the Paint Creek, Warsaw, and Perryville formations. Extent of outcrop

discussed and shown on maps. Most of the report consists of analyses from lime

stone quarries. Many pictures of the quarries are given with formations and mem

bers designated. Map shows location and data available for quarries.

Stose, G. W. See also Bascom, 1938.

1904, Barite in southern Pennsylvania and pure limestone in Berkeley

County, W. Va.: U. S. Geol. Survey Bull. 225, p. 516-517.

Near Martinsburg, W. Va., the limestones at the top of the Cambro-Ordovician

are very thick and pure. Quarried for use as a flux stone for Pittsburgh's steel

industry. Two analyses show the stone to average about 97 percent calcium

carbonate.

Stose, G. W., and Ljungstedt, 0. A., 1932, Geologic map of West Virginia: W. Va.

Geol. Survey, scale 1:500,000.

The explanation states that the Moccasin, Stones River, and Chambersburg lime

stones contain beds high in calcium.

Stose, G. W., and Swartz, C. K., 1912, Description of the Pawpaw and Hancock

quadrangles [Maryland-West Virginia-Pennsylvania]: U. S. Geol. Survey, Geol.

Atlas, folio 179, p. 22.

The Helderberg limestone is sufficiently high in calcium to be used for cement.

The Wills Creek formation has some shaly limestone members suitable for natural

cement. Includes three analyses and geologic maps of the Hancock and Pawpaw

quadrangles, scale 1:62,500.

Stout, W. E., 1941, Dolomites and limestones of western Ohio: Ohio Geol. Survey,

4th ser., Bull. 42, 468 p.

Introductory chapters include a discussion of the origin and early uses of limestone

and dolomite in Ohio. Summarizes stratigraphy. Description by individual coun
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ties which gives distribution of each limerock formation in that county. Analyses

are given for many. Final chapters review the present uses of limestone and

dolomite. Analyses and location of 286 samples are given in tabular form. Map

shows location of samples.

Stout, W. E., 1946, Mineral resources of Ohio: Ohio Geol. Surgey, 4th ser., Inf. Circ.

1, p. 17-18.

Notes the Brassfield, Maxville, Vanport, and locally the Columbus limestones as

being high in calcium. Gives some information about thickness, extent, and uses.

Swain, F. M., 1946, Geology and economic aspects of the more important high-

calcium limestone deposits in Pennsylvania: Pa. State Coll., Mineral Industries

Expt. Sta. Bull. 43, 31 p.

The Bellefonte area in the central part of the State is the most important because

of the great extent and the uniform quality of the Middle Ordovician, Valentine

limestone. The other areas discussed are the Vanport limestone in western Penn

sylvania and the Annville and York-Thomasville in eastern Pennsylvania. Map

shows the districts consuming limestone produced in each of these areas. Gives

stratigraphic sections. Describes each area separately including lithologic sections,

sketch map showing limestone outcrop and cultural features, and discussion of

composition, reserves, and present operations.

Swartz, C. K. See Stose, 1912.

Talmage, S. B., and Wootton, T. P., 1936, The non-metallic mineral resources of

New Mexico and their economic features (exclusive of fuels): N. Mex. Bur.

Mines and Min. Res. Survey Bull. 12, p. 60-61.

Notes the limestone of the Magdelena formation (Pennsylvanian) in Bernalillo

County and some of the Permian limestones in Chaves and Eddy Counties as being

suitable for Portland cement.

Thiel, G. A. See also Stauffer, 1933.

Thiel, G. A., and Stauffer, C. R., 1947, The high calcium limestones of Minnesota:

Minn. Geol. Survey Summary Rept. 1, 13 p.

Minnesota has limited reserves of high-calcium limestone. The calcium content

of the Prosser formation (Ordovician) varies considerably but in places is high.

The Cedar Valley formation (Devonian) has the highest grade limestone in Minne

sota, but it is interbedded with dolomite which increases the cost of quarrying a

high-grade stone. Report includes lithologic sections and analyses.

Thorn, R. L. See Rutledge, 1953.

Toulmin, L. D., 1940, The Salt Mountain limestone of Alabama: Ala. Geol. Survey

Bull. 46, 126 p.

The 90-foot-thick Salt Mountain limestone (Lower Eocene) crops out for a dis

tance of about 3 miles in Clark County. Includes nine analyses and a geologic

map, scale 1 inch = nearly 1,000 feet.

Trainer, D. W., Jr., 1932, The Tully limestone of central New York: N. Y. State

Mus. Bull. 291, 43 p. .

Discusses structure, distribution, and mineral composition of the high-calcium

Tully limestone. Includes structure contour and isopach maps of the Tully lime

stone in the Finger Lakes region, New York, scale 1 inch = 6 miles.

Tucker, W. B., 1923, Limestone deposits of McCloud, Shasta County, and their

possible value for cement material, tn Report 19 of the State Mineralogist:

Calif. State Min. Bur., p. 69-71.

The McCloud limestone is from 200 feet to 2,000 feet thick. The most accessible

and largest exposures of this high-calcium limestone are at Gray Rock's, near Bayha,
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and farther north on the McCloud River opposite the United States Fishery. Avail

able raw materials and transportation make this an excellent area for development

of a cement industry.

Tucker, W. B., 1929 [Lime and limestone, Kern County, Calif.]: Calif. Dept. Nat.

Res., Div. Mines and Mining, Mining in California, v. 25, p. 70-73.

Mentions specifically three important areas in Kern County, stating that the most

extensive limestone deposits are in the Tehachapi Range near the town of Tehachapi.

Briefly describes some individual limestone deposits.

United States Geological Survey, 1933, Mineral resources of the Tennessee River

Basin and adjoining areas [map]: U. S. Geol. Survey, scale 1 = 500,000.

Map shows areas in which high-calcium limestone predominates in parts of

Kentucky, Tennessee, Georgia, Alabama, Virginia, and minor parts of Mississippi,

North Carolina, and West Virginia.

Valentine, G. M., 1949, Inventory of Washington Minerals, part 1, Nonmetallic min

erals: Wash. Dept. Conserv. Devel., Div. Mines and Geology Bull. 37, p. 48-51.

Gives brief description of known limestone, marl, and travertine occurrences with

indication that some are high-grade stone. These areas are shown on a map, scale

1 inch = about 25 miles.

Ver Steeg, Karl, and Yunk, George, 1935, Geography and geology of Kelley's

Island: Ohio Jour. Sci., v. 35, no. 6, p. 429-431.

Kelley's Island, in Lake Erie, is composed of Columbus limestone (Middle

Devonian) underlain by the Monroe limestone (Upper Silurian). This island is the

northermost locality of this high-calcium limestone. The formation in this area

decreases in calcium content from the top down. Used for lime and as a flux stone.

Virginia Geological Survey, 1928, Geologic map of Virginia, scale 1:500,000.

The Stones River, Lenoir, and Mosheim limestones are suitable for lime, lime

products, and cement manufacture.

Walker, F. H. See Stokley, 1952, 1953.

Walker, G. W. See also Heyl, 1949.

1950a, Sierra Blanca limestone in Santa Barbara County, Calif.: Calif. Div.

Mines Special Rept. 1-A, 5 p.

Describes, in detail, the occurrence of the Sierra Blanca limestone in the upper

Santa Yney River basin. The limestone occurs in two lenses, one 7 and the other

18 miles north of the city of Santa Barbara. The northernmost lens reaches the

maximum thickness, 250 feet, and the maximum purity, 98 percent. This area is

accessible only by poor Forest Service roads, so, as yet, remains underdeveloped but

possible quarry sites are discussed. Includes analyses of six samples and a recon

naissance geologic map, scale 1 inch = 1 mile.

1950b, The Calera limestone in San Mateo and Santa Clara Counties,

Calif.: Calif. Div. Mines Special Rept. 1-B, 8 p.

Describes geology of the Calera limestone and its physical and chemical properties.

Calcium carbonate content of one stratigraphic unit approaches 97 percent. In

cluded in report are analyses of eight samples and a sketch map, scale 1 inch = 2

miles, showing approximate distribution of the limestone.

Wallis, B. F., 1915, The geology and economic value of the Wapanucka limestone of

Oklahoma: Okla. Geol. Survey Bull. 23, p. 84-88.

Three limestones of this area—the Wapanucka, Viola, and Chimneyhill—are

high in calcium and low in magnesium, and free from silica and iron.



708 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Wayne, W. J. See Perry, 1954.

West, W. S. See Moxham, 1953.

Whitlatch, G. L, 1941, Limestone and lime: Tenn. Dept. Conserv., Div. Geology,

Markets Circ. 10, 38 p.

Discusses limestone specifications of various chemical industries and includes

20 analyses of Tennessee limestones.

Wiese, J. H. See Heyl, 1949.

Willard, Bradford, 1931, Commercial limestones of Rhode Island: Pan-Am. Ge

ologist, v. 56, no. 2, p. 116-122.

Two large limestone bodies occur in Rhode Island; they are known as the Lime

Rock and Dexter beds. The Dexter quarry is in the town of Lincoln, 1 mile south

west of the village of Berkeley. The gray, upper part of this metamorphosed lime

stone is high in calcium. The structure and age of the limestone are discussed.

Williams, I. A., 1914, Limestone deposits in Oregon, in Mineral Resources of Oregon:

Oreg. Bur. Mines and Geology, v. 1, no. 7, p. 52-70.

Describes distribution of limestones in Jackson and Josephine Counties. Indi

vidual outcrops are described and some analyses are given.

Willman, H. B. See Lamar, 1931, 1933, 1938.

Wilson, Hewitt, and Skinner, K. G., 1937, Occurrence, properties, and preparation

of limestone and chalk for whiting: U. S. Bur. Mines Bull. 395, p. 98-154.

Limestones, chalks, and marbles of high carbonate content and purity are dis

cussed by States in alphabetical order. Includes some analyses and a sketch map

showing location of chalk and limestone in the United States.

Wolfe, P. E., 1948, Agricultural mineral resources of New Jersey: Rutgers Univ.,

Bur. Min. Research Bull. 2, p. 18-50.

High-calcium limestones are restricted to the northern part of the State. The

Franklin limestone (Precambrian), Jacksonburg formation (Ordovician), some

Silurian and Devonian formations, and Recent calcareous marl deposits have high-

grade stone. Discusses each of these limestones and includes a general description

of the formation, its areal distribution, the available transportation, a sketch map

showing the distribution of the formation, and a table of analyses.

Woodward, H. P., 1932, Geology and mineral resources of the Roanoke area, Vir

ginia: Va. Geol. Survey Bull. 34, p. 121-125. '

The Mosheim limestone (Ordovician) is the only high-calcium limestone in the

Roanoke area. It averages about 23 feet thick and is uniform in both color and

composition. It crops out in a narrow belt in the Catawba Valley just south of the

Catawba Sanitorium. Analyses of two samples are given.

Wright, L. A., Stewart, R. M., Gay, T. E., Jr., and Hazenbush, G. C, 1953, Mines

and mineral deposits of San Bernardino County, Calif.: Calif. Jour. Mines and

Geology, v. 49, p. 166-181.

The limestone produced in San Bernardino County is consumed largely by the

local cement industry. The Victorville-Oro Grande district is the chief producing

area. This district and others are described in detail. Includes a few analyses and a

map of the county showing location of mines and mineral deposits, scale 1 inch =

6 miles.

Yunck, George. See Ver Steeg, 1935.
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aonymous, 1926, Limestone for portland cement in Greene County, N. Y.: Eng.

Min. Jour.-Press, v. 121, no. 20, p. 805-806.

The Coeymans and Becraft limestones of the Helderberg group are both high

ilcium, but because of its higher position in the section, only the Becraft is quarried

t present. The problems of raining in this area are discussed and demonstrated

y a cross section and a small-scale map showing distribution and fault traces of the

mestones. The possibility of underground mining west of the main fault where the

>cks are less highly contorted and faulted is discussed.

1931, To sell large limestone deposits in California soon: Rock Products,

v. 34, no. 24, p. 83.

Reports on a newly discovered high-calcium limestone deposit in eastern Riverside

!ounty, Calif. There are reserves of more than 100 million tons averaging 99.45

»ercent calcium carbonate.
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ANNOTATED BIBLIOGRAPHY AND INDEX MAP OF SALT

DEPOSITS IN THE UNITED STATES

By Walter B. Lang

ABSTRACT

Salt is abundant in the United States. Though of vital importance for domestic

purposes in historic times, it has now become one of the most important commodi

ties in industry and the demand for large tonnages of raw salt for industry is

steadily increasing. The purpose of the bibliography is to serve as a ready refer

ence to a wide range of subjects on salt which include the geographic distribution

of salt deposits, geologic description of occurrences, geophysical exploration,

technology, experimental research, and historical accounts.

INTRODUCTION

Common salt, the mineral balite, is of vital importance in the life

of man. It was one of the first commodities to enter the arts and

crafts of early man and in modern times has become one of the most

essential commodities in industry. Where in the past, production of

salt was for domestic use, an increasing demand now comes from the

chemical industries, for food packing, refrigeration, weed and ice con

trol, water conditioning, and many other technical applications.

The salt resources of the United States are enormous. In late

years as prospecting to greater depth has been conducted for various

commodities, large bodies of salt previously unknown have been dis

covered. These discoveries have not only added to the already large

volume of known salt but also has widened our knowledge of its

geographic distribution in sedimentary formations. Thus the ques

tion of adequate salt resources is not a present-day problem; but the

coordination and adjustment of these natural occurrences of salt to

the ever-changing requirements of economic industrial and chemical

production, will be the chief concern for the future.

The great reservoir for salt is the sea. From this source, under

certain conditions, concentrations of salt are made in shallow enclosed
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basins upon the land where they may later become buried and so pre

served along with other sediments. Where ground water encounters

buried salt, the latter is dissolved and returns to the surface through

springs. The salt either accumulates again in internal drainage basins

or is returned to the sea by streams. Where tectonic forces have

pressed upon deep-seated salt beds, the salt is squeezed upward and

in some places comes out at the surface. Here erosion or ground water

depending upon the climatic environment, soon removes it, and the

salt ultimately returns to the sea. Some of the sources of commercial

salt and the methods of production are listed in the following table.

Source of salt Method ij production Example

Sea water Solar evaporation San Francisco Bay, Calif.

Salt springs Evaporation vats Star Valley, Wyo.

Salt lakes or flats Harvesting in dry season__ Bristol Lake, Calif.

Rock brines Drilling and pumping Midland, Mich.

Rock-salt beds Drilling, solution, and Syracuse, X. Y.

pumping.

Do Underground mining Detroit, Mich.

Rock-salt domes do Avery Island, La.

Rock-salt outcrop Surface mining Sevier Valley, Utah.

EXPLANATION OF THE ANNOTATED BIBLIOGRAPHY

This is an annotated bibliography about salt and, as such, contains

information imparted or implied by the authors of the articles. It is

intended to provide the reader with a general review of the variety of

salt occurrences in the United States. Some references to the Canadian

literature are also included because of the rapid recent developments

in North Dakota and Montana and the contiguous areas of Canada.

The seLsction covers a wide range of subjects : salt occurrences, geologic

description, geophysical exploration, technology, experimental re

search, and historical accounts. The reader may pursue the subject

of his special interest by use of the citations included in most of these

references. Geologic names used in the references are those of the

various authors and do not necessarily follow the usage of the U. S.

Geological Survey.

To facilitate use of the bibliography, the entries are arranged in

alphabetical order by the name of the author. The index provides

subclassifications of the geologic and technologic subject matter.

There is also a geographic classification of the references by their dis

tribution in the States, and a map (pi. 4) which shows the distribution

of the various occurrences of salt.



BIBLIOGRAPHY

Adams, J. E., 1944, Upper Permian Ochoa series of the Delaware Basin, West

Texas and southeastern New Mexico: Am. Assoc. Petroleum Geologists Bull.,

v. 28, p. 159&-1625.

Outlines the origin and the formations of the upper Permian evaporites that

contain the major salt bodies in the Permian basin.

Adams, T. C, 1938, Recent deposition of salt from Great Salt Lake: Jour.

Geology, v. 46, p. 637-646.

Great Salt Lake precipitates sodium sulphate each winter and redissolves this

salt during the early spring. However, within the last 4 years (1934-38) summer

precipitation of sodium chloride has also taken place as an accompaniment of the

unprecedented low level of the lake. The sodium chloride returns to solution

during the early winter, completing a spectacular annual cycle of salt precipita

tion and resolution. Winter precipitation of sodium sulphate is caused by the

cooling of the water; summer precipitation of the chloride is caused by the annual

reduction in volume of the lake, a result of heavy summer evaporation and

reduced inflow during the season. A large tabular deposit of almost pure sodium

sulphate is buried in the beach sands along the southeast shore of the lake and may

be related in its formation to past winter precipitation of this salt similar to that

now being observed.

Ageton, R. V., 1938, Salt occurrences in the potash mines of New Mexico: Am.

Inst. Min. Metall. Eng. Trans., v. 129, p. 353-363.

Describes certain structural features found in the potash beds of the Salado

formation in the mines of the United States Potash Co. and the Potash Co. of

America, east of Carlsbad, N. Mex. Gives an interpretation of the manner of

formation of the three identified variant types that depart from the normal

seam; the depositional, erosional, and structural salt horses.

Alexander, C. W., 1946, Developments in Southeastern States in 1945: Am. Assoc.

Petroleum Geologists, v. 30, p. 1023.

With respect to exploratory drilling for petroleum in Wilcox County, Ala.:

"This test, abandoned at a total depth of 8,250 feet, penetrated 100 feet of Eagle

Mills salt, from 8,150 feet to bottom of the hole, extending the salt basin well

beyond the previous considered limits. The known presence of salt at this point

will be of value as related to geophysical interpretation."

Ailing, H. L., 1928, The geology and origin of the Silurian salt of New York State:

N. Y. State Mus. Bull. 275, p. 5-132.

Discusses at length the stratigraphy of the Silurian in western New York and

gives possible explanations for the origin of the salt.

Ames, J. A., 1950, Northern Appalachian salt: Min. Eng., v. 2 (i. e., v. 187),

p. 557-559.

Reviews briefly the occurrence, distribution, and future trends in salt produc

tion in Ohio, West Virginia, Pennsylvania, and New York.
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Andrickuk, J. M., 1954, stratigraphic analysis of Devonian system, in Western

Canada Sedimentary Basin, Am. Assoc. Petroleum Geologists, p. 68-108.

Gives a review of the stratigraphy of the extensive Devonian system of rocks

in western Canada and the contiguous part of the United States east of the

Rocky Mountains. Exploration for petroleum in recent years has made possible

correlation of the salines of the Middle Devonian.

Applin, P. L., and Applin, E. R., 1953, Cored section in George Vasen's Fee Well

1, Stone County, Miss.: U. S. Geol. Survey Circ. 298, 29 p.

In the deepest well (20,450 feet) east of the Mississippi River anhydrite and rock

salt were penetrated below the base of the Smackover formation of Late Jurassic

age.

Arthur, E. P., 1941, Annual Report: Denver, Colo. Bur. Mines, p. 43.

Lists U. S. Uranium Corp. as a producer of salt in Montrose County for 1941.

Subsequent annual reports do not mention salt.

Bailey, G. E., 1902, Saline deposits of California: Calif. Min. Bur. Bull. 24,

216 p.

Gives a comprehensive and well-illustrated description of the geology of the

great basin area of southern California, including chapters on the occurrence of

borates, carbonates, chlorides, and nitrates contained within the area. It is

particularly valuable for one desiring a perspective of California 50 years ago.

Maps are included.

Baillie, A. D., 1953, Devonian system of the Williston basin area: Manitoba

Dept. Mines and Nat. Res., Mines Br. Pub. 52-5, 105 p.

Describes by use of subsurface maps and cross sections, the stratigraphy and

structural setting of the Devonian in Manitoba, Saskatchewan, Montana, North

Dakota, and contiguous areas. Defines the salt-bearing Prairie and Davidson

evaporites.

1955, Devonian system of Williston basin: Am. Assoc. Petroleum Geolo

gists Bull., v. 39, p. 575-629.

An amplification of the author's paper on the same subject contained in the

Manitoba Department of Mines and Natural Resources, Mines Branch Publi

cation 52-5.

Baker, A. A., 1933, Geology and oil possibilities of the Moab district, Grand and

San Juan Counties, Utah: U. S. Geol. Survey Bull. 841, p. 13-23.

Gives the original description and definition of the Paradox formation which

contains the largest body of salt of Pennsylvanian age in North America.

Baker, A. A., Dane, C. H., Reeside, J. B., Jr., 1933, Paradox formation of eastern

Utah and western Colorado: Am. Assoc. Petroleum Geologists Bull., v. 17,

p. 963-980.

Compares accounts of the geology of the Paradox formation and gives a section

of the Hermosa and Paradox formations. Indicates the trend and marginal bound

ary of the saline basin and suggests a southeastward connection to the open sea.

Balk, Robert, 1949, Structure of Grand Saline salt dome, Van Zandt County,

Tex.: Am. Assoc. Petroleum Geologists Bull., v. 33, p. 1791-1829.

This detailed study describes the structure of the salt in a part of the Grand

Saline salt dome exposed by mining operations. The layered salt is steeply

folded but shows no fractures, faults, cross cutting salt layers, foreign inclusions,



SALT DEPOSITS IN THE UNITED STATES 719

or brine. Anhydrite inclusions display a linear alinement with the salt grain,

and in places halite crystals are elongated. Deformation has been by mass

molding of the salt. A structure map of the mined area and diagrams of salt

doming are included.

1953, Salt structure on Jefferson Island salt dome, Iberia and Vermilion

Parishes, La.: Am. Assoc. Petroleum Geologists Bull., v. 37, p. 2455-2474.

Describes the structure and characteristics of the salt. The origin and dimen

sions of the salt dome are presented along with a structure map of the. mined

area.

Baltimore and Ohio Railroad Company, Baltimore, Md., 1949, Salt report for

the Baltimore and Ohio Railroad area: Manager Indus. Devel., Traffic

Dept., 56 p.

Contains a compilation of rock salt and brine resources of parts of the States

of New York, Pennsylvania, West Virginia, and Ohio within the area served by

the Baltimore and Ohio Railroad. The book, in looseleaf binding, is well illus

trated with simple maps and diagrams, showing the areas underlain by salt and

tne location, depth, and thickness of brine sands in producing wells. Brines

are found from the Ordovician to the Pennsylvanian and at increasing depth

from west to east. Analyses of the more representative brines are given. The

information provided is sufficiently comprehensive to give the reader an excellent

and concise preview of the saline resources of the region.

Bangston, R. J., Moore, D. D., Ramsey, R. H., and Lund, R. J., 1950, Mineral

Resources of southeastern Ohio: Ohio Dept. Nat. Res., Div. Geol. Survey,

p. 79-88.

Presents a compilation of data on salt brines in southeastern Ohio, including

maps showing areas of strong bromine and calcium concentrations and a geologic

column indicating the brine-producing horizons. Seven companies produce salt

in Ohio; 5 from rock salt and 2 from brines. Gives a list of salt producers and

chlorine plants, with costs and the uses of the products.

Barksdale, Jelks, 1929, Possible salt deposits in the vicinity of the Jackson fault

Alabama: Ala. Geol. Survey Circ. 10, 23 p.

Salt seeps in Clarke County apparently are related to the Jackson fault and

the Hatchetigbee anticline. The regional dip is to the southwest, and it is believed

that ground water descends to a source of salt and from there rises to the surface

along fractures. The salinity and flow of the springs have remained constant for

more than 70 years. These brines were a source of salt during the Civil War.

Many shallow wells have been drilled for salt but none has so far encountered

rock salt.

Barnes, R. B., 1933, Plasticity of rock salt and its dependence on water: Phs's.

Rev., v. 44, p. 898-902.

Measurements indicate that water actually penetrates the interior of a salt

crystal when wetted. Wetting causes a high degree of plasticity and tensile

strength (Joffe effect) as measured by infrared radiation. See also Phys. Rev.,

v. 43, p. 82-83.

Bartlett, Z. W., 1946, Salt and sulphur resources of Texas: Tex. Acad. Sci. Trans ,

v. 29, p. 186-191.

Gives a general statement on the salt resources of Texas.
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Barton, D. C, 1926a, The American salt dome problems in the light of the Rou

manian and German salt domes, in Geology of salt dome oil fields: Am.

Assoc. Petroleum Geologists, p. 167-208.

Contains a long description and graphic illustration of the representative form.-

of salt structures found in Roumania and north Germany. In Roumania, salt

domes are commonly related to overthrusting in border-mountain areas. In

Germany, compressive forces caused linear ruptures along which, and at the inter

sections of whicn, salt domes formed, but some apparently were caused by loeai

influences. The roots of American salt domes have not been studied, but it i?

assumed they have a similar origin in depth. The anhydrite-gypsum-calcite cap

rock is a typical feature of American salt domes. This type of cap rock is seldom

present in Roumanian salt domes. In Germany the cap is commonly composed

of gypsum; sulphur and oil are common associates in American domes.

1926b, Pine Prairie salt dome, in Geology of salt dome oil fields: Am.

Assoc. Petroleum Geologists, p. 419-436.

The article is chiefly concerned with prospecting for petroleum but mentions

the occurrence in Louisiana of massive salt at a depth of only 500 feet under a

thick cap rock of limestone and gypsum.

1926c, The salt domes of south Texas, in Geology of salt dome oil fields:

Am. Assoc. Petroleum Geologists, p. 718-771.

Describes 3 major (Palangana, Piedras Pentos, and Falfurias), 3 minor (Sal del

Rey, Sal Vieja, and Chapefio), and 2 probable (Smith Corkill and La Lomita'i

salt, domes in the tip of Texas. It also gives a comparison of their indicated forms

with better explored salt structures in Germany.

1933, Mechanics of the formation of salt domes with special reference to

Gulf Coast salt domes of Texas and Louisiana: Am. Assoc. Petroleum Geolo

gists, v. 17, 9, p. 1025-1083.

The salt in salt domes is believed to be of sedimentary origin and to have come

from salt beds at depth. Gulf Coast salt domes were formed by static thrust and

by downbuilding, a term used for differential compaction of the surrounding

sediments. Salt domes may be formed along the crests of folds, zones of faulting,

convexities in the top of the salt bed, or over deep canyons. Rim synclines, the

limit of upthrust, and isotatic compensation are discussed. A map of the distri

bution of salt domes and other structural features of the Gulf Coast is included.

The volume of salt contained in Gulf Coast salt domes of Texas and Louisiana

is calculated as 520 cubic miles and the age of the source bed is considered as

Early Cretaceous or older. A table of compaction figures is also given. In the

absence of evidence of dynamic thrust whicn mignt explain salt-dome formation,

emphasis is placed on the relative merits of static thrust and downbuilding.

Barton, D. C, and Paxton, R. B., 1926, The Spindletop salt dome and oil field,

Jefferson County, Tex., in Geology of salt dome oil fields: Am. Assoc. Petro

leum Geologists, p. 478-496.

The report gives little useful information on salt, but contains descriptive data

on a salt dome now famous for its early exploitation and prolific production of oil.

Bell, H. W., 1933, Discovery of rock salt deposits in a deep well in Union County,

Ark.: Ark. Geol. Survey Inf. Circ. 5, p. 1-21.

The Lion Oil Refining Co. drilled a well 7,255 feet deep in Union County,

Ark. Rock salt was drilled into at a depth of 5,960 feet which continued to the
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bottom of the hole. The salt is placed in the Trinity group of the Lower Cre-

taeeous.

Berliner, J. F. T., 1930, Potash bibliography to 1928 (annotated): U. S. Bur.

Mines Bull. 327, 530 p.

Many of the 3,967 entries of world literature on potash contain information

about salt.

Blake, W. P., 1857, Geological Report, in Reports of Explorations and Sur

veys * * * from the Mississippi River to the Pacific Ocean: 33d Cong.,

2d sess. S. Doc. 78, v. 5, p. 47, 309-310.

Mentions Casteca (Castaic) Lake in Tejon Pass as containing a thick crust of

salt formerly used by the Indians, also a similar occurrence on the eastern side

of the elevated plain of Taheechaypah. Briefly describes the saline bed of dry

lake of the Colorado Desert (Salton Sea) and the occurrence of salts in Cajon

Pass and the Mojave Desert.

—■—■— 1915, Sketch of the region at the head of the Gulf of California, a review

and history, in Corey, H. T., The Imperial Valley and Salton Sink: San

Francisco, Calif., John J. Newbegin, pt. 1, p. 30-31.

Gives a sketch of the early records of Salton Sink; Emory, 1848; Williamson,

1S53, and the changes made by New River. The New Liverpool Salt Co. bored

a well 3 miles west of the tracks of the Southern Pacific where a 7-inch crust of

salt (sodium chloride and magnesium chloride) was penetrated. The flood of 1891

is mentioned.

Brownocker, J. A., 1906, Salt deposits and the salt industry in Ohio: Ohio Geol.

Survey, 4th ser., Bull. 8, 42 p.

Presents the occurrences of salt by county and the methods of production and

preparation as practiced before 1906.

Bradley, W. W., 1945, Economic mineral resources and production of California:

Calif. Div. Mines Bull. 130, p. 196-199.

Lists the areas of salt production from dry lakes and locations of plants where

salt is extracted by solar evaporation from sea water in California. Gives tonnage

and value of salt production in California since 1887, markets, prices, and esti

mated reserves.

Breger, C. L., 1909, The salt resources of the Idaho-Wyoming border: U. S.

Geol. Survey Bull. 430, p. 555-569.

Brine springs and rock salt occur in the area of Star Valley near Afton, Wyo.

The brines are saturated and served in the early years as a source of salt for

many mining camps of the region and for domestic use. The article contains a

review of regional geology; considers the salt originally disseminated in the

Beckwith formation, later accumulated in anticlines when folding took place,

and subsequently transferred to Tertiary or Quaternary lake deposits when the

latter were formed. Estimates of the quantity are given.

Browdesh, F. W., 1951, Beneficiation of Kansas number four salt: Kans. Geol.

Survey Bull. 90, pt. 8, p. 192-218.

Discusses the methods of improving the quality of crude salt for market.

Brown, L. S., 1934, Age of Gulf Border salt deposits. Am. Assoc. Petroleum

Geologists Bull., v. 18, p. 1227-1296.

The author contends that a basin must be isolated from the sea before halite

beds form and that no large basin can be isolated from land drainage. From
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Usiglio's succession the postulated sequence of deposition, in ascending order,

is limestone, anhydrite, and halite. Salt deposits are not found throughout the

'Coastal Plain, but at Smackover, Ark., in Texas and Louisiana interior areas,

and in the Gulf Coast proper. They are shown to be of different ages. The

Comanche rocks occur upon the Pennsylvanian without intervening Permian,

Triassic, or Jurassic. The salt at Smackover is said to be in the lowest lower

Comanche, and the Louisiana-Texas salt to be of Glen Rose age.

Brown, W. F., 1952, Metals and nonmetallic minerals in the Arkansas River

Basin, Kans.—preliminary report: U. S. Interagency Comm. Arkansas—

White-Red Basins, Minerals and Geology Work Group, p. 9-11.

Gives annual production figures, estimate of reserves, and a map showing the

subsurface distribution of salt in Kansas.

Buchen, J. C, 1937, Evaporating salt from the world's largest mineral deposit.

Am. Inst. Min. Metall. Eng., v. 18, no. 367, p. 335-338.

An outline of the production of salt by the Leslie Salt Co. from sea water in

San Francisco Bay. Explains preparation of vats, evaporation process, and

harvesting of salt. The production months are April to October when rainfall

is slight. Rainfall is 10 to 18 inches per year; the evaporational differential is

31 to 43 inches per year for salt production. The bittern removed after salt

crystallization contains 16.0 percent NaCl; 6.0 percent MgCli; 4.2 percent MgSO»;

1.4 percent KC1; and 0.121 percent Br at 28° Be\ The ratio of K to Br is 11.5

to 1.

Buckley, S. B., 1874, Salt: Tex. Geol. Agr. Survey 1st Ann. Rept., p. 52-54.

Gives an account of salt formed at low water, caused by tide and wind, along

the Gulf Coast west of Corpus Christi. At Grand Saline, brine seeps and a well

made available during the Civil War, 1,000 sacks of salt of 200 pounds each per

day. Near Graham, Young County, salt was obtained from seeps along the

banks of the Salt Fork. Also in Wise and Lampasas Counties, along the Red

River, and at the crossing of the Pecos there were sources of salt.

1876, Salt: Tex. Geol. Agr. Survey 2d Ann. Rept., p. 22.

Salt "Abounds in the country along the upper Pecos above the road from Fort

Concho to Fort Stockton. Near the Horse Head crossing of the Pecos are large

deposits of salt in the bed of what is called Salt Lake. To this place wagons resort

for supplies of salt for El Paso, Presidio and other counties."

California Division of Mines Mineral Information Service, 1954, Salt: v. 7, no. 2,

p. 1-6.

Reviews the sources and methods of salt production in California and gives a

supporting list of references.

Campbell, M. R., 1897, Description of the Charleston quadrangle, West Virginia:

U. S. Geol. Survey Geol. Atlas, folio 72, p. 6.

The first salt furnace in Kanawha Valley was erected in 1797 at the Great

Buffalo Lick. In 1808 the first salt well west of the Alleghany Mountains was

drilled here. By 1844-54 salt production varied from 400,000 to 600,000 barrels

annually and rivaled the output from New York State. It was found later that

the salt water was coming from the Pottsville series at depths of 600 to 1,000 feet.
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Campbell, M. R., 1904, Description of the Latrobe quadrangle, Pennsylvania:

U. 8. Geol. Survey Geol. Atlas, folio 110, p. 16.

Brine issuing from the Pocono sandstone was used in the early days to make

salt, and gave name to Saltsburg, on the Conemaugh River. The salt works

which stand by the old canal, and were fired with Freeport coal, ceased operations

long ago.

Carsey, J. B., 1950, Geology of Gulf coastal area and continental shelf: Am. Assoc.

Petroleum Geologists Bull., v. 34, p. 361-385.

Discusses in particular the characteristics and form of the continental shelf off

the coast of Texas and Louisiana. Gives a stratigraphic cross section of the coast

and shelf area in central Louisiana. The Eagle Mills formation is shown as the

source of salt that has been squeezed into salt stocks to heights of 35,000 feet.

Clapp, F. G., 1931, Salt domes of Texas and Louisiana Gulf coast: Jour. Inst.

Petroleum Technologists, v. 17, no. 91, p. 281-299.

Contains a review of the Gulf Coast salt domes and maps and tables indicating

their distribution, geologic characteristics, stratigraphy, structure, and the

methods and time of discovery.

Clarke, F. W., 1924, Data of Geochemistry: U. S. Geol. Survey Bull. 770 (fifth

edition), p. 124-260.

Contains geochemical data on the ocean, waters of enclosed basins, mineral

wells and springs, and saline residues.

Condra G. E., 1941, Industrial Nebraska in outline: Nebr. Conserv. Survey Div.,

Bull. 28, p. 16.

Gives a brief statement of early salt production and the possible development

of a future salt industry under more favorable economic conditions.

Connolly, J. P., and O'Harra, C. C, 1929, The mineral wealth of the Black Hills:

S. Dak. School Mines Bull. 16, p. 336-338.

In Wyoming, salt water issues from the Spearfish formation (Triassic) 9 miles

north of Newcastle, near Cambria and the head of Salt Creek. During 1878 and

later, salt was produced in wood-fired evaporating pans also used for chloridizing

gold and silver ores from the Black Hills. The estimated spring flow is 60 gallons

per minute. The water contains 3 percent of NaCl and minor amounts of CaSC>4,

MgS04, MgC03, FeCOs, SiO, but no Br or I.

Cook, C. E., 1938, Darron salt dome, Ascension Parish, La.: Am. Assoc. Petroleum

Geologists Bull., v. 22, p. 1412-1422.

The Darron salt dome, believed to have been formed by faulting, is the first one

found east of the Mississippi River from which there has been sustained oil pro

duction. Oil is from Miocene sands above salt or from the same sands faulted

up from depth. The top of the salt is 4,627 feet below the surface. A minor

deflection of the river suggests recent movement of the dome. There is no

gypsum or anhydrite cap on the salt.

Cook, C. W., 1914, The brine and salt deposits of Michigan, their origin, distribu

tion, and exploration: Mich. Geol. Survey Pub. 15, Geol. Ser. 12, 188 p.

Presents at length the history of development, processes of manufacturing, and

marketing of salt, with a table of the geologic occurrence of salt in the United

States as known at the time.
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Discusses the theories of salt formation and the geology of the southern penin

sula, with maps and sections. Each formation is treated separately and analyses

are given.

Cooke, C. W., 1939, The scenery of Florida interpreted by a geologist: Fla.

Geol. Survey Bull. 17, p. 90.

A spring of salty water on the north side of Lake Kerr, Marion County, has

the composition of dilute sea water. Fissures in the limestone from which the

spring issues are 30 feet deep and extend below the fresh-water horizon and st-a

level. The salt water may be siphoning out of the limestone.

Cummins, W. F., 1890, The southern border of the central coal field: Tex.

Geol. Survey 1st Ann. Rept. for 1889, p. 172-174, 196-196.

Mentions the occurrence of flowing salt wells at Waldrip and San Angelo and

of salt at Colorado City, Salt Flat, and Salt Croton Creek. Describes Hanna

and Hancock Springs at Lampasas.

1891, Report on geology of northwestern Texas: Tex. Geol. Survey

2d Ann. Rept. for 1890, p. 444-448, 505.

Describes the early known occurrences of salt springs, flats, and wells along

the eastern exposures of the Permian and drained by the Red, Wichita, and

Brazos Rivers. Also mentions salt production at Colorado, Tex.

Cunningham, W. A., 1934, The potassium sulphate mineral polyhalite in Texas:

Tex. Univ. Bull. 3401, p. 833-867 [1935].

Discusses the occurrence of polyhalite in the Permian salt deposits of West

Texas, including its mineralogic characteristics, geologic associations, and eco

nomic possibilities.

Dane, C. H., 1935, Geology of the Salt Valley anticline and adjacent areas,

Grand County, Utah: U. S. Geol. Survey Bull. 863, p. 25-33.

Gives a description of the Paradox formation (salt bearing) and related geology.

Salt is not exposed at the surface but occurs at depth.

Darton, N. H., 1904a, Description of the Newcastle quadrangle, Wyoming-

South Dakota: U. S. Geol. Survey Geol. Atlas, folio 107, p. 9.

Map shows location of a salt spring at the head of Salt Creek in Wyoming

Considers source of salt to be in the Spearfish formation and gives an analysis

and estimate of flow of the spring.

1904b, Zuni salt deposits, New Mexico: U. S. Geol. Survey Bull. 260.

p. 565-566.

Twenty miles northwest of Quemado in central-western New Mexico is an el

liptical depression about 1 mile wide that holds a shallow salt lake. This lake is

spring fed near its southern border and the shallow margins are salt encrusted.

Indians and Mexicans have gathered salt here for centuries.

1920, Permian salt deposits of south-central United States: U. S. Geol.

Survey Bull. 715-M, p. 205-230.

Includes a list and a discussion of logs of wells drilled in the Permian basin of

Kansas, Oklahoma, Texas, and New Mexico which have penetrated notable

thicknesses of salt in association with potash.
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Darton, N. H., 1928, "Red Beds" and associated formations in New Mexico,

with an outline of the geology of the State: U. S. Geol. Survey Bull. 794,

p. 235-254 [1929].

Contains logs and records of wells drilled into Permian salt in the Pecos Valley

of southeastern New Mexico.

De Golyer, E. L., 1926, Origin of North American salt domes, in Geology of salt

dome oil fields: Am. Assoc. Petroleum Geologists, p. 1-44.

Presents an excellent historical review of the evolution of opinions and concepts

on the origin of salt domes in the United States. The review of the literature

is grouped into periods. The theoretical concepts are classified under four

headings. Domes are regarded as formed (1) from old erosional outliers, (2)

as salts deposited from rising solutions, (3) from volcanic sources, and (4) as a

consequence of tectonic forces applied to sedimentary beds of salt at depth.

De Goyler concludes that he favors the tectonic origin for salt domes, although

he admits he cannot fully document his beliefs.

1931, Origin of salt domes of the Gulf Coastal Plain of the United States:

Jour. Inst. Petroleum Technologists, v. 17, no. 92, p. 331-333.

Gives a brief review of the concept of the orgin of salt domes as of 1930. Also

states that evidence of potash was found in the Bayou Bouillon dome of Louisiana

as well as the Markham dome of Texas.

Dellwig, L. F., 1954, The process of deposition of Salina salt of Michigan: Jour.

Sed. Petrology, v. 24, p. 129-130.

Compares the salt of the Salina formation with marine solar salt and concludes

that as they have similar characteristics, they were formed under similar con

ditions. Believes seasonal or temperature changes are indicated by banding.

Temperatures of deposition as indicated by liquid inclusions suggest lower

temperatures of formation than previously considered.

Deussen, Alexander, and Lane, L. L., 1925, Hockley salt dome, Harris County,

Tex.: Am. Assoc. Petroleum Geologists Bull., v. 9, p. 1031-1060.

Hockley salt dome, one of the largest known, has been prospected by many oil

companies since 1905 with no discoveries of commercial oil or sulphur. Fifty

wells have been drilled, ranging in depth from 200 to 4,600 feet.

Dobrin, M. B., 1941, Some quantitative experiments on a fluid salt-dome model

and their geological implications: Am. Geophys. Union Trans., v. 22, pt. 2,

p. 528-542.

An analysis of salt-dome formation made by the use of working models simu

lating geologic conditions. Viscous liquids assume movement comparable to salt

under pressure. It is believed that plasticity is an essential for the intruded as

well as the intruding rock. Movement is accelerated until a domal shape is well

established, after which growth continues at a constant rate. Continued growth

indicates a plentiful supply of salt, and, where the height of the dome is more than

10 times the thickness of the salt bed, additional salt is pressed from the marginal

area.

Dole, R. B., 1913, Exploration of salines in Silver Peak Marsh, New: U. S. Geol.

Survey Bull. 530-R, p. 330-345.

The playa is estimated to contain 15 million tons of high-grade salt at depths

of less than 40 feet. There were no promising indications of associated potash.

The sediments to a depth of 50 feet were tested by drill and the results are pre

sented graphically.
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Donoghue, David, 1926, The Bayou Bouillon salt dome, St. Martin Parish, La..

in Geology of salt dome oil fields: Am. Assoc. Petroleum Geologists, p. 345-

351.

Gives a chronological record of prospecting the Bayou Bouillon salt dome before

1925. It is an asymmetrical salt dome with steep south and west flanks.

Dyer, B. W., 1945, Discoveries of potash in eastern Utah: Am. Inst. Min. Metall.

Eng. Tech. Pub. 1755, p. 1-6.

Although this paper deals primarily with the occurrence of potash, the article

also presents data on wells drilled into the salt of the Paradox formation in the

Moab-Thompson area of Utah.

Eckel, E. C., 1903, Salt and gypsum deposits of southwestern Virginia: U. S. Geol.

Survey Bull. 213, p. 406-416.

Thomas Jefferson, in his Notes on Virginia in 1781, mentions the occurrence of

salt springs in southwestern Virginia, but rock salt was not discovered until 1840.

Eckel considered the salt and gypsum to be an integral part of the Greenbrier

formation. Logs of wells drilled for gypsum and possible rock salt on the Robert

son property between 1815 and 1857 are given. Concludes that the salt aggregates

175 feet in thickness.

1904, The salt industry in Utah and California: U. S. Geol. Survey Bull.

225, p. 488-495.

Describes salt production from Great Salt Lake, Utah, where salt is produced

by solar evaporation. In the summer season 2 inches of water is evaporated per

day from the salt ponds and about 3 inches of salt is formed in an average season,

although 6-inch crops have been reported. Analyses of the water and a brief

history of the salt industry are given. Comments on salt production in California

at San Diego and San Francisco Bay are added.

Eskew, G. L., 1948, Salt, the fifth element: Chicago, 111., J. A. Ferguson and

Associates, p. 228.

This book although of mainly commercial interest, offers the reader a compre

hensive review of the nontechnical and historic phase of salt production.

Fettke, C. R., 1941, Subsurface sections across western Pennsylvania: Pa. Topog.

Geol. Survey Progress Rept. 127, p. 1-51.

Consists of descriptions of sample cuttings from wells drilled in western Pennsyl

vania, with a discussion of the correlation of formations from the St. Peter sand

stone (Ordovician) to the Pennsylvanian. A map of the location of the wells and

a table of formation thicknesses accompany the article. Salt is indicated in sonic

of tho Salina sections.

1955, Preliminary report, occurrence of rock salt in Pennsylvania: P»-

Geol. Survey, 4th ser., Progress Rept. 145, maps, scale 1 : 960,000, with text.

Gives a graphic presentation, by columnar sections and depth and thickness

contours, of the distribution of Salina salt in northwestern Pennsylvania. Also

shown are the limits of salt occurrence and the position of the outcrops of rocks of

the Salina group.

Filson, John, 1784, Map of Kentucke [sic] for the Congress of the U. S. and

George Washington: Washington. D. C, Libr. Cong. (Sesquicentennis!

reprints).
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On this map are indicated the following salt licks and rivers of importance as

sources of supply to the earl\- travellers migrating westward.

Bigbone Lick Flat Licks

Blue Lick Knob Lick

Blue Licks Muddy Creek Lick

Blue Spring Upper Blue Licks

Boonsboro Lick

Bryans Lick Licking River

Bulletts Lick Salt River

Flat Lick

Foshag, W. F., 1926, Saline lakes of the Mojave desert region: Econ. Geology,

v. 21, p. 56-64.

Reviews the geologic and mineralogic conditions in the areas of Mojave saline

lakes. Concludes with four premises: (1) The chief sources of playa salts are

Tertiary saline sediments, rock decay, volcanic emanations, and hot springs.

(2) Concentration of saline is largely confined to the surface layers. (3) The

occurrence of crystals in playa muds is due to the downward diffusion of saturated

solutions. (4) The concentration of large bodies of salts are the result of special

conditions seldom duplicated.

Four Corners Geological Society, 1952, Geological symposium of the Four Corners

region: Durango, Colo., 145 p.

Contains a group of papers on stratigraphy of the four contiguous corners of

Utah, Colorado, New Mexico, and Arizona, and a description of the saline deposits

of the Paradox formation.

Gale, H. S., 1915, Salines of the Owens, Searles, and Panamint basins, south

eastern California: U. S. Geol. Survey Bull. 580-L, p. 251-323.

Gives geologic descriptions of the basins, their history, composition of dissolved

salts, sediments, and character of the minerals contained.

1951, Geology of the saline deposits, Bristol Dry Lake, San Bernardino

County, Calif.: Calif. Dept. Nat. Res., Div. Mines Special Rept. 13, 21 p.

Gives a description of the geologic setting for Bristol Dry Lake near Amboy,

San Bernardino County; the deposits, and a review of exploration and production

operations. On the north side of the present playa, salt is mined at shallow

depth below the surface. Calcium chloride and sodium chloride brines are

drained off from the top clay bed by ditches. Where the brine is concentrated,

sodium chloride crystallizes out leaving a concentrate of calcium chloride which

is shipped in tank cars to Los Angeles. Gypsum was mined 2 miles southeast of

Amboy. Concentrations of celestite occur in the top muds of the playa.

Gambs, G. C, and White, G. W., 1946, Salt reserves in Ohio's mineral resources,

part 3: Ohio State Univ., Eng. Expt. Sta. Circ. 49, v. 15, no. 3, 22 p.

Lists seven salt producers. Diamond Alkali Co., at Painesville, and Pittsburgh

Plate Glass Co., at Barberton, are the two largest, employing 90 percent of the

salt workers. Includes brief data arranged by county on rock suit and brine

production with tables. Two maps show areas underlain by rock salt or containing

brines.

425148—57-
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Goldman, M. I., 1926, Petrography of salt dome cap rock, in Geology of salt dome

oil fields: Am. Assoc. Petroleum Geologists, p. 50-86.

Gives a detailed petrographic description of cap-rock core specimens from the

Gulf Coast salt dome region. The specimens are composed mainly of anhydrite,

gypsum, calcite, and sulfur. From the evidence, an attempt is made to ascer

tain the origin of cap rock.

1952, Deformation, metamorphism, and mineralization in the gypeum-

anhydrite cap rock, Sulphur Salt Dome, La.: Geol. Soc. America Mem.

50, p. 1-169.

Contains a detailed study of cores obtained by the Union Sulphur Co. from

its test 194, drilled through 628 feet in the cap rock of Sulphur Salt Dome. Pre

sents an identification of the minerals and an interpretation of their relation in

the cap-rock formation.

Goldschmidt, V. M., 1954, Geochemistry: London, Oxford Univ. Press, 702 p.

A modern compilation of geochemical data. Ten pages of data on sodium

appear in group IA of the alkali metals along with a statement of its place in

the cycle of sedimentation. Chlorine appears in Group VIIB, requiring 14

pages to cover the subject.

Goldston, W. L., and Stevens, G. D., 1934, Espereon dome, Liberty County,

Tex.: Am. Assoc. Petroleum Geologists Bull., v. 18, p. 1632-1654.

This salt dome was one of the first discovered by geophysical methods (torsion

balance). Oil was found in 1928. The salt mass was thrust up at a slight

angle to the north. The Beaumont clay, which occurs at the surface, does not

indicate the presence of a dome.

Gould, C. N., 1901, The Oklahoma salt plains: Kans. Acad. Sci. Trans., 33d

Ann. Mtg., 1900, v. 17, p. 181-184.

Presents an early description of the Big and Little Salt Plains of the Cimarron

in Oklahoma just south of the Kansas boundary.

Grabau, A. W., 1920, Principles of salt deposition: New York, McGraw-Hill

Book Co., 402 p.

This textbook covers rather completely the essentials of saline deposition and

the geologic processes related to it. Abundant references are given.

Greter, R. E., 1949, Brine production and utilization from the salt sands of the

Pottsville series: Appalachian Geol. Soc. Bull., v. 1, p. 320-324.

Briefly mentions the geology of the Pottsville series in relation to brines. Of a

hundred or more companies that began production of salt products in West

Virginia, only two remain, the Hartford Salt Co. and the Westvaco Chemical

Division of Food Machinery and Chemical Corp. Diamond Alkali Co. is in proc

ess of building a plant on the Kanawha River. Reviews the many products that

are derived in part from brines.

Grossman, I. G., 1949, Geomorphology of the interior saline basins of western

North Dakota: N. Dak. Acad. Sci., v. 3, p. 14-15.

Postulates that in western North Dakota (1) where ground water drains along

preglacial channels into kettle depressions with impervious bottoms, concentra

tion of mineral matter occurs, (2) but where lakes drain through their bottoms or

overflow into other lakes at lower levels during flood periods, they remain fresh.
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lalbouty, M. T., and Hardin, G. C, Jr., 1954, New exploration possibilities on

piercement-type salt domes, established by thrust fault at Boling Salt Dome,

Wharton County, Tex.: Am. Assoc. Petroleum Geologists Bull., v. 38,

p. 1725-1740.

Includes diagrams and a discussion of an interpretation of thrust faulting along

,he expanded head of a salt dome. Such an explanation gives a new concept for

;onsideration in future exploration for oil in domes of this type.

1966, Genesis of salt domes of Gulf Coastal Plain: Am. Assoc. Petroleum

Geologists Bull., v. 40, p. 737-746.

The authors consider the Louann salt of the Gulf Coast to be the same age as

the Castile formation (Permian) of the Delaware Basin, postulating that the

Louann salt is the equivalent of the anhydrite of this basin. A connection be

tween the two basins is proposed north of the central mineral region. Salt plugs

are formed from the Louann salt by differential pressure of the overlying sediments

on the lighter salt.

Hanna, M. A., and Wolf, A. G., 1934, Texas and Louisiana salt dome cap rock

minerals: Am. Assoc. Petroleum Geologists Bull., v. 18, p. 212-225.

Lists 28 minerals found in a study of cap rocks. Contains illustrations of 47

specimens and a bibliography of related subjects.

Harris, F. E., 1939, Marketing of salt: U. S. Bur. Mines, Inf. Circ. 7062, 56 p.

Contains much data on the production, refining, and marketing of salt in

domestic and world markets.

1952, Salt in Mineral resources of the world: New York, Prentice-Hall,

Inc., v. 2, p. 157-161.

Reviews the world production and trade in salt: world occurrences, production

methods, preparatory processes, annual production by countries, and its various

uses in the United States. Maps show distribution of major world deposits, world

production, also salt deposits and producing plants in the United States.

Harris, G. D., 1907, Rock salt: La. Geol. Survey, Bull. 7, p. 48-259 [1908].

Gives the origin, geologic occurrences, and economic importance of rock salt

in the State of Louisiana together with brief notes and references to all known

salt deposits and industries of the world.

Harris, W. R., and Corell, E. J., 1945, Ohio's mineral resources, salt: Ohio Eng.

Expt. Sta., Circ. 47, v. 14, no. 2, p. 13-19.

The earliest salt production by settlers was in 1797 in Jackson County where

Indians had evaporated brines. In Gallia County, 1809, the first brine well was

drilled 100 feet deep. Rock salt was first found in the Salina formation by the

Cleveland Rolling Mill Co. at Newberg, and thus began a new era in salt pro

duction. Data on later developments are given. Salt production as an indus

try began in Muskingum Valley in 1817 with production rising to 400,000 bushels

by 1833. (A bushel equals 80 pounds.)

Harrison, T. S., 1927, Colorado-Utah salt domes: Am. Assoc. Petroleum Geolo

gists Bull., v. 11, p. 111-135.

The discovery and investigation of saline-bearing anticlines in southwestern

Colorado and southeastern Utah has led to their classification into 4 groups,

namely; saline anticlines bearing plugs, saline anticlines that bear no plugs, domes
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not associated with anticlines, and structural anticlines. The regional geology

and stratigraphy are presented along with maps, diagrams, and many illustra

tions.

Hayes, J. J., 1942, Great Salt Lake and its economic importance: Utah Mineralog.

Soc. News Bull., v. 3, no. 2, p. 11-23.

Includes a geographic description of the lake, the early historical events, and

analyses of the waters taken at various times. Gives the probable combination

of the ions in solution, NaCl, Na»SO<, MgClj, CaSOi, KjSOi. Estimates, as of

1942, the total worth of the salts in Great Salt Lake as $44.5 billion as com

pared with $3 billion for total value of mineral production in Utah since 1869.

Briefly outlines the uses of the salines. Contains a bibliography.

Hazzard, R. T., Spooner, W. C., Blampied, B. W., 1945, Notes on the stratig

raphy of the formations which underlie the Smackover limestone in south

Arkansas, northeast Texas, and north Louisiana: Shreveport Geol. Soc, v.

1-2, p. 483-503.

Presents data for the depth to, and thickness of, the Louann salt and the

underlying Werner anhydrite. Attempts to correlate these formations with the

Permian of West Texas and to reconcile their thickness with the proportional

volumes of salts contained in sea water. Invokes the Branson theory as a means

of explaining deficiencies. Contains correlation charts and well records for the

area.

Hewett, D. F., Callaghan, Eugene, Moore, B. N., and others, 1936, Mineral

resources of the region around Boulder Dam: U. S. Geol. Survey Bull. 871,

p. 92-98.

Lake-bed deposits of the Verde formation crop out along the Verde River

valley near Camp Verde, Ariz. Some salt occurs along with thenardite in these

beds. Salt crops out in the Virgin Valley.

Hildreth, S. P., 1945, Ohio's mineral resources, part 3, Salt; part 1, Salt springs,

early history of the salt manufacture in Ohio; (repr.) with Foreword by W.

E. Stout: Ohio State Univ. Studies, Eng. Ser. Eng. Expt. Sta. Circ. 47, p.

1-12.

This is a reprint of a paper published in 1 838 and presents the conditions and

sources of salt supply (salt springs or salines) from about 1800 to 1835.

Holyman, H. W., 1946, Seismograph evidence on depth of salt column, Moss

Bluff dome, Texas: Geophysics, v. 11, no. 1, p. 128-134.

Presents an interpretation of seismograph data obtained from a traverse of

Moss Bluff dome. Reflections yield figures of 36,000, 26,000, and 16,000 feet

as the base of the salt column. Reasons are given for preferring the multiple

reflection interpretation of 16,000 feet.

Hoskins, H. A., 1947, Analyses of West Virginia brines: W. Va. Geol. Econ.

Survey Rept. Inv. 1, 22 p.

Gives tables of analyses of brines found in wells drilled into brine-producing

formations of western West Virginia with information on the owner, location,

depth to production, and the flow of the wells sampled.
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Howard, K. C, 1951, Development and operation of LPG storage cavities in

salt strata: Jour. Petroleum Technology, v. 3, no. 3, sec. 1, p. 10-11, sec.

2, p. 3.

Reviews the developments and experiences resultant from the operation of

two reservoirs formed in salt for storage of propane: one in Winkler County and

the other in Upton County, Tex. [LPG, low-pressure gas.]

Imlay, R. W., 1943, Jurassic formations of the Gulf region: Am. Assoc. Petroleum

Geologists Bull., v. 27, p. 1431.

"In southwest Alabama, 108 feet of the salt facies of the Eagle Mills forma

tion was penetrated in the Union Producing Companies M. M. Waite No. 1,

sec. 27, T. 8 N., R. 1 W., Clarke County, Alabama."

Inman, A. E., 1951, Salt—an industrial potential for Kansas: Lawrence, Univ.

Kans. Pubs., 83 p.

Summarizes information on the occurrence and production of salt in the United

States and Kansas. Outlines methods of mining and refining, uses, markets, and

chemical products requiring salt for their manufacture; costs of plant construc

tion and operation. •

Joesting, H. R., and Fautschy, J. D., 1948, Reconnaissance gravity map of part

of Gulf of Mexico: U. S. Geol. Survey. Prepared in cooperation with the

Office of Naval Research.

A map covering an area of the Gulf Coast between Sabine Pass and Grand

Cheniere, La., and extending out 75 miles from shore, records the gravity varia

tions made within depths of 20 fathoms (120 feet). Within the area mapped,

numerous salt domes have been discovered and the presence of others are suggested

by anomalous gravity variations.

Johnson, O. B., Jr., 1951, Underground storage of propane in a salt water sand:

Jour. Petroleum Technology, v. 3, no. 1, sec. 1, p. 14-15.

Outlines the technical factors and cost advantages for underground storage of

propane in a salt-water sand as an alternative to reservoirs formed in rock salt

or in steel tanks.

Jones, C. L., 1954, Occurrence and distribution of the potassium minerals

in southeastern New Mexico: N. Mex. Geol. Soc, Guidebook, Southeastern

N. Mex., 5th Field Conf., p. 107-112.

Presents a cross section of the Ochoa series in a part of the New Mexico Permian

salt basin, the stratigraphic succession of beds, and their relation to potash accu

mulation.

Jones, F. A., 1904, Salt, in N. Mex. Mines and Minerals: Sante Fe, N. Mex.

Printing Co., p. 223-230.

Describes sources of salt supply in the early days, with analyses and production

figures. Contains a picture of Crater Salt Lake.

Jones, G. E., Starkey, R. L., Feely, H. W., Kulp, J. L., 1956, Biological origin of

native sulfur in salt domes of Texas and Louisiana. Science, v. 123, no.

3208, p. 1124.

The composition and environmental conditions of the salt-dome formations

and the results of laboratory investigations of the S'2 and S" ratios of sulfate

reduction to sulfide indicate that sulfate-reducing bacteria played an important

part in the formation of sulfur. The bacteria probably reduced dissolved sulfate

to hydrogen sulfide. The subsequent formation of sulfur was most likely due to

a nonbiological process, such as a reaction between sulfide and sulfate.
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JoneB, T. S., 1953, Stratigraphy of the Permian basin of West Texas: West Tex.

Geol. Soc, 57 p.

Lists and describes the rocks of the Permian basin occurring in West Texas by

systems and formations from the Precambrian to the Quaternary, including the

salt-bearing formations of the Permian. An ample bibliography is given.

Keller, R. M., and Quirke, T. T., 1939, Mineral resources of the chemical industries :

Econ. Geology, v. 34, p. 287-296.

Lists 150 chemicals essential to industry. For the manufacture of these chemi

cals, 34 raw materials are required. Salt is fifth in importance, being preceded

by water, air, coal, and sulfur. Salt is essential to the production of 75 percent

of the chemical products listed.

Kelly, P. K., 1926, The sulphur salt dome, Louisiana, in Geology of the salt dome

oil fields: Am. Assoc. Petroleum Geologists, p. 452—469.

This article is of interest for its description of a salt dome of the typical small

sulphur-bearing type, with a thick cap rock of the anhydrite-sulfur-limestone suc

cession. It is also the place where the Frasch process was developed for the ex

traction of sulfur. A brief historical note, cross sections of the cap rock, and an

outline of the Frasch process are included.

Kindle, E. M., 1904, Salt and other resources of the Watkins Glen district, New

York: U. S. Geol. Survey Bull. 260, p. 567-572.

Rock salt was first found at Ithaca in 1885. The salt occurs in beds in the

Salina from 5 to 50 feet thick and at depths of from 1,800 to 2,100 feet. The

Cayuga Lake depression offers a 400-foot topographic advantage, with from 100

to 400 feet of easy drilling in the overlying glacial fill from Watkins Glen to Ithaca.

Logs of wells drilled through the Salina at Watkins Glen and Ithaca are recorded.;

a brief sketch of the early salt development is given.

Knight, S. H., 1939, The Rock Creek lakes, Albany County, Wyo., part 2, in

The saline lake deposits of Wyoming: Wyo. Geol. Survey ltept. Inv. 2, 8 p.

Gives an outline map of the saline lakes and descriptions and analyses of the

salts in Brooklyn and Philadelphia lakes. The dominant salts are mirabilite

and epsomite. Sodium chloride is present in negligible amount.

Kroenlein, G. A., 1939, Salt, potash and anhydrite in the Castile formation of

southeast New Mexico: Am. Assoc. Petroleum Geologists Bull., v. 23,

p. 1682-1693.

Attributes the close of Capitan reef building to excess of evaporation over

inflow to the basin. Confines the lower Castile to the Delaware Basin, with a

total thickness of 2,000 feet of banded and white anhydrite, white halite, without

potash. The top of the lower Castile has a depositional relief of hundreds of feet

which makes correlation from this base inaccurate. Potash is the important

mineral of the upper part of the Castile (Salado) and is present in amounts

sufficient to satisfy the future requirements of the country.

Krumbein, W. C, 1951, Occurrence and lithologic associations of evaporities

in the United States: Jour. Sed. Petrology, v. 21, p. 63-81.

Presents by maps the geographic distribution of evaporite deposits in the

systems of rocks from the Ordovician to the Tertiary and gives a discussion of the

lithologic relations of the evaporites to other sediments and to the structural

basins in which thev are formed.
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Laizure, C. M., 1925 [Salines in Monterey County, Calif.]: Calif. State Min.

Bur., Mining in California, v. 21, no. 1, p. 53-54.

Salt is extracted from sea water by solar evaporation at Moss Landing for local

use in fish curing, ice cream, dairy and cattle markets. It requires 2 months of

evaporation for initial salt crystallization, ultimately producing a layer of salt

4 to 6 inches thick. The salt is said to be more uniform in composition than that

from San Francisco Pay.

1927 [Salines in Solano County, Calif.]: Calif. State Min. Bur., Mining

in California, v. 23, p. 211-212.

A well drilled by the Rochester Oil Co. in sec. 24, T. 5. N., R. 1. W., encountered

a flow of natural gas and salt water. Salt was obtained by solar evaporation

and marketed for many years as stock salt. There has been no production

for about 10 years.

1929 [Salines in Alameda County, Calif.]: Calif. Dept. Nat. Res., Div.

Mines and Mining, Mining in California, v. 25, p. 441-447.

Salt, the chief mineral product of Alameda County, is obtained by solar evapora

tion of San Francisco Bay water. The Indians made periodic trips to the marsh

lands for salt which had accumulated to a thickness of 8 inches. These natural

deposits were worked by the early settlers from 1848 to 1860, when earthen

evaporation vats were constructed, and by 1868, 17,000 tons of salt were produced

annually. The new salt industry then extended from San Leandro Creek to

Centerville, with 17 companies operating. When the Comstock lode was dis

covered a scarcity of salt developed and its cost rose to $35 a ton. The operations

of the Arden Salt Co., California Chemical Corp., Leslie-California Salt Co.,

and Morton Salt Co. are described.

Lamar, J. E., 1938, Brines, in Unexploited or little known industrial minerals

of Illinois: 111. State Geol. Survey Circ. 23, 5th Ann. Mineral industries

Conf., p. 222-224.

Illinois was at one time an important salt-producing State. Formerly, salt

works were in operation at Equality, Central City, Murphysboro, St. John,

Danville, and probably elsewhere. All were in central or southern Illinois.

Ultimately these works were closed because of salt production from other sources.

The St. Peter sandstone seems to yield the strongest brines. A table of 13

analyses accompanies the article.

Landes, K. K., 1951, Detroit River group in the Michigan basin: U. S. Geol.

Survey Circ. 133, 23 p.

Reviews the stratigraphy of Devonian rocks of the Detroit River group in the

southern peninsula of Michigan. Contains a series of structure contour maps

that are helpful in saline investigations.

Landee, K. K., Ehlers, G. M., and Stanley, G. M., 1945, Geology of the Mackinac

Straits region and subsurface geology of the northern part of the southern

peninsula: Mich. Dept. Conserv., Geol. Survey Div., Pub. 44, Geol. Ser. 37,

p. 155-176.

Gives a description of the Salina formation and its stratigraphic position in

the northern part of the southern peninsula. Near Saginaw Bay the Salina is

3,000 feet thick and the top of the section is at a depth of 5,000 feet. It is com

posed of dolomite, salt, and shale; 36 percent of the section is salt. The salt

does not crop out; instead, breccia resulting from solution and collapse is found

near the outcrop.
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Lang, W. B., 1937, The Permian formations of the Pecos Valley of New Mexico

and Texas: Am. Assoc. Petroleum Geologists Bull., v. 21, p. 833-898.

Contains an outline of the stratigraphic position and distribution of the salines

of the Permian basin and a discussion of the factors controlling Permian sedi

mentation.

La Vigne, E. F., 1938, Mining and preparation of rock salt at the Retsof mine:

Am. Inst. Min. Metall. Eng. Trans., v. 129, p. 381-403.

The economic depression in salt mining in 1895 brought most of the New York

salt mining companies together under the Retsof Mining Co. banner. Retsof

later became a subsidary of the International Salt Co. Salt is mined by shaft at

a depth of 1,063 feet. In 1926 a core test was drilled 784 feet below the mined

salt bed. Logs of both mine shaft and core test are given, also a full description

of the methods of mining and preparation of salt.

Le Grand, H. E., 1955, Brackish water in great Carolina ridge: Am. Assoc. Petro

leum Geologists Bull., v. 39, p. 2020-2037.

Brackish water of moderate salinity occurs in Bladen County, N. C. This

salinity is apparently related to faulting associated with the great Carolina ridge.

It is believed that the water entering Salt Marsh Creek is artesian and not in

vading sea water, which is likely true in Florida (Salt Spring and Warm Salt

Spring, 86°F).

Lloyd, S. J., 1947, The world's greatest mine: Jour. Chera. Education, v. 24, p.

273-277.

Refers briefly to the various mineral products recoverable from sea water, the

world's greatest mine. Gives a table in pounds of the minerals in sea water and

paragraphs on salt and on gold, bromine, magnesium, and other elements.

Longwell, C. R., 1928, Geology of the Muddy Mountains, Nov., with a section

through the Virginia Range to the Grand Wash Cliffs, Ariz.: U. S. Geol.

Survey Bull. 798, p. 18-19, 93-94.

Lenses or beds of salt from 85 to 100 feet thick crop out in washes of Virgin

Valley near St. Thomas.

Looker, C. D., 1938, Some recent developments in the use of sodium chloride

(common salt): Am. Inst. Min. Metall. Eng. Trans, v. 129, p. 423-431.

Describes in general the uses of salt, with special reference to the Lixate solu

tion process, the making and use of eutectic salt ice, and the stabilization of clay

roads by the application of salt.

1941, Salt as a chemical raw material: Chem. Industry, v. 49, pt. 1, p.

594-601; pt. 2, p. 790-799.

Reviews the salt industry in the United States, covering briefly the early uses

and history of salt, production and refining methods, and the products and present

uses of salt. Contains density tables for sodium chloride brines at 60°F, and

diagrams of the relations of the alkalis to one another, byproducts and their uses,

and the electrolytic products derived from fused salt.

Lotze, Franz, 1938, Steinsaltz and kalisalze geologie: Berlin, Verlag von Gebruder

Borntraeger, Band 3, Teil 1, 936 p. (Otto Stutzer, Die wichtigsten lager-

statten der nicht-erze ser.)

Summarizes the geologic occurrences of salt and potash in the world, including

many maps and diagrams.
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McGrain, Preston, 1953, Miscellaneous analyses of Kentucky brines: Ky. Geol.

Survey, ser. 9, Rept. Inv. 7, 16 p.

Lists analyses of brines from oil wells in eastern and western Kentucky.

McGrain, Preston, and Thomas, G. R., 1951, Preliminary report on the natural

brines of eastern Kentucky: Ky. Geol. Survey Rept. Inv. 3, p. 1-22.

Lists analyses of brines from oil wells in eastern Kentucky.

McLellan, H. J., Wendlandt, E. A., Murchison, E. A., 1932, Boggy Creek salt

dome, Anderson and Cherokee Counties, Tex.: Am. Assoc. Petroleum Geo

logists Bull., v. 16, p. 584-600.

Boggy Creek salt dome is near the axis of the East Texas geosyncline. Its large

size and shape are uncommon for salt domes, for it has a low central area on top.

Faulting has occurred in the south end of the uplift. Oil is produced from the

southeast flank of the dome.

Manning, P. D. V., 1941, Chemicals from California's desert: Chem. Metall. Eng.

v. 48, p. 96-99.

Describes briefly the economic extraction of salts from the brines of three Cali

fornia desert lakes: the American Potash and Chemical Co. and West End

Chemical Co. at Searles Lake: the Natural Soda Products Co. of Keeler, and

Pacific Alkali, both at Owens Lake : and the Desert Chemical Co. producing sodium

sulphate and sodium chloride at Dale Lake, discovered by Irwiu Bush in 1920 to

be a source of salts. The Pacific Coast Borax Co. operations at Mojave and

Death Valley Junction are mentioned.

Mansfield, G. It., 1927, Geography, geology, and mineral resources of part of

southeastern Idaho: U. S. Geol. Survey Prof. Paper 152, p. 98-99, 338-340.

In 1922 the Wailace-Wyoming Oil Co. drilled a well in Tygee Valley. Six beds

of salt from 6 to 29 feet thick were penetrated in a section of 456 feet, fromja

depth of from 123 to 579 feet. The salt is in the Preuss sandstone of the Jurassic.

Mansfield, G. R., and Lang, W. B., 1934, The Texas-New Mexico potash deposits:

Tex. Univ. Bull. 3401, p. 641-832 [1935].

Briefly reviews occurrences of potash contained in salt deposits of the world.

Gives an account of the search for potash in the United States with special refer

ence to the Permian salt basin of the Southwest. Analyses of salt samples from

Government and oil-well tests in percentages of potash present are given.

Martens, J. H. C, 1943, Rock salt deposits of West Virginia: W. Va. Geol.

Survey Bull. 7, p. 1-58.

Reviews stratigraphy of the Ohio basin in West Virginia, Pennsylvania, Ohio,

New York, and includes logs of salt sections of many important wells. Gives

analyses of the salt, estimates of reserves, and considers the possibility of salt in

eastern West Virginia. Outlines salt production and uses.

Matheny, Frank, 1951, Underground storage for liquified petroleum gases:

Petroleum Eng. Ref. Annual, v. 23, no. 8, p. C-49-52.

Outlines the problem of petroleum byproducts in seasonal demand the

search for suitable storage in off-season periods. After a review of the situation,

the conclusion is reached that a dissolved-out reservoir in salt is the most satis

factory and economical solution to the problem. Salt domes and salt beds are

advantageously situated in or near many large oil-producing areas.
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Matheny, W. F., and Billue, G. H., 1950, Underground storage tanks: Chem.

Eng. v. 57, no. 12, p. 115.

Describes a test of underground storage of petroleum where, by dissolving the

salt, a reservoir of 50,000 barrel capacity was formed between the depths of 1,167

to 1,750 feet. Five tests were made by Ailing and removing the petroleutn from

the reservoir. The first test recovered 95 percent of oil: the last 4 tests returned

99 percent of it to the tanks. The only noticeable effect on the oil was a slight

enclusion of moisture. The maximum cost of storage per barrel is $2.50 or about

one-seventh that of steel-tank storage on the surface. The test was made in

Winkler County, Tex.

Meinzer, O. E., 1911, Geology and water resources of Eetancia Valley, N. Mex., with

notes on ground-water conditions in adjacent parte of central New Mexico:

U. S. Geol. Survey Water-Supply Paper 275, p. 7-86.

Describes the geologic setting for the saline lakes of central New Mexicor

from which salt has been produoed over the centuries.

Meinzer, O. E., and Hare, R. F., 1915, Geology and water resources of Tularosa

Basin, N. Mex.: U. S. Geol. Survey Water-Supply Taper 343, p. 72.

Deposits of sodium chloride and sodium sulphate occur in certain low places.

Thin crusts of sodium chloride occur on small northern alkali flats along Salt Creek

and in arroyos and small flats east of the White Sands. Sodium sulphate in con

siderable quantities underlies Lake Lucero in the southern part.

Mendenhall, W. C, 1909, Ground waters of the Indio region, California, with a

sketch of the Colorado Desert: II. S. Geol. Survey Water-Supply Paper 225,

p. 27-28.

States that the Salton depression was- covered by a salt marsh with salt crusts

6 inches to 1 foot thick before flooding by the Colorado River in 1904. The New

Liverpool Salt Co. had developed a profitable salt industry before 1904. As

much as nine-sixteenths of an inch of water was reported to have evaporated from

salt pans in 24 hours when temperatures reached a maximum of 140°F.

Moise, T. S., and Haddock, G. B., 1936, The salt producing industry: Manu

facturer's control of distribution; a study of Trade Practice Provisions in

selected N. R. A. Codes, work materials No. 62. Trade Practice Studies

Section, p. 2, 20-24, 67-159.

Reviews the salt industry with respect to its trade practices, sales, marketing,

price maintenance, discounts, price discriminations, and freight equalization as it

affects customer classification. Lists members of the Salt Producers Assoc, and

their division of sales territory.

Murray, G. E., 1953, Resume of salt and sulphur in Louisiana, in Proceedings of

the southeastern mineral symposium, 1950: Ky. Geol. Survey, aer. 9, Special

Pub. 1, p. 48-68.

A brief review of the geology of the Gulf Coast salt domes, with maps and

diagrams.

National Petroleum Council, Committee on underground storage for petroleum,

1952, Report of the technical sub-committee: Washington, app. I, 10 p.;

app. 2, 8 p. ; app. 3, 6 p.

Appendix 1 presents data on salt deposits suitable for the storage of petroleum

products in various areas in the United States as a means of saving steel for
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storage tanks. Appendix 2 deals with some chemical aspects of underground

storage and appendix 3 with the engineering aspects of underground storage.

Comparative costs are presented.

Nettleton, L. L., 1934, Fluid mechanics of salt domes: Am. Assoc. Petroleum

Geologists Bull., v. 18, p. 1175-1204.

The prime cause for salt dome formation is ascribed to density difference and

plasticity of the sediments. The peripheral sink formed about the base of a salt

stock may cut off the supply of salt. Expressions for volume relations and rel

ative dimensions are given in terms of thickness of salt and radius of peripheral

sink. The differential behavior of two liquids of different viscosities and densities

is given by experiments. Diagrams are presented to show the effects of contempo

raneous sedimentation and salt doming as an explanation for many of the geologic

features of salt domes. A list of related references is included.

1943, Recent experimental and geophysical evidence of mechanics of salt

dome formation: Am. Assoc. Petroleum Geologists Bull., v. 27, p. 51-63.

Gives a comparison of the factual data to experimental evidence in formulating

a concept of salt dome evolution. It is concluded that salt domes are the con

sequence of fluid-mechanics where pressure and plasticity are the motivating

factors. Recent evidence for the existence of rim synclines favor this postulation.

1947, Geophysical history of typical Mississippi piercement salt domes:

Geophysics, v. 12, no. 1, p. 30-42.

Describes the discovery and exploration of the New Home and D'Lo salt

domes by geophysical methods. They were indicated by gravity surveys,

checked by the refraction seismograph, and their depth and position confirmed

by drilling. Gives examples of how strong, but local gravity expressions, may

be missed by reconnaissance surveys.

1955, History of concepts of Gulf Coast salt-dome formation: Am. Assoc.

Petroleum Geologists Bull., v. 39, p. 2373-2383.

A comparison is made of the earlier concepts of salt-dome formation with those

of today. It seems evident that salt domes are due to a fluid adjustment of salt

to density differences. A study of the quantitative relations involved in salt

doming and of increasing evidence of the occurrence of rim synclines are impressive

assurances of a displacement origin for the domes.

Nettleton, L. L., and Elkins, T. A., 1947, Geologic models made from granular

materials: Am. Geophys. Union Trans., v. 28, p. 451-466.

In part presents some results of experiments with dry powders as model ma

terials to simulate salt-dome formation.

New Mexico Geological Society, 1954, Guidebook of southeastern New Mexico,

5th field conference: Socorro, N. Mex., 209 p.

A symposium of 19 papers which describes the geologic setting of the Permian

Bait basin in southeastern New Mexico.

New York State Department of Commerce, 1950, Mineral industries of New

York: p. 54-60.

Gives a brief review of the salt industry in the State, a block diagram, a map

of the salt area and a list of companies producing salt in the State.
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Newland, D. H., 1919, Salt, in Mineral resources of the State of New York: N. Y.

State Mus. Bulls. 223-224, p. 221-235.

Presents a comprehensive review of early history and development of the salt

industry of New York State; also the mining, manufacture, and production of

salt. Lists the plants, producers, and grades of salt marketed.

1928, Recent progress in the study of the Salina formation: Natl. Re

search Council Repr. and Circ. Ser. 85, p. 36-43.

Reviews the information accumulated on the Salina formation. Compares the

sedimentary characteristics of the Vernon, Camillus, and Bertie beds. States the

Camillus problem and concludes that the Salina sea was of marine origin, that the

volume of salt present could not have been derived from erosional teachings, and

that the cause of saline accumulation varied from place to place. Because there

is no trustworthy evidence, concedes the point that the Silurian sea may not have

had the same composition as the sea today has.

O'Donnell, Lawrence, 1935, Jefferson Island salt dome, Iberia Parish, La.: Am.

Assoc. Petroleum Geologists Bull., v. 19, p. 1602-1644.

Jefferson Island is the only one of the Five Islands in southern Louisiana from

which sulfur is produced. It is a flat-topped dome, capped by sulfur-bearing

limestone and anhydrite. A salt spine rises 850 feet above the cap on the east

side. Salt was discovered in 1894. Sulfur was accidentally drilled into in the late

twenties. By 1935 more than 2,225,000 long tons of salt had been produced and

500,000 long tons of sulfur. The author believes that the spine and cap were

initially formed and were later thrust up from the source of the salt. Salt is

produced by conventional mining and sulfur by the Frasch process. The sulfur

wells are in Lake Peigneur and are connected by pipeline to the plant on shore.

Osterwald, F. W., and Osterwald, D. B., 1952, Wyoming mineral resources:

Wyo. Geol. Survey Bull. 45, p. 131-141.

Most of the saline deposits of Wyoming are of the sodium sulphate-sodium

carbonate types. Sodium chloride occurrences in brines or in deposits associated

with other salines are given by counties.

Parker, T. J., and McDowell, A. N., 1955, Model studies of salt-dome tectonics:

Am. Assoc. Petroleum Geologists Bull. v. 39, p. 2384-2470.

Describes various experiments using asphalt and semifluid muds of greater

density to simulate salt-dome formation.

Pepper, J. F., 1947, Areal extent and thickness of the salt deposits of Ohio: Ohio

Jour. Sci., v. 47, p. 225-239.

From a study of the records of 3,555 wells, contour maps of the total thickness

of salt, position of the top of the salt, and the variation in thickness of rocks

between the top of the Big Lime and the top of the uppermost salt bed were

constructed. The first salts were deposited in local basins; subsequent deposition

occupied enlarged basins which later coalesced to form continuous beds of salt.

Salt beds, 100 feet thick, approach to within 1,300 feet of the surface southwest of

Cleveland (Lorain and Cuyahoga Counties) and descend southeastward to 6,734

feet (Monroe County) below surface. The western limit of the salt is defined.
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Phalen, W. C, 1912, Description of the Kenova quadrangle [Kentucky-West

Virginia-Ohio]: U. S. Geol. Survey Geol. Atlas, folio 184, p. 16.

"Many years ago salt was obtained from wells sunk on Big Sandy River near

Zelda. The old salt works have long since disappeared. South of Zelda, near

Catalpa, some of the wells drilled for oil and gas have struck salt water, which is

still running."

1919, Salt resources of the United States: U. S. Geol. Survey Bull. 669,

284 p.

This comprehensive study includes descriptions of salt deposits by States.

History of production, extent of deposits, geology of the deposits, and a biblio

graphy of literature available for each State are included. Maps indicate loca

tions of deposits. The origin and formation of saline deposits, chemical composi

tion of saline materials, and tables on production are also given.

1949, Salt, in Industrial minerals and rocks: New York, Am. Inst. Min.

Metall. Eng., 2d ed., p. 807-843.

Summarizes most of the essential factors of salt: its properties, composition,

mode of occurrence, origin, and world distribution. Operations relating to pro

duction, consumption, processing, marketing, with tests and specifications of salt

for human consumption, uses and prices are described. A bibliography is given.

Poindexter, O. F., Martin, H. M., and Bergquist, S. G., 1951, Rocks and minerals

of Michigan: Mich. Dept. Conserv., Geol. Survey Div. Pub. 42, 3d ed.

revised, p. 101.

Gives data on the salt beds of Michigan. In Ogemaw County a well was drilled

through 1,066 feet of the Detroit River formation containing 300 feet of rock salt

in 12 beds from 6 to 78 feet thick. Also in this well, 3,144 feet of Salina was

penetrated, which contained 38 rock salt beds from 2 to 463 feet thick, totaling

1,260 feet of rock salt. A deep well in Bay County penetrated 2,790 feet of

Salina with 1,700 feet of rock salt in beds of from 30 to more than 400 feet thick.

The top of the Salina formation varies from 5,393 to 8,547 feet below the surface

in Ogemaw County; from 5,480 to 8,270 feet in Bay County; and from 1,000 to

2,000 feet below the surface in Wayne County where 550 feet of salt occurs in 17

beds 20 to 90 feet thick.

Rock salt is mined from a depth of 1,100 feet below Detroit. Elsewhere at

Midland, Taganau, Bay City, St. Clair, Port Huron, and also in Detroit, salt is

manufactured from natural and artificial brines.

Powers, Sidney, 1926, Interior salt domes of Texas, in Geology of salt dome oil

fields: Am. Assoc. Petroleum Geologists, p. 209-268.

Discusses the characteristic features of six salt domes located in the interior of

eastern Texas—Grand Saline, Steen, Brooks, Keechi, Palestine, and Butler—and

compares them with the interior domes of Louisiana. Contains an introductory

outline of the history, exploitation, and stratigraphy of the salt-dome area.

Powers, Sidney, and Hopkins, 0. B., 1922, The Brooks, Steen, and Grand Saline

salt domes, Smith and Van Zandt Counties, Tex.: U. S. Geol. Survey Bull.

736-G, p. 179-239.

Gives geologic descriptions of the salt domes with logs of wells, maps, and gas

analyses. Also gives a general description of the origin of salt domes.
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Pray, L. C, 1954, Outline of the stratigraphy and structure of the Sacramento

Mountain escarpment: N. Mex. Geol. Soc, Guidebook southeastern N. Mex.,

5th Field Conf., p. 92-107.

Outlines the stratigraphy of the Sacramento Mountains, covering the complete

section of rocks ot Paleozoic age which include or are related to the salt beds of the

Permian salt basin to the east of the mountains. Maps, illustrations, and a

bibliography are included.

Price, P. H., 1952, Geologic field conference in Wayne, Cabell, and Lincoln Counties

[W. Va.]: W. Va. Geol. Econ. Survey, p. 5.

At present there are no salt brine industries in Wayne, Cabell, or Lincoln

Counties. Brines from the Salt Sand of Pottsville age and the Big Injun of Mis-

sissippian age have a specific gravity of 1.08 or more. The Big Injun sand always

yields large flows of salt water when penetrated by drill holes.

Price, P. H., Hare, C. E., McClue, J. B., Iloskins, H. A., 1937, Salt brines of West

Virginia: W. Va. Geol. Surv., v. 8, 203 p.

Gives a descriptive and historic sketch of the brine industry, the geology and

chemistry of production, and many tables of analyses of brine samples from wells.

Price, P. H., and Xolting, J. P., 1949, Salt resources of West Virginia: Am. Inst.

Min. Metall. Eng. Trans. 184, p. 259-263.

Reviews history of salt production from brines that are believed to be connate

waters in marine sediments. The Middle and Lower Pennsylvanian and the Mis

sissippi rocks are the most important containers of brine. The Salt Sand yielded

a heavy brine of 1.1243 specific gravity; Big Lime, 1.1299; Big Injun, 1.1449;

Brown Shale, 1.1617, and the Oriskany a brine of 1.2246 specific gravity. Calcium

saturates the lower horizons. The brine section is calculated to contain 800 million

tons of salt. Rock salt is available only from the Salina (Silurian). The northern

part of the State is underlain by a bed of salt about 100 feet thick. Production is

by solution only. A table of depths to the Salina salt is given.

Prommel, H. W. C, and Crum, H. E., 1927, Salt domes of Permian and Pennsyl

vanian age in southeastern Utah and their influence on oil accumulation:

Am. Assoc. Petroleum Geologists Bull., v. 11, p. 373-393.

Presents explanations of the relation of subsurface saline formations to anti

clinal structures and the stratigraphy of the region. Maps, cross sections, and

other illustrations accompany the article.

Rail, C. G., and Wright, Jack, 1953, Analyses of formation brines in Kansas:

U. S. Bur. Mines Rept. Inv. 4974.

Contains a list of 600 analyses of oilfield waters in which, with other elements,

the amounts of sodium and chlorine are given.

Rankama, Kalervo, and Sahama, T. G., 1950, Geochemistry: Chicago, 111.,

Chicago Univ. Press, 912 p.

This is a voluminous compilation of data on geochemistry containing many

items having particular reference to both sodium and chlorine and to their com

bined form, salt. Subjects such as sea water, evaporation, chemical differentiation

during sedimentation, the alkali metals and the halogens which are of importance

in problems concerning salt are discussed.
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Reidel, J. C, 1951, Ninety percent propane recovery from 50,000-bbl salt reservoir:

Oil and Gas Jour. v. 49, p. 167-168, 236-237.

Describes a reservoir dissolved out of salt for the storage of propane at the

Texas Gasoline Corp. plant in the Benedum field, Upton County, Tex. The top of

the 1,000-foot section of salt is at a depth of 1,290 feet. The first test showed a

recovery of 93.79 percent of the propane stored in the reservoir.

Richardson, G. B., 1904, Salt, gypsum, and petroleum in trans-Pecos, Tex.:

U. S. Geol. Survey Bull. 260, p. 573-585 [1905].

Presents data on the salt lakes in Salt Basin west of the Guadalupe Mountains,

with analyses of some of the salts. Traces of strontium, lithium, and potassium

have been identified, also borax. Mexicans for centuries have come from as far as

Chihuahua to gather salt from these lake flats. Denial of their use without pay

ment caused the Salt War of 1877.

—■—■— 1907, Underground waters in Sanpete and central Sevier Valleys, Utah:

U. S. Geol. Survey Water-Supply Paper 199, p. 8-9.

The Jurassic rocks exposed in Sevier Valley contain lenses of salt and gypsum.

Ries, Heinrich, 1938, Use of sodium chloride in road stabilization: Am. Inst.

Min. Metall. Eng. Trans., v. 129, p. 432-438.

Presents data and explanations for the behavior of salt as a road binder for clay

and soil surfaces.

Rogers, G. S., 1918, Intrusive origin of Gulf Coast salt domes: Econ. Geology, v.

13, p. 447-485.

Gives a critical review of the mechanics of salt-dome formation as evident

from data known at the time. It assumes that salt from unknown depth is

pressed through the overloading sediments toward the surface as opposed to a

contemporary view held by most geologists that the salt was deposited by

ascending waters.

Root, Bradley, 1953, The largest salt mine in the Western Hemisphere: Explosives

Engineer, v. 31, no. 1, p. 49-52, 59.

Describes briefly the mining method and equipment used in the Retsof salt

mine of the International Salt Co., Retsof, N. Y. The article is well illustrated.

Ross, C. P., 1941, The metal and coal mining districts of Idaho, with notes on

the nonmetallic minerals resources of the State; annotated bibliography by

C. P. Ross and M. S. Carr: Idaho Bur. Mines Geology Pamph. 57, 2 v.,

p. 109-110.

Describes briefly the occurrence of salt in the Preuss sandstone in southern

Caribou County. Gives citations to salt, items 110, 406, 457, 565, 625, 726 in

part 2, the Bibliography, volume 2 of this report. Also lists U. S. Geological

Survey Mineral Resources 1882 to 1915 as references to information on salt.

Runnels, R. T., Reed, A. C, Schleicher, J. A., 1952, Minor elements in Kansas

salts: Kans. Geol. Survey Bull. 96, p. 185-200.

Spectrochemical examination of mined salts, brines, and processed salts from

Kansas revealed the presence of celestite, iron, and possibly polyhalite. Elements

identified as present in minute quantity are Si, Al, V, Ti, Mn, Cr, Ca, Sn, Pb,

Zn, and Ag.
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Schaller, W. T., and Henderson, E. P., 1932, Mineralogy of drill cores from the

potash field of New Mexico and Texas: U. S. Geol. Survey Bull. 833, 124 p.

Contains a descriptive list of the minerals found in an examination of the salt

cores obtained in wells drilled into the Permian salt beds of western Texas and

southeastern New Mexico.

Schrader, F. S., Stone, R. W., and Sanford, Samuel, 1917, Useful minerals of trie-

United States: U. S. Geol. Survey Bull. 624, 412 p.

A revised edition of U. S. Geological Survey Bulletin 585 on the same subject.

Lists and describes mineral occurrences including salt by States.

Senior, S. P., Jr., 1929, San Mateo County [Calif.]: Calif. Dept. Nat.Res.,Div.

Mines and Mining., Mining in California, v. 25, p. 253-254.

Describes the San Mateo plant of the Leslie-California Salt Refining Co. on

the west side of San Francisco Bay where salt is produced from sea water by

solar evaporation. The San Francisco Salt Refining Co. also produces salt on

the marsh flats east of Redwood City.

Shoewe, W. H., 1943, Kansas oil field brines and their magnesium content, with

chemical analyses by R. Q. Brewster and Calvin Vander Werf: Kans. Geol.

Survey Bull. 47, p. 37-76.

Gives geographic distribution of oilfield brines and their analyses by strati-

graphic position. Although the emphasis is on magnesium, data on sodium

chloride are adequately presented.

Shrewsbury, R. D., 1946, A theory of the occurrence of salt domes: Oil Weeklyr

v. 122, no. 1, p. 36-39.

Presents largely a speculative view of an origin of salt domes with particular

reference to their possible mode of occurrence in offshore locations.

Silsbee, J. L., 1925, Saline deposits of western Utah: Mining and Metallurgy,

v. 6, p. 425-429.

Describes the operations and developments at Salduro for the extraction of

potash from brines drained from the marsh. Gives representative analyses of the

brine and a review of the economic factors involved. The very superabundance

of salt in the intermountain region where industrial requirements are small makes

production of sodium chloride for other than immediate local use uneconomic.

Sloss, L. L., 1950, Paleozoic sedimentation in Montana area: Am. Assoc. Petroleum

Geologists Bull. v. 34, p. 423-451.

The Middle Devonian in western Montana is reported to contain large deposits

of anhydrite and salt.

Smith, J. A., 1881, Biennial report of the Colorado State Geologist: Salt, p. 34.

"Several large salt springs exist in South Park, some 15 miles southeast of Fair-

play, and some years since works were erected there capable of turning out 10,000

pounds of salt per day. Saline springs of various degrees of strength also exist at

several other points in the State, some of which could be made profitable, but none

of them have been improved, and many are not even claimed. Among the best of

these are springs near the head of Salt Creek, a tributary of the Rio Dolores, which

are so strongly saline as to render the waters of the creek quite briny."
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Smith, R. A., 1914, Nonmetallic minerals; Mineral resources of Michigan: Mich.

Geol. Survey Pub. 19, Geol. Ser. 16, pt. 2, p. 284-289.

Outlines the salt industry of the time. The record shows that most of the salt-

producing areas of the present were then known. Along the shores of Lake Huron

and Saginaw Bay, lumber mills in the early days engaged in salt production by

burning waste sawdust to evaporate the brine obtained from wells. The decline

in lumbering curtailed much of this production.

Snider, L. C, 1913, Gypsum and salt of Oklahoma: Okla. Geol. Survey Bull. 11,

p. 202-214.

Describes the Alfalfa County salt plain, the salt plains of the Cimarron, known

as Big and Little salt plains in Harper, Woods, and Woodward Counties; also those

in Blaine, Beckham, Harmon, and Jackson Counties. The salt plains of the

Cimarron are of historic interest because their salt was widely drawn upon by

explorers and early settlers.

Spooner, W. C, 1926, Interior salt domes of Louisiana, in Geology of salt dome

oil fields: Am. Assoc. Petroleum Geologists, p. 269-344.

Gives a general survey of the geology of northwestern Louisiana, including a

note on exploitation of salt, and a comprehensive description of the Vacherie,

Prothro, Bistineau, King's, Rayburn's, Price's, Drake's, Winnfield, Cedar Creek,

and Coochee Beake salt domes.

1932, Salt in Smackover field, Union County, Ark.: Am. Assoc. Petroleum

Geologists Bull., v. 16, p. 601-610.

Salt was discovered at a depth of 5,974 feet in the Hayes well A-9, sec. 4, T. 16

S., R. 15 W., Union County, Ark., and the drill continued in salt and thin lenses

of anhydrite to 7,255 feet. On the basis of this and other data it is believed that

the Smackover oilfield is on a salt-dome structure.

Stafford, O. P., 1939, Preliminary report upon Oregon saline lakes: Oreg. Dept.

Geology and Mineral Industries Short Paper 1, 4 p.

The Abert, Summer, and Alkali dry lakes of south-central Oregon contain

sodium chloride, sodium sulphate, sodium carbonate, potassium chloride, and

borax. Production and delivery of salt from these lakes to markets along the

Columbia River in competition with imports of solar salt from San Francisco is

not considered likely. The economic production of sodium carbonate and the

other salts from these lakes depends on successful research and better facilities to

meet the competitive market.

Stone, R. W., 1937, Rock salt in Pennsylvania [abs.]: Econ. Geology, v. 32, p. 1072.

Although salt is not produced from deposits in Pennsylvania, large quantities

are available. Fifteen deep wells drilled in 9 counties of western and northwestern

Pennsylvania penetrated beds of salt in the Salina formation at depths of from

2.300 to 7,000 feet. Single salt beds are from 5 to 70 feet thick ; one bed in Erie

County is 15 feet thick; 4 beds in Washington County total 100 feet. Another

test penetrated 22 beds from 6 to 55 feet thick which, with intercalated shale,

represents a 407-foot section.

Stose, G. W., 1911, Geology of the salt and gypsum deposits of southwestern

Virginia: U. S. Geol. Survey Bull. 530, p. 232-255.

Describes the Holston River valley, giving an outline of the stratigraphy and

structure of the rocks. The Maccrady formation, of the Mississippian, contains

salt and gypsum. The gypsum occurs irregularly along an overthrust fault; the
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salt is produced by solution from a depth of 2,000 feet on the east side of valley;

it is shallower on the west. Natural brine seeps indicated the presence of salt

below, which formed the only source of salt for the South during the Civil War.

The author considers the salt and gypsum to be replacement deposits in relation

to the fault.

Stout, Wilber, Lamborn, It. E., and Schaaf, Downs, 1932, Brines of Ohio: Ohio

Geol. Survey, 4th ser., Bull. 37, 123 p.

Covers the history, origin, and stratigraphic succession of the occurrences of

brines and their utilization and distribution by county and formation.

Stow, M. H. 1951, The mineral resources and mineral industry of Virginia:

Advisory Council on Va. Economy, Coram, on Mining Rept., p. 43-44.

Rock salt occurs in association with gypsum in the valley of the North Fork

of the Holston River. The valley extends 30 miles northeastward. No rock

salt is mined in Virginia, but brine is produced by the Olin Mathieson Chemical

Corp. at Saltville. It is believed that exploratory drilling might uncover additional

deposits of salt.

Taft, Robert, 1946, Kansas and the nation's salt: Kans. Acad. Sci. Trans., v. 49,

no. 3, p. 223-272.

Presents a general review of the occurrence of salt, its production and market

ing, with special reference to Kansas.

Taylor, R. E., 1938, Origin of the cap rock of Louisiana salt domes: La. Dept.

Conserv. Geol. Bull. 11, p. 1-183.

Gives a review of the geology, mineralogy, and literature of Louisiana salt

domes. Describes the form and structure of cap rocks. Rejuvenated movement

of the salt core in places may bypass the old cap, giving the impression, on insuffi

cient exploration, that no cap rock is present. Concludes that the anhydrite of

a cap is the same anhydrite as that found in the salt. Considers that ground

water plays an important part in determining the size and composition of the

cap rock.

1955, Field trip to south Louisiana salt domes, in Russell, R. J., ed.

Guides to southeastern geology: New York, Geol. Soc. America, p. 538—548.

Notes that 83 salt domes have been found in southern Louisiana: 27 in the

northern part of the State, 50 in Mississippi, 1 in Alabama, 21 in east Texas, 51

along the Gulf Coast, and 5 in southwest Texas, making a total of 238 for the

Gulf Coast region. Describes the general characteristics of salt domes, their

size, depth, and mineral content, with more detailed data on Avery Island,

Jefferson Island, and Weeks Island salt domes. Contains references and a map

that shows the distribution of salt domes, both inland and offshore.

Teeple, J. E., 1929, The industrial development of Searles Lake brines, with

equilibrium data: New York, The Chemical Catalog Co., Inc., 182 p.

Gives a brief historical outline and the operational development of the chemical

plant for the successful production of the various salts from the Searles Lake

brine. The presentation of equilibria diagrams constitutes two-thirds of the

book.

Todd, J. E., 1909, Description of Aberdeen-Redfield district, South Dakota: U.S.

Geol. Survey Geol. Atlas, folio 165, p. 9.

Saline waters and crusts are found in Salt Lake, Lord Lakes, and their vicinities.

Some shallow wells also yield water too saline for domestic use. The salt is

believed to be teachings from the Pierre shale.
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Trump, E. M., 1947, Mining soluble salines by wells: Am. Inst. Min. Metall.

Eng. Trans., v. 173, p. 223-229.

Outlines the Tully and Detroit methods previously developed to dissolve

bedded salt from depth by solution and shows by description and diagram the

advantages gained in using the Trump plan. In the Trump plan air is forced

down with the water which forms a protective blanket between the salt above and

the water, thus forcing solution of the salt to advance radially from the base of

the well along the floor of the salt bed. By periodically raising the water level

more salt is dissolved, and any impurities contained in the salt falls to the floor

where it is eliminated from subsequent mining and refining operations.

Tucker, W. B., and Sampson, R. J., 1929 [Salines in Riverside County, Calif.]:

Dept. Nat. Res., Div. Mines, Mining in California, v. 25, p. 524-526.

Before the flooding of Salton Sink in 1903 by the Colorado River, salt was

produced from the dry bed by the New Liverpool Salt Co. The salt layer was

reported to range from 10 to 20 inches thick. Salt is now produced by solar

evaporation at the north end of Salton Sea, 6 miles southeast of Mecca. The

present concentration of salt in the water is from 12 to 22 per cent: annual rainfall

1.48 inches, and an evaporation of 87 to 129 inches per year.

Tucker, W. B., Sampson, R. J., and Oakeshott, G. B., 1949, Mineral resources

of Kern County [Calif.]: Calif. Jour. Mines and Geology, v. 45, p. 250.

A brief note indicates that the Long Beach Salt Co. is producing salt from Dry

Salt Lake, 6 miles northeast of Cantil. Industrial salt is recovered from lake

brine by solar evaporation.

Tustin, E. B., Jr., 1946, Salt, the most useful of mineral substances: Calif. Jour

Mines and Geology, v. 42, no. 1, p. 379-383.

Relates some of the early beliefs, superstitions, and biblical customs of ancient

times regarding salt and its place in war and peace. Describes briefly the

present vacuum process of salt production and mentions some of the uses of salt.

United States Bureau of Mines, 1924-31 : Mineral Resources of the United States.

These annual reports are a continuation of those formerly issued by the Geo

logical Survey and contain a chapter on salt, giving statistics on production, con

sumption, prices, uses, imports, exports, and any notable changes in the industry

during the year.

1932-52: Minerals yearbook.

These annual reports are a continuation of those previously appearing under

the title of Mineral Resources of the United States. Each annual report contains

statistics on the production, consumption, uses, prices, imports, and exports^of

salt. New developments in the industry are also noted.

United States Geological Survey, 1882-1923: Mineral Resources of the United

States.

These annual publications contain reports on the geology of salt production

with special reference to statistics of consumption, uses, prices, imports, exports,

and current developments in the industry.

Vaughn, F. E., 1926, The Five Islands, La., in Geology of salt dome oil fields:

Am. Assoc. Petroleum Geologists, p. 356-397.

Includes lucid descriptions and contour maps of each of the Five Islands,

giving a general review of its history, geology, physiography, and paleontology.
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A final summation gives opinions on the age, formation, and lineal orientation of

the five salt domes—Jefferson Island, Avery Island, Weeks Island, Cote Blanche,

and Belle Isle. The domes have long been a major source of salt in Louisiana.

Veatch, A. C, 1899, The Five Islands: La. Geol. Survey, Geol. and Agr.f pt. 5,

Special Rept. 3, p. 209-262.

The article is of value as an historical review of the geology of the Five Islands

and the various interpretations of their origin before the salt-dome concept.

Rock salt was first discovered here in the United States in 1862 (Avery Island).

The salt masses were postulated to be upturned salt blocks.

Names by which the Five Islands have been known are as follows:

Early name Later Names

Belle Iberia dome

Cote Blanche Cote Blanche Island dome

Cote Carline Jefferson Island (Depuys, Millers, Orange)

Grande Cote Weeks Island

Petite Anse Avery Island (Thomas, Salt, Marsh)

Veitch, W. M., 1943, Mining salt beneath the Kansas prairies: Explosives Engi

neer, v. 21, p. 180-182, 198.

Four companies mine salt in Kansas: Morton Salt Co., American Salt Co.,

Carey Salt Co., Independent Salt Co. Salt is produced by both solution and

mining from a bed 8J4 feet thick and at a depth of 600 feet. Mining is done by

the room-and-pillar method. A brief description is given of the solution process

and vacuum refining.

Ver Plank, W. E., 1951, Salines in the Bay area, in Geologic guide book of the

San Francisco Bay Counties: Calif. Div. Mines Bull. 154, p. 219-222.

The major production of salt in California is by solar evaporation. Favored

by climate and natural facilities this method remains economically competitive.

By modernization of refining methods salt of high purity is produced along with

bromine, potassium, and magnesium chlorides from the bittern, when the market

will permit. The raw water is drawn from San Francisco Bay which is only

slightly less salty than the open-sea water (3.40 in comparison with 3.72 percent).

Voskuil, W. H., 1955, Salt, in Minerals in world industry: New York, McGraw-

Hill, Inc. p. 286.

Briefly mentions salt as one of the primary necessities of life as well as of in

dustry, and broadly states the areas of salt production in the United States and

the uses for salt.

Wagner, N. S., 1947, Sodium chloride occurrence near Vale, Oreg.: Oreg. Dept.

Geology and Mineral Industries, Ore.-Bin, v. 9, no. 9, p. 67-73.

Brines were early reported near Vale, Malheur County. To determine the

facts, 9 hand-auger tests were drilled in the clay sediments of the area to a depth

of 31 feet or less. Water samples taken in the wells gave salinities as much as

51,500 parts per million. Wells in the northwest sector of the group were strong

in sulphates, those to the southeast high in sodium chloride. The origin of the

brines remains uncertain. No bromine or iodine was found.

Weigel, W. M., 1938, The salt industry of Louisiana and Texas: Am. Inst. Min.

Metall. Eng. Trans., v. 129, p. 405-422.

Gives a general review of the salt industry in Louisiana and southeastern Texas.
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"Wharton, J. B., Jr., 1953, Jefferson Island salt dome, Iberia and Vermilion Parishes,

La.: Am. Assoc. Petroleum Geologists Bull., v. 37, p. 433-443.

Reports on results of exploration in the last 20 years. Drilling on the south

and southeast sides of the dome has revealed small individual accumulations of

oil in sand with possibilities of finding many more on opposite sides of the dome.

Tbis drilling has made it possible to define the shape of the salt stock to a depth

of 12,000 feet and has disclosed sharply upturned marginal sediments and radial

faulting. The positions of the calcite-anhydrite cap and the sulfur pocket have

been outlined.

Whitlatch, G. I., 1945, Minerals, in Industrial resources of Tennessee; forests,

agriculture, and minerals: Tenn. State Plan. Comm., v. 2, revised ed., p.

90-91.

Although some occurrences of rock salt have been reported, no economically

important bed has been found. Drilled wells have encountered brines from the

Ordovician to Mississippian. Counties from which brines have been produced

are mentioned. Hawkins County, contiguous to Virginia, is suggested as the

most likely place to prospect for salt in Tennessee.

Willard, D. E., 1907, Salt and alkaline waters in lakes, in Story of the Prairies:

Chicago, 111., Rand McNally & Co., p. 154-156, 165.

Explains in simple terms that the mineralized lake waters of North Dakota

are derived from leachings of Cretaceous rocks. The shallow wells generally

yield hard, or alkali-bearing waters; the deep or artesian wells yield soft, or

sodium waters.

Willis, Bailey, 1948, Artesian salt formations: Am. Assoc. Petroleum Geologists,

v. 32, p. 1227-64.

Presents a lengthy discussion of what the author calls an artesian process of

salt-dome formation in which it is postulated that saturated warm water rising

from salt beds through fissures deposit salt and other minerals on cooling, and

by the force of crystal growth enlarge the mass of the salt body.

Wilson, E. D., 1944, Salt—nonmetallics of Arizona: Ariz. Univ. Bull., v. 15, no.

4, p. 43; Ariz. Bur. Mines Bull. 152, Min. Tech. Ser. 41, p. 42.

A small tonnage of salt has been mined from the Camp Verde sulphate deposits

in Yavapai County. Salt also is found in dry marshes along the Salt River,

particularly in the brine seeps at Salt Banks. It is dispersed in the muds of dry

lakes and playas.

Winchell, N. H., 1885, The Humboldt salt well in Kittson County [Minn.]:

Minn. Geol. and Natural History Survey 13th Ann. Rept., p. 41-47.

There are salt springs in the Red River valley in the northwest corner of

Minnesota and adjacent North Dakota and Manitoba. This fact was known as

early as 1823. Wells drilled in the area for stock water gave an overflow of brine.

It is suggested that the source of the salt is in the Devonian, although it may be

in older rocks, or even the younger Carboniferous. The salt springs issue through

openings in the covering sheet of clay.

Wright, A. J., 1953, Economic geography of Ohio: Ohio Geol. Survey, 4th ser.,

Bull. 50, p. 43-44.

Briefly mentions the salt and brine industry in Ohio, stating that salt produc

tion is both the oldest and newest mineral activity because of the rise in chemical



748 CONTRIBtTTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

industries. Anticipates increased production of salt as a companion to abundact

local sources of limestone and fuel which are required for the production of numer

ous chemicals.

Zimmerman, E. W., 1951, World resources and industries: New York, Harper k

Bros., revised ed., p. 784-785.

Comments in general on the production and economic use of salt in the chemical

industry.

Anonymous, 1929, Open pit salt mining in Utah: Eng. Min. Jour. v. 128, p. 814.
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BIBLIOGRAPHY OF NICKEL

By Ethel M. Pratt and Henry R. Cornwall

ABSTRACT

This bibliography of nickel includes articles and books on nickel and repre

sents references available to the authors in Washington, D. C. References are

listed by author, location, and subject. Coverage is probably most nearly com

plete for publications on the geology and ore deposits of nickel, but an attempt

was also made to include all available references on the history, economics,

metallurgy, and other aspects of the nickel industry.

INTRODUCTION

Nickel is found in nature mainly in hydrothermal or magmatic

sulfide deposits and in the lateritic mantle developed by the weather

ing of peridotite. In the sulfide deposits nickel occurs as pentlandite

(Fe, Ni)BS8, associated with pyrrhotite, FenSn+i, and chalcopyriter

CuFeS2. Nickel also occurs in minor amounts in the following sul

fides : Polydymite, millerite, siegenite, bravoite, and violarite. Nickel

is also found combined with arsenic in niccolite, skutterudite, chloan-

thite, gersdorffite, and annabergite ; it is combined with antimony in

breithauptite and ullmannite. The largest and richest sulfide de

posits of nickel are those being mined in the Sudbury district, On

tario, Canada.

Vast nickeliferous laterites are located in Cuba, New Caledonia,

Indonesia, and the Philippines. Most of the laterite in Cuba, the

Philippines, and Indonesia is of the nickeliferous iron type ; the mode

of occurrence of nickel in these deposits has not been determined. The

laterite of New Caledonia and part of that in Indonesia, as well as

smaller deposits in Venezuela and Oregon, are of the nickel silicate

type in which nickel occurs as the hydrous silicate garnierite, the

composition of which is variable.

Nickel was used as a coinage metal in very old times. As an alloy

it has wide use for utensils, hospital apparatus, surgical instruments,

766
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and monel metal. Pure nickel is now also used for domestic appli

ances and for laboratory equipment. Having great tensile strength

and toughness, it is widely employed in the manufacture of steel—it

is popular because of its corrosion resistance. Certain nickel alloys

are used as electrical resistance wires, because of low conductivity.

The salts of nickel are used in nickel-plating baths and to some extent

in ceramics as a coloring agent.

References marked by an asterisk (*) are out of print, but they

can be seen at many public and university libraries. Open-file re

ports and maps can be seen at the Geological Survey Library, Room

1033, General Services Building, Washington, D. C., and at various

field offices whose addresses can be obtained by writing to the Geologi

cal Survey.

U. S. Bureau of Mines book publications can be purchased from

the Superintendent of Documents, Government Printing Office,

Washington 25, D. C. Reports of Investigations and Information

Circulars can be obtained free from the Bureau of Mines Publications

Distribution Section, 4800 Forbes Street, Pittsburgh 13, Pa.
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Beurteau 1876

Jensen 1923, 1936

Lacrolx 1943

Llversldge 1874a, b, 1880

Loverlng 1943

Pelatan 1892

Plroutet 1917

Power 1899

Prlday 1941

Uezi 1940

Weill 1943

North America : Gardner and others 1938

Norway :

Barth 1947

B]0rlykke 1947, 1949

CarsenB 1944

Konlng 1947

Loverlng 1943

Neumann 1944

Oftedal 1948

Pern : del Solar B. 1942

Philippine Islands :

Banning and Anable 1955

Fraschc 1941

Hulln 1950
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Philippine Islands—Continued

Irving and Hulin 1950

Miknml 1944

Pratt, W. B. 1915

Wright, W. S., and Salazar, Arse-

nlo 1955

Poland : Snjkowskl 1936 .

Puerto Klco :

Fettke and Hnbbard 1919

Low 1929

Roumanla : Petrulian 1942

Sardinia : Rossettl 1943

South America :

Davey 1947

Miller, B. L., and Singewald, J. T.

1919

Sweden :

Cronstedt 1755-56

Gavelln 1945

Grip 1942

Lundegardh 1949

Oilman 1945

Switzerland : Olllleron 1946

Turkey : Lorenz 1948

United States of America.

General :

Argall 1895

Austin 1895

Bain 1905

Becker 1888

Behre and others 1948

Blake 1883

Browne, J. R. 1868

Burbank and others 1947

Charleton, A. G. 1894

Clarke, F. W. 1908, 1910

Cumberland 1954

Davis 1951-52, 1956

Dean 1940

Dean and others 1938

Director 1955

Dufour 1956

Egleston 1880-81

Emeny 1938

Emmons, S. F. 1894b

Emmons, W. H. 1917

Eraser 1942

Furness 1930

Glenn 1895

Hess 1919, 1919-34

Hill 1912

Holmes, H. N. 1942

Jackson, C. F. 1939

Kemp 1893

Long and others 1949

Melville and Lindgren 1890

Mosler and Johnson 1943

Pawel 1935

Rousch 1939

Sanford and Stone 1914

Schrader and others 1917

Singewald 1933

U. 8. Bureau of Mines 1932-54,

1941, 1952, 1955a, b, 1956

United States of America—Continued

General—Continued

U. S. Geological Survey 1885-1823

U. S. Geological Survey—Bureano!

Mines 1939

Alaska :

Buddington 1924, 1925

Buddlngton and Chapln 1929

East and others 1948

Holt and Moss 1946

Joestlng 1942

Kennedy 1943

Kennedy and Walton 1946a, b

Kerr, P. F. 1924

Kingston and Miller 1945

Mertte 1937

Overbeck 1918, 1919

Pecora 1942

Pierce 1946

Reed 1937, 1939, 1942

Reed and Coats 1942

Reed and Dorr 1942

Reed and Gates 1942

Traver 1948

U. S. Bureau of Mines 1932-54,

1946, 1948c

Walton and Kennedy 1945

Arizona :

Bastin 1923

Hughes 1893-95

Anonymous 1892-1935, 1940c

Arkansas :

Chapman 1894

Page 1913-14

California :

Aubury 1950

Blake 1858, 1866

Boallch and Castello 1918

Bradley 1938

California Miners' Assoc 1899

California State Mining Bureau

1917-20, 1930-38

Calkins 1916

Castello 1920

Creasey 1946

Donnelly 1935

Eakle 1914, 1923

Graton and McLaughlin 1918

Hanks 1884, 1885, 1886

Hlnes 1942

Hudson 1922

Jackson, A. W. 1886

Jamieson 1905

Logan 1934

Merrill, C. W. 1938

Merrill, F. J. H. 1914

Pabst 1938

Short and Shannon 1930

Tolman and Rogers 1916

Trask 1854

Tucker, W. B., and Reed, C. H.

1939

Turner and Ransome 1898

Anonymous 1892-1935
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United States of America—Continued

Colorado :

Charletoa, Thomas 1893

Colorado Board of Trade of the

Pueblos 1883

Colorado State Board of Immigra

tion 1925

Colorado State Bureau of Mines

1917-18

Cross, Whitman 1884

Emmons, S. F. 1894a

Gale 1907

George 1917, 1927

George and Crawford 1909

Goddard 1940, 1941

Goddard and Loverlng 1942

Hallowell 1883

Headdenm 1908

Henderson 1941

Hillebrand 1883-84, 1888

Ihlseng 1886

Lakes 1883

Lee, H. A. 1901-2

Llndgren 1908

Royal Ontario Nickel Commission

1917

Smith, J. A. 1881-82

SulUvan 1924

Vanderwilt and others 1947

Anonymous 1892-1935, 1942a

Connecticut :

Agar 1930

Cameron, E. N. 1943, 1951

Ewell 1937

Howe 1915

Bice and Gregory 1906

Shalrer 1931

Shepard 1837

Whitlock 1902

Anonymous 1884

Idaho :

Bell, B. N. 1905, 1906-19

Campbell, Arthur 1938

Campbell, Stewart 1924-38

Campbell, William, and Knight, C.

W. 1907

Klrkham and Ellis 1926

Ross, C. P. 1927, 1941

Ross, C. P., and Carr, M. S. 1941

Shannon 1926

Umpleby 1913

Iowa : Keyes 1892, 1893

Kansas : Dewey 1889

Kentucky :

DUler 1886

Fohs 1907

Richardson 1925

Ulrlch and Tangier-Smith 1905

Anonymous 1892-1935

Maine :

Bastin 1908a, b, 1917

Bastln and Smith 1907

United States of America—Continued

Maine—Continued

Llndgren 1933

Merrill, L. H., and Perkins, B. II.

1930

Miller, R. L. 1945

Smith, G. O. 1906

Maryland :

Tyson 1862

Anonymous 1884

Massachusetts :

Crosby 1932

Dennen 1943

Perry and Emerson 1908

Anonymous 1892-1935

Michigan: Lane 1901

Minnesota :

Grosh and others 1955

Schwartz and Davidson 1952

Short and Shannon 1930

Vogt 1923a

Wlnchell 1889

Missouri :

Aaron 1882

Bain and Ulrlch 1905

Broadhead 1874, 1898

Buckley 1904, 1906

Buehler 1907-38

Genth 1857

Hagar 1870

Kenworthy and Kershner 1953

Keyes 1894, 1895

Moore 1932

Nelll 1885

KaBor 1943

Short and Shannon 1930

Swallow 1855

Tarr 1935

U. S. Bureau of Mines and Minerals

Yearbook 1932-54

Anonymous 1892-1935, 1946b

Montana :

Howland 1942

Howland and others 1936

Roby 1949

Schafer 1937

Slnkler 1942

Weed 1912

Nebraska : Barbour 1903

Nevada :

Allsman 1938

Bancroft 1910

Binyon 1948

Carpenter 1929

Ferguson 1939

Bewett and others 1936

Lincoln 1923

Llndgren and Davy 1924

Longwell 1928

Needham and others 1949

Nevada State Bureau of Immigra

tion 1S94
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United States of America—Continued

Nevada—Continued

Ransome 1909

Short and Shannon 1930

Spencer 1917

Spurr 1905

Stuart 1909

Vanderburg 1937, 1940

Whltlock 1902

Anonymous 1892-1935

New Jersey :

Canfleld 1889

Cook 1868

Holmes, K. J. 1946

Falache 1935

Whltlock 1902

New Mexico :

Gillerman and Whltebread 1956

HUlebrand 1888

Jones, F. A. 1908, 19ir,

Lasky and Wootten 1933

Leach 1916

New Mexico 1902

Waller and Moses 1892

New York :

Dufour 1956

Kemp 1895, 1897-98, 1908

Merrill, F. J. H. 1895, 1898, 1903

Whltlock 1902, 1903

Anonymous 1884, 1942e

North Carolina :

Barlow 1906a

Bruner 1896

Emmens, S. H. 1892a

Genth 1862, 1868, 1871, 1891

Green 1952

Holmes, J. A. 1903-4

Hunter and Gildersleeve 1946

Hunter and Mattocks 1938

Ingalls 1892

Keith 1904

Kerr, W. C. 1875

Kerr and Hanna 1888

Lewis 1896, 1921

Pawel 1939, 1943

Pratt, J. H. 1914

Pratt, J. H., and Lewis J. V. 1904,

1906

Ross, C. S., and others 1928

Royal Ontario Nickel Commission

1917

Wurtz 1859

Anonymous 1884, 1892-1935

Oregon :

Austin 1898

Dlller and Clarke 1890

DUler and Kay 1924

Dole and others 1948

Hundhausen 1952

Hundhausen and others 1954

Kay 1904, 1907

Llbbey and others 1947

Mason 1949

United States of America—Continued

Oregon—Continued

Oregon Department of Geology oi

Mineral Resources 1939

Pecora and Hobbs 1942

Pecora and others 1949

Stafford 1904

Anonymous 1942b, 1942f

Pennsylvania :

Fraser, Perslfor, Jr. 1880

Kemp 1895

Knopf and Jonas 1929

Moyd 1942

Phemister 1924

South Carolina : Sloan 1908

Texas: Barnes 1939

Utah : Anonymous 1945b

Virginia :

Flrmstone 1908

Grosh 1949

McGlU 1936

Watson, T. L. 1907

Anonymous 1910

Washington :

Bancroft 1912

Broughton 1942, 1943, 1944

Creasey 1945

Hobbs and Pecora 1941

Hunttlng 1943

Jenkins and Cooper 1922

Lamey 1950

Lamey and Hots 1952

Lupher 1944

Milton 1949, 1950

Patty and Kelly 1945

Shedd 1902

Shedd and others 1922

Smltb, G. O., and Calkins, F. C.

1906

Zapffe 1944

Zoldok 1948

Anonymous 1943a, c

Wisconsin : Behre and others 1943

Venezuela : Davey 1947

U. S. S. R. :

Alesbkov 1941

Barsanov and Pogonya 1947

Bogltch 1939

Edwards 1938

Ginsburg 1936, 1939

Glnsburg and Margollna 19411, b,

1943

Ginsluirg and Ponomarev 1939

Ginsburg and Savelev 1939

Gokoev 1936

Grltsaenko 1944

Karaslk 1946

Karmanov 1937

Kashln and Karsky 1947

Kassla 1936

Kats 1941

Klselev 1938

Korin 1939
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V. 3. 8. R.—Continued

Korovyakov 1948

Kotulsky 1946

Krelter 1933

Krotov 1942, 1943. 1944a,

1948a-c

Krotov and Yanltzky 1943

Kuraev 1937

Lowering 1943

Malyuga 1946

Matvelev 1937

Miropolaky 1942

Monich 1938

Nallvkin 1943

Nikshicha 1933

Nordln 1948

Orlkov 1948

Pervukhin 1939

Kakhmanln 1939

RusBakov 1928

Rntateln 1934

Savelev 1941

Sergiev 1938

Shlmjtin 1953

Smurott 1938, 1939

Stankevich 1938

U. 8. S. R.—Continued

Trubina 1940

Turner 1914

Ulyanov 1935

Urasonv and Bogatsky 1947

Vtakont 1937

Volynsky 1946

Zavarltsky 1937

Zlnovkin 1940

Zontor 1937

Anonymous 1941b

World :

Carlborg 1929

Corbett 1918

Cornwall and Burbank 1952

Elliott and others 1937

Lelth 1935

Loverlng 1943

Mlkaml 1944

Miller, W. 6., and Knight, C. F.

1917

Ontario Royal Nickel Commission

1917

Pervukbin 1939

Stanley 1950

C. S. Bureau of Mines 1957
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Chemical analysis :

Brown and Dey 1955

Clarke, F. W. 1908, 1910

Henderson 1941

Hodgson 19S4

Roger and others 1047

Westwood and Mayer 1951

Wise and Schaefer 1942

Anonymous 1946a, c, d

Economics :

Brown and Dey 1955

Clegs 1044

Cumberland 1954

Davis, H. W. 1951-52, 1956

Fnrne8s 1930

Qlasser 1934

Goodchild 1016

Jhlngran 1054

Lelth 1935

Main 1955

Nekrasoff' 1935

Roble 1925

Saksela, Marttl 1935

D. S. Bureau of Mines 1032-54, 1055

a, b, 1956

U. S. Geological Survey 1885-1923

Anonymous 1942-44, 1045, 1050, 1952,

1953, 1955b

Exploration—Investigation :

Banning and Anable 1955

Binyon 1948

Blake 1868

Brown, E. L. 1947

Buddington 1925

Dadson 1937

East and others 1048

Emeny 1938

Holllday 1955

Holt and Moss 1946

Hundhansen 1952

HundhauBen and others 1954

Jackson, C. F. 1939

Kennedy and Walton 1946b

McMillan and Davis 1965

Mason 1949

Mosler and McHenry 1943

Needham and others 1940

Philippines Bureau of Mines 1055

Pierce 1946

Roberts and Longyear 1918a

Roby 1949

Sberrltt-Gordon Mines, Ltd. 1046

V. 8. Bureau of Mines 1941, 1946

Walton and Kennedy 1945

Wet 1946

Woodbrldge 1911

Exploration—Investigation—Continued

Wotherspoon 1920

Wright, W. S., and Salazar, Arsenlo

1955

Zapffe 1944

Zoldok 1048

Anonymous 1942b

Genesis:

Argall 1805

Austin 1895, 1898

Baldwin 1981

Barlow 1906a

Berg and Frledensburg 1944

Berkey 1918

Browne, D. H. 1906

Cameron, E. N. 1943

Charleton, A. G. 1894

Charleton, Thomas 1803

Chetelat 1947

Coleman 1915, 1917b

Corless 1929

Frasche" 1941

Freeman 1933

Glnsburg and Margoltna 1941b, 194S

Gregory 1908

Halferdabl 1029

Hulin 1920

Hunter and Glldersleeve 1946

Hunter and Mattocks 1938

Ingalls 1802

Jouravsky 1948

Kato and Kobayasi 1944

Korovyakov 1948

Kotulsky 1046

Krotov 1045a, e

Lelth 1015

Lelth and Mead 1911

Packard 1893-94

Razumova 1945

Roberts and Longyear 1918b, c

Ross, C. S., and others 1928

St Clair 1914

8chornstein 1927

Smnroff 1938, 1939

Spencer 1911

Vletter 1955

Geochemistry :

Clarke, F. W. 1910

DeGolyer 1924

Gibson, F. H., and Selvig, W. A. 1M*

Ginsburg and Margoltna 1941a, 1943

Hltchen 1964

Hodgson 1954

Kemp 1897-98

Laevastu and Thompson 1956

Lewis 1921

Lundegardh 1945, 1949
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Geochemistry—Continued

JMalyuga 1946

Pettersson and Rotschi 1932

Reed, J. C. 1937

Host 1940

Scott, Jean, and others 1954

Sujkowskl 1936

Uruzonv and Bogatsky 1947

"Vogt 1923a, b

Wager and Mitchell 1945

Wells 1943

Geology :

Allan 1947

Argall 1895

Aronls 1952

Barlow 1901, 1906a

Barth 1947

Baatin 1908b

Bastln and Smith 1907

Becker 1888

Bell, J. M. 1920

Bell, R. N. 1906-1919

Bell, Robert 1891

Benoit 1892

Berg and Friedensburg 1944

Berkey 1918

Berry 1946

Blnyon 1948

BJ0rlykke 1947. 1949

Blake 1858

Bostock 1930

Broadhead 1874, 1898

Brought on 1943

Brouwer 1929

Browne, D. H. 1906

Buckley 1904, 1906

Buddington and Chapin 1929

Buehler 1907-88

Burrows and Rlckaby 1985

Calkins 1916

Calvache 1944

Cameron, E. N. 1943, 1951

Cameron, J. D. 1893

Canadian Institute Mining and Metal

lurgy 1948

Cech 1946

Cech and Jarmolr 1946

Charleton, A. O. 1894

Charleton, Thomas 1893

Chetelat 1947

Clark, W. B. 187B

Clegg 1944

Coleman 1905a, 1915, 1917b, 1920,

1924, 1926

Collins 1928-35, 1930, 1934-37, 1937

Cook 1868

Cooke 1937, 1944

Cooper 1937

Corless 1929

Creasey 1945, 1946

Davidson 1946

De Ollvelra and Leonardos 1940

Dill er and Clarke 1890, 1924

I Ml lor and Kay 1924

Donnelly 1935

Geology—Continued

Ells 1908

Ewell 1937

Falrbalrn and Robson 1942

Frascbe 1941

Fraser, Perslfer, Jr. 1880

Freeman 1933

Garnler 1867, 1869

George and Crawford 1909

Gill 1951a, b

GUlieron 1946

Glasser 1932

Gregory 1908

Hayes and others 1901

Heurteau 1876

Hlrabayshl and Tadamasa 1942

Hixon 1906b

Hobbs and Pecora 1941

Hodgson 1954

Hoffman 1931

Holmes, J. A. 1903-4

Hore 1912

Horwood 1936a

Hudson 1922

Hughes 1893-95

Hume 1937

Hutt 1946

Idaho Inspector of Mines' Reports

1902

International Nickel Company of Can-

ada, Ltd. 1947

Jenkins and Cooper 1922

Jensen 1923, 1936

Jolllffe 1944

Jouravsky 1950

Kennedy and Walton 1946a

Keyes 1894

Klrkham and Ellis 1926

Knopf and Jonas 1929

Koschmann and Gordon 1950

Kotulsky 1946

Krotov 1943, 1944a

Lakes 1883

Le Bourdeauz 1953

Lelth and Mead 1911

Levat 1887

Longwell 1928

Lupher 1944

Mawdsley 1946

Merrill, L. II., and Perkins, E. H. 1930

Mlckle 1891

Miller, R. L. 1945

Moon 1923

Moore 1930a

Moorehouse 1946

Murashof and Rutstein 1987

Murphy 1946

Nallvkin 1948

New Mexico 1902

Ontario Royal Nickel Commission 191T

Overbeck 1919

Patty and Kelly 1945

Pelatan 1892

Perry and Emerson 1903
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Geology—Continued

Plroutet 1917

Reed, J. C, and Coats, R. R. 1942

Rice and Gregory 1906

Roberts and Longyear 1918b, c

Ross, C. P. 1941

Roush 1939

Rattan 1955

Ratten 1927

Sandefur 1942

Sato and others 1956

Shepard 1837

Sherritt-Gordon Mines, Ltd. 1940-50

Sinkler 1942

Smith, G. O. 1906

Spencer 1911, 1917

Spurr 1905, 1920, 1924

Swallow 1855

Tobelmann and Morgan 1948

Trask 1854

Turner and Ransome 1898

Cezi 1940

Dmpleby 1913

Van Bemmelen 1949

Vaughan and others 1921-22

Vletter 1955

Weed 1912

White 1869-79

Winchell 1889

Wright, J. F. 1926a

Young 1909

Zavarltsky 1937

Zlnorkln 1940

Geophysics :

Galbra 1th 1942

Jones, Gordon 1947

Lee, F. W. 1932

Patty and Kelly 1945

Walton and Kennedy 1945

Wolf and Henderson 1954

History :

Austin 1895

Baldwin 1931

Berg und Frledensburg 1944

Charleton, A. G. 1894

Cronstedt 1755-56

Engstrom 1776

Hadfleld 1899

Hunter and Glldersleeve 1946

Hunter and Mattocks 1938

Ingalls 1892

Mond 1895

Rlchter 1805

Strack 1941

Wadhams 1931

Wlggtn and Co. 1935

Laterites :

Aleshkov 1941

Allen, V. T., and others 1944

Austin 1898

Bartow 1906a

Berg and Frledensburg 1 944

Berthelot 1933

Laterites—Continued

Brouwer 1929

Bruner 1896

Calllere 1936a

Calvache 1944

Carlborg 1929

Caron 1939a, b

Chetelat 1947

Clarke, F. W. 1890

Colvocoresses 1907a, b

Cox, J. S., Jr. 1911

Davey 1947

Davis, W. M. 1918, 1926

Dleckmann and Julius 1925

DUler and Clarke 1890

Dole and others 1948

Dorniole 1949

Fettke and Hubbard 1919

Frasehe 1941

Gamier 1867, 1869, 1878

Glnsburg 1939

Glnsburg and Margollna 1941b

Green 1952

Grltsaenko 1944

Hayes 1911

Hobbs and Pecora 1941

Hunter and Glldersleeve 1946

Hunter and Mattocks 1938

Ingalls 1892

Jubelt 1953, 1954

Kate 1941

Kay 1907

Krotov 1944b, 1945a, b

Kuraev 1937

Low 1929

Macke 1937

McMillan and Davis 1955

Mason 1949

Moraes 1935

Pawel 1939, 1943

Pecora 1942, 1943, 1944

Pecora and Barbosa 1944

Pecora and Hobbs 1942

Pecora and others 1949

Pratt, W. H. 1915

Savelev 1941

Spangenberg 1950

Spencer 1908, 1911

Viskont 1937

Vletter 1955

Weld 1910

Wright, W. S., and Salasar 1955

Anonymous 1942c, d

Metallurgy :

American Society for Testing Materials

1948

Armstrong and Brophy 1947

Badger 1947

Badger and Sweeney 1946

Banning and Anable 1955

Baragwanath and Chatclaln 1945

Barton 1926

Blake 1883

Bray 1941
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Metallurgy—Continued

Bregman 1939

Brenner and Riddell 1908

Brown, M. II., and Delong, W. B. 1947

Campbell, W. 1930

Clarke, F. H. 1950

Clarke, K. H. J. 1941

Colby 1903

Colleran and FothergUl 1954

Cournot 1927

Cournot and Hlltbold 1934

Crawford 1947

Cremer 1954

Dean 1940

Dean and Anderson 1941

Dean and others 1938

Dean and Sllkes 1946, 1947

Dennis 1944b, 1952

Downie 1952

Egleston 1880-81

Forward 1953

Forward and otbers 1948

Fox and Misra 1948

Friend 1947

Gallaher 1945

Gamier 1880

Giiillet 1902, 1912

Gay 1949

Hall 1954

Hart 1921

Hawley 1940, 1941a

Hayward 1952

Hibbard 1915

Hickman and Gulbransen 1948

International Nickel Company of Can

ada, Ltd. 1949

.Tordon and Swanger 1930

Kelley 1935, 1936

Kenwortby and Kershner 1953

Kinsey and Steward 1950

Knickerbocker 1940

Kosting 1930 .

Krlvobok and Oensamer 1931

Kroll 1943

Krupkowskl 1929

Lapin 1942

Lorlng 1942

Luce 1948

MacPherran 1932

Merica 1921a-c, 1929, 1932

Merlca and Waltenberg 1925

Monypenny 1926

Mudge 1943

Nelll 1885

Oldrigbt and Miller 1982

Orlkov 1948

Parsons 1912

Pawel 1943, 1952

Peschard 1925

Pfell 1948

Portevin 1927

Power 1899

Ravltl 1947

Riley 1889

Metallurgy—Continued

Schuabel. 1898

Scfing 1948

Sbelton 1966

Smitb, J. A. 1881-82

Sulman, and others 1914

Teeple 1948

Turnbull 1953

U. 8. National Bureau of Standards

1924, 1950

Voss 1907

Watanabe, Shire 1951

Westwood and Mayer 1951

Wise and Eash 1934

Wise and Schaefer 1942

Anonymous 1884, 1940a, 1941a, 1942g.

1944, 1949d, 1954c

Mineralogy :

Acad. Scl. U. R. S. S. 1942

AlckBeyeva and Godlevsky 1937

Allen, E. T., and others 1912

Barnes 1939

Barsanov and Pogonya 1947

Barth 1947

Berg and Friedenburg 1944

Bertolani 1952

Blshopp 1946

Blake I860

Blancbard 1944

Blondel and Bonden 1936

Bocorth 1946

Bradley 1938

Brldger and Marks 1948

Broughton 1942

Brown, H. S. 1947

Brown, H. S., and Patterson, Claire

1947

Browne, D. II., and Thompson, J. F.

1920

Buddington 1924, 1925, 1944

Calllere 1936a, b

California Miners' Assoc. 1899

Campbell and Knight 1907

Canfleld 1889

Caron 1939a

Carsens 1944

Castello 1920

Clarke, F. W. 1910

Coleman and others 1929

Conti 1941

Cummlngs and Miller 1911

Dadson 1937

D'Arcy 1937

Dennis 1952

Diller 1886

Eakle 1914, 1923

Emmens 1892b

Emmons, W. H. 1917

Faessler 1947

Fenogllo 1952

Fohs 1907

Fraser, H. J. 1942

Fryklund and Hutchinson 1954
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MineraloKy—Continued

Garnler 1878

Gavelin 194S

Genth 1857, 1862, 1868, 1891

George 1917

Ginsburg 1936, 1939

Ginsburg and Ponomarev 1940

Glasser 1904

Glenn 1895

Gokoey 1936

Goll 1937

Graton and McLaughlin 1918

Green 1952

Hawley 1941a, b

Hawley and Hewitt 1948

Hawley and others 1943

Headdenm 1908

Heurteau 1876

Hewett 1948

Hlllebrand 1883-84, 1888, 1899

Hoehne 1940

Holmes 1946, 1947

Horwood 1937

Howe 1914, 1915

Hulln 1929, 1950

Hundt 1939

Hutchinson 1953

Jackson, A. \V„ Jr. 1886

Jamleson 1905

Kins 1941

Keyes 1892

Kiselev 1938

Konlng 1941, 1947

Krleger and Hagner 1943

Lacrolx 1913, 1943

Lapln 1942

Lengweiler 1939

Lewis 1896

Llndgren 1908, 1933

Llversldge 1874a, b, 1880

Melville and Llndgren 1890

Mlchener and Peacock 1943

Mlchener and Yates 1944

Miller, W. G. 1913

Milton 1949, 1950

Mlropolsky 1942

Moraea 1938

More 1939

Moyd 1942

Murphy 1946

Nakano 1933, 1936

Newhouse 1931, 1936

Nlkshlcha 1933

Nininger 1938

Oilman 1945

Palache 1935

Peacock and Dadson 1940

Pelzer 1950

Petrullan 1942

Plepoll 1934

Flmental 1937

Mineralogy—Continued

Pratt, J. H., and Lewis, J. V. 1804,

1906

Rakhmanin 1939

Ramdohr 1951

Rasor 1943

Reed, J. C. 1937, 1939

Richardson 1925

Rossetti 1943

Rost 1940

Sandefur 1942

Sanford and Stone 1914

Satterly 1943

Scholtz 1936

Schornsteln 1927

Scott, H. R. 1913

Short and Shannon 1930

Smith, J. A. 1881-82

Smuroff 1938

Stankevlch 1938

Stappenbeck 1918

Stlllwell 1935

Stlllwell and Edwards 1939

Tarr 1935

Thomas, L. O. 1944

Thomson, Joseph E. 1938

Thomson, Joseph E., and Allen, J. S.

1939

Tolman and Rogers 1916

Urazonv and Bogatxky 1947

Vlnctenne 1943

Vogt 1921, 1923b

Volynsky 1946

Wagner 1924, 1928

Walker 1935

Waller and Moses 1 892

Wassersteln 1942

Watanabe, Manjlro 1924, 1943

Whltlock 1902

Tale 1892

Anonymous 1945d, 1946b

Mining Industry :

Bell, R. N. 1906-19

Bogltch 1939a

Brown, E. L. 1955

Campbell, Arthur 1938

Campbell, Stewart 1924-33

Caron 1939b

Coleman 1913a

Cox, D. M. 1955

Dennis 1944b

Egleston 1880-81

Firmstone 1908

Griffiths 1949

Ihlseng 1886

Imperial Mineral Resources Bureau

1921-25

Kerr, J. E. 1939

McClelland 1954

Maklnen 1938

Moore 1944

National Industrial Conference Board

1949
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Mining Industry—Continued

Pratt, J. H. 1914

Rawlins 1937

Robinson 1936

Seve 1920

Singewald and Miller 1915

Stafford 1904

Stanley 1938. 1946

Thompson, J. F. 1955

Thomson, J. E., and others 1954

U. S. Burean of Mines 1952

White 1923

Tale 1892

Anonymous 1892-1935, 1937a, l<M5e,

1946a, 1950b, 1951a, 1953d

Mining :

Allsman 1938

Balrd and Snelgrove 1953

Baragwanath and Chatelaln 1945

Bell, J. M. 1920

Bell, R. N. 1906-1919

Benoit 1892

BJarlykke 1947

Broughton 1943-44

California Miners' Assoc. 1899

Calvache 1944

Cole, G. E. 1954a

Colvocoresses 1907b

Davis, H. W. 1951-52, 1956

Faleonbrldge Nickel Mines, Ltd. 1928-

50

Gardner and others 1938

Garland 1894

Glasser 1932

Hill 1912

Hoffman, R. D. 1946

Hoffman, R. D., and Hoffman, A. D.

1946

Lincoln 1923

Little 1911

Makinen 1938

Muter 1955

Mutz and others 1953

Page 1918-14

Parker 1930

Pelatan 1892

Ransome 1909

St. Androutsells 1955

Simmersbach 1917

Stewart 1908

Ter Braake 1944

Tobelmann and Morgan 1948

U. 8. Bureau of Mines 1945a, 1947,

1948a

U. 8. Department of Commerce 1949

Vandenburg 1937, 1940

Varley and others 1919

Yale 1892

Anonymous 1938, 1942b, 1943b, 1944,

1949a, 1954a, c-c

Occurrence :

Aronls 1952

Behre, Heyl, and McKnlght 1948

Brown and Dey 1955

Occurrence—Continued

DeGolyer 1924

Flrmstone 1908

Jhlngran 1954

Lamey 1950

Lamey and Hots 1952

Lane 1901

McGill 1936

Matvelev 1937

Sanford and Stone 1914

Satterly 1943

Schrader and others 1917

Schwartz and Davidson 1952

Sloan 1908

Tyson 1862

Whltlock 1903

Anonymous 1910, 1942e, f, 1944, 1946b,

1950a, c, 1953a-c

Petrology :

Barth 1947

Hast In 1917

Berg and Frledensburg 1944

Fraser, H. J. 1942

Glllleron 1946

Horwood 1937

Lacrolx 1943

Moyd 1942

Nlggll 1929

Pratt, J. H., and Lewis, J. V. 1904,

1906

Scholtz 1936

Stankevich 1938

Thomson, Robert 1935

Vayrynen 1938

Vogt 1921, 1923b, 1926, 1927

Wager and Mitchell 1945

Wagner 1924, 1928

Walker 1935

Yates 1938

Production :

Allsman 1938

Bogitch 1939

California State Mining Bureau 1917-

20, 1930-88

Clegg 1944

Cole, G. E. 1953b, 1955a, b

Davis, H. W. 1951-52, 1956

Director 1955

Dufour 1956

Emeny 1938

Gibson, T. W. 1931

International Nickel Company of Can

ada, Ltd. 1924-25, 1948

Jackson, C. F. 1939

Jhlngran 1954

Keyes 1893, 1894, 1895

Moore 1932

Sherritt-Gordon Mines, Ltd. 1940-50

Slmmersback 1917

Stanley 1928, 1935, 1950

Sullivan 1924

Thompson, J. F. 1955

Tobelmann and Morgan 1948

D. S. Bureau of Mines 1932-54, 1945b-

d. 1955b, 1956, 1957



814 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Production—Continued

Young and Baald 1946

Anonymous 1924-50, 1944, 1951c,

1952c, 1954a, b, 1955b

Prospecting :

Brown, H. L. 1947, 1955

Denis 1946

Krotov 1943

Trublna 1940

Sulfides :

Agar 1930

Ahlfeld 1934

Allan, J. D. 1947, 1948, 1950

Andrews 1946

Bancroft 1910, 1912

Barlow 1906b

Bastln 1908a, 1917, 1923, 1989

Bateman, G. C. 1917

Bell, J. M. 1920

Bell, Robert 1891, 1906

Berg and Frledensburg 1944

Blnyon 1948

B]0rlykke 1947, 1949

Blake 1883

Bostock 1930

Browning 1953

Bruce 1933

Bruljn 1945

Buddlngton 1924, 1944

Burrows and Rlckaby 1935

Calkins 1916

Cameron, E. N. 1943

Carlborg 1929

Carlson 1953

Carpenter 1929

Cech 1946

Chlsholm 1949

Cockfleld and Walker 1934

Coleman 1903, 1905b, 1907. 1908,

1912, 1913b

Collins 1930

Cooke 1937

Creasey 1945, 1946

Cross, J. G. 1920, 1922

Dadson 1937

Davies 1955

Dennen 1943

Donnelly 1935

Dresser 1909, 1936

Drybrough 1931

East and others 1948

Faessler 1947

Falconbridge Nickel Mines, Ltd. 1928-

60

Ferguson 1939

Freeman 1933

Fryklund and Hutchinson 1954

Gardner and others 1938

Gavelin 1945

Glnsburg and Margollna 1941b

Glasser 1904

Gregory 1908

Grosh 1949

Sulfides—Continued -- • •'

Grosh and others 1955

Hizon 1906a, b

Hobbs and Pecora 1941

Hoebne 1936, 1940

Holt and Moss 1946

Hore 1912

Horwood 1936a, b, 1945

Howe 1914, 1915

Howland 1942

Howland and others 1936

Hundhausen 1952

Hundhausen and others 1954

Irving and Hulln 1950

Jhlngran 1954

Joestlng 1942

Kashln and Karsky 1947

Kato 1936, 1943

Kato and Kobayasi 1944

Kay 1904

Kemp 1893

Kennedy 1943

Kerr, P. F. 1924

Kingston and Miller 1945

Klnosaki 1935

Knight 1920

Knight and Miller 1917

Kobayasi 1940a, b

Le Bourdals 1953

LeGraye 1940

Llndgren 1933

Lockhead 1952

Low 1930

Mahaffy 1955

Mertle 1937

Mlchener and Yates 1944

Miller, W. G., and Knight, C. F. 1»1T

Monlch 1938

Moore 1930b

Moyd 1942

Murashof and Rutsteln 1937

Needham and others 1949

Nlcholls 1930

Nordin 1948

PhemiBter 1924, 1939

Primmer 1927

Razumovn 1945

Rutsteln 1934

St. Clair 1914

Schwellnus 1935

Sherritt-Gordon Mines, Ltd. 1940-50,

1946

Short and Shannon 1930

Stokes 1907

Stutzer 1908

Tanton 1923, 1935

Thomas, Klrby 1912

Thompson, Phillips 1906

Tolman and Rogers 1916

Traver 1948

Wagner 1928

Wandke and Hoffman 1924

Watson, R. J. 1929

Anonymous 1946b, 1949a-e
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eee

Blank 1938

Brown and Dey 1955

Fox and Misra 1948

GlaHstone and Symes 1924

Humpton and others 1931

Hunt 1934

International Materials Conference

1951

Uses—Continued

Kerr, J. E. 1939

McKay 1927

Moore 1932

Mounce and Fifleld 1950

Sakhanor and Tarasov 1932

Tracy 1918

U. S. Bureau of Mines 1932-54, 1956
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CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

SELECTED ANNOTATED BIBLIOGRAPHY OF ASBESTOS

RESOURCES IN THE UNITED STATES AND CANADA

By Ruth Butler Avery, Mary Lou Conant, and Helen F.

Weissenborn

ABSTRACT

This bibliography of 198 annotated references to asbestos resources in the

United States and Canada lists publications that appeared before January

1956. The alphabetically arranged annotations emphasize the geology, miner

alogy, and origin of asbestos resources. The entries In the bibliography are

cross indexed by geographic areas, geologic and mineraloglc terms, and other

tnpics of interest for research, mining, and prospecting.

INTRODUCTION

Asbestos has been recorded in literature from the days of the Romans,

but it was not mined and used in large quantities until the deposits in

Canada, near Thetford, Quebec, were opened in 1878. The first

asbestos mined in quantity in the United States was from Georgia,

as early as 1894. These discoveries encouraged prospecting and by

the early 1900's many States reported deposits of asbestos.

The first major uses were as fireproofing fabrics; as woven, then

molded brake linings ; and as industrial packing. During World War

II, spinning fibers with low-iron content became of strategic impor

tance. Domestic asbestos production is greatly exceeded by domestic

use, and foreign sources supply most of the ore. This bibliography

contains information on mines, occurrences, and areas geologically

favorable for asbestos in the United States (including Alaska) and

Canada. Its preparation was prompted by an increasing need for

asbestos and the consumption of reserve in asbestos-producing regions.

Asbestos comprises the naturally fibrous forms of the serpentine and

amphibole groups of minerals. The important commercial varieties

are chrysotile of the serpentine group, and crocidolite, amosite, an-

thophyllite, and tremolite of the amphibole group. Picrolite, a colum

nar brittle form of serpentine, has no known commercial value.

817
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Actinolite, a common amphibole, rarely occurs in useful fibrous form.

Paligorskite, also known as mountain leather, mountain cork, mountain

flax, and pilolite, occurs in flexible sheets of interwoven fibers or

as masses of matted fibers ; it has little commercial use.

The asbestiform minerals occur in cross-, slip-, and mass-fiber habits.

Cross fibers are nearly perpendicular to the walls of the veins, whereas

slip fibers range from oblique to approximately parallel to the vein

walls. Mass fibers are diversely oriented, sometimes as radiating

aggregates but commonly as felted masses.

Chrysotile commonly occurs as cross and slip fiber, whereas crocido-

lite and amosite are principally cross fiber, Anthophyllite is commonly

slip fiber and, like paligorskite, occurs also as mass fiber. Tremolite

is ordinarily slip fiber.

Chrysotile, anthophyllite, and tremolite are the only commercial

asbestiform minerals that occur in the United States. Chrysotile is

associated with ultramafic rocks that occur in a narrow belt extending

from Alabama to Maine along the east coast and in another belt from

California to Washington on the west coast. Scattered occurrences

of ultramafic rocks in Texas, Wyoming, Montana, Washington, and

Idaho contain chrysotile. The large commercial chrysotile deposits

associated with ultramafic rocks are in Vermont, but numerous small

deposits have been mined in California. Minor deposits are known

in Maine, Michigan, Montana, Oregon, Wisconsin, and Wyoming. In

Arizona commercial deposits of chrysotile in metamorphosed lime

stone near diabase intrusives are mined ; similar occurrences are known

in New York, California, and Montana. Anthophyllite associated

principally with ultramafic rock is reported in Georgia, Idaho, and

Montana. Tremolite associated with serpentinized peridotite occurs

in California, Maryland, North Carolina, Oregon, Texas, Virginia, and

Washington. In Alaska, tremolite, chrysotile, and paligorskite occur

in ultramafic rocks, but only small quantities have been produced.

Most of the Canadian deposits are chrysotile asbestos associated

with serpentinized peridotite. They occur chiefly in Quebec, Ontario,

and in British Columbia, but deposits are known in the Yukon Ter

ritory, Saskatchewan, and Newfoundland. The important ore bodies

are associated with the ultramafic belts that extend northward from

those in the United States. The eastern belt trends northeast from

Magog, Quebec, through the Gaspe Peninsula, and into Newfoundland.

The western belt trends northward from Princeton, British Columbia,

into the Yukon Territory where it bends sharply and trends southwest

through Alaska. Some chrysotile asbestos is found in limestones of the

Grenville series in southern Quebec.

Canada produces about 60 percent of the world's asbestos, princi

pally from chrysotile deposits in the Eastern Townships of Quebec,
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the Cochrane district of Ontario, and the Cassiar district of north

western British Columbia. The Cochrane and Cassiar districts have

been developed since 1950. Mines in southern Africa, especially those

in Rhodesia, Swaziland, and Union of South Africa, produce about 15

percent of the world's asbestos. These three countries contain the

major sources of crocidolite and amosite; they also produce chrysotile

and anthophyllite. Although the United States consumes about 50

percent of world asbestos production (exclusive of Kussia), it pro

duces only about 4 percent of the world's asbestos. Most of the asbes

tos in the United States is produced from Vermont and Arizona;

California, Georgia, and North Carolina are sporadic producers ; and,

until 1941, Maryland was an important producer. Small quantities

of asbestos have been mined in Idaho, Montana, Oregon, Virginia,

Washington, and Wyoming.

Asbestos is important because of its fibrous character and electric

and thermal nonconductivity. Its various uses depend on the length,

strength, flexibility, chemical and thermal stability, and iron content

of the fibers. The most strategic fibers are those of spinning quality

which have a low iron content. The major source in the United States

is Arizona ; the major source in the world is Southern Rhodesia.

Asbestos may be divided according to use into two major groups :

(a) spinning fiber suitable for textiles, yarn, tape, rope, cord, thread,

and wick, and (b) nonspinning fiber suitable for paper and cement

products, for which uses the fibers are felted. Spinning fibers are of

two types : crudes, which are hand cobbed, and milled fiber. All non-

spinning grades are milled fiber. A few uses for fibers of spinning

quality are yarn for cable wrapping, cloth for fireproof insulation and

friction materials, tape for wrapping and oil wicks, and industrial

filters. Shorter fibers, not of spinning quality, are used in felt, paper,

and millboard for heat insulation and in molded form for brake lin

ings. Increasingly large amounts of short fiber and impure grades

of asbestos are used in composition materials, such as furnace linings,

pipe coverings, siding shingles, and roof and floor tiles.

EXPLANATION OP THE ANNOTATED BIBLIOGRAPHY

The compilation of references, organization of material, and anno

tations for many of the references were done in 1953-54 by Ruth

Butler Avery. Most of the references concerning New England and

Canada were annotated by Alfred H. Chidester, aided by Wallace M.

Cady and Arden L. Albee. Some of the references pertaining to the

Arizona deposits were annotated by Andrew F. Shride, Fred N.

Houser, and William P. Shulhof. The annotations were compiled

and prepared for publication by Mary Lou Conant and Helen F. Weis
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senborn. They are selected from serials published through December

31, 1955.

The principal sources of references are—

Bibliography of North American Geology, 1919-54 : U. S. Geol.

Survey Bulls. 746, 747, 823, 937, 938, 949, 958, 968, 977, 985, 1025,

1035, 1049, and 1054;

Annotated Bibliography of Economic Geology, published semi

annually 1928-55 ; and

U. S. Geological Survey Library, Washington, D. C.

Geologic names listed are those of various authors and do not neces

sarily follow the usage of the U. S. Geological Survey.

The annotated references are listed in alphabetical order by author

(or authors) with full title and publication data.

The references have been selected and annotated with emphasis on

the geology and location of asbestos deposits and prospects. As an

aid to understanding the geology, several papers on the origin of asbes

tos have been included. Articles on the origin of ultramafic rocks

are also included inasmuch as asbestos is closely associated with them

in many places. Work is being done on the synthesis of asbestos

fibers to help supply the demand for some varieties; as a background

for synthesis, studies have been made of the mineralogy. Articles on

both these subjects have been annotated. References which cover

mining and milling technology were excluded unless a description of

the geology or exploration was included. Some older articles that

have been superseded by more recent publications have been omitted.

Newspaper and popularized descriptions are generally omitted. If

several articles on one district, occurrence, or subject exist, only the

more comprehensive ones are annotated.

The index serves as a cross reference between subjects and geog

raphy, and is based on the publications more than on the annotations.

The deposits are indexed under the State or Province in which they

occur. Subject emphasis is on geographic area, source rocks, and min

eralogy ; other topics include world resources, bibliography, prospect

ing, mining and milling methods, classification, production, uses, re

covery, properties, and synthesis.



ANNOTATED BIBLIOGRAPHY

Alcock, F. J.,1947, The Appalachian region, in Geology and economic minerals of

Canada, 3d ed. : Canada Geol. Survey Econ. Geology Ser. 1, p. 137-141.

The Eastern Townships of Quebec have yielded large quantities of cross-fiber

ehrysotile asbestos from serpentinized peridotite in the vicinity of Thetford,

Black Lake, East Brought on. and Asbestos. Northeast of the main mining area

similar serpentinized peridotites occur near Lake Matapedia, Mount Albert, Ser

pentine Mountain, and Port Daniel on the Gaspg Peninsula, but these areas have

yielded no commercial fiber. The serpentinized peridotites and associated py-

roxenites occur as sheets and stocks which are intruded by granites. Cross- and

slip-fiber asbestos occurs in fissure veins as wide as Ji inches in the serpentinized

peridotites. In some cross-fiber veins a single set of fibers extends unbroken

from wall to wall ; in other veins liber extends from both walls, meet

ing at a central fissure that may contain serpentine similar to the wall rock or

magnetite. The walls of the veins are serpentinite that grades quickly into the

partly serpentinized peridotite. The veins may also be grouped as simple fissure

reins or as ribbon veins in which a series of closely spaced parallel fissures are

filled by asbestos. The asbestos is believed to have formed after the intrusion

of the granite, when "vapors" traveling along fissures reacted with the perido

tites, converting them to serpentine and depositing some of the excess material

in fissures as asbestos.

Ambrose, J. W., 1942, Preliminary map, Mansonville, Brome, and Stanstead

Counties, Quebec: Canada Geol. Survey Paper 42-1, scale 1 lnch=l mile.

Geologic map, with marginal descriptive notes, shows several long, narrow

bodies of serpentine [serpentinite] in Precambrian ( ?) and Cambrian ( ?)-Ordo-

vician rocks along Missisquoi Valley. Asbestos occurs in small amounts

throughout the [serpentinite] bodies. "Some ore was quarried from the west

side of the dike one mile south of Mansonville. Cross-fibre % Inch long and slip-

fibre 3 Inches long was seen in fragments on the dump, but the grade appears to

be low."

Anderson, A. L., 1930, The geology and mineral resources of the region about

Oroflno, Idaho : Idaho Bur. Alines and Geology Painph. 34, p. 43-51.

Mass-, cross,- and slip-fiber anthophyllite and tremolite occur in three de-

IK>sits in the Oroflno area, but only mass-fiber anthophyllite has been produced.

Most of the asbestos Is brittle, lacks tensile strength, and is usable for fillers In

millboard, plasters, cements, and paints.

Near Kaiuiah, dikes and lenses of dunite largely altered to mass-fiber antho

phyllite occur In Precambrian schists and gneiss which have been highly meta

morphosed by the Idaho batholith. The deposits are as much as 80 feet wide

and 600 feet long. Some ore has been produced. Near Teakean, narrow ir

regular fissure veins of slip-fiber anthophyllite as much as 18 inches long occur

in lenses and dikes of serpentinized harzburgite in Precambrian schist and

452603—68 2 821
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gneiss. Minor quantities of mass-flber tremolite and talc are present In tb*

altered harzburgites but none of the tremolite has been produced. The Black-

tail deposit consists of sllp-flber anthophyllite veins, 1 to 4 inches wide, In "tal-

cose and serpentine rocks" in the upper part of the Triassic series.

It is believed that the asbestos deposits formed as replacement of ultramifk

bodies, probably dunite or harzburgite, and are products of hydrothennal meta-

morphlsm related to igneous emanations. Geologic map, scale 1 inch=l mile, is

included.

Anderson, A. L., 1931, Genesis of the anthophyllite deposits near Kamiah, Idaho:

Jour. Geology, v. 39, p. 68-81.

Anthophyllite occurs as lenticular bodies of mass-fiber formed by replacement

of olivine in ultramafic Intrusives. The anthophyllite is associated with anti-

gorite, talc, carbonates, and pyrite, and commonly occurs in radiated aggregates.

Deposits are believed to have been formed by hydrothennal metamorphism re

lated to igneous emanations from the Idaho batholith. There has been a small

production since 1909.

Anderson, Eskil, 1945, Asbestos and jade occurrences in the Kobuk River region.

Alaska : Alaska Dept. Mines Pamph. 3-R, 26 p., revised ed.

Asbestos deposits are known on Dahl Creek, Shungnak River, Cosmos Creek,

and Jade Mountain. Asbestos is reported along Wesley Creek and Kogoluktok

Creek.

Massive serpentinite containing chrysotile and tremolite crops out on Asbestos

Mountain near the head of Dahl Creek. Cross- and slip-fiber chrysotile in vein?

as much as 2 inches thick occur in faults. Small quantities of slip fiber were

produced. "High-grade tremolite" has been mined from narrow veins and lenses

in a 100- to 200-foot-wide shear zone.

A peridotite mass on Blsmark Mountain, just west of Shungnak River, con

tains a serpentinite zone as much as 2 miles long. Slip- and cross-fiber chryso

tile occur in the sheared serpentinite. Most of the chrysotile observed was in

float (talus).

The Cosmos Creek deposit consists of a network of cross-fiber veins, most of

which are % to % inch wide, In a band of serpentinite. A zone as much as \i

mile long In the serpentinite contains abundant chrysotile float.

At Jade Mountain, near the head of Jade Creek, a peridotite mass has been

extensively sheared and serpentinized. Minor quantities of cross-fiber tremolite

and chrysotile are common throughout the serpentinite. Throughout a small

area along the eastern side of Jade Mountain, a network of cross-fiber veins

averaging % inch wide fill fractures in the serpentinite. Two geologic maps,

scales about 1 inch=3,000 feet and 1 inch=45 miles, are included.

1947, Mineral occurrences other than gold deposits In northwestern

Alaska : Alaska Dept. Mines Pamph. 5-R, p. 13-15, revised ed.

Pamphlet contains a list of known mineral occurrences of possible economic

importance in northwestern Alaska. Only a brief description, or, if no descrip

tion Is available, a brief record of each occurrence is given. Each commodity is

discussed with reference to the 6 mining precincts of northwestern Alaska.

Asbestos occurrences are known from the Cape Nome, Falrhaven, Koyuk, and

Noatak-Kobuk precincts. Little Is known of occurrences in the first 3 precincts,

but in the Noatak-Kobuk precinct asbestos occurs at California Creek, Dahl

Creek, Cosmos Creek, Shungnak River, Jade Creek, and Hunt River. At Dahl

Creek chrysotile and tremolite slip-fiber as much as 12 inches long occurs in

ultramafic rocks. Chrysotile veins are less than 2 inches wide, whereas tremolite
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veins are as wide as 6 inches. Along Shnngnak River asbestos occurs as fibers

in a "mass of scaly serpentine" float. Most of the asbestos probably occurs as

^liort slip-fiber chrysotlle on the flakes of serpentine.

--Vrbeitstagung "Asbest" [1042], 1944, in Reichsberichte Chemie: Band 1, Heft

2, p. 103-147, 161-181.

Report contains papers on the occurrence, use, and synthesis of asbestos

presented at a convention on asbestos in Dresden in December 1942. Each paper

dealing with asbestos is cited as follows: the author's last name, complete

title in German, followed by an English translation.

Sauerbrey, D. E. : Yorkommen und Verwendung von Asbest. [Occurrence and

use of asbestos.]

Heyl : Bereitstellung, Verteilung und Einsatz von Asbest und -Austauschstoffen ;

Erzeugnisse ffir die verschiedenen Industrien und Verwendungszwecke. [Stock

piling, distribution, and use of asbestos and its substitutes ; products for the

various industries and uses.]

Liidke, Werner: Die wissenschaftlichen Grundlagen der Asbest-synthese nach

dem Yerfahren Dr. Liidke und Eigenschaften des synthetlschen Asbestes.

[The scientific basis of the Liidke asbestos synthesis and properties of syn

thetic asbestos.]

Sitx, G. : Die technlsche Entwicklung der Asbestsynthese nach dem Yerfahren

Dr. Liidke. [The technical development of the Liidke asbestos synthesis.]

Preisser, F. : Asbest in der Asbestzementlndustrie und sein Austausch in Kriegs-

zeiten. [Asbestos in the cement industry and its wartime substitutes.]

Schwab, K. : Asbest als Isolier- und Dichtungsmaterial. [Asbestos as insulation

and packing.]

Krannich, W. : Austausch von Asbest Bei Flachdichtungen ffir Dampf und Was-

ser. [Substitutes for asbestos in flanges for steam and water pipes.]

Abstracts of these articles, in English, may be found in Bibliography of

scientific and industrial reports: U. S. Dept. Commerce, Office Tech. Services,

v. 7, no. 8, PBL 52025, p. 677-679, 1947, and Chemical Abs., v. 41, no. 16, col.

5235-5236, 1947.

Armstrong, J. E., 1940, The ultrabasic rocks of the Fort Fraser map-area (west

half), northern British Columbia: Royal Soc. Canada Trans., 3d ser., v. 34,

sec. 4, p. 21-32.

Discusses distribution and geology of ultramafic rocks in the area, and the

existing theories of origin, mode of emplacement, serpentlnization, and steatitiza-

tlon of the ultramafic rocks. Yeins and veinlets of chrysotlle and picrolite were

observed at some localities. White tremolite schist crops out on Mount Williams.

Geologic map, scale 1 inch = 8 miles, is included.

1949, Fort St. James map-area, Cassiar and Coast Districts, British

Columbia : Canada Geol. Survey Mem. 252, 210 p.

On pages 79-92, Armstrong describes distribution, composition, and geologic

relations of ultramafic rocks and discusses the problems concerning mode of

emplacement and serpentlnization of these rocks. Many bodies of ultramafic

rock, the largest about 80 square miles in area, are shown on the geologic map.

Two occurrences of asbestos are briefly described (p. 136 and 197). At the

head of Van Decar Creek on Mount Sydney Williams numerous chrysotlle veins,

as much as 1% inches wide, occur in serpentinized peridotite. The chrysotlle

is brittle and of poor quality. Two miles northwest of this deposit, 3 veins

of cross-fiber tremolite, each 4 to 10 inches wide, are separated by 200 feet of
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serpentinized peridotlte. Fibers are brittle and are associated with picroKK.

Geologic map, scale 1 inch = 1 mile, Is included.

"Asbestos," 1919-55, Philadelphia, Pa., Secretarial Service.

Contains technical and nontechnical articles and reports pertaining to uk

asbestos industry. Current market conditions and changes in sale prices are

reported. World asbestos export and import figures of the U. S. Bureau of

Census are given.

Asbestos Textile Institute, 1953, Handbook of asbestos textiles : New Brunswick.

N. J., 78 p.

Geology, mining, milling, grading, and processing of asbestos and asbestw

fibers and textiles are discussed briefly. Emphasis is placed on Canadian de

posits although most of the material is general. Descriptions of several asbestos

textile products and the American Society for Testing Materials specification?

and methods of testing these products are included.

Aubert de la Rue, Edgar, 1941, Matapedia Lake area ; parts of the counties of

Matane, MatapMia, and Rimouski : Quebec Bur. Mines Geol. Rept. 9, 40 p.

Ultrainaflc rocks are exposed at several localities in Awantjish Township,

mainly along a hill known as Petit Mont Saint-Pierre, on the northern slope of

the Notre-Danie mountains. These rocks represent a northeasterly prolongation

of the serpentinite belt of the Eastern Townships and are intrusive into Silurian

sediments. Prospecting for asbestos in ultramafic rocks has been carried on in

Awantjish Township in the district just east of La Redemption. Most of the

fiber is brittle picrolite but locally cross-fiber chrysotile as long as % inch occurs.

Geologic maps, scales, 1 Inch = % mile and 1 inch = 4 miles, are included.

Badollet, M. S. See also Faessler, 1947.

1948, Research on asbestos fibers: Canadian Mining and Metall. Bull

v. 41, no. 432, p. 213-216; Canadian Inst. Mining and Metallurgy Trans..

v. 51, p. 131-134.

Research on the strength, composition, length, harshness or softness, filtra

tion characteristics, and mineral associates of asbestos fibers are discussed

with particular regard to the importance of these properties to utilization of

asbestos in commercial products. The value of X-ray and petrographic studies

and knowledge of geology and fiber characteristics of deposits are stressed.

1949, Filterability of asbestos fibers used in wet processes: Canadian

Mining and Metall. Bull., v. 42, no. 451, p. 594-598; Canadian Inst. Mining

and Metallurgy Trans., v. 52, p. 260-264.

Results of filtration studies made on asbestos fibers are described In detail.

Filtration characteristics of different fibers are important in determining fiber or

blend of fiber suitable for certain wet or semiwet manufacturing processes. Soft,

silky fibers are difficult to filter, whereas semiharsh to harsh fibers filter easily.

Article contains tables and graphs showing effects of asbestic fines, water tem

perature, serpentinite fragments, and "crudy fibre bundles" on fllterabilty of

asbestos.

1950, Processing asbestos fibers—Effects upon physical properties : Cana

dian Mining and Metall. Bull., v. 43, no. 461, p. 335-339, 487-491 ; Canadian

Inst. Mining and Metallurgy Trans., v. 53, p. 321-325.

Physical properties of African blue crocldolite, Rhodesian chrysotile, Cana

dian semiharsh chrysotile, Canadian soft chrysotile, and Canadian harsh chryso

tile during willowing are described. The changes caused by wiilowing are
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shown graphically and include "lowering of fibre strength, loss In length,

formation of fines, different degrees of buoyancy, changes in density, increase

in surface area, and a tendency to become more difficult to filter."

liatlollet, M. S., 1951, Asbestos, a mineral of unparalleled properties : Canadian

Mining and Metall. Bull., v. 44, no. 468, p. 237-246 ; Canadian Inst. Mining and

Metallurgy Trans., v. 54, p. 151-160.

Detailed article deals with principal properties of six varieties of asbestos:

actinolite, amosite, anthophyllite, chrysotile, crocldolite, and tremolite. Tables

showing physical properties, solubility, effect of temperature on loss of weight,

combustion analysis of chrysotile, comparison of tensile strength of various

materials, and comparison of approximate fiber diameters are included. Tests

to determine properties are described. Electron micrographs of the various

types of asbestos are also included.

Badollet, M. S., and Streib, W. C, 1955, Heat treatment of chrysotile asbestos

fibers : Canadian Mining and Metall. Bull., v. 48, no. 514, p. 65-69 ; Canadian

Inst. Mining and Metallurgy Trans., v. 58, p. 33-37.

A commercial method was developed whereby the "soft, silky and slimy"

chrysotile fibers can be converted to fibers which have characteristics of natural

semiharsh to harsh fibers. By "flash-heating" the fibers, a part of the molecular

water was removed and some of the magnetite was converted to nonmagnetic

FftOi. Controlled temperature and heating time increases the bulk and sur

face area, and improves the filterability and electrical properties of the fibers ;

tensile strength will, however, decrease slightly.

Bain, G. W. See also Keith, 1932 ; Hess, 1933.

1932, Chrysotile asbestos—II. Chrysotile solutions : Econ. Geology, v. 27,

p. 281-296.

Serpentine in peridotite and dunite masses in Vermont is related to fractures

and constitutes 30 to 100 percent of the masses. Chrysotile asbestos fills frac

tures in serpentinite, peridotite, and dunite. The three processes of vein filling

are serpentinization, conversion of serpentine to talc, and granltization. "Each

is a constant volume change and * * * volume balance is maintained by re

moval of material." Each process is discussed with emphasis on volume and

mass relations. Of the 88 serpentinite masses studied, about 50 percent have

talc at one end of the mass and asbestos at the other. Cross-fiber chrysotile is

concentrated in the least altered rocks, whereas slip fiber is more generally

distributed. Movements of serpentine dissolving solutions and chrysotile de

positing solutions and the chrysotile-talc-serpentine-dunite relations are de

scribed. Solutions seem to have moved from areas of highly altered rocks to

those less altered rocks which have a fracture cleavage vital for chrysotile deposi

tion. The alteration was produced by "silicon acid" solutions derived from

granite intrusions.

1936, Serpentinization of Vermont ultrabaslcs: Geol. Soc. America Bull.,

v. 47, p. 1961-1980.

Report has no specific mention of asbestos occurrences ; however, it contains

sketch maps and describes several ultramafic bodies in which asbestos Is known

to occur. Reviews existing theories of origin and serpentinization of ultramafic

rocks. Bain concludes that in Vermont there are three types of serpentinite : a

red-weathering type of autometamorphic origin, a whitish-weathering type

(verde antique) of tectonic origin, and a much later type formed by weathering.
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Bain, G. W., 1942, Vermont talc and asbestos deposits, in Newhouse, W. H., ed.,

Ore deposits as related to structural features: Princeton, N. J., Princeton

Univ. Press, p. 255-258.

Talc and asbestos deposits occur in partly or wholly altered steeply-dipping

"lens-shaped" masses of saxonite or dunite. The three stages of alteration

which have been recognized are autometamorphic serpentinization, followed by

antlgoritlzation, and then formation of talc and chrysotile deposits. Talc de

posits are commonly found on the "keel," or at one end of the mass, whereas

asbestos deposits generally occur in the serpentinized rocks at the opposite end

of the mass. The asbestos and talc deposits were formed through the reaction

of "alkalic solutions" with ferromagnesian minerals in the saxonite and dunite.

Distribution of the alteration products suggests that the mineralizing solutions

ascended the tectonic axes along which the Igneous rocks were intruded. Sev

eral talc and asbestos deposits are briefly described.

Bain, H. F., 1946, Alaska's minerals as a basis for industry: U. S. Bur. Mines

Inf. Circ. 7379, p. 74-76.

A general description of the properties, market, uses, and sources of asbestos

is followed by a description of asbestos occurrences in the Kobuk River region

about 300 miles northeast of Nome and 150 miles east of Kotzebue. Both chryso

tile and tremolite asbestos are known in the form of veinlets of cross fiber and

as slip fiber along planes of movement in ultramafic rocks of the area. The

most important occurrences are on Dahl Creek where tremolite suitable for use

in acid filters was mined during 1944 and 1945.

Balrd, D. M., Gillespie, C. B., and McKillop, J. H., 1954, Bibliography of the

geology of Newfoundland, 1936-1954; Bibliography of the geology of Lab

rador, 1814-1954 : Newfoundland Dept. Mines and Resources Bull. 36, p. 3-7,

10-12, 14.

The bibliography contains references to 20 reports on asbestos, including one

preliminary report on asbestos-bearing rocks of Newfoundland. Some of the

references are unpublished reports by the Newfoundland Department of Mines.

Material published by outside sources is included. The index contains no

references to asbestos from Labrador.

Baker, C. L. See Sellards, 1934.

Baker, W. G. See Morton, 1941.

Bancroft, M. F., 1922, Lardeau map-area, British Columbia: Canada GeoL

Survey Summ. Rept, 1921, pt. A, p. 107-116.

The geology of the Lardeau map-area, in the Kootenay district of southeastern

British Columbia, is described. At the Asbestos group of claims, on the east

side of the Columbia Hiver northwest of Arrowhead, chrysotile asbestos occurs

in a serpentinlte body that intrudes a series of quartzite, crystalline limestones,

and argillaceous schists. Cross fibers, as much as % inch long, are suitable for

use as a filler. The best quality of slip fiber consisted of fine silky fibers 4

to 5 inches long. PIcrolite is associated with the cross-fiber chrysotile.

Bangs, Herbert, 1946, Asbestos in Maryland : Maryland—Jour. Nat History, v. 16,

no. 4, p. 67-73.

Slip-fiber amphlbole asbestos is associated with pyroxenite and peridotite and

their alteration products. The largest deposit was near Pylesville; however,

some amphlbole was produced from deposits near Coopstown, Dublin, and Wood-

lawn. Small deposits of lower quality fiber occur near Hollofield, Alberton, and
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Parkton. The best domestic fibers for use as chemical filters were obtained

from Maryland. The mill at Pylesville was in operation as late as 1946.

Bannerman, H. M., 1940, Lepine Lake area, Destor Township, Abltibi County

[Quebec] : Quebec Bur. Mines Geol. Kept 4, 28 p.

Narrow veins of cross-fiber and slip-fiber chrysotile occur in bluish-gray ser-

pentinite, which weathers rusty buff. The best development of both types of

fiber is in and adjacent to a shear zone. The richest part of the deposit is about

40O feet wide and 1,000 feet long, in which the asbestos content might be as

much as 5 percent. The cross fiber, generally less than % inch long, has a

maximum length of % of an inch. The slip fiber is as much as 254 inches long.

The asbestos, bluish-gray to olive as seen in place, mills white and fluffy. The

deposit was explored for commercial fiber in 1938.

Barlow, A. E. See also Faribault, 1911.

1910, Some notes on the origin of asbestos : Canadian Mining Inst. Jour.,

v. 13, p. 438-443 [1911] ; Canadian Mining Inst. Quart. Bull., v. 12, p.

113-118.

Chrysotile, a fibrous form of serpentine, forms as an alteration product along

the boundaries and in the fractures of the olivine grains. The volume of the

asbestos-bearing serpentinite is 20 to 35 percent greater than that of the original

1 1 unite, which is the reverse of previous conclusions. Study of the veins has

shown that they grew in direct proportion to the amount of magmatic water

supplied. Barlow suggests that if formed quietly, long cross-fiber asbestos is

produced, but, if violent dislocation occurs, slip-fiber asbestos forms. Picrolite

Is a common constitutent in the slip-fiber asbestos veins.

Bateman, A. M., 1923, An Arizona asbestos deposit: Econ. Geology, v. 18, p.

663-683; discussion by Edward Sampson, 1924, Arizona asbestos deposit:

Econ. Geology, v. 19, p. 386-388.

The author describes in detail a Sierra Ancha asbestos deposit. He ascribes

the origin of asbestos and serpentine in limestone to diabase intrusives and

suggests that chrysotile replaced serpentine. Discussion is based on fieldwork

in the Sierra Ancha district.

Sampson suggests that displacement is more important in chrysotile vein

formation than replacement. Relation of deposits to discordant diabase in

trusions and to stratigraphy is emphasized.

Bates, T. F. See also Nagy, 1952.

Bates, T. F., and Mink, J. F., 1950, Morphology and structure of the serpentine

minerals : Pennsylvania State College, School Mineral Industries Tech. Bept.

3, Proj. NR 081-098, 30 p.

"Studies made of the serpentine minerals with the electron microscope aided

by X-ray and differential thermal analyses suggest that chrysotile crystallizes

as tubular fibers whereas antigorite characteristically has a lath-like or platy

habit. All serpentine specimens examined were found to consist of one or a

combination of the above particle types. By considering serpentine as 1 :1 layer

lattice silicate, the difference in morphology between the two fundamental

varieties, antigorite and chrysotile, is explained through the discrepancy in

dimensions of the opposite sides of the unit cell and the effect of interlayer

bonds. In the case of chrysotile curvature occurs because the opposite faces

of the layer lattice are unequal. It is suggested that replacement of magnesium

by trivalent iron and aluminum in antigorite has the effect of equalizing the
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dimensions of the opposite sides of the same layer and increasing the strength

of the interlayer bonds, thus inhibiting the expected curvature." Chemical

analyses of 29 chrysotile and 15 antigorite specimens are included.

Bates, T. F„ Sand, L. B., and Mink, J. F., 1950, Tubular crystals of chrysotile

asbestos: Science, v. Ill, no. 2889, p. 512-613.

Electron photomicrographs show that synthetic chrysotile crystals are hollow

cylindrical tubes similar to tubular crystals of the clay mineral halloysite.

Tubular crystals may be formed in minerals that have a sheet structure of

the 1 :1 type. In these types adjacent sheets are of different size, and bonding

between structural units is not strong enough to overcome the size discrepancy,

thus allowing adjustments so that adjacent units are compatible. A general

structural analogy exists between the serpentipe and kaolin mineral groups.

Bayley, W. S., Salisbury, R. D, and Kiimmel, H. B., 1914, Description of the

Raritan quadrangle, New Jersey: D. S. Geol. Survey Geol. Atlas, Folio

191, 32 p.

"The talc and asbestos have been quarried from the Franklin limestone at the

northeast end of Jenny Jump Mountain, where they were developed along

sllckensides and shear zones in the limestone, not, however, in sufficient quantity

to make the deposit of economic value."

Beckwith, R. H., 1939, Asbestos and chromite deposits of Wyoming: Econ.

Geology, v. 34, p. 812-843 ; Wyoming Geol. Survey Bull. 29, p. 812-S43.

Summarizes the geology of asbestos and chromite deposits In Wyoming. All

deposits are of Precambrian age occurring in lenses of serpentlnite, which are

from 50 feet to several miles across. Chrysotile occurs both as cross fiber and

slip fiber. Ten deposits are described. Geologic maps of 5 deposits at scales

ranging from 1 inch=900 feet to 1 inch=3,5O0 feet are included. Briefly dis

cusses the brittleness and harshness in chrysotile.

Beeler, H. C, 1911, Asbestos deposits of Casper Mountain, Wyo. : Colo. School

Mines Mag., v. 1, no. 10, p. 5-9 ; no. 11, p. 5-9.

Author predicts that Wyoming will be a large asbestos producer in the future.

Cross-fiber chrysotile, with some slip fiber, is found in serpentinized dunite,

which occurs with granites and schists. Many fibers are from % to 1 Inch

long.

Bell, Fred, 1955, Asbestos mining in northern British Columbia : Mining Cong.

Jour., v. 41, no. 5, p. 45--17.

Discovered In 1949, active work at the Casslar mine was started in 1952;

production started in 1954, during which 140,000 tons of ore were produced.

Mining can usually be carried out from June to September. In this area

argillites, shales, limestones, and quartzites are intruded by granite and basic

igneous rocks. Cross-fiber chrysotile occurs In the basic rocks that have been

altered to serpentlnite. Most of the reserves are in tains. Much of the fiber

is of spinning grade.

Benson, W. N., 1918, The origin of serpentine, a historical and comparative

study : Am. Join-. Sci., 4th ser., v. 46, p. 693-731.

Discusses the general problem of serpentinization of ultramafic igneous rocks,

including several references to origin of chrysotile asbestos. Historical develop

ment of theories of serpentinization are summarized ; characteristics, textures,

structures, and composition of serpentlnite bodies throughout the world are
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reviewed. Benson concludes that large chrysotile- and antigorite-bearing

serpentinite masses were derived from Intrusive peridotite, and that "In some

cases" hydration and carbonation were produced by magmatic waters derived

from the "same magma that produced the peridotite." Serpentinization gen

erally occurred after considerable differentiation of original magma, but be

fore the end of orogenic cycle. Formation of serpentine through action of

ground water seems improbable. Unaltered peridotite core of the mass com

monly is surrounded by an Inner zone of serpentinite and an outer zone of talc

and carbonates.

Billings, M. P. See Chldester, 1951.

Birch, R. W. [1955?], Wyoming's mineral resources: [Laramie?] Wyoming Nat.

Resource Board, p. 85-87.

Report summarizes the mineral resources of Wyoming. Deposits and re

ported occurrences are listed by county under each commodity, and the loca

tion and geology of each occurrence are given where known. Chrysotlle and

amphibole asbestos deposits are found In Converse, Fremont, Natrona, and

Felton Counties, some of which may have economic possibilities. Asbestos is

reported In Albany, Carbon, Crook, Laramie, Platte, Sheridan, and Washakie

Counties.

Rostock, H. S., 1948, Preliminary map, McQuesten, Yukon Territory: Canada

Geol. Survey Paper 48-25, p. 9, 12, scale 1 lnch=2 miles.

Geologic map with descriptive text. Chrysotile fibers, as much as 1 inch long,

have been found in a serpentine body in White Mountains.

Bowen, N. L., 1927, The origin of ultra-basic and related rocks: Am. Jour. Sci.,

5th ser., v. 14, p. 89-108.

Report deals indirectly with the origin of asbestiform minerals of the serpentine

group but is concerned primarily with the origin of ultramaflc rocks.

Through examination of the composition of aphanitic rocks, Bowen concludes that

magmas of ultramaflc composition do not exist, and that ultramaflc rocks form

by crystal accumulation from a less mafic magma.

Bowen, N. L., and Turtle, O. F., 1949, The system MgO-SIOi-H.0 : Geol. Soc.

America Bull., v. 60, p. 439-460.

Reports the results of a laboratory study of the stability relations of minerals

in the system MgO-SiOi-HiO at pressures as much as 40,000 lbs/in.* and tempera

tures as high as 1,000°C, with a discussion of the significance of the results as

applied to the problem of the origin of ultramaflc rocks and the processes of

serpentinization and steatitization. The upper temperature limit at which serpen

tine is stable is about 500°C ; forsterite is stable in the presence of water vapor

at all pressures and at temperatures a little more than 400°C. Under the condi

tions of the experiment (no aluminum in the system), chrysotile was the only

serpentine mineral formed. It is shown that a dunltlc magma containing large

amounts of water cannot exist below 1,000°C and probably cannot exist at all.

A hypothesis of solid intrusion is proposed for ultramaflc rocks.

Bowles, Oliver. See alto U. S. Bureau of Mines, 1952.

1934, Asbestos—domestic and foreign deposits : U. S. Bur. Mines Inf. Circ

6790, 29 p.

The first of three general reports on the asbestos Industry gives summary infor

mation on domestic and foreign distribution of asbestos deposits.

452603—68 8
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Bowles, Oliver, 1935a, Asbestos—general information ; U. S. Bur. Mines Inf. Circ.

6817, 21 p.

The second of three general reports on the asbestos industry contains data on

the varieties of asbestos, mode of occurrence, physical and chemical properties,

uses, mining methods, world production, and political and commercial control.

Tables showing world production, consumption, exports, and Imports are included.

1935b, Asbestos—milling, marketing, and fabrication: U. S. Bur. Mines

Inf. Circ. 6869, 26 p.

The third of three general reports on the asbestos industry includes data on

the classification of fiber, domestic and foreign milling methods, marketing, and

fabrication of asbestos products. Tables show current classification of fiber,

quantity and value of asbestos products manufactured In the United States, and

the current prices of several asbestos varieties.

1955a, The asbestos industry : U. S. Bur. Mines Bull. 552, 122 p.

Comprehensively covers nearly all aspects of asbestos. Deposits of the world

are described with emphasis on the United States. Selected topics discussed

are varieties and composition, origin, occurrence, physical and chemical prop

erties, history, uses, production, world reserves, controls, prospecting, mining

and milling methods of the principal producers, classifications, markets, prices,

substitutes, beneflclation, synthesis, and manufacture of products. Geologic

map (1 in.=2 mi.) of Quebec Asbestos region and location maps of major world

asbestos deposits and of Gila County, Ariz., deposits are included.

1955b, A new asbestos development In Quebec : Asbestos, v. 37, no. 5,

p. 4, 8.

Eastern Asbestos Co., Ltd., is exploring and developing a deposit north of

Buckingham in Paplneau County, Quebec. Cross-fiber chrysotile veins as much

as % inch wide occur in 4 serpentlnized zones in Grenville limestone. Asbestos-

bearing zones parallel the limestone bedding and are more persistent than

similar deposits in Arizona. Origin of serpentine and asbestos has not been

determined. This asbestos can be used for electric insulation because of its

low iron content and for filtration because of its purity and white color. There

seems to be no brittle or harsh fiber.

Bowles, Oliver, Currier, L. W., and Waggaman, W. H., 1948, Asbestos in U. S.

Bureau of Mines and U. S. Geological Survey, Mineral resources of the

United States : Washington, D. C, Public Affairs Press, p. 61-62.

The characteristics and uses of different varieties and grades of asbestos

are summarized. The principal world sources are enumerated. Occurrences of

chrysotile are known in many States of the United States, but Vermont and

Arizona are the only consistent producers. Vermont is by far the largest

producer and contains substantial reserves of nonstrategic asbestos.

Brandenberger, B., Epprecht, W., and Niggli, F., 1947, Serpentine minerals and

their synthesis : Helvetica Chlmica Acta, v. 30, p. 9-14 ; abs., Chem. Abs., v.

41, no. 9, col. 2661, by Cyrus Feldman.

"The most workable chrysotiles are those having the greatest degree of par

allelism among the fibers and the lowest degree of unification of structural units

Into crystals. The structure, hydration-denydration behavior, and previous

attempts at hydrothermal synthesis of the serpentines are reviewed briefly.

Preliminary experiments Indicate the possibility of synthesizing chrysotile at

temperatures under 500 degrees and pressures under 300 atm."
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British Columbia Department of Mines, 1951, Structural materials and indus

trial minerals : British Columbia Dcpt. Mines Ann. Rept. 1950, p. 207-217.

According to B. T. O'Grady, serpentinized peridotite and augite porphyrite

intrusives occur in a belt as much as 8 miles long in the McDame Creek area,

northwest British Columbia. Chrysotile veinlets occur throughout the serpen

tinized rocks, and amphibole asbestos is more abundant along the margins of

the serpentinite. In the Rugged Group of claims, a zone some 900 feet long and

450 feet wide, contains as much as 5 percent chrysotile. The fibers are of spin

ning grade. Asbestos "fluff" is abundant in the talus.

The geology of the Asbestos, I. X. L., and Acme claims in southeastern

British Columbia is described by J. W. McCammon. In this area, a north-

trending, 300- to 700-foot-wide, basic dike altered to serpentine and talc intrudes

sedimentary rocks. Cross-fiber chrysotile veinlets as much as % inch wide

are erratically scattered through the serpentine. Slip-fiber chrysotile as much

as 8 inches long occurs in small shear zones in the serpentine. The asbestos

content of the rocks ranges from "1 to 3 percent with selected areas running

higher." Tests of the fibers indicate they would be suitable for use in manu

facture of asbestos board. Two analyses are given. Geologic maps, scale

1 Inch =150 feet and 1 inch=800 feet, are included.

1952, Structural materials and industrial minerals: British Columbia

Dept. Mines Ann. Rept. 1951, p. 208-214.

According to J. W. McCammon, the Heli and Copter claims, in northwestern

British Columbia, have harsh short cross-fiber chrysotile In serpentine. Chryso

tile and Olivine property, on Mount McDame, has veinlets of cross-fiber chrysotile

in serpentine. Fibers are commonly less than % Inch long ; wider veinlets have

central parting which reduces the fiber length.

Cassiar Asbestos Corp., Ltd., north of Mount McDame, has asbestos in ser

pentine, exposed in west limb of a syncline. Best fibers are found in talus piles

more than 6 feet deep. Scattered masses of serpentine to the east may contain

small amounts of asbestos.

Geologic maps, scales 1 inch=4,500 feet and 1 lnch=600 feet, are Included.

1954, Structural materials and Industrial minerals: British Columbia

Dept Mines Ann. Rept. 1953, p. 181-184.

Mining developments of Cassiar Asbestos Corp., Ltd., are summarized by J. W.

Patterson.

According to J. W. McCammon, veinlets of cross-fiber chrysotile occur In

narrow zones within an elongate mass of serpentinite on the P. II. claims in

southern British Columbia. The fibers, ',&> to '/> Inch long, are "fairly harsh"

and have good strength. The fiber content appears to be low.

In southeastern British Columbia the occurrence of irregular lenses (1 to 10

ft long) and cross-fiber veins (Vt In. to 27 In. wide) of anthophylllte In an

Irregular mass of dunite on the Pedro, Sunshine, etc. claims is described by

J. W. McCammon. The anthophylllte occurs as fibers as much as 10 Inches long

In "hard, woody-looking chunks," as sheaflike clumps, and as powdery aggre

gates. Geologic map, scale 1 inch=l,400 feet, is included.

Development work on Sprout Mountain at the Asbestos, I. X. L., and Sldmouth

claims is described by J. W. Peck.

Butler, G.M. Bee Wilson, 1928.
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Byers, A. R.t and Dahlstrom, C. D. A., 1054, Geology and mineral deposits of the

Amisk-Wildnest Lakes area, Saskatchewan: Saskatchewan Dept. Mineral

Resources, Geol. Br. Rept. 14, p. 135-137.

Cross-fiber chrysotile occurs in narrow veinlets cutting serpentinized peridotite ;

slip fiber occurs along walls of faults in serpentinite and altered gabbro. There

has been some prospecting at Ruth Lake, Cable Lake, and Mosher Lake, where

fiber lengths range from % to % inch, and make up as much as 12 percent of the

rock. Geologic map in 8 parts, scale 1 lnch=% mile, is included.

Cady, W. M. See Chldester, 1951.

California Bureau of War Minerals Production, 1942, Asbestos in California:

California Dept. Nat Resources, Bur. War Minerals Production Bull. 12,

27 p.

A brief summary is given of asbesttform minerals, their mode of occurrence,

guides for evaluating asbestos deposits, methods of testing, and uses of asbestos.

Location and description of 12 asbestos occurrences in California are given.

Cross- and slip-fiber chrysotile, anthophyllite, and tremolite occur as veins in

serpentinite, and at contact of serpentinite bodies. Some tremolite occurs as

veins In sheared and fractured limestone and in "basic dikes." Commerical

possibilities of each occurrence are discussed.

California Division of Mines, 1950, Asbestos: Mineral Inf. Service, v. 3, no. 9,

p. 5-8.

Gives general Information on California asbestos and briefly mentions develop

ments in scattered asbestos deposits in Calaveras, Nevada, San Benito, Monterey,

Riverside, Napa, Shasta, and Placer Counties. Production and prices for 1948

are included for Canada and California.

1951, California mineral fillers : Mineral Inf. Service, v. 4, no. 12, p. 1.

Brief article contains general Information about California asbestos with em

phasis on 1951 activity. Occurrence of chrysotile discovered in the Panamint

Mountains, Inyo County. Philip Carey Manufacturing Co. began to drill deposit

near Washington, Nev. A small deposit in southern Trinity County is noted.

Only California production in 1951 was from Stock Mine in Shasta County,

from which Powhatan Mining Co. shipped 44 tons of tremolite.

California Journal of Mines and Geology, 1932-55: San Francisco, Calif.

Quarterly publication, generally In two parts, one topic a mineral commodity,

the other a survey of mineral resources of a county. The following volumes have

notations of asbestos : v. 31, p. 264 ; v. 32, p. 226 ; v. 34, p. 207 ; v. 35, p. 112 ;

V. 37, p. 16, p. 378 ; v. 38, p. 14 ; v. 39, p. 85, p. 508 ; v. 41, p. 158 ; v. 43, p. 47,

p. 117, p. 418 ; v. 44, p. 168, p. 354 ; v. 45, p. 49 ; v. 46, p. 285 ; v. 48, p. 108 ; v. 49,

p. 132, p. 155 ; v. 50, p. 203, p. 650. The serial first was published as the Report

of the State Mineralogist, 1880-1931, the following reports noting asbestos:

v. 14, 15, 16, 17, 18, 20, 21, 22 ; v. 23, p. 6 ; v. 25 p. 63, p. 154, p. 216, p. 306, p. 340,

p. 499 ; v. 26, p. 91, p. 296 ; v. 27, p. 26. In California, asbestos occurs as antho

phyllite, chrysotile, and tremolite associated with large serpentinite masses in

the Pacific Coast Range, Klamath Mountains, and Sierra Nevada, and with

dolomite and syenite in the Panamint Mountains of Death Valley.

Canada Geological Survey, 1948, Geological map of British Columbia, Map 932-A,

2 sheets, scale 1 inch=20 miles.

Map, with descriptive notes, shows the distribution of ultramafic rocks in

British Columbia. Recent discovery of commercial deposits of chrysotile as-
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bestos in northern British Columbia indicates the possibility of other commercial

deposits in some of these bodies of nltramafic rock.

Carlson, D. W., and Clark, W. B., 1954, Mines and mineral resources of Amador

County, California : California Jour. Mines and Geology, v. 50, p. 203.

Amphibole and chrysotile asbestos occur in or near massive serpentinlte bodies.

No recorded production since 1909. Amphibole asbestos prospects are near

Jackson.

Carr, M. S. Bee Ross, 1941.

Chawner, W. D. Bee Hess, 1933.

Chidester, A. H., Billings, M. P., and Cady, W. M., 1951, Talc Investigations in

Vermont, preliminary report : U. S. Geol. Survey Circ. 95, 33 p.

Classification, characteristics, and origin of ultramafic rock bodies and their

alteration products are briefly discussed. Detailed locations are given for 145

places at which ultramafic rocks are known or reported. Brief descriptions of

the geology are given for 29 localities ; talc is being mined at four localities and

asbestos at one. Talc has been mined at many other localities. Asbestos pros

pects at several northern localities, particularly 9, 18a, 18b, 18c, 19, and 20, are

shown on the map (scale 1 in.=10 mi.) of ultramafic rocks.

Chidester, A. H., Stewart, G. W., and Morris, D., 1952, Geologic map of the Barnes

Hill talc prospect, Waterbury, Vt. : U. S. Geol. Survey Mineral Inv. Field

Studies Map MF-7.

Chrysotile asbestos, both cross-fiber and slip-fiber, occurs locally in small

quantities in the ultramafic body at Barnes Hill. The ultramafic body is 1,600

feet long by a maximum of 360 feet wide.

Clrkel, Fritz, 1910, Chrysotile asbestos, its occurrence, exploitation, and uses:

Ottawa, Canada Mines Branch, 2d ed., 316 p.

Chapter topics are—historical, physical and chemical properties of asbestos,

and summary of asbestos minerals ; Canadian serpentine areas ; productive ser

pentine range; quarrying asbestos; dressing of asbestos for market, summary

of principles in the separation of asbestos, general features of the mills in the

district ; cost of extraction, market, prices, statistics and status of asbestos in

dustry ; asbestos mines and prospects ; asbestos in foreign countries ; commercial

application of asbestos ; bibliography. Analyses and maps, at scales of 1 inch=

about 20 miles to 1 inch=l mile, are included.

Clark, W. B. See Carlson, 1954.

Coats, R. R., 1944, Asbestos deposits of the Dahl Creek area, Kobuk River dis

trict, Alaska : U. S. Geol. Survey open-file report, April 6, 1944, 5 p.

Asbestos deposits near the head of Dahl Creek, a tributary to the Kobuk River,

near the village of Shungnak, are associated with an altered stock of ultramafic

rock which Intrudes schist and limestone country rock. The ultramafic rock is

altered principally to massive and schistose serpentine. Slip-fiber chrysotile,

In layers as much as 3 inches thick and made up of fibers as much as 10 Inches

long, occurs in Irregular faults which cut the serpentine. Cross-fiber chrysotile,

as much as % inch long, fills Joints in the serpentine. Locally a large proportion

of the ultramafic rock contains veinlets of pale-green chlorite which enclose

lenses of serpentine. No asbestos was seen in rock of this type. A third phase

of the ultramafic rock, consisting of interlaced fibers of tremolite, is referred to

as nephrite because of its close resemblance to the nephrite variety of Jade.

Tremolite asbestos, confined to bodies of nephrite, occurs on Asbestos Mountain
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as float apparently derived from a vein or veins of asbestos. In one place a

vein, ranging from 2 to 6 Inches in thickness and containing fibers as much as

1.8 feet long, was found in place. Geologic map, scale 1 : 24,000, is included.

Comeforo, J. E. See also Kohn, 1955.

Comeforo, J. E., and Kohn, J. A., 1954, Synthetic asbestos investigations, I.

Study of synthetic fluor-tremolite : Am. Mineralogist, v. 39, p. 537-548.

"A study of synthetic fluor-tremollte by X-ray and optical methods was con

sidered basic to research on fluor-amphiboles as potential substitutes for

asbestiform minerals.

"A review and critique of previous syntheses is given, together with earlier

optical and X-ray data on both natural hydroxy- and synthetic fluor-tremolite."

Optical determinations were made on chemically analyzed synthetic fluor-tremo

lite. "The values were compared with those for natural hydroxy-tremolite.

On an X-ray powder pattern of synthetic fluor-tremolite, all resolved maxima

were indexed up to 76° 20." The monoclinic cell dimensions of the mineral were

obtained. "A comparison was made with the values for natural hydroxy-

tremolite. Goniometric measurements on well-formed single crystals of syn

thetic fluor-tremolite gave values in agreement with the calculated figures.

Single-crystal X-ray patterns (rotation and Welssenberg) were made."

Connolly, J. P., and O'Harra, C. C, 1929, The mineral wealth of the Black

Hills : South Dakota School Mines Bull. 16, p. 340.

Weathered cottonlike asbestos has been found in Custer and Lawrence Coun

ties. The occurrence in Lawrence County has been prospected but not worked.

Fibers as much as 4 inches long have been found.

Cooke, H. C, 1931, Thetford map-area, Quebec: Canada Geol. Survey Summ.

Eept, 1930, pt. D, p. 1-14.

Most of report is description of general geology and discussion of the strati-

graphic succession. Perldotite masses crop out at or near the summits of the

major anticlines, into which they were intruded. Asbestos deposits of Thet

ford occur at the intersection of an anticlinal cross fold with a major anticline,

suggesting a possible structural control.

1935, The composition of asbestos and other fibers of Thetford district,

Quebec : Royal Soc. Canada Trans., 3d ser., v. 29, sec. 4, p. 7-19.

Analyses of cross-fiber chrysotile asbestos and of other fibrous forms of

serpentine are presented. Six samples of cross fiber, obtained from six local

ities, are representative of different commercial grades of fiber. Care was

taken, In preparing the samples for analysis, to remove impurities and avoid

contamination. Analyses are recalculated Into terms of "mineral molecules,"

and the chemical composition and "mineral molecule" composition of the fibers

are correlated with physical properties. High-silica and low-water content are

concluded to Induce harshness of fiber.

1937, Thetford, Disraeli, and eastern half of Warwick map-areas, Quebec :

Canada Geol. Survey Mem. 211, 160 p.

Distribution of ultramafic rocks is shown on five geologic maps. On pages

59-75, Cooks discusses distribution, geologic features, and mode of origin of

ultramafic rocks.

On pages 86-140, Cooke discusses distribution of asbestos deposits and geologic

features of asbestos, with many detailed sketches, tables of measurements, and

chemical analyses.
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Cooke concludes (p. 139-140) that "injection of heated waters or vapours"

into fissures brought about serpentinlzation of the peridotite, and that excess

material carried from the peridotite into the fissures during serpentinlzation

was "deposited as asbestos." Geologic maps (scale 1 ln.=l mi.), many diagrams

and sketches, and an extensive bibliography are included.

Cooke, H. C, 1947, The Canadian Shield, in Geology and economic minerals of

Canada, 3d ed. : Canada Geol. Survey Econ. Geology Ser. 1, p. 11-97.

North and east of Ottawa several small bodies of serpentinite in rocks of

Grenville series contain asbestos veins. Attempts to mine the asbestos which

"is of high quality, low in iron" have been unsuccessful. In western Ban-

nockbnrn Township, Ontario, asbestos veinlets in a fault zone at contact of

rhyolite and serpentinized peridotite has been prospected. No production was

reported.

Bast of Actinollte Village, Hastings County, Ontario, large bodies of actinolite

in altered basalt or greenstone have been mined.

1950, Geology of a southwestern part of the Eastern Townships of Quebec :

Canada Geol. Survey Mem. 257, 142 p.

Distribution and geologic relations of the ultramaflc rocks are discussed on

pages 99-100 and are shown on the geologic map (scale 1 in. =2 mi.). Ultra-

mafic rocks occur throughout a belt, rarely more than 2 miles wide, that trends

northeast from the United States border to near Shlpton Pinnacle.

On pages 135-136 the 7 localities within the mapped area at which prospecting

for asbestos has been carried out are listed. None has been exploited com

mercially (1950).

Cooper, J. R., 1936, Geology of the southern half of the Bay of Islands igneous

complex : Newfoundland Dept. Nat. Resources, Geol. Sec. Bull. 4, 62 p.

Chrysotile asbestos, as tiny cross-fiber veins, is widespread among the serpen

tinized rocks of western Newfoundland. Deposits west of St. George's Lake

and in the Bluff Head-Lewis Brook region are briefly described. In the latter

region chrysotile occurs in two belts of serpentinized ultramaflc rocks. The

deposits in the Bluff Head belt, containing fiber as long as % inch, appear more

promising than those near Lewis Brook. The fiber is of good quality, but

somewhat harsher than the best grades from Thetford, Quebec.

Currier, L. W. See Bowles and others, 1948.

Dahlstrom, C. D. A. See Byers, 1954.

Davis, F. P., 1950, Mineral commodities of California: California Div. Mines

Bull. 156, pt. 3, p. 121-124.

Gives a resumg of California's asbestos Industry. Mineralogy and geologic oc

currence, localities and history of production, utilization, mining methods and

treatment and markets are briefly summarized. Developments in Calaveras,

Nevada, San Benito, Monterey, Riverside, Napa, Shasta, and Placer Counties are

mentioned.

Dawson, A. S. See Wing, 1949.

Denis, B. T., 1931, Asbestos occurrences in southern Quebec : Quebec Bur. Mines

Ann. Rept. 1930, pt. D, p. 147-193.

Summarizes results of investigation of asbestos occurrences in the serpentine

belt of the Eastern Townships of Quebec, exclusive of those occurring within

the main asbestos producing centers, such as the Danville, Black Lake-Thetford,

and East Broughton fields. The subject area includes parts of Richmond, Artha
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baska, Wolfe, Frontenac, Megantic, Beauce, Dorchester, and Montmagny Counties.

Locations, descriptions of mine workings and mills, and brief discussions of the

geologic features of 23 asbestos deposits are given. Each occurrence Is shown

on a map by a number keyed to a table in the text (p. 151). Includes detailed

sketch maps of 16 occurrences and a map, scale 1 inch=about 4 miles, showing

ultramaflc and asbestos-bearing rocks.

Denis, T. C. See Dresser, 1939-51.

Dietrich, R. V., 1953, Virginia mineral localities : Virginia Polytech. Inst., Eng.

Expt. Sta. Bull. 88, p. 37, 41.

Occurrence of asbestiform minerals of the serpentine and amphlbole groups

are listed by counties under these two general mineral groups. References to

the mineral occurrences are Included where known. Asbestiform minerals are

reported from 18 counties.

1955, Additions to Virginia mineral localities: Virginia Polytech. Inst,

Eng. Expt. Sta. Bull. 105, p. 21.

Asbestos occurrences are reported from Bedford, Carroll, Fairfax, Floyd,

Grayson, and Henry Counties. Some references are given, but many sources are

oral communications.

Diller, J. S., 1911, The types, modes of occurrence, and Important deposits of

asbestos in the United States : U. S. Geol. Survey Bull. 470-K, p. 505-524.

Descriptions of deposits of the United States include Lowell region, Vermont,

and Casper region, Wyoming, which have cross-fiber veins in serpentinite de

rived from perldotite; Grand Canyon, Ariz., which has cross-flber veins in ser

pentinite in limestone; Sail Mountain, Ga., and Kamiab, Idaho, which have

mass-fiber amphibole asbestos in stocks and dikes of amphibolite; Bedford and

Rockymount, Va., which have slip-fiber veins in cortlandite and pyroxenite.

Dresser, J. A. See also Hess, 1933.

1912, Reconnaissance along the National Transcontinental Railway in

southern Quebec : Canada Geol. Survey Mem. 35, 42 p.

A deposit of short-fiber asbestos was found In a body of serpentinite In Talcon

Township, Montmagny County. Serpentinite also is known In the southeastern

part of the counties of Beilechasse, Montmagny, and L'Islet

1913, Preliminary report on the serpentine and associated rocks of southern

Quebec : Canada Geol. Survey Mem. 22, 103p.

Discusses in detail the distribution and geology of ultramaflc rocks in southern

Quebec. Twenty pages are devoted to description of asbestos, which occurs in

two varieties of serpentinite. Asbestos of the "Thetford type" occurs in veins,

and is generally longer and stronger than the "Bronghton type," which occurs

principally as slip fiber, often associated with talc or soapstone. Relations of

asbestos veins are described and illustrated. Modes of origin advocated by

others are discussed. Dresser concludes that the veins are crystallized portions

of serpentinite walls, and the fibers have grown outward from the original crevices

which are now represented by partings near the center of the veins. Maps of

the Danville and Thetford-Black Lake mining districts at a scale of 1 inch=l

mile and of the northeast part of the Serpentine belt at a scale of 1 inch=4 miles,

are included.
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Dresser, J. A., 1920, Granitic segregations in the serpentine series of Quebec:

Royal Soc. Canada Trans., 3d ser., v. 14, sec. 4, p. 7-13.

Describes briefly the geologic relations of ultramaflc rocks and in detail the

geology and petrography of granitic rocks associated with ultramaflc masses.

Dresser discusses mode of origin of serpentine and chrysotile asbestos, partic

ularly the role of granitic rocks and related magmatic solutions in serpentiniza-

tion and formation of asbestos.

Dresser, J. A., and Denis, T. C, 1939-51, Geology of Quebec : Quebec Dept. Mines

Geol. Rept. 20, v. 1, 1939 ; Supp. A, 1951 ; v. 2, 1944 ; v. 3, 1949.

Volume 1, 1939, Bibliography and Index.—A compilation of all geologic work

done in the province of Quebec through 1936. Supplement A, 1951, covers the

years 1937-49.

Volume 2, 1944, Descriptive Geology (p. 174, 302-304, 413-442).—Distribution

and geologic relations of ultramaflc bodies in Ottawa North Shore region, Gaspe1

Peninsula, and Eastern Townships of Quebec are described. Two occurrences

are known in the Ottawa North Shore region (p. 174) ; four occurrences are

reported in the Gaspe Peninsula (p. 302-304). The geology of the "serpentine

belt" of the Eastern Townships is described In considerable detail, and the con

cepts of earlier Canadian geologists on problems of serpentinization and the origin

of chrysotile asbestos are discussed and evaluated. This report summarizes the

significant features of all of Dresser's earlier work on asbestos in the ultramaflc

rocks of the Eastern Townships and contains his latest ideas on the origin of

serpentine and asbestos (p. 413-442).

Volume 3, 1949, Economic Geology (p. 453-459).—Describes the principal oc

currences in the several districts and discusses the status and future of the

asbestos industry. Locations of the principal asbestos mining operations In

the Eastern Townships are given. Occurrence of asbestos in limestone of the

Grenville series and production of a few tons of asbestos in 1942-43 from an

occurrence in Grenville township are mentioned. In northern and western

Quebec, occurrences are briefly described at Asbestos Island, Chibougamau Lake ;

Destor Township, Abitibi-West County ; and Gaboury and Duhamel Townships,

Temiscamingne County.

Dufresne, A. O., and Larochelle, Eugene, 1932, The classification of Canadian

chrysotile asbestos: Canadian Mining and Metall. Bull., v. 25, no. 240, p.

224-232 ; Canadian Inst. Mining and Metallurgy Trans., v. 35, p. 224-232.

Methods used in the classification of asbestos before 1931 are discussed. A

classification containing 9 groups, each of which is subdivided into grades, is

described. Groups 1 and 2 are classed as "crude asbestos" or hand selected

cross vein material. Groups 3 through 9 are classed as "milled asbestos" and,

except for groups 8 and 9, all "milled asbestos" Is classified on the basis of

results of tests on the "Quebec testing machine". Groups 8 and 9 are determined

on the basis of weight per cubic foot.

Emerson, B. K., 1917, Geology of Massachusetts and Rhode Island : U. S. Geol.

Survey Bull. 597, p. 215-217.

A block of saxonite in the Pelham granite has been mined for abestos and

corundum near Pelham, Mass. Fibrous anthophyllite occurs in narrow replace

ment veins in a 3- to 12-foot thick breccia zone. The fibers, as much as 2 feet

long, are normal to the vein walls and meet in a suture which represents the

original fissure. Similar masses are known near Shutesburg, Leverctt, New

Salem, and Wilbraham.

Epprecht, W. Bee Brandenberger, 1947.

452603—68 4
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Faessler, Carl, and Badollet, M. S., 1947, The epigenesis of the minerals and

rocks of the serpentine belt, Eastern Townships, Quebec : Canadian Mining

Jour., v. 68, no. 3, p. 157-167.

Report is concerned primarily with discussion of the mineralogy of the

ultramaflc and acidic intrusives and associated alteration products. The alter

ation processes are discussed and depicted diagrammatically. Two stages of

serpentlnization of the ultramaflc rocks are recognized. The first stage is

essentially deuteric and resulted in formation of "mesh antigorite," whereas

the second stage occurred after injection of felslc dikes and masses and resulted

from the action of " aqueous hot (siliceous?) solutions" along faults, shears, and

fractures In the ultramaflc masses. "Asbestlzatlon" succeeded by formation of

talc deposits followed Immediately the second stage of serpentinlzatlon. The

chrysotile veins were formed by removal of antigorite from along fissure

walls by the hydrothermal solutions and deposition of chrysotile in the same

or other fractures that formed concurrently with deposition of chrysotile. The

width of the original fissure Is an important factor in formation of one or

two fiber veins. Both slip- and cross-fiber chrysotile are found. The hydro-

thermal solutions may be related to felsic Intrusive rocks.

Faribault, E. It., Gwilllm, J. C, and Barlow, A. E., chm., 1911, Report on the

geology and mineral resources of the Chibougamau region, Quebec : Quebec

Dept. Colonization, Mines and Fisheries, Mines Branch, 215 p.

The Chibougamau region is underlain by Precambrian rocks that are intruded

by "gabbro-anorthosite." Geological relations and mode of origin of rock types

are discussed. Mode of occurrence of mineral deposits, including asbestos-

bearing serpentinite, are discussed in detail. Asbestos is found as narrow veins

of cross-fiber chrysotile in narrow lenticular masses of serpentlnized periodotite.

Asbestos Island and vicinity have the most favorable deposits of asbestos.

Fisher, R. B., Thorne, R. L., and Van Cott, Corbin, 1945, Pallgorskite, a possible

asbestos substitute : U. S. Bur. Mines Inf. Circ. 7313, 5 p.

Gives a preliminary description of a paligorskite occurrence on Lemesurier

Island, Alaska, together with chemical analysis, optical properties, and some

physical properties. The property has commercial possibilities. Pallgorskite

could be used as a substitute for asbestos for sound deadening, vibration

dampening, and filtration.

Frank, Karl, 1952, Asbest : Hamburg, Germany, Becker and Haag, 2d ed., 234 p.

Comprehensive report on asbestos includes general geology, varieties, X-ray

identification and crystal structure analysis, macroscopic and electron-micro

scopic morphology ; physical properties, including description and results of tests

at variable temperature and humidity of tensile strength, ultimate strength,

elasticity and spinability; chemical properties, with data on reaction to acid,

leaching by alkalies, effects of alcohol, phosphate, chloride, and other solutions ;

industrial properties including spinability, fllterablllty, fire proofing, insulating,

dyeing, and bonding. Large occurrences of the world are discussed in detail;

smaller and unworked occurrences are described. Discussions include mining

and milling methods, transportation, manufacturing, production. Text aug

mented by many graphs, tables, diagrams, drawings, and photographs.

Gamble, W. B., 1929, Asbestos—a list of references to material in the New York

Public Library: New York, New York Public Library, 72 p.

Annotated bibliography on asbestos includes world-wide coverage of all
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phases of asbestos industry and Actional material. There are 1,075 references to

publications and 519 to patents granted between 1871 and 1928.

Gates, G. O. See Twenhofel, 1949.

Gillespie, O. R. See Balrd, 1954.

Gordon, S. G., 1922, The mineralogy of Pennsylvania: Acad. Nat. Sci. Phila

delphia Spec. Pub. 1, p. 81-84, 122.

Article, In two sections, describes the minerals and mineral localities of

Pennsylvania. In the first section are described the mineralogy and chemical

composition of anthophylllte, p. 81, tremolite, p. 82, actinollte, p. 82, crocidollte,

p. 84, and serpentine (noncommercial), p. 122. The second section lists mines,

prospects, and mineral localities by county.

Graham, B. P. D., 1917, Origin of massive serpentine and chrysotile-asbestos,

Black Lake-Thetford area, Quebec: Econ. Geology v. 12, p. 154-202.

Topics covered are general geology, mode of occurrence of massive serpentine

and chrysotile, mode of origin of massive serpentine, composition of the olivine

and serpentine, alteration of olivine and pyroxene to serpentine, nature of

reagents producing metamorphlsm, evidence that magmatic siliceous waters

■were available, origin of chrysotile asbestos, relation between massive serpentine

and chrysotile, change from massive serpentine to chrysotile, curved or bent

fiber, slip fiber, junction and intersection of chrysotile veins, and inclusions of

massive serpentine within veins.

Gruner, J. W., 1937, Notes on the structure of serpentines: Am. Mineralogist,

v. 22, p. 97-103.

Further X-ray investigations of the serpentine minerals support Selfridge's

(1936) conclusions that the serpentines may be classified into two main divi

sions : those which possess a fibrous structure like chrysotile and those which

are platy like antigorite. It is believed that dimorphism exists, as chemical

analyses show no appreciable differences in the chemical composition of the two

varieties.

Gwillim, J. C. See Faribault, 1911.

Haury, P. S. See Stewart, 1955.

Heide, H. E., Wright, W. S., and Butledge, F. A., 1946, Investigation of the

Kobuk River asbestos deposits, Kobuk district, northwestern Alaska : U. S.

Bur. Mines Bept. Inv. 4414, 25 p.

Asbestos occurs in serpentinlzed ultramafic rocks that intrude sedimentary

rocks. Describes deposits from Shungnak Biver, Cosmos Creek, Dahl Creek, and

Jade Mountain; also procedures for taking samples and tests for treatment.

Bight maps, ranging in scale from 1 inch=120 feet to 1 inch=250 miles, are

included.

Hendry, N. W., 1951, Chrysotile asbestos in Munro and Beatty Townships, On

tario : Canadian Mining and Met all. Bull., v. 44, no. 465, p. 29-36 ; Canadian

Inst Mining and Metallurgy Trans., v. 54, p. 28-35.

The principal deposit is at the Munro Mine about 10 miles east of Matheson.

The asbestos occurs in a steeply dipping differentiated ultramafic "sill-like body"

as much as 1,000 feet wide, which has been traced for as much as 3% miles by

geophysical methods. Potential commercial chrysotile deposits have been found

in part or wholly by diamond drilling throughout a 2-mile section of the ultra

mafic mass. Cross-fiber chrysotile veins, '/u to 1% inches wide, fill fractures In
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the serpentlnized dunite that forms the core of the sill. Small quantities of slip

fiber and picrolite are associated with faults. The ehrysotile is a "harsh grade

of fibre" that possesses "considerable strength." Mining and milling methods

are discussed. Geologic maps, scales 1 inch=about % mile and 1 inch=500 feet

are included.

Hess, H. H. See also Phillips, 1936.

1933, The problem of serpentinization and the origin of certain

ehrysotile asbestos, talc, and soapstone deposits: Econ. Geology, v. 28, p

634-657; discussion by J. A. Dresser, 1934, The problem of serpentinization:

Econ. Geology, v. 29, p. 306-307; G. W. Bain, 1934, Serpentinization, origin

of certain asbestos, talc, and soapstone deposits: Econ. Geology, v. 29, it

397-400 ; and W. D. Chawner, 1934, The problem of serpentinization : Econ.

Geology, v. 29, p. 777-778; answer to discussion by H. H. Hess, 1935, The

problem of serpentinization : Econ. Geology, v. 30, p. 320-325.

The author believes that serpentinization is an autometamorphic and largely a

deuteric reaction that precedes steatitization. During serpentinization of ultra-

maflc intrusive small fissures developed as a result of a slight volume decrease.

Chrysotile veins fill these fissures. Tables and illustrative diagrams are

included.

Dresser points out that Hess's conclusions are based on study of slip-fiber

asbestos deposits. Some cross-fiber veins have wide borders of serpentine that

grade sharply into peridotlte containing 5 to 25 percent serpentine. Dresser

suggests that serpentinization occurred while asbestos was being deposited.

Bain refutes conclusions that amphibole is an early mineral in talc deposits,

that serpentine and chrysotile veins are restricted to nltramaflc bodies, and

that serpentine is formed by autometamorphic and deuteric processes. Examples

of Vermont talc deposits and serpentinite masses are cited.

Chawner disagrees with Hess's theory that serpentinization of an altra-

maflc mass involves a decrease in volume or no volume change. Author con

tends that serpentinization of ultramaflc rocks was accompanied by an increase

in volume and cites the presence of serpentine in crests of anticlines and the

minutely fractured, faulted, and slicksided character of the serpentine as evi

dence to support this theory. Evidence based on field observations in Cuba.

Hess reaffirms his conviction that chrysotile veins are fissure fillings, that

serpentinization is autometamorphic, and that serpentinization is earlier than

steatitization.

1955, Serpentines, orogeny, and epeirogeny, in Poldervaart, Arie, ed.,

Crust of the Earth : Geol. Soc. America Spec. Paper 62, p. 391-408.

The author believes that the association of serpentinite and alpine mountains

indicates that island arcs are early stage of mountain building. Peridotites

were intruded only during the first phase of deformation and are found in two

belts bordering a central axis of intense deformation. Thus, orogenies may be

dated by dating the accompanying serpentinites. Hess implies that field ge

ologists support the theory that serpentinites were Intruded as magma, whereas

laboratory investigators think such magmas are not possible; he also suggests

that field evidence should have precedence. A theory that serpentines were

intruded in a solid state is gaining favor. Some geologists believe that the

serpentinites in Turkey are submarine lava flows. Peridotlte occurs 10-12 km

(6-7 miles) below oceans and on the Mid-Atlantic Ridge. Serpentinite is found

throughout oldest peridotites, as in Canada and Rhodesia. Many submarine
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topographic features may be caused by serpentinization below and deserpentini-

za t ion above the Mohorovic'ic' discontinuity.

Hewitt, D. P., and Satterly, Jack, 1953, Asbestos in Ontario: Ontario Dept.

Mines Indus. Mineral Clrc. 1, revised ed., 23 p.

Summarizes information on asbestos deposits in Ontario : mode of occur

rence, description of properties, grade and evaluation of asbestos deposits, uses,

mining and milling methods, production. Includes table of asbestos mines and

prospects in Ontario and map (scale 1 in. =2 mi.) of Abitibi perldotite belt.

Contains bibliography including general references and those pertaining to spe

cific Ontario deposits.

Heyl. See Arbeitstagung "Asbest" [1942], 1944.

Hopkins, O. B., 1914, Asbestos, talc, and soapstone deposits of Georgia : Georgia

Geol. Survey Bull. 29, p. 75-189.

General topics discussed include properties' of asbestiform minerals, modes

of occurrence, origin, mining and milling in Georgia and Canada, future of the

industry in Georgia, and deposits of North America with emphasis on Georgia.

Mines and deposits are described and located. ' Asbestos is of anthophyllite type

and is found in serpentine in the metamorphosed mafic rocks of northwestern

Georgia. Map, scale 1 : 1,000,000, shows asbestos, talc, and soapstone

occurrences. i

Howling, G. E., 1937, Reports on, the mineral industry of the British Empire

and foreign countries, Asbestos : London, Great Britain Imp. Inst., Mineral

Resources Dept., 2d ed., 88 p.

Contents include varieties of asbestos, mining methods, dressing and grading,

uses, manufactured products, marketing, world's production, asbestos in the

British Empire and foreign countries (including United States and Canada),

and references to technical literature.

Hurley, P. M., and Thompson, J. B., 1950, Airborne magnetometer and geological

reconnaissance survey in northwestern Maine : Geol. Soc. America Bull.,

v. 61, p. 835-842.

An airborne magnetometer survey, followed by reconnaissance field studies,

was made in several townships in northwestern Maine from Moosehead Lake to

Chain of Ponds. The belt of ultramaflc rocks (in the Spencer Lake region, where

there has been active prospecting for asbestos, was of particular interest. Mag

netic anomalies were found to coincide with occurrences of ultramaflc rocks ; the

most clearly defined anomaly was found over the asbestos-bearing serpentinite

body on Spencer Stream. Dip-needle traverses across the ultramaflc mass

sharply outlined the width of the body. Magnetization of the mass appears, in

general, to be uniform over the entire width, although magnetite is concentrated

somewhat toward the northern edge. "A theoretical total intensity curve was

found to match the observed central profile quite closely on the basis of a semi-

Infinite dike striking N 55° E, dip 75° NW, and width of 450 feet." A geologic

map (scale 1 in. =2 ml.) of the area with superimposed total magnetic intensity

variations Is included.

Jenkins, G. F., 1949, Asbestos, in Industrial minerals and rocks: New York,

Am. Inst. Mining Metall. Engineers, 2d ed., p. 55-76.

Contains the following headings : Properties, distribution of deposits, political

and commercial control, production and consumption, prospecting and evalua

tion, mining methods, preparation for market, tests and specifications, market
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ing, uses of asbestos, and prices. A selected bibliography of 32 items, covering

all aspects of asbestos Industry, is appended.

Jones, A. G., 1948, Salmon Arm map-area, British Columbia : Canada GeoL Sur

vey Paper 48-7, 7 p. ; Geol. Map 48-4A, by H. M. A. Rice and A. J. Jones,

scale 1 inch=2 miles.

Preliminary geologic map with descriptive text. Asbestos and chromite have

been found in peridotite dikes in this area. One asbestos prospect is shown on

the map.

Jones, I. W., 1935, Dartmouth River map-area, Gaspg Peninsula: Quebec Bur.

Mines Ann. Rept. 1934, pt D, p. 3-44.

Narrow asbestos veins occur locally in the serpentinites which cut Lower

Devonian limestones on and near Mount Serpentine in southern Blanchet town

ship. Prospecting for asbestos has been carried on at Mount Serpentine where

fibers as much as % inch long have been found. Geologic map, scale 1 inch=l

mile, is included.

Keith, S. B., and Bain, G. W., 1932, Chrysotile asbestos—I. Chrysotile veins:

Econ. Geology, v. 27, p. 169-188. See also Bain, 1932.

Geologic features of asbestos-bearing ultramafic bodies in the Missisquoi Val

ley, Quebec, and on Belvldere Mountain, Vt., are described. Attitudes of "frac

ture cleavage" and "shear cleaveage" in ultramafic rocks are correlated with size

and shape of ultramafic body. Chrysotile veins occur in complex torsion and

crush fractures, formed after development of fracture cleavage. Geometric rela

tions to their serpentinized borders, and textural features of their minerals, lead

to the conclusions that veins were formed by fracture filling with minor replace

ment of wall rock by asbestos.

Kindle, E. D., 1953, Dezadeash map-area, Yukon Territory : Canada Geol. Survey

Mem. 268, p. 38.

Several bodies of peridotite have been found in the mapped area. One, an

island in Bates Lake, "is traversed by many small picrolite asbestos veins that

have developed along irregular Intersecting fractures * • *. Two of the veins

are more than 1 Inch wide, though widths of 6 inches were noted for a few

feet near the intersections of fractures. The picrolite asbestos is pale gray to

white and the fibers are stiff and brittle. This occurrence, though of doubtful

economic importance, suggests the possibility of finding more valuable chrysotile

asbestos * * * in the large peridotite bodies in the Kluane Ranges." Geologic

map, scale 1 inch=4 miles, accompanies report.

Kohn, J. A. See also Comeforo, 1954.

Kohn, J. A., and Comeforo, J. B., 1955, Synthetic asbestos investigations—II.

X-ray and other data on synthetic fluor-rlchterite, -edenite, and -boron

edenlte : Am. Mineralogist, v. 40, p. 410-421.

"As a portion of a general research program on the synthesis of asbestiform

minerals, X-ray and other data have been obtained on the following chemically

analyzed synthetic fluor-amphiboles : richterlte * * •, edenlte • • *, and boron

edenite * * *. Comparisons are made with the values previously reported for

fluor-tremolite * * *.

"A detailed indexing of X-ray powder diffraction patterns has been made in

the range up to 76° 29, and accurate unit cell dimensions have been determined.

The observed cell-dimension variations are discussed with reference to ionic

location and polarization. The synthesis and analysis of additional specified
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compositions are needed to elucidate the factors controlling fibrosity and flexi

bility in layered and allied silicate structures."

Krannich, W. See Arbeitstagung "Asbest" [1942] , 1944.

Klimmel, H. B. See Bayley, 1914.

Uarsen, E. S. See Pardee, 1929.

I.arochelle, Eugene. See Dufresne, 1932.

Lewis, J. V. See Pratt, 1905.

Low, J. II., 1951, Magnetic prospecting methods in asbestos exploration : Cana

dian Mining and MetalL BuU. v. 44, no. 473, p. 610-617; Canadian Inst.

Mining and Metallurgy Trans., v. 54, p. 388-395.

Magnetic method is useful in prospecting for near-surface asbestos deposits if

data are integrated with geologic information and limitations of the method are

realized. To develop the technique, tests were made on known deposits which

were checked by drilling; results were satisfactory. Several small ore bodies

were discovered in the Black Lake district, Quebec, by using this technique.

Liidke, Werner. See Arbeitstagung "Asbest" [1942] , 1944.

McCallie, S. W., 1910, A preliminary report on the mineral resources of Georgia :

Georgia Geol. Survey Bull. 23, p. 33-36.

Asbestos deposits in White, Habersham, and Rabun Counties are described.

Sail Mountain Asbestos Co., in White County, is the only producer. Antho-

phyllite, as long, short, and mass fiber, often brittle or "rotted," occurs in

peridotltes in crystalline rocks. Chemical and physical properties, analysis

of Sail Mountain asbestos, uses, and statistics (1890-99) are given.

McKlllop, J. H. See Baird, 1954.

Mallory, J. M. See Maynard, 1923.

Marsters, V. P., 1904, A preliminary report on a portion of the serpentine belt

of Lamoille and Orleans Counties: Vermont State Geologist 4th Bienn.

Kept., 1903-04, p. 86-102.

This and succeeding report by Marsters (1905) are the only detailed ac

counts of the geology of Belvidere Mountain asbestos deposits, the largest In

the United States. Report describes general geology of the area embracing

the Belvidere Mountain and Lowell ultramaflc bodies and considers the

problem of mode of origin of serpentine and asbestos. Asbestos occur

rences on which "much prospecting" has been done are reported in the vicinity

of Lowell village and to the south, and on Belvidere Mountain. Annual pro

duction figures for the United States and Canada, and imports for the United

States, are quoted for 1890-1902.

1905, Petrography of the amphibolite, serpentine and associated asbestos

deposits of Belvidere Mountain, Vermont: Geol. Soc. America Bull., v.

16, p. 419-446; reprinted In part in Vermont State Geologist 5th Bienn.

Rept., 1905-06, p. 36-62.

Report Is concerned primarily with petrographic description of the principal

rocks In the Belvidere Mountain area. Asbestos deposits and the early history

of asbestos mining in this area are described. Slip- and cross-fiber asbestos

veins are limited to "zones of fracture and shearing" in the serpentinite mass.

In general, pyrite, chromlte, and magnetite occur in the core whereas the

asbestos forms the selvage of the veins. Marsters concludes from a study of
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the textural fractures of the cross-fiber veins that the fibers grew inward from

the vein walls.

Maynard, T. P., Mallory, J. M., and Still, R. T., 1923, Directory of commercial

minerals in Georgia and Alabama along the Central of Georgia Railway:

Savannah, Ga., Indus. Dept, Central of Georgia Railway, 134 p.

Mentions asbestos occurrences in Carroll, Clayton, Coweta, Felton, Harris,

Meriwether, and Morgan Counties, Ga., giving brief discussion of some. Short-

fiber amphibole asbestos associated with talc and corundum was found in

crystalline rocks in Tallapoosa County, Ala.

Mertie, J. B., Jr. See alao Smith, 1930.

1937, The Yukon-Tanana region, Alaska: U. S. GeoL Survey BuU. 872,

p. 203-205.

Many large bodies of ultramaflc rock, which are referred to the Upper Devon

ian, occur in the region. Their distribution is shown on plate 1 as "ultramafie

and basic intrusives of greenstone habit" No occurrences of asbestos are noted.

Map, scale 1 : 500,000, is included.

1940, The Goodnews platinum deposits, Alaska : U. S. Geol. Survey BuIL

918, p. 45-55.

Two principal masses of ultramaflc rock occur in this area. The larger, about

8 square miles in area, crops out at Red Mountain and along north side of

Smalls River. The smaller, about 1 square mile in area, crops out between

Medicine Creek and headwaters of Salmon River. A small amount of asbestos

occurs in talus of Red Mountain. Geologic map, scale 1 inch=about 1 mile

(1:62,500), is included.

Messel, M. J., 1947, Examination and valuation of chrysotile asbestos occurring

in massive serpentine : Am. Inst. Mining Metall. Engineers Tech. Pub. 2235,

6 p.

Comprehensively outlines factors for evaluating an asbestos deposit. Fiber

content and fiber length, which ultimately control value of a deposit, are deter

mined by prospecting, sampling, diamond drilling, testing, and grading. Second

ary, but important factors, are market proximity, import tariffs, mill efficiency,

and presence of marginal ores.

Mink, J. F. See Bates, 1950 ; Bates and others, 1950.

Moore, B. N., 1937, Nonmetallic mineral resources of eastern Oregon : U. S. GeoL

Survey Bull. 875, p. 8-17.

Report contains a brief summary on production and mineralogy of asbestiform

minerals and a description of Pine Creek asbestos deposits. Cross- and slip-fiber

chrysotile and anthophyllite veins closely associated with talc occur in "irregu

lar crush zones" in schists, near schist-greenstone contacts, and in serpentinized

greenstones. The more abundant anthophyllite occurs in bundles composed of

harsh, weak, and brittle fibers as much as 16 inches long. No resources were

determined. Geologic map, 1 inch scale=750 feet, is included.

Morris, D. See Chidester, 1952.

Morton, Maurice, and Baker, W. G., 1941, Identification stain for chrysotile

asbestos: Canadian Mining and Metall. Bull., v. 34, no. 354, p. 515-523;

Canadian Inst. Mining and Metallurgy Trans., v. 44, p. 515-523.

Chrysotile is the only asbestiform mineral that can be identified using the

described iodine stain. Preparation of sample and chemical reactions during
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staining are described. Tables showing staining characteristics of asbestiform

minerals, pulverized minerals (indicating serpentine rock, soapstone, brucite,

and serpentinized olivine), and chemical compounds are Included.

Mnrdock, T. Q., 1950, The mining Industry In North Carolina from 1937 to 1945 :

North Carolina, Div. Mineral Resources Econ. Paper 65, p. 21-22.

General mineralogy and uses of asbestos are given. Activities from 1936 to

1944 are summarized. Amphibole asbestos, primarily anthophyllite, was pro

duced in Avery, Yancey, and Clay Counties.

Nagy, Bartholomew, 1953, The textural pattern of the serpentines: Econ. Geol

ogy, v. 48, p. 591-597.

Many serpentine specimens have been studied and found to be chrysotile,

antigorite, or mechanical mixtures of the two. Electron microscope examination,

solubility tests, X-ray diffraction, and differential thermal analyses reveal exist

ence of such mixtures. Evidence indicates that one mode of formation of

antigorite may involve recrystallization of chrysotile.

Nagy, Bartholomew, and Bates, T. F., 1952, Stability of chrysotile asbestos : Am.

Mineralogist, v. 37, p. 1055-1058.

Chrysotile fibers are hollow tubes whereas antigorite Is flaky In structure.

Chrysotile and antigorite after treatment with 1 to 10 normal hydrochloric acid

were studied by X-ray, differential thermal analysis, and electron microscopy.

The results of this study are discussed. Chrysotile is more soluble in hydro

chloric acid and has a lower thermal stability than antigorite and other hydrous

silicate minerals. The lower stability of chrysotile may be due to a strain in the

crystal structure.

Newland, D. H., 1921, The mineral resources of the State of New York: New

York State Mus. Bull. 223-224, p. 30-32.

Describes geology of asbestos deposits of Canada, Vermont, and New York

and explains why the latter seems to have no economic deposits. Asbestos is

found in scattered occurrences of serpentinite in crystallized limestones in St.

Lawrence, Essex, and Warren Counties, but it is not economically available under

present conditions. In Warren County a small amount of chrysotile fiber,

averaging *4 inch In length, was produced from a prospect. Other occurrences

are mentioned.

Niggli, F. See Brandenberger, 1947.

Noble, L. F., 1910, Contributions to the geology of the Grand Canyon, Ariz.;

the geology of the Shinumo area: Am. Jour. Sci., 4th ser., v. 29, p. 520-522.

Serpentine and asbestos occur In limestone as a contact-metamorphic phe

nomenon where the limestone has been intruded by diabase. Serpentine is

formed in limestone, not in diabase. Limestones are magnesian and locally

siliceous; shales are altered to Jasper near diabase. Emanations from diabase

converted siliceous parts of limestone to serpentine. Chrysotile asbestos is a

later phenomenon. Generalized geologic map, scale, 1 inch=5% miles, is included.

O'Harra, C. C. See Connolly, 1929.

Ontario Department of Minea, 1953, Mineral map of the Province of Ontario:

Ontario Dept. Mines Map 1953-A, scale 1 : 1,267,200.

Mines and mineral occurrences, distinguished according to commodity by ap

propriate symbols, are shown on a generalized geologic map and Indexed by
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mining division in the margin. Mines and mineral localities for asbestos are

shown in Sudbury, Porcupine, Larder Lake, and Montreal River mining districts.

Osterwald, D. B. See Osterwald, 1952.

Osterwald, F. W., and Osterwald, D. B., 1952, Wyoming's mineral resources:

Wyoming Geol. Survey Bull. 45, p. 7-9.

Locates Wyoming asbestos deposits by counties. Each item has a brief de

scription of the geology, where known. Some of the data are from the Wyo

ming Geological Survey files and unpublished sources.

Pardee, J. T., and Larsen, E. S., 1929, Deposits of vermiculite and other minerals

in the Rainy Creek District, near Libby, Montana : V. S. Geol. Survey Bull.

805-B, p. 17-29.

A stock composed of pyroxenite and syenite In part hydrothermally altered

intrudes rocks of the Belt series. On the Vermiculite and Asbestos Co. prop

erties, "dike like tabular" masses of amphibole asbestos occur in the altered

pyroxenite. The fibers are weak. Inelastic, and break into short pieces and are

less resistant to heat than tremolite, which they resemble. Analyses of

pyroxenite are included. Geologic map, scale 1 inch=l mile, is included.

Perkins, G. H., 1903, Mineral industries and geology of certain areas of Vermont :

Vermont State Geologist 3d Bienn. Bept, 1901-02, p. 36-40.

Deposits at Eden, Belvidere Mountain, Lowell, and South Duxbury are de

scribed. Chrysotile asbestos occurs as cross and slip fibers in serpentinite.

Belvidere Mountain mines are the most active, with five companies operating

there, although the deposit at South Duxbury seems to have longer fibers.

Perry, E. L., 1929, The geology of Bridgewater and Plymouth Townships, Ver

mont : Vermont State Geologist 16th Bienn., Rept, 1927-28, p. 1-64.

Several ultramaflc bodies are mentioned in this report which is concerned

chiefly with areal geology. Sllp-flber amphibole asbestos has been found near

Five Corners (Plymouth) where it occurs in serpentinite. Asbestos was found

in float, probably from ultramaflc intruslves, on Bridgewater Hill.

Perry, E. S., 1948, Talc, graphite, vermiculite, and asbestos in Montana : Montana

Bur. Mines and Geology Mem. 27, p. 35-41.

The Karst, Cliff Lake, and Libby asbestos deposits are described. At the

Karst deposit anthophylllte veinlets, 1 to 12 inches thick, occur in small altered

peridotite dikes in highly metamorphosed Precambrian rocks. Anthophylllte

fibers, as much as 1 foot long, are estimated to make up as much as 50 percent of

the mined rock. At the Cliff Lake deposit, narrow veinlets of cross-fiber

chrysotile cut serpentinite and marble of Precambrian age. Near Libby,

amphibole asbestos occurs with vermiculite in altered dikelike masses of py

roxenite. The amphibole fibers are weak and inelastic. Locally the altered

rocks contain 75 percent amphibole. A chemical analysis of the Karst asbestos

and a geologic map of the Cliff Lake deposit, scale 1 inch=2 miles, are included.

Phillips, A. H., and Hess, H. H, 1936, Metamorphlc differentiation at contacts

between serpentinite and siliceous country rocks: Am. Mineralogist, v. 21,

p. 333-362.

The paper Is concerned chiefly with alteration and metasomatism at the con

tacts of ultramaflc bodies during steatitlzation and bears incidentally on the

general problem of serpentinizatlon and formation of asbestos. It is suggested

that the bulk of serpentinizatlon is autometamorphic and unrelated to steatitlza

tion. Asbestos veins in Thetford district, Quebec, have been traced from un
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altered serpentinlte Into soapstone near the contact, where the veins were

replaced by talc, though the fibrous structure of the asbestos remains. It Is

concluded that talc and associated minerals were formed after serpentinlte and

asbestos veins.

Pratt, J. H., and Lewis, J. V., 1905, Corundum and peridotites of western North

Carolina: North Carolina Geol. Survey [Rept.], v. 1, 464 p.

Report covers geology, petrology and mineralogy of corundum-bearing rocks

of western North Carolina. Classification, distribution, petrography, alteration,

and origin of peridotites and associated basic magnesian rocks are described.

Asbestos is reported from Jackson, Buncombe, Macon, Clay, and Mitchell Coun

ties. There are 7 chemical analyses of asbestos, a long bibliography, and several

illustrations. Geologic map, scale 1 : 493,000, shows distribution of corundum

and basic magnesian rocks in North Carolina.

Preisser, F. Bee Arbeitstagung "Asbest" 11942] , 1944.

Quebec Department of Mines, 1930-37, Annual report of the Bureau of Mines,

1929-36; previously published as Rept. of Commissioner of Colonization

and Mines ; Rept. of Minister of Crown Lands, Mines and Fisheries ; Rept. of

Minister of Lands, Mines, and Fisheries ; Rept. of Minister of Colonization,

Mines and Fisheries, from 1883 to 1928.

Part A—Mining operations and statistics—contains statistics on asbestos and

other minerals. Parts B, O, and D contain articles of geologic interest, many of

which are annotated separately in this bibliography. Since 1937, Part A has

been published as a separate volume, "Mining Industry and Statistics." Results

of geologic work are published in a new series, "Geologic Reports."

Rabbitt, J. C, 1948, A new study of the anthophyllite series : Am. Mineralogist,

v. 33, p. 263-323.

Study of composition and physical properties of 96 specimens shows that

Identification of asbestos in the form of anthophyllite Is usually impossible by

means other than X-ray study. Some asbestiform amphibole, Identified as

anthophyllite on the basis of parallel extinction, was determined by X-ray to be

tremolite in which the c axis is parallel to fibers but the a and 6 axes are dis

tributed at random around the long direction, giving an apparent extinction

angle of zero. Many analyses are given.

Reed, G. C, 1951, Mines and mineral deposits (except fuels), Gallatin County,

Mont. : U. S. Bur. Mines Inf. Circ. 7607, p. 10-11.

The Karst asbestos deposit, near Bozeman, Mont, occurs in small bodies of

peridotite which intrude gneiss and schist correlated with the pre-Beltlan Pony

series. Unaltered pegmatite dikes are closely associated with the asbestos-

bearing peridotites. Altered zones in the peridotite consist of a network of

cross- and slip-fiber anthophyllite veins. It is estimated that 25 percent of the

anthophyllite can be recovered from the veins. A chemical analysis is given.

Reed, J. C. Bee Twenhofel, 1949.

Reifsneider, L. B., 1925, Amphibole asbestos deposits at Hollywood, Georgia ;

their development and treatment: Eng. Mining Jour., v. 119, no. 15, p.

606-608.

Includes history and development of Hollywood deposit. Extensive explora

tion carried on to determine reserves. Four ore-bodies and a highly micaceous

pegmatite dike were found. James method of wet treatment perfected to give

higher fiber yield. Ore is reduced in size by multiple stages of squeezing action.

Released fiber floats on water to tables.
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Betty, J. A., 1931, Gaboury-Blondeau Townships map-area, Temiscamlngue

Comity : Quebec Bur. Mines Ann. Rept., 1930, pt. B, p. 53-88.

Narrow, lenticular veins of cross- and slip-fiber chrysotile occur in small Ir

regular serpentinite stocks which intrude Keewatin volcanics near McKenzie

Lake. The green cross fiber, as much as % inch long, has a fine clear lustrous

appearance, and is somewhat harsh, though easily separable. The slip fiber is

dull, white to green, and breaks easily. The Bellehumeur-Perron and Crevier

claims are described. Geologic map, scale 1 inch=2 miles, is included.

Rice, H. M. A. See Jones, 1948.

Riordon, P. H., ed., 1952, Geological excursion to Eastern Townships, Quebec:

Montreal, Canada, Geol. Div., Canadian Inst Mining and Metallurgy, p. 1-21.

Sections on asbestos were prepared by geology staffs of the mining companies

in Thetford-Black Lake and Asbestos districts. Many references to and de

scriptions of geologic features of the asbestos deposits are included. On pages

15-21 there is a description of the history, mining, milling, and geology of the

Jeffrey mine of Canadian Johns-Manville Co., Lt., which produces 57 percent of

current (1951) Canadian production and 35 percent of world production of

chrysotile asbestos. Illustrations include aerial photographs, sections, and geo

logic maps at various scales.

1954, Preliminary report on Thetford mines-Black Lake area, Frontenac,

Megantic and Wolfe counties: Quebec Dept Mines, Mineral Deposits Br.

Prelim. Rept. 295, 23 p.

Geology of area is described. Intrusions and folding and faulting during

Late Ordovician age metamorphosed some of the earlier rocks to serpentine and

steatite. Asbestos deposits are divided Into five groups : Pennington ; Thetford

mines ; Reed, Murphy, and Quarry Hills ; Black Lake ; and "C." Principal de

posits are discussed within the groups. Other occurrences are mentioned. Eco

nomic occurrences are commonly in fracture zones near contact of peridotite

and country rock. Geologic map, scale 1 inch=% mile, is included.

1955, The genesis of asbestos In ultrabaslc rocks: Econ. Geology, v. 50,

p. 67-«l.

"Field and laboratory evidence suggests that the original vein serpentine was

in an amorphous or nearly amorphous state, and that the veins are, in many

cases, of a composite nature, resulting partly from fissure-filling and partly from

wall rock replacement. It Is proposed that the picrolite and asbestos were de

rived through crystallization of this vein material and that two stages of crystal

lization were involved such that a first stage gave rise to picrolite and a second

resulted in the conversion of picrolite to asbestos."

Ross, C. P., and Carr, M. S., 1941, Part 1, The metal and coal mining districts of

Idaho, with notes on the nonmetalllc mineral resources of the State ; Part

2, Bibliography and Table of contents: Idaho Bur. Mines and Geology

Pamph. 57, p. 101.

Gives location and brief description of the geology of amphibole asbestos in

Clearwater and Idaho Counties and chrysotile asbestos in Idaho County. Ref

erences to asbestos in bibliography have brief annotations.

Ross, J. G., 1931, Chrysotile asbestos In Canada, Ottawa, Canada Dept. Mines,

Mines Br., 146 p.

Chapter headings are—History, physical and chemical properties, and origin

of asbestos ; Quarrying of asbestos ; Dressing of asbestos for the market ; Cost

of extraction, market prices, statistics, and status of the Industry; Asbestos
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mines and prospects in Canada ; Manufacturing of asbestos products ; and Com

mercial applications of asbestos. Operations of major companies are described.

Other locations and prospects in Dorchester, Beauce, Magantic, Frontenac, Wolfe,

Richmond, Brome, and Papineau Counties and Abitibi district, Quebec, and

Cochrane and Timiskaming districts, Ontario, are mentioned. Analyses are

given.

Boy, D. M., and Roy, Rustum, 1954, An experimental study of the formation

and properties of synthetic serpentines and related layer silicate minerals :

Am. Mineralogist, v. 39, p. 957-975.

Chemical substitution is used to test the hypothesis that tubular crystals of

chrysotlle result from a misfit of alternate brucite and silica layers. Some of

the results are as follows : Hexagonal plates were formed when Ge'* substituted

for Si**; platy crystals were formed when Al** substituted for both Si** and

Mg*1; either platy or tubular crystals were formed when NI'* substituted for

Mg** ; however, this is dependent also upon other factors. Serpentine structures

were not formed when Mn**, Zn'*, Co'*, Fe**, Cr**, and Ga** were substituted in

the structure. Of secondary importance in the formation of tubular crystals

are the following factors : Temperature of growth, length of time of growth,

and presence of foreign ions. Other hydrosllicate type structures were syn

thesized and comparisons were made of the phase equilibria in the systems,

MgO-SiOr-aO, NiO-SiOr-H.O, and MgO-GeOr-ttO.

Roy, Rustum. See Roy, 1954.

Bukeyser, W. A., 1950, New uses for low-priced fibers vital to Canadian asbestos :

Eng. Mining Jour., v. 151, no. 3, p. 76-80.

The shorter grades of asbestos have been utilized in Increasingly large amounts

in the last 10 years. Graphs show annual production since 1878. Effects on

the Industry and technical problems are discussed. Standard clasiflcation and

discussion of Quebec testing machine are included.

Rutledge, F. A, See Heide, 1946.

Salisbury, R. D. See Bayley, 1914.

Sampson, Edward. See Bateman, 1923.

Sand, L. B. See Bates, 1950.

Satterly, Jack. See also Hewitt, 1953.

1952, Geology of Munro township: Ontario Dept. Mines Ann. Rept.

1951, v. 60, pt 8, 1951, p. 35-42.

Chrysotile asbestos occurs as cross-fiber veins in serpentinlzed peridotite and

dunite that occur as sills in the volcanic rocks. Fibers range from less than

14 inch to more than 1 inch in length. Chrysotile throughout the district seems

to be structurally related to diabase dikes. Geology of Munro mines (see Hendry,

1951) la reprinted. Deposits at seven other properties are described; several

have short chrysotile fibers in serpentinite, but none have been extensively

developed. Geologic map, scale 1 lnch=400 feet, is Included.

Sauerbrey, D. E. See Arbeitstagung "Asbest" [1942], 1944.

Schwab, K. See Arbeitstoffung "Asbest" [1942], 1944.

Selftidge, G. 0., Jr., 1936, An X-ray and optical Investigation of the serpentine

minerals : Am. Mineralogist, v. 21, p. 463-503.

On the basis of X-ray and optical studies, Selfrldge concludes that most of

the species now classed within the serpentine group can be referred to two
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main divisions. The first division, which is referred to as the mineral serpentin*,

consists of varieties of X-ray diffraction patterns similar to those of ser-

pentine, and best represented by patterns of chrysotile. The second divisio*.

referred to as the mineral antigorite, consists of varieties with patterns

similar to those of antigorite. The fundamental structures of both divisions

appear to be fibrous. The author proposes that all other varietal names shooE

be dropped ; however, he retains the term "chrysotile" for "serpentine occurring

in veins and consisting of flexible fibers." The term "serpentinite" is suggested

for rocks composed of serpentine or antigorite or a mixture of both.

Sellards, E. H., and Baker, C. L., 1934, The geology of Texas, v. 2, pt. 3, Economic

geology of Texas : Texas Univ. Bull. 3401, p. 250-253.

Brief article discusses the uses of asbestos. Cross-fiber amphibole asbesto

veins in serpentinite are known from four localities in Llano and Gillespie

Counties. It is thought that the material from these localities is in part chryso

tile. Little is known of the geology of the deposits.

Shannon, B. V., 1922, Description of ferroanthophyllite, an orthorhombic iron

amphibole from Idaho, with a note on the nomenclature of the anthophyl-

lite group : U. S. Natl. Mus. Proc, v. 59, p. 397-401.

Splintery fibrous masses of an asbestiform mineral containing fibers as much as

6 cm long occur in the Tamarack-Custer and Hercules mines of the Coeur d' Aiene

district. Chemical and optical data indicate that this is ferroanthophyllite, the

iron end member of the anthophyllite group. It resembles chrysotile and

separates easily into fine, silky, strong, and flexible fibers.

Shride, A. F., 1952, Localization of Arizona chrysotile asbestos deposits [aba.] :

Geol. Soc. America Bull., v. 63, p. 1344.

Chrysotile asbestos is genetically related to dikes and sills of diabase intruded

into Precambrian Mescal limestone. Cross-fiber veins occur in serpentine that

has replaced certain limestone beds. Largest deposits are in zones of fractures

associated with small open folds formed at the time of diabase intrusion.

Sinclair, W. E., 1955a, Evaluation of asbestos deposits: Asbestos, v. 36, no. 10,

p. 2-14.

Deposits with regular structural control can be evaluated on basis of fiber

measurements and (or) core drilling. This is possible with stratified deposits,

such as those of Arizona and South Africa. Regular bulk sampling and large-

scale tests from representative samples are the best procedure where the eon-

trolling factors are irregular, as in mass- or slip-fiber deposits. Hardness of

parent rock and fiber characteristics must be determined by test milling. Gen

eral picture of the geological character, structure, and zoning are important, as

are the proportion and grade of fiber, the fiber quality, and the market price.

Development and working methods will ultimately control ore value. This article

discusses primarily the deposits that have structural controls, and also methods

to determine ore value.

1955b, Asbestos, its origin, production, and utilization: London, Mining

Pubs., Ltd, 365 p.

Chapter topics are—History ; Serpentine Group ; Amphibole Group ; Form and

Nature of Deposits, World Distribution of Deposits ; Mining ; Evaluation of Ore

Bodies; Milling; Classification, Grading, Marketing and Prices; Commercial

Application; Synthetic Asbestos and Substitutes; Economic Considerations.
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Emphasis is on deposits of southern Africa and production methods. Chemical

analyses, illustrations, and index and sketch maps are included.

SItz, G. See Arbeitstagung "Asbest" [1942], 1944.

Sloan, Earle, 1908, Catalogue of the mineral localities of South Carolina:

South Carolina Geol. Survey Bull. 2, ser. 4, p. 122-125.

Cross-fiber chrysotile occurs in several zones of metamorphic rocks that include

serpentinite. Some outcrops contain long fibers. Reported occurrences in An

derson, Oconee, Pickens, Newberry, and Spartanburg Counties are located and

described.

Smith, P. S., 1932, Mineral industry of Alaska in 1929 : U. S. Geol. Survey Bull.

824-A, p. 80.

Occurrences of asbestos In the Kobuk River district near Shungnak and the

Ambler River are mentioned. Chrysotile asbestos was found by prospectors on

Sear Creek, near the north end of Admiralty Island in southeast Alaska. The

fibers from the deposit are rather weak and brittle, but they are from the surface

and are weathered. The strength of the material may Improve with depth.

Smith, P. S., and Mertie, J. B., Jr., 1930, Geology and mineral resources of north

western Alaska : U. S. Geol. Survey Bull. 815, p. 344-345.

"Asbestos has been found in the vicinity of Shungnak and in the Jade Hills,

and several attempts have been made in a small way to develop it. The asbestos

near Shungnak occurs as small veins in close association with greenstone and

serpentine." The most important occurrences are on the east side of Dahl

Creek. Specimens having fibers several inches long have been found. "* * *

although the color is good the tensile strength of the fibers is small * * *." In

1925 and 1926 prospecting interest was revived in the Jade Hills, where the

asbestos is thought to be similar to that near Shungnak.

Snelgrove, A. K., 1953, Mines and mineral resources of Newfoundland: New

foundland Geol. Survey Inf. Circ. 4, p. 97-100.

Summarizes information pertaining to five Newfoundland asbestos areas.

Chrysotile and tremolite are In serpentinite that occurs in several belts. Lo

calities described are Bluff Head-Lewis Brook prospects, Bond's Asbestos prop

erty, Hare Bay, Sops Arm prospect, and Larke Harbour. Brief bibliography is

appended.

Sobolefl, N. D., and Tatarinoff, M. V., 1933, The cause of brittleness in chrysotile

asbestos : Econ. Geology, v. 28, p. 171-177.

Authors classify chrysotile fibers as "normal, harsh, and brittle." "Brittle"

fibers are hard to the touch and break easily when bent ; they are believed to

represent a transition stage between asbestos and talc. Chemical studies of the

fibers have shown that "normal" asbestos contains excess water, whereas

"brittle" chrysotile is characterized by excess SiOi and some by MgO. The

authors conclude that "brittle" chrysotile "may be regarded as a product of

metamorphism of normal chrysotile-asbestos ;" and that "the explanation of the

brittleness by the presence of CaO in the chemical composition of asbestos, i. e.,

by the Isomorphous replacement of MgO, is inconclusive." Previous theories of

the origin of brittleness in chrysotile are briefly reviewed.

Spencer, A. C, 1916, The Atlantic gold district and the North Laramie Moun

tains, Fremont, Converse, and Albany Counties, Wyoming : TJ. S. Geol. Survey

Bull. 626, p. 3-85.

Describes asbestos prospects in serpentinite belts of Fremont, Natrona, and

Converse Counties. In Atlantic gold district, three of the four known serpen
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tlnite bodies have been prospected ; weathered asbestos fibers commonly less

than % Inch long, were found at one locality (p. 18-19). Little commercial as

bestos has been reported from the North Laramie Mountains (p. 57, 79). Geo

logic maps, scales 1 inch=l mile and 1 Inch=5 miles, are included.

Stephens, F. H., 1952, B. C.'s first asbestos mine : Western Miner and Oil Review,

v. 25, no. 12, p. 35-37.

Cassiar Asbestos Corp., incorporated in 1951, anticipates first production by

end of 1952. Geology, development, townsite, and equipment are discussed. As

bestos veins are in serpentinite intruded into folded sediments. Fiber ranges

from % to 1% inches, common lengths being % to % inch. Outcrops average 5

to 10 percent fiber. Serpentinite talus covers much of the area and averages 10

to 20 percent asbestos. Numbers 1 and 2 crude fiber and some group 3 havf

been stockpiled.

1953, Asbestos in southern B. C. : Western Miner and Oil Review, v. 26,

no. 7, p. 44—46.

Two promising asbestos deposits are being developed. The Okanagan Falls

deposit contains "veinlets and horses" of long-fiber amphibole asbestos in ser-

pentinized fault breccias. Small quantities of cross-fiber chrysotile in narrow

veins are believed to be related to contact metamorphism produced by a later

aplite dike intrusion. The asbestos fibers are divisible to fine threads of fair

strength. Economic possibilities of the deposit are discussed. The Revelstoke

deposit has cross-fiber chrysotile from Vin to % inch long and slip fiber as much

as 5 inches in length. Further exploration is needed. Asbestos fibers are simi

lar in quality to those of Thetford, Quebec.

Stewart, G. W. See Chidester, 1952.

Stewart, L. A., 1955, Chrysotile asbestos deposits of Arizona : U. S. Bur. Mines

Inf. Circ. 7706, 124 p. ; supplemented by U. S. Bur. Mines Inf. Circ. 7745,

41 p., 1956.

About 50 prospects and mines In the Salt River, Sierra Ancha, and Globe

districts of central Arizona, 2 deposits in the Grand Canyon district of northern

Arizona, 2 deposits in Pinal County, and 1 occurrence in Cochise County of

southeastern Arizona are discussed. Many areal and local maps and pro

duction figures are included.

An additional 18 properties are described in the supplement, virtually com

pleting the list of known asbestos properties in Arizona.

Stewart, L. A., and Haury, P. S., 1947, Arizona asbestos deposits, Gila County,

Arizona : U. S. Bur. Mines Rept. Inv. 4100, 28 p.

Resume' of work of U. S. Bureau of Mines and U. S. Geological Survey, 1941-

44, on Arizona asbestos deposits. Describes in general the asbestos industry in

Arizona including geology, production, grading and marketing, mining methods,

and present activity. Results of U. S. Bureau of Mines exploration program

at the Grandview No. 4 and Enders' White Tail No. 2 mines, at the Cowboy

and Last Chance claims of the Kyle's Sloan Creek group, and at the Reynolds

Falls group of claims are summarized. Plans and sections of mines, mill-flow

sheets, and table showing Arizona asbestos production are included. Geologic

maps of the 4 areas described are included at scales ranging from 1 inch=150

feet to 1 lnch=about 375 feet. A geologic map of the Salt River area, scale

1 inch=10 miles, is also included.

Still, R. T. See Maynard, 192a
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Straw, D. J., 1955, A world survey of the main chrysotile asbestos deposits:

Canadian Mining and Metall. Bull., v. 48, no. 522, p. 610-630: Canadian

Inst Mining and Metallurgy Trans., v. 58, p. 340-360.

Discusses chrysotile associated with "serpentinized ultrabasic" rocks

throughout the world. The geology of the following areas is more detailed :

Canada—Jeffrey, Vimy Ridge, Munro, and Cassiar mines; Transvaal—New

Amianthus mine; Southern Rhodesia—Shabani district, Mashaba district;

Russia—Bejenova district ; Japan—Hokkaido district ; Cyprus—Amiando mine ;

and Colombia. Other countries mentioned are Union of South Africa, Swazi

land, French Morocco, Madagascar, Spain, Yugoslavia, Italy, China, Venezuela,

and Australia. There is no discussion of asbestos deposits in the United

States.

Streib, W. C. See BadoUet, 1955.

Taber, Stephen, 1924, The origin of veins of fibrous minerals : Econ. Geology, v.

19, p. 475-486.

Based on results of laboratory experiments and detailed study of structure

and texture of asbestos veins, the author concluded that cross-fiber veins

formed by "material for growth being supplied through small, closely spaced

openings in the walls, which have been pushed apart by the growing vein."

The "peculiar structure" of these veins is due to "mechanical limitation of

crystal growth through addition of new material in only one direction." The

hypotheses that fibrous veins were deposited in open fissures or were formed by

replacement or recrystallization of wall rock in place are discounted by the

author.

Tatarinoff, M. V. Bee Soboleff, 1933.

Thompson, J. B. See Hurley, 1950.

Thome, R. L. See Fisher, 1945.

Trischka, Carl, 1927, Asbestos and the Arizona industry: Eng. Mining Jour.,

v. 124, p. 337-340.

Report contains general information on the mineralogy and uses of asbesti-

form minerals and specific descriptions of the chrysotile deposits in Gila County,

Ariz. Chrysotile was deposited in fractures and folds near diabase sills in

the serpentinized Mescal limestone of Precambrian age. The ore bodies are

as much as 60 feet wide and 200 feet long, and may contain several chrysotile-

bearing zones. Factors that have increased mining costs are the extensive

exploration and the development that are needed to discover and mine the small

erratically distributed ore bodies. Generalized vertical sections and plans of

typical commercial asbestos deposits in Arizona are given.

Tuttle, O. F. See Bowen, 1949.

Twenhofel, W. S., Reed, J. C, and Gates, G. O., 1949, Some mineral investiga

tions in southeastern Alaska : U. S. Geol. Survey Bull. 963-A, p. 34-37.

Tremolite asbestos on Admiralty Island occurs as "leaves and sheaves of paral

lel fibers, ns much as 18 inches long" in a band that parallels the foliation in

amphibole schist. Fibers examined were probably weathered, and therefore

had no commercial value. Geologic map, scales 1 inch = l]/i miles; 1 inch =

about 20 feet, are Included.

U. S. Bureau of Mines, 1924-31 : Mineral resources of the United States.

These annual publications list statistics on asbestos production, consumption,

use, price, imports, and exports. Current developments are noted.
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U. 8. Bureau of Mines, 1932-55 : Minerals Yearbook 1932-54. Preprints for 1965.

These annual publications list statistics on asbestos production, consumption,

use, price, imports, and exports. Current developments are noted.

1952, Materials survey, Asbestos, 1950. U. S. Bur. of Mines. Data As

sembled by Oliver Bowles.

Compilation covers briefly nearly all aspects of the asbestos industry from

geologic occurrence to uses. The chapter headings Indicate the scope of the

report: 1, Varieties and Composition of Asbestos; 2, Description of Deposits;

3, Mining Methods; 4, Milling Methods; 5, Grading and Classification; 6,

World Production; 7, World Reserves; 8, Political and Commercial Control;

9, International Trade; 10, Marketing; 11, Prices; 12, Uses and Requirements

of Use; 13, Substitutes for Asbestos; 14, Beneflciation of Asbestos; 15, Syn

thetic Asbestos ; 16, Problem of Low-Iron Asbestos ; 17, Search for New Sources

of Supply; 18, World War II Controls and Experiences. Geologic map (scale

1 ln.=2 mi.) of the Quebec Asbestos region, and location map of major world

asbestos deposits are included.

U. S. Geological Survey, 1882-1923: Mineral resources of the United States.

These annual publications list statistics on asbestos production, consumption,

use, price, imports, and exports. Current developments are noted. Geology of

several deposits Is described in the following volumes : 1895-96, 1900, 1901, 1903,

1904, 1907, 1909, 1913, 1914, 1917, 1918, 1919, and 1920.

Valentine, G. M., 1949, Inventory of Washington minerals, part 1, Nonmetallic

minerals : Washington Div. Mines and Geology Bull. 37, p. 8, 9.

State map shows asbestiform mineral localities, differentiating between re

ported occurrences, known occurrences, and those with a record of production.

This is accompanied by a list of deposits, giving name, location, description,

value, and reference, where known. There are no known commercial deposits

of asbestos in Washington, but favorable rock types occur at several localities.

Van Cott, Corbin. See Fisher, 1945.

Vermont State Geologist Reports, 1898-1947 : Burlington, Vt, v. 1-25.

Most of the biennial reports of the State Geologist contain sections variously

entitled, in succeeding reports, "Report on the Mineral Industries," "Mineral

Resources," "Mineral Resources and Industries," and "Mineral Industries."

Many contain brief accounts of asbestos, devoted chiefly to reviewing mining and

prospecting activities and listing personnel and equipment of the companies.

Three of these references (Perkins, 1902, and Marsters, 1904, 1905) are annotated

separately. Others constitute an account of development of the asbestos mine

at Belvidere Mountain and are contained in the following reports : v. 3, 4, 6, 7,

8, 12, 13, 17, 19, 20, 22, 23, 24, and 25.

Waggaman, W. H. See Bowles and others, 1948.

Wahlstrom, E. E., 1934, An unusual occurrence of asbestos: Am. Mineralogist,

v. 19, p. 178-180.

Amphlbole asbestos associated with copper-bearing pyrite, galena, sphalerite,

calcite, feldspar, quartz, and pyroxene was found in a banded fissure-vein deposit

in the Snowy Range mine at Camp Albion, Boulder County, Colo. Analysis of

asbestos is included and properties are described. Occurrence Is of mlneraiogic

interest only.
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Watson, T. L., 1907, Mineral resources of Virginia ; Lynchburg, Va., J. P. Bell

Co., p. 285-287. (Virginia Jamestown Exposition Comm.)

All the known asbestos occurrences are in the Piedmont province. The

asbestiform minerals are members of the amphibole group and have been mined

in Amelia, Bedford, and Franklin Counties. Asbestos has been reported from

Albemarle, Buckingham, Floyd, Goochland, Grayson, Fauquier, and Powhatan

Counties. Two chemical analyses of amphibole asbestos are given.

White, W. H. See Wolochow, 1941.

Willis, C. E., 1894, The asbestos fields of Port au Port, Newfoundland (with

discussion) : Mining Soc. Nova Scotia Jour. 2, p. 166-173.

Serpentinite belt of Thetford-Black Lake continues through the Gaspe Penin

sula, and across Newfoundland. At Cape Gregory talus contains chrysotile

fibers as long as 2>~i inches in serpentine. Much prospecting done in rocks

similar to those of Eastern Townships of Quebec.

Wilson, E. D., 1928, Asbestos deposits of Arizona ; with an introduction on asbes

tos minerals, by G. M. Butler : Arizona Bur. Mines Bull. 126, 100 p.

Discusses asbestos minerals and their geologic occurrences, grades and specifi

cations, uses, demand, market value, world production, mining and milling proc

esses and acquisition of claims. Describes geologic settings of deposits in Chrys-

otile-Salt River region, Sierra Ancha region, and other deposits in Gila County ;

also those of Coconino, Pinal, and Yuma Counties. Asbestos occurs in Pre-

cambrian Mescal limestone, near diabase contact. Character of limestone and

diabase, general features of asbestos deposits, and origin of asbestos are discussed.

Wing, L. A., 1951, Asbestos and serpentine rocks of Maine : Maine Geol. Survey,

Rept. State Geologist, 1949-50, p. 35-46.

Large masses of serpentinite have been mapped at two places in Maine ; Spencer

area and Deer Isle area. Other serpentinite occurrences in the State are too

small to be of economic Importance. All known serpentinite bodies in the

Spencer area contain asbestos; possibly one has commercial quantities.

Geologic relations of serpentinite bodies are described briefly. In the Deer Isle

area only one ultramafic body was observed to contain asbestos, and that In very

small amounts. Geology is briefly described. Geologic maps, scales, 1 lnch=

about 100 feet and 1 lnch=400 feet, are Included.

Wing, L. A., and Dawson, A. S., 1949, Preliminary report on asbestos and as

sociated rocks of northwestern Maine: Maine Geol. Survey, Rept. State

Geologist 1947-48, p. 30-62.

The Parmachenee area In northern Oxford County, the Jim Pond area in

northern Franklin County, and the Spencer area in central Somerset County In

northwestern Maine were studied to evaluate their asbestos resources.

The authors believe that the deposits of the Parmachenee and Jim Pond areas

are not of commercial importance at present. In the Spencer area, 4 of the 5

known serpentinite masses contain asbestos, but other asbestos-bearing serpen

tinite masses may be discovered. The "Spencer serpentine" along Little Spencer

Stream, considered by the authors as a potential source of asbestos, contains

two fiber-bearing zones with as much as 8 percent asbestos, all of short length

but good quality, In fracture zones In the serpentinite. Although the results of

diamond drilling in the eastern part of this body have been inconclusive, the

authors feel that further exploration In this area is warranted. Geologic maps

of the "Spencer serpentine" (scale 1 ln.=about 300 ft), the "Stony Brook
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Mountain serpentine" (scale 1 in.=200 ft.), and the Jim Pond area (scale 1 :62,-

500) are included.

Wolochow, David, 1041, Thermal studies on asbestos, II, Effect of heat on the

breaking strength of asbestos tape and glass fiber tape: Canadian Jour. Be-

search, v. 10, pt. B, p. 56-«0.

Effects of heat on chrysotile asbestos tape, crocldolite (blue) asbestos tape,

sind glass fiber tape are presented. Absorbed moisture is driven off, which in

creases breaking strength. Chrysotile keeps strentgh to 370°C. Prolonged

heating at higher temperatures produces partial loss in strength. Above 540°C

it losses strength rapidly. Crocidolite loses strength more rapidly. Glass fiber

Is less heat resistant, losing strength rapidly at 250°C. Several graphs show

results.

Wolochow, David, and White, W. H., 1941, Thermal studies on asbestos, I,

Effect of temperature and time of heating on loss in weight and resorption

of moisture : Canadian Jour. Research, v. 19, pt. B, p. 49-55.

Loss in weight of chrysotile asbestos heated to between 500° and 700°C varied

with time and temperature. Prolonged heating near 500*0 expelled as much

as 50 percent of the combined water. Near 600°C prolonged heating expelled

all the water. Above 700°C, loss in weight was rapid. Data suggest that heat

ing near 215"C would be an accurate and rapid method to determine free moisture.

The results are shown on several graphs and tables.

Woodward, H. P., 1932, Geology and mineral resources of the Ronnoke area,

Virginia : Virginia Geol. Survey Bull. 34, p. 133-134.

Asbestos fibers as much as 18 inches long have been mined from "vertical dike

like masses" parallel to the schistosity of the metamorphic rocks near Bedford

and Roanoke. Small masses of asbestiform minerals are known to occur along

shear zones in the crystalline rocks of the Blue Ridge province and locally along

bedding- and fault-planes in limestones of the Roanoke area. Most of this ma

terial is not of commercial value.

Wright, W. S. See Heide, 1940.

Toder, H. S., Jr. 1952, The MgO-AliC-SiO^HjO system and the related meta

morphic fades : Am. Jour. Sci., Bowen Volume, pt. 2, p. 509-827.

Equilibrium relations in part of this 4-component system were studied at tem

peratures from 430° to 990°C at pressures of water vapor as high as 30,000 psi

( pounds per square inch ) . Powders of the composition, 3Mg0.2SiO>, when hydro-

thermally treated, formed serpentine below temperatures of about 520°C and

at pressures from 2,000 to 20,000 psi. On the basis of X-ray patterns, non-

aluminous serpentine appears to be chrysotile ; aluminous serpentine appears to

be similar to antigorite in X-ray pattern and platy habit. Assemblages stable

in presence of excess water vapor at significant temperature intervals and at

pressures as high as 30,000 psi are discussed with the aid of pressure-temperature

curves and triangular-composition diagrams.

Zimmerman, E. W., 1953, Reclamation of asbestos: [U. S.] Natl. Bur. Standards

Tech. News Bull., v. 37, no. 9, p. 139; Asbestos, v. 35, no. 3, p. 16-18.

Describes simple effective procedure developed for reclaiming asbestos from

discarded pipe insulation. Samples used in study are of three general types :

asbestos cloth, asbestos-cotton cloth, and a molded pipe lagging that has asbes

tos fiber as filler and magnesia cement as binder. Extraneous material is re

moved from the asbestos insulation by chemical treatment and the cleaned ma
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terial is reduced to fiber form in a paper pulp beater. Recovery from the molded

pipe insulation averaged only 15 percent of the fiber and this was contaminated

with foreign material. The uses of reclaimed asbestos, particularly that from

asbestos cloth and asbestos-cotton cloth, are discussed.

Zodae, Peter, 1039, Mountain leather at Paterson, N. J. : Rocks and Minerals,

v. 14, no. 1, p. 3-9.

Mountain leather Is found in Wappinger limestone quarry as vertical sheets

in limestone. Interwoven fibers make up a porous material with low specific

gravity and low absorption of water.
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Mines 1951, 1954

California Bureau War Minerals

Production 1932-55

California Journal of Mines and

Geology 1942

Carlson and Clark 1954

Davis 1950

Dietrich 1953, 1955

DiUer 1911

EmerBon 1917

Gordon 1922

Hopkins 1914

Jenkins 1949

McCallie 1910

Maynard and others 1923

Moore 1937

Anthophylllte—Continued

Murdock 1950

Osterwald and Osterwald 1952

Perry, B. L. 1929

Perry, E. S. 1948

Pratt and Lewis 1905

Babbitt 1948

Reed 1951

Relfsnelder 1925

Ross and Carr 1941

Sellards and Baker 1934

Shannon 1922

Stephens 1958

C. S. Bureau of Mines 1952

Watson 1907

Woodward 1932

See alto Mineralogy.

Antlgorite. See Source rocks, Ultramaflc.

Arizona.

General :

Bowles 1955a

Sbrlde 1952

Stewart 1955

Trischka 1927

Wilson 1938

Central region :

Bateman 1923

Stewart and Haury 1947

Grand Canyon : Noble 1910

Bibliography :

Balrd and others 1954

Gamble 1929

Ross and Carr 1941

British Columbia.

General : Canada Geological Survey

1948

Northern (Casslar) :

Armstrong 1940, 1949

Bell 1955

British Columbia Department of

Mines 1951, 1952, 1954

Jones, A. G. 1948

Stephens 1962

South Central : British Columbia De

partment of Mines 1954

Southeast :

British Columbia Department of

Mines 1951, 1954

Stephens 1953

California :

California Bureau War Minerals

Production 1942
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California—Continued

California Division of Mines

1950, 1951

California Journal of Mines and

Geology 1932-55

Carlson and Clark 1954

Davis 1950

Canada.

Clrkel 1910

Ross, J. G. 1931

See alto British Columbia ; Gen

eral ; Newfoundland ; Ontario ;

Quebec ; Saskatchewan ; World

resources ; Yukon.

Chemistry. See Properties ; Mineralogy.

Chrysotlle :

Alcock 1947

Anderson, Eskll 1945, 1947

Armstrong 1940, 1949

Aubert de la Rue 1941

Badollet 1951, 1955

Bain, G. W 1932

Baln.H. F. 1946

Bancroft 1922

Bannerman 1940

Barlow 1910

Bateman 1923

Bates and Mink 1950

Bates and others 1950

Beckwlth 1939

Beelcr 1911

Bell 1955

Birch 1955

Bostock 1948

Bowles 1935a, 1955a

Brnndenberger and others 1947

British Columbia Department of

Mines 1951, 1952, 1934

Byers and Dahlstrom 1054

California Bureau War Minerals

Production 1942

California Division of Mines

1950, 1951

California Journal of Mines and

Geology 1932-55

Carlson and Clark 1954

Chidester, Billings, and Cady

1951

Chidester, Stewart, and Morris

1952

Clrkel 1910

Coats 1944

Cooke 1931, 1935, 1937

Cooper 1936

Davis 1950

Denis 1931

Dietrich 1953, 1955

filler 1911

Dresser 1912, 1913, 1920, 1939

Dufresne and Larochelle 1932

Faribault and others 1911

Gordon 1922

Graham 1917

Heide and others 1946

Chrysotlle—Continued

Hendry 1951

Hewitt and Satterly 195S

Jenkins 1949

Keith and Bain 1932

Kindle 1953

Marsters 1904, 1905

Mertie 1940

Messel 1947

Morton and Baker 1941

Nagy 1953

Nagy and Bates 1952

Newland 1921

Noble 1910

Osterwald and Osterwald 1952

Perkins 1903

Perry, E. S. 1948

Phillips and Hess 1936

Pratt and Lewis 1905

Rlordon 1952, 1954, 1955

Ross 1931

Ross and Carr 1941

Roy and Roy 1954

Satterly 1952

Sellards and Baker 1934

Shrlde 1952

Sloan 1908

Smith 1932

Snelgrove 1953

Soboleff and TatarlnofT 1933

Stephens 1952, 1953

Stewart 1955

Stewart and Haury 1947

Straw 1955

Trischka 1927

U. S. Bureau of Mines 1952

Valentine 1949

Willis 1894

Wilson 1928

Wing 1951

Wing and Dawson 1949

Wolocbow 1941

Wolochow and White 1941

Toder 1952

Classification and grading :

Asbestos Textile Institute 1953

Bowles 1955a

Dufresne and Larochelle 1932

Frank 1952

Howling 1937

Jenkins 1949

Messel 1947

Stewart 1955

Stewart and Haury 1947

Colorado : Wahlstrom 1934

Consumption. Sec Production.

Crocldollte :

Badollet 1951

Bowles 1935a, 1955a

Frank 1952

Gordon 1922

Howling 1937

Sinclair 1955b

D. S. Bureau of Mines 1952
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Crystallography. See Mineralogy.

Dunite. See Source rocks, Ultramnfic.

Exploration. See Prospecting.

General :

"Asbestos" 1919-55

Asbestos Textile Institute 1953

Bowles 1955a

Bowles and others 1948

Cirkel 1910

Frank 1952

Howling 193T

Jenkins 1949

Ross 1931

Sinclair 1955b

U. S. Bureau of Mines 1924-31,

1932-55, 1952

Geology of asbestos deposits. See Mode of

occurrence.

Geophysical prospecting. See Prospecting.

Georgia.

General :

Hopkins 1914

McCallle 1910

Maynard and others 1923

Hollywood: Reifsneider 1925

Grading. See Classification.

Idaho.

General :

Ross and Carr 1941

Shannon 1922

Oroflno region : Anderson, A. L. 1930,

1931

limestones with asbestos. See Source rocks.

Magnetometer tests. See Prospecting.

Maine :

Hurley and Thompson 1950

Wing 1951

Wing and Dawson 1949

Maryland : Bangs 1946

Massachusetts : Emerson 1917

Metamorphic rocks. See Source rocks.

Milling methods. See Mining and milling

methods.

Mineralogy.

General :

Badollet 1951

Bowles 1935a, 1955a

Bowles and others 1948

Frank 1952

Sinclair 1955b

Taber 1924

U. S. Bureau of Mines 1952

Wilson 1928

Yoder 1952

Mineralogy—Continued

Amphlbole asbestos : Wahlstrom 1934

Anthophylllte :

Rabbltt 1948

Shannon 1922

Chrysotlle :

Bates and Mink 1950

Bates and others 1950

Gruner 1937

Morton and Baker 1941

Nagy 1953

Selfrldge 1936

Wolochow 1941

Wolochow and White 1941

Serpentine :

Bates and Mink 1950

Gruner 1937

Nagy 1958

Selfrldge 1936

Tremollte :

Anderson, Eskil 1945, 1947

Comeforo and Kohn 1954

Kobn and Comeforo 1955

Mining and milling methods :

"Asbestos" 1919-55

Asbestos Textile Institute 1953

Badollet 1949, 1950, 1955

Bowles 1935b, 1955a

Cirkel 1910

Dresser 1939

Morton and Baker 1941

Sinclair 1955b

Stewart 1932

U. S. Bureau of Mines 1924-81,

1932-55, 1952

Mode of occurrence of asbestos :

Alcock 1947

Anderson, A. L. 1030. 1931

Anderson, Eskil 1945, 1947

Armstrong 1940, 1949

Bain, G. W. 1982, 1942

Bangs 1946

Bannerman 1940

Barlow 1910

Bateman 1923

Beckwlth 1939

Beeler 1911

Bowles 1935a, 1955a

Bell 1955

British Columbia Department of

Mines 1951, 1952, 1954

Byers and Dahlstrom 1954

California Bureau War Minerals

Production 1942

California Journal of Mines and

Geology 1932-55

Cbldester, Billings, and Cady

1951

Coats 1944

Cooke 1931, 1987, 1947, 1950

Cooper 1936

Denis 1931

Dlller 1911

Dresser 1913, 1939

Emerson 1917
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Mode of occurrence of asbestos—Con.

Helde and others 1946

Hendry 1951

Hewitt and Satteriy 1953

Hopkins 1914

Jones, I. W. 1935

Keith and Bain 1932

Marsters 1904, 1905

Moore 193T

Newland 1921

Noble 1910

Pardee and Larsen 1929

Perkins 1903

Perry, E. L. 1929

Perry, E. S. 1948

Pratt and Lewis 1905

Reed 1951

Reifsnelder 1925

Retty 1931

Rlordon 1952, 1954

Satteriy 1952

Sellards and Baker 1934

Shrlde 1952

Sinclair 1955a, b

Sloan 1908

Smith and Mertle 1930

Snelgrove 1953

Spencer 1916

Stephens 1952, 1953

Stewart 1955

Stewart and Haury 1947

Straw 1955

Trischka 1927

Twenhofel and others 1949

U. S. Bureau of Mines 1952

Valentine 1949

Wahlstrom 1934

Willis 1894

Wilson 1928

Wing 1951

Wing and Dawson 1949

Montana :

Pardee and Larsen 1929

Perry, B. S. 1948

Reed 1951

Mountain leather. See Pallgorskite ; Substi

tutes for asbestiform minerals.

Newfoundland :

Balrd and others 1954

Cooper 1936

Snelgrove 1953

Willis 1894

New Jersey : Bayley and others 1914

New York :

Newland 1921

Zodac 1939

North Carolina :

Murdock 1950

Pratt and Lewis 1905

Olivine. See Source rocks, Ultramaflc.

Ontario.

General :

Cooke 1947

Hewitt and Satteriy 1953

Ontario Department of Mines

1953

Cochrane District (Munro) :

Hendry 1951

Satteriy 1952

Oregon : Moore 1937

Origin.

Asbestos.

General :

Bain, G. W. 1932, 1942

Bowles 1955a

Frank 1952

Hess 1933

Keith and Bain 1932

Riordon 1955

Ross 1931

Sinclair 1955b

Taber 1924

U. 8. Bureau of Mines 1952

Deposits :

Anderson, A. L. 1930, 1931

Bateman 1923

Cooke 1937

Dresser 1913, 1920

Faessler and Badollet 1947

Graham 1917

Noble 1910

Stewart 1955

Stewart and Haury 1947

Wilson 1928

Ultramaflc Rocks :

Armstrong 1940, 1949

Bain, G. W. 1932, 1936

Benson 1918

Bowen 1927

Bowen and Tuttle 1949

Chldester, Billings, and Cady.

1951

Cooke 1937

Dresser 1920

Faessler and Badollet 1947

Frank 1952

Graham 1917

Hess 1933, 1955

Sinclair 1955b

Pallgorskite :

Fisher and others 1945

Valentine 1949

Zodac 1939

Pennsylvania : Gordon, 1922

Peridotlte. See Source rocks, Ultramaflc.

PIcrolite :

Armstrong 1940, 1949

Aubert de la Rue 1941

Barlow 1910

Bowles 1955a
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Picrolite—Continued

British Columbia Department of

Mines, 1951

Kindle 19S3

Blordon 1955

U. 8. Bureau of Mines 1952

Properties of asbestlform minerals, physical

and chemical.

General :

Badollet 1951

Bowles 1935a, 1955a

Clrkel 1910

Frank 1952

Jenkins 1949

Boss 1931

Sinclair 1955b

U. S. Bureau of Mines 1952

Chemical :

Morton and Baker 1941

Nagy 1958

Nagy and Bates 1952

Physical :

Badollet 1948, 1949, 1950, 1955

Soboleff and Tatarinoff 1933

Wolochow 1941

Wolochow and White 1941

Prospecting.

General :

Bowles 1955a

Sinclair 1955b

Evaluation :

Messel 1947

Sinclair 1955a

Exploration :

Clrkel 1910

Stewart 1955

Geophysical methods :

Hendry 1951

Hurley and Thompson 1950

Low 1951

Stain test : Morton and Baker 1941

Pyroxenite. Bee Source rocks, Ultramafic.

Quebec.

General :

Dresser 1920

Dresser and Denis 1939-51

Graham 1917

Quebec Department of Mines,

1980-87

Abitlbi County : Bannerman 1940

Chibougamau region : Faribault and

others 1911

Eastern Townships :

General :

Alcock 1947

Ambrose 1942

Aubert de la Rue 1941

Cooke 1950

Denis 1931

Dresser 1912, 1913

Faessler and Badollet 1947

Quebec—Continued

Eastern Townships—Continued

Jones, I. W. 1935

Thetford-Black Lake area

Cooke 1931, 1985, 1937

Rlordon 1952, 1954

Paplneau County : Bowles 1955b

Temlscamlngue County : Hetty 1931

Reclamation of asbestos : Zimmerman 1953

Rhode Island : Emerson 1917

Saskatchewan : Byers and Dahlstrom 1954

Sedimentary rocks containing asbestos. Bee

Source rocks, Limestones and

Metamorpblc rocks.

Serpentine. See Source rocks, Ultramafic.

Source rocks containing asbestos.

Limestones :

Bateman 1928

Bayley and others 1914

Bowles 1955a, b

Diller 1911

Dresser 1989

Hewitt and Satterly 1953

Newland 1921

Noble 1910

Stewart 1955

Stewart and Haury 1947

Shride 1952

Sinclair 1955a, b

Trlschka 1927

D. 8. Bureau of Mines 1952

Wilson 1928

Metamorpblc rocks :

Anderson, A. L. 1930

Dietrich 1953, 1955

Diller 1911

Maynard and others 1923

Moore 1937

Newland 1921

Osterwald and Osterwald 1952

Pratt and Lewis 1905

Relfsnelder 1925

Sloan 1908

Twenhofel and others 1949

Valentine 1949

Wahlstrom 1934

Watson 1907

Woodward 1932

Ultramafic rocks :

Alcock 1947

Ambrose 1942

Anderson, A. L. 1931

Armstrong 1940, 1949

Aubert de la Rue 1941

Bain, G. W. 1982, 1936, 1942

Bain, H. F. 1946

Bancroft 1922

Bannerman 1940

Barlow 1910

Beckwlth 1989

Beeler 1911



864 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Source rocks containing asbestos—Continued

Ultramaflc rocks—Continued

Bell 1965

Benson 1018

Bostock 1948

Bowen 1927

Bowen and Tuttle 1949

Bowles 195Sa

British Columbia Department of

Mines 1951, 1952, 1954

California Bureau War Minerals

Production 1942

California Division of Mines

1950, 1951

California Journal of Mines and

Geology 1932-55

Canada Geological Survey 1948

Carlson and Clark 1954

Chldester, Billings, and Cady

1951

Chldester, Stewart, and Morris

1952

Clrkel 1910

Coats 1944

Cooke 1931, 1937, 1947, 1950

Cooper 1936

Davis 1950

Denis 1931

Dlller 1911

Dresser 1912,1913,1020,1939

Emerson 1917

Faessler and Badollet 1917

Faribault and others 1911

Graham 1917

Helde and others 1046

Hendry 1951

HeBS 1933, 1955

Hewitt and Satterly 1053

Hopkins 1914

Hurley and Thompson 1950

Jones, A. G. 1948

Kindle 1953

McCallie 1010

Marsters 1904, 1905

Mertle 1937, 1940

Messel 1947

Nagy 1953

Nagy and Bates 1052

Noble 1910

Osterwald and Osterwald 1952

Perkins 1003

Perry, E. L. 1020

Perry, B. S. 1948

Phillips and Hess 1936

Pratt and Lewis 1905

Reed 1951

Rlordon 1952, 1954, 1955

Ross 1931

Satterly 1952

Sellards and Baker 1984

Sloan 1908

Smith and Mertle 1980

Snelgrove 1953

Spencer 1916

Stephens 1952, 1953

Source rocks containing asbestos—ConUsoid

Ultramaflc rocks—Continued

Straw 1955

U. S. Bureau of Mines 1952

Valentine 1949

Willis 1894

Wing 1951

Wing and Dawson 1949

Yoder 1952

South Carolina : Sloan 1908

South Dakota : Connolly and O'Harra 1921

Specifications. See Classification.

Substitutes for asbestiform minerals :

Bowles 1955a

Fisher and others 1945

Sinclair 1955b

U. S. Bureau of Mines 1952

Zodac 1939

Synthesis of asbestiform minerals

Arbeitatagung "Asbest" 11WJI

Bowles 1955a

Brandenberger and others 1947

Comeforo and Kntan 1954

Frank 1952

Kohn and Comeforo 1955

Roy and Roy 1954

Sinclair 1955b

U. S. Bureau of Mines 1952

Texas : Sellards and Baker 1934

Tremollte :

Anderson, A. I,. 1930

Anderson, Eskil 1945

Badollet 1951

Bain, H. F. 1946

Bowles 1955a

California Bureau War Minerals

Production 1942

California Journal of Mines «»*

Geology 1932-65

Coats 1944

Davis 1950

Dietrich 1953, 1055

Gordon 1022

Helde and others 1046

Pardee and Larsen 1929

Perkins 1903

Pratt and Lewis 1905

Snelgrove 1953

Twenhofel and others 1949

U. S. Bureau of Mines 1952

Valentine 1949

Ultramaflc rocks. See Source rocks.

Uses :

Asbestos Textile Institute 195s

Bowles 1935a, 1955a
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Uise8 Continued

Bowles and others, 1048

Clrkel 1910

Frank 1952

Rakeyser 1950

Stewart 1955

Stewart and Haury 1947

C. S. Bureau of Mines 1952

Vermont.

General :

Bain, O. W. 1936, 1942

Chldester, Billings and Cady

1951

Chldester, Stewart, and Morris

1952

Hess 1933

Keith and Bain 1932

Perkins 1903

Vermont Geological Survey 1947

Lamoille and Orleans Counties : Mar-

sters 1904, 1905

Washington County : Chldester, Stewart,

and Morris 1952

Windsor County : Perry, K. L. 1929

Virginia.

Dietrich 1953, 1955

Watson 1907

Woodward 1932

Washington : Valentine 1949

World resources :

Bowles 1934, 1935a, 1955a

Bowles and others 1948

Frank 1952

Howling 1937

Sinclair 1955b

Straw 1955

U. S. Bureau of Minos 1952

Wyoming.

General :

Beckwith 1939

Birch 1955

Osterwald and Osterwald 1952

Atlantic gold district : Spencer 1916

Casper Mountain : Beeler 1911

North Laramie Mountains : Spencer

1916

X-ray analysis.

General :

Bates and Mink 1950

Gruner 1937

Selfridge 1936

Anthophyllite : Rabbitt 1948

Tremollte :

Comeforo and Kohn 1954

Kohn and Comeforo 1955

Ultramaflc rocks: Yoder 1952

Yukon :

Bostock 1948

Kindle 1953
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ANNOTATED BIBLIOGRAPHY ON THE GEOLOGY

OF SELENIUM

By Gwendolyn W. Luttrell

ABSTRACT

This bibliography includes annotations of nearly 400 papers on the geologic oc

currence, mineralogy, and geochemistry of selenium, as well as papers on metal

lurgy, analytical procedures, biologic effects, production, and uses of selenium

which are of geologic interest. A summary of the uses, mineralogy, geochemistry,

and geologic occurrence of selenium is contained in the introduction.

INTRODUCTION

Selenium, a comparatively rare element, is playing an increasingly

large part in manufacturing processes and in articles of everyday use

because of its unique properties. Selenium was discovered by J. J.

Berzelius in 1817, but it remained only a laboratory curiosity until one

of its valuable properties, its variation in electrical resistance when

exposed to light, was discovered by Willoughby Smith in 1873. Since

then, this and other unusual properties of selenium, especially its rec

tifying property, or the ability to change alternating to direct current,

have led to its wide use in industry.

The two principal uses for selenium, accounting for 50 percent and

25 percent respectively of U. S. consumption, are in rectifiers and pig

ments. Rectifiers are used in voltage multiplier circuits, in other

electronic devices, and in television and radio equipment. Selenium

pigments impart a red color to paint, ceramics, rubber, paper, silks,

leather, and other products. Other uses for selenium are as a decolor-

izer in flint glass; as a coloring agent in ruby and amber industrial

glass; as a degasser in the manufacture of stainless steel, where it also

improves machinability ; as an alloying element to increase the machin-

ability of copper; as a vulcanizing agent in rubber, where it improves

resistance to heat, oxidation, and abrasion ; as a catalyst in the prepara

tion of drugs and pharmaceuticals ; as an antioxidant in lubricating

867
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oils ; in photoelectric cells ; as a toner in photography ; in blasting caps ;

in insecticides ; as a resin solvent ; and in the separation and purifica

tion of hydrocarbons. Many of these uses are increasing, and the

resulting demand has stimulated research on the geology and geochem

istry of selenium, for it is through such studies that new sources of the

element will be found.

The ores of many of the world's large copper mines contain minute

amounts of selenium, and at present the most important commercial

source of selenium is copper anode slimes from which it is recovered as

a byproduct. Increased demand for selenium has led to improved

practices in byproduct recovery, so that the supply has increased

notably in recent years. Selenium also is produced as a byproduct of

the flash roasting of pyrites in the manufacture of sulfuric acid.

United States production of selenium in 1954 was 713,200 pounds

and imports in that year were 209,600 pounds, as reported in the Bu

reau of Mines Minerals Yearbook for 1954. The price of selenium,

which was $1.50 per pound in the early 1930's, increased to a high of

$18.50 for 99.99 percent selenium in late 1956, but dropped to $13.50 in

mid-1957.

GEOCHEMISTRY

The distribution of selenium in nature and its concentration in ore

deposits are subjects which have not been given detailed study until

recently. The abundance of selenium in magmatic rocks given by

V. M. Goldschmidt (1954) is 0.09 ppm. The atomic number of se

lenium is 34 and its atomic weight is 78.96 ; selenium is between sulfur

and tellurium in the periodic table, and it is closely related to these

elements in certain aspects of its geochemical behavior. Selenium is a

chalcophile element and has a high aflmity for sulfur. The atomic

radii of selenium and sulfur are so similar that selenium readily re

places sulfur diadochically in sulfide minerals. The substitution ap

pears to occur more readily at high than at low temperatures, for the

sulfur-selenium ratio ranges from 400 : 1 to 20,000 : 1 in high tempera

ture sulfides, but ranges from 70,000 : 1 to 250,000 : 1 in low tempera

ture magmatic sulfides. Selenium also accompanies sulfur in some

volcanic sulfur deposits.

The close relationship between sulfur and selenium in primary ores

does not continue during the cycle of weathering and leaching because

a much higher oxidation potential is required to oxidize selenides to

selenates than to oxidize sulfides to sulfates, and the low oxidation

potential under which weathering commonly takes place is not suffi

cient to form selenates. Ordinarily only selenites form, and these

are readily removed from solution by reduction or absorption. Thus

selenium is separated from sulfur in evaporites and in sulfur deposits
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formed by the reduction of sulfates. Very little of the selenium car

ried into sea water remains in solution, the bulk of it being removed

with organic matter, iron and manganese hydroxides, and iron sulfide.

MINEBALOGY

Selenium occurs in nature in crystalline and amorphous elemental

form ; in solid solution with tellurium and sulfur ; combined with other

metals as selenides, sulfoselenides, selenites, and selenates; in many

sulfide and sulfosalt minerals in which it substitutes for a small part

of the sulfur in the crystal lattice ; and as an oxide of selenium.

A list of minerals of selenium follows. Selenium is listed in the

formulas of minerals in which it may be a major constituent.

Minerals of selenium

SelmUu, tulfoteknidei Compotilim

Achavalite FeSe(?)

Aguilarite Ag4SeS

Berzelianite CuiSe

Bomhardtite (Co, Cu, Ni),Se<(?)

Cadmoselite Cd (Se, 8)

Clausthalite PbSe

Crookesite (Cu, Tl, Ag)3Se

Eskebornite CuFe,Se4(?)

Eucairite CuAgSe

Ferroselite FeSe3

Guanajuatite (frenzelite, castillite) Bi2Sei

Hastite (Co, Fe)Se,

Klockmannite CuSe

Metacinnabar, selenian (onofrite, guadalcazarite) . Hg(S, Se)

Naumannite (cacheutaite) AgiSe

Paraguanajuatite Bi2Se3

Penroseite (blockite) (Ni, Cu, Pb)Se,

Stilleite ZnSe

Tiemannite HgSe

Trogtalite CoSe,

Umangite CujSea

Unnamed cobalt selenide CoSe(?)

Svlfidu and tdluridet

Argentite- AgjS

Arsenopyrite FeAsS

Bismuthinite Bi3(S,Se) ,

Bornite CuiFeS«

Chalcopyrite CuFeSj

Cinnabar HgS

Csiklovaite BijTeS,

Galena. PbS

Gruenlingite BliTeSi

Joseite. Bi,TeS(?)

Marcaaite FeSj

Molybdenite MoSi
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Minerals of seleniUm—Continued

Sulfidu and Ulluridea—Contlmi-il Composition

Pyrite FeS,

Pyrrhotite Fe,-,S

Siegenite (selenosiegenite) (Co,Ni)j(S,Se)4

Sphalerite (wurtzite) ZnS

Stannite Cu2FeSnS»

Stibnite Sb2S,

Tetradymite Bi2Te2S

Troilite FeS

Vaesite (selenovaesite) Ni(S,Se)2

Villamaninite (bravoite) (Ni,Fe, Cu) S»

SuljosaMt

Chiviatite Pb3Bi,(S,Se)ls(?)

Cosalite (selenocosalite) Pb2Bi2(S,Se)»

KobeUite (selenokobeUite) Pb2(Bi,Sb),(S,Se)i (?)

Platynite PbBi,(Se,S),(?)

Tetrahedrite (Cu.Fe^Sb.S,,

Weibullite (seleniferous galenobismutite) PbBi2(S,Se)4(?)

Wittite Pb,Bi,(S,Se)„(?)

Selmila

Ahlfeldite NiSeO, 6H20(?)

Chalcomenite CuSeO> 2H.0

Cobaltomenite hydrous cobalt selenit«

SelcnVe or ulenate

Kerstenite (molybdomenite) hydrous lead selenite or

selenate PbSeO,(?)

Tellurite

Emmonsite (durdenite) Fe2(Te03)s-2HjO?SeOj

Oxide

Selenolite Se02

Mixturet oftelenidet

Lehrbachite Tiemannit«, clausthalit*

Zorgite, "seebachite" Clausthalite, umangite,

tiemannite

Tilkerodite, selenkobaltblei Clausthalite, cobaltite,

hematite

GEOLOGIC OCCURRENCE

Selenium occurs in metallic ore deposits, most commonly in hydro-

thermal base metal sulfide deposits of all temperature and depth

ranges. It is present in disseminated copper deposits of the porphyry

type, in vein and replacement copper deposits, in massive sulfide

ores, in copper-lead sulfide vein deposits, in epithermal silver-gold

veins, in quicksilver and antimony deposits, and in the sandstone-type

uranium-vanadium deposits of the Western United States. It is also

present in volcanic emanations and deposits. Selenium also occurs

as a trace element in many sedimentary deposits, particularly coals,

volcanic tuffs, phosphate deposits, and sedimentary iron ores. It is
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>resent in shales and other sedimentary rocks, and in soils and vege-

ation associated with or derived from seleniferous formations.

In hydrothermal base metal sulfide deposits most of the selenium

■eplaces sulfur in the lattices of sulfide minerals, such as pyrite,

halcopyrite, sphalerite, galena, marcasite, and arsenopyrite. Sele-

lium minerals have been identified only in a few massive sulfide

leposits, and sulfide vein deposits.

Selenium has been detected in amounts of not more than a few

hundredths of a percent in the ores of most of the world's large copper

ieposits, including the disseminated deposits at Ray and Morenci,

Ariz.; Ely, Nev. ; Bingham, Utah; Chino, N. Mex. ; and Cananea,

Mexico; and the replacement and vein deposits of Butte, Montana;

Cerro de Pasco, Peru ; Northern Rhodesia ; and Belgian Congo. Some

i>f the better known seleniferous massive sulfide deposits are at Rio

Tinto, Spain; Mt. Lyell, Tasmania; Mt. Isa, Queensland; Bor, Yugo

slavia; Boliden, Sweden; Flin Flon, Manitoba; Sudbury, Ontario;

and Ducktown, Tenn.

In certain sulfide vein deposits a variety of selenium minerals is

found. The copper-silver-lead veins of Skrikerum, Sweden; Harz

Mountains, Germany ; Copiapo, Chile ; and Colquechaca, Bolivia ; and

the pitchblende-bearing sulfide veins of Goldfields, Saskatchewan,

and Shinkolobwe, Belgian Congo are characterized by a wide variety

and abundance of selenium minerals.

Selenium minerals are found in many epithermal silver-gold fissure

vein deposits. Examples are deposits in the Silver City district,

Idaho; Comstock Lode and Jarbidge district, Nev.; and Guanajuato,

Mexico, where naumannite, sometimes in large quantities, has been

identified. Unidentified selenium minerals in combination with gold

and silver are found in the Republic district, Wash., and in Radjang

Lebong, Sumatra. The seleniferous silver-gold ores of Tonopah

and Aurora, Nev.; San Francisco district, Utah; and the Liberty

Bell mine, Telluride district, Colo., all contain small amounts of an

unidentified black mineral, which is possibly a gold or silver selenide.

Some epithermal quicksilver deposits contain tiemannite. Tie-

mannite has been noted at Buckskin Peak, Nev.; the Abbott mine,

Calif.; the Lucky Boy mine, Piute County, Utah; and at Guadal-

cazar, San Onofre, and Huitzuco, Guerrero, Mexico. At Huitzuco

the selenium is associated with antimony ores.

In most epithermal veins selenium minerals are rare, but in a few

deposits they constitute a major part of the ore. At the Lucky Boy

quicksilver mine the ore consisted almost entirely of tiemannite,

and at the De Lamar mine, Silver City district, Idaho, the principal

silver mineral was naumannite, although it was mistaken for argen
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tite. The unusual deposit at Radjang Lebong, Sumatra, consists of

a combination of gold and silver with selenium.

A few rare veins of selenide minerals are known in which sulfide

minerals are absent. The Hiaco (Pacajake) silver mine near Colque-

chaca, Bolivia, and the silver-lead selenide vein at Cerro de Cacheuta,

Argentina, are veins that contain only selenide minerals and a few

secondary selenite minerals.

Uranium deposits in sandstone in the Western United States gen

erally contain selenium in association with sulfide minerals or with

carbonaceous material. Recent studies have shown that the selenium

in some of these deposits occurs in elemental crystalline form, but in

most the element seems to be substituting for sulfur in sulfide

minerals.

Selenium is found associated with products of volcanic origin. A

volcanic tuff deposit in Fremont County, Wyo., was found to be

seleniferous, and soils derived from volcanic materials in the Hawai

ian Islands are seleniferous. The source of the selenium in the Ha

waiian soils is believed to be volcanic gases and sublimates.

Seleniferous sulfur of volcanic origin has been reported from the

Valley of Ten Thousand Smokes, Alaska; from Krisuvik, Iceland;

from Vesuvius, Lipari Island, and Sicily, Italy ; from Kilauea, T. H. ;

from Tateyama and Iwojima Islands, Japan; and from New Zea

land. Seleniferous sulfur locally containing as much as 5.18 percent

selenium is reported from Kilauea, T. H.

Selenium is a minor constituent of rocks and soils in many areas.

The average concentration of selenium in shale calculated by

Krauskopf (1955) is 0.5-1 ppm; in sandstone 1 ppm; in limestone

0.1-1 ppm. These figures are tentative, based on only a few pub

lished analyses. An unusually large concentration of selenium in

the rocks and soils of certain of the Western United States has at

tracted much attention because of livestock losses resulting from

selenium poisoning and the possibility that humans may suffer ill

effects from consumption of seleniferous grains and crops.

The selenium in sedimentary shales and sandstones may have been

derived from volcanic dust or gases, or from decomposed igneous

rocks in which it was a primary constituent, and deposited by normal

processes in the seas. Sedimentary iron oxide formations and pyrite

concretions in sedimentary rocks are enriched in selenium. The

selenium in these rocks is believed to represent the removal by ferric

ions of selenium carried into sea water.

Selenium in soils commonly is derived from the parent rocks,

although surface ground water containing selenium may increase

the content.



ANNOTATED BIBLIOGRAPHY ON GEOLOGY OF SELENIUM 873

In the Western United States the most seleniferous formations are

shales and sandstones for the most part of Cretaceous age, but certain

Permian, Triassic, Jurassic, and Tertiary formations are also highly

seleniferous. These are found in Arizona, Colorado, Kansas, Mon

tana, Nebraska, New Mexico, North Dakota, Oklahoma, South

Dakota, Texas, Utah, Idaho, and Wyoming. Certain plants, includ

ing species of Astragalus, Stanleya, and Xylorrhiza, which require

selenium for growth, are found in these areas. These plants, called

indicator plants, absorb large amounts of selenium from the soil and

convert it into a form available to other vegetation. Indicator plants

frequently contain enough selenium to be toxic to grazing animals.

Soils with an unusually high content of selenium are also found in

Ireland, Japan, Mexico, Cuba, Colombia, Puerto Kico, and Hawaii.

The seleniferous soils of Hawaii and Puerto Rico are unusual in that

although they contain a high concentration of selenium they do not

support seleniferous vegetation. It is thought that in regions such

as these selenium is combined with iron in an insoluble form.

Phosphate rock deposits, particularly those that contain pyrite and

large amounts of organic material, are among the most seleniferous

sedimentary rocks known. Recent studies have shown that phosphate

rock from the Phosphoria formation in Wyoming contains up to 300

ppm selenium, and a vanadiferous shale in the Phosphoria formation

locally contains as much as 1500 ppm selenium. Dark colored phos

phate rock from the Western United States and Canada, most Tennes

see "blue rock," South Carolina phosphates, and phosphates from

A-frica and Palestine contain unusually large amounts of selenium.

Selenium has been found in coal in England and Belgium, where it

is believed to be associated with pyrite seams.

EXPLANATION OF ANNOTATED BIBLIOGRAPHY

This bibliography includes annotated references to papers on the

geologic occurrence, mineralogy, and geochemistry of selenium ; and

papers on other subjects such as metallurgy, analytical procedures,

biologic effects, production, and uses of selenium, which also contain

geologic information. Annotations taken from "Chemical Abstracts"

give the page or column number and volume. The maps (pi. 5 and

fig. 2) show the location of ore deposits in which selenium minerals

have been found or in which selenium occurs as an ore constituent.

Areas of seleniferous soils and rocks and seleniferous sulfur, coal,

and phosphate deposits are not shown on the maps.
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Agnilero, J. G., 1901, The geographical and geological distribution of the mineral

deposits of Mexico: Am. Inst Mining Metall. Engineers Trans., v. 32,

p. 601.

Selenium and its various compounds occur in argentiferous veins in the horn

blende andesite of the Sierra de Guanajuato.

Ahlfeld, Friedrich. See also Block and Ahlfeld, 1937 ; Herzenberg and Ahlfeld,

1935.

1954, Los yacimientos minerales de Bolivia : Bilbao, Banco Minero de

Bolivia y Corporacion Minera de Bolivia, p. 223-224.

The Pacajake (Hiaco) mine in the Surumi region, 25 kilometers east south

east of Colquechaca, Bolivia, was discovered in 1935. The deposit is a vein in

a fracture zone in sandy slate and sandstone of Devonian age. The principal

gangue mineral is siderite, with minor amounts of barite, hematite, and calclte.

The selenium minerals occur in small lenses in the gangue; the principal ore

mineral is blockite (penroseite) which occurs in more or less pure concentric

masses resembling native arsenic, or in intimate mixture with clausthalite,

tiemannite, and naumannite. The blockite contains 0.22 percent platinum

metals. The oxidized ore consists of native selenium, chalcomenite, ahlfeldlte,

selenolite, and cerussite. Veins of altered eruptive rocks containing traces of

gold and platinum metals crop out near the ore vein. The origin of the deposit

is unknown. The Pacajake deposit is similar to Tilkerode in the Harz Moun

tains where platinum, gold, and selenium minerals are also found. About

3,000 kg of selenium minerals have been produced from the Pacajake deposit.

Ahlfeld, Friedrich, and Angelelll, VIctorio, 1948, Las especies minerales de la

Republica Argentina: Univ. Nac. Tucum&n, Inst. Geologla y Mineria

( Jujuy) Pub. no. 458, p. 47-48, 49, 50, 54, 67-69, 70-71, 120-121, 133-134.

Geologic occurrence, mineralogy, and analyses of berzelianite, umangite,

naumannite, clausthalite, eucairite, klockmannite, tiemannite, selenolite, chalco

menite, molybdomenite, cobaltomenite, and achavalite are described. At Sierra

de Umango, La Rioja Province, umangite, klockmannite, eucairite, berzelianite,

clausthalite, tiemannite, and chalcopyrite form veinlets and inclusions in fer

ruginous calcite gangue. Oxidation of the copper selenldes formed chalcomenite

and malachite. At Cerro de Cacheuta, Mendoza Province, naumannite, claus

thalite, klockmannite, umangite, berzelianite, and achavalite occur in veinlets

in porphyry, forming a mechanical mixture once thought to be a polyselenide

of lead, silver, copper, iron, and cobalt, called cacheutaite. Oxidation products

are selenolite, chalcomenite, molybdomenite, and cobaltomenite. At depth

naumannite is the principal ore mineral; below 12 meters depth clausthalite

and cerussite are the only minerals found. At Tinogasta, Catamarca Province,

umangite, chalcomenite, malachite, and gypsum occur in veinlets. At Safiogasta,

La Rioja Province, umangite occurs in veinlets in granite. At Cuesta de los

Llantenes, La Rioja Province, umangite and clausthalite occur in calcite veins.

881
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Ahlfeld, Friedrich, and Mufioz Reyes, Jorge, 1938, Mineralogie von Bolivia:

Berlin, Verlag von Gebriider Bomtraeger, p. 1, 14-15, 20, 21.

The occurrence of selenium and selenium minerals in Bolivia is described.

Minerals include clausthalite, naumannite, umangite, and blockite, which occur

at Pacajake.

—— 1930, Die BodenschHtze Boliviens: Berlin, Verlag von GebrUder Bora

traeger, p. 128-129.

The selenium vein at Pacajake, Bolivia Is described.

1955, Las especies minerales de Bolivia : Bilbao, Banco Minero de Bolivia.

3d ed., p. 20, 22, 27, 40, 68-69, 98, 131-133.

Descriptions of the mineralogy and occurrence at the Pacajake (Hiaco) mine.

Colquechaca, Bolivia, of native selenium, naumannite, tiemannite, clausthalite.

I enroseite (blockite), selenolite, ehaleomenite, ahlfeldite, niolybdonienite. lead

selenate, and hydrated selenite of iron.

Alber, H. K., and Harand, Josef, 1939. Gravimetric microdetermination of

selenium in organic compounds : Franklin Inst. Jour., v. 228, p. 243—250.

Description of procedure for analyzing selenium in organic compounds of

which it is a major constituent.

Allchin, J. P. Sec Friend and Allchin, 1941.

Allen, F. B., 1900, Tellurium in the ores of the Hauraki goldfields : Australasian

Inst. Mining Engineers Trans., v. 7, no. 87, p. 94-98.

Selenium was detected in auriferous silver sulfide ore in quartz gangue »t

Great Barrier, New Zealand.

Ancel, Louis, 1919, Le selenium et ses proprietes et applications actuelles : Chimie

et Industrie, v. 2, no. 3, p. 245-259.

Uses and properties of various forms of selenium, such as amorphous, crystal

line, and colloidal are described.

Aneizar-Sordo, Jorge, 1947, Occurrence of selenium in soils and plants of Colom

bia, S. A. : Soil Sci., v. 63, no. 6, p. 437-438.

Soils in the Leiva district, State of Boyacfi, Colombia, are high in selenium.

All plants grown on these soils are high in selenium, Indicating that the selenium

is in a form readily available to plants.

Anderson, R. G. See Peterson and others, 1957.

Angelelli, VIctorio. See also Ahlfeld and Angelelli, 1948.

1950, Reeursos minerales de la Republiea Argentina ; 1. Yaeimientos

metaliferos : [Buenos Aires] Inst. Nac. Inv. Cienc. Nat. Rev., v. 2, p. 481-4S3.

Thin irregular veins of selenium minerals are found at Tinogasta, Catamaran

Sierra de Umango, Cuesta de los Llantenes, and Safiogasta, La Rioja ; and Cerro

de Cacheuta, Mendoza. The deposits are thin veins and stringers of umangite.

klockman'nite, eucairite, clausthalite, tiemannite, and naumannite in caloite

gangue. Malachite and ehaleomenite are found also, and are believed to be

alteration products of umangite.
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Atterberg, A., 1874, Om ett selenhaltigt mineral fran Fain grufva : Geol. fSren.

Stockholm Forh., v. 2, p. 76-78.

Analyses of lead bismuth selenide mineral from Falun are given.

Bancroft, Howland, 1914, The ore deposits of northeastern Washington, including

a section on the Republic mining district, by Waldemar Lindgren and

Howland Bancroft : U. S. Geol. Survey Bull. 550, p. 24, 148-150.

In the Republic district, veins of quartz, adularia, and calcite in andesites

and lake beds of Tertiary age and in porphyritic rocks intrusive into these forma

tions contain narrow concentric dark bands consisting of finely distributed

tetrahedrite, chalcopyrite, native gold, and selenium in an unknown form. An

analysis of a gold-selenium ore from the Republic mine gave 4.36 percent gold

and 2.62 percent selenium. After free gold was eliminated by treating the ore

■with an alkaline sulfide solution, the gold-selenium ratio was 2 : 3, suggesting

the presence of a gold selenide mineral with the formula AuiSe.. Gold and

selenium appear to be intimately associated in the ore, but it is not known whether

they constitute an integral substance or are otherwise associated. No definite

selenium minerals could be identified in the ore, although small crystals of

pyramidal habit giving a reaction for selenium were found. The authors sug

gested that they may be a selen-antimonide of silver, analogous to rittingerite.

Bannister, F. A., and Hey, M. H., 1937, The identity of penroseite and blockite :

Am. Mineralogist, v. 22, p. 319-324.

Specimens of penroseite from Colquechaca, Bolivia, and blockite from the

Uiaco mine, Bolivia, were studied. They were thought to be different minerals

because blockite contained less lead and more selenium than penroseite. X-ray

studies show that both minerals are intergrown with naumannite and variations

in lead and silver content are due to admixture with naumannite. Penroseite

and blockite may be regarded as identical minerals, the true composition of

which is still uncertain.

Bartlett, F. L., 1889, Some notes on the rarer elements found in the Leadville

sulphurets : Eng. Mining Jour., v. 48, p. 342-343.

Low-grade sulphurets from the Iron Silver mine contained selenium, cadmium,

thorium, gallium, indium, mercury, antimony, and arsenic. The ores were

heavy zinc sulphurets containing 35 percent zinc and 6 percent lead.

Bastin, E. S., 1923, Silver enrichment in the San Juan Mountains, Colorado :

U. S. Geol. Survey Bull. 735-D, p. 65-129.

Some selenium and tellurium are present in the matte obtained from smelting

the concentrates from the Liberty Bell mine near Telluride, but no selenium or

tellurium minerals have been recognized in the ores. The ore veins are late

Tertiary fissure veins in Tertiary volcanic rocks. The ore consists of sphalerite,

galena, pyrite, chalcopyrite, tetrahedrite, pearcite, argentite, native silver, and an

unidentified black mineral in quartz and calcite gangue. Gold is present in the

ore but was not observed.

Bastin, E. S., and Laney, F. B., 1918, The genesis of the ores at Tonopah, Nevada :

U. S. Geol. Survey Prof. Paper 104, p. 17-18, 46.

The mineral combination in which selenium occurs is not known, but it is

believed to be associated with gold and silver in electrum. Selenium was found

in pannings consisting mostly of electrum from ore in the West End mine.
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Pannings from heavy sulfide ore contained 2.56 percent selenium. Five analyses

of ores, concentrates, and bullion containing selenium are given.

Bateman, A. M., 1927, Ore deposits of Rio Tinto (Huelva) district, Spain: Scan.

Geology, v. 22, p. 569-614.

Umangite occurs as a primary ore mineral at Rio Tinto. Three unidentified

minerals account for the presence of silver, bismuth, nickel, cobalt, antimony, and

selenium in the ore. Ore deposits of the Rio Tinto type, which are of replace

ment origin, are characterized by—large bodies of massive pyrite ores in schis

tose or sheared rock, associated with igneous intrusions; the minerals pyrite,

chalcopyrite, sphalerite, galena, quartz ; usually barite and arsenopyrite ; ab

sence of high temperature minerals ; scarcity of gangue minerals ; presence of

gold and silver; small amounts of less common metals such as bismuth, sele

nium, and antimony ; lenslike form ; association of sericitized rocks ; original

deep burial ; and relatively old age.

Bauerle, L. C. See Everett and Bauerle, 1957.

Bear, F. B., 1955, Chemistry of the soil : New York, Relnhold Pub. Corp., p. 72,

280.

Seleniferous areas of the United States, and the form and behavior of selenium

in soils and vegetation are briefly described.

Bearse, A. E. See Waitkins and others, 1942.

Beath, O. A. See also Trelease and Beath, 1949.

1936, Selenium in native range plants occurring on soils derived from

Permian and Triassic(?) sediments: Science, v. 83, p. 104.

Selenium indicator plants were found growing on soils derived from two sand

stone members of the Chugwater formation in central Albany County, Wyoming,

one a sandstone member near the middle of the formation, and the other a limy

sandstone in the basal portion, equivalent to the "Embar" of central Wyoming.

The average selenium content of a composite sample was 2.4 ppm ; one sample

from the middle sandstone member gave 10 ppm. selenium.

1937, The occurrence of selenium and seleniferous vegetation in Wyo

ming ; Pt 2, Seleniferous vegetation of Wyoming : Wyoming Agr. Expt. Sta.

Bull. 221, p. 29-64.

Sources of selenium available to plants are limonite concretions, iron pyrites,

marcasite, carbonaceous shales, burled alkali beds, bentonite, jarosite, lignite.

phosphate rock, ferruginous sandstone, and limy sandstone. Experiments on the

distribution and form of selenium in plants and soils are described. The form

of selenium in soils derived from most formations in Wyoming is insoluble and

not available to most vegetation. Soils derived from the Morrison formation

are toxic.

• 1943, Toxic vegetation growing on the Salt Wash sandstone member of

the Morrison formation : Am. Jour. Botany, v. 30, no. 9, p. 698-707.

Native vegetation growing on the Morrison formation in southeast Utah and

southwest Colorado is generally seleniferous. The shales, sandstones, and over



ANNOTATED BIBLIOGRAPHY ON GEOLOGY OF SELENIUM 885

lying alluvial wash contain selenium, some of which Is in a form available to all

types of vegetation. No correlation exists between the amount of selenium in

the rocks and the amount In the plants growing on them. Selenium concentra

tions are highest in the Salt Wash member of the Morrison formation, partic

ularly in the uranium-vanadium ore zones. The origin of selenium is believed

to parallel that of vanadium and other trace elements in the Salt Wash member.

A study was made of the selenium content of the uranium-vanadium ores, shales,

alluvial wash, and vegetation in the Thompsons district, Utah.

Heath, O. A., and Eppson, H. P., 1947, The form of selenium in some vegetation :

Wyoming Agr. Expt. Sta. Bull. 278, 15 p.

Unrelated plant species rooted in the same soil absorb and concentrate selenium

in several different chemical forms and follow a consistent pattern in the

forms of selenium they contain. Astragalus, Stanleya, and certain cereal

grains yield only organic selenium ; Aster, Atriplew, and XyUorhiza yield only

inorganic selenate; certain native grasses yield both inorganic and organic

selenium. It is not known what influence the form of selenium in the soil

may exert on the form of selenium in plants. Usually 50 percent or more of

the selenium in accumulator plants is water soluble, so that the decay of such

plants can return a significant amount of available selenium, both organic and

inorganic, to the soil.

Beath, O. A., and Gilbert, C. S., 1936, Selenium-bearing vegetation during late

Cretaceous time : Science, v. 84, no. 2187, p. 484-^85.

Leafy carbonaceous seams in shales of the continental portion of the Medi

cine Bow formation of Cretaceous age in southern Albany County, Wyo., con

tain over 150 ppm selenium. The concentration of selenium in carbonaceous

material is confined to the top part of the seams where skeletal leaves and

other vegetable matter are still recognizable. These data confirm the authors'

theory of vegetative enrichment of selenium through cycles of growth and decay

of highly seleniferous native plants.

Beath, O. A., Draize, J. H., and Gilbert, C. S., 1934a, Plants poisonous to live

stock : Wyoming Agr. Expt. Sta. Bull. 200, p. 5-84.

The toxic nature of seleniferous plants grown on shales of the Benton,

Niobrara, Steele, and Pierre formations of Cretaceous age in Wyoming it dis

cussed. Seleniferous plants are pictured and described.

Beath, O. A., Eppson, H. F., and Gilbert, C. S., 1935, Selenium and other toxic

minerals in soils and vegetation : Wyoming Agr. Expt. Sta. Bull. 206, 55 p.

Seleniferous formations of Cretaceous and Eocene ages in Wyoming are de

scribed. The source of the selenium in these formations is believed to be

volcanic material from which the sediments were derived, for there was ex

tensive volcanic activity and selenium was a primary constituent of the magma

from these volcanoes. Methods of analysis for selenium in plants and soils

are given, and absorption of selenium by vegetation, highly seleniferous drain

age basins known as poison basins, and poisonous plant groups are discussed.

Pyrite concretions from the Niobrara formation contained up to 548 ppm

selenium and averaged from 250 to 350 ppm selenium. Concretions from the

Benton, Steele, Lewis, Mesaverde, and Morrison formations contained 0.5 to

4.1 ppm selenium. Selenium in such concretions is almost totally insoluble.



886 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Beath, O. A., Eppson, H. F., and Gilbert, C. S., 1937a, Selenium distribution in and

seasonal variation of type vegetation occurring on seleniferous soils : Am.

Pharmaceutical Assoc. Jour., v. 26, no. 5, p. 394-405.

Report on studies of the form of selenium in soils and plants, and the growth

behavior of and distribution of selenium in plants grown on seleniferous soils.

Beath, O. A., Gilbert, C. 8., and Eppson, H. F., 1937b, Selenium in soils and

vegetation associated with rocks of Permian and Triasslc age: Am. Jour.

Botany, v. 24, no. 2, p. 96-101.

Selenium is found to be a primary constituent of stratigraphically equivalent

rocks of Permian and Triassic age in Wyoming, including the Phosphorla, Din-

woody, "Embar", and basal Chugwater formations. One of the source materials

from which these formations were derived was selenium-bearing magma from

volcanoes active during Permian and Triassic time. Analyses are given of

phosphate and selenium content of the Phosphorla formation from several

places in Wyoming. There is no correlation between phosphate and selenium ;

selenium is distributed unevenly and its content is highly variable, ranging from

5.2 to 200 ppm at Rocky Point. Lighter colored phosphate rock is lower in

selenium content than dark colored material. No selenium was found in erode

oils from Fremont County.

1939a, The use of indicator plants in locating seleniferous areas in western

United States ; Pt. 1, General : Am. Jour. Botany, v. 26, no. 4, p. 257-269.

The presence of selenium in the soil may have been caused by the erosion of

igneous rocks containing seleniferous material or the absorption of selenium

from brackish water or shallow basins by marine organisms or plants. In some

places selenium occurs In carbonaceous beds, but not in carbonate beds of the

same formations. Geographical and geological occurrences of 32 species of

native selenium indicator plants are reported. The origin and form of selenium

in soil were studied. Selenium in the soil is believed to be in a highly in

soluble form, and the number of plants capable of absorbing it is small com

pared with the total forage cover.

1939b, The use of indicator plants in locating seleniferous areas in western

United States ; Pt. 2, Correlation studies by States : Am. Jour. Botany, v. 26,

no. 5, p. 296-315.

Studies of 563 specimens of native plants from Arizona, California, Colorado,

Idaho, Montana, Nevada, New Mexico, North Dakota, Oregon, South Dakota,

Texas, and Utah. Species of known indicator plants were given special atten

tion. The studies demonstrated that many formations of late Paleozoic to

Quaternary age, including igneous and sedimentary rocks, support seleniferous

vegetation.

■ 1940, The use of indicator plants in locating seleniferous areas in western

United States; Pt. 3, Further studies: Am. Jour. Botany, v. 27, no. 7,

p. 564-573.

In a study of the distribution of types of selenium-bearing plants, selenifer

ous vegetation from Arizona, California, Colorado, Montana, New Mexico, North

Dakota, Texas, Utah, and Wyoming was analyzed. Data were obtained on

seleniferous areas in Stoddard County, Mo., and Dryden, Tex., where no selenium

indicator plants had been reported. The Dakota and Morrison formations were

found to be seleniferous over large areas.
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Beath, O. A., Gilbert. ('. S., and Eppson, H. F., 1941, The use of indicator plants

in locating seleniferous areas in western United States ; Pt 4, Progress re

port : Am. Jour. Botany, v. 28, no. 10, p. 887-900.

Further studies on the occurrence and classification of selenium Indicator

plants are reported. From formations not previously tested in Arizona, Cali

fornia, Colorado, Montana, Nebraska, New Mexico, North Dakota, South Da

kota, Texas, Utah, and Wyoming, 407 analyses were made of indicator plants.

Beath, O. A., Hagner, A. F., and Gilbert, C. S., 1946, Some rocks and soils of

high selenium content : Wyoming Geol. Survey Bull. 36, 23 p.

Five tuffs from Lysite poison draw, Fremont County, Wyo., contained 12.5,

29, 112, 175, and 187 ppm selenium. In the last three, 84 to 96 percent of the

total was water-soluble selenium, mostly in the form of selenate. Tertiary

sandstone in the Poison Butte area, Carbon County, contained 112 ppm selenium,

of which 91.4 ppm was water-soluble selenate. Vanadiferous siltstone in the

phosphatic shale member of the Phosphoria formation in western Wyoming

contained from 188 to 680 ppm selenium and from 0.12 to 2.12 percent vanadium.

Selenium showed a positive correlation with the vanadium content of the rock.

Phosphatic rocks from the Phosphoria formation contained from a few to 212

ppm selenium. Uranium-vanadium ores and carbonaceous shales also had high

selenium content. Vanadiferous rocks contained a high proportion of insol

uble selenium in the form of selenite, whereas the tuffs and sandstone con

tained mostly soluble selenates.

Beath, O. A., Draize, J. H., Eppson, H. F., Gilbert, C. S., and McCreary, O. 0.,

1934b, Certain poisonous plants of Wyoming activated by selenium and their

association with respect to soil types: Am. Pharmaceutical Assoc. Jour.,

v. 23, no. 2, p. 94-97.

A correlation of seleniferous range plants with the geological formations on

which they grow shows that shales of the Niobrara, Steele, Pierre, Morrison,

Wasatch, Benton, Hilliard-Cody, Lewis, and Bridger formations, and a dark

band of the Dakota formation support seleniferous vegetation.

Becker, G. F., 1888, Geology of the quicksilver deposits of the Pacific slope,

with an atlas : U. S. Geol. Survey Mon. 13, p. 385-386.

The Lucky Boy claim, Mt. Baldy district, Piute County, Utah, contains

bunches of tiemannite in limestone. One ore body was 4 feet thick. Seventy-

six flasks of mercury were produced from this ore, which averaged 10 percent

mercury.

Bellini, Raffaello, 1907, Spuren von Selen auf der Vesuvlava von 1906: Zen-

tralbl. Mineralogie, Jahrg. 1907, no. 20, p. 611-612.

Free selenium occurs in association with crusts of sodium chloride on the

lava as small connected spots or aureoles surrounding the sodium chloride.

Chlorides of potassium and iron were also found with the selenium. (Chem.

Aba., v. 2, p. 249.)

Benard, Frederick, 1933, Electrolytic copper refinery of Ontario Refining Com

pany, Limited, at Copper Cliff, Ontario : Am. Inst. Mining Met all. Engi

neers Trans., v. 100, p. 369-397.

Typical tank house slimes from ores of the Frood and other mines in the

Sudbury district have an average content of 15.03 percent selenium. Refining

process and equipment are described.
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Benard, Frederick, 1944, Recovery of selenium and tellurium at Copper Cliff,

Ontario : Am. Inst. Mining Metall. Engineers Trans., v. 159, p. 521-529 ; Tech.

Paper 908, 9 p., 1938.

Description of selenium plant and recovery process used by the Ontario

Refining Company.

Bergenfelt, Sven, 1953, Om forekoinst av selen i Skelleftefaltets sulfidmalmer :

Geol. f6ren. Stockholm F8rh.( v. 75, no. 37, p. 327-359. [Swedish, English

summary.]

Analyses of ores, minerals, and concentrates to determine the distribution

of selenium in sulfide ores of the Skellefte district show that pyrite, pyrrhotite,

and sphalerite are generally low In selenium ; chalcopyrite is richer than

pyrite; arsenopyrite and galena are generally high in selenium. No correla

tion was found between copper, arsenic, or zinc and selenium ; correlations

were found between bismuth and antimony and selenium. Study included the

Boliden, Akulla, RenstrSm, Lfingdal, Krlstineberg, R&vliden, eastern Bjurfors,

Laver, Adak, and Lainijaur deposits. Ores from the Boliden mine are gen

erally richer in selenium than those of the other mines. The largest concen

tration of selenium was found in the quartz-tourmaline veins, where sulfo

minerals and tellurides with considerable amounts of selenium occur. Ar

senopyrite ore is also rich in selenium ; pyrite ore is low in selenium. At

Boliden the average selenium content of pyrite was from 0.004 to 0.03 percent ;

of galena, 1 to 1.5 percent ; of chalcopyrite, 0.07 to 0.14 percent ; of sphalerite,

0.03 to 0.09 percent ; of arsenopyrite, 0.04 to 0.16 percent ; of pyrrhotite, 0.002

to 0.007 percent. Variations in selenium content of a given mineral from vari

ous deposits are attributed to the great differences in selenium content of the

ores, as regulated by the selenium content of the mineralizing solutions.

Berman, Harry. See Palache and others, 1944.

Berry, L. G. See Peacock and Berry, 1940.

Bertrand, Emlle, 1882, Sur la molybdomenlte (selenite de plomb), la

cobaltomehite (selenite de cobalt), et l'acide selehleux de Cacheuta (La

Plata) : Soc. mineralog. France Bull., v. 5, p. 90-92.

Molybdomenlte and cobaltomenlte, selenltes of lead and cobalt, formed as

alteration products of selenldes, are associated with chalcomenite, copper selenite,

at Cerro de Cacheuta, Mendoza, Argentina. Lead carbonate and white needles

believed to be selenious acid, selenolite, are found in veins in molybdomenlte

and are believed to be alteration products of molybdomenlte.

Berzelius, J., 1818, Des recherches sur un nouveau corps mineral trouv6 dans

le soufre fabrique a Fahlun: Annates chimie et physique, ser. 2, v. 9, p.

225-267. [Also in Jour. Chemie u. Physik, v. 23, p. 309-344, 430-^84, 1818

(German).]

Describes the chemistry and chemical compounds of selenium separated from

sulfur from the Falun mine, Sweden.

Bethke, P. M., 1956, Sulfo-selenides of mercury [abs.] : Geol. Soc. America Bull.,

v. 67, no. 12, pt. 2, p. 1671.

Sulfoselenides of mercury form a complete Isomorphous series defined by

the dladochy of sulfur and selenium which is denoted as the metacinnabar

series, including the minerals metacinnabar, onofrite, and tiemannlte. The
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series Is found In Its entirety at Marysvale, Utah. Selenium is unable to replace

sulfur in the cinnabar structure except for possible trace amounts. It is

proposed that the distribution of selenium between cinnabar and metacinnabar

is related to differences in bond type. Some crystallographlc data are given.

Beysehlag, F., Krusch, P., and Vogt, J. H. L., 1914, The deposits of the useful

minerals and rocks, their origin, form, and content: London, MacMillan

and Co., v. 1, p. 166-167 ; v. 2, p. 589.

Selenium is closely related to sulfur and it almost always accompanies

sulfur. Types of deposits in which selenium occurs are: (a) native sulfur in

volcanic districts; (b) sulfide lodes as at Lehrbach, Zorge, and Tilkerode in the

Harz; (c) copper shales; (d) pyrite deposits as at Fahlun, Bio Tinto, and

Bammelsberg. In most deposits the sulfur-selenium ratio is 10,000 : 1. Although

tellurium tends to occur in separate deposits, it is found with selenium in

telluride lodes of the young gold-silver group. In such cases about 1.5 percent

of the tellurium is replaced by selenium. The gold-selenium deposits of Radjang

Lebong, Sumatra, are described.

Bianchi, Umberto, 1919, II selenio : Milan, Ulrico Hoepli, 136 p.

Describes forms, properties, and uses of selenium.

Biltz, WUhelm. See Geilmann and Biltz, 1931.

Block, Hans, 1937, Das Selenvorkommen von Pacajake in Bolivien : Metall u.

Era, v. 34, no. 10, p. 237-238.

Clausthalite, blockite (penroseite), and other selenides occur in a vein with

a gangue of limonite, barite, and hematite at the Hiaco silver mine, near

Colquechaca, Bolivia. Analysis of blockite shows it to contain copper and

nickel with minor amounts of cobalt, iron, lead, mercury, silver, and platinum.

Block, Hans, and Ahlfeld, Friedrich, 1937, Die Selenerzlagerstfitte Pacajake,

Bolivia : Zeitschr. prakt. Geologie, v. 45, p. 9-14.

Selenium minerals occur in a vein along a fault area in the Hiaco silver mine

in the Pacajake anticline in the central Bolivian cordillera, 30 km from Col

quechaca, Bolivia. The chief mineral is blockite (penroseite), a nickel-copper

selenide, with some clausthalite, chalcomenite, naumannite, native selenium, and

other selenium minerals, in a gangue of barite, siderite, hematite, and calcite.

Bodenbender, G., 1902, Comunicaciones mineras y mlneral6gicas. 8. Criaderos

de seleniuro de cobre, de sulfuro de cobre y de sulfuro de plata : Acad. Nac.

Cienc. Cordoba Bol., v. 17, p. 368-371.

At Tlnogasta, Catamarca Province, Argentina, umangite mixed with sulfides

and gypsum, occurs in thin layers in stratified calcitlc-silicic gangue.

Borgstrom, L. H., 1914-15, The melting and boiling points of metalloid-sulflde,

selenide, and telluride minerals : Finska vetensk.-soc. Ofversikt av FoYh.

(A),v. 57, no. 24, 13 p.

The behavior of the minerals studied is described in detail, and values of melt

ing points are given as : realgar, 310 ; orpiment, 320 : kermesite, 517 ; stibnite,

546; tetradymite, 600; guanajuatite, 690; blsmuthinlte, 718° C. The occurrence

of the minerals Is discussed, and by tabulating their melting points and modes

of occurrence it is shown that in a general way those with the lowest melting

points form under conditions of low temperature and pressure, near the surface
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of the earth, while the higher the melting point becomes the more the mineral Is

found in deep-seated rocks. (Chem. Abs., v. 9, p. 2364.)

Botlnelly, Theodore, 1956, Ore mineralogy, in Geologic investigations of radio

active deposits—semi annual progress report for December 1, 1955, to May 31,

1956: V. S. Geol. Survey TEI-620, issued by U. S. Atomic Energy Comm.,

Tech. Inf. Service, Oak Ridge, Tenn., p. 117-119.

Studies of uranium-vanadium deposits in the Salt Wash sandstone member of

the Morrison formation indicate that the deposits are similar in mineralogy.

Metallic minerals associated with the ore are pyrite, marcasite, and galena.

Many of the deposits contain clausthalite, which forms thin zones or layers of

limited extent.

Braddock, William. See Thompson, M. E„ and others, 1956.

Bradley, W. W., 1916, Selenide of silver : Mining Sci. Press, v. 112, p. 741.

A dull black mineral was found closely associated with argentite in a quartz

vein on the ninth level of the De Lamar mine, Owyhee County, Idaho. The

author provisionally Identified the mineral as aguilarite, a silver sulfoselenide.

1918, Quicksilver resources of California : California State Mining Bur.

Bull. 78, p. 27-28, 193.

Tlemannite was found in large masses in association with cinnabar in the

Abbott mine, Lake County, in the Socrates mine, Sonoma County, and in Orange

and Santa Clara Counties.

Bright, M. S. See Hillebrand and others, 1953.

Brooker, E. J. See Robinson, C. S., and Brooker, 1952.

Brown, F. C, 1914, The crystal forms of metallic selenium and some of their

physical properties : Phys. Rev., ser. 2, v. 4, p. 85-98.

A large number of crystals of metallic selenium, some of which were of large

size, were formed by sublimation. The larger crystals were formed at higher

temperatures. All were believed to belong to the hexagonal system. The prop

erties, reaction to light, conductivity, and effects of mechanical pressure of the

crystals are described.

1915, Isolated crystals of selenium of the second and fifth systems, and the

physical conditions determining their production : Phys. Rev., ser. 2, v. 5,

p. 236-237.

Hexagonal and monoclinic artificial crystals of selenium are described.

Brown, G. F., and others, 1952, Geologic reconnaissance of the mineral deposits

of Thailand : U. S. Geol. Survey Bull. 984, p. 82-87.

Disseminated sulfide replacement ore from the Nong Phai lead-cine mine,

Kanchanaburi, western Thailand, contains 0.05 percent selenium.

Brown, G. V.,> 1916. Composition of the selensulfur from Hawaii : Am. Jour.

Sci., ser. 4, v. 42, p. 132-134.

Analysis of a specimen of selensulfur from Kilauea, Hawaii, gave 5.18 percent

selenium and 94.82 percent sulfur. Lava which had been discarded as showing
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practically no selensulfur contained 0.07 percent selenium and 3.32 percent sulfur.

Also present were silica, phosphorous, iron, aluminum, titanium, calcium, mag

nesium, sodium, and potassium. No tellurium or arsenic were found. Such a

small amount of selenium was found that the mineral was considered only a

■variety of sulfur, and "seleniferous sulfur" was suggested as a more appropriate

name for the mineral.

Brown, G. V., 1917, The composition of seleniferous sulfur : Am. Mineralogist, v.

2, p. 116-117.

Seven specimens of seleniferous sulfur contained selenium in the following

xaniform but small amounts : from Kilauea, 5.18 percent ; from New Zealand,

O.208 and 0.195 percent ; from Lipari Island, 0.285 and 0.272 percent ; from Sicily,

O.070 and a trace.

Brown, I. C. See Miller and Brown, 1938.

L?rown, J. C, and Dey, A. K., 1955, India's mineral wealth : 3d ed., Bombay, New

York, Oxford University Press, p. 301-302.

There is reason to suspect the presence of selenium in the copi>er ores of

SInghbhum and in the lead-zinc-copper ores of Bawdwin. in the Shan States, but

in neither ease are analyses available of the waste products in which it may have

accumulated during their treatment.

Brush, G. J., 1881, On American sulpho-selenides of mercury ; with analyses of

onofrite from Utah, by W. J. Comstock: Am. Jour, Sci, ser. 3, v. 21, no. 124,

p. 312-316.

Specimens of sulfoselenide of mercury from Marysvale, Utah, were identified

as onofrite. Compositions of several sulfur-selenium-mercury minerals are

compared. Sulfoselenides of mercury form an isomorphous series from meta-

cinnabarite, which contains no selenium, through guadalcazarite, onofrite, and

tiemannite, which contains very little sulfur. Sulfoselenides of mercury are

found at Culebras, San Onofre, and Guadalcazar, Mexico, and at Marysvale,

Utah.

Burkart, J., 1866, Uber einige mexicanische Mineralien; Chlorselenquecksilber ;

Schwefelselenzinkquecksilber : Neues Jahrb. Mlneralogle, Geologie u. Pala-

eontologie, Jahrg. 1866, p. 411-417.

Descriptions of selenium minerals from Guadalcazar, Mexico, are given.

1872, Ueber den Guadalcaznrit : Mineralog. Mitt., Jahrg. 1872, no. -I, p.

243-244.

The mineral guadalcazarite, from Guadalcazar, Mexico, is described.

Burris, Robert. See Franke and others, 1936.

Buryanova, E. Z., 1956, Ferroselite : Vses. mineralog. obshch. Zapiski, v. 85,

no. 3, p. 286-291. [Russian.]

Ferroselite was first observed in Middle Devonian sandstone of the Tuvinsk

Autonomous Territory associated with barite. pyrite, sphalerite, chalcopyrite,

and a calclte-laumontite cement of the quartz sand grains. Its occurrence in

clastic portions of effusive rock fragments and pelites indicates enrichment of

selenium from highly dispersed selenium in sediments. Widespread Paleozoic
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acidic effusive rocks muat have been the source of the selenium. The mineralogy

Is described. (Chem. Abs., v. 61, col. 2477.)

Buryanova, E. Z., and Komkov, A. I., 1955, A new mineral—ferrosellte : Akad.

Nauk SSSR Doklady, v. 105, p. 812-813. [Russian.]

Ferrosellte occurs associated with chalcopyrite and pyrite, In disseminations

in calcite, cementing polymict sandstones and in coarse fragmental pelltea in

Middle Devonian deposits of the Tuvlnsk Autonomous Territory. The com

position of ferrosellte Is FeSe* and it is found in small prismatic crystals of

0.2 to 0.5 mm in length and 0.1 mm in cross section. (Chem. Abs., v. 50, col.

9239.)

Buryanova, E. Z., Kovalev, G. A., and Komkov, A. I., 1957, The new mineral

cadmoselite: Vses. mineralog. obshch., Zapiski, v. 86, no. 5, p. 626-628.

[Russian.]

A new cadmium selenide mineral was found in association with ferrosellte,

clausthalite, native amorphous selenium, cadmium-bearing sphalerite, pyrite,

and other minerals. The mineral, named cadmoselite, forms fine dissemi

nations in the cement of sandstone. Mineralogle and crystallographlc data

are given.

Butler, B. S., 1913, Geology and ore deposits of the San Francisco and adjacent

districts, Utah : U. S. Geol. Survey Prof. Paper 80, p. 95, 186.

The presence of selenium was detected in ore from the Golden Reef mine on

the east side of the San Francisco Range. The primary ore mineral is galena

with small amounts of pyrite. The ore is valuable chiefly for its gold, which is

present in an unknown form, but it is probably not free. The form in which

selenium is present has not been determined.

Butler, B. S., Loughlin, G. F., Helkes, V. C, and others, 1920, The ore deposits

of Utah : U. S. Geol. Survey Prof. Paper 111, p. 106-108, 144-145, 152, 347,

542, 543, 544, 551-552, 555-556, 592, 593.

Selenium occurs in small amounts in many of the ore deposits of Utah. It

collects in bullion and some of it is probably recovered in refining. In 1913,

blister copper from the Garfield smelter, which derived most of its ore from the

Bingham district, contained an average of 56 pounds of selenium per 100 tons

of blister copper. Selenium is present in the gold-silver ores of the Gold Springs-

State Line region and the Tushar Range, In mercury ore of the Lucky Boy mine

near Marysvale, and is widely distributed in the sandstone deposits in south

eastern Utah. The only apparently primary silver mineral recognized In banded

quartz veins in the Tushar Range has a silver-white metallic luster and contains

both selenium and tellurium. The mineral contains free gold in minute fissures,

and possibly gold is one of its essential constituents. The rich gold ore of the

Bully Boy and Webster mine in the Ohio district is in part native and in part

probably combined with silver as tellurlde and selenide. Tlemannite and ono-

frite were found in a replacement deposit from 2 to 8 inches thick in limestone

at the Lucky Boy mine, Mount Baldy district. The silver ore of the Sliver Reef

sandstone deposit carries selenium, which would suggest that part of the silver

at least may be combined in some form with selenium.

Byers, H. G. Bee also Edgington and Byers, 1942 ; Lakin and Byers, 1941, 1948 :

Lakin and others, 1938 ; Miller and Byers, 1935 ; Robinson, W. O. and others,
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1934, Slater and others, 1937; Williams and Byers, 1934, 1935a, b, 1936;

Williams and others, 1940, 1941.

Byers, H. G., 1934, Selenium, vanadium, chromium, and arsenic in one soil : Indus.

Bng. Chemistry, News Ed., v. 12, p. 122.

Two samples of Pierre loam contained 2 ppm selenium, 460 and 470 ppm

vanadium, and wheat grown on the soil contained 25 ppm selenium and 9 ppm

vanadium.

1935, Selenium occurrence in certain soils in the United States, with a

discussion of related topics : U. S. Dept. Agriculture Tech. Bull. 482, 47 p.

Results of a reconnaissance survey of seleniferous soils in Wyoming, Mon

tana, South Dakota, Colorado, Nebraska, Kansas, Oklahoma, Utah, New Mexico,

and Arizona are given. Large areas of South Dakota were sampled and con

tour maps were prepared to detect the distribution of selenium in the soils.

Investigations were made of selenium in Pierre shale in Nebraska and South

Dakota, in water, and in pyrites. The author concluded that the source of

selenium is sulfide minerals in the soil parent materials, and the selenium con

tent of vegetation is dependent on the quantity and distribution of selenium and

the amount of available sulfur in the soil.

1936, Selenium occurrence in certain soils in the United States, with a

discussion of related topics, second report: U. S. Dept. Agriculture Tech.

Bull. 530, 78 p.

Analyses of soils and vegetation In Nebraska, South Dakota, and Wyoming,

south and southwest of the Black Hills ; in Mesa, Montrose, and Delta Counties,

Colo., near the Grand Valley and Uncompahgre Irrigation projects ; in a large

area of western Kansas ; and in areas of Montana are given. These show that

seleniferous soils are derived from the Pierre and Niobrara formations, and

that irrigation or drainage removes the selenium from the soil. The effects

of rainfall, relation of selenium in the soil to that in the plant, selenium

poisoning of water, and miscellaneous analyses of soils and vegetation of

Wyoming, Canada, New Mexico, Texas, North Carolina, Puerto Rico, and Cuba

are discussed.

1937a, The origin, distribution, and effects of selenium : Soil Sci. Soc.

America Proc., v. 1, p. 327.

Selenium is of general distribution throughout all soils, as it is through all

Igneous rocks. The source of exceptional quantities of selenium in soils derived

from shales was seleniferous volcanic emanations deposited in seas of the

Cretaceous or other periods when shales were produced.

1937b, Selenium in Mexico: Indus. Eng. Chemistry, Indus. Ed., v. 29,

no. 10, p. 1200-1202.

High selenium content of soils near the town of Irapuato in the Guanajuato

River valley, State of Guanajuato, is caused by selenium-bearing waste from

the Guanajuato silver mines. Slimes left after silver and gold extraction were

dumped in the canyon and during periods of inundation were deposited over

the flood plain of the stream. Ore from the Sirena mine, Guanajuato, con

tained 16 ppm selenium ; slimes contained 4.6 ppm selenium.

1938, Selenium in meteorites: Indus. Eng. Chemistry, News Ed., v. 16,

p. 459.
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Eighteen meteorites of various compositions were examined for selenium

content. All stony meteorites—stone, chondrite, pallasite, and mesosiderite—

examined contained from 3 to 15 ppm selenium. Iron alloy samples from

octahedrlte meteorites contained no selenium; concretions of troilite (iron sul

fide) found in octahedrlte meteorites contained 23 ppm and 200 ppm selenium.

Byers, H. G., and Knight, H. G., 1935, Selenium in soils : Indus. Eng. Chemistry.

Indus. Ed., v. 27, p. 902-904.

The quantity of selenium in vegetation grown upon seleniferous soil depends

on the concentration of selenium in the soil, plant species, composition of soil,

moisture, stage of development of plant, and part of plant examined.

Byers, H. G., and Lakin, H. W., 1939, Selenium in Canada : Canadian Jour.

Research, v. 17, sec. B, p. 364-369.

Three hundred analyses of shales, soils, and plants collected in Cretaceous

areas of Alberta, Saskatchewan, and Manitoba provinces indicate a large area

of seleniferous soil. Selenium content of shales varied from 0.3 to 3.0 ppm ;

soils, from 0.1 to 6 ppm, plants, from 3 to 4190 ppm. Analyses are given.

Byers, H. G., Williams, K. T., and Lakin, H. W., 1936, Selenium in Hawaii and

Its probable source in the United States: Indus. Eng. Chemistry. Indus. Ed.,

v. 28, p. 821-823.

Volcanic gas and sublimates of Hawaiian volcanoes are high in selenium ;

lavas and volcanic ash are low in selenium. Selenium is present in all the soils

of Hawaii as insoluble basic ferric selenlte. Selenium content of soils varies

from 1 to 26 ppm and is higher in soils in areas of higher rainfall. Selenium

of Hawaiian soils is derived from volcanic gases or sublimates and is carried

down into the soil by rain and held there in a highly insoluble form. The

authors conclude that selenium is of volcanic origin and was brought down by

rainfall into the Cretaceous seas of the Western United States in which selenif

erous shales were formed.

Byers, H. G., Miller, J. T„ Williams, K. T., and Lakin, H. W., 1938, Selenium

occurrence in certain soils in the United States, with a discussion of related

topics ; third report : U. S. Dept Agriculture Tech. Bull. 601, 74 p.

This report contains tables showing the selenium content of soils in Prowers,

Kiowa, Cheyenne, Bent, Otero, Crowley, Lincoln, Las Animas, Huerfano, Pueblo,

EI Paso, and Fremont Counties, Colo. ; Colfax, Mora, San Miguel, and Harding

Counties, N. Mex. ; and parts of Arizona and Utah. Results are given of studies

on variations in selenium content of plants, effect of Irrigation on selenium,

selenium in the Colorado River and in the ocean, selenium in soils of Hawaii

and Puerto Rico, and the distribution of selenium in the soil profile.

fadek, Josef, and Dolezal, Jan, 1957, Determination and geochemistry of sele

nium: [Czechoslovakia] Ustrednf ustav geol. Vestnfk, v. 32, no. 1. p. 28-40

[Czech, English summary.]

Very small amounts of selenium in pyrite were determined. Analyses of 8

pyrites gave 11-72 ppm selenium; of 1 marcasite, 4 ppm; of 1 pyrrhotite, 1.5

ppm ; of 1 sphalerite, 67 ppm selenium. (Chem. Abs., v. 51, col. 9422.)

Cahen, Edward, 1919, Selenium : Mineral Foote-Notes, v. 3, no. 5, p. 5-16.

Occurrence, source, chemical and physical properties, and uses of selenium

are described.
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Cahen, Edward, and Wootton, W. O., 1920, The mineralogy of the rarer metals:

2d ed., London, Charles Griffin and Co., p. 97-106.

Properties, uses, and detection of selenium and selenium minerals are

described.

Oullaghan, Eugene. See Hewett and others, 1936.

Campbell, T. W. See McCullough and others, 1946.

Canada, Department of Mines and Technical Surveys, l'J.">2, Canudian mineral

industry : Ottawa, p. 71-72.

Canadian selenium occurs in copper sulfide and gold ores ; it is produced by

two companies.

Canney, F. C. See Lovering and others, 1956.

Cannon, H. L., 1952, The effect of uranium-vanadium deposits on the vegeta

tion of the Colorado Plateau : Am. Jour. Sci., v. 250, p. 735-770.

Biogeochemical studies of the relationship of plants to uranium-vanadium

deposits were made in the Thompsons district, Grand County, Utah, where

uranium ore in the Salt Wash sandstone member of the Jurassic Morrison for

mation contains unusual concentrations of uranium, vanadium, and selenium.

Plants growing near shallow ore deposits accumulate small amounts of these

metals. The effects of these metals on plant growth were observed, the ecology

of the plants was studied, and the distribution of various species of indicator

plants was mapped in detail. A uranium-tolerant flora has been recognized

and is characterized by selenium-indicator plants. Where selenium-bearing ore

lies at shallow depth and where the geography and rainfall are favorable for

plant growth, the distribution of selenium-indicator plants is the same as that

of the earnotite ores. Certain species of selenium-indicator plants can be mapped

as guides to exploration.

1953. Geobotnnical reconnaissance near Grants, X. Mex. : U. S. Geol. Sur

vey Circ. 264, 8 p.

Carbonaceous uranium ore in the Westwater Canyon member of the Jurassic

Morrison formation contains a high percentage of selenium and the mapping of

selenium-indicating Astragalus and Oryzopsis plants commonly associated with

these deposits is suggested as a method of prospecting for uranium. Selenium-

indicator plants apparently do not grow on the Todilto limestone member of

the Wanakah formation in the same area, although In places the uranium ore

contains sufficient selenium to support such plants.

1954, Botanical methods of prospecting for uranium : Am. Inst. Mining

Metall. Engineers Trans., v. 199, p. 217-220.

Botanical methods of prospecting for metalliferous ores are based on the

premise that deposits at depth may he reflected chemically in surface vegeta

tion. Uranium is a necessary nutrient for plant growth and therefore is present

in all plants. Selenium, which Is associated with uranium ores in many areas,

is necessary only to certain plants known as selenium-indicator plants. Astra

galus confertiflorus, A. preussi var. arctus, A. thompsonae, A. pattersoni,

Oryzopsis hymenoidcs, and Aster venusta are selenium-indicator plants common

in uranium districts. They bear a recognizable relationship to earnotite de-

478446—59 8
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posits of the southwest and have distinct distribution patterns which depend

on the amount of selenium in the ore and the amount required by tbe plant

In the Thompsons district, Utah, plants were mapped over an area of 6 squirt

miles and 1000 holes were drilled. Of 194 holes drilled in areas supporting tbe

growth of indicator plants, 90 were in mineralized ground. Indicator plants

were present in the vicinity of 12 percent of the unmineralized holes, 54 per

cent of the mineralized holes (including ore holes), and 81 percent of tbe ore

holes. Of 10 orebodies discovered in the Yellow Cat area, 4 would not have

been found had it not been for the additional information furnished by indicator

plants.

Cannon, H. L., 1956, Advances in botanical methods of prospecting for uranium:

Internat. Oeol. Cong., 20th, Mexico 1956, Resumenes Trabajos Presentadoa,

p. 359-360.

Mapping tbe distribution of indicator plants rooted in ore-bearing formations

is an effective prospecting method. Distinctive plants requiring selenium or

sulfur may indicate associated uranium ores. Astragalus plants have delineated

ore bodies to depths of 25 meters.

1957, Description of indicator plants and methods of botanical prospect

ing for uranium deposits on the Colorado Plateau : U. S. GeoL Surrey

Bull. 1030-M, p. 399-516.

Botanical prospecting by mapping Indicator plants is used in semiarid parti

of the Colorado Plateau at low altitude. The distribution of Indicator plants

is controlled by the availability of chemical constituents of the ore, such as

selenium, sulfur, and calcium. Plants of the genus Astragalus are most use

ful In prospecting for uranium deposits of high selenium content Fifty Indi

cator plants usually associated with carnotite deposits and plants tolerant

of mineralized ground are described and illustrated.

Cannon, H. L., and Kleinhampl, F. J., 1956, Botanical methods of prospecting

for uranium, in Contributions to the geology of uranium and thorium by the

United States Geological Survey and Atomic Energy Commission for the

United Nations International Conference on Peaceful Uses of Atomic Energy,

Geneva, Switzerland, 1955 : U. S. Geol. Survey Prof. Paper 300, p. 681-688.

Selenium-indicator plants are used in prospecting for uranium on the Colo

rado Plateau because the availability of selenium to plants is increased many

fold by the presence of carnotite, and the distribution of selenium-indicator

plants is controlled by the distribution of carnotite. The most useful plant is

Astragalus pattersoni, which commonly absorbs several thousand parts per

million selenium from uranium ores, and is capable of extracting selenium di

rectly from ore bodies as deep as 75 feet. Prospecting by indicator plants is

advantageous where the uranium content is 0.01 percent or more and the sele

nium content is 0.01 percent or more, if the upper limits of the ore body are not

more than 40 feet below the surface.

Cannon, H. L., and Starrett, W. H., 1956, Botanical prospecting for uranlnm

on La Ventana Mesa, Sandoval County, New Mexico: U. S. Geol. Survey

Bull. 1009-M, p. 391-407.

Minor amounts of selenium are concentrated in uranium-bearing coal. Tie

ratio of selenium to uranium is very high in mineralized coal, with 800 PP"1

selenium reported in one sample. Selenium indicator plants associated with
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sulfur indicator plants were noted on the slope below the outcrop of uranium-

bearing coal.

Carlos, G. C. See Edwards and Carlos, 1954.

Caron, P. E. See Stone and Caron, 1954.

Carstens, C. W., 1941a, Om geokjemiske unders0kelser av maimer: Norsk

geol. tidsskr., v. 21, no. 2-3, p. 213-227.

The selenium content and sulfur-selenium ratios of sedimentary and hydro-

thermal pyrites of the Bymark group of the Trondhelm area, Norway, includ

ing the Leksdals and L0kken-Grong types, are discussed. The article contains

many analyses of ores containing selenium.

1941b, Uber sedimentfire Schwefelkiesvorkommen : Kgl. Norsk Vidensk.

Selsk. Forh., v. 14, p. 120-122.

Sedimentary pyrite of the Leksdals type contains no selenium ; hydrotherm.il

pyrite of the L0kken-Grong type contains more than 10 ppm selenium.

1941c, Zur Geochemie einiger norwegischen Kiesvorkommen : Kgl. Norsk

Vidensk. Selsk. Forh., v. 14, no. 10, p. 36-39.

The pyrite in the Bymark group of the Trondhelm area is of two types :

the Leksdals type of sedimentary origin, and the L0kken-Grong type of hydro-

thermal origin. Pyrite of the Leksdals type contains less than 0.1 percent

copper and is relatively selenium free. Pyrite of the L0kken-Grong type

customarily contains a minimum of 0.5 percent copper and a significant amount

of selenium, averaging from 20 to 30 ppm. A table gives copper, sulfur, and

selenium contents of copper-bearing sulfide ores and concentrates, and sulfur-

selenium ratios, which range from 42,000 : 1 for copper-poor ore at L0kken-

Grong to 1800 : 1 for copper-rich ore.

Castillo, Antonio del, 1873, Descubrlmiento de una nueva especie mineral de

bismuto: Naturaleza [Mexico], v. 2, p. 274-276.

Description of a double selenide of bismuth and zinc from Guanajuato,

Mexico, is given.

1874, t)ber eine neue Mineral-Species des Wismuths : Neues Jahrb.

Mineralogie, Geologie u. Palaeontologie, Jahrg. 1874, p. 225-229.

A blsmuth-zlnc-selenium mineral from Guanajuato, Mexico, is described.

Christman, R. A., Heyman, A. M., Dellwig, L. F., and Gott, G. B., 1953, Thorium

investigations 1950-52, Wet Mountains, Colorado: U. S. Geol. Survey Circ.

290, p. 7.

Strong, fetid odor in newly broken reddish-stained granitic rocks in the

thorium area from Querlda to Rosita, Custer and Fremont Counties, Colo.,

was thought to be caused by selenium compounds, but a chemical analysis

showed only traces of selenium. However, volatile compounds may have

escaped during grinding of the sample.

Clark, C. W., and Schloen, J. H., 1944, Recovery of precious metals and produc

tion of selenium and tellurium at Montreal East : Am. Inst. Mining Metall.

Engineers Trans., v. 159, p. 495-520; Tech. Paper 982, 22 p., 1938.

Blister cakes from Hudson Bay Mining and Smelting Company, Flln Flon,

Manitoba, and anodes from Noranda Mines, Ltd., Noranda, Quebec, are refined
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at Montreal East. Both ores have unusually high selenium and tellurium

content. Average assay of slimes from Noranda is 22 percent selenium. Selen

ium recovery plant and process are described.

Clarke, F. W., 1924, The data of geochemistry : U. S. Geol. Survey BulL 770,

p. 19, 186, 273.

Occurrence of selenium in mineral waters and with sulfur as selensulfur

in volcanic sublimates of the Lipari Islands is noted.

Clarke, F. W., and Washington, II. S., 1924, The composition of the earths

trust : U. S. Geol. Survey Prof. Paper 127, p. 27, 83, 89, 90, 91-92, 93.

The occurrence of selenium and the association and distribution of selenium

minerals are described.

Clennell, J. E., 1906, Assay of bullion containing selenium : Eng. Mining Jour.,

v. 82, no. 23, p. 1057-1059.

The assay method is described.

1907, Method for analysis of gold-silver bullion : Eug. Mining Jour..

v. 83, no. 23, p. 1099-1100.

The method used for determining elements, including selenium, in bullion

produced by Myjnbouw Maatschappij Redjang Lebong, Sumatra, is described.

Coats, R. R., 1936, Aguilarite from the Comstock Lode, Virginia City, Nevada :

Am. Mineralogist, v. 21, p. 532-534.

Silver sulfoselenide occurs in dark-gray sectile masses intimately admixed

with other minerals. It appears to be an isomorphous mixture of naumannite

and argentite molecules, associated with argentite and silver and replaced by

stephanite.

Coleman, R. G., 1956, The occurrence of selenium in sulfides from sedimentary

rocks of the western United States [abs. ] : Econ. Geology, v. 51, no. 1, p. 112.

Sulfides in the Morrison and Entrada formations of Jurassic age and the

Wind River formation of Eocene age contain abnormally large amounts of

selenium substituting for sulfur. Sulfides from the same stratigraphic zone

usually contain the same relative amounts of selenium regardless of their

position with respect to uranium ore deposits. As much as 5 percent selenium

was found in pyrite and chalcocite. Sulfides from the Chiule and Shinarnmp

formations of Triassic age usually contain less than 3 ppm selenium except in

the Temple Mountain mining district, Utah, where they contain as much as

0.5 percent selenium. Clausthalite nnd eucairite have been identified from

several uranium ore deposits in the Morrison formation. Oxidation of these

seleniferous minerals underground or in damp cool places produces a char

acteristic pink bloom of nionoclinie native .selenium, which may invert to more

stable hexagonal native selenium at higher temperatures on the surface.

Coleman, R. G., and Delevaux, Maryse, 1957, Occurrence of selenium in sulfides

from some sedimentary rocks of the western United States : Econ. Geology.

v. 52, no. 5, p. 499-527.

Investigations of the minor—and trace-element content of sulfides associated

with uranium ore deposits from sandstone-type deposits have shown that selenium

commonly substitutes for sulfur. The Morrison formation and Entrada sand

stone of Jurassic age and the Wind River formation of Eocene age seem to be
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seleniferous stratigraphic zones ; sulfides deposited withiu these formations

generally contain abnormal amounts of selenium. Tables showing selenium con

tent of sulfides from sedimentary rocks of Triassic, Jurassic, Cretaceous, and

Tertiary ages, from many uranium mines in Utah, Colorado, Arizona, New Mexico,

and Wyoming, and from some hydrothermal vein deposits are given. The average

selenium content of iron sulfides from mineralized rock of Triassic age was 0.0019

percent ; of Jurassic age, 0.20 percent ; of Cretaceous age, 0.005 percent ; of Ter

tiary age, 0.087 percent. The selenium content of pyrite, marcasite, and chalcocite

is much greater than that reported in previously published data. The maximum

.i mount of selenium substituting for sulfur in the pyrite structure was found to

lie 3 percent by weight. Some copper sulfide samples of Jurassic age which had

an extremely high selenium content were shown to contain small inclusions of

flausthalite and rarely eucairite. Ferroselite was found in 2 deposits on the

Colorado Plateau, and it was established that galena forms an isomorphous series

with clausthalite in nature.

During oxidation of the selenium-bearing sulfides and selenides from the Colo

rado Plateau and Wyoming, the selenium forms pinkish crusts of either mono-

clinic or hexagonal native selenium intergrown with soluble sulfates, suggesting

that under "normal" oxidizing conditions native selenium is more stable than

^olenites or selenates. The selenium content of sulfides from sedimentary rocks

of Mesozoic and Tertiary age is above normal and is related to iwriods of volcanic

and intrusive activity penecontemporaneous with the formation of the containing

sediments.

Coleman, W. C, and McCrosky, C. R., 1037, Volumetric determination of sele

nium—a critical study of the Norris and Fay method : Indus. Eng. Chemistry,

Anal. Ed., v. 9, p. 431-432.

Description of simplified procedure for determination of selenious acid by the

Norris and Fay method is given.

Collins, W. H., 1937, Timiskaming Sub-province : Geol. Soe. America Bull., v. 48,

no. 10, p. 1427-1458.

Sudbury nickel-copper ores contain recoverable amounts of selenium.

Coniglio, L. See Zambonini and Coniglio, 1925.

Connor, J. J. See Miesch and Connor, 1956.

Cox, T. H. See Pugsley and Cox, 1937.

Curl, A. L. See also Mathews and others, 1937.

Curl, A. L., and Osborn, R. A., 1938, Report on selenium : Assoc. Official Agr.

Chemists Jour., v. 21, no. 2, p. 228-235.

Volumetric determination of selenium using starch indicator is described.

Curran, J. M., 1895, On selenium associated with gold and bismuth, from Mount

Hope, N. S. Wales : Royal Soc. New South Wales Jour, and Proc, v. 29, p.

404-406.

Gold occurs at the Mount Allen mine near Mount Hope in an auriferous belt

of slate interbedded with Silurian slates. The gold is in plates along laminae

of the slate, in grains associated with quartz nodules, and in grains enclosed
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in aggregates of bismuth oxide and carbonate. Selenium is distributed irregu

larly throughout the stone. The author believes that selenium and bismntt

once existed as a selenide of bismuth which was probably auriferous.

Dake, H. C. See DeMent and Dake, 1946.

Damour, A. See also DesCloizeaux and Damour, 1881.

1881, Essais chimiques et analyse de la chaleomehite, espfice minerale:

Soc. mineralog. France Bull., v. 4, p. 164-167.

Analysis of chalcomenite from Cacheuta, Mendoza, Argentina, is deacribei

The mineral was found In silver, lead, and copper selenide veins, associated

with azurite, iron oxide, and lead carbonate.

Dana, E. S., and Wells, H. L., 1890, On some selenium and tellurium minerals

from Honduras : Am. Jour. Scl., ser. 3, v. 40, no. 235, p. 78-82.

Specimens from El Plomo mine, OJojoma district, Department of Tegucigalpa,

Honduras, included a blackish gray mineral in quartz-barite gangue found to

be an lsomorphous mixture intermediate between selenium and tellurium in

composition, called selen-tellurium. It most closely resembles native tellurium

from Faczebaja which contained 6.7 percent selenium. Also analyzed was a

greenish yellow ferric tellurite mineral with selenium replacing part of the

tellurium, which was named durdenite.

De la Pefia P., R. Luis, 1944, Economic geology, or monograph on the miniar

region of Huitzuco, State of Guerrero, Mexico : Ingenleria [Mexico], v. 18,

p. 205-224.

Livingstonite, etibnite, cinnabar, metacinnabar, barcenite, terlinguaite, guadal-

cazarite, tiemannlte, and onofrite are associated with pyrite, realgar, sulfur,

graphite, fluorite, and gypsum in matrices of calcite, gypsum, and dolomite.

The sulfides and selenides ascended in hot alkaline solutions and were deposited

near the surface by diminution of pressure, temperature, dilution, and oxida

tion of solutions, and by precipitating agents. (Chem. Abs., v. 39, col. 44.)

Delevaux, Maryse. See Coleman and Delevaux, 1957.

Del Rio, Andrea, 1828, Analysis of two new mineral substances, consisting of bi-

seleniuret of zinc and sulphuret of mercury, found at Culebras in Mexico:

Philos. Mag., ser. 2, v. 4, p. 113-115.

Two mineral substances, one gray metallic and one red, are both believed to

be zinc-mercury selenide minerals.

1836, On rlolite, a supposed biseleniuret of zinc : Philos. Mag., ser. 8, t.

8, p. 261-263.

A mineral from Culebras, Mexico, formerly believed to be a biseleniuret of

zinc, was found to be native selenium ore with a variable mixture of zinc, mer

cury, cadmium, and iron.

Delwig, L. F. See Christman and others, 1953.

DeMent, Jack, and Dake, H. C, 1946, Rarer metals : Brooklyn, Chemical Pub.

Co., p. 251-266.

A summary of the history, mineralogy, occurrence, physical properties, chem

ical properties, compounds, biological nature, technology, and analysis of

selenium.
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Derrika, J. J., and Vaes, J. F.f 1956, The Shinkolobwe uranium deposit, in

Proceedings of the International conference on the peaceful uses of atomic

energy, v. 6, Geology of uranium and thorium : New York, United Nations,

p. 94-128.

Ore from certain massive sulfide veins in the Shinkolobwe mine contains min

erals with compositions similar to vaesite and siegenlte, except that in one min

eral 19 percent of the sulfur is replaced by selenium (selenio-vaesite) and in the

other 11 percent of the sulfur is replaced by selenium (selenio-siegenite). In

the selenio-sulfide veins, which contain a greater variety of minerals than do the

selenium-free sulfide veins, the usual accessory minerals are molybdenite, pyrite,

cnalcopyrite, bornite, digenite, covelllte, and gold. In these veins 3 other se

lenium minerals are found ; one is thought to be related to umangite, and 2 are

unidentified but are known to be selenides. A mineral almost Identical with

molybdenite occurs in certain brecciated formations intimately associated with

selenio-sulfides, which is thought to be a variety of selenium molybdenite.

de Salas, Susana M., 1947, Selenium in water. III. Selenium content of some

Argentine waters : Rev. obras sanitarias naci6n, v. 21, p. 21-24.

No relation between selenium content and the amount of fluorine, vanadium,

and arsenic was found in 70 samples of water. The water from 12 purification

plants contained 0-5 micrograms per liter selenium. Natural water from 40

different locations contained 0-67 gammas per liter selenium. (Chem. Abs., v. 42,

col. 2039.)

I>es Cloizeaux, and Damour, A., 1881, Note sur chalcomenite, nouvelle espece

minerale (selenlte de culvre) : Soc. mlneralog. France Bull., v. 4, p. 51-55.

Veins containing selenides of lead, silver, and copper are found at Cacheuta,

southeast of Mendoza, Argentina. The minerals are identified as cacheutaite,

clausthalite, zorgite, berzelianite, and a new copper selenite mineral,

chalcomenite.

Dey, A. K. See Brown, J. C, and Dey, 1955.

Di Franco, S., 1942, Mt Etna's mineralogy : Accad. gioenia sci. nat. Catania AttI,

v. 5, mem. 9, p. 1-175.

Minerals found in Mt. Etna's eruptive materials include selenium among some

60 sulfide, oxide, carbonate, and silicate minerals. (Chem. Abs., v. 42, col. 491.)

Dimmick, T. D., 1948, Mineral resources of Australia, Minor metals: Australia

Bur. Mineral Resources, Geology, and Geophysics Summ. Rept. 35, p. 8-10.

Selenium minerals, uses, prices, and production are discussed. The only

commercial source of selenium is anode sludge formed during the electrolytic

refining of blister copper. Anode sludge is obtained by Electrolytic Refining and

Smelting Company of Port Kembla, New South Wales, and the Mount Lyell

Mining and Railway Company at Queenstown, Tasmania. The anode sludges

from these companies contain from 1 to 2 percent and 2 percent selenium respec

tively. Selenium is present in the Mount Morgan ore and one analysis of blister

copper from Mount Morgan gave 0.019 percent selenium. The converter flue

dust has been found to contain selenium to the extent of 0.04 percent. Selenium

is present in small amounts In tellurides at Kalgoorlie and Rothsay, Western

Australia, but the occurrences are not of economic importance.
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Dios Guevara, Juan de, 1940, The presence of selenium in a sample of Penm»n

sulfur: Soc. Quim. Peru Bol., v. 6, no. 1, p. 23-25.

A sample of sulfur from Chaehani, Arequipa, contained 99.69 percent sulfur,

0.01 percent selenium, no arsenic, 0.09 percent organic substances, 0.14 percent

ash, and 0.07 percent water. ( Chein. Abs., v. 34, col. 5603. )

Divers, Kdward, and Shimidzu, Tetsukichi, 1883, The red sulphur of Japan:

Chem. News, v. 48, p. 284.

Orange-red sulfur similar to the selen-sulfur of the Lipari Islands. Naples.

and Hawaii, is found among volcanic sulfur deposits in Japan. It has been

obtained from Iwoshlma ; Motoyama, Satsuma, and Tateyama, Etehui ; and

Oshima. One specimen examined contained 0.06 percent selenium, 0.17 percent

tellurium, 0.01 percent arsenic, and a trace of molybdenum. Yellow sulfur also

may contain traces of selenium and tellurium.

Djingheuzlan, L. E., 1957, Metallurgical developments in the recovery of some

of the less common metals in Canada, in Extraction and refining of the rare

metals : London, Institution of Mining and Metallurgy, p. 72-90.

Selenium and tellurium occur as copper selenides and copper-gold tellurides in

the copper-nickel ores of International Nickel Company of Canada. The amount

of selenium in the ore is exceedingly small and no attempt is made to determine

the amount. Copper anode slimes contain 8-10 percent selenium. Metallurgy of

selenium is described.

Dolezal, Jan. See Cadek and Dolezal. 1957.

Domeyko, J., 1864, Sur quelques nouveaux mineraux du Chile: seleniure double

d'argent et de cuivre (eukairite Berz) : Annales Mines [Paris], ser. 6, v. 5,

p. 458-459.

Specimens of silver-copper selenide mineral (eucalrite) were found in

Flamenco in the Atacama desert in Chile and in the Province of San Juan, on

the other side of the Andes.

■ 1866, Notice sur les se'lehiures provenant des mines de Cachenta : Acad.

sci. [Paris] Comptes rendus, v. 63, p. 1064-1069.

A vein containing selenium minerals was found in the Province of Mendozs.

Argentina, near the area of the coal mines of Cachenta. The vein is similar

to the sulfide ores of Chile, being rich in silver near the surface and becoming

rich in lead and poor in silver at depth, except that the ore minerals are

selenides rather than sulfides. Near the surface the ore mineral is a poly-

selenide of silver and copper, with n little iron and cobalt, similar to eucairite.

in which there is isomorphous substitution of copper for silver at depth. In

the deeper i>arts of the vein the ore is lead selenide, containing very little

silver or copper.

Doty, M. F., 1927, Bibliography on selenium from 1817 to 1925: New York.

New York Public Library, 114 p.

A list of references in the New York Public Library on mineralogy, crystal

lography, properties, uses, and patents of selenium.

Downie, C. C, 1952, Metallurgical fume and flue dusts: Mining Mag. [London],

v. 86, no. 2, p. 80-83.

Brief review of methods of recovery of selenium from refinery flue dusts.
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Draize, J. H. See Beath and others, 1934a, b.

Dudley, H. C. See Robinson, W. O., and others, 1934.

Eakle, A. S., 1914, Minerals of California : California State Mining Bur. Bull.

67, p. 47.

Tiemannite occurs in large masses near Clear Lake and in the Abbott mine,

Lake County : in the San Joaquin Ranch mine, Orange County ; and in the old

Ouadalupe mine near New Almaden, Santa Clara County.

Earley, J. W., 1949, Studies of natural and artificial selenldes; [Ft.] 1— klock-

mannite : Am. Mineralogist, v. 34, p. 435-440.

Klockmannite from Sierra de Umango, Argentina, was compared with arti

ficial klockmannite and was found to be physically and structurally identical.

1950, Description and synthesis of the selenide minerals : Am. Min

eralogist, v. 35, p. 337-364.

A study of natural and artificial selenldes, mainly by microscopic and X-ray

methods, including naumannite, aguilarite, eucairite, crookesite, berzelianite,

umangite, clausthallte, tiemannite, penroseite, guanajuatite, and paraguana-

juatite.

Edglngton, Glen. See also Robinson and Edgington, 1945.

Edgington, Glen, and Byers, H. G., 1942, Selenium content and chemical

analyses, pt. !> of Geology and biology of North Atlantic deep-sea cores be

tween Newfoundland and Ireland : U. S. Geol. Survey Prof. Paper 196-F,

p. 151-155.

Core samples of sea floor sediments containing volcanic ash were analyzed.

Bering Sea core contains 0.25-0.7 ppm selenium ; Ocean City, Md., 0.6-2 ppm

selenium ; North Atlantic, less than 0.1-0.8 ppm. selenium ; Caribbean Sea at

Bartlett Deep, less than 0.08-0.2 ppm selenium. No evidence of a relation be

tween volcanic activity and selenium accumulation can be drawn from these

data.

Edwards, A. B., 1939, Some observations on the mineral composition of Mount

Lyell copper ores, Tasmania, and their modes of occurrence : Australasian

Inst. Mining and Metallurgy Proc, no 114, p. 61-110.

Selenium occurs as a trace in the Mount Lyell ores, but constitutes 3.9 percent

of the final electrolytic slimes from the purification of copper. The amount of

selenium in the ore is in the order of 1 part in 124.000. In the North Lyell

bornite-chalcopyrite ore body a mineral believed to be berzelianite or eucairite

occurs in minute silver-white needle-shaped inclusions in bornite and in chal-

cocite replacing bornite.

Edwards, A. B., and Carlos, G. C, 19.14, The selenium content of some Austral

ian sulphide deposits : Australasian Inst. Mining and Metallurgy Proc.

no. 172, p. 31-64.

The possibility of using sulfur-selenium ratios as a method of distinguishing

between sulfide deposits of sedimentary or supergene and hydrothermal origin

was tested on Australian sulfide ores. Sulfur-selenium ratios of sedimentary

pyrites range from 500,000 to 38,000; sulfur-selenium ratios of known hydro-

thermal pyrites range from 9,000 to 13,000. This investigation shows that
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high selenium content is associated with hydrotbermal origin, but low selenium

content Is not positive evidence of sedimentary origin, because some hydro-

thermal sulfides are low In selenium. The amount of selenium in hydrothermal

ore depends on the amount of selenium available to mineralizing solutions and

on factors controlling the substitution of selenium for sulfur. On the basis of

their sulfur to selenium ratios, the deposits at Nalrne, South Australia ; Broken

Hill, N. 8. W. ; and Mount Isa, Queensland ; are considered to be of hydrothermal

origin. In many Australian sulfide ores investigated, the early formed minerals,

chalcopyrite, pyrite, bornite, and arsenopyrite, are the most selenlferous ; later

formed minerals, sphalerite, galena, and tetrahedrite, are less seleniferous ; and

the low-temperature minerals, stibnite, cinnabar, and barite, are poor in sele

nium. Tables show sulfur and selenium content of sedimentary, supergene.

and hydrothermal pyrite, pyrrhotlte, chalcopyrite, sulfates, gossans, molybdenite,

sphalerite, galena, stannite, stibnite, cinnabar, tetrahedrite, arsenopyrite, and

bornite.

Ellers, A., 1913, Notes on the occurrence of some of the rarer metals in blister

copper : Am. Inst Mining Metall. Engineers Bull. 78, p. 999-1000.

The smelter recoveries of selenium from blister copper are: Fairfield, Utah,

2,800 lb. selenium from 5,000 tons blister from Bingham mine ; Steptoe, Nev.,

3,303 lb. from 3,000 tons blister from Nevada Consolidated mines ; Omaha, Neb.,

213 lb. from 800 tons blister from Rocky Mountain lead-silver mines ; Mountain.

Calif., 54 lb. from 150 tons blister ; Tacoma, Wash., 336 lb. from 800 tons blister

from Pacific coast and Alaska copper ores ; Aguascalientes, Mexico, 1,870 lb.

from 1,100 tons blister from Mexican gold-silver-copper ores ; Cerro de Pasco,

Peru, 275 lb. from 2,000 tons blister ; Mt. Lyell, Tasmania, 336 lb. from 800 tons

blister.

Elkin, E. M. See also Schloen and Elkin, 1946, 1950, 1954.

Elkin, E. M., and Margrave, J. L., 1954, Selenium and selenium compounds : Ency

clopedia Chem. Technology, v. 12, p. 145-163.

A review of physical and chemical properties, analytical methods, metallurgy,

Inorganic and organic compounds, health and safety factors, and uses of

selenium.

Emmons, W. H., and Laney, F. B., 1926, Geology and ore deposits of the Duck-

town mining district, Tennessee: U. S. Geol. Survey Prof. Paper 139, p.

52-53.

Determinations made by the Tennessee Copper Company of selenium in com

posite samples of Ducktown primary ores taken in December, 1907, give the fol

lowing selenium contents : Burra Burra mine, 0.0175 percent ; London mine, 0.011

percent ; Polk County mine, trace. Six samples of lead-bearing copper ores from

the secondary zone contained traces of selenium.

Eppson, H. F. See Beath and others, 1934b, 1935, 1937a, b, 1939a, b, 1940, 1941 ;

Beath and Eppson, 1947.

Everett, F. D., and Bauerle, L. C, 1957, Investigation of tuffs near Lysite, Wye,

for selenium : U. S. Bur. Mines Rept Inv. 5296, 30 p.

Exploration work on a selenlferous tuff in the Poison Draw area north of

Lysite, Fremont County, Wyo., established that selenium mineralization is
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erratically distributed In small irregular bodies and is not confined to any one

tuff bed. Of 206 samples assayed from 11 drill holes, only 8 contained more

than 0.005 percent selenium. The extent and grade of reserves could not be cal

culated because of the sporadic nature of the mineralization and the lack of cor

relation between infrequent showings. Metallurgical research to develop a

process to recover high-purity selenium from the tuff included water-leaching,

precipitation from pregnant solutions, and direct-volatilization methods. Be

cause of the low tenor of ore and the presence of soluble sulfates and bentonitic

clay, all methods of extraction were complicated and expensive.

Fernandez, V., 1877, Ueber Guanajuatit-Frenzellt ; Schwefelselenwismuthglanz :

Zeitschr. Krystallographie u. Mineralogle, v. 1, p. 499.

Guanajuatite and frenzelite from Santa Catarina mine, Guanajuato, Mexico,

are the same mineral.

Fisher, Coleman, Jr., 1849, Examination of the telluret of bismuth, from Vir

ginia : Am. Jour. Sci., ser. 2, v. 7, p. 282-283.

Tetradymite from the White Hall mine, Spotsylvania County, was analyzed

and found to contain 7.23 percent selenium, 37.96 percent tellurium, and 54.81

percent bismuth.

Fleischer, Michael, 1955, Minor elements in some sulfide minerals : Econ. Geology,

Fiftieth Anniversary Volume, pt 2, p. 970-1024.

Data in the literature on the selenium content of galena, sphalerite and wurt-

zite, chalcopyrite, pyrite and marcasite, pyrrhotite, and arsenopyrite are sum

marized in tables for each mineral. The tables list references, type of analysis,

and quantitative determinations by arbitrarily selected concentration ranges.

Fleming, G. A. See also Walsh and others, 1951.

Fleming, G. A., and Walsh, T., 1957, Selenium occurrence in certain Irish soils

and its toxic effects on animals : Koyal Irish Acad. Proa, v. 58, sec. B, no. 7,

p. 151-166.

Analyses were made of rock, soil, and plant samples from certain parts of

Counties Limerick, Tipperary, and Meath where chronic selenium poisoning of

animals had been reported. The rocks were Upper and Middle Carboniferous

Limestone associated with shale and sandstone beds of the Yoredale and Pendie-

side series. The source of the selenium was found to be certain shale beds.

Soils with the highest selenium content were poorly drained, low-lying, and of

high organic matter and molybdenum content. The soils were believed to be of

lacustrine origin, the selenium having been carried in by drainage from sur

rounding areas. As much as 1,200 ppm selenium was found in soils.

Foster, Z. C. See Hough and others, 1941.

Franke, K. W., and Painter, E. P., 1937, Effect of sulfur additions on seleniferous

soils; Binding of selenium by soil: Indus. Eng. Chemlsty, Indus. Ed., v.

29, p. 591-595.

Sulfur In the form of ground sulfur and gypsum was added to a seleniferous

field In Gregory County, S. D., on which wheat and corn were grown. The

application of sulfur did not inhibit the absorption of selenium by the plants.

Plants appear to absorb less selenium during dry seasons than during rainy

seasons.
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Franke, K. W., Burris, Robert, and Hutton, R. S., 1936, A new colorimetric

procedure adapted to selenium determination: Indus. Eng. Chemistry, Anal.

Ed., v. 8, p. 435.

A method is described by which colored precipitates of colloidal fineness can

be filtered onto a mat of barium sulfate. This procedure can be used for the

estimation of 0.005 to 0.15 mg of selenium with an accuracy of 0.001 to 0.01 mg.

Frebold, Georg, 1927a, Beitriige zur Kenntnis der Erzlagerstiitten des Harzes.

II. Uber einige Selenerze und ihre Paragenesen im Harz: Zentralbl.

Mineralogie, Jahrg. 1927, Abt. A, no. 1, p. 16-32.

The minerals, clausthallte, tiemannite, naumannite, and uinangite, and the

mechanical mixtures, lehrbachite (clausthalite and tiemannite), zorgite (claus-

thalite and uinangite), "selenkobaltblei" (clausthalite, "kobaltglanz", hematite),

and "seebachite" (clausthalite, umangite, tiemannite), from the Harz are de

scribed. The paragenesls of selenium minerals at Clausthal is: pyrite, quartz,

calcite, chalcopyrite, clausthalite, tieimiunite ; at Trogtal : hematite, "kobalt

glanz", clausthalite ; at Lehrbach : dolomite, clausthallte, tiemannite, umangite,

chalcolite, chalcopyrite; at Zorge: quartz, hematite, calcite. clausthalite, tie

mannite, umangite; at Tilkerode: pyrite, quartz, dolomite, calcite, chalcopyrite.

clausthalite, naumannite, tiemannite.

lSI27b, Beitriige zur Kenntnis der Erzlagerstiitten des Harzes; III

Vber Berzelianit, CxiiSe, und eln neues Vorkommen von "Selenkobaltblei"

1m Hnrz : Zentralbl. Mineralogie, .Tahrg. 1927, Abt. A, no. 6, p. 196-199.

Berzelianite from Skrikerum, Sweden, the Caroline mine near Lehrbach, and

the Oberjeremiashohe mine between Zorge and Wieda is described. Seleniferous

material identified as a mixture of clausthalite, "kobaltglanz", and an unknown

component from a quarry at Trogtal near Lautenthal is also described. In the

Harz, the sulfides, pyrite and chalcopyrite, are older than the selenides, which

are the last product of hydrothermal deposition.

Frenzel, August, 1874, Mineralogisches ; Selenwismuthglanz : Neues Jahrb.

Mineralogie, Geologle u. Palaeontologie, Jahrg. 1874, p. 679-681.

A bisuiuth-seleniuui-sulfur mineral from Guanajuato, Mexico, is described.

Friedel, C, and Sarasin, Edmond, 1881a, Forme cristalllne du selenite de euivre :

Soc. mineralog. France Bull., v. 4, p. 225-228.

Artificial chalcomenite has a different crystal form from natural ehalcomenite,

although the composition is the same.

1881b, Reproduction de la chalcomenite : Soc. mineralog. France Bull.,

v. 4, p. 176-178.

Artificial selenite of copper was formed from a solution of potassium selenite

precipitated by copper sulfate.

Friend, J. N., and Allchln, J. P., 1941, The selenium and tellurium contents of

sulfur from Krisuvik, Iceland : Mineralog. Mag., v. 26, p. 9-10.

Analyses of sulfur indicated 12.5 ppm selenium and 250 ppm tellurium in ex

tracted sulfur ; 200 ppm selenium and 4000 ppm tellurium in insoluble residue :

and 18.9 ppm selenium and 378 ppm tellurium in crude mineral.
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Fromme, Job., 1890, Eucairit aus Argentinien : Jour, prakt. Chemie, v. 150,

new ser. v. 42, p. 57-62.

Description and analysis of eucairite from La Rioja Province, Argentina, are

given.

Frondel, Clifford. See Palache and others, 1944.

Gale, H. S., 1908, Carnotite and associated minerals in western Routt County,

Colo. : U. S. Geol. Survey Bull. 340, p. 257-262.

Carnotite deposits at the southern foot of Blue Mountain near Skull Creek,

18 miles east of the Colorado-Utah boundary, occur as crusts and impregnations

in sheared and brecciated coarse white sandstone of Jurassic age. The deposits

are associated with copper sulfates, vanadates, and carbonates, and contain a

copper selenite or selenate mineral. This is the first occurrence of a selenite

mineral noted in the United States.

Gavelin, Sven, 1939, Geology and ores of the MalAnas district, Viisterbotten,

Sweden : Sveriges Geol. Undersokning, Ser. C, no. 424, Arsb. 33, no. 4, p.

124, 184.

Cupriferous pyrite ore of the Eastern Bjurfors ore field contains an average

of 0.021 percent selenium. The ore of the Middle Bjurfors field contains 0.002

and 0.012 percent selenium.

-» 1954, A telluride assemblage In the Rudtjebaeken pyrite ore, Vasterbotten,

N. Sweden : Sverlges Geol. Undersokning, Ser. C, no. 536, Arsb. 48, no.

1,18 p.

Tellurides of lead, silver, and gold are found in pegmatite associated with a

compact pyrite-sphalerlte-chalcopyrlte ore in the Rudtjebacken mine, Skellefte

district, North Sweden. The telluride-bearing pegmatite contains 0.07 percent

tellurium and 0.013 percent selenium.

1955, Sulphide mineralization in the Skellefte district, northern Sweden,

and its relation to regional granitization : Econ. Geology, v. 50, no. 8, p. 814-

831.

Minerals of which selenium forms an essential constituent have been identified

from only a few deposits in the Skellefte district. Odman described 2 sulpho-

minerals at Boliden which, because of their significant content of selenium, were

called selenocosalite and selenokobellite. In the principal sulfides of the ores

highly varying values for selenium are obtained from different samples of the

same mineral from the same deposit. In pure sulfide minerals values from less

than 0.001 to 0.14 percent .selenium were obtained. The succession galena-

chalcopyrite-sphalerite-pyrite indicates a decreasing selenium content.

Gellmann, Wilhelm, and Blitz, Wilhelm, 1931, Uber die Zusammensetzung vul-

kanischen Schwefels vom Papandajan (West-Java) : Zeitschr. anorg. allg.

Chemie, v. 197, p. 422-428.

Two kinds of sulfur are found at Papandajan: (a) yellow pure sulfur which

coats the ground around active volcanic craters and contains bright red and

orange spots; (b) gray less pure sulfur which occurs around sulfur swamps and

contains a metallic material like pyrite. The yellow sulfur contains more sele

nium than the gray, as well as arsenic, lithium, and thallium.
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Geilmann, Wilhelm, and Rose, Herm., 1928, Ein neues Selenerzvorkommen bei

St. Andreasberg im Harz: Neues Jabrb. MIneralogie, Geologie u. Palaeon-

tologie Beil.-Band, Abt. A, v. 57, pt 2, p. 785-816.

Selenium deposits in the "Roter Bar" mine, east of St. Andreasberg, Harz, are

described and are compared with other selenium ores in the Harz. The minerals

clausthalite, tlemannite, guanajuatite, zinc selenide, naumannite, umangite, and

berzelianite are described and their chemical and physical properties are

described.

Gun Hi. P. A., 1855, Contributions to mineralogy; [Pt] 5—Tetradymite: Am.

Jour. Scl., ser. 2, v. 19, p. 15-16.

Two samples of tetradymite were examined. The first was associated with

gold and quartz and was believed to come from the White Hall mine, Spotsyl

vania County, Va. The second sample was broad folia of tetradymite Im

planted in decomposed micaceous slate from the Tellurium mine, Fluvanna

County, Va. Only traces of selenium were found in both samples.

1885, Contributions to mineralogy : Am. Philos. Soc. Proc., v. 23, no. 121,

p. 30-35.

Joseite from San Jose, Mlnas Geraes, Brazil, was found to contain a small

amount of selenium. Seleniferous galenobismutite from Falun, Sweden, is de

scribed and analyses are given.

1891, Contributions to mineralogy, no. 51 : Am. Jour. Scl., ser. 3, v. 41,

p. 401-403.

Descriptions and analyses are given of : agullarite from the San Carlos mine,

Guanajuato, Mexico ; seleniferous bismuthinite probably from Guanajuato, Mex

ico; and guanajuatite (frenzelite) from Germany.

1892, Contributions to mineralogy, no. 54: Am. Jour. Sci., ser. 3, v. 44,

p. 381-383.

Descriptions and analyses of agullarite are given.

Gibson, F. H., and Selvig, W. A., 1944, Rare and uncommon chemical elements in

coal : U. S. Bur. Mines Tech. Paper 669, 23 p.

Selenium acts very much like arsenic in some qualitative tests. Selenium has

been noted in coal from Liege, Belgium, and in coke from England.

Gilbert, O. S. See Beath and others, 1934a, b, 1935, 1937a, b, 1939a, b, 1940, 1941,

1946; Beath and Gilbert, 1936.

Glle, P. L. See Hough and others, 1941.

Glusttnlanl, E. See Matteuccl and Glustlnlanl, 1897.

Gmelln's Handbuch der anorganlschen Chemle, 1942, Selen : 8th ed., Berlin, Ver-

lag Chemle, System-Nr. 10, tell A, lief. 1, p. 1-75.

History, uses, compounds, and natural occurrence of selenium are discussed.

Goldschmidt, V. M., 1937, The principles of distribution of chemical elements In

minerals and rocks : Chem. Soc. London Jour., 1937, pt. 1, p. 655-673.

One percent of the selenium supplied to sea water is present The amount of

selenium which has potentially been supplied to sea water is so great that a
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serious poisoning of the ocean would have been caused if some phenomena of

elimination had not been In action. Selenium has been removed from aqueous

solutions by adsorption on freshly precipitated hydroxides of iron. Considerable

concentrations of selenium are in sedimentary Iron ores.

Goldschmidt, V. M., 1954, Geochemistry: Oxford, Clarendon Press, p. 532-540.

The average abundance of selenium in magmatic rocks Is 0.09 ppm ; in meteor

ites, 7 ppm. Pneumatolytlc and high-temperature hydrothermal sulfide ores

contain more selenium than medium- and low-temperature sulfide ores. Sele

nium also is markedly associated with gold and silver deposits of the epithermal

range. In the cycle of weathering, very little selenium remains in sea water ;

most is removed with the hydrolyzate sediments, mainly with organic matter,

iron and manganese hydroxides, and iron sulfides. Two parts per million sele

nium was noted in pyritic lead veins of Gilpin County, Colo. ; selenium also noted

In ores from Mansfeld, Rammelsburg, Bad Grund, and Upper Silesia, Germany,

and from St. Agnes, Cornwall, England.

Goldschmidt, V. M., and Hefter, O., 1933, Zur Geochemie des Selens: Gesell.

Wiss. GSttingen Nachr., math.-phys. KL, v. 3, no. 35 ; v. 4, no. 36, p. 245-252.

The similarity of sulfur and selenium suggests that they may be geologically

isomorphous, as they are in certain sulfide minerals. Sulfur of volcanic origin

contains perceptible amounts of selenium, but in sedimentary rock formations the

sulfur Is substantially free from selenium. A study of anhydrite, polyhalite,

kainite, and kieserite from sea-water deposits shows that in these sulfates the

selenium, In proportion to the sulfur, is 10 to 100 times rarer than In eruptive

rocks. The higher oxidation potential required for selenium explains the con

version of sulfur to sulfate Ion whereas the selenium remains as selenide or

native selenium independent of the fate of sulfur. The selenium is therefore

removed from the circulating solutions by the reducing action of rocks and min

erals and may be expected to accumulate in coal deposits, a conclusion verified

by the occurrence of selenium in Yorkshire anthracite. (Chem. Abs., v. 27, p.

4757.)

Goldschmidt, V. M., and Strock, L. W., 1935, Zur Geochemie des Selens, II:

Gesell. Wiss. GSttingen Nachr., math.-phys. KL, v. 4, new ser., v. 1, no. 11,

p. 123-142.

The selenium content of primary magmatic sulfides was found to be higher

than that of other materials, but the selenium-sulfur ratio was highest in

sedimentary iron and manganese oxide ores. Sea water, salt beds, and sedi

mentary rocks are low In selenium. This is because selenium reaching the

ocean is not oxidized to eelenate, but Is absorbed by precipitating iron and

manganese hydroxides. The only salt deposit high in selenium Is Chilean

caliche, formed under oxidizing conditions sufficiently high to convert selenium

to selena te. (Chem. Abs., v. 30, col. 1334.)

Goni, J., and Guillemin, C, 1953, Donnees nouvelles sur les selenites et sele-

niates naturels : Soc. francaise mlneralogle et crystallographie Bull., v. 76,

p. 422-429.

A brief history of the discovery of natural selenite minerals and descriptions

of the occurrence and mineralogy of lead selenate from Pacajake, Bolivia, and

Cacheuta, Argentina; molybdomenite from Cacheuta, Argentina, and Trogtal,

Lautertal, Hartz, Germany ; and ahlfeldite, an alteration product of penroseite,
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from Pacajake, Bolivia. The authors consider the existence of cobaltomenite

doubtful. The paragenesis of the secondary minerals in limonite at Pacajake

is anglesite, cerussite, selenate of lead, chaleomenlte, and ahlfeldite.

Gonzalez Reyna, Jenaro, 1956, Riqueza minera y yacimientos minerales de

Mexico : rd ed., Internat. Geol. Cong.. 20th, Mexico 1958, Banco de Mexico,

S. A., Dept. Inv. Indus., p. 301.

No commercially exploitable deposits of selenium minerals exist in Mexico.

Selenium occurs associated with silver minerals or forming part of their com

position in silver ores associated genetically with andesitic rocks, and is

recovered as a byproduct of silver refining. All recent selenium production has

been from the State of Guanajuato.

Gordon, S. G., 1925, Penroselte and trudellite : two new minerals : Acad. Xat.

Sci. Philadelphia Proc, v. 77, p. 317-321.

A mineral believed to come from the Colquechaca silver mines, Bolivia, was

identified as penroseite. a lead-copper selenide with minor amounts of nickel

and cobalt. The mineral contained thin veins of goethite or limonite and a

white selenide, believed to be clausthalite, and was found in fissure veins in

rhyolite.

Gott. G. B. See Christina n and others, 1953.

Grasselly, Julius, 1948. Analyses of some bismuth minerals : Univ. Szeged. Acta

Mineralog. Petrog., Sec. Sci. Nat., v. 2, p. 24-30.

Analyses of joseite, griinlingite, and cosalite from Rezbanya-Baita, all of

which contain small amounts of selenium.

Greaves, J. E. See Holt and Greaves, 1941.

Grip, Erland, and Odman, O. H., 1942, The telluride-bearing andalusite-sericite

rocks of Mangfallberget at Boliden, northern Sweden : Sveriges GeoL Un

derselling, Ser. C, no. 447, Arsb. 36, no. 4, 21 p.

Tellurobismuthlte at Mangfallberget contains small quantities of selenium

substituting for tellurium. Selenium is much rarer here than at Boliden mine.

Grutt, E. W., Jr., 1956, Uranium deposits in Tertiary sedimentary rocks in

Wyoming and northern Colorado, in Contributions to the geology of uranium

and thorium by the United States Geological Survey and Atomic Energy

Commission for the United Nations International Conference on Peaceful

Uses of Atomic Energy. Geneva, Switzerland, 1955 : U. S. Geol. Survey

Prof. Paper 300, p. 301-370.

At the Lucky Mc mine, Gas Hills anticline, Fremont County, Wyoming, in the

upi>er Wind River formation, native selenium has been Identified in minute

particles, and an unknown selenite or selenate mineral occurs in reddish streaks.

Guillemin, C. See Goni and Guillemin, 1953.

Hagner, A. F. See Beath and others, 1946.

Halen, S., 1921, Neue Forschungen betreffend das Selen and seine Verbindun-

gen : Edel-Erden u. -Erze, v. 2, p. 105-107.

Bibliography on the sources, extraction, compounds, and uses of selenium.
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Hance, F. E., 1039, Report on chemistry : Hawaiian Sugar Planters' Assoc. Proc.,

Rept Comm. in Charge Expt. Sta., v. 59, p. 88-100.

Selenium in excess of 10 ppni was not found In Hawaiian agricultural and

grazing soils. With the exception of Ekoa, (Leucaenu glauca), which possesses

the property of accumulating selenium, no samples of Hawaiian vegetation

contained more than traces of selenium. A sample of the coral-red exudate

from Mauna Loa volcano contained 6000 ppm selenium. (Chem. Abs., v. 34,

col. 6005.)

Ilarand, Josef. See Alber and Harand, 1939.

Hnrloff, C. S., and Johnson, H. F., 1933, The Nichols Series system of electrolytic

copper refining: Am. Inst. Mining Metall. Engineers Trans., v. 106, p. 403.

Typical analyses of blister copper treated at Nichols Copper Co. refinery at

Laurel Hill, N. Y., showed the following percentages of selenium-tellurium con

tent: Katanga, 0.0002 ; Rio Tinto, 0.0065 ; Pyrite, 0.002 ; Magma, 0.0135 ; U. V. X.,

0.15; Granby, 0.025; Phelps Dodge, 0.03; Tennessee, 0.025; Ducktown, 0.016;

Bor, 0.0007; Noranda, 0.20; Nichols blister, 0.02.

Harris, W. E. See Walker and others, 1941.

Hawkes, H. E., 1957, Principles of geochemical prospecting: U. S. Geol. Sur

vey Bull. 1000-F, p. 228, 229, 291, 299.

The abundance of selenium in igneous rocks is 0.09 ppm ; its average abun

dance in fresh water is 8 ppm, and in the mineral residue of fresh water, 55

ppm. The role of selenium in vegetation and the use of iudicator plants in

prospecting are described briefly.

Headden, W. P., 1907, Some mattes formed in melting zinc-box precipitates—

their composition and what it suggests: Colorado Sci. Soc. Proc., v. 8,

p. 349-362.

Two analyses of matte from the Camp Bird mine, Ouray, Colo., representing

10 months milling in 1906-07, contained 0.99 percent and 1.500 percent selenium.

Selenium in the Camp Bird ore does not occur in pyrites, as is commonly

thought, for the pyrites contain only traces of selenium, but is believed to

occur in some other mineral which passes into the slimes. No selenium min

erals were noted in the Camp Bird ore. Mattes from Cripple Creek contained

no selenium.

Hefter, O. See Goldschmldt and Hefter, 1933.

Heier, Knut, 1953, Clausthalite and selenium-bearing galena in Norway : Norsk

geol. tidsskr., v. 32, p. 228-231.

Minerals of the isomorphous series clausthalite-galena from Kongsberg silver

mines and from Numedal contained 80, 79, and 93 mol. percent of lead selenide.

Selenium-bearing galena containing about 10 molecular percent of lead

selenide was found also at Asland and Aslandasen, North Vlnoren, north of

Kongsberg.

Heikes, V. C. See Butler and others, 1920.

Hernandez Ortiz, David. See McAllister and Hernandez Ortiz, 1945.

478446—89 4
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Hershey, A. L., 1945, Some poisonous plant problems of New Mexico: New

Mexico Agr. Expt. Sta. Bull. 322, 23 p.

In New Mexico selenium indicator plants are generally found on Cretaceous

soils and alluvial formations. Selenium indicator plants and the area of their

occurrence in New Mexico are listed. The report contains maps showing the

occurrence of formations of Cretaceous age in New Mexico and locations where

plants have been collected which contained more than 10 ppm selenium, and

areas where common indicator plants of selenium have been collected.

Herzenberg, Robert, and Ahlfeld, Friedrich, 1935, Blockit, ein neues Selenerz

aus Bolivien : Zentralbl. Mineralogie, Jahrg. 1935, Abt. A, no. 9, p. 277-279.

Blockite (penroseite) was found at the Hiaco silver mine, Pacajake, 30 km

northeast of Colquechaca, Bolivia. The mineral was in a siderite vein in

quartzite, associated with pyrite, chalcopyrite, nnumannite, and barite.

Ahlfeldite, a nickel selenite mineral, occurs as an alteration product of blockite.

Blockite, a nickel-copper selenide, with lead and cobalt, and 0.022 percent of

platinum metals, was believed by the authors to be a different mineral from

penroseite.

Hess, F. L., 1909, Selenium : U. S. Geol. Survey Mineral Resources U. S., 1906,

pt. 1, p. 715-717.

Brief review of selenium occurrences and uses.

1913, Antimony, bismuth, and selenium in 1912: U. S. Geol. Survey

Mineral Resources U. S., 1912, pt. 1, p. 1045.

Selenium production in 1912 was from anode slimes left in the electrolytic

refining of copper.

1914, The production of antimony, arsenic, bismuth, selenium, and tellu

rium in 1913 : U. S. Geol. Survey Mineral Resources U. S., 1913, pt 1, p. 289.

Selenium occurrence in uranium-vanadium-bearing sandstones is mentioned.

1916, Selenium : U. S. Geol. Survey Mineral Resources U. S., 1914, pt. 1,

p. 969-974.

Selenium minerals and their occurrences are described. Selenium recovery

from blister copper In the United States and foreign countries is discussed, with

particular emphasis on the selenium content of blister copper from Butte, Mont,

treated at the Anaconda and Great Falls smelters. Potential sources, uses, and

field tests are given.

1917, Field tests for selenium: U. S. GeoL Survey Mineral Resources

U. S., 1915, pt. 1, Metals, p. 849.

When heated on charcoal or in a closed tube, selenium gives off a fetid odor

like "rotten horseradish", and forms a red coating and a silvery-white coating

of selenium dioxide.

1925, New and known minerals from the Utah-Colorado carnotite region :

U. S. Geol. Survey Bull. 750-A, p. 63-78.

Traces of selenium were noted in analyses of black vanadium-bearing sand

stone from Jo Dandy mine, Paradox Valley, Montrose County, Colo., and In

rauvlte and metatorbernite from Temple Mountain, Utah.
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Hess, F. L., 1933, Uranium, vanadium, radium, gold, silver, and molybdenum

sedimentary deposits, in Ore deposits of the western United States: New

York, Am. Inst Mining Metall. Engineers, chap. 10, pt 2, p. 450-481.

Discusses selenium in silver ore at the Silver Reef mine near Leeds, Utah, and

in asphaltites in Shinarump conglomerate, and the origin of seleniferous

uranium-vanadium deposits on the Colorado Plateau. At Silver Reef, the silver

occurs as chloride and sulfide above water level, mostly associated with plant

remains and carbonaceous matter in Painted Desert sandstone. Silver was

originally deposited as silver sulfide and selenide, and reprecipitated above the

water table as cerargyrite and selenide. Copper, uranium, and vanadium are

associated with the silver ore.

Heusler, F., and Klinger, H., 1885, Ueber Selenide aus den Anden: Deutsche

chem. Gesell. Ber., v. 18, p. 2556-2561.

Gives the compositions of lead-copper selenide minerals from the Andes.

Hewett, D. F., Callaghan, Eugene, Moore, B. N., Nolan, T. B., Rubey, W. W., and

Schaller, W. T., 1936, Mineral resources of the region around Boulder Dam :

U. S. Geol. Survey Bull. 871, p. 28.

Selenium was reported in relative abundance In pyritic ores of the United

Verde mine, Jerome district, Yavapai County, Ariz.

Hey, M. H. See Bannister and Hey, 1937.

Heyman, A. M. See Christman and others, 1953.

Hill, J. M., 1915, Some mining districts in northeastern California and north

western Nevada : U. S. Geol. Survey Bull. 594, p. 24, 148-149.

Gold-bearing veins In the High Grade, Winters, and Hayden Hill districts,

Calif., and the Aurora and Silver Star districts, Nov., belong to one class of

late Tertiary mineral deposits and are characterized by white quartz, adularia,

and calcite veins with numerous offshoots Into highly altered country rock

carrying finely distributed free gold, tetrahedrite, pyrite, chalcopyrite, and

frequently selenium in an unknown compound. In the Aurora district the veins

are fine-grained quartz banded by dark streaks of quartz, adularia, argentiferous

tetrahedrite, pyrite, chalcopyrite, free gold, and a soft bluish-gray mineral sup

posed to be a combination of gold and possibly silver with selenium. The

similarity between these veins and the quartz-adularia veins carrying gold and

selenium at Tonopah, Nev., and Republic, Wash., is discussed.

Hill, W. L. See Rader and Hill, 1935.

Hlllebrand, W. F., 1905, Tellurium minerals from Colorado : U. S. Geol. Survey

Bull. 262, p. 57.

Specimens of tetradymlte from a locality near Whltehorn, Fremont County,

Colo., contained approximately 0.20 percent selenium.

Hlllebrand, W. F., Merwin, H. E., and Wright, F. E., 1914, Hewettite, metahew-

ettite, and pascoite, hydrous calcium vanadates: Am. Philos. Soc. Proc,

v. 53, no. 213, p. 31-54.

Two selenium minerals accompany metahewettite from the Thompsons dis

trict, Utah, and have been noticed at Paradox Valley and Henry Mountains,
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Utah: (a) Gray hydrous silicate of aluminum, vanadium, and potassium

contains inclusions identified as selenium and bituminous matter; (b) A sele

nium mineral occurs in amounts up to one percent included as specks in gray

silicate. The selenium is probably present as elemental selenium and not as

a selenide or oxygenated compound.

Hlllebrand, W. F., LundelL G. E. F.( Bright, M. S., and Hoffman, J. I., 1953,

Applied inorganic analysis: 2d ed., New York, Wiley, p. 327-338.

Chemistry of selenium, attack of selenium minerals, and methods of separa

tion and determination of selenium are described.

Hilmoe, R. J. See Searight and others, 1946.

Hoffman, J. I. See Hlllebrand and others, 1953.

Holmes, R. S. See Slater and others, 1937.

Holt, W. L., and Greaves, J. B., 1941, The occurrence of selenium in Utah for

age plants : Soil Sci., v. 51, no. 4, p. 299-306.

Small non-toxic amounts of selenium are present in most forage plants in the

Trout Creek area and in the Pine Valley and Antelope Valley area ; plants in

the Cache National Forest Reserve area are almost free of selenium. No ap

parent relationship was observed between the selenium and sulfur content of

forage plants.

Holtz, H. C. See Howe and Holtz, 1919.

Hopkinson, F. J. See Wernimont and Hopkinson, 1940.

Horn, M. J., 1934, Qualitative method for selenium In organic compounds : In

dus. Eng. Chemistry, Anal. Ed., v. 6, p. 34-35.

Describes method of testing for selenium requiring very small amounts of

material.

Hough, G. J., Gile, P. L., and Foster, Z. C, 1941, Rock weathering and soil pro

file development In the Hawaiian Islands : U. S. Dept. Agriculture Tech.

Bull. 752, 43 p.

Exceedingly young soil profiles contained no selenium. Young soil profiles

derived from volcanic ash contained from 0.1 to 0.4 ppm selenium in areas of

light rainfall and from 1.5 to 6 ppm selenium in areas of heavy rainfall. Old

soil profiles derived from middle aged lava contained 0.4 to 4 ppm selenium in

areas of light rainfall and 12 to 14 ppm selenium in areas of heavy rainfall.

These are among the highest concentrations of selenium encountered in soils

that do not produce seleniferous vegetation. It is presumed that selenium is

present in these soils as an insoluble ferric selenite.

Howe, J. L., and Holtz, H. C, 1919, Bibliography of the metals of the platinum

group, platinum, palladium, Iridium, rhodium, osmium, ruthenium, 1748-

1917 : U. S. Geol. Survey Bull. 694, 558 p.

Contains references on selenium compounds with platinum and the influence of

selenium on platinum.
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Hukki, R. T., and Runolinna, U., 1950, Separation of precious metals from

anode slimes by flotation: Am. Inst. Mining Metall. Engineers Trans., v.

187, p. 1131-1132.

Investigation at Outokumpu, Finland, of methods of separation of gold and

silver, believed to be in the form of selenides, by flotation from anode slimes.

Huntting, M. T., 1956, Inventory of Washington minerals, part II, Metallic

minerals : Washington Div. Mines and Geology Bull. 37, v. 1, p. 282-283 ; v.

2 (map), p. 46-47.

The properties, uses, production, prices, ore minerals, and geology and occur

rences of selenium are described. Selenium occurs in the Blaine Republic, Flag

Hill, Golden Valley, Lamefoot, Republic, and Valley mines, Republic district,

Ferry County. Mine locations are shown on a map.

Hurd-Karrer, A. M., 1934, Selenium injury to wheat plants and its inhibition by

sulfur : Jour. Agr. Research, v. 49, no. 4, p. 343-357.

Selenium injury to plants can be inhibited by the addition of sulfur, either as

sulfate or as elemental sulfur. The amount of sulfur required varies with the

toxicity of the soil.

1935a, Factors affecting the absorption of selenium from soils by plants :

Jour. Agr. Research, v. 50, no. 5, p. 413-427.

Factors affecting selenium absorption are available sulfur, soil type, amount

of sand in the soil, method of adding selenium, form of selenium in soil, and

growth of previous crops.

■ 1935b, Selenium absorption by plants and their resulting toxicity to ani

mals : Smithsonian Inst. Ann. Rept., 1935, p. 289-301.

Addition of sulfur as sulfate to seleniferous soils retards absorption of sele

nium by plants. Because of their chemical similarity, sulfur and selenium may

be able to play interchangeable roles in plant chemistry.

Hutton, R. S. Bee Franke and others, 1936.

Imperial Institute, 1937, The sources, production and uses of selenium and tel

lurium : Imp. Inst. [London] Bull., v. 35, no. 1, p. 56-67.

Properties, uses, and production of selenium, including methods of extraction

from pyrites and copper refinery slimes.

Industrial and Engineering Chemistry, 1916, Seleniferous pyrites in the manu

facture of sulfite cellulose : Indus. Eng. Chemistry, Indus. Ed., v. 8, p.

278-279.

Some selenium is contained in all pyrites ; the ratio between sulfur and

selenium in pyrites varies from 10,000 : 1 to 100,000 : 1. A method for quan

titative determination of selenium in pyrite is described.

Iron Age, 1952, Selenium : Iron Age, v. 170, no. 14, p. 283-284.

Summary of uses, availability, and sources of selenium.

Ishibashi, Masayoshi, 1953, Minute elements In sea-water: Uceanog. Works

Japan Rec., new ser., v. 1, no. 1, p. 88-92.

Marine waters collected at Shirahama, Wakayama Prefecture, Japan, con

tained 4-6 micrograms per liter of selenium. (Chem Abs., v. 48, col. 6175.)
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Ishibashl, Masayoshi, Shigematsu, Tsunenobu, and Nakagawa, Yasnharu, 1963,

Determination of selenium in sea water : Oceanog. Works Japan Rec., new

ser., v. 1, no. 2, p. 44-48.

Selenium content of Japanese coastal waters ranged from 4 to 6 micrograms

per liter. (Chem. Abs., v. 49, col. 2250.)

Jacks, G. V., and Scherbatoff, H., 1940, The minor elements of the soil : Imp.

Bur. Soil Sci. [Harpenden] Tech. Commun. 39, p. 73-81.

Compilation of data on selenium in soils, including the form of selenium in

soil, sulfur-selenium relationships of soils, and relationship of plants to content

and form of selenium in soils.

Janes, T. H., 1956, Rare, or less common, metals in Canada : Canada Dept

Mines and Tech. Surveys Mineral Resources Inf. Circ, M. R. 21, p. 9.

Selenium is recovered in Canada by Canadian Copper Refiners Ltd., Montreal

East, from copper anodes produced at Noranda and Gaspe smelters of Noranda

Mines Ltd. and from blister copper produced at Hudson Bay Mining and Smelt

ing Company at Flin Flon. It is also recovered at Copper Cliff refinery of

International Nickel Co. of Canada Ltd. as a black, free-flowing, amorphous

powder averaging 99.5 percent selenium.

Japan Geological Survey, 1956, Geology and mineral resources of Japan : p. 182.

Selenium is produced mostly as a byproduct from electrolytic copper re

fineries, and partly from sulfuric acid factories. In 1953, selenium was pro

duced from 10 refineries including Niihama, Saganosekl, Hitachi, Nikko, and

from the Miike sulfuric acid factory. Selenium is contained in minerals such

as sulfur, pyrite, chalcopyrite, and other sulfide minerals.

Jenney, W. P., 1913, The chemistry of ore deposition, in Emmons, S. F., Ore

deposits : New York, Am. Inst Mining Metall. Engineers, p. 325-326.

A discussion of the association of selenium with silver ores at Silver Reef,

Utah, and the origin and enrichment of the ores. Selenium usually occurs with

minerals believed to have been formed by highly heated vapors and solutions

in direct association with igneous disturbances. Its presence at Silver Reef

seems to favor the theory of the deposition of silver through fissures. The silver

was deposited originally in the sandstone in combination with selenium and prob

ably sulfur by the reducing action of lignltic matter. The ore bodies were later

enriched by secondary precipitation of silver sulfides.

Jensen, C. L., See Peterson and others, 1957.

Jimbo, Kotora, 1899, Notes on the minerals of Japan: Tokyo Imp. Univ., Coll.

Sci. Jour., v. 11, p. 215.

Selenium-sulfur occurs at Tateyama-Jigoku, Province of Etchu, and on the

Island of Iwojima near the Province of Osumi.

Johansson, K., 1924, Ett par selenforande mineral fran Falu gruva : Arkiv kemi,

v. 9, no. 9, 23 p.

Describes wittite and seleniferous chiviatite found at Falun with quartz and

magnetite in amphlbole rock.

Johnson, H. F. See Harlofl and Johnson, 1933.

Johnson, L. R. See Thorvaldson and Johnson, 1940.
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Jorisson, A., 1896, Sur la presence du molybdene, du selenium, du bismuth, etc.,

dans le terrain houlller du pays de Liege : Soc. geol. Belgique Annates,

v. 23, p. 101-105.

Flue dusts recovered from furnaces burning coal from the Salnte-Marguerite

mine and from Beyne, Liege, were analyzed and found to contain selenium.

Jornlin, D. F. See Olson and others, 1942a.

Kaiser, E. P., 1954, Selenium in sulfide ores : Geol. Soc. America Bull., v. 65,

p. 1379.

More than 50 samples of sulfide ores and their products were analyzed for

selenium. Mill concentrates relatively high in selenium are also high in bis

muth, cobalt, tin, and zirconium. Minerals containing selenium are almost

never recognized in the deposits. Selenium is relatively more abundant In sul

fide deposits of certain areas, one of which is the mountainous region of central

Arizona. There is no apparent connection between the concentration of selenium

in epigenetic ore deposits and Its concentration in sedimentary rocks such as the

selenium-bearing shales of Cretaceous age in the Great Plains area. These

selenium-bearing shales are widespread and probably received their selenium

from Cretaceous volcanic materials. Some vecent volcanic materials, especially

sulfur, are notably rich in selenium.

Keller, Edward, 1914, American progress in the assay of copper bullion : Am.

Inst. Mining Metall. Engineers Trans., v. 46, p. 764-788.

Mentions selenium impurities and how they form. Copper bullion that pre

sumably came from Butte, Montana, carries 0.0072 percent selenium and

tellurium.

Keys, W. S., and White, R. L., 1956, Investigation of the Temple Mountain

collapse and associated features, San Rafael Swell, Emery County, Utah,

in Contributions to the geology of uranium and thorium by the United States

Geological Survey and Atomic Energy Commission for the United Nations

International Conference on Peaceful Uses of Atomic Energy, Geneva,

Switzerland, 1955 : U. S. Geol. Survey Prof. Paper 300, p. 285-298.

Selenium is particularly abundant in asphalt ic ores in the Moss Back member

of the Chinle formation in the Temple Mountain mineral belt. An average

uranium to selenium ratio of 950 : 1 was reported from the Campbird No. 7 ore.

Klason, P., and Mellquist, H., 1912a, Determination of selenium in pyrite : Papier-

Zeitung, v. 37, p. 767-768.

The selenium content of pyrites from various sources was determined by

the iodometric method. Total selenium varied from 4.01 grams per ton in

certain Norwegian ores to 90 grams per ton in Falun ore. Pyrites high in

copper and lead contain less selenium than pyrites free of these metals. This

is also true of sulfur. Louisiana sulfur is mentioned as almost pure, but the

selenium content Is not given. (Chem. Abs., v. 6, col. 1660.)

1912b, Iodometric methods for the quantitative determination of small

amounts of selenium in sulfur and pyrites : Zeitschr. angew. Chemle, v. 25,

p. 514-518; Papier-Zeitung, v. 37, p. 374-376, 411-112.

Sulfur from Japan and Sicily tested by iodometric methods contained from

1 to 20 grams per ton selenium. (Chem. Abs., v. 6, col. 1578.)
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Klein, A. K., 1941, Report on selenium: Assoc. Official Agr. Chemists Jour.,

v. 24, no. 2, p. 363-389.

Methods for determining selenium are described.

1942, Report on selenium : Assoc. Official Agr. Chemists Jour., v. 25,

no. 2, p. 403-410.

Methods for determining selenium are described.

— 1943, Report on selenium: Assoc. Official Agr. Chemists .lour., v. 20, no. 2,

p. 346-352.

Methods of determining selenium are described.

Kleinhampl, F. J. See Cannon and Kleinhampl, 1956.

Klinger, H. See Heusler and Kllnger, 1885.

Klookmanti, F., 1891, Mineralogische Mittheilungen aus der Samralungen dei

Bergakademie zu Clausthal : Zeitschr. Krystallographie u. Mineralogie,

v. 19, p. 265-275.

Describes eucairite and umangite from Argentina.

Knight, H. G. See also Byers and Knight, 1935.

Knight, H. G., 1935, The selenium problem : Assoc Official Agr. Chemists Jour.,

v. 18, no. 1, p. 103-108.

Review of research on selenlferous soils and selenium poisoning.

Knight, S. H., 1937, The occurrence of selenium and selenlferous vegetation in

Wyoming ; Pt. 1—The rocks and soils of Wyoming and their relations to the

selenium problem : Wyoming Agr. Expt. Sta. Bull. 221, p. 3-27.

Selenium occurs in the following formations in Wyoming : Little Medicine

tongue of the Dinwoody (basal Chugwater) and the Phosphorla formations of

Permian age; Morrison formation of Jurassic age; Pierre, Steele, Niobrara,

Lower ('loverly, Mesaverde, Cody, Hllliard, and Upper Cloverly formations of

Cretaceous nge ; and the Wind River, Chadron, Bridger, Uinta, Fort Union, and

Ferris formations of Cenozoic age.

Koch, Sandor, 1948, Bismuth minerals in the Carpathian basin ; Univ. Szeged.

Acta Mineralog. Petrog., Sec. Sci. Nat., v. 2, p. 1-23.

Tetradymite containing small amounts of selenium occurs in all mineral

localities of the Carpathian basin. Cosalite from Rezb&nya contains 6.57 percent

selenium. Csiklovaite, similar to tetradymite, is described.

Koeppel, W. E., and Schellinger, A. K., 1957, Extraction of some less common

metals from smelter and refinery intermediates at La Oroya, Peru, in Ex

traction and refining of the rare metal* : London, Institution of Mining

and Metallurgy, p. 96-103.

Article contains a brief review of physical and chemical properties and the

recovery of selenium from copper smelter products. Blister copper at La Oroya

contains 0.03 percent selenium and copper anode slimes contain 1.8-2 percent

selenium.
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Kouikov, A. I. See Buryanova ami Komkov, 1955: Buryanova and others, 1957.

Kovalev, G. A. See Buryanova and others, 1957.

Krnuskopf, K. B., 1955, Sediiueiitary deposits of rare metals: Econ. Geology,

Fiftieth Anniversary Volume, pt. I, p. 411-463.

Most minor metals are more concentrated in shale than in sandstone or lime

stone, and for most elements, the amounts in shale are close to the crustal

abundance. The abundance of selenium in sedimentary rocks is high, possibly

because it is supplied to the sediments by volcanic emanations as well as by

erosion. The abundance of selenium in the earth's crust is 0.09 ppm ; its average

concentration in shale Is 0.5 to 1 ppm; in sandstone, 1 ppm; in limestone, 0.1 to

1 ppm ; in iron oxide sediments, 0.5 to 5 ppm. Iron oxide forms a positive

colloid, and anion-forming elements such as selenium tend to concentrate with

it. The concentration of selenium in evaporites is far below the crustal average.

Selenium is enriched by a factor of 300 in sedimentary pyrites. Selenium is

widely disseminated and concentrated in clastic sedimentary rocks in the Rocky

Mountain region, where its presence is attributed to volcanic activity and leach

ing of the selenium chiefly as soluble selenate. It is also present in sandstones

of the Colorado Plateau and is said to show a rough correlation with vanadium.

Krilanovich, N. J., See McCullough and others, 1946.

Krusch, P. See Beyschlag and others, 1914.

Lakin, H. W. See also Byers and others, 1936, 1938 ; Byers and Lakin, 1939 ;

Lovering and others, 1956 ; Trites and Lakin, 1956 ; Williams and Lakin,

1935 ; Williams and others, 1940, 1941.

■ 1956, A field test for selenium : Internat. Geol. Conn., 20th, Mexico 1956,

Resumenes Trabajos Presentados, p. 366-367.

A small, simple one-piece still for use in rapid field determination of selenium

uses 1 gram of material, concentrated sulfuric acid, hydrobromic acid, and

bromine. This method can detect as little as 50 ppm selenium immediately and

on standing, as little as 10 ppm selenium.

Lakin, H. W., and Byers, If. G., 1941, Selenium occurrence in certain soils in the

United States, with a discussion of related topics ; sixth report : U. S. Dept

Agriculture Tech. Bull. 783, 27 p.

Cretaceous shales of California were examined and found to contain selenium,

but not in large amounts. Data on the selenium content of the sea floor of the

Gulf of California and of the Pacific Ocean off southern California are given.

Investigations of a mildly seleniferous area in Clark County, Nev., of low

selenium content of Permian formations of Oklahoma, and of Cretaceous areas

of New Jersey, Maryland, and the District of Columbia, which contain minor

amounts of selenium, are described. The soils of the Lower Brule Indian Reser

vation are derived from Pierre shales and contain 0.2 to 16 ppm selenium. The

selenium content of atmospheric dust in cities was studied and found to vary

from 0.05 to 10 ppm. The source of selenium is probably the pyritic material in

coal. A discussion of the modes of accumulation of selenium is presented.
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Lakin, H. W., and Byers, H. G., 1948, Selenium occurrence In certain soils in the

United States, with a discussion of related topics ; serenth report : U. S. Dept

Agriculture Tech. Bull. 950, 36 p.

The report contains analyses of selenium content of soils, minerals, and vegeta

tion of northeastern North Dakota, and areas of Utah, Nevada, Idaho, and Oregon

and analyses of 98 samples of pyrite and sulfide ores. Investigation of soils and

vegetation of the Park City region, Utah, shows that mine residue slimes deposit

selenium in the soils of the valley along Silver Creek. One sample of ore from

Park City contained 540 ppm selenium ; the slimes contained an average of 70

ppm selenium.

Lakin, H. W., Williams, K. T., and Byers, H. G., 1938, "Nontoxic" seleniferous

soils: Indus. Eng. Chemistry, Indus. Ed., v. 30, p. 599-600.

Vegetation grown on soils in Hawaii and Puerto Rico is not seleniferous.

Selenium may be present in soils in three forms which become available to

plants only by slow processes of hydrolytlc action: (a) free selenium, (b)

pyritlc selenium, and (c) basic ferric selenlte. Soils of Hawaii aud Puerto Rico

are highly ferruginous, and the selenium in such soils is insoluble and does not

produce toxic vegetation.

Landergren, Sture, 1935, Kannedomen om vara sulfidmalmers geokemi : Geol.

foren. Stockholm F(irh., v. 57, H. 4, p. 626-636.

Two samples of breccia ores from Saxberg and Garpenberg, Sweden, con

taining 11 percent zinc and much pyrrhotlte, contained less than 1 and 100 ppm

selenium, respectively.

Laney, F. B. See Bastin and Laney, 1918 ; Emmons and Laney, 1926 ; Piper and

Laney, 1926.

Lausen, Carl, 1928, Hydrous sulphates formed under fumarollc conditions at

the United Verde mine: Am. Mineralogist, v. 13, no. 6, p. 203-229.

Minerals formed as the result of a fire at the United Verde mine, Jerome,

Ariz., included a black substance which occurs as a coating on fragments of

rock beneath Iron hoods placed over vents where sulfur dioxide gas issues.

The material was found to be sulfide of arsenic with selenium (As(S,Se)0.

Lenher, Victor, 1923, Occurrence, chemistry, and uses of selenium and tellurium

(with discussion) : Am. Inst. Mining Metall. Engineers Trans., v. 69, p.

1035-1057 ; abs., Mining and Metallurgy, v. 4, p. 32-33.

Discussion of analytical chemistry of selenium Including descriptions of

methods for oxidized compounds, precipitation tests, qualitative detection in

complex mixtures, quantitative methods, separation of selenium and tellurium,

and analytical methods practiced at refineries. Brief paragraphs on occurrence

and uses.

Levine, V. E., 1915, Biochemical studies of selenium: New York Acad. Scl.

Annals, v. 26, p. 385-394.

Describes reduction of selenium compounds such as selenious acid, selenlc

acid, and sodium selenate, by chemical substances, micro-organisms, plant sub

stances, and animal tissues.
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Levlne, V. E., 1925, The reducing properties of microorganisms with special refer

ence to selenium compounds : Jour. Bacteriology, v. 10, p. 217-262.

In the presence of living bacteria, selenious acid, selenic acid, and sodium

selenite were reduced to free red selenium. Sodium selenate was not reduced

to free selenium. The reduction of selenium is directly proportional to the

rate of growth of the organism.

Lindgren, Waldemar, 1905, The copper deposits of the Clifton-Morenci district,

Arizona : U. S. Geol. Survey Prof. Paper 43, p. 39, 108.

There is a very small amount of selenium in the ores ; flue dust from the

Detroit Copper Company's smelters averaged 0.0125 percent selenium-tellurium ;

matte averaged 0.013 percent selenium-tellurium.

- 1909, Comments on selenium : Science, v. 30, p. 972.

Gold-quartz veins in Tertiary andesitic rocks and tuffs in the Republic district,

Wash., contain concentric crusts of quartz, chalcedony, and opal with dark

streaks of antimonial tetrahedrite and chalcopyrite. These are rich in gold

and carry one percent of selenium, probably combined with the gold. These

rare Tertiary selenide veins are similiar to those at Tonopah, Nev.

1915, Geology and mineral deposits of the National mining district,

Nevada : U. S. Geol. Survey Bull. 601, p. 32.

Tertiary rhyollte flow at the summit of Buckskin Peak shows hot-spring action

with the development of chalcedony and sillcifled rhyolite, in which were found

reddish-brown spots giving a strong reaction for selenium.

1933, Mineral deposits : 4th ed., New York, McGraw-Hill, p. 496-498.

Selenium is present in pyritic copper ores of the Mansfeld district, Germany,

in small veins in pre-Cambrian rocks at Falun and Skrikerum, Sweden, and in

Paleozoic rocks in the Ilarz, Germany. It occurs more commonly in epithermal

quicksilver, silver-lead, and gold-silver veins. Banded veins of gold and sele-

nides, free from other ore minerals, occur in a fine-grained quartz gangue at

Republic, Wash., and Radjang Lebong, Sumatra. The gold is finely distributed

and the gold selenide has not been positively identified. The veins have probably

been deposited close to the surface as colloids.

Loughlin, G. F. See Butler and others, 1920.

Love, J. V., 1954, Preliminary report on uranium in the Gas Hills area, Fremont

and Natrona Counties, Wyoming: U. S. Geol. Survey Clrc. 352, 11 p.

In the Gas Hills area uranium minerals occur in the Wind River formation

of early Eocene age In the Thermopolis shale of early Cretaceous age. The

uranium is concentrated in clayey and conglomeratic sandstone and in carbona

ceous shale. The source of the uranium may have been tuff in the White River

formation or younger Tertiary rocks that once overlaid the area. Uranium was

carried downward and laterally along sandstone aquifers and was concentrated

in favorable host rocks. Eleven samples were analyzed for selenium, and con

tained from 2 to 80 ppm. The Lysite area, 30 miles north of Gas Hills, is an

area of highly seleniferous tuffaceous strata of middle and late Eocene age.

The significant feature of the Lysite occurrence is the large amount of water-

soluble selenium.
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Lovering, T. S., Lakiu, H. W., Ward, F. N., and Canney, F. C, 1956, The use of

geochemical techniques and methods in prospecting for uranium, in Contri

butions to the geology of uranium and thorium by the United States Geo

logical Survey and Atomic Energy Commission for the United Nations

International Conference on Peaceful Uses of Atomic Energy, Geneva. Swit

zerland, 1855: U. S. Geol. Survey Prof. Paper 300, p. 659-665.

Describes a method for semiquantitative determination of selenium in soils,

rocks, and vegetation containing from 2 to 100 ppm selenium. The method.

which is not suitable for Held use, is a microchemical adaptation of the distilla

tion procedure of Hillebrand and others, combined with Franke's confined spot

method of estimation.

Lundell, G. E. F. See Hillebrand and others, 1953.

McAllister, J. F., and Hernandez Ortiz, David, 1945, Quicksilver-antimony de

posits of Huitzuco, Guerrero, Mexico : U. S. Geol. Survey Bull. 946-B. p. 63.

Tiemannite, onofrite, and other rare selenides of mercury, antimony, and

thallium are reported in the Huitzuco ore.

McCaskey, H. D., 1912, Quicksilver: U. S. Geol. Survey Mineral Resources

U. S., 1911, pt 1, p. 914-915.

The Lucky Boy quicksilver mine, 5 miles southwest of Marysvale, Piute

County, Utah, lies on a steep fault scarp on the east side of the Tushar Range.

The commercial ore was mainly onofrite and tiemannite, the sulfo-selenide

and selenide of mercury, which occurred in a deposit from 2 to 8 inches thick,

following the bedding planes and impregnating impure dark gray limestone.

Tiemannite also was present in a vein carrying barite and cinnabar.

McCreary, O. C. Sec Beath and others, 1934a.

McCrosky, C. R. See Coleman, W. G, and McCrosky, 1&37.

McCullough, J. D., Campbell, T. W„ and Krilanovich, N. J., 1946, Analysis of

organoseleulum compounds: Indus. Hug. Chemistry. Anal. Ed., v. 18, p.

638-639.

Description of method for determining selenium content of organic oom-

pounds.

Machatschki, F., and Stradner, K., 1952, Ein Selenld-Mineral vom Spinneltyp :

Osterreich. Akad. Wiss., math.-nat. Kl., v. 89, p. 211-214.

Crystallographic study of cobalt selenide minerals and selenides of the spinel

group.

McNulty, J. S.. 1947, Routine method of determining selenium in horticultural

materials: Indus. Eng. Chemistry, Anal. Ed., v. 19, p. 809-810.

Description of n method for determining selenium content of organic matter.

Mallet, J. W., 1878, On the chemical composition of guanajuatite, or selenide

of bismuth, from Guanajuato, Mexico : Am. Jour. Sci., ser. 3, v. 15, p.

294-296.

Analysis of the mineral guanajuatite gives the formula BiiSea with varying

amounts of sulfur replacing selenium.

Margrave. J. L. See Elkin and Margrave. 1954.
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Marvin, G. G., and Schuinb, W. C, 1!)35, The determination of small quantities of

selenium in sulfur : Indus. Eng. Chemistry, Anal. Ed., v. 7, p. 423-425.

Description of a method for determining amounts of selenium ranging from

0.1 to 0.001 percent in sulfur. Commercial sulfur from Texas, crude Louisiana

sulfur, and crystal sulfur from Garginti, Italy, contained no selenium; Sicilian

selenosulfur of volcanic origin contained 0.054 percent selenium.

Mason, Brian. 1052. Principles of geochemistry : New York, Wiley, p. 41, 154, 167,

172, 173, 197, 200.

A review of the cycle of selenium in sea water and its removal by adsorption

on freshly precipitated ferric hydroxide, which is shown by the presence of sele

nium in larger amounts in sedimentary iron ores than its average abundance in

the earth's crust. The total amount of selenium supplied to sea water is 0.054

ppm ; the amount present is 0.004 ppm. The ability of certain plants to absorb

large amounts of selenium is mentioned.

Mathews, J. A., Curl, A. L., and Osborn, R. A.. 1937, Report on selenium: Assoc.

Official Agr. Chemists Jour., v. 20. no. 2, p. 194-202.

Description of procedures of sample preparation, isolation of selenium, and

methods of determining selenium.

Matteucci, R. V., and Giustiniani. E., 1897, II selenio nei prodotti delle fumarole

dell'eruzione Vesuviana del 3 Initio 1895 : Heule Accad. sci. fis. e mat. Napoli,

Rend. ser. 3a, v. 3, p. 100-101.

Analysis of the products of a fumarole on the northwest flank of Vesuvius

which erupted on July 3, 1895. In addition to the elements usually found, there

were fluorine, phosphorous, boron, and red incrustations of selenium.

Mellor, J. W., 1930, A comprehensive treatise on inorganic and theoretical chemis

try : London, Longmans, Green and Co.. v. 10, p. 093-932.

A treatise on the history, occurrence, extraction and purification, allotropic

forms, physical and chemical properties, and compounds of selenium.

Mellquist, H. See Klason and Mellquist, 1912a, b.

Merwin, H. E. See Hillebrand and others, 1914.

Meyer, Julius, and Bratke, Herbert, 1924, Zur Kenntnis der Doppelselenide.

1. Die natiirlich verkommenden Doppelselenide: Zeitschr. anorg. allg.

Chemie, v. 135, no. 3, p. 289-296.

Analyses are given for umangite, eucairite, zorgite, lehrbachite, and crookeslte.

Miesch, A. T., nnd Connor, J. J.. 1956, Distribution of elements, in Geologic-

investigations of radioactive deposits—Semiannual progress report, Dec. 1,

1955, to May 31, 1956 : D. S. Geol. Survey TEI-620, issued by II. S. Atomic

Energy Comm., Tech. Inf. Service, Oak Ridge, Tenn., p. 128-140.

Report on investigation of the distribution of minor elements in the Salt

Wash sandstone member of the Morrison formation to determine which are most

useful in tracing patterns of metal dispersion around uranium deposits. Samples

were collected In and near the Blitz and Joe Dandy mines in the Henry Moun

tains mining district, Utah. Most of the samples taken more than a few feet

away from the uranium deposits contain less than 1 ppm selenium. Thus, the

presence or absence of selenium in rock samples is not a useful guide to uranium

ore.
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Miller, J. T. See alto Byers and other, 1938.

. 1937, Selenium In plants In relation to Its occurrence In soils : Jour. Agr.

Research, v. 55, p. 59-68.

Plants are classified Into three types In relation to their tolerance of selenium

In the soil : (a) those that absorb selenium readily ; (b) that are able to absorb

moderate or large amounts of selenium without severe injury ; and (c) that

have very limited tolerance of selenium and absorb only small quantities.

Miller, J. T., and Brown, I. C, 1938, Observations regarding soils of northern

and central Mexico : Soil Sci., v. 46, p. 427-450.

Analyses of soils in northern and central Mexico indicate the presence of

selenium only in the Irapuato, Guanajuato, soils, chiefly in the upper 10 inches.

Selenium is derived from mine slimes which wash down into the valley. The

selenium content averaged from 0.01 ppm at a depth of 144 inches to 1.5 ppm at

from 0 to 10 inches.

Miller, J. T., and Byers, H. G., 1935, A selenium spring : Indus. Eng. Chemistry,

News Ed., v. 13, p. 456.

Water from a temporary spring In the Niobrara formation in T. 6 S., R. 7 E-,

Custer County, S. Dak., and soil and vegetation in the neighborhood were

analyzed for selenium. The water contained 0.4 ppm selenium, the soil contained

1.5 to 4.0 ppm selenium, the vegetation contained as high as 1600 ppm selenium.

Water from another spring in T. 36 N., R. 47 W., contained 0.07 ppm selenium.

Milligan, W. E., 1953, Selenium and tellurium, in Modern uses of nonferrous

metals : 2d ed., Am. Inst. Mining Metall. Engineers, p. 333-365.

Describes isotopes, occurrence, properties, toxic effects, extraction, economics,

and uses of selenium.

Mlnaml, !•:.. 1935, Selen-Gehalte von europaischen and japanischen Tonschie-

fern : Gesell. Wiss. Gottingen Nachr., math.-phys. Kl., v. 4, new ser., v. L

no. 12, p. 143-145.

Selenium content of European Paleozoic and Japanese Mesozoic clay shales

was determined by the method of Goldschmidt and Strock. The selenium, con

tents varied somewhat, but the atomic ratio of sulfur to selenium was approxi

mately 10,000:1 for all three. (Chem. Abs., v. 30, col. 1335.)

Mining Journal, 1953, Selenium—a scarce by-product metal : Mining Jour. [Lon

don], v. 241, no. 6185, p. 241-242.

Describes occurrence, uses, recovery processes, and supplies of selenium.

Moore, B. N. See Hewett and others, 1936.

Moore, R. T., 1953, Minerals and metals of increasing interest Rare and radio

active minerals: Arizona Bur. Mines Bull. 163, p. 17-19.

A review of the general features, minerals, and occurrence of selenium. At

Jerome, Yavapai County, Ariz., crystals of selenium nearly 1 inch long have

been found in the fire zone of the United Verde mine. Soils in the vicinity of

Camp Verde and also in the upper Tonto Valley are known to contain selenium,

but percentages present are not available.
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Mosher, M. A., 1933, Recovery of precious and secondary metals from elec

trolytic copper refining : Am. Inst Mining Metall. Engineers Trans., v. 106,

p. 427-440.

Raw electrolytic slime at Rarltan Copper Works, Perth Amboy, N. J., con

tains 5.31 percent selenium. Selenium recovery plant is capable of producing

3,000 pounds of powdered selenium per month.

Moxon, A. L. See also Olson and Moxon, 1939; Olson and others, 1940, 1942a,

b; Searight and Moxon, 1945; Sea right and others, 1946, 1946-47.

1937, Alkali disease or selenium poisoning: South Dakota Agr. Expt.

Sta. Bull. 311, 91 p.

Geological and geographical distribution of selenium in South Dakota and

the United States, factors affecting selenium content of soils and plants, and

methods of analysis are described. The source of the selenium is believed to

be volcanoes of the Cordilleran Geanticline active during the Mesozoic era.

Selenium may have been a constituent of the magmas or it may have been con

veyed by winds with gases and ash and deposited with sedimentary materials

in the Mesozoic seas which covered the Great Plains. In support of this hy

pothesis is the fact that zones high in selenium also contain bentonite which is

presumed to be derived from volcanic ash. In South Dakota, the Pierre and

Niobrara formations are the most seleniferous and the soils derived from these

formations are heavy clay or gumbo soils. Map and table show distribution

and selenium content of Cretaceous formations of South Dakota.

Moxon, A. L., and Rhian, Morris, 1943, Selenium poisoning: Physiol. Rev., v.

23, no. 4, p. 305-337.

Review of literature on the geological distribution of selenium in the Creta

ceous formations of Western United States, selenium content of soils, absorption

of selenium by plants, and selenium poisoning in animals.

Moxon, A. L., Olson, O. E., and Searight, W. V., 1939, Selenium in rocks, soils

and plants: South Dakota Agr. Expt. Sta. Tech. Bull. 2, 94 p.

Analyses of seleniferous formations in South Dakota are given. The Nio

brara formation is the most consistently highly seleniferous formation. The

Sharon Springs member, the upper part of the Virgin Creek member, and the

Interior (Mobrldge) member of the Pierre formation are also highly seleni

ferous. Factors determining surface distribution of selenium are width of

outcrop, creeping of beds, alluvial deposition, leaching, and secondary deposi

tion. During the formation of soils from bedrock there is considerable loss

of selenium by leaching, surface runoff, mixing of parent materials, and topog

raphy as it affects surface runoff. Factors determining the availability of

selenium to plants are the kind of plants present and their stage of growth,

chemical form of the selenium, total selenium content of the soil, climate, and

others. Selenium contents of grasses and converter plants in South Dakota

are compared. In general, the selenium content of formations determines the

type of plants and the selenium content of the plants. A hypothetical selenium

cycle is presented.

Moxon, A. L., Olson, O. E., Searight, W. V., and Sandals, K. M., 1938, The

stratigraphic distribution of selenium In the Cretaceous formations of

South Dakota and the selenium content of some associated vegetation:

Am. Jour. Botany, v. 25, no. 10, p. 794-809.

Selenium occurs In all Cretaceous formations in South Dakota from the

Dakota sandstone through the Pierre formation. Selenium content is low
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In the Dakota, Graneros, Greenhorn, and Carllle formations, the Fort Hays

member of the Niobrara formation, and the Sully and Virgin Creek members

of the Pierre formation ; high in the Smoky Hill member of the Niobrara forma

tion and the Sharon Springs member of the Pierre formation ; and locally high

in thin parts of the Mobridge member of the Pierre formation. There is a

close relationship between formation, type of vegetation, and selenium content

of vegetation.

Mufioz Reyes. Jorge. Sec Ahlfeld and Muiioz Reyes. 1038, 1939. 1955.

Murdoch, Joseph, and Webb, R. \\\, 195C, -Minerals of California: California

Div. Mines Bull. 173, p. 150, 239, 327.

Localities where selenium minerals have been found in California are de

scribed. These include naumannite from the Idaho-Maryland mine, Grass

Valley. Nevada County ; tiemannite from Clear Lake and Abbott mine, Lake

County. Helen mine and San Joaquin Ranch mine, Orange County, Guadalupe

mine, Santa Clara County, and Socrates mine, Sonoma County : eucairite at

Willard Mining Company property, Murphys district. Calaveras County.

Murray, R. M., 1933, Electrolytic copper refining at Mount Lyell, Tasmania :

Am. Inst. Mining Metall. Engineers Trans., v. 106, p. 415.

Analyses of tank house materials in 1932 gave 0.031 percent selenium in

anodes, 2.83 percent selenium in slimes.

Muthmann, Wilhelm, 1890, Untersuchungen iiber den Schwefel und das Selen :

Zeitschr. Krystallographie u. Mineralogie, v. 17, p. 336-367.

Crystallographic forms of selenium, mixed sulfur-selenium crystals, and

metallic selenium are described.

Nakagawa, Yasuharu. See Ishibashi and others, 1953.

Newberry, J. S., 1881, The Silver Reef sandstones : Eng. Mining Jour., v. 31, p.

4-5.

Four analyses of ore from Silver Reef, Utah, gave an average of 0.23 percent

selenium and 0.26 percent silver. In one specimen the selenium content was 90

ounces per ton.

Noddack, Ida, 1936, t'ber die Allgegenwart der chemischen Elemente : Angew.

Chemie, v. 49, p. 835-541.

A theory that all minerals contain minute amounts of all chemical elements is

presented. Mansfeld copper shale contained 0.03 percent selenium and sphaler

ite from Silesia contained 0.04 percent selenium.

Nolan, T. B. See Hewett and others, 1936.

Nordenskiold, A. E., 1867a, Die Selenmineralien von Skrikerum : Jour, prakt.

Chemie, v. 102, p. 456-458.

The minerals eucairite, berzelianite, and crookesite from the copper mine at

Skrikerum are described. The thallium content of the minerals is discussed.

Eucairite and berzelianite contain very little thallium, while crookesite contains

about 16 percent thallium.
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NordenskiSld, A. E., 1867b, Sur les mineraux seleniferes et thalliferes de Skrike-

rum : Soc. chim. France Bull., ser. 2, v. 7, p. 409-414.

First selenium minerals found at Skrikeruni copper mine were eucalrite and

berzelianite. Crookesite was found later by the author.

Nordstrom, Th., 1879, Mineralanalytlska bedrag; 2—Selenhaltigt mineral frftn

Falun : Geol. foren. Stockholm FBrh., v. 4, p. 268.

Description of a bismuth lead selenide mineral found at Falun, Sweden.

1880, Mineralanalytlsche Beitr&ge—Selenmineral von Falun: Zeitschr.

Krystallographie u. MIneralogie, v. 4, p. 526.

Selenium minerals from Falun, Sweden, are described.

O'Connor, B. See Walsh and others, 1951.

Odman, O. H. See also Grip and Odman, 1942.

1938, On the mineral associations of the Boliden ore : Stockholms Hogsko-

las mineralog. inst. Medd., v. 60, no. 2, no. 98, p. 121-146.

A general description of the ore and minerals of the Boliden mine. Selenium

is found in varying but small amounts ; a number of minerals including selenldes

are as yet unidentified by the author.

1941, Geology and ores of the Boliden deposit, Sweden : Sveriges Geol.

Undersokning, Ser. C, no. 438, Arsb. 35, no. 1, 190 p.

A lead-bismuth-sulfo-selenide mineral occurs in large quantities intergrown

with galena in the quartz-tourmaline ore at Boliden. It is called selenocosallte.

A mineral similar to kobellite but containing large amounts of selenium also

occurs in the quartz-tourmaline veins ; it is called selenokobellite.

Olivares S., F. E., and Giron B., I. N., 1956, Becuperaci6n de metales raros en la

fundlcidn de la Oroya : Minerfa [Peru], v. 5, no. 16, p. 2-11.

Selenium recovery at La Oroya smelter of Cerro de Pasco Corp., Peru, is

described. Eighty percent of the selenium entering the smelter is in lead con

centrates and the remainder is in copper concentrates. The Casapalca mine

produces 90 percent of the lead concentrates, which contain 0.09 percent selenium ;

the copper concentrates come from the Cerro, Yauricocha, and Morococha mines

and contain 0.01 percent selenium. A large part of the selenium which enters

the smelter in lead concentrates emerges in the residue of the electrolytic refining

of copper. The metallurgy of selenium is described and flow sheets showing the

recovery of selenium at La Oroya are pictured.

Olsacher, Juan, 1927, Uber ein neues Vorkommen von Umangit: Zentralbl. MIn

eralogie, Jahrg. 1927, Abt A, no. 5, p. 170-172.

Zorgite from Zorge, Germany, was found to consist of umangite, clausthallte,

and an unknown green mineral ; zorgite from Tilkerode, Germany, consisted of

umangite and clausthalite only. "Selenquecksllberkupferblei" from Zorge was

found to be composed of clausthalite, umangite, and tlemannite.

Olson, O. E. See also Moxon and others, 1938, 1939.

478446—59 6
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Olson, O. E., and Moxon, A. L., 1939, The availability to crop plants of different

forms of selenium in the soil : Soil Sci., v. 47, p. 305-311.

Most of the seleniferous soils in South Dakota are derived from the Pierre

formation. The availability of selenium to plants depends on the amount of

water soluble selenium, which in turn depends on the amount of selenium in the

organic fraction of the soil.

Olson, O. E., JornUn, D. F., and Moxon, A. L., 1942a, Field studies on methods

for determining availability of selenium to plants: Soil Sci., v. 53, no. 5,

p. 365-368.

In field studies on naturally seleniferous soils it has been found that no

correlation exists between selenium content of Astragalus and the total, water-

soluble, or base-soluble selenium content of the first foot of soil. Soils in which

the leaching of selenium is apparently greater seem to produce plants with a

higher selenium content, and it appears that much selenium is absorbed from

the subsurface soils.

Olson, O. E., Sisson, L. L., and Moxon, A. L., 1940, Absorption of selenium

and arsenic by plants from soils under natural conditions : Soil Sci., t. 50,

no. 2, p. 115-118.

No correlation between selenium and arsenic content of soils in South Dakota

was noted. Arsenic content of the soils studied was greater than selenium

content, but plants grown in the soils contained more selenium. Selenium was

present in a more available form than arsenic.

Olson, O. E., Whitehead, E. I., and Moxon, A. L., 1942b, Occurrence of soluble

selenium in soils and its availability to plants : Soil Sci., v. 54, no. 1, p. 47-53.

Analyses of plants and soils from T. 107 N., R. 78 W., South Dakota, indicate

that soil at 2 or 3 feet in depth, rather than the top 1 foot, is the source of

"available" selenium to plants. During weathering of rock to soil, a large part

of the selenium is oxidized to the soluble selenate form and is leached from

the surface to the subsurface soils, or to soils at lower elevations.

Osborn, R. A. See Curl and Osborn, 1938 ; Mathews and others, 1937.

Otto, Robert, 1890, Eukairit aus Argentinien: Deutsche chem. GeselL Ber.,

v. 23, p. 1039-1041.

Eucairite from La Rioja, Argentina, is described with analyses.

Painter, E. P. See also Franke and Painter, 1937.

• 1941, The chemistry and toxicity of selenium compounds, with special

reference to the selenium problem: Chem. Rev. [Baltimore], v. 28, p.

179-213.

Review of the forms of selenium in soil and plants, and selenium content of

soils and plants. Discusses organic compounds, methods of analysis, and prop

erties of selenium in plants.

Palache, Charles, 1934, Contributions to crystallography: Claudetite; minas-

ragrite ; samsonite ; native selenium ; indium : Am. Mineralogist, v. 19,

p. 203.

Needles of native selenium were found as incrustations on quartzite and fire-

fritted sandstone in the fire-zone of the United Verde mine, Jerome, Ariz. The

crystals reach a length of 2 cm and a diameter of 1 mm.
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Palache, Charles, 1937, Chalcomeuite from Bolivia : Am. Mineralogist, v. 22, no.

6, p. 790-795.

A crystallographie study of chalcomenlte, hydrous selenite of copper, from

the Hiaco lead-silver mine, near Colquechaca, Bolivia. Chaleomenite occurs in

cavities lined with llmonite together with blockite (penroseite), cobaltomenite

(nhlfeldite), and needles of selenolite at the Hiaco mine.

Palache, Charles, Berman, Harry, and Frondel, Clifford, 1044, The system of

mineralogy of James Dwight Dana and Edward Salisbury Dana : 7th ed.,

New York, John Wiley and Sons, v. 1. p. 136-137, 142, 161-167, 178-180,

182-184, 194-195, 204-205, 215-218, 251, 278-279, 294-296, 451, 473-i75,

595 ; v. 2, p. 635, 638-641.

Describes mineralogy and occurrence of selenium, selentellurlum, seleniferous

sulfur, tetradymite, gruenlingite, joseite, aguilarite, naumannite, berzelianite,

eucairite, uniangite, clausthalite, tilkerodite, zorgite, metacinnabar, guadalca-

zarite, onofrite, tiemannite, lehrbachite, klockmannite, guanajuatite, penroseite,

blockite, wittite, weibullite, seleniferous galenobismutite, platynite, chiviatite,

ahlfeldite, chaleomenite, cobaltomenite, kerstenite, molybdomenite, and selen

olite.

Peacock, M. A., 1941, On joseite, griinlingite, oruetite : Univ. Toronto Studies,

Geol. Ser., no. 46, p. 83-103.

Joseite from British Columbia and other areas does not contain selenium,

while joseite from San Jose, Minns Geraes, Brazil, contains from 1.46 to 1.48

percent selenium. Selenium is found in these specimens to substitute for tel

lurium in a general formula.

Peacock, M. A., and Berry, L. G., 1940, Rontgenographic observations on ore

minerals : Univ. Toronto Studies, Geol. Ser., no. 44, p. 47-69.

Guanajuatite from Guanajuato, Mexico, gave X-ray pattern similar to those of

bismuthinite and stibnite and very different from that of artificial RiiSe3.

Weibullite, seleniferous galenobismutite, and seleniferous chiviatite from Falum,

Sweden, give varying proportions of lead, bismuth, selenium, and sulfur, with

c<»I>per and iron. These minerals are shown by polished sections and X-ray

powder photographs to be essentially alike, being intimate Intergrowths of two

undetermined white metallic minerals, with associated chalcopyrite.

Penfield, S. L., 1885, Crystallized tiemannite and metaclnnabarite : Am. Jour.

Sci., ser. 3, v. 29, no. 174, p. 449-454.

Presents crystallographie measurements and chemical analyses of tieman

nite from Marysvale, Utah. The mine from which the tiemannite was taken is

described by J. E. Clayton as being situated on the east face of a mountain slojie

and near a profound fault extending north and south. To the east are eruptive

rocks including porphyry and trachyte. Underlying the ore beds to the west is

quartzite overlaid by 400 feet of gray limestone. The Deertrail vein, carrying

gold, silver, lead, and a little copper, is situated at the contact between the

quartzite and limestone. In the upper part of the limestone the selenide of

mercury is found in a bed of shaly limestone from 15 to 20 feet thick. The

vein has been traced north and south about 100 feet along the outcrop and dips

into the mountain at an angle of 15°. The ore occurs in masses intermixed with

shaly limestone, crystals being very rare. The accompanying minerals are

barite, oxide of manganese, quartz, and ealcite. The relationship between

selenides and sulfides of mercury is discussed.
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Petersen, Theodor, 1872, Gnadaleazarit, ein neues Mineral ( Schwefel-Selen-

Zlnk-Quecksilbererz : Mineralog. Mitt., Jahrg. 1872, no. 2, p. 69-70.

Description of guadalcazarite from Guadalcazar, Mexico, associated with

cinnabar in a quartz and barite gangue.

Peterson, H. E. See also Sill and Peterson, 1954.

Peterson, H. E., Jensen, C. L., and Anderson, R. G., 1957, A field test for selenium :

U. S. Bur. Mines Rept. Inv. 5328, 7 p.

Two methods for qualitative detection of selenium in rocks and soils are

described. Both methods are sensitive to 10 ppm selenium and can be made

semiquantitative by using suitable standard samples. Fusion with potassium

pyrosulfate and a reducing agent can be used if the sample does not contain

sulfur or carbonaceous material which, if not oxidized, interfere with the de

tection of selenium. Caustic fusion with sodium peroxide and sodium hydroxide

before fusion with potassium pyrosulfate insures complete oxidation of the

sample if sulfur or carbonaceous material are abundant.

Pilipenko, P. P., 1910, Selenium in Altai minerals: Acad. sci. St. Petersbourg

Bull. 1909, p. 1113-1115.

Two specimens of galena contained 1.17 and 1.23 percent selenium, and a

specimen of antimony-copper sulfide contained 0.13 percent selenium. (Chem.

Abs., v. 4, p. 2787.)

Piper, A. M., and Laney, F. B., 1920, Geology and metalliferous resources of

the region about Silver City, Idaho : Idaho Bur. Mines and Geology Bull

11, 165 p.

The silver deposits of the Silver City district are quartz-filled fissure veins

and breccia veins. Naumannite and argentite, as they occur in the Silver

City district, have identically the same physical properties. It is probable that of

the two, naumannite was and is by far the more abundant. Much of the mineral

previously called argentite was in reality naumannite. Naumannite is a late

hypogene mineral, and may be supergene in some cases. It occurs in the De

Lamar, Trade Dollar, Alpine, Banner, and Poorman veins. Clansthalite was

found as a minor accessory mineral in the Trade Dollar vein.

PIsani, F., 1879, Sur divers selenlnres de plomb et de cuivre de la Cordilliere des

Andes : Acad sci. [Paris] Comptes rendus, v. 88, p. 391-392.

Lead-copper selenides found as accessory minerals in an unidentified lead

mine of Peru were analyzed. The selenides were of two distinct types and were

associated with azurite, malachite, and chrysocolla. Analyses showed selenides

corresponding to the formulas (Pb, Cu) Se and (Cu.PbhSe. with traces of

cobalt, iron and silver.

Powell, A. R. See Schoeller and Powell, 1920.

Prichard, G. E. See Vine and Pilchard, 1954.

Pugsley, C. W., and Cox, T. H., 1937, Selenium problems In South Dakota:

Brookings, South Dakota State Planning Board, 30 p.

Properties, occurrence, and distribution of selenium in South Dakota ; effects

of rainfall on selenium content of soils, poison springs ; and selenium convertor

plants are discussed. Analyses of soil samples for selenium content show that

soils formed from rocks of the Pierre and Niobrara formations are the most
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seleniferous. Reiwrt also contains results of investigation of selenium in the

Fort Randall area and a map showing toxic areas of South Dakota.

Quercigh, Enianuele, 1925, Sul solfoselenio di Vulcano (Isole Eolie) : Reale

Accad. sci. fis. e mat. Napoli, Rend., v. 31, p. 65-69.

Selensulfur occurs as thin adherent layers in strongly altered siliceous rock.

It Is amorphous, vitreous, of a brownish-red color, with a conchoidal fracture

and reddish streak. The mineral contains traces of arsenic and tellurium.

Selensulfur also occurs in an opaque orange-yellow crystal phase which is

probably derived from the amorphous phase. Analyses of the soluble portion

gave 98.71 percent sulfur, 1.03 percent selenium, 0.18 percent tellurium ; and

09.06 percent sulfur, 0.S3 percent selenium, and no tellurium. Caution is neces

sary not to confuse real selensulfur with other products of fumarole activity

around Vulcano which have a similar appearance, but which consist mostly

of sulfur and arsenic with subordinate amounts of selenium and tellurium.

(Chem. Abs., v. 20, p. 2804.)

Rader, L. F., Jr., and Hill, W. L., 1935, Occurrence of selenium in natural

phosphates, superphosphates, and phosphoric acid : Jour. Agr. Research,

v. 51, no. 12, p. 1071-1083.

Selenium occurs in quantities from less than 0.1 ppm in Tennessee brown

phosphate rock to 55 ppm in Wyoming and Algerian phosphates. Phosphate

rock from Florida, Tennessee (except Tennessee blue rock), Kentucky, Ar

kansas, Oklahoma, Australia ; light-colored phosphates from Western United

States; and apatites from Virginia and Canada contained 1 ppm or less of

selenium. Dark-colored phosphates from Western United States and Canada,

the majority of Tennessee blue rock and South Carolina phosphates, and Africa

and Palestine phosphates contained from 1 to 55 ppm selenium. Larger

amounts of selenium occur in pyritiferous phosphates and In phosphates con

taining greater amounts of organic material. Primary phosphate deposits con

tain about 5 times as much selenium as secondary phosphate deposits. Permian

deposits contain the largest amount of selenium, followed by Miocene, Creta

ceous, Jurassic, Eocene, Devonian, and post-Tertiary deposits. Only a small

amount of the selenium in raw phosphate rock finds its way into superphos

phates and phosphoric acid.

Kamdohr, Paul, 1928, Klockmannit, ein neues natiirllches kupferselenid : Zen-

tralbl. Mineralogie, Jahrg. 1928, Abt. A, no. 7, p. 225-232.

Describes analyses of klockmaunite from Sierra de Umango, Argentina ;

Lehrbach, Harz Mountains, Germany ; and Skrikerum, Sweden.

■ ■ 1937, Erzmikroscopische Untersuchungen an einigen seltenen oder bisher

wenig beachteten Erzmineralien : Zentralbl. Mineralogie, Jahrg. 1937, Abt.

A, no. 10, p. 289-293.

Crystallographic description of villamaninlte from the Carnienes mine, near

Villamanin, Leon, Spain.

• 1948, Les especes mineralogicas guanajuatite y paraguanajuatite :

Mexico Com. Directivo Inv. Recursos Minerales Bol. 20, p. 1-15.

Discussion of mineralogy and occurrence at Guanajuato of guanajuatite and

paraguanajuatite.
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Ramdohr, Paul, 1949, Neue Erzniineralien : Fortschr. Mineralogie, v. 28, p. 69-70.

Eskebornite from Tilkerode, Harz Mountains, Germany, is described.

1950, Stilleite, ein neues Mineral, naturliehes Zinkselenid, von

Shinkolobwe, in Lotze, Franz, Geotektonisches Symposium zu Ehren von

Hans Stllle : Stuttgart, F. Enke, p. 481-483.

A new zinc selenide mineral, stilleite, was found In an ore sample from

Shinkolobwe, Belgian Congo, associated with pyrite, linneite, elausthalite, two

unidentified minerals, and dolomite. The mineral is cubic, of the sphalerite type,

isotropic, and the color resembles that of tetrahedrite.

Ramdohr, Paul, and Schmitt, Marg., 1955, Vier neue natiirliche Kobnltselenide

vom Steinbruch Trogtal bei Lautentbal im Harz : Neues Jahrb. Mineralogie,

Monatsh., Jahrg. 1955, no. 6, p. 133-142.

Four new cobalt selenide minerals occur in violet to red-brown intergrowths

in elausthalite ; hematite and secondary native selenium are also present The

minerals are trogtalite (CoSei), hastite (CoSe» or CoAsSe), bornhardtite

(OojSe»), and an unnamed mineral too scarce to study.

Rankama, Kalervo, and Sahama, Th. G., 1949, Geochemistry : Chicago, Uni

versity of Chicago Press, p. 743-755.

Selenium is chaleophile and is enriched in sulfide ore bodies. It forms

selenides and sulfoselenides of silver, copper, bismuth, mercury, and lead in

hydrothermal rocks ; selenites of copper, cobalt, and lead ; selenates ; and also

occurs as native selenium, selenjtellurium, as the oxide, and with volcanic

sulfur. Selenium is absorbed in plants, animals, bacteria, and coal. Cycle of

.selenium : it is removed from sea water with depositing oxidate sediments

which are able to adsorb selenium nearly quantitatively from aqueous solutions.

During the weathering of seleniferous sulfide deposits selenium is oxidized to

selenite ; in sediments where the redox potential is very high selenium is oxidized

to selenate. Doth selenates and selenites are readily reduced to selenium and

various selenides.

Rhian, Morris. See Moxon and Rhian, 1943.

Roach, Carl. See Thompson, M. E., and others, 1956.

Roberts, It. J., 1940, Quicksilver deposit at Buckskin Peak, National mining

district, Humboldt County, New : U. S. Geol. Survey Bull. 922-E, p. 127.

Selenium is found in small reddish-brown spots in cinnabar-bearing siliceous

sinter deposited by hot springs.

Robinson, S. C, 1950, Mineralogy of the Goldflelds district, Saskatchewan:

Canada Geol. Survey Paper 50-16, 38 p.

Selenium minerals are found in the uranium deposits of the Goldflelds district

which are basically veins containing hematite, pitchblende, and gangue. The

selenide deposits are unimportant in amount as compared with other types of

deposits here, but they are of interest because of their size and because

selenium is associated with uranium deposits at Theano Point on Lake Superior

and in the Western United States. Selenides are found in the western part

of the Goldflelds-Martln Lake area only, from the Gil group northward through

Martin Lake and Ato Bay to Hal Lake and the Stream fault. The Hal Lake
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and Ato Bay deposits are not radioactive and are small bodies of massive

selenides which include umangite, kloekmannite, and berzelianite, with some

clausthalite, chalcomenite, and native copper. The selenides cement and partly

replace brecciated host rock and are largely free of gangue minerals. Selenides

are associated with pitchblende at Martin Lake mine in. the Eagle group and

in the Gil group, where they surround and cement fractures in the pitchblende.

The selenides are associated with calcite, and where they are plentiful, sulfides

are scarce or lacking. The selenides were deposited later than pitchblende,

arsenides, or sulfides. The presence of native copper and selenides indicates

a temperature of deposition below 200° C. Tiemannite has been found in the

Nicholson No. 2 zone, and clausthalite is abundant in the Ace shaft

Robinson, S. C, and Brooker, E. J., 1952, A cobalt-nickel-copper selenide from

the Goldflelds district, Saskatchewan : Am. Mineralogist, v. 37, p. 542-544.

A new cobalt-nickel-eopper selenium mineral occurring in disseminated grains

and small masses and resembling pentlandite was found with umangite, klock

mannite, berzelianite, clausthalite, pyrite, hematite, and chalcopyrite at the

Eagle group of claims and Ato Bay, Beaverlodge Lake, Goldflelds district,

Saskatchewan. The minerals cement sheared and fractured host rocks. The

principal alteration product is chalcomenite.

Robinson, W. O., 1933, Determination of selenium in wheat and soils : Assoc.

Official Agr. Chemists Jour., v. 16, p. 423-424.

A method for determining very small quantities of selenium in wheat and

soil is described. One sample of soil contained 0.3 ppm selenium ; 5 and 6 piim

selenium were found in samples of wheat.

1936, Selenium content of wheat from various parts of the world : Indus.

Eng. Chemistry, Indus. Ed., v. 28, p. 736-738.

Wheat from Saskatchewan, Canada, and South Africa contained from 1 to

2 ppm selenium, indicating seleniferous soils in those areas. Wheat from New

South Wales, Australia ; Spain ; Argentina ; and Canterbury, New Zealand con

tained less than toxic amounts of selenium.

1945, Determination of total selenium and arsenic in soils : Soil Sci., v.

59, no. 1, p. 93-95.

A method for determining selenium in soil by quantitative distillation as

bromide from strong hydrobromic acid solution. By this method it Is possible

to detect as little as 1 part of selenium in 10 billion parts of soil.

Robinson, W. O., and Edgington, Glen, 1945, Minor elements in plants, and

some accumulator plants : Soil Sci., v. 60, no. 1, p. 15-28.

Variation in selenium content of plants is greater than that of any other

element, and ranges from less than 0.1 to 14,900 ppm in Astragalus raccmosus.

Robinson, W. O., Dudley, H. C, Williams, K. T., and Byers, H. G., 1934, Deter

mination of selenium and arsenic by distillation in pyrites, shales, soils,

and agricultural products : Indus. Eng. Chemistry, Anal. Ed., v. 6, p. 274-276.

Detailed descriptions of distillation procedures.

Rockenbauer, W., and Schroll, Erich, 1955, Ein empflndlicher spektrochemischer

Nachweis von Selen in Erzen : 5sterreich. Akad. Wiss., math.-nat. Kl., v.

92, p. 192-196.

A spectrochemical method for determining selenium in sulfide minerals is

described.
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Rockenbauer, W., and Schroll, Erich, 1956, Spektrochemlsche Bestimmung des

Selens in ostalpinen Pyriten—Dosaggio spettrochimico di selenio in piriti

delle alpi orientali : Soc. mineralog. italiana Rend., v. 12, p. 194.

Sulfide ore minerals of the eastern Alps were analysed for selenium. The

highest value found was 0.01 percent in pyrite from Agordo, Italy.

Rose, Herm. See Geilmann and Rose, 1928.

Rossi, Michael. See Walker and others, 1941.

Rost, Rudolf, 1935, New minerals for Czechoslovakia from Kladno: V&ia

PMrodnl, v. 16, p. 203-204.

The following occurred on burning heaps of Carboniferous sediments rich

in pyrite: rhombohedral y-selenium, letovicite, mascagnite, o-snlfux, copiapite,

epsomite, hexahydrlte, pickeringite, lapparentite, and organic substances-

anthracene and fluorene. (Chem. Abs., v. 32, col. 885.)

1937, The minerals in the burning shafts at Kladno : Ceskn akad. ved

Rozpravy, tfidy 2, v. 11, p. 1-19.

Crystals of y-selenium were found and many organic compounds were fonueil

during the destructive disintegration of coal. (Chem. Aba., v. 33, col. 509.)

Rubey, W. W. Bee Hewett and others, 1936.

Runolinna, U. See Hukki and Runolinna, 1950.

Sahama, Th. G. See Rankama and Bahama, 1949.

Saito, Tadao, 1953, On minor elements in ore minerals of the Yakunio mine,

Hokkaido, Japan: Hokkaido Univ. Fac. Sci. Jour., ser. 4, v. 8, p. 267-276.

The mineralization forming the lead-zinc-manganese deposits of the Yakunio

mine in the Neogene Tertiary formation is divided into three stages. The chief

minerals are quartz, rhodochrosite, galena, sphalerite, pyrite, and ehaleopyrite.

Selenium has been detected in rhodochrosite, galena, sphalerite, and in pyrite

of the second stage of mineralization. Selenium content tends to increase in

later stages in rhodochrosite, to decrease in later stages in sphalerite, to increase

in middle stages in pyrite, to decrease in middle stages in galena. Distribution

of the minor elements, including selenium, has some relation not only to

the chemical character of the ore solution but also to the physical conditions at

the time the minerals crystallized.

Sandals, K. M. See Moxon and others, 1938.

Sanderson, L., 1940, Selenium : Canadian Mining Jour., v. 61, p. 370-371.

A summary of sources, properties, extraction, and uses of selenium.

Sanford, Samuel. See Schrader and others, 1917.

Santmyers, R. M., 1930, Selenium and tellurium : U. S. Bur. Mines Inf. Circ.

6317, 23 p.

A summary of chemical properties, uses, identification tests, history, occur

rence, minerals, preparation, production, imports, exports, markets, and prices of

selenium. Tables show sales of selenium from 1910 to 1927, imports from 1913

to 1928, and monthly prices for 1913 and from 1920 to 1929.
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Sarasin, Edmond. See Frledel and Sarasin, 1881a, b.

Sargent, J. D., 1954, Selenium : U. S. Bur. Mines Inf. Circ. 7690, 25 p.

Discussion of physical and chemical properties, geology, mineralogy, geo

graphic distribution, domestic and foreign production and consumption, metal

lurgy, and uses of selenium. Appendix contains lists of selenium minerals,

seleniferous formations, indicator plants, United States production and imports,

and bibliography.

1955a, Selenium data (Revision of Inf. Circ. 7690): U. S. Bur. Mines

Inf. Circ. 7715, 29 p.

Discussion of physical and chemical properties, geology, mineralogy, geo

graphic distribution, domestic and foreign production and consumption, metal

lurgy, and uses of selenium. Appendix contains tables of selenium minerals,

seleniferous formations, indicator plants, United States production and imports,

production of electrolytic copper refineries, and bibliography.

1955b, Selenium, in Mineral facts and problems : U. S. Bur. Mines Bull.

556, 6 p.

A summary of geographic distribution, geology, metallurgy, reserves, uses,

government wartime controls, substitutes, domestic production, consumption,

foreign trade, prices, research, outlook, and problems of selenium.

Saunders, A. P., 1900, The allotropic forms of selenium : Jour. Phys. Chemistry,

v. 4, no. 6, p. 423-513.

Selenium exists in three forms: (a) liquid (above 220° C), (b) crystalline

red, (c) crystalline gray or metallic. Describes properties and transformations

of the different forms of selenium.

Schaller, W. T. See Hewett and others, 1936.

Schellinger, A. K. See Koeppel and Schellinger, 1957.

Scherbatoff, H. See Jacks and Scherbatoff, 1940.

Schloen, J. H. See also Clark and Schloen, 1944.

Schloen, J. H., and Elkin, E. M., 1946, Canadian Copper Refiners Montreal East

plant : Canadian Inst. Mining and Metallurgy Trans., v. 49, p. 143-190.

Ore from the Noranda and Hudson Bay mines is treated at the Montreal

East plant. Ore from Noranda typically contains 0.144 percent selenium, that

from Hudson Bay contains 0.117 percent selenium. Selenium plant operation

is described.

1950, Treatment of electrolytic copper refinery slimes : Am. Inst. Mining

Metall. Engineers Trans., v. 188, p. 764-777.

Analyses are given of selenium in anodes, raw slimes, and treated slimes

from Boliden, Sweden ; Noranda, Quebec ; Electrolytic Refining and Smelting

Co., Port Kembla, New South Wales, Australia ; Mount Lyell, Tasmania ; Nord-

deutsche Afflnerie, Hamburg, Germany ; Outokumpu, Finland ; and Rhodesia

Copper Refineries Ltd., N'kana, Northern Rhodesia. Methods used at the re

fineries are described. Bibliography on selenium metallurgy.
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Schloen, J. H., and Elkin, E. M., 1954, Treatment of electrolytic copper refinery

slimes, in Copper, by Allison Butts: New York, Am. Chem. Soc. Mon. Ser.,

Reinhold Pub. Corp., p. 266-269.

Article contains tables giving selenium content of copper anodes, raw slimes,

and leached slimes from American Smelting and Refining Co. ; Anaconda Co. :

Boliden, Sweden; Montreal East and Noranda (Canadian Copper Refiners}:

Cerro de Pasco, Peru ; Port Kembla, New South Wales ; Mount Lyell, Tasmania :

Copper Cliff, Ontario : Kennecott ; Norddeutsche Affinerie, Hamburg, Germany :

Phelps Dodge ; Outokumpu, Finland ; Raritan ; N'kana, Rhodesia ; and U. S.

Metals smelters.

Schmidt, Max, 1925, Beitrag zur Bestlmmung kleiner Selenmengen in sulfidischen

Mineralien : Metall u. Erz, v. 22, no. 19, p. 511-512.

Sulfide minerals contained the following amounts of selenium : sphalerite from

Norway, 0.0004 percent ; sphalerite from Oberschlesen, Germany, 0.0002 percent ;

sphalerite from Harz, Germany, 0.0001 percent ; galena from Spain, 0.0003 per

cent ; bismuthinite from Schneeberg, Germany, trace : argentite from Freiberg,

Germany, 0.001 percent ; chaleopyrite from Butte, Mont., 0.005 percent.

Schmitt, Marg. See Ramdohr and Schmitt, 1955.

Schoeller, W. R., and Powell, A. R., 1920, Villamaninite, a new mineral:

Mineralog. Mag., v. 19, no. 88, p. 14-18.

A new mineral from the Carmenes district near Villamanln, Province of Le6n,

Spain, has the formula, (Cu, Ni, Co, Fe) (S, Se)i, and contains about 1.5 per

cent selenium. The ores of the district are sulfide minerals of copper, cobalt,

and nickel in a dolomite gangue.

Schrader, F. C, 1923, The Jarbidge mining district, Nevada : U. S. Geol. Survey

Bull. 741, p. 30.

Naumannite occurs with argentite, electrum, and gold in a gangue of quartz

and adularia in veins of the Jarbidge district, Nev.

Schrader, F. C, Stone, R. W., and Sanford, Samuel, 1917, Useful minerals of the

United States: U. S. Geol. Survey Bull. 624, p. 78, 305, 308, 388, 399, 40-'..

Tii'mannite occurs In large masses near Clear Lake and at the Abbott mine in

Lake County : at the San Joaquin Ranch mine in Orange County : and at the

Guadalupe mine near Los Gatos in Santa Clara County. Calif. Onofrite and

tiemannite occur at the Lucky Boy mine near Marysvale, Utah.

Schroll, Ericli. Sec Rockenbauer and Schroll, 1955, 1956.

Schumb, W. C. Sec Marvin and Schumb, 1083.

Searight, W. V. See also Moxon and others, 1938, 1939.

Searight, W. V., and Moxon, A. L., 1945, Selenium in glacial and associated de

posits : South Dakota Agr. Expt. Sta. Tech. Bull. 5, 33 p.

Brookings, Kingsbury, Hamlin, Beadle, Day, Clark, Deuel, Grant, Spink, Brown.

Codington, and Roberts Counties contain Pleistocene glacial deposits underlain

by seleniferous chalk beds of the Mobridge member of the Pierre formation.

Selenium occurs in small amounts In all glacial and associated deposits of north
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eastern South Dakota and western Minnesota. Selenium is mostly in silt and

clay in Pleistocene deposits, derived from the seleuiferous formations over which

the glaciers moved. The greatest amount of selenium is In Arlington loess and

loesslike silts in poorly drained areas where It has been leached, transported

downslope, and redeposited at lower levels.

Searight, W. V., Moxon, A. L., Hilmoe, R. J., and Whitehead, E. I., 1046, Oc

currence of selenium in Pleistocene deposits and their derivatives in South

Dakota : Soil Sci., v. 61, no. 6, p. 455-463.

All Pleistocene glacial tills of northeastern South Dakota contain selenium,

averaging less than 1.5 ppm selenium. Loess deposits contain little selenium

in upland areas ; in depressions they carry noteworthy amounts. The source

of the selenium in glacial drift, outwash, alluvium, and loess Is bedrock or older

drifts over which the glaciers have moved. In South Dakota selenlferous Cre

taceous formations underlie Pleistocene glacial deposits.

Searight, W. V., Moxon, A. L., Whitehead, E. I, and Viets, P. G., Jr., 1946-47,

Detailed mapping of selenlferous vegetation on soils of Pierre origin : South

Dakota Acad. Sci. Proc, v. 26, p. 87-98.

The stratigraphic distribution of selenium sources in the Virgin Creek, Mo-

bridge, and Elk Butte members of the Pierre formation in northwestern Lyman

County, S. Dak., was mapped by determining the selenium content of western

wheatgrass growing on the soils. The selenium source beds are horizontal, so

that the ranges of maximum selenium content can be mapped topographically.

The authors discuss the possibility of mapping toxic areas on the basis of the

topographic position of seleniferous beds.

Selvtg, W. A. See Gibson and Selvig, 1944.

Shannon, E. V., 1920a, An occurrence of naumannite in Idaho : Am. Jour. Scl.,

ser. 4, v. 50, p. 390-391.

Naumannite, a selenlde of silver, occurs as nodules in white to bluish clay

filling fissures in silver stopes of the De Lamar mine, Silver City district, Owyhee

County, Idaho. The mineral resembles argentlte and it is possible that much of

the silver ore mined was naumannite rather than argentite.

1920b, Boulangerite, bismutoplagionite, naumannite, and a silver-bearing

variety of jamesonite : U. S. Natl. Mus. Proc., v. 58, p. 589-607.

Naumannite from the De Lamar mine. Silver City district. Owyhee County,

Idaho, contained 22.92 percent selenium and 1.10 percent sulfur.

1925, Tetradymite from the Hailey quadrangle, Idaho: Am. Mineralogist,

v. 10, p. 198-199.

Tetradymite, from near the head of Trail Creek, Hailey quadrangle, Blaine or

Custer County, contains small amount of selenium replacing tellurium.

1926, The minerals of Idaho : U. S. Natl. Mus. Bull. 131, p. 82, 101-104.

Selenium appears to be confined to, and characteristic of, late Tertiary veins In

volcanic rocks. Guanajuatite was found on Klrtley Creek, northeast of Salmon,

Lemhi County. Naumannite was found in the Montana and Lucky Boy mines,

Yankee Fork district, Custer County ; Monument mine, Gravel Range district,

and Parker Mountain district, Lemhi County; De Lamar mine, Silver City

district, Owyhee County. Clausthalite was found in the Hypotheek mine, Coeur

d'Alene district, Shoshone County.
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Shcherbiua, V. V., 1949, Concentration and dispersion of chemical elements In

the earth's surface as a result of oxidative and reductive processes : Akad.

Nauk SSSR Doklady, v. 67, p. 507-510. [Russian.]

Generalized view of oxidation-reduction reactions as a means of distribution

of elements Is presented. Oxidations tend to concentrate salts of heavy metals,

formed by the oxidation of acids of vanadium, molybdenum, chromium, arsenic.

selenium, tellurium, sulfur, and phosphorous. Sulfides, selenides, and tellurides

show decreased hydrolability on oxidation and their concentration takes place

only after reduction reactions. (Chem. Abs., v. 43, col. 8996.)

Shlgematsu, Tsunenobu. See Ishibashl and others, 1953.

Shimidzu, Tetsukichl. See Divers and Shimidzu, 1883.

Short, M. N., 1931, Microscopic determination of the ore minerals : U. S. Geol.

Survey Bull. 825, p. 79, 80, 83, 85, 86, 93, 94, 104, 105, 167-168.

Determinative tables for selenium minerals, aguilarite, clausthalite, eucairite,

klockmannite, lehrbachite, naumannite, onofrite, tiemannite, and umanglte ; tests

for selenium.

Shutt, R. See Waitkins und others, 1942.

Sill, C. W., and Peterson, H. E., 1954, Iodometric determination of selenium in

ores and flue dusts : U. S. Bur. Mines Rept. Inv. 5047, 9 p.

A new method is described for direct titration of selenious acid to a starch-

Iodide end point by adding starch to selenious acid and enough potassium iodide to

form a transparent blue color, and then titrating with standard thiosuifate. This

method retains the colorless end point of the Norris and Fay method and can

be used for determining much larger quantities of selenium than is possible bv

the McNulty method. Procedures are given for precipitating metallic selenium

from flue dust or ore, for oxidizing metallic selenium to selenious acid, and for

titrating with thiosuifate.

Sisson, L. L. See Olson and others, 1940.

Slater, C. S., Holmes, R. S., and Byers, H. G., 1937, Trace elements in the soils

from the erosion experiment stations, with supplementary data on other

soils : U. S. Dept. Agriculture Tech. Bull. 552, 23 p.

Eleven soil profiles representing 4 of the great soil groups and 3 other soils

were examined. The 11 profiles included soils from Wisconsin, Kansas, Iowa,

Washington, Missouri, Texas, Ohio, Oklnhoma, and North Carolina. Their sele

nium content ranged from 0.01 to 2.50 ppm. Pierre clay loam and Niobrara

sandy clay loam contained 22 and 18 ppm selenium respectively. A relatively

high selenium content was found in soils of low silica-sesquioxide ratio, and a

tendency for illuviated horizons to have an accumulation of selenium was noted.

Slattery, M. K., 1925, The crystal structure of tellurium and selenium and of

strontium and barium selenide: Phys. Rev., ser. 2, v. 25, p. 333-337; abs.

v. 21, p. 378-379.

Selenium crystallizes in a simple triangular lattice with three atoms grouped

at each corner. Strontium and barium selenide have simple cubic structures.
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Smith, W., 1915, Estimation of selenium in sulphur : Indus. Eng. Chemistry,

Indus. Ed., v. 7, p. 849.

The article describes a method for estimating the amount of selenium in sulfur.

Four samples of commercial sulfur from Japan contained 0.045, 0.055, 0.085,

and 0.152 percent selenium.

Spencer, A. C, 1017, The geology and ore deposits of Ely, Nevada : U. S. Geol.

Survey Prof. Paper 96, p. 112.

Ely porphyry copper ores yielded 110 pounds of selenium for each 100 tons of

blister copper refined at the Steptoe smelter.

Spurr, J. E., 1905a, Developments at Tonopah, Nevada, during 1904 : U. S. Geol.

Survey Bull. 260, p. 140-149.

Sulfide ore from the Montana vein, Montana Tonopah mine, contained 2.56

percent selenium ; oxidized ore from the Valley View mine contained 0.78 per

cent selenium. Selenium occurs in part as a silver selenide ; a selenide of gold is

not impossible. The oxidized ore shows that much of the silver selenide Is at

tacked by oxidizing agents. "The oxidized ore of Tonopah is really a modified

ore, consisting of an intimate mixture of sulfides and selenides, together with

secondary sulfides, chlorides, and oxides."

1905b, Geology of the Tonapah mining district, Nevada: U. S. Geol.

Survey Prof. Paper 42, p. 92-93, 281, 285.

Analysis of oxidized ore from the 300-foot level of the Valley View vein con

tains 0.78 percent selenium. Selenium occurs, in part at least, as a silver

selenide. There is less than one third as much selenium in the oxidized ore as

in the sulfide ore. The primary ores contained quartz, adularia, carbonates,

polybasite or stephanite, argentite, chalcopyrite, pyrite, galena, sphalerite, silver

selenide, and gold in an undetermined form.

Starrett, W. H. Sec Cannon and Starrett, 1956.

Stoklasa, Julius, 1922, Uber die Einwirkung des Selens auf den Bau- und

Betriebsstoffwechsel der Pflanze bei Anwesenheit der Iiadioaktivitiit der

Luft und des Bodens : Biochem. Zeitschr., v. 130, p. 004-643.

Occurrence of selenium in pyrites, radioactive materials, sulfuric acid, and In

certain sulfate and phosphate fertilizers is noted. Selenium is released into the

air during the roasting of pyrites, smelting operations, and burning of coal.

Studies of the biochemical effect of such selenium on plants and seeds in the

presence and absence of radioactivity are described.

Stone, J. R., and Caron, P. E., 1954, Selenium in Hampe), C. A., ed., Rare Metals

Handbook : New York, Reinhold Publishing Corp., p. 347-377.

General treatise containing summary of history, occurrence, methods of re

covery, fabrication, toxicity, and uses of selenium. Physical and chemical prop

erties are described in detail.

Stone, R. W. See Sehrader and others, 1917.

Stradner, E. See Machatschki and Stradner, 1952.

Strock, L. W. See also Goldschmidt and Strock, 1935.
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Strock, L. W., 1035, The distribution of selenium in nature : Am. Jour. Pharmacy,

v. 107, no. 4, p. 144-157.

Summary of data from paper by Goldschmidt and Strock on the distribu

tion of selenium in products of magmatic origin and of secondary erosion and

sedimentation. The distribution of selenium in sulfides is associated with the

differentiation and cooling of primary magma. Selenium is richer in the

primary sulfide phase of the first differentiation of the magma, such as troilite

meteorites and pneumatolytic sulfide ores. Sulfides of maguiatic segregation

origin contain less selenium, and liydrothermal sulfides which issue from the

mngma in the last stages of differentiation contain the least selenium. In

the erosion cycle a very high oxidation potential is required to oxidize seleiiitie

to selenate. Selenium in a very soluble form was present in highly oxidized

caliche beds in the Atacama desert, Chile. Selenium does not follow sulfur

into sea water but is absorbed by ferric hydroxide-rich marine sediments, thus

accounting for seleniferous sedimentary iron ores. Possible sources of selenium

in shales and other sedimentary rocks are: (a) erosion of caliche and lignite

beds, (b) absorption from water by ferric hydroxide and plants. Sources of

selenium in soil are the parent selenium-rich sedimentary rocks, magmatic

rocks with sulfide masses, eroding caliche beds, and waters, which have leached

other formations, rising to the surface.

Swaine, I>. J., 1055, The trace-element content of soils: Commonwealth Bur.

Soil Sci. [Harpenden] Tech. Commun. 48, p. 01-00.

Tabulated information on selenium content of soils in Ireland, Russia, Japan.

Canada, Mexico. Puerto Rico, Colombia, New Zealand. Uawaiian Islands, ami

United States—including Wyoming. Oklahoma, South Dakota, Nebraska, Mon

tana, Colorado. Kansas, New Mexico, Arizona, North Dakota, Nevada, Texas.

Missouri, Utah, New Jersey, California, and Idaho.

Sweeney, A. See Wnlsh and others, 1051.

Taber, Stephen, 1913, Geology of the gold belt in the James River Basin. Vir

ginia : Virginia Geol. Survey Bull. 7, p. 100.

Tetradymite in gold-bearing quartz veins in quartz-serieite schist at the Tel

lurium mine, Fluvanna and Goochland Counties, contains traces of selenium.

Taboury, F., 1900. Sur la presence du selenium dans les eaux minerales de La

Roche-Posay, Vienne: Soc. chim. France Bull., ser. 4, v. 5, p. S65—S67.

Waters from each of the 3 sources of the spring nt La Roche-Posay. Vienue,

France, contained 0.2 milligram per liter of selenium.

1032, Sur la presence accidentelle du selenium dans certains

vegetans: Acad. sci. [Paris! Comptes rendus, v. 195, p. 171.

Of 3 si>eeies of plants growing in a seleniferous spring at La Roche-Posay,

Vienne, France. 2 were found to have absorbed selenium in their tissues.

Terada, Shizuo. See Tsuge and Terada, 1950.

Thompson, M. 10.. Roach, Carl, and Braddock, William, 1956, New occurrences

of native selenium : Am. Mineralogist, v. 41, nos. 1 and 2, p. 156-157.

Native selenium has been identified in three localities during studies of sand

stone-type uranium-vanadium deposits. The selenium occurs as purple-gray
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metallic aclcular crystals, usually In a felty aggregate of small crystals not more

than 2 mm in length. The localities are the Road Hog No. 1A mine, Black Hills,

Fall River County, S. Dak., in Lakota sandstone of Early Cretaceous age ; Peanut

mine, Bull Canyon, Montrose County, Colo., in high-grade ore in Salt Wash sand-

atone member of the Morrison formation of Late Jurassic age; and Parco No.

23 mine, Thompsons district, Grand County, Utah, in Salt Wash sandstone mem

ber of the Morrison formation.

Thompson, R. M., 1954, Naumannite from Republic, Washington : Am. Mineralo

gist, v. 39, p. 525.

Banded quartz from Republic, Washington, contains concentric black metallic

bands consisting of argentian tetrahedrite in which small particles of gold,

electrum, pyrite, chalcopyrite, and naumannite are embedded.

Thorvaldson, T., and Johnson, L. R., 1940, The selenium content of Saskatche

wan wheat : Canadian Jour. Research, v. 18, sec. B, p. 138-150.

Analyses are given of 230 composite samples of wheat grown in Saskatchewan.

The maximum amount of selenium found was 1.5 ppm, contained by 3.2 percent

of the samples ; the average amount of selenium found was 0.44 ppm. Wheat

grown on soil of glacial lacustrine origin generally contained more selenium.

Trelease, H. M. See Trelease and Trelease, 1938.

Trelease, S. F., 1945, Selenium in soils, plants, and animals : Soil Sei., v. 60,

no. 2, p. 125-131.

Selenium is present in soil as insoluble ferric selenite, soluble selenates, and

organic compounds derived from plant decomposition. Selenium accumulator

plants are native range plants rather than cultivated crops or native grasses.

Accumulator plants are capable of absorbing selenium from virgin shale soils,

converting it into water-soluble forms, and returning it to the soil in a form

available for absorption by all types of plants.

Trelease, S. F., and Beath, O. A., 1949, Selenium, its geological occurrence and

its biological effects in relation to botany, chemistry, agriculture, nutrition,

and medicine : New York, Published by the authors, 292 p.

A general survey of selenium as it is related to agriculture and public health,

containing chapters on history of selenium poisoning, selenium indicator plants,

distribution in rocks and soils, accumulation of selenium by plants, selenium

poisoning in animals, selenium in relation to public health, prevention and

control of selenium poisoning, and chemistry. Maps show outcrops of Permian,

Triassic, Jurassic, Cretaceous, and Tertiary formations and locations of plant

samples containing 50 ppm or more of selenium in the Western United States.

A discussion on origin of selenium in rocks and types of selenium-bearing

materials is given.

Trelease, S. F., and Trelease, H. M., 1938, Selenium as a stimulating and possibly

essential element for indicator plants : Am. Jour. Botany, v. 25, no. 5, p.

372-380.

Inorganic selenite used in experiments was found to be essential for growth

of indicator plants. Addition of sulfur tended to reduce the intake of selenium

by plants growing in environments of low selenium concentration.
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Trites, A. F., Jr., 1956, Selenium occurrences In the United States : Mines Mag.

[Colorado], v. 46, no. 8, p. 43-44.

Selenium occurs associated with uranium in the Gas Hills area, Fremont

County, Wyo., in the Temple Mountain and Henry Mountain areas, Utah, and

in the Grants area, N. Mex., where it has been released from pyrite by oxidation.

Selenides of copper, lead, silver, and mercury are found in many sulfide deposits

in the Western United States and Mexico. Selenium is associated with sulfur

in volcanoes in Hawaii and Alaska, and at the Vulcan mine, Gunnison County.

Colo. It occurs in the phosphate deposits of the northwestern States and in the

Upper Cretaceous rocks of the Colorado Plateau and the Western States.

Trites, A. F., Jr., and Lakin, H. W., 1956, Behavior of selenium in the zone of

oxidation: Internat Geol. Cong., 20th, Mexico 1956, Resunienes Trabajos

Presentados, p. 377-378.

Selenium released during oxidation of seleniferous sulfide minerals is in less

soluble form than sulfur and tends to be concentrated in the oxidized zone.

In seleniferous pyrite-bearing sandstone-type uranium deposits of the Colorad"

Plateau and Wyoming, secondary selenium minerals are concentrated either in

mantles overlying unoxidized ore bodies or in haloes enclosing these bodies.

The most seleniferous rock is commonly sandstone containing red elemental

selenium with varying amounts of hydrous iron oxide containing some basic

ferric selenite. Small amounts of selenium are being removed from these

deposits by surface and underground water ; some of this selenium is retained

in the rock as basic ferric selenite, some is absorbed in plants, some enters

the atmosphere as gas, some enters streams to be discharged in the ocean and

inland basins. Concentrations of selenium are now being built up in bottom

sediments in the Gulf of California outward from the mouth of the Colorado

River.

Truscott, S. J., 1901-02, The occurrence and mining of gold in the Dutch East

Indies: Inst. Mining and Metallurgy Trans., v. 10, p. 52-57.

The Radjang Lebong gold mine in southwestern Sumatra is a reef 1,000 feet

long in porphyrite or altered andesite country rock. The ore is hard, close-

grained amorphous silica with very little quartz, containing in places a breccia

of black silicifled slate, and often accompanied by calcite. The gold is finely

disseminated throughout, and occurs as free gold and as auriferous silver carry

ing 1 part of gold to 10 parts of silver. The gold may be associated with

tellurium. An analysis of the bullion gives no tellurium, but it contains 435

percent selenium. Similar gold-bearing reefs occur at the Lebong Soelit mine,

5 miles west of Radjang Lebong, and at an unnamed reef 7 miles west of Lebong

Soelit.

Tsuge, Toshlhisa, and Terada, Shizuo, 1950, The selenium content of the pyrites

and soils In Japan : Agr. Chem. Soc. Japan Jour., v. 23, no. 10, p. 421—425.

[Japanese, English summary.]

Selenium content of pyrites from Japanese mines ranged from 0.2 to 39 ppm,

with an average of 12.6 ppm ; copper pyrites contained 4 to 39 ppm, with an

average of 18.8 ppm; iron pyrites contained 3 to 7 ppm, with an average of 5

ppm; marcasite and pyrrhotite contained 0.2 to 0.7 ppm, with an average of

0.45 ppm. Pyrite slags contained 0.2 to 2.5 ppm, with an average of 0.86 ppm.

Small quantities of selenium were found in Japanese soils, ranging from 0.4 to

1.2 ppm, with an average of 0.78 ppm. No correlation was found between the

sulfur and selenium content of pyrites.
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Turner, H. W., 1898, Notes on rocks and minerals from California ; tellurium,

selenium, and nickel in gold ores : Am. Jour. Sci., ser. 4, v. 5, p. 427-^28.

Selenium was found in sulfide ore from a mine on the Mother Lode near Table

Mountain in Tuolumne County.

Tyler, P. M., 1952, Selenium : Natl. Acad. Sci., Natl. Research Council, Rept. no.

NMAB-15-M, 62 p.

The report contains a summary of the selenium supply situation in 1952, in

cluding United States requirements and production. Recommendations are

made for reducing selenium consumption and expanding production. Increased

domestic supplies can be obtained by increasing imports, improving metallurgical

practice, and by developing new sources such as nonferrous metal smelting in

dustries, uranium-vanadium plants, iron blast furnace flue dust, sulfuric acid

plants, and selenium-bearing rocks and soils. Selenium in iron ore at Iron

Mountain, Utah, is described. Uses, geochemistry, and metallurgy of selenium

are outlined.

Umpleby, J. B., 1910, Geology and ore dei>osits of the Republic mining district :

Washington Geol. Survey Bull. 1, 65 p .

Analyses of mixed specimens of high grade ore from intermediate levels of the

New Republic mine, Ferry County, Wash., gave 5.26 percent selenium. Silver is

partly in the form of silver selenide; 60 percent of the gold is combined with

selenium, probably as a gold-silver selenide.

1913a, Geology and ore deposits of Lemhi County, Idaho: U. S. Geol.

Survey Bull. 528, p. 55-56, 57, 79, 175.

Strong traces of selenium were detected in ore from the Monument mine at

Myers Cove, Gravel Range district. This vein and possibly the similar Parker

Mountain and Musgrove deposits are of a rare type of later Tertiary veins en

closed in Tertiary eruptive rocks and characterized by selenium which is found

at Tonopah, Nev., and Republic, Wash. Selenium probably occurs at the Monu

ment mine as a selenide of gold or silver. Its source is probably a blue-black

mineral which occurs in scattered and bunched grains of microscopic size.

1913b, Some ore deposits in northwestern Custer County, Idaho ; U. S.

Geol. Survey Bull. 539, p. 45-47.

Selenium was noted in post-Oligocene gold-silver ores of the Montana and

Lucky Boy mines in the Yankee Fork district, Custer County. The ore is fine

grained quartz containing pyrite, gold, tetrahedrite, chalcopyrite, galena, and

enargite. Blue-black specks in the ore contain selenium, gold, lead, bismuth, and

copper. The ore veins are in Algonkian schists and quartzites and Miocene

tuffs, latites, andesites, basalts, and rhyolites.

(U. S.) National Research Council, Materials Advisory Board. Panel on Sele

nium, 1956, Report on selenium and possible substitute materials for recti

fiers: Natl. Acad. Sci., Natl. Research Council, Rept. MAB-111-M, 12 p.,

app. A-G.

Describes properties of selenium rectifiers and possible substitute materials for

rectifiers. Possible sources of additional selenium are phosphate deposits in

Idaho, Wyoming, Utah, and Montana; lysite tuffs in Wyoming; high-selenium

uranium-vanadium ores; and pyrite-pyrrhotite ore of the United Verde mine,

Jerome, Ariz., which contains 0.03 percent selenium and from which 1,131,500

pounds of selenium could be recovered annually for many years.

478446—59 6



944 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

Vaes, J. F. See also Derriks and Vaes, 1956.

Vaes, J. F., 1947, Quelques sulfures de Shinkolobwe : Soc. geol. Belglque Annates,

v. 70-B, p. 227-232.

In the Shinkolobwe deposit a mineral similar to vaesite but containing appreci

able amounts of selenium was found accompanied by siegenite and small amounts

of pyrite and molybdenite. It was called selenio-vaesite. A seleniferous variety

of siegenite containing a small amount of tellurium was also found and was called

selenio-siegenite.

Vakhrushev, G. V., 1940, Exploration of rare elements in Bashkiriya (southern

Ural) : Saratov, gos., Univ. Uehenyye zapiski, v. 15, no. 1, p. 124-146.

[Russian.]

Selenium content of pyrites is presented : Sibaev, 0.012 percent ; Bakyr-Uzyak,

0.012 percent; Bakyrtov, 0.013; Yulalin, 0.006 percent. (Chem. Aba, v. 35, col.

0541.)

Vnupell, C. W., 193S, Mercury deposits of Huitzuco, Guerrero, Mexico: Am. Inst

Mining Metall. Engineers Tech. Pub. 842, 14 p.

Tiemannite and onofrite. with other rare selenides and arsenides of mercury,

antimony, and thallium, have been reported in specimens of Huitzuco ores,

which are telethermal or epithermal blanket veins and stockworks in brecciated

rocks. Geysers later reworked the original minerals and more recent deposits

were formed in the extinct geyser and hot spring vents.

Viets, F. G., Jr. Sec Searight and others, 1946-47.

Vine, J. I)., and Prichard, G. E., 1954, Uranium in the Poison Basin area,

Carbon County, Wyoming: U. S. Geol. Survey Circ. 344, 8 p.

Uranium minerals were found in sandstone of the Browns Park formation

of Miocene age in the Poison Basin area, 6 miles west of Baggs. Six ore sam

ples analyzed for selenium contained from 12 to 80 ppm. The occurrence of

uranium in the Poison Basin area coincides remarkably with an area known

to be high in selenium content. The association of the two elements is probably

not due to chemical combination in a specific mineral, but to a common origin.

The association may be sufficiently common that prospecting for uranium may

be continued In areas of high selenium content.

Vinogradov, A. P., 1945, A chemical study of the biosphere: Pedology, p.

348-354. [Russian, English summary.]

In a geochemical study of the biosphere, analyses were made of soils of the

Russian plain from north to south along the 40th meridian. Minimum and

maximum selenium contents were, in percentage of dry soil, below 10~\ (Chem.

Abs., v. 40, col. 1892.)

Vogt, J. H. L. Sec Beyschlag and others, 1914.

Yokes, F. M., 1957, The copper deposits of the Birtavarre district, Tronis,

northern Norway : Norges Geol. UndersJJkelse, no. 199, p. 146.

Sulfide ores occur as closely associated impregnations and breccia, types, in

zones parallel to the enclosing schists of the Ankerlia series. The chief ore

minerals are pyrrhotite, chalcopyrite, sphalerite, and cubanite. Selenium is
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found In copper flotation concentrates in amounts of 50 and 100 grams per

ton. These figures indicate that selenium follows chalcopyrite ; however, the

present work cannot be taken as supporting Carstens' conclusion that selenium

varies sympathetically with copper content In specially cleaned samples of

ore sulfides, selenium varied from 0.0007 to 0.0014 percent. These figures do

not reveal conclusive variations of selenium with either copper or sulfur. The

selenium occurs substituting for sulfur in the sulfide lattices. Its presence in

the ore is considered as evidence of an epigenetic origin of the deposits.

Waitkins, G. It., Bearse, A. E., and Sliutt, R., 1942, Industrial utilization of

selenium and tellurium : Indus. Kng. Chemistry, Indus. Ed., v. 34, p. 81)0-010.

A review of the uses of selenium, including alloys, rectifiers, ceramics, and

chemical uses—including oxidizing agents, catalysts, fungicides, insecticides,

antioxidants.

Walker, O. J., Harris, W. E., and Rossi, Michael, 1941, Selenium in soils, grains,

and plants in Alberta : Canadian Jour. Research, v. 19, sec. B, p. 173-178.

Selenium content of 40 samples of soils varied from less than 0.1 to 1 ppm.

The underlying strata of much of Alberta are of upper Cretaceous age, but the

soil is derived mostly from glacial drift formed from other types of rock, so

that the seleniferous area may be much smaller than earlier suspected. Kelenif-

erous areas are more likely to be found in southern Alberta rather than in

central Alberta.

Walsh, T. See also Fleming and Walsh, 1957.

Walsh, T., Fleming, G. A., O'Connor, R., and Sweeney, A., 1951, Selenium toxic

ity associated with an Irish soil series : Nature, v. 168, p. 881.

Low lying valley soils in a glaciated area underlain by upper Carboniferous

limestone in County Limerick contain 30 to 324 ppm selenium. The soils are in

an area of poor drainage and high rainfall. Formation of the soils was in

fluenced by wash from the Yoretlale beds (Avonian shales), which lie west of the

affected area. These beds contain considerable deposits of iron pyrites, which

may be the source of the selenium.

Ward, F. N. See Loverlng and others, 1950.

Warren, H. N., 1888, Detection and estimation of selenium in meteoric iron :

Chem. News, v. 57, p. 16.

Six specimens of meteoric iron contained quantities of selenium ranging from

0.04 to 0.23 percent

Washington, H. S. See Clarke and Washington, 1924.

Weed, W. IL, 1912, Geology and ore deposits of the Butte district, Montana :

U. S. Geol. Survey Prof. Paper 74, p. 70-71, 79.

Copper ore mined in 1897 contained an average of 0.001 percent of tellurium

and selenium ; the matte contained an average of 0.01 percent of tellurium and

selenium. Matte shipped from Butte smelters in 1897 contained .015, .0021, and

.0042 percent tellurium and selenium. The ratio of tellurium to selenium in

matte is from 1:1 to 3:1. The constant presence of gold, together with

tellurium and selenium, in the blister copper produced by the smelters, sug

gests the probable presence of minute quantities of some gold-silver telluride.
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Weeks, A. D., 1956, Mineralogy of uranium deposits, in Geologic investigations

of radioactive dei>osits—Semiannual progress report for Dec. 1, 1955 to May

31, 1956: U. S. Geol. Survey TEI-620, issued by U. S. Atomic Energy Comra.,

Tech. Inf. Service, Oak Ridge, Tenn., p. 123-127.

Selenium commonly substitutes for sulfur in sulfide minerals in the sandstone

type uranium deposits to an extent not previously known. There is no significant

difference in selenium content of sulfides, mostly pyrite and marcasite, from

barren and mineralized rocks of the Morrison and Chinle formations. In Terti

ary sediments, sulfides from mineralized rocks contain 60 times more selenium

than sulfides from barren rocks. Selenium in Tertiary sulfides may have been

introduced during uranium mineralization, while selenium in Morrison and

Chinle formations may have been derived from volcanic debris deposited with

the sediments. The highly seleniferous deposits contain clausthalite, eucairite,

ferroselite, and cobaltian ferroselite.

Weeks, M. E., 1956, Discovery of the elements : 6th ed., Easton, Pa., Jour. Chem.

Education, p. 306-319.

A history of the discovery of selenium and selenium minerals. Many locali

ties are listed.

Wei bull, M., 1885, Om seleuhaltig galenobismutit frfin Falu grufva : Geol. foren.

Stockholm Forh., v. 7, p. 657-066.

Gives analyses of lead bismuth selenldes from Falun.

Wells, II. L. See Dana and Wells, 1890.

Wernimont, Grant, and Hopkinson, F. J., 1040, Microtitration of selenium:

Indus. Eng. Chemistry, Anal. Ed., v. 12, p. 308-310.

Method for volumetric determination of small amounts of selenium.

White, R. L. See Keys and White, 1956.

Whitehead, E. I. Sec Olson and others, 1942b ; Searight and others, 1946, 1946-

47.

Williams, K. T. See aUo Byers and others, 1936, 1938; Lakin and others, 1938;

Robinson, W. O. and others, 1934.

1939, Selenium in soils, in Soils and -Men: U. S. Dept. Agriculture Year

book, 1938, p. 830-834.

Seleniferous soils develop in semiarid areas and are derived mostly from

formations of Cretaceous, Permian, and Triassic age. Soils containing 1 ppm

or less of selenium may produce toxic vegetation ; irrigation reduces the selenium

intake of vegetation.

Williams, K. T., and Byers, H. G., 1!>34. Occurrence of selenium in pyrites : Indus.

Eng. Chemistry, Anal. Ed., v. 6, p. 296-297.

Analyses of pyrites from arid and humid areas in Western and Southeastern

United States show -a high concentration of selenium in pyrites. In humid

areas pyrite is converted to linionitic material, and selenium and sulfur are

transformed to soluble forms and are removed from the soil by leaching. In

arid and semiarid areas, where there is little leaching, pyritiferous soil parent

material forms a soil with high selenium and sulfur content. Analyses are
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given of pyrites from Nebraska, Utah, Colorado, Mississippi, Alabama, Georgia,

North Carolina, Tennessee, and Virginia.

Williams, K. T., and B.vers, H. G., 1935a, Occurrence of selenium in the Colorado

River and some of its tributaries : Indus. Eng. Chemistry, Anal. Ed., v. 7, p.

431-432.

Waters taken from the Colorado, Gunnison, and Uncompahgre Rivers above

irrigated lands contained very little selenium ; waters taken below the entrance

of irrigation drainage into rivers contained from 10 to 70 times as much sele

nium. Drainage waters from irrigated lands contained as much as 2.680 ppm

selenium. The soils in this area are derived from seleniferous Mancos shale

containing from 2 to G ppm selenium.

1935b, Selenium in deep sea deposits: Indus. Eng. Chemistry, News Ed.,

v. 13, p. 353.

Nine deep sea samples taken in the Bering Sea off the coasts of Alaska and

Siberia contained from 0.03 to 0.70 ppm selenium, with an average of 0.27 ppm

selenium.

193(5, Selenium compounds in soils: Indus. Eng. Chemistry, Indus. Ed.,

v. 28, p. 912-914.

The chemical form of selenium in the soil determines the amount of selenium

absorbed by vegetation. Pyrites carrying insoluble selenium are found in upper

Cretaceous shales, particularly in the lower Pierre and upper Niobrara forma

tions. Where iron is present In the soil, selenium may occur as insoluble basic

ferric selenite. Water soluble selenates such as calcium selenate are formed in

soils low in iron. The presence of selenates in humid soils is very unlikely.

Organic matter in soils may contain water-soluble selenium compounds.

Williams, K. T., and Lakin, II. W., 1935, Determination of selenium in organic

matter: Indus. Eng. Chemistry, Anal. Ed., v. 7, p. 409—410.

Describes method of determining selenium in air dried vegetation.

Williams, K. T., Lakin, H. W., and Byers, II. G., 1940, Selenium occurrence in

certain soils in the United States, with a discussion of related topics; fourth

report : U. S. Dept. Agriculture Tech. Bull. 702, 59 p.

Contains methods for determining selenium in coal and animal matter; survey

of toxic vegetation and soils in Montana ; report on toxic soil in Guanajuato

Valley, Mexico, with analyses of soils and vegetation of Chihuahua, Juarez, and

Torreon areas: discussion of nontoxic seleniferous soils of Hawaii and Puerto

Rico; report on seleniferous areas of the Eagle Ford formation in Texas; report

on selenium content of cores from the sea (loot- between Halifax, Nova Scotia, and

Falmouth, England.

1941, Selenium occurrence in certain soils In the United States, with a

discussion of related topics ; fifth report : U. S. Dept. Agriculture Tech.

Bull. 758, 70 p.

Report contains tallies showing selenium content of 1,000 samples of wheat

from Colorado, Kansas, Nebraska, South Dakota, Wyoming, Montana, and North

Dakota. The authors conclude that selenium is present in all wheat; maximum

selenium content of wheat found was 25 ppm. The selenium content of 300

samples of corn, oats, and rye was studied. The maximum selenium content was

30 ppm in corn. Selenium content of soils, shales, and vegetation from Creta

ceous areas of Alberta, Saskatchewan, and Manitoba is given. Reports on sele
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nium in Montana soil profiles and seleniferous areas of North Dakota are also

given. Report on selenium In meteorites shows that selenium content of stony

meteorites Is higher than that of octahedrite meteorites.

Wootton, W. O. See Cahen and Wootton, 1920.

Wright, F. E. See Hillebrand and others, 1914.

Zanibonini, F., and Coniglio, L., 1925, The presence of soluble compounds of sele

nium and tellurium as products of the activity of Vesuvius: Annali os-

servatorio vesuviano (3), v. 2, p. 3-C.

A short review is given of the literature on occurrences of selenium and

tellurium In volcanic products. A yellow crust at Vesuvius in 1925 consisted of

opal, sulfur, chlorides and sulfates of alkali metals with iron, lead, copper, and

calcium. An aqueous solution contained 1.25 percent selenium and 0.04 percent

tellurium. ( Chem. Abs., v. 22, p. 4418. )

Zies, E. G., 1929, The Valley of Ten Thousand Smokes ; [Pt] 1—The fuinarolic

incrustations and their bearing on ore deposition : Natl. Geog. Soc. Contrib.

Tech. Papers, v. 1, no. 4, p. 26-27, 40-41.

Selenium is present in sulfur and arsenic pentasuliide incrustations aromvl

fumaroles. An incrustation at fumarole 135 contained 0.13 percent selenium.
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1953
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SaCogasta, Province of L* Rioja:

Ahlfeld and Angelelli 1948
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1954

Belgian Congo.

Katanga, copper : Harloff and Johnson

1933

Sblnkolobwe mine, selenlo-slegenlte,

selenio-vaeslte :

Derriks and Vacs 1956

Vnes 1947

St incite: Ramdohr 1956

Umanglte and unknown selenldes :

Derriks and Vaes 1956

Belgium, Liege coal :

Gibson and Selvig 1944

Jorlsson 1896

Btrzelianite.

Argentina :

Ahlfeld and Angelelll 1948

Des Clolzeaux and D a m o u r

1881

Caroline mine, Lehrbach, Germany :

Frpbold 1927b

Cerro de Cacheuta, Mendoza, Argeo-

tina : Des Clolzeaux and

Damour 1881

UoleTlelds district, Saskatchewan, Can

ada :

Robinson, S. C. 1950

Robinson, S. C, and Brookcr

1952

Mlueralogy :

Karley 1950

Palnche and others 1944

Mount Lyell, Tasmania : Edwards

1939

Oberjeremiashbhe mine, Harz, Germany :

Frobold 1927b

"Roter Bar" mine, St. Andreasberg,

Harz, Germany : Gellmann and

Rose 1928

Skrlkenim, Sweden :

Frebold 1927b

NordensklSld 1867a, b

Bibliography :

Doty 1927

Halen 1921

Sargent 1954, 1955a

Biochemistry.

Biochemical effects of selenlferoiis ma

terials: Stoklasa 1922

Biochemical reduction of selenium com

pounds : Levine 1915, 1925

Biology, general :

DeMent and Dake 1946

Trelease and Beath 1949

Blsmuthlnlte.

Guanajuato, Mexico : Genth 1891

Melting point and mode of occurrence :

Borgstrom 1914-15

Mineralogy :

Genth 1891

Palache and others 1944

Peacock and Berry 1940

Schneeberg, Germany : Schmidt 1925

Blockite. See Penroseite.

Bolivia.

Ahlfeldite :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1955

Gonl and Guillemln 1953

Herzenberg and Ahlfeld 1935

I'alache 1937

Chalcomenlte :

Ahlfeld 1054

Ahlfeld and Mufioz Reyes 1955

Clausthalltp :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1938,

1955

Block 1937

Block and Ahlfeld 1937

Gordon 1925

Cobaltomenlte: Palache 1937

Colquechaca :

Bannister and Hey 1937

Gordon 1925

Hlaco or Pacajake sliver mine, Col

quechaca :

Ahlfeld 1954

Ahlfeld and Mufioz Keyes 1938,

1939

Bannister and Hey 1937

Block 1937

Block and Ahlfeld 19S7

Goni and Guillemln 1953

Herzenberg and Ahlfeld 1935

Palache 1937

Lead Selenate :

Ahlfeld and Mufioz Reyes 1955

Gonl and Guillemln 1953

Molybdomenlte : Ahlfeld and Mufioz

Reyes 1955

Native selenium :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1955

Block and Ahlfeld 1937
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Bolivia—Continued

Nauniannlte :

Ahlfeld 1954

Ahlfeld and Munoz Reyes 1938,

1955

Bannister and Hey 1937

Block and Ahlfeld 1937

Herzenberg and Ahlfeld 1935

Penroselte (blockite) :

Ahlfeld 1954

Ahlfeld and Munoz Reyes 1938,

1955

Bannister and Hey 1937

Block 1937

Block and Ahlfeld 1937

Gordon 1925

Herzenberg and Ahlfeld 1935

Palache 1937

Selenite of Iron : Ahlfeld and MuBoz

Reyes 1955

Selenolite :

Ahlfeld 1954

Ahlfeld and Munoz Reyes 1955

Palache 1937

Tieraannlte :

Ahlfeld 1954

Ahlfeld and Munoz Reyes 1955

Umangite : Ahlfeld and Mufloz Reyes

193S

Bornhardtlte, Trogtal, Hans, Germany:

Ramdohr and Schmitt 1955

Botanical prospecting.

Indicator plants :

Cannon 1952, 1953, 1954,

1956, 1957

Cannon and Klelnhampl 1956

Cannon and Starrett 1956

Hawkes 1957

Brazil, San Jose, Minas Geraes, joseite :

Genth 1885

Peacock 1941

Burma, liawdwin mine: Brown, J. C, and

Dey 1955

Cucheutalte.

Cacheuta, Argentina :

Ahlfeld and Angelelli 1948

Des Cloizeaux and Damour 1881

Mineralogy : Palache and others 1944

Cadmoselite : Buryanova and others 1957

Caliche, Atacama desert. Chile :

Goldschmidt and Strock 1935

Strock 1935

California.

Abbott quicksilver mine. Lake County :

Bradley 1918

Eakle 1914

Murdoch and Webb 1956

Schrader and others 1917

California—Continued

Clear Lake quicksilver, Lake County :

Eakle 1914

Murdoch and Webb ISM

Schrader and others 1917

Cretaceous shales : La kin and Brers

1941

Guadalupe quicksilver mine, Santa

Clara County :

Eakle 1914

Murdoch and Webb 1956

Schrader and others 1917

Helen mine, Orange County : Murdoch

and Webb 1956

Idaho-Maryland mine. Grass Valley,

Nevada County, naumannite:

Murdoch and Webb 1956

Iron Mountain, Shasta County : Ellen

1913

Orange County, tiemannite : Bradley

1918

San Joaquin Ranch quicksilver mine.

Orange County :

Eakle 1914

Murdoch and Webb 1956

Schrader and others 1917

Santa Clara County, tiemannite : Brad

ley 1918

Socrates quicksilver mine, Sonoma

County :

Bradley 1918

Murdoch and Webb 1956

Soil : Swalne 1955

Table Mountain, gold, Mother Lode,

Tuolumne County : Turner

1898

Tiemannite :

Bradley 1918

Eakle 1914

Murdoch and Webb 1956

Schrader and others 1917

Vegetation : Beath and others 1939h.

1940, 1941

Willard gold property, Murphys district,

Calaveras County, eucairite :

Murdoch and Webb 1956

Canada.

Alberta :

Byers and Lakln 1939

Walker and others 1941

Williams and others 1941

Copper refineries producing selenium:

Bernard 1933, 1944

Clark and Schloen 1944

Collins 1937

Djlngheuzian 1957

Harloff and Johnson 1933

Janes 1956

Schloen and Elkin 1946

FUn Flon, Manitoba : Clark and

Schloen 1944

General : Canada Department of Mines

and Technical Surveys 1952
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Canada—Continued

Goldflelds district uranium ores, Saskat

chewan, clausthelite, klock-

mannite, tiemannlte, uman-

gite:

Kobinson, S. C. 1950

Robinson, S. C, and Brooker

1952

Grunby, British Columbia : Harloff and

Johnson 193.3

Manitoba :

Hyers and Lakiu 1939

Willlums and others 19-11

Noranda. Quebec: Schlocn and Klkln

1940

Saskatchewan :

Byers and Lakin 1939

Robinson, S. C. 1950

Robinson, S. C, and Brooker

1952

Robinson, W. 0. 1936

Thorvaldson and Johnson 1940

Williams and others 1941

Soils :

Byers 1936

Byers and Lakin 1939

Robinson, W. O. 1930

Swaine 1955

Walker and others 1941

Williams and others 1941

Sudbury, Ontario :

Benard 1933, 1944

Collins 1937

Schloen and Elkin 1946

Theano Point, Ontario, uranium : Rob

inson, S. C. 1950

Cranium ores : Robinson, S. C. 1950

Vegetation :

Byers and Lakin 1939

Robinson, W. O. 1936

Thorvaldson and Johnson 1940

Walker and others 1941

Williams and others 1941

'astlllite, mineralogy : Palache nnd others

1944

See also Guanajuntite.

Chalromenlte.

Argentina :

Ahlfeld and Angelelli 1918

Angelelli 1950

Cerro de Cacheuta, Mendoza, Argentina :

Angelelli 1950

Bertrand 1882

Damour 1881

Des Clolzeauz and Damour 1881

Goldflelds district, Saskatchewan, Can

ada :

Robinson, S. C. 1950

Robinson, S. C, and Brooker

1952

Hlaco mine, Pacajake, Bolivia :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1955

Block and Ahlfeld 1937

Chuleomenite—Continued

Biaco mine, Pacajake, Bolivia—Con.

Gonl and Guillemin 1953

Palache 1937

Mineralogy :

Frledel and Sarasin 1881a, b

Palache 1937

Palache and others 1944

Chemistry :

Berzellus 1818

Gmelins Handbuch anorganl-

schen Chemle 1942

Hlllebrand and others 1953

Lenher 1923

Mellor 1930

Trelease and Beath 1949

Chile.

Aguas Blancas, Copiap6, eucalrlte :

Palache and others 1944

Atacama desert, caliche :

Goldschmidt and Strock 1935

Struck 1935

Flamenco, Atacama desert, eucarlte :

Domeyko 1864

Chivlatite.

Falun, Sweden :

Johansson 1924

Peacock and Berry 1940

Mineralogy :

Johansson 1924

Palache and others 1944

Peacock and Berry 1940

Clausthallte.

Argentina :

Ahlfeld and Angelelli 1948

Angelelli 1950

Cerro de Cacheuta, Mendoza, Argentina :

Des Clolzeaux and Damour 1881

Domeyko 1866

Clausthal, Harz, Germany : Frebold

1927a

Goldflelds district, Saskatchewan,

Canada :

Robinson, S. C. 1950

Robinson, S. C, and Brooker

1952

Hlaco mine, Pacajake, Bolivia :

Ahlfeld and MuDoz Reyes 1938,

1955

Ahlfeld 1954

Block 1937

Block and Ahlfeld 1937

Hypotheek mine, Coeur d'Alene district,

Shoshone County, Idaho :

Shannon 1926

Isomorpbous with galena :

Coleman, R. G., and Delevaux

1957

Heler 1953

Kongsbefg and Numedal, Norway :

Heler 1953
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Clausthallte—Continued

Lehrbaeh, Harz, Germany : Frebold

1927a

Mineralogy :

Early 1950

Heler 1953

Palache and other* 1944

Short 1931

"Roter Bftr" mine, St. Andreasberg,

Han, Germany : Geilmann

and Rose 1928

Tllkerode, Harz, Germany :

Frebold 1927a

Olsaeher 1927

Trade Dollar mine, Silver City district,

Idaho : Piper and Laney 1926

Trogtal, Harz, Germany :

Frebold 1927a, b

Ramdohr and Schmltt 1955

Uranium deposits, Western United

States :

Botlnelly 1956

Coleman, R. G. 1956

Coleman, R. G., and Delcvaux

1957

Weeks, A. D. 1956

Zorge, Harz, Germany :

Frebold 1927a

Olsncher 1927

Coal

Kladno, Czechoslovakia : Rost 1935,

1937

Liege, Belgium :

Gibson and Selvig 1944

Jorisson 1890

Uranlnm-bearing, La Ventana mesa,

Sandoval County, N. Mex. :

Cannon and Starrett 1956

Cobultlan ferroselite, uranium deposits.

Western tinltcd States : Weeks,

A. D. 1956

Cobalt-nlckel-coppor selenlde, GoldQelds dis

trict, Canada : Robinson, S.

C, and Brooker 1952

I'olmltomenlte.

Argentina : Ahlfeld and Augelelll 1948

Cerro de Cacheuta, Mendoza, Argen

tina : Bertrand 1882

HIuco mine, Pacajake, Bolivia: Palache

1937

Mineralogy :

GonI and Guillemln 1953

Palache and others 1944

Cobalt Belentde minerals.

Spinel group : Machatschki and Strad-

ner 1952

Trogtal, Harz, Germany : Ramdohr and

Schmltt 1955

Coke, England : Gibson and Selvig 1944

Colombia.

Lelva district Boils, State of Boyaca :

Ancizar-Sordo 1947

Soils :

Ancizar-Sordo 1947

Swaine 1955

Colorado.

Blue Mountain, Routt (Moffat) County :

Gale 1908

Bull Canyon district. Montrose County:

Coleman, R. G.. and Delevaux

1957

Camp Bird mine, Ouray : Ileadden 1907

Cortex district, Montezuma County :

Coleman, R. G., and Delevaux

1957

Gilpin County : Goldschmidt 1954

Gypsum Valley district, San Miguel

County : Coleman, R. G-, and

Delevaux 1957

Jo Dandy mine, Paradox Valley, Mont

rose County : Hess 1925

\m Plata Mountains, La Plata County :

Coleman, R. G., and Delevaux

1957

Lradville: Bartlett 1889

Liberty Bell mine, Telluride : Bastin

1923

Maybell district, Moffat County : Cole

man, R. G., and Delevaux

1957

Native selenium : Thompson. M. E., and

others 1956

Pennut mine, Bull Canyon. Montrose

County : Thompson, M. E., and

others 1956

Placerville district, Montrose County :

Coleman, R. G., and Delevaux

1957

Rico district, Montezuma County :

Coleman, It. G., and Delevaux

1957

Klfle district, Garfield County: Cole

man, R. G., and Delevaux

1957

Slick Rock district, San Miguel County :

Coleman, R. G., and Delevaux

1957

Soils:

Beath 1943

Beath and others 1939b. 1»40.

1941

Byers 1935, 1936

Byers and others 1938

Swaine 1955

Uranium, vanadium ore* :

Coleman, R. G., and Delevaux

1957

Gale 1908

Hess 1925

Thompson, M. E., and others

1956

Uravan district, Montrose County : Cole

man, R. <!., and Delevaux

1957
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Colorado—Continued

Vegetation :

Beath 1943

Beath and others 1939b, 1940,

1941

Williams and others 1941

Vulcan mine, Gunnison County, selenl-

ferous sulfur : Trltes 1956

Wet Mountains, thorium : Chrlstman

and others 1953

Wbitehorn, Fremont County, tetrady-

mite: Hillebrand 1905

Colorado Plateau.

Botanical prospecting :

Cannon 1952, 1954, 1957

Cannon and Klelnhampl 1950

Seleniferous uranium-vanadium de

posits :

Botlnelly 1956

Coleman, R. G. 1956

Coleman, R. (!., and Delevaux

1957

Hess 1933

Miesch and Connor 1956

Trites 1956

Weeks. A. D. 1956

Colorado River :

Byers and others 1938

Williams and Byers 1935a

Compounds.

General :

Ber/.ellus 1818

DeMent and Dake 1940

(imellns Handbuch anorganls-

chen Chemle 1942

Halen 1921

Mellor 1930

Painter 1941

Inorganic :

Alber and Barand 1939

Elkln and Margrave 1954

McCullough and others 1946

Painter 1941

Wire, platinum : Howe and Holtz 1919

Copper deposits containing selenium. See

Arizona ; Australia ; Belgian

Congo ; Canada ; Finland ;

Germany : India ; Italy ; Ja

pan ; Mexico ; Montana ; Ne

vada ; Northern Rhodesia ;

Peru ; Spain ; Sweden ; Tas

mania ; Tennessee ; U. S. S. R. ;

Utah ; Yugoslavia.

Copper refineries, byproduct selenium

analyses :

Benard 1933, 1944

Djlngheuzhvn 1957

Eilers 1913

Harloff and Johnson 1933

Hess 1913, 1916

Hukkl and Runollnna 1950

Imperial Institute 1937

Copper refineries—Continued

Janes 1956

Japan Geological Survey 1956

Keller 1914

Koeppel and Schelllnger 1957

Mosher 1933

Murray 1933

Ollvares S. and Glron B. 1956

Schloen and Elkln 1946, 1950,

1954

Cosalite.

Bollden mine, Skellefte district,

Sweden :

Giivelin 1955

fidman 1941

Mineralogy :

Grasselly 1948

Eoch 1948

Palache and others 1944

Itezbanya-Baita, Hungary :

Grasselly 194*

Koch 1948

Crookesite.

Mineralogy :

Early 1950

Meyer and Bratke 1924

Palache and others 1944

Skrikerum, Sweden : Nordensklold

1867a, b

Crops. See Vegetation.

Crystallography :

Ancel 1919

Blnnchl 1919

Brown, F. C. 1914, 1915

Machatschkl and Stradner 1952

Muthmann 1890

Palache and others 1944

Peacock and Berry 1940

Saunders 1900

Slnttery 1925

Csikloraite, Carpathian Basin, Hungary :

Koch 1948

Cuba.

Soils : Byers 1036

Vegetation : Byers 1936

Czechoslovakia, Kladuo coal: Rost 1935.

1937

Determination of selenium. See Analytical

methods.

District of Columbia, soils : Lakln and Byers

1941

Durdenite. See Emmonslte.

Economics :

Imperial Institute 1937

Santmyers 1930

Sargent 1954, 1955a, b

Tyler 1952
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Emmonslte (durdenlte) :

El Plomo mine, Ojojoma diBtrlct, De

partment of Tegucigalpa, Hon

duras : Dana and Wells 1890

Mineralogy : Palache and others 1944

England.

Coke : Gibson and Selvig 1944

St. Agnes, Cornwall : Goldschmidt

1954

Eskebornite, Tilkerode, Hare, Germany :

Ramdohr 1949

Eucalrite.

Aguas Blancas, Coplap6, Chile : Palache

and others 1944

Argentina :

Ahlfeld and Angelelli 1948

Angelelll 1950

Fromme 1890

Klockmann 1891

Otto 1891

Orro de Cacheuta, Mendoza, Argentina :

Domcyko 1866

Flamenco, Atacama desert, Chile : Do-

meyko 1864

Mineralogy :

Early 1950

Fromme 1890

Klockmann 1891

Meyer and Bratke 1924

Otto 1890

Palache and others 1944

Short 1931

Mount Lyell, Tasmania : Edwards 1939

Skrikerum, Sweden : NordensklSld

1867a, b

Uranium deposits, Western United

States :

Coleman, R. G. 1956

Coleman, R. G., and Delevaux

1957

Weeks, A. D. 1956

Willnrd mine, Murphys district, Calif. :

Murdoch and Webb 1956

Europe, clay shales : Mlnami 1935

Ferric selenite in uranium deposits : Trites

and Lakin 1956

Ferroselite.

Tuvlnsk Autonomous Territory.

U. S. 8. R. :

Buryanova 1956

Buryanova and Komkov 1955

Uranium deposits, Western United

States :

Coleman, R. G., and Delevanx

1957

Weeks, A. D. 1956

Finland, Outokumpu copper:

Hukkl and Runolinna 1950

Schloen and Elkln 1950, 1954

France.

La Roche-Posay, Vienne. mineral

waters : Taboury 1909

vegetation : Taboury 1932

Frenzelite. See Guanajuatite.

Geochemlcal prospecting. Sec Botanical

prospecting.

Geochemistry :

Cadek and Doleial 1957

Goldschmidt 1937, 1954

Goldschmidt and Hefter 1933

Goldschmidt and Strock 1935

Hawkes 1957

Krauskopf 1955

Landergreu 1935

Mason 1952

Noddack 1936

Rankama and Sahama 1949

Shcherblna 1949

Strock 1935

Trites and Lakin 1956

Tyler 1952

Geologic formations, seleniferous. Western

United States :

Beath 1936, 1937, 1943

Heath and Gilbert 1936

Beath and others 1934a, b.

1935, 1937b, 1939a, b, 1940.

1941, 1946

Byers 1934, 1935, 1936

Byere and Lakin 1939

Coleman, R. G. 1958

Coleman, R. G., and Delevanx

1957

Hershey 1945

Knight. S. H. 1937

Lakin and Byers 1941, 1948

Moxon 1937

Moxon and Rhian 1943

Moxon and others: 1938, 1939

Olson and Moxon 1939

Pugsley and Cox 1937

Sargent 1954, 1955a

Searigbt and Moxon 1945

Senright and others 1946.

1946-47

Trelease and Beath 1949

Walker and others 1941

Williams 1939

Williams and Byers 1935a.

1936

Williams and others 1940, 1941

Germany.

Bad Grund : Goldschmidt 1954

Berzellanlte :

Frebold 1927b

Geilmann and Rose 192S

Bornhardtlte, Trogtal, Harz : Ramdohr

and Schmltt 19.">5

Caroline mine. Harz : Frebold 1927t>

Clausthal, Harz : Frebold 1927a, b
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Germany—Continued

Clausthallte :

Frebold 1927a, b

Gellmann and Rose 1928

Olsacher 1927

Ramdohr and Schmitt 1955

Kskebornite, Tllkerode : Ramdohr 1949

Guanajuatlte :

Gellmann and Rose 1928

Genth 1891

Hastite, Trogtal: Ramdohr and Sch

mitt 1955

Klockmannlte, Lehrbach : Ramdohr

1928

Lehrbach, Harz : Frebold 1927a, b :

Ramdohr 1928

Lehrbachlte : Frebold 1927a

Mansfeld, copper :

Goldschmldt 1954

Noddack 1936

Molybdomenite, Trogtal: Gonl and

Gulllemln 1953

Native selenium, Trogtal : Ramdohr and

Schmitt 1955

Naumannlte :

Frebold 1927a

Gellmann and Rose 1928

Oberjeremlashohe mine, Harz : Frebold

1927b

Rammelsberg: Goldschmldt 1954

"Roter BAr" mine, St. Andreasberg,

Harz : Gellmann and Rose

1928

Scbneeberg, blsmuthlnlte : Schmidt

1925

Selenquecksilberkupferblel, Zorge : Ol

sacher 1927

Tleraannlte :

Frebold 1927a

Gellmann and Rose 1928

Olsacher 1927

Tllkerode, Harz :

Frebold 1927a

Olsacher 1927

Ramdohr 1949

Trogtal, Harz :

Frebold 1927a, b

Gonl and Gulllemln 1953

Ramdohr and Schmitt 1955

Trogtallte : Ramdohr and Schmitt 1955

Umanglte :

Frebold 1927a

Gellmann and RoBe 1928

Olsacher 1927

Upper Silesia :

Goldschmldt 1954

Noddack 1936

Zinc selenlde : Gellmann and Rose 1928

Zorge, Harz :

Frebold 1927a

OlRacher 1927

Zorglte :

Frebold 1927a

Olsacher 1927

Glacial deposits.

Canada : Walker and others 1941

Minnesota : Searight and Moxon 1945

South Dakota :

Searight and Moxon 1945

Searight and others 1946

Gold bismuth-selenium ore, New South

Wales, Australia : Curran

1895

Gold deposits containing selenium. See

Australia ; California ; Hon

duras ; Hungary ; Idaho ; Ne

vada ; New Zealand ; Sumatra :

Utah ; Virginia ; Washington.

Gold selenlde.

Aurora district, Nev. : Hill, J. M. 1915

Monument mine, Myers Cove, Idaho:

Umpleby 1913a

Radjang Lebong, Sumatra: Lindgren

1933

Republic district, Wash. :

Bancroft 1914

Lindgren 1909, 1933

Umpleby 1010

Tonopah, Nev. :

Bastln and Laney 1918

Spurr 1905a

Grilnlinglte.

Mineralogy :

Grasselly 1948

Palache and others 1944

Rezbanya-Balta, Hungary : Grasselly

1948

Guadalcazarite. SeeMetaclnnabar.

Guanajuatlte (frenzelite, castillite).

Germany : Genth 1891

Guanajuato, Mexico :

Fernandez 1877

Frenzel 1874

Mallet 1878

Peacock and Berry 1940

Ramdohr 1948

Kirtley Creek, Lemhi County, Idaho:

Shannon 1926

Melting point and mode of occurrence :

BorgstrOm 1914-15

Mineralogy :

Farley 1950

Fernandez 1877

Mallet 1878

Palache and others 1944

Peacock and Berry 1940

Ramdohr 1948

"Roter Bar" mine, St. Andreasberg,

Harz, Germany : Gellmann and

Rose 1928

Hastite, Trogtal, Harz, Germany : Ramdohr

and Schmitt 1955
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Hawaii.

Soil:

Byers and others 1936, 1938

Hance 1939

Hough and others 1941

Laklu and others 1938

Swalne 1955

Williams and others 1940

Vegetation : Hance 1939

Volcanoes :

Brown, O. V. 1916, 1917

Byers and others 1936

Hance 1939

History :

DeMent and Dake 1946

Gmellns Handbuch anorgani-

schen Chemie 1942

Mellor 1930

Santmycrs 1930

Stone and Caron 1954

Trelease and Beath 1949

Weeks, M. B. 1956

Honduras, El Plomo mine, Ojojoma district,

Department of Tegucigalpa :

Dana and Wells 1890

Hot spring deposits, National district, Hum

boldt County, Nev. :

Llndgren 1915

Roberts 1940

Hungary.

Carpathian Basin, cslklovaite, tetrady-

mlte: Koch 1948

Faczebaja, selentellurlum : Dana and

Wells 1890

Rozbanya-Baita, cosalite :

Grasselly 1948

Koch 1948

grtlnllngite, Joselte : Grasselly

1948

Iceland, Krisuvik, selenlferous sulfur :

Friend and Allchin 1941

Idaho.

Agullarlte, De Lamar silver mine,

Owyhee County : Bradley

1916

Clausthalite :

Piper and Laney 1926

Shannon 1926

De Lamar mine, Silver City district,

Owyhee County :

Bradley 1916

Piper and Laney 1926

Shannon 1920a, b; 1926

Gravel Range district, Lemhi County :

Shannon 1926

Umpleby 1913a

Hypotheek mine, Coeur d'Alene district,

Shoshone County, clausthalite :

Shannon 1926

Kirtley Creek, Lemhi County, guanajua-

tite : Shannon 1926

Idaho—Continued

Musgrove mine, Blackbird district.

Lemhi County : Umpleby

1913a

Naumannlte :

Piper and Laney 1926

Shannon 1920a, b ; 1926

Parker Mountain district. Lemhi

County :

Shannon 1926

Umpleby 1913a

Silver City district, Owyhee County:

Bradley 1916

Piper and Laney 1926

Shannon 1920a, b ; 1926

Soil:

Lakln and Byers 1948

Swalne 1955

Trade Dollar mine. Silver City district.

Owyhee County, clausthalite :

Piper and Laney 1926

Trail Creek, Hailey quadrangle, tetra

dymlte : Shannon 1925

Vegetation : Beath and others 1939b

Yankee Fork district, Custer County:

Shannon 1926

Umpleby 1913b

India, Slnghbhum copper : Brown J. C and

Dey 1955

Indicator plants. See Vegetation

Iowa, soil : Slater and others 1937

Ireland.

County Limerick :

Fleming and Walsh 1957

Walsh and others 1951

County Meath : Fleming and Walsh

1957

County Tipperary : Fleming and Walsh

1957

Rocks : Fleming and Walsh 1957

Soil:

Fleming and Walsh 1957

Swalne 1955

Walsh and others 1951

Vegetation : Fleming and Walsh 1957

Iron ores.

Iron Mountain, Utah : Tyler 1952

Sedimentary :

Goldschmldt 1937

Goldschmldt and Strock 1935

Strock 1935

Italy,

Agordo, pyrlte : Bockenbauer and

Schroll 1956

Gargintl, sulfur : Marvin and Schumb

1935

Lipari Island, selenlferous sulfur :

Brown, G.V. 1917

Clarke 1924

Quercigh 1925

Montecatlnl, copper : Sargent 1955

Mount Etna : Di Franco 1942
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Italy—Continued

Sicily, selenlferous sulfur :

Brown, G. V. 1917

Klason and Mellquist 1912b

Marvin and Schumb 1935

Vesuvius, fumarole Incrustation :

Mattenccl and Giustlnlani 1897

Zambonlnl and Conlglio 1925

lava : Bellini 1907

Japan.

Clay shales : Mlnaml 1935

General : Japan Geological Survey

1956

Hitachi copper mine : Sargent 1955a

Iwojlma Island and Tateyama-Jlkogu,

selenlferous sulfur : Jlmbo

1899

Iwoshlma, Etchul, and Oshima, selen

lferous sulfur : Divers and

Shimidzu 1883

Sea water :

Ishlbashl 1953

Ishibashl and others 1953

Soil:

Swalne 1955

TsuBe and Terada 1950

Sulfide minerals :

Salto 1953

Tsuge and Ternda 1950

Sulfur :

Klason and Mellqulst 1912b

Smith 1915

Yakumo mine : Saito 1953

Java, Papandajan, West-Java, selenlferous

sulfur : Geilinann and Blitz

1931

Joselte.

Mineralogy :

Gen tb 1885

Grasselly 1948

Palache and others 1944

Peacock 1941

Rezbfinya-Baita, Hungary : Grasselly

1948

San Jose, Mlnas Geraes, Brazil :

Genth 1885

Peacock 1941

Kansas.

Soils :

Byers 1935, 1936

Slater and others 1937

Swalne 1955

Wheat : Williams and others 1941

Kerstenite, Mineralogy : Palache and others

1944

Klockmannlte.

Argentina:

Ahlfeld and Angelelll 1948

Angelelll 1950

Barley 1949

Eamdohr 1928

478446—59 7

Klockmannlte—Continued

Goldflelds district, Saskatchewan, Can

ada :

Robinson, 8. C. 1950

Robinson, S. C, and Brooker

1952

Lehrbach, Harz, Germany : Ramdohr

1928

Mineralogy :

Earley 1949

Palache and others 1944

Ramdohr 1928

Short 1931

Sierra de Umango, Argentina :

Angelelll 1950

Earley 1949

Ramdohr 1928

Skrlkerum, Sweden : Ramdohr 1928

Kobellite, Boliden, Skellefte district,

Sweden :

Gavelln 1955

Oilman 1941

Lead-btsmuth-selenlde, Falun, Sweden :

Atterberg 1874

NordstrSm 1879

Lead-copper selenldes, Peru : Plsanl 1879

Lead selenate.

Cerro de Cacheuta, Mendoza, Argentina :

Gonl and Gulllemin 1953

Hlaco mine, Pacajake, Bolivia :

Ahlfeld and MuBoz Reyes 1965

Gonl and Gulllemin 1953

Mineralogy :

Gonl and Gulllemin 1953

Palache and others 1944

Lead-zinc deposits containing selenium. See

Burma ; Colorado ; Thailand ;

U. S. S. R. ; Utah.

Lehrbachlte.

Harz, Germany : Frebold 1927a

Mineralogy :

Meyer and Bratke 1924

Palache and others 1944

Short 1931

Louisiana, sulfur: Marvin and Schumb

1935

Maryland, soil : Lakin and Byers 1941

Metaclnnabar (guadalcazarlte ; onofrite).

Culebras, Mexico : Brush 1881

Guadalcazar, Mexico :

Brush 1881

Burkart 1866, 1872

Peterson 1872

Hultzuco, Guerrero, Mexico :

de la Pefia 1944

McAllister and Hernandez Ortiz

1945

Vaupell 1938
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Metaclnnabar—Continued

Lucky Boy mine, Marysvale, Piute

County, Utah :

Bethke 1956

Brush 1881

Butler and others 1920

MeCaskey 1912

Schrader and others 1917

Mineralogy :

Bethke 1956

Kurkart 1872

Pnlnche and others 1944

Petersen 1872

Short 1931

San Onofre. Mexico : Brush 1881

Metallurgy :

Benard 1933, 1944

DJIngheuzlan 1957

Downie 1952

Elkln and Margrave 1954

Everett and Bauerle 1957

Harloff and Johnson 1933

Hukki and Runollnna 1950

Imperial Institute 1937

Keller 1914

Koeppel and Schellinger 1957

Mining Journal 1953

Mosher 1933

Murray 1933

Olivares S. and Glr6n B. 1956

Sanderson 1940

Sargent 1954, 1955a

Schloen nnd Elkin 1946 1950

1954

Stone and Caron 1954

Tyler 1952

Meteorites :

Byers 1938

Goldschmldt 1954

Strock 1935

Warren 1888

Williams and others 1941

Mexico.

Aguilarite. San Carlos mine, Guana

juato : Genth 1891

Bismuthinite, Guanajuato : Genth 1891

Cananea, copper: Sargent 1955

Chihuahua, soil: Williams and others

1940

Culebras quicksilver :

Brush 1881

Del Rio 1828, 1836

General : Gonzales Reyna 1956

Guadalcazar, quicksilver :

Brush 1881

Burkart 1866, 1872

Petersen 1872

Guanajnatite, Guanajuato:

Fernandez 1877

Frenzel 1874

Mallet 1878

Peacock and Berry 1940

Ramdohr 1948

I Mexico—Continued

I Guanajuato, silver :

Aguilero 1901

Byers 1937b

Castillo 1873, 1874

Fernandez 1877

Frensel 1874

Genth 1891

Gonzales Reyna 1956

Mallet 1878

Miller and Brown 1938

Peacock and Berry 1940

Ramdohr 1948

Williams and others 1940

Hultzuco, Guerrero, quicksilver:

dela Pefia 1944

McAllister and Hernandez Ortii

1945

Vaupell 1938

Irapuato, soil :

Byers 1937b

Miller and Brown 1938

Juarez, soil : Williams and others 1940

Metacinnabar :

Brush 1881

Burkart 1866, 1872

de la Pefla 1944

McAllister and Hernandei Ortli

1945

Petersen 1872

Vaupell 193S

Pachuca : Tyler 1952

Paraguanajuatite, Guanajuato: Ram-

dohr 1948

Riollte. Culebras: Del Rio 1828, 1836

San Onofre, quicksilver : Brush 1881

Soil:

Byers 1937b

Miller and Brown 1938

Swaine 1955

Williams and others 1940

Tiemannite :

Brush 1881

de la Pefla 1944

McAllister and Hernandez Ortii

1945

Vaupell 1938

Torreoii, soli: Williams and others

1940

Mineralogy :

Borgstriim 1914-15

Clarke and Washington 1924

DeMent and Dake 1946

Earlcy 1949, 1950

Goni and Gulllemln 1953

Hess 1916

Muthmann 1890

Palache and others 1944

Short 1931

See also various minerals.

Minerals. See particular minerals.

Minnesota, glacial deposits: Searight and

Moxon 1945
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Missouri, soil :

Beath and others 1940

Slater and others 1937

Swalne 1955

Molybdomenite.

Argentina :

Ahlfeld and Angelelli 1948

Bertrand 1882

GonI and Gulllemln 1953

Cerro de Cacheuta, Mendoza, Argen

tina :

Bertrand 1882

Gonl and Gulllemln 1953

Illitoo mine, Pacajake, Bolivia: Ahl

feld and .Miiiioz Reyes 1955

Mineralogy :

Gonl and Gulllemln 1953

Palache and others 1944

Trogtal, Harz, Germany : Gonl and Gull

lemln 1953

Montana.

Butte copper ore :

Hess 1916

Weed 1912

Soil:

Byers 1935, 1936

Swalne 1955

Williams and others 1940, 1941

Vegetation :

Beath and others 1939b, 1940,

1941

Williams and others 1940, 1941

Native selenium.

Henry Mountains, Utah : Hlllebrand

and others 1914

Hlaco mine, Pacajake, Bolivia :

Ahlfeld 1954

Ahlfeld and MuHoz Reyes 1955

Block and Ahlfeld 1937

Lucky Mc mine, Fremont County, Wyo. :

Grutt 1956

Mineralogy : Palache and others 1944

Paradox Valley, Utah : Hlllebrand and

others 1914

Peanut mine, Montrose County, Colo. :

Thompson, M. E., and others

1956

Road Hog No. 1A mine, Fall River

County, S. Dak. : Thompson,

M. E., and others 1956

Thompsons district, Utah :

Hlllebrand and others 1914

Thompson, M. E., and others

1956

Trogtal, Harz, Germany : Ramdohr and

Schmitt 1955

United Verde mine, Jerome district,

Ariz. : Palache 1934

Uranium-vanadium deposits, WeBtern

United States :

Coleman, R. G. 1956

Coleman, R. G., and Delevaux

1957

Native selenium—Continued

Uranium-vanadium—Continued

Grutt 1956

Hlllebrand and others 1914

Thompson, M. E., and others

1956

Trltes and Lakin 1956

Naumannite.

Argentina :

Ahlfeld and Angelelll 1948

Angelelli 1950

Colquechaca, Bolivia : Bannister and

Hey 1937

De Lamar mine. Sliver City district,

Idaho : Shannon 1920a, b ;

1926

Gravel Range district, Lemhi County,

Idaho : Shannon 1926

Hiaco mine, Pacajake, Bolivia :

Ahlfeld and Mufloz Reyes 1938,

1955

Ahlfeld 1954

Bannister and Hey 1987

Block and Ahlfeld 1937

Herzenberg and Ahlfeld 1935

Idaho-Maryland mine, Grass Valley,

Calif. : Murdoch and Webb

1956

Jarhi.lge district, Nev. : Schrader 1923

Mineralogy :

Earley 1950

Palache and others 1944

Short 1931

Parker Mountain district, Lemhi

County, Idaho : Shannon

1920

Republic district, Wash. : Thompson,

R. M. 1954

"Roter Bttr" mine, St. Andreasberg,

Harz, Germany : Gellmann and

Rose 1928

Silver City district, Owyhee County,

Idaho :

Piper and Laney 1926

Shannon 1920a, b; 1926

Tllkerodc, Harz, Germany : Frebold

1927a

Yankee Fork district. Custer County,

Idaho : Shannon 1926

Nebraska.

Pierre formation : Byers 1935

Soil :

Byers 1935

Swalne 1955

Vegetation :

Beath and others 1941

Willlnms and others 1941

Nevada.

Aurora district : Hill 1915

Buckskin Peak, quicksilver, National

district, Humboldt County :

Roberts 1940
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Nevada—Continued

Clark County, Boil : Lakin and Byers

1941

Cmiistoek Lode, Virginia City, agulla-

rite : Coats 1936

Ely district : Spencer 1917

Jarbidge district, naumannlte : Schrader

1923

National district, Humboldt County, hot

springs :

Lindgren 1915

Roberts 1940

Soil:

Lakin and Byers 1941, 1948

Swalne 1955

Tonopab district :

Bastln and Laney 1918

Spun- 1905a, b

Vegetation :

Beath and others 1939b

Lakin and Byers 1948

New Jersey, soil :

Lakin and Byers 1941

Swalne 1955

New Mexico.

Botanical prospecting :

Cannon 1953

Cannon and Starrett 1956

Cretaceous formations : Hershey 1945

Grants area, uranium :

Cannon 1953

Coleman, R. G., and Delevaux

1957

Trltes 1956

La Ventana mesa, uranium-bearing coal,

Sandoval County : Cannon and

Starrett 1956

Soli:

Byers 1935, 1936

Byers and others 1988

Hershey 1945

Swalne 1955

Vegetation :

Beath and others 1939b, 1940,

1941

Byers 1936

Hershey 1945

New Zealand.

Great Barrier, Hauraki Goldflelds :

Allen 1900

Selenlferous sulfur: Brown, G. V. 1917

Soil: Swalne 1955

North Carolina.

Soil:

Byers 1936

Slater and others 1937

Vegetation : Byers 1936

North Dakota.

Soil:

Lakin and Byers 1948

Swalne 1955

Williams and others 1941

North Dakota—Continued

Vegetation :

Beath and others 1939b. 194*.

1941

Williams and others 1941

Northern Rhodesia. N'Kana, Mufnlira.

copper : Schloen and Elktn

1950, 1954

Norway.

Blrtavarre district, TToms. sulfide

ores : Yokes 1957

Kongsberg and Numedal, claustballte :

Heler 1953

Leksdals sedimentary pyrite : Carsteas

1941a, b, c

L0kken-Grong hydrothermal pyrite :

Cur*tens 1941a, b, c

North Vinoren: Heler 1953

Occurrence, general :

Beyschlag and others 1914

Cahen 1919

Clarke and Washington 1924

DeMent and Dake 1946

Gmelins Handbuch anorgaa-

lschen Chemie 1942

Goldschmldt 1954

Halen 1921

HeSB 1909, 1916

Huntting 1956

Iron Age 1952b

Lenher 1923

Lindgren 1933

Mellor 1930

Mllllgan 1933

Mining Journal 1953

Sanderson 1940

Santmyers 1930

Sargent 1954, 1955a, b

Stone and Caron 1954

Trites 1956

Tyler 1952

Ocean. See Water.

Ocean floor deposits. See Sea-floor deposits.

Ohio, soil : Slater and others 1937

Oklahoma, soil :

Byers 1935

Lakin and Byers 1941

Slater and others 1937

Swalne 1955

Onofrlte. See Metaclnnabar.

Oregon.

Soil : Lakin and Byers 1948

Vegetation : Beath and others 1939b

Oxidation zone :

Coleman, R. G., and Delevaux

1957

Goldschmldt and Strock 1933

Strock 1935

Trltes and Lakin 1956
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Paraguanajuntite.

Guanajuato, Mexico : Ramdohr 1948

Mineralogy :

Barley 1950

Ramdohr 1948

Penroselte (block lie).

Colqnechaca, Bolivia :

Bannister and Bey 1937

Gordon 1925

Hlaco mine, Pacajake, Bolivia :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1938,

1955

Bannister and Hey 1937

Block 1937

Herzenberg and Ahlfeld 1935

Palache 1937

Mineralogy :

Barley 1950

Gordon 1925

Palache and others 1944

Peru.

Andes, lead-copper selenides : Plsanl

1879

Casapalca, Cerro, Morococha, and Yau-

rlcocha mines, Cerro de Pasco :

Ollvares S. and Gir6n B. 1956

Schloen and Elkln 1954

Chachanl, Arequlpa, sulfur: Dlos Gue

vara 1940

La Oroya smelter :

Koeppel and Schelllnger 1957

Ollvares S. and Glr6n B. 1956

Phosphates.

General :

Rader and II1U 1935

[D. S.] National Research Coun

cil, Materials Advisory Board,

Panel on Selenium : 1956

Phosphoria formation : Beath and

others 1937b, 1946

Platinum compounds, bibliography : Howe

and Holtz 1919

Platynlte, mineralogy : Palache and others

1944

Poisoning :

Knight, H. G. 1935

Mllligan 1953

Moxon 1937

Moxon and Rhlan 1943

Stone and Caron 1954

Trelease and Beath 1949

Properties :

Ancel 1919

Blanchl 1919

Brown, P. C. 1914

Cahen 1919

fallen and Wootton 1920

DeMent and Dake 1946

Elkln and Margrave 1954

Huntting 1956

Properties—Continued

Imperial Institute 1937

Melior 1930

Mllligan 1953

Painter 1941

Sanderson 1940

Santmyers 1930

Sargent 1954, 1955a

Saunders 1900

Stone and Caron 1954

Puerto Rico.

Soil:

Byers 1936

Byers and others 1938

Lakln and others 1938

Swalne 1955

Williams and others 1940

Vegetation : Byers 1936

Pyrites. See Sulfide minerals.

Quicksilver deposits containing selenium.

See Argentina ; California ;

Mexico ; Nevada ; Utah.

Rlolite, Culebras, Mexico: Del Rio 1828,

1836

Seafloor deposits.

Bering Sea :

Edgington and Byers 1942

Williams and Byers 1935b

Caribbean Sea at Bartlett Deep : Edg

ington and Byers 1942

Falmouth, England : Williams and

others 1940

Gulf of California : Lakln and Byers

1941

Halifax, Nova Scotia : Williams and

others 1940

North Atlantic : Edgington and Byers

1942

Ocean City, Md. : Edgington and Byers

1942

Pacific Ocean off southern California :

Lakln and Byers 1941

Sedimentary rocks, concentration in :

Krauskopf 1955

See al»o Geochemistry ; Geologic forma

tions ; Sulfide minerals.

Seebachlte, Harz, Germany : Frebold 1927a

Selenlde of iron, hydrouB, Hlaco mine,

Pacajake, Bolivia : Ahlfeld

and Muiloz Reyes 1955

SeleniferouB formations. See Geologic for

mations, selenlferous.

Selenlferous galenoblsmuthlte. See Welbul-

lite.

Selenlferous sulfur.

Chachanl, Arequlpa, Peru : Dlos Guevara

1940

Garginti, Italy : Marvin and Schumb

1935
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Selenlferous sulfur—Continued

General :

Kaiser 1954

Muthmann 1890

Japan :

Divers and Shlmldzu 1883

Jlmbo 1899

Kittson and Mellqulst 1921b

Smith 1915

Kllauea, Hawaii : Brown, G. V. 1916,

1917

Krisuvik, Iceland: Friend and Allchln

1941

Llparl Island, Italy :

Brown, G. V. 1917

Clarke 1924

Quercigh 1925

Louisiana : Marvin and Scbumb 1935

Mineralogy : Palache and others 1944

New Zealand : Brown, G. V. 1917

Papandajan, West-Java : Qellmann and

Blitz 1931

Sicily, Italy :

Brown, G. V. 1917

Klason and Mellqulst 1912b

Marvin and Schumb 1935

Texas : Marvin and Schumb 1935

Valley of Ten Thousand Smokes,

Alaska : Zles 1929

Tnlcan mine, Gunnison County, Colo. :

Trites 1956

Seleniosiegenite. See Siegenite.

Selenlovaesite. See Vaeslte.

Selenkobaltblei, Harz, Germany : Frebold

1927a

Selenocosnllte. See Cosallte.

Selenokobellite. See Kobelllte.

Selenolite

Argentina :

Ahlfeld and Angelelll 1948

Bertrand 1882

Ccrro de Cacheuta, Mendoza, Argentina :

Bertrand 1882

Hlaco mine, Pacajakc, Bolivia :

Ahlfeld 1954

Ahlfeld and Mufioz Reyes 1955

Palache 1937

Mineralogy : Palache and others 1944

Selenquecksilberkupfcrblei, Zorge, Germany :

Olsacher 1927

Selentellurium.

El Plomo mine, Ojojoma district, Tegu

cigalpa, Honduras : Dana and

Wells 1890

Faczebaja, Hungary : Dana and Wells

1890

Mineralogy : Palache and others 1944

Siegenite, Shlnkolobwe mine, Belgian Congo :

Derrlks and Vaes 1956

Silver deposits containing selenium. 8k

Argentina : Bolivia ; Germany ;

Idaho : Mexico ; Nevada ;

Washington.

Sliver-gold selenide.

Aurora, Nev. : Hill 1915

Monument mine, Myers Cove. Gravel

Range district, Lemhi County,

Idaho : Umpleby 1913a

Republic, Wash. :

Bancroft 1914

Umpleby 1910

Tonopah, Nev. :

Bastiu and Laney 1918

Spurr 1905a, b

Soils, selenlferous.

Absorption and content, factors affect

ing selenium :

Byers and Knight 1935

Hurd-Karrer 1934, 1935a, b

Moxon 1937

Moxon and others 1939

Analysis :

Robinson. W. O. 1933, 1945

Robinson, W. O., and others

1934

Arizona :

Beath and others 1939b, 1940,

1941

Byers 1935

Byers and others 1938

Moore. R. T. 1953

Swaine 1955

California :

Beath and others 1939b, 1940,

1941

Swaine 1955

Canada :

Byers 1936

Byers and Lakln 1939

Robinson, W. O. 1936

Swaine 1955

Walker and others 1941

Williams and others 1941

Colombia :

Ancizar-Sordo 1947

Swaine 1955

Colorado :

Beath 1943

Beath and others 1939b, 1940,

1941

Byers 1935, 1936

Byers and others 1938

Swaine 1955

Cuba : Byers 1936

District of Columbia : Lakln and Byers

1941

Form of selenium In :

Bear 1955

Beath and Eppson 1947

Beath and others 1937a, 1939a

Jacks and Scherbatoff 1940
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Soils, selenlferous—Continued

Form of selenium In—Continued

Lakln and others 1938

Olson and others 1942a, b

Olson and Mo von 1939

Painter 1941

Trelease 1945

Williams and Iiyers 1936

General :

Bear 1955

Byers 1935, 1936, 1937a

Byers and Knight 1935

Byers and others 1938

Jacks and Scherbatoff 1940

Knight, H. G. 1935

Lakin and Byers 1941, 1948

Miller 1937

Moxon and Rhinn 1943

Painter 1941

Robinson, W. O. 1936

Sargent 1954, 1955a, b

Swaine 1955

Trelease and Beath 1949

Williams 1939

Williams and others 1940, 1941

Glacial :

Searight and Moxon 1945

Searight and others 1946

Walker nnd others 1941

Hawaii :

Byers and others 1936, 1938

Hance 1939

Bough and others 1941

Lakln and others 1938

Swuine 1955

Williams and others 1940

Idaho :

Beath and others 1939b

Lakin and Byers 1948

Swaine 1955

Iowa : Slater and others 1937

Ireland :

Fleming and Walsh 1957

Swaine 1955

Walsh and others 1951

Japan :

Swaine 1955

Tsuge and Terada 1950

Kansas :

Byers 1935, 1936

Slater and others 1937

Swaine 1955

Maryland : Lakin and Byers 1941

Mexico :

Byers 1937b

Miller and Brown 1938

Swaine 1955

Williams and others 1940

Minnesota: Searight and Moxon 1945

Missouri :

Beath and others 1940

Slater and others 1937

Swaine 1955

Soils, selenlferous—Continued

Montana :

Beath and others 1939b, 1940,

1941

Byers 1935, 1936

Swaine 1955

Williams and others 1940, 1941

Nebraska :

Beath and others 1941

Byers 1935, 1936

Swaine 1955

Nevada :

Beath and others 1939b

Lakin and Byers 1941, 1948

Swaine 1955

New Jersey :

Lakin and Byers 1941

Swaine 1955

New Mexico :

Beath and others 1939b, 1940,

1941

Byers 1935, 1936

Byers and others 1938

Hershey 1945

Swaine 1955

New Zealand : Swaine 1955

Nontoxic :

Byers and others 1936

Hough and others 1941

Lakin and others 1938

North Carolina :

Byers 1936

Slater and others 1937

North Dakota :

Beath and others 1939b, 1940,

1941

Lakiu and Byers 1948

Swaine 1955

Williams and others 1941

Ohio : Slater and others 1937

Oklahoma :

Byers 1935

Lakin and Byers 1941

Slater and others 1937

Swaine 1955

Oregon :

Beath and others 1939b

Lakin and Byers 1948

Origin of selenium In soil :

Beath and others 1939a

Byers 1937a, b

Byers and others 1936

Moxon 1937

Pierre soil :

Byers 1934

Searight and others 1946-47

Puerto Rico :

Byers 1936

Byers and others 1938

Lakln and others 1938

Swaine 1955

Williams and others 1940

South Africa: Robinson, W. O. 1936
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Soils, selenlferous—Continued

South Dakota :

Beath and others 1939b, 1941

Byers 1935, 1936

Franke 1937

Miller and Byers 1935

Moxon 1937

Hozon and others 1938, 1939

Olson and Moxon 1939

Olson and others 1940, 1942b

Pugsley and Cox 1937

Searight and Moxon 1945

Searlght and others 1946, 1946-

47

Swalne 1955

Sulfur, effect on :

Franke and Painter 1937

Hurd-Karrer 1934, 1935b

Jacks and Scherbatoff 1940

Texas :

Beath and others 1939b, 1940,

1941

Byers 1936

Slater and others 1937

Swaine 1955

Williams and others 1940

Trace elements :

Slater and others 1937

Swalne 1955

U. S. 8. R. :

Swalne 1955

Vinogradov 1945

Utah:

Beath and others 1939b, 1940,

1941

Byers 1935

Byers and others 1938

Lakln and Byers 1948

Swalne 1955

Vegetation, effect on : Miller 1937

Washington : Slater and others 1937

Western United States :

Beath and others 1939a, b, 1940,

1941

Byers 1935, 1936

Trelease and Beath 1949

Wisconsin : Slater and others 1937

Wyoming :

Beath 1936, 1937

Beath and Eppson 1947

Beath and Gilbert 1936

Beath and others 1934a, b, 1935,

1936, 1937b, 1940, 1941, 1946

Byers 1936

Knight, S. H. 1987

Swalne 1955

Williams and others 1941

South Africa, soils and wheat : Robinson,

W. O. 1936

South Dakota.

Cretaceous formations :

Moxon 1937

Moxon and others 1938, 1939

South Dakota—Continued

Caster County, selenlferous spring : Mil

ler and Byers 1935

Edgemont district, Fall KiTex County,

uranium : Coleman, R. G-, and

Delevaux 1957

Fort Randall area: Pugsley and C«x

1937

General : Pugsley and Cox 1937

Glacial deposits :

Searight and Moxon 1945

Searight and others 1946

Gregory County, soil : Franke and

Painter 1937

Niobrara formation :

Moxon 1937

Moxon and others 1939

Pugsley and Cox 1937

Pierre formation :

Byers 1935

Moxon 1937

Moxon and others 1939

Olson and Moxon 1939

Pugsley and Cox 1937

Searight and others 1846-47

Road Hog No. 1A mine, Fan River

County, native selenium :

Thompson, M. R., and others

1956

Seleniferous formations :

Moxon 1937

Moxon and others 1938, 19S9

Pugsley and Cox 1937

Soil:

Byers 1935. 1936

Franke and Painter 1937

Miller and Byers 1935

Moxon 1937

Moxon and others 1938, 1939

Olson and Moxon 1939

Olson and others 1940, 1942b

Pugsley and Cox 1937

Searight and others 1946-47

Swalne 1955

Stratigraphlc distribution :

Moxon and others 1938, 1939

Searight and others 1946-47

Vegetation :

Beath and others 1939b, 1941

Miller and Byers 1935

Moxon 1937

Moxon and others 1938, 1939

Olson and Moxon 1939

Olson and others 1940, 1942

Pugsley and Cox 1937

Williams and others 1941

Spain.

Carmenes mine, Vlllamanln, Leon*

vUlamanlnite :

Ramdohr 1937

Schoeller and Powell 1920

Rio Tinto, Huelva, umanglte :

Bateman 1927

Harloff and Johnson 1933

Stllleite : Ramdobr 1956
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Sulfide minerals.

Australia : Edwards and Carlos 1954

General :

Cadek and Doleial 1957

Fleischer 1955

Kaiser 1954

Lakin and Byers 1948

Noddack 1936

Schmidt 1925

Hydrothermal :

Carstens 1941a, b, c

Edwards and Carlos 1954

Saito 1953

Italy : Rockcnbauer and Schroll 1956

Japan :

Saito 1953

Tsuge and Terada 1950

Norway :

Carstens 1941a, b, c

Vokes 1957

Primary magmatlc :

Goldschmldt 1954

Goldschmldt and Strock 1935

Strock 1935

Pyrites :

Beath and others 1935

Byers 1935

Cadek and Doleial 1957

Carstens 1941a, b, c

Edwards and Carlos 1954

(Javelin 1939

Industrial and Engineering

Chemistry 1916

Klason and Mellqulst 1912a

Lakin and Byers 1948

Rockenbauer and Schroll 1956

Tsuge and Terada 1950

Vakhrushev 1940

Williams and Byers 1934

Sedimentary :

Beath and others 1935

Byers 1935

Carstens 1941a, b, c

Coleman, R. G. 1950

Coleman, R. G., and Delevaux

1957

Edwards and Carlos 1954

Weeks, A. D. 1956

Williams and Byers 1934

Southeastern United States : Williams

and Byers 1934

Spain : Bateman 1927

Sweden :

Bergenfelt 1953

Gavelin 1939, 1955

Landergren 1935

TJ. 8. S. R. : Plllpenko 1910

Western United States :

Beath and others 1935

Byers 1935

Coleman, R. G. 1956

Coleman, R. G., and Delevaux

1957

Weeks, A. D. 1956

Williams and Byers 1934

Sulfur, addition to seleniferous soil :

Pranke and Painter 1937

Hurd-Karrer 1934, 1935a, b

See also Seleniferous sulfur.

Sumatra.

Lebong Soellt, gold : Truscott 1901-02

Radjang Lebong gold mine :

Beyschlag and others 1914

Llndgren 1933

Truscott 1901-02

Sweden.

Berzellanite, Skrlkerum :

Frebold 1927b

NordensklSld 1867a, b

Boliden copper mine, Skellefte district :

Bergenfelt 1953

Gavelin 1955

Grip and Odman 1938, 1941

Chlvlatlte, Falun :

Johansson 1924

Peacock and Berry 1940

Cosallte, Boliden mine :

Gavelin 1955

Odman 1941

Crookeslte, Skrlkerum : NordensklSld

1867a, b

Eucalrlte, Skrlkerum : NordensklSld

1867a, b

Falun :

Atterburg 1874

Br 1-7.1' I ins 1818

Genth 1885

Johansson 1924

Nordstrom 1879, 1880

Peacock and Berry 1940

Weibull 1885

Garpenberg sulfide ores : Landergren

1935

Klockmannite, Skrlkerum : Ramdohr

1928

Kobellite, Boliden mine : Gavelin 1955 ;

Odman 1941

Malanas district, VBsterbotten : Gavelin

1939

RudtjebEcken mine, Skellefte district:

Gavelin 1954

Saxberg, sulfide ores : Landergren 1935

Skellefte district :

Bergenfelt 1953

Gavelin 1954, 1955

Grip and Odman 1942

Odman 1938, 1941

Skrlkerum :

Frebold 1927b

NordensklOld 1867a, b

Ramdohr 1928

Sulfide minerals :

Bergenfelt 1953

Gavelin 1939, 1955

Landergren 1935

Tellurlde-bearing pegmatite, Rudtje-

bilckcn : Gavelin 1954
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Sweden—Continued

Weibollite, Falan :

Gentb 1885

Peacock and Beriy 1940

Weibull 1885

Wlttite, Falun : Johansson 1924

Tasmania, Mount Lyell, bersellanite or

eucalrite: Edwards 1939

Tennessee, Ducktown copper ores : Emmons

and Laney 1926

Tetradymite.

Carpathian Basin, Hungary : Koch

1948

Mineralogy : Palache and others 1944

Tellurium gold mine, Fluvanna and

Goochland Counties, Va. :

Genth 1855

Taber 1913

Trail Creek, Hailey quadrangle, Idaho:

Shannon 1925

White Hall gold mine, Spotsylvania

County, Va. :

Fisher 1849

Genth 1855

Whitehorn, Fremont County, Colo. :

Hillebrand 1905

Texas.

Soil:

Beath and others 1940

Byers 1936

Slater and others 1937

Swalne 1955

Williams and others 1940

Sulfur : Marvin and Schumb 1935

Vegetation :

Beath and others 1939b, 1940,

1941

Byers 1936

Williams and others 1940

Thailand, Nong Phai lead mine: Brown, G.

F., and others 1952

Thorium, Wet Mountains, Colo. : Chrlstman

and others 1953

Tiemannlte.

Argentina :

Ahlfeld and Angelelll 1948

Angelelli 1950

California :

Bradley 1918

Eakle 1914

Murdoch and Webb 1956

Schrader and others 1917

Germany :

Frebold 1927a

Gellmann and Rose 1928

Olsacher 1927

Goldnelds district, Saskatchewan, Can

ada : Robinson, S. C. 1950

Tiemannlte—Continued

Hiaco mine, Pacajake, Bolivia :

Ahlfeld 1954

Ahlfeld and MuBos Reyes 1955

Lucky Boy mine, Marysvale, Pint*

County, Utah :

Becker 1888

Bethke 1956

Brush 1881

Butler and others 1920

McCaskey 1912

Penfleld 1885

Schrader and others 1917

Mexico:

Brash 1881

de la Pella 1944

McAllister and Hernandez Ortis

1945

Vanpell 1938

Mineralogy :

Bethke 1956

Earley 1950

Palache and others 1944

Penfleld 1885

Short 1931

Tllkerodite, mineralogy : Palache and others

1944

Trogtallte, Trogtal, Hare, Germany: Ram-

dohr and Schmitt 1955

Tuff, selenlferous, Wyoming :

Beath and others 1946

Everett and Bauerle 1957

Love 1954

Tyler 1952

[U. S.] National Research Coun

cil, Materials Advisory Board,

Panel on Selenium 1956

Umanglte.

Argentina :

Ahfeld and Angelelli 1948

Angelelll 1950

Bodenbender 1902

Klockmann 1891

Goldflelds district, Saskatchewan,

Canada :

Robinson, S. C. 1950

Robinson, S. C, and Brooker

1952

Harz, Germany :

Frebold 1927a

Gellmann and Rose 1928

Olsacher 1927

Hiaco mine, Pacajake, Bolivia : Ahlfeld

and Mufiox Reyes 1938

Mineralogy :

Earley 1950

Klockmann 1891

Meyer and Bratke 1924

Palache and others 1944

Short 1931

Rio Tinto, Spain: Bateman 1927

Shlnkolobwe mine, Belgian Congo:

Derrlks and Vaes 1956
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Uranium deposits containing selenium. See

Arizona ; Belgian Congo ; Can

ada ; Colorado ; Colorado

Plateau ; New Mexico ; South

Dakota ; Utah ; Wyoming.

Uses :

Ancel 1919

Bianchl 1919

Cahen 1919

Cahen and Wootton 1920

Elkin and Margrave 1954

Gmel lii's Handbuch der anorgan-

lschen Chemle 1942

Halen 1921

Hess 1909

Huntting 1956

Imperial Institute 1937

Iron Age 1952

Lenher 1923

Materials Advisory Board 1956

Millignn 1953

Mining Journal 1953

Sanderson 1940

Santmyers 1930

Sargent 1954, 1955a, b

Stone and Caron 1954

Tyler 1952

Waltkins and others 1942

U. S. S. R. :

Altai : Pilipenko 1910

Bashkiriya, Southern Urals, pyrites :

Vakhrushev 1940

Belovo, Altai : Sargent 1955

Cadmoselite : Buryanova and others

1957

Karabash : Sargent 1955

Krasnouralsk : Sargent 1955

Kyshtym : Sargent 1955

SoU:

Swaine 1955

Vinogradov 1945

Tuvinsk Autonomous Territory, ferro-

sellte :

Buryanova and Komkov 1955

Buryanova 1956

Utah.

Antelope Valley : Holt and Greaves

1941

Bingham, Salt Lake County :

Butler and others 1920

Ellers 1913

Botanical prospecting : Cannon 1952,

1954

Golden Reef mine, San Francisco dis

trict : Butler 1913

Gold Springs-State Line region : Butler

and others 1920

Green River district, Grand County:

Coleman, R. G., and Delevaux

1957

Henry Mountains, native selenium :

Hlllebrand and others 1914

Mlesch and Connor 1956

Trltes 1956

Utah—Continued

Iron Mountain, Iron County : Tyler

1952

Lucky Boy mine, Marysvale, Piute

County, metaclnnabar, tleman-

nite:

Becker 1888

Bethke 1956

Brush 1881

Butler and others 1920

McCaskey 1912

Penfleld 1885

Schrader and others 1917

Monticello district, San Juan County :

Coleman, R. G., and Delevaux

1957

Morrison formation : Beath 1948

Moss Back member, Chinle formation :

Keys and White 1956

Native selenium :

Coleman, R. G., and Delevaux

1957

Hlllebrand and others 1914

Thompson, M. E., and others

1956

Ohio district, Tushar Range, Bully Boy

and Webster : Butler and

others 1920

Paradox Valley, native selenium : Hllle

brand and others 1914

Park City region : Lakin and Byers

1948

Pine Valley area : Holt and Greaves

1941

San Rafael Swell, Emery County :

Coleman, R. G., and Delevaux

1957

Shlnarump conglomerate : Hess 1933

Silver Reef district :

Butler and others 1920

Hess 1933

Jenney 1913

Newberry 1881

Soil : Byers 1935 ; Byers and others

1938 ; Lakln and Byers 1948 ;

Swaine 1955

Temple Mountain, Emery County :

Coleman, R. G. 1956

Coleman, R. G., and Delevaux

1957

Hess 1925

Keys and White 1956

Trltes 1956

Thompsons district, Grand County :

Beath 1943

Cannon 1952, 1954

Coleman, R. G., and Delevaux

1957

Hlllebrand and others 1914

Thompson, M. B.( and others

1956

Trout Creek area : Holt and Greaves

1941

Tushar Range : Butler and others 1920
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Utah—Continued

Uranium-vanadium deposits :

Heath 1943

Cannon 1952, 1954

Coleman, R. G., and Delevaux

1957

Hess 1925, 1933

Hlllebrand and others 1914

Keys and White 1956

Mlesch and Connor 1956

Thompson, M. E., and others

1956

Trltes 1956

Vegetation :

Beath 1943

Beath and others 1939b, 1940,

1941

Cannon 1952, 1954

Bolt and Greaves 1941

White Canyon district, San Juan

County : Coleman, R. G., and

Delevaux 1957

Vaeslte, Shlnkolobwe, Belgian Congo :

Derrlks and Vaes 1956

Vaes 1947

Vanadium deposits containing selenium.

See Colorado ; Utah ; Wyo

ming.

Vegetation, seleniferous.

Absorption and content, factors af

fecting selenium :

Byers and Knight 1935

Hurd-Karrer 1935a, b

Moxon 1937

Moxon and Rhlan 1943

Moxon and others 1939

Olson and Moxon 1939

Olson and others 1942a, b

Analysis : Williams and Lakin 1935

Arizona : Beath and others 1939b,

1940, 1941

Biochemical effects of selenium in at

mosphere : Stoklasa 1922

California : Beath and others 1939b,

1940, 1941

Canada :

Byers 1936

Byers and Lakin 1939

Robinson, W. O. 1936

Thorvaldson and Johnson 1940

Walker and others 1941

Williams and others 1941

Carbonaceous fossil plants: Beath and

Gilbert 1936

Colombia : Anclzar-Sordo 1947

Colorado :

Beath 1943

Beath and others 1939b, 1940,

1941

Byers 1936

Williams and others 1941

Crop plants : Olson and Moxon 1939

Cuba : Byers 1936

Vegetation, seleniferous—Continued

Form of selenium in :

Bear 1955

Beath 1937

Beath and others 1937a

Beath and Eppson 1947

Painter 1941

Trelease 1945

France, La Roche-Posay spring: Ta-

boury 1032

General :

Bear 1955

Beath and others 1937a, 1939a

Byers 1935, 1936

Byers and others 1938

Jacks and Scherbatotf 1940

Lakin and Byers 1948

Miller 1937

Painter 1941

Trelease and Beath 1949

Williams and others 1940, 1941

Grain :

Robinson, W. O. 1933. 1936

Thorvaldson and Johnson 1940

Walker and others 1941

Williams and others 1941

Hawaii : Hance 1939

Idaho :

Beath and others 1939b

Lakin and Byers 1948

Indicator plants, botanical prospecting :

Cannon 1952, 1953, 1954.

1956, 1957

Cannon and Klelnhampl 1956

Cannon and Starrett 1956

Hawkes 1957

Indicator plants, dependence on sele

nium : Trelease and Trelease

1938

Indicator plants. Western United

States :

Beath 1936

Beath and others 1939a, b,

1940, 1941

Hershey 1945

Sargent 1954, 1955a

Trelease 1945

Trelease and Beath 1949

TreleaBe and Trelease 1938

Ireland : Fleming and Walsh 1957

Kansas :

Byers 1936

Williams and others 1941

Montana :

Beath and others 1939b, 1940,

1941

Byers 1936

Williams and others 1940, 1941

Nebraska :

Beath and others 1941

Byers 1936

Williams and others 1941

Nevada :

Beath and others 1939b

Lakin and Byers 1948
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Vegetation, selenlferous—Continued

New Mexico :

Beath and others 1939b, 1940

1941

Byers 1936

Hershey 1945

North Carolina: Byers 1936

North Dakota :

Beath and others 1939b, 1940,

1941

Lakin and Byers 1948

Williams and others 1941

Oregon :

Beath and others 1939b

La Kin and Byers 1948

Pierre soils :

Byers 1934, 1936

Searlght and others 1946-47

Puerto Rico : Byers 1936

Salt Wash sandstone member, Morrison

formation : Beath 1943

Selenlferous spring, effect of:

Miller and Byers 1935

Taboury 1932

Selenium content : Robinson, W. O., and

Edgington 1945

South Dakota :

Beath and others 1939b, 1941

Byers 1936

Miller and Byers 1935

Mozon 1937

Moxon and others 1938, 1939

Olson and Moxon 1939

Olson and others 1940, 1942

Pugsley and Cox 1937

Williams and others 1941

Sulfur, effect of :

Franke and Painter 1937

Hurd-Karrer 1934, 1935b

Trelease and Trelease 1938

Texas :

Beath and others 1939b, 1940.

1941

Byers 1936

Williams and others 1941

Tolerance: Miller 1937

Uranium-vanadium deposits, effect of :

Cannon 1952

Utah:

Beath 1943

Beath and others 1939b, 1940,

1941

Holt and Greaves 1941

Lakin and Byers 1948

Wyoming :

Beath 1936, 1937

Beath and Gilbert 1936

Beath and others 1934a, b,

1935, 1937b, 1940, 1941

Byers 1936

Knight, S. H. 1937

Williams and others 1941

Villamanlnlte.

Carmenes mine, Vlllamanln, 8paln :

Ramdohr 1937

Schoeller and Powell 1920

Villamanlnlte—Continued

Mineralogy : Palache and others 1944

Virginia.

Tellurium gold mine, Fluvanna and

Goochland Counties, tetrady-

mlte:

Genth 1855

Taber 1913

White Hall gold mine, Spotsylvania

County, tetradymite :

Fisher 1849

Genth 1855

Volcanic deposits.

Hawaiian volcanoes :

Brown, G. V. 1916, 1917

Byers and others 1936

Hance 1939

Mount Etna, Italy : Dl Franco 1942

Valley of Ten Thousand Smokes, Alas

ka : Zies 1929

Vesuvius, Italy :

Bellini 1907

Matteucci and Giustlnlanl 1897

Zambonlnl and Conigllo 1925

Volcanic sulphur. See Selenlferous BUlfur.

Washington.

General : Huntting 1956

Naumannite, Republic district : Thomp

son, R. M. 1954

Republic district, Ferry County :

Bancroft 1914

Huntting 1956

Llndgren 1909

Thompson, R. M. 1954

Umpleby 1910

Soil : Slater and others 1937

Water.

Argentina : de Salas 1947

Colorado River :

Byers and others 1938

Williams and Byers 1935a

General : Byers 1935, 1936

Hot springs, National district, Nev. :

Llndgren 1915

Roberts 1940

Irrigation, effect of :

Byers and others 1938

Williams and Byers 1935a

La Roche-Posay, France: Taboury

1909, 1932

Mineral waters : Clarke 1924

Poison springs, S. Dak. :

Miller and Byers 1935

Pugsley and Cox 1937

RlverB : Williams and Byers 1935a

Sea water :

Byers and others 1938

Goldschmidt 1937, 1954

Iahibashl 1953

Ishlbashi and others 1953

Mason 1952



972 INDEX

Weibullite (seleniferous galenoblsmutlte).

Falun, Sweden :

Genth 1885

Peacock and Berry 1940

Weibull 1885

Mineralogy : Palache and others 1944

Wheat. See Grain.

Wisconsin, soil : Slater and others 1937

Wlttlte.

Falun, Sweden : Johansson 1924

Mineralogy : Palache and others 1944

Wyoming.

Albany County :

Beath 1936

Beath and Gilbert 1936

Baggs area, uranium, Carbon County :

Vine and Prlchard 1954

Carbon County :

Beath and others 1946

Vine and Prlchard 1954

Carbonaceous veins : Beath and Gilbert

1936

Converse County, uranium : Coleman,

R. G., and Delevaux 1957

Crook County, uranium : Coleman, R. G.,

and Delevaux 1957

Crookes Gap district, Fremont County,

uranium : Coleman, R. G., and

Delevaux 1957

Gas Hills, Fremont and Natrona

Counties :

Grutt 1956

Love 1954

General :

Beath 1937

Beath and others 1937b

Knight, S. H. 1937

Lucky Mc mine, Fremont County, native

selenium: Grutt 1956

Lysite Poison Draw, tuff deposits :

Beath and others 1946

Everett and Bauerle 1957

Love 1954

[D. 8.] National Research Coun

cil, Materials Advisory Board,

Panel on Selenium 1956

Tyler 1952

Medicine Bow formation : .Beath and

Gilbert 1936

Morrison formation : Beath 1937

Permian and Trlassic formations :

Beath 1936

Beath and others 1937b

Phosphoria formation : Beath and

others 1937b, 1946

Wyoming—Continued

Poison Basin, Baggs area.

Carbon County : Vine

Prlchard 1954

Poison Butte, Carbon Country r Be~

and others 194C

Pumpkin Buttes district. Camx^

County, uranium: Coleman,

G., and Delevaux 1957

Seleniferous formation :

Beath and others 1934b

Knight, S. H. 1937

Soil:

Beath 1937

Beath and others 1934b, 1

1937b, 1946

Byers 1935, 1936

Knight, S. H. 1937

Swaine 1955

Uranium deposits :

Coleman, R. G., and Dele<raui

1957

Grutt 1956

Love 1954

Vine and Prlchard 1954

Vanadlferous rocks : Beath and other*

1946

Vegetation :

Beath 1936, 1937

Beath and others 1934a, b;'

1935, 1937b, 1940, 1941,

1946

Beath and Gilbert 1936

Byers 1936

Knight, S. H. 1937

Williams and others 1941

Yugoslavia, Bor, copper : Harloff and John

son 1933

Zinc-bismuth selenlde, Mexico : Castillo

1873, 1874

Zinc-mercury selenlde, Culebras, Mexico:

Del Rio 1828, 1836

Zinc selenlde.

Mineralogy : Palache and others 1944

St. Andreasberg, Harx, Germany : Geil-

mann and Rose 1928

Stilleite : Ramdohr 1956

Zorgite.

Cerro de Cacheuta, Argentina: Des

Cloizeaux and Damour 1881

Harz, Germany :

Frebold 1927a

Olsacher 1927

Mineralogy :

Myer and Bratke 1924

Palache and others 1944
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CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

SELECTED BIBLIOGRAPHY OF ANDALUSITE, KYANITE

SILLIMANITE, DUMORTIERITE, TOPAZ, AND

PYROPHYLLITE IN THE UNITED STATES

By Agnes B. Grametbatjr

ABSTRACT

The bibliography is a compilation of 566 references on the kyanite, or sllll-

manite, group of minerals and pyrophyllite to December 31, 1958. The publica

tions are listed alphabetically by author (or authors) with full title and

publication data. A brief description of the occurrence of the minerals in the

United States and their uses precedes the bibliography.

The index is arranged alphabetically by mineral. Under each mineral the

Index is further subdivided by geographic areas (State and county) and by

subjects, which include general, geology, mineral synthesis, occurrence (geo

graphic), and technology and uses.

A complete list of periodicals and serials examined and a map of the United

States, showing the location of major deposits of the kyanite group of minerals

and pyrophyllite, are included.

INTRODUCTION

Among the nonclay high-alumina minerals that are most suitable

for refractory materials are those of the kyanite group, also called the

sillimanite group. These minerals include andalusite, kyanite, and

sillimanite, which have the same chemical composition (Al20»-Si02)

but different crystallographic, physical, and optical properties; and du-

mortierite (8Al208B2Os6Si02H20) and topaz ([Al(F,OH)]2Si04),

which are closely allied in composition and thermal behavior.

All these minerals disassociate upon heating to high temperatures

to form mullite (3Al2Oa-2Si02) and free silica. Kyanite alters at the

lowest temperature, 1,100° to 1,480°C, sillimanite at the highest,

1,550° to 1,650°C, andalusite at 1,350° to 1,450°C, dumortierite at

<1,000° to 1,250°C, and topaz at <1,000° to 1,480°C (Kiddle and

Foster, 1949, p. 897) . Mullite is the only form of silica and alumina

that is stable at high temperatures. Pure mullite, which is chemi

978
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cally inert and stable to about 1,810°C, is an important refractory.

The compound derives its name from the Island of Mull, Scotland,

where the only natural occurrence of the mineral is known.

The ability of the kyanite group of minerals to form mullite upon

firing accounts for their importance as raw materials for the manu

facture of high-alumina refractories and ceramic articles. Although

they represent a small percentage of the total tonnage of refractories

used in the United States, mullite refractories are especially impor

tant because they maintain their strength to high temperatures, they

have a low rate of thermal expansion and can withstand the effects

of rapid temperature changes, and they are resistant to the corrosive

action of certain fluxing agents.

All the minerals of the kyanite group have been used for refractory

manufacture; kyanite, however, has been most widely used because

it is more abundant and more commonly occurs in minable deposits

than the other minerals. At present only kyanite is being mined in

the United States, and production is expanding rapidly. Although

most of the kyanite consumed is used in the refractory industry, its

use in the manufacture of heavy-duty nonrefractory ceramics has in

creased in recent years.

Because domestic kyanite is produced as a fine-grained flotation

concentrate that does not bond well, it is unsuitable by itself for

making refractory bricks. Massive lump kyanite, designated stra

tegic-grade kyanite, was formerly imported from India, Kenya,

and the Union of South Africa for this purpose. In recent years,

however, processes have been developed for making synthetic mullite

from domestic raw materials. Synthetic mullite, made by fusing or

sintering aluminous and siliceous mixtures of appropriate compo

sition, is as good as mullite made from imported strategic-grade

kyanite. Materials used in the manufacture of synthetic mullite in

clude low-iron sileceous bauxite, domestic kyanite concentrate and

high-alumina clay mixtures, alumina and silica mixtures, and

diaspore clay.

Mullite is also a constituent of ceramic materials made from hydrous

aluminum silicates, such as pyrophyllite (Al2Cy4Si02H20) and

kaolinite (Al2Cy2Si02-2H20), that contain less alumina than the

minerals of the kyanite group. Ceramic articles made from these

two minerals have relatively lower refractory properties than mate

rials made from the kyanite group ; nevertheless, they form an impor

tant branch of the ceramic and refractory industries. Although not

a member of the kyanite group, pyrophyllite is included in this bibli

ography on the basis of similar occurrence and related uses.

About 90 percent of the mullitic material consumed in the United

States is used as refractory linings for metallurgical or glass furnaces.
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About 50 percent of the mullite refractories are used in the metal

lurgical industry and 40 percent in the glass industry. The remain

ing 10 percent is used chiefly in the ceramic industry in manufac

turing such articles as kiln furniture, heavy-duty electrical and

chemical porcelain, and spark plugs (Gunsallus, 1956) .

OCCURRENCE OF ALUMINUM SILICATE MINERALS

ANDALUSITE

Andalusite is characteristically formed in alumina-rich slates and

schists by the contact-metamorphic action of large igneous intrusions.

In some places it is found in granitic rocks, gneisses, and mica schists.

It also occurs as lenses and pockets in pegmatites and as replacement

bodies produced by hydrothermal solutions. It commonly occurs as

long prismatic crystals with nearly square cross section.

Although andalusite has been found in 24 States, commercial de

posits are rare. The only deposits that have been mined are near

Mocalno, on the west slope of the White Mountains, Mono County,

Calif., and near Hawthorne, Mineral County, Nev.

KYANITE

Kyanite generally occurs as disseminated crystals in schists, quartz-

ites, or gneisses produced by regional metamorphism, but locally

it may form coarsely crystalline massive segregations in these rocks.

It typically forms long-bladed crystals, often of large size, or coarse

interlocking bladed or radiating fibrous aggregates.

Kyanite has been reported from 24 States. Most deposits are of

the disseminated type ; no minable massive deposits are known. The

most important deposits are in the Piedmont belt of crystalline rocks

extending from Virginia to Alabama. They occur at Baker Mountain,

Prince Edward County, and Willis Mountain, Buckingham County,

in Virginia, and at Henry Knob, near Clover, York County, S.C.

These are the only deposits now producing kyanite in the United

States.

Kyanite and sillimanite are important constituents of the heavy

mineral concentrations in some of the beach and dune sands of Florida

which are now being exploited for titanium and zircon. Eventually

they may be recovered as byproducts.

SILLIMANITE

Sillimanite occurs in schists, gneisses, slates, and hornfels, and is

generally formed at high temperatures under conditions of regional or

contact metamorphism. In schists it forms long disseminated pris
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matic crystals or radiating fibrous or columnar masses, which may be

rather coarse. It occurs less commonly in granites and pegmatites and

in lenses, stringers, and nodules near pegmatites.

Sillimanite has been found in 26 States but has been produced only

in very small amount in North Carolina (Stuckey, 1937, p. 75).

The most promising occurrences are in the Southeastern States, par

ticularly in North and South Carolina and Georgia.

DUMORTIERITE

Dumortierite occurs most commonly in pegmatites that cut alumi

nous rocks, such as sericite schists or cordierite and corundum gneisses.

It also occurs as replacement bodies in association with highly alumi

nous rocks and as an accessory mineral in granite. Dumortierite

commonly occurs as acicular needles or thin blades in fibrous to

columar aggregates ; distinct crystals are rare.

Dumortierite has been found in eight States. The deposit in Hum

boldt Queen Canyon, near Oreana, Pershing County, Nev., however,

is the only known commercial deposit in the world. Dumortierite

was mined there for about 20 years and was used in the production

of spark-plug insulators. Except for a small production of dumortier

ite in 1949, the mine has been idle since 1945.

TOPAZ

Topaz, like dumortierite, is characteristically a pneumatolytic min

eral that is commonly found in veins and cavities in granites and

rhyolites or in veins or pegmatites in the contact zones of schists

and gneisses surrounding granitic intrusions. It also occurs with

other high-alumina minerals, such as pyrophyllite, andalusite, kyanite,

and diaspore, in silicified zones in volcanic rocks. In the largest known

occurrence of this type, at the Brewer mine, near Jefferson, Chester

field County, S.C., massive fine-grained topaz is in an irregular silici

fied zone (carrying gold and pyrite) that has replaced a rhyolitic

breccia. The Brewer deposit, which contains the only large topaz

reserves known in the United States, was mined during World War

II but is no longer producing. Other occurrences of topaz are in

California, Colorado, Missouri, North Carolina, and Virginia.

PYROPHYLLITE

Pyrophyllite also is found in metamorphic rocks. It occurs as

foliated or compact masses and less commonly as radial fibrous aggre

gates in irregular, lenticular, or bedded deposits. It is believed to be

formed by hydrothermal alteration or metasomatic replacement of
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volcanic rocks, such as andesites, rhyolites, and silicic tuffs and

jreccias; and metamorphic rocks, such as slates and schists.

Pyrophyllite occurrences are known in nine States. The principal

production in the United States comes from a belt in the central

Piedmont which extends from North and South Carolina to Graves

Mountain, Ga. The most important deposits are in Moore, Mont

gomery, Randolph, Alamance, Orange, and Granville Counties, N.C.

North Carolina ranks first in quantity of pyrophyllite produced,

followed by California.

EXPLANATION OF BIBLIOGRAPHY AND INDEX

The papers listed in the bibliography were selected from the

bibliographic references that follow the chapters "Sillimanite Group,"

"Pyrophyllite," and "Refractories," respectively, in the first and sec

ond editions of "Industrial Minerals and Rocks," published by the

American Institute of Mining and Metallurgical Engineers, and from

the "Bibliography of North American Geology" to 1956. Articles

published from 1957 to December 31, 1958, were obtained from the

United States Geological Survey Library in Washington, D.C. A

complete list of serials and periodicals included is given on pages

979-983.

The references in the bibliography are listed alphabetically by au

thor (or authors) with full title and publication data.

The index is arranged alphabetically by mineral. Under each

mineral the index is further subdivided by geographic areas (State

and county) and by subjects, which include general, geology, mineral

synthesis, occurrence (geographic), and technology and uses. If no

geographic area is given, the subject entries are listed under the min

eral before the State entries.

The subject "geology" includes crystallography, chemical and

physical properties, chemical analyses, X-ray data, and the formation

and geologic occurrence of the minerals. A specific paper may deal

with one, several, or all of these subdivisions of "geology."

Under the subject "mineral synthesis" are listed several papers

describing laboratory experiments whose primary purpose was to

determine the conditions under which the minerals involved are

formed in nature.

The author appreciates the help of V. R. Wilmarth and Cleaves

L. Rogers, of the Geological Survey, in planning the bibliography

and index and the cooperation of the staff of the Geological Survey

Library in making the bibliographic material available.

The map of the United States (pi. 6) showing the location of major

deposits of the kyanite group of minerals and pyrophyllite is based

493910—69 2
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on work by Gilbert H. Espenshade, also of the Survey. Addi

tional data for the map were furnished by the United States Bureau

of Mines, the California Department of Natural Resources, Division

of Mines, the Idaho Bureau of Mines and Geology, the New Mexico

State Bureau of Mines and Mineral Resources, the Nevada Bureau

of Mines, the North Carolina Department of Conservation and Devel

opment, Division of Mineral Resources, and the Geological Surrfj

of Wisconsin.



PERIODICALS AND SERIALS

Abbreviation Publication

Acad. Nat. Sci. Philadelphia Proceedings of the Academy of Natural

Proc. ; Spec. Pub. Sciences of Philadelphia ; Special Publi

cation. Philadelphia, Pa.

Alabama Acad. Sci. Jour The Journal of the Alabama Academy of

Science. Alabama College, Montevallo,

Ala.

Alabama Geol. Survey Bull Geological Survey of Alabama, Bulletin.

University, Ala.

Am. Acad. Arts and Sci. Proc Proceedings of the American Academy of

Arts and Sciences. Boston, Mass.

Am. Assoc. Petroleum Geologists Bulletin of the American Association of

Bull. Petroleum Geologists. Tulsa, Okla.

Am. Ceramic Soc. Bull. ; Jour American Ceramic Society Bulletin ; Jour

nal. Columbus, Ohio.

Am. Geologist The American Geologist. Minneapolis,

Minn.

Am. Geophys. Union Trans Transactions of the American Geophysical

Union. Washington.

Am. Inst. Mining Metall. Engl- American Institute of Mining and Metal-

neers Contr. ; Tech. Pub. ; lurgical Engineers Contribution ; Techni-

Trans. ; Year Book. cal Publications, Transactions ; Tear Book.

New York.

Am. Jour. Sci American Journal of Science. New Haven,

Conn.

Am. Mineralogist The American Mineralogist. Washington.

Am. Petroleum Inst. ProJ. ; American Petroleum Institute Project, Pre-

Prelim. Kept. liminary Report. Columbia University,

New York.

Am. Philos. Soc. Proc Proceedings of the American Philosophical

Society. Philadelphia, Pa.

Am. Soc. Testing Materials Proc__ American Society for Testing Materials,

Proceedings. Philadelphia, Pa.

Annotated Bibliography Econ. Annotated Bibliography of Economic Geol-

Geology. ogy. Urbana, 111.

Arizona Bur. Mines Bull Arizona Bureau of Mines, Bulletin. Tuc

son, Ariz.

Brick & Clay Rec Brick & Clay Record. Chicago, 111.

California Dept. Education Bull— Bulletin of the California State Department

of Education. Sacramento, Calif.

California Dlv. Mines Bull. ; Div. State of California, Department of Natural

Mines and Mining Bull., Min- Resources, Division of Mines, Bulletin;

eral Inf. Service, Mining in Division of Mines and Mining Bulletin,

California, Spec. Rept. Mineral Information Service, Mining in

California, Special Report San Fran

cisco, Calif.
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Abbreviation Publication

California Jour. Mines and Geol- California Journal of Mines and Geology.

ogy, San Francisco, Calif.

California Mining Bur. BulL; California State Mining Burean, Bulletin;

Mining in California ; Rept Mining in California ; Report of the 8tato

State Mineralogist Mineralogist San Francisco, Calif.

California Univ. Pubs., Dept Geol. University of California Publications, Bnlte-

gel. Bull. tin of the Department of Geological Sci

ences. University of California Press,

Berkeley, Calif.

California Univ. Pubs. Math. Publications of the University of California

Pbys. Set at Los Angeles in Mathematical and Physi

cal Sciences. University of California

Press, Berkeley, Calif.

Cement, MiU, & Quarry Chicago, 111.

Ceramic Abs Ceramic Abstracts. American Ceramic So

ciety, Columbus, Ohio.

Ceramic Age - Newark, N.J.

Ceramic Industry Chicago, 111.

Ceramist The Ceramist Newark, N.J.

Colorado Geol. Survey Bull Colorado Geological Survey, Bulletin.

Boulder, Colo.

Colorado School Mines Quart Quarterly of the Colorado School of Mines.

Golden, Colo.

Colorado-Wyoming Acad. Sci. The Journal of the Colorado-Wyoming

jour. Academy of Science. Bibliographic Center,

Denver Public Library, Colo.

Commonwealth The Commonwealth. Virginia State Chamber

of Commerce, Richmond, Va.

Connecticut Geol. Nat. History State Geological and Natural History Survey

Survey Misc. Ser. ; Quad. Rept of Connecticut Miscellaneous Series ;

Quadrangle Report Hartford, Conn.

Dissert Abs Dissertation Abstracts. University Micro

films, Ann Arbor, Mich.

Eicon. Geology Economic Geology. Urbana, I1L

Ellsha Mitchell Sci. Soc Jour Journal of the Ellsha Mitchell Scientific So

ciety. Chapel Hill, N.C.

Eng. Mining Jour Engineering and Mining Journal. New York,

Eng. Mining Jour.-Press Engineering and Mining Journal-Press. New

York.

Florida Geol. Survey Ann. Rept ; Florida State Geological Survey, Annual Re-

Bull, port Bulletin. Tallahassee, Fla.

Forestry-Geol. Rev Forestry-Geological Review, Department of

Forestry and Geological Development

Atlanta, Ga.

Geol. Soc. America Bull. ; Mem. ; Bulletin of the Geological Society of Amer-

Proc. ica; Memoir; Proceedings. New York.

Georgia Div. Geology Inf. Clrc Georgia Department of Forestry and Geo

logical Development Division of Geology,

Information Circular. Atlanta, Ga.
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Abbreviation. Publication

Georgia Geol. Survey Bull. ; Qeor- Geological Survey of Georgia, Department

gla Mineral Newsletter. of Forestry and Geological Development,

Bulletin; Georgia State Division of Con

servation, Department of Mines, Mining

and Geology, The Geological Survey Bul

letin ; Georgia Mineral Newsletter. At

lanta, Ga.

Glass Industry The Glass Industry. New York.

Idaho Bur. Mines and Geology Inf. Idaho Bureau of Mines and Geology Infor-

Leaflet ; Pamph. matlon Leaflet ; Pamphlet. Moscow, Idaho.

Jonr. Geology The Journal of Geology. Chicago, 111.

Jour. Sed. Petrology Journal of Sedimentary Petrology. Tulsa,

Okla.

Maine Geol. Survey Bull. ; Bept. Bulletin, Maine Geological Survey, Depart-

State Geologist. ment of Development of Industry and

Commerce ; Report of the State Geologist.

Augusta, Maine.

Manufacturers Rec Manufacturers Record. Baltimore, Md.

Massachusetts Dept. Public Works Commonwealth of Massachusetts, Depart-

[and] U.S. Geol. Survey, Coop. ment of Public Works [and] U.S. Depart-

Geol. Proj. Inf. Circ. ment of the Interior Geological Survey,

Cooperative Geologic Project, Information

Circular. Boston, Mass.

Michigan Geol. and Biol. Survey Michigan Geological and Biological Survey

Pub. (Geol. Ser.). Publication (Geological Series). Lansing,

Mich.

Mineralog. Soc. Utah News Bull News Bulletin of the Mineralogical Society

of Utah. Salt Lake City, Utah.

Mineralogist The Mineralogist. Portland, Oreg.

Mining and Metallurgy New York.

Mining Eng Mining Engineering. New York.

Mining Sci. Press Mining and Scientific Press. San Francisco,

Calif.

Missouri Bur. Geology and Mines Missouri Bureau of Geology and Mines,

State Geologist Bienn. Rept. Biennial Report of the State Geologist.

Rolla, Mo.

Montana Acad. Scl. Proc Proceedings of the Montana Academy of

Sciences. Missoula, Mont.

Montana Bur. Mines and Geology State of Montana, Bureau of Mines and

Mem. ; Misc. Contr. Geology, Memoir ; Miscellaneous Contri

bution. Butte, Mont.

Natl. Acad. Sci.-Natl. Research National Academy of Sciences-National Re-

Council, Minerals and Metals search Council, Minerals and Metals Ad-

Advisory Board Rept visory Board Report. Washington.

Nevada Univ. Bull.; Geology and University of Nevada Bulletin (Bulletin of

Mining Ser. Nevada State Bureau of Mines and Mackay

School of Mines) ; Geology and Mining

Series. Reno, Nev.

New England Naturalist The New England Naturalist. Boston, Mass.

New Hampshire State Plan. Devel. New Hampshire Mineral Resource Survey,

Comm. Mineral Resource Sur- New Hampshire State Planning and De-

vey. velopment Commission. Concord, N.H.
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Abbreviation

New Jersey Dept. Conserv. Econ.

DeveL, Geol. Ser. Bull.

New Mexico Bur. Mines and Min

eral Resources Bull.

New Mexico Univ. Bull., Geol.

Ser.

New York Acad. Sci. Trans

New York State Mus. Bull. ; New

York State Mus. and Scl. Serv

ice Bull.

North Carolina Dept Conserv.

Devel. Bull., Econ. Paper ; Div.

Mineral Resources BulL, Econ.

Paper, Educ. Ser., Inf. Ore.

North Carolina Geol. Econ.

vey Bull. ; Econ. Paper.

Sur-

North Carolina Geol. Survey

Econ. Paper.

North Carolina State ColL Agri

culture and Engineering, Eng.

Expt. Sta. Bull.; Dept Eng.

Research Bull.

North Carolina State Coll. Rec

Ohio State Univ. Studies, Eng.

Expt. Sta. Circ.

Pit and Quarry

Raw Materials Survey Resource

Rept.

Rocks and Minerals

South Carolina Geol. Survey, ser.

4, Hull.

South Carolina Research, Plan.

Devel. Board Bull.

South Dakota School Mines Bull-

Stanford Univ. Abs. Dissert.

Publication

State of New Jersey Department of Conser

vation and Economic Development Geo

logic Series Bulletin. Trenton, NJ.

New Mexico Bureau of Mines and Mineral

Resources Bulletin. Socorro, N. Mex.

Bulletin of the University of New Mexico,

Geological Series. Albuquerque, N. Mer.

Transactions of the New York Academy of

Sciences. New York.

New York State Museum Bulletin ; New York

State Museum and Science Service Bulle

tin. University of the State of New York,

Albany, N.Y.

North Carolina Department of Conservation

and Development Bulletin, Economic

Paper; Division of Mineral Resources

Bulletin, Economic Paper, Educational

Series, Information Circular. Raleigh,

N.C.

North Carolina Geological and Economic

Survey Bulletin; Economic Paper. Ra

leigh, N.C.

North Carolina Geological Survey Economic

Paper. Raleigh, N.C.

North Carolina State College of Agriculture

and Engineering of the University of North

Carolina, Bulletin, Engineering Experi

ment Station ; Department of Engineering

Research Bulletin. Raleigh, N.C.

North Carolina State College Record. Ra

leigh, N.C.

Ohio State University Studies, Engineering

Experiment Station Circular. Columbus,

Ohio.

Chicago, 111.

Raw Materials Survey, Resource Report-

Portland, Oreg.

. Peeksklll, N.Y.

South Carolina Geological Survey, series 4,

Bulletin. Columbia, S.C.

South Carolina Research, Planning and De

velopment Board Bulletin. Columbia, S.C.

South Dakota School of Mines, Bulletin.

Departments of Geology and Mineralogy.

Rapid City, S. Dak.

. Stanford University, Abstracts of Disserta

tions for the Degrees of Doctor of Philos

ophy and Doctor of Education. Stanford

University, Calif.
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Abbreviation Publication

U.S. Bur. Mines Bull. ; Inf. Circ. ; United States Bureau of Mines Bulletin ;

Minerals Yearbook, preprint ; Information Circular ; Minerals Yearbook,

Rept. Inv. preprint; Report of Investigations.

Washington.

U.S. Geol. Survey Bull. ; GeoL United States Geological Survey Bulletin ;

Atlas, Folio ; Mineral Inv. Field Geological Atlas, Folio ; Mineral Investi-

Studies Map; Mineral Re- gations Field Studies Map; Mineral Re

sources U.S. ; Missouri River sources of the United States ; Missouri

Basin Studies ; Prof. Paper. River Basin Studies ; Professional Paper.

Washington.

U.S. Natl. Mus. Proc Proceedings of the United States National

Museum. Washington.

U.S. Tariff Comm., Industrial United States Tariff Commission, Industrial

Materials Ser. Rept. Materials Series Report. Washington.

Utah Acad. Scl. Proc Proceedings of the Utah Academy of Sci

ences, Arts and Letters. Salt Lake City,

Utah.

Vermont Geol. Survey Bull Vermont Geological Survey Bulletin. Ver

mont Development Commission, Mont-

pelier, Vt.

Vermont Geol. Survey State Geolo- Vermont Geological Survey, Report of the

gist Rept. State Geologist. Burlington, Vt.

Virginia Div. Mineral Resources Commonwealth of Virginia, Virginia Division

Bull. of Mineral Resources, Bulletin. Char

lottesville, Va.

Virginia Geol. Survey Bull. ; Repr. Commonwealth of Virginia, Virginia Geo-

Ser. logical Survey, Bulletin; Reprint Series.

University, Va.

Virginia Polytech. Inst, Bng. Virginia Polytechnic Institute, Engineering

Expt Sta. Ser. Bull. ; Mineral Experiment Station Series Bulletin ; Min-

Industrles Jour. eral Industries Journal. Blacksburg, Va.

Virginia Univ. Pubs., Philos. Soc. University of Virginia Publications, Bulletin

Bull., Scl. Ser. of the Philosophical Society, Scientific

Series. Charlottesville, Va.

Washington Acad. Scl. Jour Journal of the Washington Academy of

Sciences. Washington.

Washington Div. Mines and Geol- State of Washington, Department of Con-

ogyBull. serration and Development, Division of

Mines and Geology, Bulletin. Olympla,

Wash.

Washington Univ. Pubs, in Geol- University of Washington Publications in

ogy. Geology. Seattle, Wash.

Wyoming Geol. Survey Bull The Geological Survey of Wyoming, Bulletin.

Laramie, Wyo.
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Osterwald and Osterwald 1952

Dumortlerite.

General :

American Iron and Steel Insti

tute—American Ceramic So

ciety, Inc. 1950

Funk 1940a

Peck 1933

Snedden 1945

U.S. Bureau of Mines 1932-33

Watklns and others 1952

Winston 1944

Geology :

Clarke, F. W. 1908

Douglass 1953

Ford 19S2

Grawe 1928b

Jensen 1943

Kerr 1937

Ladoo and Myers 1951

Riddle and Foster 1949

Technology and uses : Foster and

others 1952

Arizona.

Geology, Yuma County :

Bowen and Wyckoff 1926

Diller and Whitfield 1889

Ford 1902

Grawe 1928b

Schaller 1905

Wilson, E. D. 1929

Occurrence : Clarke, F. W. 1908

Yuma County :

Bowen and Wyckoff 1926

Diller and Whitfield 1889

Duke 1957

Ford 1902, 1932

Dumortlerite—Continued

Arizona—Continued

Occurrence—Continued

Yuma County—Continned

Funk 1940a

Galbraith 1947

Grawe 1928b

Ladoo and Myers 1951

Moore, B. N. 1936

Riddle and Foster 1949

Schaller 1905

Wilson, E. D. 1929, 1933

Wilson, E. D., and others 1953

California

General : Riddle and Foster 1949

Geology :

Imperial County :

Grawe 1928b

Wolff 1930

Merced County : Daviess 1946

Riverside County :

Grawe 1928b

Larsen 1948

Murphy 1930

San Diego County :

Ford 1902

Funk 1940a

Grawe 1928b

Schaller 1905

Stanislaus County : Daviess 1946

Occurrence : Clarke, F. W. 1908

Imperial County :

Dietrich, F. W. 1928

Eakle 1922

Funk 1940a

Grawe 1928b

Jeffery 1943

Murdoch and Webb 1954, 1956

1 'a hst 1938

Riddle and Foster 1949

Sampson and Tucker 1931, 1942

Tucker 1926

Winston 1944

Wolff 1930

Kern County :

Murdoch and Webb 1956

Reed and Bailey 1927

Merced County : Daviess 1946

Mono County : Woodhouse 1936

Riverside County :

Eakle 1922

Funk 1940a

Grawe 1928b

Jeffery 1943

Kun/ 1905

Larsen 1948

Murdoch 1949

Murdoch and Webb 1952, 1954,

1956

Murphy 1980

Pabst 1938

Sampson and Tucker 1931

Winston 1944

San Diego County :

Eakle 1922

Ford 1902, 1932
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Dnmortlerite—Continued

California—Continued

Occurrence—Continued

San Diego County—Continued

Funk 1940a

Grawe 1928b

Jeffery 1943

Kunz 1905

Murdoch and Webb 1954, 1956

Pabst 1938

Sampson and Tucker 1931

Scballer 1905

Wlnaton 1944

Stanislaus County : Daviess 1946

Colorado.

Geology, Fremont County :

Finlay 1907

Grawe 1928b

Occurrence, Fremont County :

Argall 1949

Finlay 1907

Grawe 1928b

Montana.

Geology :

Jefferson County : U.S. Geological

Survey 1955

Madison County : Graham and Rob

ertson 1951, 1952

Occurrence :

Granite County : Emmons and Cal

kins 1913

Jefferson County : U.S. Geological

Survey 1955

Madison County : Graham and Rob

ertson 1951, 1952

Nevada.

General, Pershing County :

Funk 1940a

Jeffery 1943

Jensen 1943

Kerr 1937

Ladoo and Myers 1951

Peck 1926

Petar 1930

Riddle and Foster 1949

Warner and others 1958

Winston 1944

Geology :

Humboldt County :

Jones 1913

Knopf 1917

Schaller 1919

Schrader 1914

Nye County : Grawe 1928b

Pershing County :

Bowen and Wyckoff 1926

Fairbanks 1926

Foster 1947

Grawe 1928a, b

Jenney 1935

Jones 1928

Kerr and Jenney 1935

Knopf 1924

McLenegan 1956

Dnmortlerite—Continued

Nevada—Continued

Geology—Continued

Pershing County—Continued

Riddle and Peck 1935

York 1944

Occurrence: Watkins and others 1952

Humboldt County :

Clarke, F. W. 1908

Ford 1932

Knopf 1917

Schaller 1919

Schrader 1914

Nye County :

Grawe 1928b

Stoddard 1932

Pershing County :

Bowen and Wyckoff 1926

Carpenter 1928

Fairbanks 1926

Foster 1947

Fulton and Smith 1982

Funk 1940a

Grawe 1928a, b

Jeffery 1943

Jenney 1935

Jensen 1943

Jones 1928

Kerr 1987

Kerr and Jenney 1935

Knopf 1924

Ladoo and Myers 1951

McLenegan 1956

Newton 1944

Palmer 1928

Peck 1926

Petar 1980

Riddle and Foster 1949

Riddle and Peck 1935

Snedden 1945

Stoddard 1982

Warner and others 1958

Winston 1944

York 1944

Washoe County :

Grawe 1928b

Stoddard 1932

Technology and uses, Pershing County :

Carpenter 1928

Newton 1944

Palmer 1928

U.S. Bureau of Mines 1932-33

New Mexico.

Geology, Luna County :

Grawe 1928b

Schaller 1919

Occurrence :

Luna County :

Grawe 1928b

Northrop 1942

Schaller 1919

Talmage and Wootton 1937

Rio Arriba County :

Jahns 1946

Just 1937

Northrop 1942
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Dumortlertte—Continued

New York.

Geology, New York County :

Dlller and Whitfield 1889

Ford 1902

Grawe 1928b

Riggs 1887

Schaller 1905

Occurrence, New York County :

Butler, S. B. 1948

Chamberlln 1888

Dlller and Whitfield 1889

Ford 1902, 1932

Grawe 1928b

Ladoo and Myers 1951

Rlggs 1887

Schaller 1905

Washington.

Geology, Skamania County :

Ford 1902

Grawe 1928b

Schaller 1905

Occurrence : Clarke, F. W. 1908

'Skamania County :

Ford 1902, 1932

Grawe 1928b

Kelley and others 1956

Schaller 1905

Valentine 1949

Kyanlte.

General :

American Iron and Steel Insti

tute—American Ceramic So

clety. Inc. 1950

Espenshade and Potter 1959

Funk 1940a

Grelg 1925

Gunsallus 1956

Jeffery 1943

Kerr 1937

Norton, F. H. 1949

Peck 1933

Riddle and Foster 1949

Snedden 1945

U.S. Bureau of Mines 1932-33

Waggaman 1953

Watklns and others 1952

Williamson 1949

Winston 1944

Geology :

Clarke, F. W. 1908

Ford 1932

Goldsmith 1953

Hawes 1878

Helnrlch 1952

Insley 1933

Jensen 1943

Ladoo and Myers 1951

Norton, J. T. 1925a

Roy and Osborn 1952a, c, 1954

Sosman 1933

Taylor 1933

Kyanite—Continued

Mineral synthesis :

Clark and others 1957

Kennedy 1954, 1955

Roy and Osborn 19520,1954

Scbulllng 1958

Yoder 1957

Technology and uses :

Broadburst and Council! 1953

Ceramic Industry 1939a

Galbreath and others 1944

Gandrnd 1935

Greaves-Walker and others 19S7

Hopkins 1957

McVay and others 1944

Newton 1944

Peck 1924

Petar 1930

Prlndle and others 1935

Ralston 1938

Roy and Osborn 1952b

Scholes 1938

Tyler and Heuer 1937, 1949

Watklns 1932

Alabama.

Geology, Cleburne County: Bowles

1939

Occurrence : Espenshade and Potter

1959

Baldwin County : Havell and McVay

1939

Chilton County :

Bowles 1939

Palllster 1955a, b

Clay County :

Bowles 1939

Helnrlch and Olson 1953

Palllster 1955a, b

Cleburne County :

Bowles 1939

Helnrlch and Olson 1953

Palllster 1955a, b

Riddle and Foster 1949

Coosa County :

Bowles 1939

Palllster 1955a, b

Randolph County:

Bowles 1939

Helnrlch and Olson 1953

Palllster 1955a, b

Sterrett 1923

Tallapoosa County:

Bowles 1939

Helnrlch and Olson 1958

Sterrett 1923

Tuscaloosu County : PalllBter 1955a

Technology and uses, Baldwin County :

Havell and McVay 1939

Arizona.

Geology, Yuma County :

Schaller 1905

Wilson, E. D. 1929
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Kjanlte—Continued

Arizona—Continued

Occurrence :

Coconino County : Wilson, E. D. and

others 19S3

Oila County : Wilson, E. 1)., and

others 1953

Maricopa County :

Gnlhralth 1947

Wilson, E. D., and others 1953

Wilson and Roseveare 1949

Mohave County :

Galbralth 1947

Wilson, E. D., and others 1953

Yavapai County :

Funk 1940a

Wilson, E. D., and others 1953

Yuma County :

Duke 1957

Ford 1932

Funk 1940a

Galbralth 1947

Moore, B. N. 1936

Petar 1930

Riddle and Foster 1949

Schaller 1905

Wilson, E. D. 1929, 1933

Wilson, E. D., and others 1953

California.

General :

Dietrich, W. F. 1928

Jeffery 1943

Imperial County :

Funk 1940a

Henshaw 1942

Kerr 1937

McLenegan 1956

Petar 1930

Riddle and Foster 1949

Sampson and Tucker 1931, 1942

Tucker 1926

Winston 1944

Wright 1950a, 1957a

Geology :

Fresno County : Daviess 1946

Imperial County :

Barlett 1940

Campbell and Wright 1950

Melhase 1925

Moore, B. N. 1936

Los Angeles County : Bailey 1940

Madera County : Daviess 1946

Merced County : Daviess 1946

San Diego County : Crawford, J. J.

1896

Stanislaus County : Daviess 1946

Occurrence :

Murdoch and Webb 1956

Tyler and Heuer 1949

Watkins and others 1952

Fresno County : Daviess 1946

Imperial County :

Barlett 1940

California Division of Mines, Staff

1952

Campbell and Wright 1950

Kyanlte—Continued

California—Continued

Occurrence—Continued

Imperial County—Continued

Dietrich, W. F. 1928

Eakle 1922

Funk 1940a

Henshaw 1942

Jeffery 1943

Jenkins and others 1954

Jensen 1943

Kerr 1937

Ladoo and Myers 1951

McLenegan 1956

McVay and Wilson 1948

Melhase 1925

Moore, B. N. 1936

Murdoch and Webb 1952, 1956

Pabst 1938

Petar 1980

Riddle and Foster 1949

Sampson and Tucker 1931, 1942

Tucker 1926

Watkins 1932

Winston 1944

Wright 1950a, 1957a

Wright and others 1954

Kern County : Reed and Bailey 1927

Los Angeles County :

Bailey 1940

Eakle 1922

Sampson and Tucker 1931

Madera County : Daviess 1946

Merced County : Daviess 1946

San Diego County : Crawford, J. J.

1896

Stanislaus County : Daviess 1946

Tuolumne County :

Eakle 1922

Jeffery 1948

Pabst 1988

Sampson and Tucker 1931

Winston 1944

Technology and uses, Imperial County :

Jensen 1943

Watkins 1932

Colorado.

Geology, Park County : Helnrich and

Bever 1957

Occurrence, Park County :

Bever 1953

Helnrich and Bever 1957

Connecticut.

Geology, Litchfield County :

Barlett 1940

Gates 1051, 1954

Gates and Bradley 1952

Occurrence :

Fairfield County :

Ford 1932

Genth 1873

Hartford County : Ford 1932

Litchfield County :

Barlett 1940

Ford 1932

Gates 1951, 1954
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Kyanite—Continued

Connecticut—Continued

Occurrence—Continued

Litchfield County—Continued

Gates and Bradley 1952

Genth 1873

Ladoo and Myers 1951

Florida.

General :

Alachua County : Thoenen and Warne

1949

Baker County: Spencer 1948

Bradford County :

Browning and others 1956

8pencer 1948

Clay County :

Browning and others 1956

Spencer 1948

Thoenen and Warne 1949

Duval County :

Browning and others 1956

Miller, Roswell, III 1945

Spencer 1948

Thoenen and Warne 1949

Escambia County : Miller, Kos-

well, III 1945

Highlands County : Thoenen and

Warne 1949

Hillsborough County : MUler, Bos-

well, III 1945

Indian River County: Miller, Eos-

well, III 1945

Lake County : Thoenen and Warne

1949

Marlon County : Thoenen and Warne

1949

Nassau County : Thoenen and Warne

1949

Orange County : Thoenen and Warne

1949

Putnam County : Thoenen and Warne

1949

St. Johns County : Miller, Bos-

well, III 1945

Santa Rosa County : Miller, Ros

well, III 1945

Geology :

Cannon 1950

Martens 1935

Occurrence :

Cannon 1950

Bspenshade and Potter 1959

Gunsallus 1956

Alachua County : Thoenen and Warne

1949

Baker County : Spencer 1948

Bradford County :

Browning and others 1956

Spencer 1948

Brevard County : Martens 1985

Broward County : Martens 1985

Clay County :

Browning and others 1956

Calver 1957

Engineering and Mining Journal

1952

Kyanite—Continued

Florida—Continued

Occurrence—Continued

Clay County—Continued

Spencer 1948

Thoenen and Warne 1949

Tyrrell and Klinefelter 1956

Dade County : Martens 1935

Duval County :

Browning and others 1956

Calver 1957

Martens 1935

MlUer, Roswell, III 1945

Spencer 1948

Thoenen and Warne 1949

Escambia County :

Miller, Roswell, III 1945

Riddle and Foster 1949

Flager County : Martens 1935

Highlands County : Thoenen and

Warne 1949

Hillsborough County : Miller, Ros

well, III 1945

Indian River County : Miller, Ros

well, III 1945

Lake County : Thoenen and Warn*

1949

Marlon County : Thoenen and Warne

1949

Nassau County :

Martens 1935

Thoenen and Warne 1949

Orange County : Thoenen and Warne

1949

Palm Beach County : Martens 1985

Putnam County : Thoenen and Warne

1949

St. Johns County :

Martens 1935

Miller, Roswell, III 1945

Santa Rosa County :

Miller, Roswell, III 1945

Riddle and Foster 1949

Volusia County : Martens 1935

Technology and uses. Clay County :

Engineering and Mining Journal

1952

Tyrrell and Klinefelter 1956

Georgia.

General :

Mattson 1934

O'Meara and Gandrud 1936

Cherokee County :

Furcron and Teague 1945

McVay and Wilson 1947

Dawson County :

Furcron and Teague 1945

McVay and Wilson 1947

Gilmer County :

Furcron and Teague 1945

McVay and Wilson 1947

Habersham County :

Espenshade and Potter 1959

Greene 1935

Riddle and Foster 1949

Smith, R. W. 1932, 1934, 1936a
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Kyanite—Continued

Georgia—Continued

General—Continued

Lincoln County: Espenshade and

Potter 1959

Pickens County :

Furcron and Teague 1945

McVay and Wilson 1947

Rabun County : Smith, B. W. 1984,

1936a

Geology :

Shell 1949

Stose and Smith 1939

Carroll County : Smith, R. W. 1983

Cherokee County :

Bayley 1928

Espenshade and Potter 1959

Furcron 1950

Prindle and others 1985

Smith, It. W. 1932

Clarke County : Hurst 1953

Dawson County : Furcron 1950

De Kalb County : Herrmann 1954

Fannin County :

Furcron 1950

Hurst 1955

LaForge and Phalen 1913

Prindle and others 1935

Smith, R. W. 1932

Fulton County : Crickmay 1935a

Gilmer County :

Furcron 1950

Smith. R. W. 1932

Gwinnett County : Herrmann 1954

Habersham County :

Crickmay 1952

Furcron 1950

Launer 1952

Prindle and others 1985

Smith, R. W. 1936b

Teague and Furcron 1948

Lincoln County :

Espensbade and Potter 1953b

Furcron 1950

Johnston 1935

Watklns 1942

Watson 1921

Watson and Watson 1912

Pickens County :

Espenshade and Potter 1959

Furcron 1950

Prindle and others 1935

Smith, R. W. 1932

Rabun County :

Crickmay 1952

Espenshade and Potter 1959

Furcron 1950

Prindle and others 1985

Smith, R. W. 1986b

Teague and Furcron 1948

Talbot County :

Clarke, J. W. 1952

Crickmay 1985b

Furcron 1960

Smith, R. W. 1932

Kyanite—Continued

Georgia—Continued

Geology—Continued

Towns County :

Furcron 1950

Prindle and others 1985

Union County :

Furcron 1950

LaForge and Phalen 1913

Prindle and others 1935

Smith, R. W. 1932

Upson County :

Clarke, J. W. 1952

Crickmay 1935b

Furcron 1950

Ingram 1950

Occurrence :

Foster and others 1952

Gunsallus 1956

Kerr 1937

Stose and Smith 1939

Tyler and Heuer 1949

Waggaman 1953

Watklns and others 1952

Carroll County :

Espenshade and Potter 1959

Shearer and Hull 1918

Smith, R. W. 1932

Chatham County : Martens 1935

Cherokee County :

Bayley 1928

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

McVay and Wilson 1947

Petar 1930

Prindle and others 1935

Riddle and Foster 1949

Smith, R. W. 1932

Clarke County : Hurst 1953

Cobb County : Petar 1930

Dawson County :

Espenshade and Potter 1959

Furcron 1050

Furcron and Teague 1945

McVay and Wilson 1947

Riddle and Foster 1949

De Kalb County : Herrmann 1954

Fannin County :

Espenshade and Potter 1959

Furcron 1950

Greaves-Walker 1030

Hurst 1955

LaForge and Phalen 1913

Prindle and others 1985

Smith, R. W. 1932

Fulton County : Crickmay 1935a

Gilmer County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

McVay and Wilson 1947

Riddle and Foster 1949

Smith, R. W. 1932

Glynn County : Martens 1935
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Kyanite—Continued

Qeorgia—Continued

Occurrence—Continued

Qwlnnett County : Herrmann 1954

Habersham County :

Boyd 1940

Crlckmay 1952

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Greene 1935

Jensen 1943

Ladoo and Myers 1951

Launer 1952

McVay and Wilson 1943

Petar 1930

Prlndle and others 1935

Riddle and Foster 1949

Smith, K. W. 1932, 1934, 1936a, b

Teague and Furcron 1948

Haralson County :

Espenshade and Potter 1959

Shearer and Hull 1918

Harris County : Espenshade and Pot

ter 1959

Lincoln County :

Espenshade and Potter 1953b,

1959

Furcron 1950

Furcron and Teague 1945

Genth 1873

Johnston 1935

Pratt 1898

Riddle and Foster 1949

Watklns 1942

Watson 1921

Watson and Watson 1912

Lumpkin County :

Espenshade and Potter 1959

Pardee and Park 1948

Nantahala National Forest : Prlndle

and others 1935

Pickens County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

McVay and Wilson 1947

Prlndle and others 1935

Kiddle and Foster 1949

Smith, R. W. 1932

Rabun County :

Crlckmay 1952

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Prlndle and others 1935

Riddle and Foster 1949

Smith, R. W. 1934, 1936a, b

Teague and Furcron 1948

Talbot County :

Clarke, J. W. 1952

Crlckmay 1935b

Espenshade and Potter 1959

Furcron 1950

Smith, R. W. 1932

Kyanite—Continued

Georgia—Continued

Occurrence—Continued

Towns County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Hash and Van Horn 1951

Prlndle and others 1935

Riddle and Foster 1949

Union County :

Espenshade and Potter 1959

Furcron 1950

Greaves-Walker 1930

LaForge and Phalen 1913

Prlndle and others 1935

Smith, R. W. 1932

Upson County :

Clarke, J. W. 1952

Crlckmay 1935b

Espenshade and Potter 1959

Furcron 1950

Ingram 1950

Petar 1930

Technology and uses :

Foster and others 1952

Ralston 1938

Habersham County :

Boyd 1940

Jensen 1943

McVay and Wilson 1943

Idaho.

General, Shoshone County : Abbott and

Prater 1954

Geology :

Clearwater County : Hletanen 1956

Shoshone County : Hletanen 1956

Valley County : Schmidt 1958

Occurrence: Foster and others 1952

Clearwater County : Hletanen 1956

Idaho County : Kelly and others

1956

Lemhi County: Waggaman 1953

Shoshone County :

Abbott and Prater 1954

Hletanen 1956

Hubbard 1955

Kelly and others 1956

Valley County : Schmidt 1958

Technology and uses : Foster and others

1952

Maine.

Occurrence, Cumberland County: Clark

and others 1957

Maryland.

Geology : Dryden and Dryden 1941

Baltimore County : Knopf and Jonas

1929

Calvert County : Miller, Roswell, III

1945

Occurrence :

Dryden and Dryden 1941

Kerr 1937
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Kyanite—Continued

Maryland—Continued

Occurrence—Continued

Baltimore County : Knopf and Jonas

1929

Calvert County : Miller, Roswell, III

1945

Massachusetts.

Geology : Franklin, Hampden, Hamp

shire, and Worcester Counties :

Emercon 1917

Occurrence :

Franklin County : Emerson 1895,

1917

Hampden County :

Emerson 1895, 1917

Ladoo and Myers 1951

Pearre 1956

Hampshire County :

Emerson 1895, 1917

Ford 1932

Petar 1930

Riddle and Foster 1949

Worcester County : Emerson 1917

Montana.

General: Gallatin and Madison Coun

ties : Helnrlch 1948

Geology :

Gallatin County : Helnrlch 1949

Madison County :

Helnrlch 1949

Reld 1957, 1958

Occurrence :

Gallatin County : Helnrlch 1948,

1949

Lewis and Clark County : Kauffman

1952

Madison County :

Helnrlch 1948, 1949

Kauffman 1952

Kelly and others 1956

Reld 1957, 1958

Riddle and Foster 1949

yew Hampshire.

Geology : Billings 1955, 1956

Grafton County :

Bannerman 1941

Chapman, C. A. 1939

Hadley 1942

Hadley and Chapman 1939

Lyons 1955

Riddle and Peck 1935

Sullivan County :

Chapman, C. A. 1939

Hadley and Chapman 1939

Occurrence : Billings 1955, 1956

Cheshire County :

Fowler-Billings 1949a

Hawes 1878

Heald 1950a

Meyers and Stewart 1956

Moore, G. E.. Jr. 1949a, b

Kyanite—Continued

New Hampshire—Continued

Occurrence—Continued

Coos County : Meyers and Stewart

1956

Grafton County :

Bannerman 1941

Chapman 1939

Hadley 1942

Hadley and Chapman 1939

Hawes 1878

Lyons 1955

Meyers and Stewart 1956

Pearre and Calkins 1967

Riddle and Peck 1935

Sullivan County :

Chapman 1939

Hadley and Chapman 1939

New Mexico.

General, Rio Arriba County : Jahns 1946

Geology :

Rio Arriba County :

Barker 1958

Corey 1954

Ellis 1930

Just 1937

Keller and others 1952

Montgomery 1953

Talmage and Wootton 1937

Taos County :

Just 1937

Montgomery 1953

Occurrence :

Rio Arriba County :

Barker 1958

Corey 1954

Ellis 1930

Jahns 1946

Just 1937

Keller and others 1952

Montgomery 1953

Northrop 1942

Petar 1930

Riddle and Foster 1949

Sterrett 1923

Talmadge and Wootton 1937

Taos County :

Just 1937

Montgomery 1953

Northrop 1942

Petar 1930

Riddle and Foster 1949

New York.

Geology :

Dutchess County :

Balk 1936

Barth 1936

Putnam County :

Balk 1936

Barth 1936

Occurrence :

Dutchess County :

Balk 1936

Barth 1936
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Kyanlte—Continued

Jimp York—Continued

Occurrence—Continued

New York County :

Butler, S. B. 1048

Chamberlln 1888

Putnam County :

Balk 1936

Barth 1936

Sorth Carolina.

General :

Broadhurat 19S5

Greaves Walker 1930

Buncombe County : Pole and Moore

1938

Yancey County :

Broadhurat 1955

Espenshade and Potter 1959

Jenaen 1943

Kerr 1937

Mattson 1934, 1936, 1937

Murdock 1950

Riddle and Foster 1949

Stuckey 1932, 1937

Trauffer 1936

Geology :

Uroadhurst and Counclll 1954

Bryson 1928

Greaves-Walker and Riggs 1937

Shell 1949

Stuckey 1935

Stuckey and Conrad 1958

Stuckey and others 1947

Ashe County : Stuckey 1937

Avery County :

Kulp and Brobat 1956

Olson 1944

Stuckey 1937

Buncombe County :

Barlett 1940

Bryson 1930

Espenshade and Potter 1959

Genth 1873

Keith 1904, 1905, 1907b

Overstreet and Grlffltts 1955

Stuckey 1932, 1937

Catawba County : Overstreet and

Grlffltts 1955

Clay County :

Bryson 1930

Hash and Van Horn 1951

Stuckey 1937

Cleveland County :

Espenshade and Potter 1959

Keith and Sterrett 1917

Overstreet and Grlffltts 1955

Franklin County : Stuckey 1937

Gaston County :

Espenshade and Potter 1953a, b,

1959

Furcron 1950

Keith and Sterrett 1917, 1931

Potter 1954

Stuckey 1937

Granville County : Broadhurat and

CounclU 1953

Kyanite—Continued

Sorth Carolina—Continued

Geology—Continued

Haywood County :

Keith 1907b

Stuckey 1937

Iredell County : Stuckey 1937

Jackson County : Stuckey 1937

Johnston County :

Broadhurat and Counclll 195S

Dunn 1933

Espenshade and Potter 1959

Furcron 1950

Stuckey 1932, 1937

Lincoln County :

Espenshade and Potter 1953a.

1959

Potter 1954

Stuckey 1937

McDowell County : Overstreet and

Grlffltts 1955

Macon County :

Bryson 1932

Hash and Van Horn 1951

Keith 1907a

Stuckey 1937

Mecklenburg County : Stuckey 1937

Mitchell County :

Adler 1950

Brobst 1952

Bryson 1930

Espenshade and Potter 1059

Furcron 1950

Keith 1907c

Kulp and Brobst 1956

Kunz 1888

Olson 1944

Stuckey 1932, 1937

Person County :

Broadhurat and Counclll 1953

Espenshade and Potter 1953b,

1959

Stuckey 1935, 1937

Randolph County : Stuckey 1937

Rutherford County :

Espenshade and Potter 1959

Stuckey 1937

Stokes County : Stuckey 1937

Surry County :

Overstreet and Grlffltts 1955

Stuckey 1937

Wake County : Steel 1952

Western : Fessler and McCaughey

1929

Wilkes County :

Bryson 1930

Genth 1873

Stuckey 1937

Yancey County :

Bryson 1930, 1932

Chute 1944

Furcron 1950

Keith 1905

Olson 1944

Payne 1928

Pratt 1898
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Kyanite—Continued

Xorth Carolina—Continued

Occurrence :

Broadhurst and Councill 1954

Foster and others 1052

Gunsallus 1956

O'Meara and Grandrud 19S6

Pratt 1901

Stuckey 1935

Stuckey and Conrad 1958

Tyler and Heuer 1949

Waggaman 1958

Watkins and others 1952

Alleghany County : Genth and Kerr

1881

Ashe County :

Espenshade and Potter 1959

Genth 1891

Greaves-Walker 1945

Greaves-Walker and Biggs 1937

Stuckey 1937

Avery County :

Bryson 1928, 1930

Espenshade and Potter 1959

Greaves-Walker 1945

Greaves-Walker and Rlggs 1987

Kulp and Brobst 1956

Olson 1944

Petar 1930

Stuckey 1937

Buncombe County :

Barlett 1940

Broadhurst 1955

Bryson 1930, 1938

Espenshade and Potter 1959

Genth 1873, 1891

Genth and Kerr 1881

Greaves-Walker 1980, 1945

Greaves-Walker and Rlggs 1937

Hash and Van Horn 1951

Keith 1904, 1905, 1907b

King 1958

Kunz 1907

Murdock 1950

Overstreet and Grlffltts 1955

Pole and Moore 1938

Stuckey 1932, 1937, 1952

Stuckey and others 1947

Stuckey and Steel 1953

Burke County : Genth and Kerr

1881

Caldwell County :

Bryson 1928

Genth 1871. 1891

Genth and Kerr 1881

Petar 1930

Catawba County :

Genth 1871, 1891

Genth and Kerr 1881

Overstreet and Grlffltts 1955

Cherokee County :

Bryson 1928

EBpenshade and Potter 1959

Genth 1891

Genth and Kerr 1881

Petar 1930

Kyanite—Continued

North Carolina—Continued

Occurrence—Continued

Clay County :

Broadhnrst 1955

Bryson 1928, 1930

Genth 1873, 1891

Genth and Kerr 1881

Greaves-Walker 1930, 1945

Greaves-Walker and Rlggs 1937

Hash and Van Horn 1951

Petar 1930

Stuckey 1937

Stuckey and Steel 1953

Cleveland County :

Broadhurst 1955

Espenshade and Potter 1953b,

1959

Hash and Van Horn 1951

Keith and Sterrett 1917

Overstreet and Grlffltts 1955

Sterrett 1923

Stuckey and Steel 1953

Franklin County :

Espenshade and Potter 1959

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

Stuckey 1937

Stuckey and Steel 1953

Gaston County :

Broadhurst 1955

Espenshade and Potter 1953a, b,

1959

Ford 1932

Furcron 1950

Genth 1871, 1873, 1891

Genth and Kerr 1881

Greaves-Walker and Rlggs 1937

Keith and Sterrett 1917, 1931

Kunz 1907

Ladoo and Myers 1951

Potter 1954

Sterrett 1923

Stuckey 1937

Stuckey and Steel 1953

Watson 1921

Graham County :

Bryson 1928

Petar 1930

Granville County :

Broadhurst 1955

Broadhurst and Councill 1953

Stuckey 1958

Haywood County :

Bryson 1928, 1930

Espenshade and Potter 1959

Genth 1891

Genth and Kerr 1881

Greaves-Walker 1930, 1945

Greaves-Walker and Rlggs 1937

Keith 1907b

Petar 1930

Pratt 1906

Sterrett 1923

Stuckey 1937
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Kyanitc—Continued

North Carolina—Continued

Occurrence—Continued

Iredell County :

Bryson 1928. 1930

Espenshade and Potter 1959

Genth 1891

Gen th and Kerr 1881

Greaves-Walker and Biggs 1937

Petar 1930

Pratt 1906

Stuckey 1937

Stuckey and Steel 1953

Jackson County :

Bryson 1928, 1930

Oreaves-Walker 1930, 1945

Greaves-Walker and Rlggs 1937

Hash and Van Horn 1951

Petar 1930

Pratt 1906

Stuckey 1937

Johnston County :

Broadhurst 1955

Broadhurst and Counclll 1955

Dunn 1933

Espenshade and Potter 1959

Furcron 1950

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

King 1958

Stuckey 1932, 1937

Stuckey and Steel 1953

Lincoln County :

Espenshade, Potter 1958a, 1969

Genth and Kerr 1881

Greaves-Walker and Rlggs 1937

Griffltta and Olson 1953a

Overstreet and Griffltta 1955

Potter 1954

Sterrett 1923

Stuckey 1937

McDowell County :

Bryson 1930

Genth and Kerr 1881

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

Overstreet and Griffltta 1955

Macon County :

Broadhurst 1955

Bryson 1930, 1932, 1938

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker 1930, 1945

Greaves-Walker and Rlggs 1937

Hash and Tan Horn 1951

Keith 1907a

Pratt 1906

Stuckey 1937

Stuckey and Steel 1953

Madison County :

Bryson 1930

Genth 1891

Genth and Kerr 1881

Kyanite—Continued

Horth Carolina—Continued

Occurrence—Continued

Mecklenburg County :

Espenshade and Potter 1959

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker and Rlggs 1937

Stuckey 1937

Mitchell County :

Adler 1950

Brobst 1952

Bryson 1927, 1928, 1930, 1938

Espenshade and Potter 1959

Furcron 1950

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker 1930, 1945

Greaves-Walker and Rlggs 1987

Keith 1907c

Kulp and Brobst 1956

Kuns 1888, 1907

Olson 1944

Parker 1952

Petar 1930

Pratt 1898, 1901

Stuckey 1932, 1937

Moore County :

Genth 1891

Genth and Kerr 1881

Nantanala National Forest vicinity:

Mattson 1934

Person County :

Broadhurst 1955

Broadhurst and Counclll 195S

Espenshade, Potter 1953b, 1959

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

Jonas 1932

Stuckey 1935, 1937

Randolph County :

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

Stuckey 1937, 1938

Rockingham County : Genth and Kerr

1881

Rutherford County :

Broadhurst 1955

Espenshade and Potter 1959

Genth 1873

Greaves-Walker 1945

Greaves-Walker and Rlggs 1937

Kuns 1907

Ladoo and Myers 1951

Stuckey 1937

Stokes County :

Espenshade and Potter 1959

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker and Biggs 193T

Stuckey 1937
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Kyanite—Continued

North Carolina—Continued

Occurrence—Continued

Surry County :

Espenshade and Potter 1959

Genth 1871, 1891

Genth and Kerr 1881

Greavee-Walker and Riggs 1937

Overstreet and Griffltts 1955

Stuckey 1937

Transylvania County :

Genth 1891

Genth and Kerr 1881

Mattson 1934

Pratt 1906

Wake County :

Broadhurst 1955

Espenshade and Potter 195©

Genth 1891

Genth and Kerr 1881

Steel 1952

Watauga County : Genth, Kerr 1881

Western: Fessler and McCaughey

1929

Wilkes County :

Bryeon 1928, 1930

Espenshade and Potter 1959

Genth 1871, 1873, 1891

Genth and Kerr 1881

Greaves-Walker and Riggs 1937

Petar 1930

Stuckey 1937

Yancey County :

Broadhurst 1955

Bryson 1927, 1928, 1930, 1932

1938

Chute 1944

Espenshade and Potter 1959

Ford 1932

Furcron 1950

Genth 1871, 1891

Genth and Kerr 1881

Greaves-Walker 1930, 1945

Greaves-Walker and Riggs 1987

Jeffery 1943

Jensen 1943

Keith 1905

Kerr 1937

Kuns 1907

Ladoo and Myers 1951

McVay and Wilson 1943

Mattson 1934, 1936, 1937

Murdock 1950

Olson 1944

Parker 1952

Payne 1928

Petar 1930

Pratt 1898, 1901

Riddle and Foster 1949

Stuckey 1932, 1937, 1952

Stuckey and others 1947

Stuckey and Steel 1953

Trauffer 1936

Watklns 1932

Kyanite—Continued

North Carolina—Continued

Technology and uses :

Bryson 1930, 1938

Foster and others 1952

Greaves-Walker 1945

Insley 1933

Ralston 1938

Yancey County :

Greaves-Walker 1945

Jeffery 1943

McVay and Wilson 1943

Watklns 1932

Penntylvania.

Geology :

Chester County : Gordon 1922

Delaware County :

Dike 1951

Gordon 1922

Postel 1941

Weiss 1949

Wyckoff 1952

Montgomery County :

Postel 1941

Weiss 1949

Wyckoff 1952

Northampton County: Anderson and

Chesley 1931

Philadelphia County :

Postel 1941

Weiss 1949

Wyckoff 1952

Occurrence : Kerr 1937

Bucks County : Gordon 1922

Chester County :

Gordon 1922

Ladoo and Myers 1951

McKinstry 1949

Delaware County :

Dike 1951

Gordon 1922

Ladoo and Myers 1951

McKinstry 1949

Petar 1930

Postel 1941

Riddle and Foster 1949

Weiss 1949

Wyckoff 1952

Lancaster County : Gordon 1922

Montgomery County:

McKinstry 1949

Postel 1941

Weiss 1949

Wyckoff 1952

Northampton County: Anderson and

Chesley 1931

Philadelphia County :

Gordon 1922

McKinstry 1949

Postel 1941

Weiss 1949

Wyckoff : 1952
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Kyanite—Continued

South Carolina.

General, York County :

Bute 1949

Espenshade and Potter 1959

Geology :

Cherokee County :

Espenshade and Potter 1959

Keith and 'Sterrett 1931

Overstreet and Grlffltta 1955

Chesterfield County : Espenshade and

Potter 1959

Edgefield County : Espenshade and

Potter 1959

Greenville County : Sloan 1908

Newberry County : Espenshade and

Potter 1959

York County :

Espenshade and Potter 1953a, b,

1959

Furcron 1950

Keith and Sterrett 1931

Potter 1954

Smith and Neweome 1951

Occurrence :

Tyler and Heuer 1949

Watkins and others 1952

Charleston County : Martens 1935

Cherokee County :

Espenshade and Potter 1959

Furcron 1950

Keith and Sterrett 1931

Overstreet and Grlffltts 1955

Van Horn and others 1949

Chesterfield County :

EspenBhade and Potter 1959

Fries 1942

Peyton and Lynch 1953

Watson 1921

Edgefield County : Espenshade and

Potter 1959

Greenville County :

Grlffltts and Olson 1953b

Sloan 1908

Sterrett 1923

Newberry County :

Bute 1949

Espenshade and Potter 1959

Richland County : Smith, L. L. 1932

York County :

Avery 1953a

Brunenkant 1949

Bule 1949

Espenshade and Potter 1953a, b,

1959

Furcron 1950

Glese and Smith 1958

Gunsallus 1956

Jensen 1943

Keith and Sterrett 1931

Potter 1954

Riddle and Foster 1949

Smith, L. L. 1932

Smith and Newcome 1951

Waggaman 1953

Kyanite—Continued

BotttH Carolina—Continued

Occurrence—Continued

York County—Continued

Wilson, H. H., Bole, G. A., 1958

Technology and uses, York County :

Avery 1953a

Brunenkant 1949

Glese and Smith 1958

Gunsallus 1956

Wilson, H. II., Bole, G. A. 1958

United State*.

South Atlantic States, general : Matt-

son 1934

Southeastern, geology and occurrence :

Cannon 1950

Espenshade and Potter 1959

Furcron 1950

Stuckey 1953

Utah.

Geology and occurrence. Box Elder

County : Crawford, A. L., and

others 1948

Vermont.

Geology :

Orange County :

Doll 1944

Hadley and Chapman 1939

Jacobs 1944

Windsor County :

Currier 1934

Doll 1944

Lyons 1955

Occurrence :

Orange County :

Doll 1944

Hadley and Chapman 1939

Jacobs 1944

Windsor County :

Currier 1934

Doll 1944

Hawes 1878

Lyons 1955

Virginia.

General: Peck 1925, 1933

Buckingham County : Jones and

Eilertsen 1954

Charlotte County : Kerr 1937

Grayson County : Stose and Stose

1957

Prince Edward County :

Corrlveau 1955

Espenshade and Potter 1959

Hubbell 1941a

Jensen 1943

Mattson 1934

Riddle and Foster 1049

Sawyer and Whlttemore 1941

Geology:

Dryden and Dryden 1941

Shell 1949
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Kyanlte—Continued

Virginia—Continued

Geology—Continued

Buckingham County :

Espenshade. Potter 1963a, b, 1069

Jonas 1932

Tabor 1913, 1935

Carroll County :

Furcron 1950

Jonas 1932

Stose and Stose 1957

Charlotte County :

Espenshade and Potter 1953a,

1959

Jonas 1932

Taber 1913

Watson and Watklns 1911

Goochland County : Taber 1918,

1935

Grayson County :

Furcron 1950

Jonas 1932

Halifax County : Espenshade and

Potter 1959

Henry County : Pegau 1982

Pittsylvania County : Pegau 1982

Prince Edward County :

Espenshade and Potter 1968a, b

Furcron 1950

Jonas 1932

Sawyer and Whittemore 1940

Stose and Stose 1957

Occurrence :

Dryden and Dryden 1941

Tyler and Heuer 1949

Watkins and others 1952

Amelia County : Dietrich, R. V. 1953,

1954, 1958

Buckingham County :

Dietrich, R. V. 1958, 1954, 1958

Espenshade and Potter 1953a, b,

1959

Herod 1957

Jonas 1932

Jones and Ellersten 1954

Riddle and Foster 1949

Taber 1913, 1935

Waggaman 1953

Watklns 1932

Watson 1907

Campbell County :

Dietrich, R. V. 1955, 1958

Espenshade and Potter 1969

Watklns 1932

Caroline County :

Espenshade and Potter 1969

Jahns and Grlffltts 1968

Carroll County :

Dietrich, R. V. 1953, 1954, 1966,

1958

Furcron 1950

Jonas 1932

Stose and Stose 1957

Kyanite—Continued

Virginia—Continued

Occurrence—Continued

Charlotte County :

Dietrich, R. V. 1953, 1954, 1958

Espenshade, Potter 1953a, 1959

Jonas 1932

Kerr 1937

Peck 1925

Petal- 1930

Taber 1913

Watson and Watkins 1911

Fairfax County : EBpenshade and*

Potter 1959

Fluvanna County : Dietrich, R. V.

1953, 1954, 1958

Franklin County :

Dietrich, R. V. 1955, 1958

8terrett 1923

Goochland County :

Dietrich, R. V. 1953, 1954, 1958

Espenshade and Potter 1959

Pardee and Park 1948

Taber 1913, 1935

Grayson County :

Dietrich, R. V. 1963, 1954. 1955,.

1958

Eftpenshade and Potter 1959

Furcron 1950

Jahns and Grlffltts 1953

Jonas 1932

Stose and Stose 1957

Watklns 1982

Halifax County :

Dietrich, R. V. 1958, 1954, 195&

Espenshade and Potter 1959

Jonas 1932

Hanover County :

Dietrich, R. V. 1953, 1954, 1958

Espenshade and Potter 1959

Jahns and Grlffltts 1953

Watson 1907

Henry County :

Espenshade and Potter 1959

Jahns and Grlffltts 1953

Pegau 1932

Louisa County :

Espenshade and Potter 1959

Jahns and Grlffltts 1953

Lunenburg County : Dietrich, R. V.

1953, 1954, 1958

Patrick County :

Dietrich, R. V. 1953, 1954, 1958

Espenshade and Potter 1959

Watkins 1932

Pittsylvania County :

Espenshade and Potter 1959

Jahns and Grlffltts 1953

Pegau 1932

Prince Edward County :

Avery 1953b

Bevan 1942

Corriveau 1955
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Kyanite—Continued

Virginia—Continued

Occu rrence—Continued

Prince Edward County—Continued

Dietrich. It. V. 1953, 1954, 1955,

1958

Espenshade, Potter 1953a, b, 1959

Furcron 1950

Gunsallua 1956

Hubbell 1941a, b

Jensen 1943

Jonas 1932

Ladoo and Myers 1951

McVay and Wilson 1943

Mattson 1934

Riddle and Foster 1949

Sawyer and Wbittemore 1940,

1941

Stose and Stose 1957

Waggaman 1953

Watklns 1932

Whlttemore and Allen 1942

Spotsylvania County :

Dietrich, R. V. 1953, 1954, 1958

Espenshade and Potter 1959

Jahns and Griffltts 1953

Watson 1907

Technology and uses :

Galbreath and others 1944

Inslcy 1933

Jeffery 1943

Buckingham County : Herod 1957

Prince Edward County :

Avery 1953b

Ounsallus 1956

Hubbell 1941b

McVay and Wilson 1943

Watklns 1932

Whlttemore and Allen 1942

Washington.

Occurrence: Kerr 1937

Chelan County :

Kelly and others 1966

Valentine 1949

Kittitas County : Kelly and others

1956

Skagit County:

Kelly and others 1956

Valentine 1949

Wisconsin.

Geology, Iron County :

Allen and Barrett 1915

Pries 1939

Occurrence, Iron County :

Allen and Barrett 1915

Pries 1939

Hanson 1954

Riddle and Foster 1949

Wyoming.

Geology :

Albany County : Hagner 1958

Carbon County: Beckwith 1982

Kyanlte—Continued

Wyoming—Continued

Occurrence : Kerr 1937

Albany County :

Birch 1955

Clabaugh and others 1946

Hagner 1953

Osterwald and Osterwald 1952

Carbon County :

Beckwith 1932

Birch 1955

Clabaugh and others 1946

Osterwald and Osterwald 1952

Piatt 1947

Riddle and Poster 1949

Platte County :

Birch 1955

Clabaugh and others 1946

Ladoo and Myers 1951

Osterwald and Osterwald 1952

Petar 1930

Riddle and Foster 1949

PyrophyUlte.

General :

American Iron and Steel Insti

tute—American Ceramic Soci

ety, Inc. 1950

Espenshade and Potter 1959

Irving 1956

Ladoo and Myers 1951

Norton, F. H. 1949

Peck 1933

Treischel 1957

U.S. Bureau of Mines 1932-33

Geology :

Bowen, C. H. 1954

Clarke, F. W. 1908

Ford 1932

Keller 1954

Launer 1952

Roy and Osborn 1952a, c, 1954

Mineral synthesis :

Folk 1947

Gruner 1944

Kennedy 1954, 1955

Roy 1954

Roy and Osborn 1952a, 1954

Yoder 1952

Technology and uses :

Greaves-Walker 1945

Mulryan 1958

Arizona.

Geology, Yuma County : Wilson, E. D.

1929

Occurrence :

Mohave County :

Galbraith 1947

Wilson, E. D., and others 1953

Yuma County :

Duke 1957

Galbraith 1947

Ladoo and Myers 1951

Wilson, B. D. 1929

Wilson, E. D., and others 1953
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Pyropbylllte—Continued

OaMJornia.

General :

Inyo County : Wright 1957b

Mono County : Wright 1950b, 1957b

San Bernardino County :

Wright 1957b

Wright and others 1953

San Diego County :

Jahns and Lance 1950

Wright 1950b, 1957b

Geology :

Mariposa County : Kerr, Hamilton,

and PHI 1950

Mono County : Peck 1924

San Bernardino County :

Bowen, O. B., Jr. 1954

Pask and Bowen 1954

San Diego County :

Lance 1950

Bichard 1935

Occurrence :

Irving 1956

Murdoch and Webb 1956

Alamedo County : Eakle 1922

Butte County : Eakle 1922

Imperial County :

Moore, B. N. 1936

Pabst 1938

Sampson and Tucker 1942

Tucker 1926

Inyo County :

California Division of Mines 1958

Eakle 1922

Jenkins and others 1954

Murdoch 1949

Murdoch and Webb 1952, 1956

Wright 1950b, 1957b

Lob Angeles County : Jenkins and

others 1954

Madera County :

Erwln 1934

Pabst 1938

Mariposa County :

Bowen and Oray 1957

Burgess 1949

Ford 1932

Kerr, Hamilton, and Pill 1950

Pabst 1938

Mono County :

Foster and others 1952

Jeffery and Woodhouse 1931

Jenkins and others 1954

Kerr 1932

Ladoo and Myers 1951

Lenimon 1937

Pabst 1938

Peck 1924

Woodhouse 1936

Wright 1950b, 1957b

Wright and others 1954

San Bernardino County :

Bowen, O. E., Jr. 1954

Jenkins and others 1954

Pask and Bowen 1954

Pyrophylllte—Continued

Oalijornia—Continued

Occurrence—Continued

San Bernardino County—Continued

Wright 1957b

Wright and others 1953

San Diego County :

Burgess 1949

California Division of Mines 1958

GlUson 1937

Jahns and Lance 1950

Jenkins and others 1954

Ladoo and Myers 1951

Lance 1950

Murdoch 1949

Murdoch and Webb 1952, 1956

Bichard 1935

Wright 1950b, 1957b

Wright and others 1954

Shasta County : Jenkins, others 1954

Tulare County : Jenkins and others

1954

Technology and uses :

California Division of Mines, Staff

1952

Jenkins and others 1954

Inyo County : Calfornia Division of

Mines 1958

Mono County : Foster and others

1952

San Diego County : California Divi

sion of Mines 1958

Georgia.

Geology, Lincoln County :

Espenshade and Potter 1959

Genth 1873

Johnston 1935

Watson and Watson 1912

Occurrence, Lincoln County :

Burgess 1949

Espenshade and Potter 1959

Ford 1932

Genth 1873

Johnston 1935

Ladoo and Myers 1951

Stuckey 1950

Watson 1921

Watson and Watson 1912

Ma-tsachusrttd.

Occurrence, Franklin County : Emerson

1895

Montana.

Geology and occurrence, Beaverhead

County : Perry 1948

Nevada.

General, Mineral County : Warner and

others 1958

Geology, Pershing County : Kerr 1940

Occurrence :

Mineral County : Warner and others

1958

Pershing County : Kerr 1940
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Pyrophylllte—Continued

New Mexico.

Occurrence :

Dona Ana County :

Dunham 1935

Northrop 1942

Bio Arriba County :

Just 1987

Montgomery 1953

Northrop 1942

Taos County :

Just 1937

Montgomery 1953

Northrop 1942

North Carolina.

General :

Broadhurst 1955

Engineering and Mining Journal

1938

Greaves-Walker and others 1937

Greaves Walker and Riggs 1937

Stuckey 1958

Trelschei 1957

Alamance County :

Burgess 1949

Espenshade and Potter 1959

Stuckey and others 1947

Chatham County :

Pratt 1900, 1901

Stuckey 1925, 1926, 1927a, 1928

Granville County : Stuckey 1928

Moore County :

Bell and others 1953

Burgess 1949

Emrich 1941

Gower and Bell 1956

Milliken 1938

Pratt 1900, 1901

Stuckey 1925, 1926, 1927a, 1928

Stuckey and others 1947

Randolph County :

Burgess 1936, 1949

Espenshade and Potter 1959

Stuckey 1928

Stuckey and others 1947

Geology :

Broadhurst and Councill 1954

Clarke, F. W. 1908

Stuckey 1950

Stuckey and Conrad 1958

Alamance County :

Broadhurst and Councill 1953

Stuckey 1928, 1942

Chatham County :

Gillson 1937

Relnemund 1955

Stuckey 1927b, 1935, 1942

Granville County :

Broadhurst and Councill 1953

Espenshade and Potter 1959

Stuckey 1942

Johnston County : Espenshade and

Potter 1959

PyrophylHte—Continued

North Carolina—Continued

Geology—Continued

Lincoln County :

Espenshade and Potter 1959

Potter 1954

Montgomery County :

Broadhurst and Councill 195S

Stuckey 1928

Moore County :

Adler 1950

Broadhurst and Councill 1953

California Research Corp. 1950

Ceramic Industry 1939b

Davis, D. W., and others 1950

Gillson 1937

Hunt 1950

Keller and others 1952

Kerr and Adler 1950

Kerr, Hamilton, and Pill 19SO

Kerr and Kulp 1949

Kerr, Kulp, and Hamilton 1949

Kerr, Main, and Hamilton 1950

Lewis 1950

Main 1950

Mielenz and others 1950

Parmelee and Barrett 1936

Reinemund 1955

Reno and Taylor 1950

Ross and Hendricks 1945

Stuckey 1927b, 1985, 1942

Wheeler and Burkhardt 1950

Orange County :

Broadhurst and Councill 1953

Espenshade and Potter 1959

Stuckey 1928

Randolph County :

Broadhurst and Councill 1953

Ceramic Industry 1939b

Gillson 1937

Stuckey 1938, 1942

Occurrence :

Broadhurst and Councill 1954

Clarke, F. W. 1908

Irving 1956

Stuckey and Conrad 1958

Treischel 1957

U.S. Bureau of Mines 1932-33

Alamance County :

Broadhurst 1955

Broadhurst and Councill 1953

Burgess 1949

Espenshade and Potter 1959

Genth 1891

King 1958

Ladoo and Myers 1951

Murdock 1950

Stuckey 1928, 1938, 1942, 1950,

1951, 1958

Stuckey and others 1947

Stuckey and Steel 1953

Vallely and others 1956

Chatham County :

Broadhurst 1955

Bryson 1927, 1932, 1938
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-PyrophyUite—Continued

North Carolina—Continued . .

Occurrence—Continued

Chatham County—Continued

Drane and Stuckey 1925

Genth 1871, 1873, 1891

Genth and Kerr 1881

GlUson 1937

Greaves-Walker 1940

Greaves-Walker and Riggs 1937

Murdock 1950

Pratt 1000, 1901

Relnemund 1955

Stuckey 1925, 1926, 1927a, b,

1928, 1930, 1935, 1942, 1950

Stuckey and others 1947

Gaston County :

Genth 1871, 1873, 1891

Genth and Kerr 1881

Watson 1921

Granville County;

Broadhurst 1955

Broadhurst and Councill 1953

Bryson 1932

Bryson and others 1937

Espenshade and Potter 1959

Genth 1891

Greaves-Walker 1945

Greaves-Walker and Riggs 1937

King 1958

Ladoo and Myers 1951

Stuckey 1928, 1930, 1938, 1942,

1950, 1958

Stuckey and Steel 1953

Guilford County : Ford 1932

Johnston County :

Broadhurst 1955

Broadhurst and Councill 1958

Espenshade and Potter 1959

King 1958

Stuckey 1932, 1937

Lincoln County :

Espenshade and Potter 1959

Potter 1954

McDowell County :

Genth 1871, 1891

Genth and Kerr 1881

Mecklenburg County :

Genth 1891

Genth and Kerr 1881

Mitchell County: Genth, Kerr 1881

Montgomery County :

Broadhurst 1955

Broadhurst and Councill 1953

Bryson 1932

Genth 1871, 1873, 1891

Genth and Kerr 1881

Greaves-Walker 1945

Greaves-Walker and Riggs 1937

Ladoo and Myers 1951

Murdock 1950

Stuckey 1928, 1930, 1938, 1950

Stuckey and others 1947

Moore County :

Adler 1950

Pyrophylllte—Continued

North Carolina—Continued

Occurrence—Continued

Moore County—Contlinued

Bell and others 1953

Bray and Stevens 1950

Broadhurst 1955

Broadhurst and Councill 1953

Bryson 1927, 1928, 1932, 1938

Bryson and others 1937

Burgess 1949

California Research Corp. 1950

Ceramic Industry 1939b

Davis, D. W., and others 1950

Drane and Stuckey 1925

Emrich 1941

Engineering, Mining Journal 1938

Genth 1871, 1873, 1891

Genth and Kerr 1881

GiUson 1937

Gower and Bell 1956

Greaves-Walker 1945

Greaves-Walker and Amero 1941

Greaves-Walker and others 1937

Greaves-Walker and Riggs 1937

Hunt 1950

Keller and others 1952

Keller and Pickett 1950

Kerr and Adler 1950

Kerr, Hamilton, and Pill 1950

Kerr and Kulp 1949

Kerr, Kulp, and Hamilton 1949

Kerr, Main, and Hamilton 1950

Ladoo and Myers 1951

Lewis 1950

Main 1950

Mlelenz andothers 1950

Milllken 1938

Murdock 1950

Parmelee and Barrett 1938

Pratt 1900, 1901

Relnemund 1955

Reno and Taylor 1950

Ross and Hendricks 1945

Stuckey 1925, 1926, 1927a, b,

1928, 1930, 1935, 1938, 1942,

1950, 1951, 1958

Stuckey and others 1947

Stuckey and Steel 1953

Vallely and others 1958

Wheeler and Burkhardt 1950

Orange County :

Broadhurst 1955

Broadhurst and Councill 1953

Bryson 1932

Bryson and others 1937

Espenshade and Potter 1959

Ford 1932

Genth 1871, 1873, 1891

Genth nnd Kerr 1881

Greaves-Walker 1045

Greaves-Walker and Amero 1941

Greaves-Walker and others 1937

Greaves-Walker and Riggs 1937

King 1958
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Pyrophylllte—Continued

North Carolina—Continued

Occurrence—Continued

Orange Count;—Continued

Stuckey 1828, 1930, 1938, 1990,

1958

Vallely and others- 1958

Randolph County :

Bishop 1952

Broadhurst 1955

Broadhurst and Council! 1953

Bryson 1932, 1938

Bryson and others 1937

Burgess 1936, 1949

Ceramic Industry 1939b

Engineering and Mining Journal

1943

Espenshade and Potter 1959

Genth 1871, 1873, 1891

Genth and Kerr 1881

Glllson 1937

Greaves-Walker 1945

Greaves-Walker and Amero 1941

Greaves-Walker and others 1937

Greaves-Walker and Riggs 1937

King 1948, 1958

Ladoo and Myers 1951

Murdock 1950

Stuckey 1928, 1930, 1938, 1942,

1950, 1951, 1958

Stuckey and others 1947

Stuckey and Steel 1953

Vallely and others 1958

Zodac 1948

Richmond County : Genth and Kerr

1881

Technology and uses :

Bryson 1938

Ceramic Industry 1939b

Greaves-Walker 1945

U.S. Bureau of Mines 1932-33

Alamance County :

Murdock 1950

Stuckey 1951

Vallely and others 1958

Chatham County : Stuckey 1930

Granville County : Stuckey 1930

Moore County :

Bray and Stevens 1950

Bryson 1928

Bryson and others 1937

Engineering and Mining Journal

1938

Keller and Pickett 1950

Murdock 1950

Stuckey 1930, 1951

Vallely and others 1958

Orange County : Vallely and others

1958

Randolph County :

Bishop 1952

Bryson and others 1937

Engineering and Mining Journal

1943

Murdock 1950

Stuckey 1930, 1951

Vallely and others 1958

Pyrophylllte—Continued

South Carolina.

Geology, Edgefield County : Espenshade

and Potter 1959

Occurrence :

Bnie 1949

Burgess 1949

Abbeville County : Espenshade and

Potter 1959

Chesterfield County :

Burgess 1941

Espenshade and Potter 1959

Ford 1932

Fries 1942

Genth 1873

Ladoo and Myers 1951

Pardee and Park 1948

Peyton and Lynch 1953

Watson 1921

Zodac 1948

Edgefield County : Espenshade and

Potter 1959

Newberry County : Espenshade and

Potter 1959

United States, toutheattern.

Geology and occurrence :

Espenshade and Potter

Stuckey 1953

1959

Slllimanite.

General :

American Iron and Steel Insti

tute—American Ceramic So

ciety, Inc. 1950

Espenshade and Potter 1959

Greig 1925

Jeffery 1943

Norton, F. H. 1949

Peck 1925, 1933

Riddle and Foster 1949

Snedden 1945

U.S. Bureau of Mines 1932-33

Waggaman 1953

Watkins and others 1952

Williamson 1949

Geology :

Bowen and Greig 1924

Clarke, F. W. 1908

Ford 1932

Funk 1940a

Goldsmith 1953

Helnrich 1952

Insley 1933

Jensen 1943

Keller 1954

Kerr 1937, 1940

Ladoo and Myers 1951

Norton, J. T. 1925b

Petar 1930

Posnjak and Greig 1933

Roy and Osborn 1952a, c, 1954

Sosman 1933

Taylor 1933

WlnBton 1944
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SUllmanite—Continued

Mineral synthesis :

Clark and others 1957

Kennedy 1954, 1955

Morey 1942

Riddle and Foster 1949

Roy and Osborn 1952a, 1954

Schutllng 1958

Smith, R. W. 1932

Stuckey 1937

Yoder 1952

Technology and uses :

Dager and Betteley 1931

Hunter and White 1946

Newton 1944

Palmer 1928

Roy and Osborn 1952b

Tyler and Heuer 1937

Wilson, H. H., Jr. 1952

Alabama.

Occurrence :

Clay County :

Espenshade and Potter 1959

Riddle and Foster 1949

Teague 1950

Coosa County : Palllster 1955a, b

Randolph County :

Espenshade and Potter 1959

Riddle and Foster 1949

Teague 1950

Arizona.

Geology :

Yavapai County : Anderson, C. A.,

and others 1955

Yuma County : Wilson, E. D. 1929

Occurrence :

Coconino County :

Galbraith 1947

Wilson, E. D., and others 1953

Gila County :

Galbraith 1947

Wilson, E. IX, and others 1953

Mohave County :

Galbraith 1947

Wilson, E. D., and others 1953

Pinal County: Galbraith 1953

Yavapai County :

Anderson, C. A., and others 1955

Galbraith 1947

Wilson, E. D., and others 1953

Yuma County :

Wilson, E. D. 1929

Wilson, E. IX, and others 1953

California.

General Mono County: Petar 1930

Geology :

Los Angeles County :

Beverly 1934

Miller, W. J. 1934

Mariposa County:

Clarke, F. W. 1908

Rose 1957

Sllllmanlte—Continued

Coli/ornio—Continued

Geology—Continued

Merced County : Daviess 1946

Orange County : Larson 1948

Riverside County : Larsen 1948

San Diego County :

Clarke, F. W. 1908

Larsen 1948

Merriam 1946

Schaller 1905

Occurrence : Murdoch and Webb 1956

Inyo County :

Eakle 1922

Jeffery 1943

Pabst 1938

Sampson and Tucker 1931

Winston 1944

Kern County : Miller, W. J. 1931

Los Angeles County :

Beverly 1934

Funk 1940a

Jeffery 1943

Miller, W. J. 1934

Pabst 1938

Winston 1944

Mariposa County :

Clarke, F. W. 1908

Eakle 1922

Jeffery 1943

Pabst 1938

Rose 1957

Sampson and Tucker 1931

Winston 1944

Merced County : Daviess 1946

Mono County : Petar 1930

Orange County : Larsen 1948

Riverside County :

Funk 1940a

Larsen 1948

San Bernardino County :

Eakle 1922

Jeffery 1943

Pabst 1938

Sampson and Tucker 1931

Winston 1944

San Diego County :

Clarke, F. W. 1908

Eakle 1922

Funk 1940a

Jeffery 1943

Larsen 1948

Merriam 1946

Murdoch 1949

Murdoch and Webb 1952, 1956

Pabst 1938

SampBon and Tucker 1931

Schaller 1905

Waring 1905

Winston 1944

Tuolumne County :

Jeffery 1943

Pabst 1938

Winston 1944
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Silltmanite—Continued

Colorado.

Geology :

Boulder County :

Dings 1941

Lovering and Tweto 1953

Chaffee County :

Crawford, R. D. 1913

Helnrlch and Grlffltts 1947

Clear Creek County :

Ball 1908

Harrison and Wells 1936, 1958

Lovering 1935

Custer County :

Helnrlch and Berer 1957

Singewald and Brock 1956

Fremont County :

Flnlay 1907

Hanley and others 1950

Helnrlch and Bever 1957

Gilpin County : Sims, others 1955

Park County :

Helnrlch and Bever 1957

Lovering 1935

Summit County: Lovering 1935

Occurrence :

Boulder County :

Argall 1949

Dings 1941

Helnrlch and Bever 1957

Lovering and Goddard 1950

Lovering and Tweto 1953

Chaffee County :

Argall 1949

Crawford, R. D. 1913

Helnrlch and Grlffltts 1947

Clear Creek County :

Argall 1949

Ball 1908

Harrison and Welts 1956, 1958

Heinrich and Bever 1957

Lovering 1935

Lovering and Goddard 1950

Custer County :

Heinrich and Bever 1957

Singewald and Brock 1956

Eagle County :

Argall 1949

Crawford and Gibson 1925

Pearson and Tweto 1958

Fremont County :

Argall 1949

Bever 1953

Finlay 1907

Grawe 1928b

Hanley and others 1950

Heinrich and Bever 1957

Riddle and Foster 1949

Sterrett 1923

Gilpin County :

Lovering and Goddard 1950

Sims and others 1955

Grand County : Helnrlch, Bever 1957

Gunnison County :

Argall 1949

Heinrich and Bever 1957

Sillimanite—Continued

Colorado—Continued

Occurrence—Continued

Jackson County :

Argall 1949

Heinrich and Bever 1957

Jefferson County :

Heinrich and Bever 1957

Riddle and Foster 1949

Lake County : Heinrich, Berer 1&J7

Pearson and Tweto 1968

Larimer County :

Argall 1949

Thurston 1955

Park County :

Argall 1949

Bever 1953

Helnrlch and Berer 1D57

Lovering 1935

Lovering and Goddard 1950

Vanderwllt 1947

Pitkin County : Pearson and Tweto

1958

Summit County :

Argall 1949

Lovering 1935

Teller County : Lovering and Goddard

1950

Connecticut.

Geology :

Litchfield County : Gates and Bradley

1952

Middlesex County : Bowen and others

1924

New London Connty : Roy and Francis

1953

Occurrence :

Litchfield County: Gates and Brad

ley 1952

Middlesex County :

Bowen and others 1924

Ford 1932

New London County :

Ford 1932

Ladoo and Myers 1951

Pratt 1906

Roy and Francis 1953

Windham County :

Ford 1932

Ladoo and Myers 1951

Delaware.

Geology, New Castle County :

Bascom and Stose 1932

Roy and Francis 1953

Occurrence, New Castle County :

Bascom and Stose 1932

Ford 1932

Roy and Francis 1953

Florida.

General :

Alachua County : Thoenen and Warne

1949

Baker County : Spencer 194S

Bradford County :

Browning and others 1956

Spencer 1948
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Silllmanite—Continued

Florida—Continued

General—Continued

Clay County :

Browning and others 1950

Spencer 1948

Tboenen and Warne 1949

Duval County :

Browning and others 1956

Spencer 1948

Tboenen and Warne 1949

Highlands County : Thoenen and

Warne 1949

Lake County : Thoenen and Warne

1949

Marlon County : Thoenen and Warne

1949

Nassau County : Thoenen and Warne

1949

Orange County : Thoenen and Warne

1949

Putnam County : Thoenen and Warne

1949

Geology:

Cannon 1950

Martens 1928, 1935

Occurrence :

Cannon 1950

Espensbade and Potter 1959

Gunsallus 1956

Alachua County : Thoenen and

Warne 1949

Baker County : Spencer 1948

Bay County : Martens 1928

Bradford County :

Browning and others 1956

Spencer 1948

Brevard County : Martens 1928,

1935

Brownrd County : Martens 1935

Clay County :

Browning and others 1956

Calver 1957

Engineering and Mining Journal

1052

Martens 1928

Spencer 1948

Thoenen and Warne 1949

Tyrrell and Klinefelter 1956

Dade County : Martens 1935

Duval County :

Browning and others 1956

Calver 1957

Martens 1935

Spencer 1948

Thoenen and Warne 1949

Finger County : Martens 1935

Gulf County : Martens 1928

Highlands County : Thoenen and

Warne 1949

Lake County : Thoenen and Warne

1949

Marion County :

Martens 1928

Thoenen and Warne 1949

Silllmanite—Continued

Florida—Continued

Occurrence—Continued

Nassau County :

Martens 1928, 1935

Thoenen and Warne 1949

Orange County : Thoenen and Warne

1949

Palm Beach County : Martens 1935

Putnam County : Thoenen and Warne

1949

St. Johns County : Martens 1928,

1935

St. Lucie County : Martens 1935

Sarasota County : Martens 1928

Volusia County : Martens 1935

Technology and uses, Clay County :

Engineering and Mining Journal

1952

Tyrrell and Klinefelter 1956

Georgia.

General : Teague 1950

Elbert County :

Espensbade and Potter 1959

Hudson 1946

Hart County :

Espensbade and Potter 1959

Hudson 1946

Teague 1950

Geology : Stose and Smith 1989

Butts County : Hudson 1946

Clarke County :

Hudson 1946

Hurst 1953

Dawson County :

Furcron 1950

Furcron and Teague 1945

De Kalb County :

Herrmann 1954

Hurst 1953

Elbert County :

Furcron 1950

Furcron and Teague 1945

Teague 1950

Gilmer County : Hurst 1957

Gwinnett County : Herrmann 1954

Hart County :

Furcron 1950

Furcron and Teague 1945

Grant 1954, 1958

Grlffitts and Olson 1953b

Jasper County : Hudson 1946

Jones County : Hurst 1953

Madison County :

Furcron 1950

Furcron and Teague 1945

Hudson 1946

Teague 1950

Morgan County : Hudson 1946

Newton County : Hudson 1946

Oconee County : Hudson 1946

Oglethorpe County :

Hudson 1946

Hurst 1953
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SUUmanite—Continued

Georgia—Continued

Geology—Continued

Talbot County:

Clarke, J. W. 1952

Hudson 1946

Towns County :

Furcron 1950

Furcron and Tongue 1945

Hash and Van Horn 1951

Upson County : Clarke, J. W. 1952

Walton County : Hudson 1948

Wilkes County : Hurst 1953

Occurrence :

Foster and others 1952

Stose and Smith 1939

Tyler and Heuer 1949

Butts County : Hudson 1946

Chatham County : Martens 1935

Clarke County :

Hudson 1946

Hurst 1953

Dawson County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

De Kalb County :

Herrman 1954

Hurst 1953

Elbert County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Grlffltts and Olson 1953b

Hudson 1946

Peyton 1949

Riddle and Foster 1949

Teague 1950

Gilmer County : Hurst 1957

Glynn County: Martens 1928, 1985

Gwinnett County : Herrmann 1954

Hart County :

Espenshade and Potter 1959

Furcron 1950, 1953

Furcron and Teague 1945

Grant 1954, 1958

Grlffltts and Olson 1953b

Hudson 1946

Peyton 1949

Rampacek and others 1945

Riddle and Foster 1949

Teague 1950

Jasper County : Hudson 1946

Jones County : Hurst 1053

Madison County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Hudson 1946

Peyton 1949

Riddle and Foster 1949

Teague 1950

SUUmanite—Continued

Georgia—Continued

Occurrence—Continued

Morgan County : Hudson 1946

Newton County : Hudson 1946

Oconee County :

Hudson 1946

Teague 1950

Oglethorpe County :

Hudson 1946

Hurst 1953

Talbot County :

Clarke, J. W. 1952

Hudson 1944, 1946

Teague 1950

Towns County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Hash and Van Horn 1951

Riddle and Foster 1949

Teague 1950

Upson County : Clarke, J. W. 1952

Walton County : Hudson 1946

Wilkes County : Hurst 1953

Technology and uses : Foster and

others 1952

Hart County :

Furcron 1953

Furcron and Teague 1945

Rampacek and others 1945

Idaho.

General : Forrester 1942

Geology :

Clearwater County : Hietanen 1956

Latah County : Kelly 1948

Shoshone County : : Hietanen 19S6

Valley County : Schmidt 1958

Occurrence :

Engel and Shelton 1941

Foster and others 1952

Blaine County : Kauffman 1952

Cassia County : Kauffman 1952

Clearwater County: Hietanen 1956

Latah County :

Forrester 1942

Hubbard 1955, 1957

Kauffman 1952

Kelly 1948

Kelly and others T956

Riddle and Foster 1949

Skinner and Kelly 1947

Sneddon 1945

Shoshone County :

Hietanen 1956

Kauffman 1952

Valley County : Schmidt 1958

Technology and uses :

Engel and Shelton 1941

Foster and others 1952

Latah County: Skinner, Kelly 1947
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SUUmanlte—Continued

Maine.

General. Knox County : Forsyth 1955

Geology:

Knox County : Houston 1956

Piscataquis County : Philbrlck 1936,

1940

Occurrence :

Knox County :

Forsyth 1955

Houston 1956

Piscataquis County : Philbrlck 1936,

1940

Maryland.

Geology and occurrence : Dryden and

Dryden 1941

Maetachusetts.

Geology :

Franklin County : Emerson 1917

Hampden County :

Emerson 1917

Shannon 1921

Hampshire County : Emerson 1917

Worcester County :

Clarke, F. W. 1908

Emerson 1917

Occurrence :

Franklin County : Emerson 1895,

1917

Hampden County :

Emerson 1895, 1917

Shannon 1921

Hampshire County : Emerson 1895,

1917

Worcester County :

Clarke, F. W. 1908

Emerson 1917

Ladoo and Myers 1951

Montana.

General :

Beaverhead County: Helnrlch 1950

Gallatin County : Helnrlch 1948

Madison County :

Helnrlch 1948, 1950

Eeld 1957

Geology :

Beaverhead County :

Helnrlch 1949

Kinkier 1942

Gallatin County :

Clabaugh 1952

Clabaugh and Armstrong 1950

Helnrlch 1949

Madison County :

Clabaugh 1952

Clabaugh and Armstrong 1950

Helnrlch 1949

Hopkins and Taber 1947

Levandowskl 1958

Held 1958

Slnkler 1942

Park County: Helnrlch 1948, 1949

Sillinianite—Continued

Montana—Continued

Occurrence :

Beaverhead County :

Helnrlch 1949, 1950

Kauffman 1952

Kelly and others 1956

Slnkler 1942

Deer Lodge County :

Emmons and Calkins 1913

Helnrlch 1948

Gallatin County :

Clabaugh 1952

Clabaugh and Armstrong 1950

Helnrlch 1948, 1949

Kauffman 1952

O'Brien 1947

Granite County : Kauffman 1952

Madison County :

Clabaugh 1952

Clabaugh and Armstrong 1950

Heinrich 1948, 1949, 1950

Hopkins and Taber 1947

Kauffman 1952

Kelly and others 1956

Levandowskl 1958

Reld 1957, 1958

Slnkler 1942

Park County :

Helnrlch 1948. 1949

Kauffman 1952

Seager 1944

Technology and uses, Gallatin County :

O'Brien 1947

Nevada.

Occurrence :

Mineral County : Riddle and Foster

1949

Nye County : Riddle and Foster 1949

New Hampshire.

Geology : Billings 1955, 1956

Belknap County : Modell 1986

Carroll County :

Billings 1928

Moke 1946

Cheshire County :

Fowler-Billings 1941, 1944,

1949a, b

Heald 1950a

Kurger 1946a

Moore, G. E., Jr., 1949a

Smith, L. L. 1945

Coos County :

Billings 1941

Billings, Chapman, and others

1946

Billings, Fowler-Billings, and

others 1946

Chapman, R. W. 1948

Grafton County :

Bannerman 1941

Killings 1035, 1937

Billings and Williams 1935



1040 CONTRIBUTIONS TO BIBLIOGRAPHY OF MINERAL RESOURCES

8 11Uman I te—Continned

A'eic Hampshire—Continued

Geology—Continued

Grafton County—Continued

Fowler-BUllng« and Klngsley 1987

Fowler-BUUngs and Page 1942

Moke 1946

White and Billings 1951

Williams and Billings 1988

Merrimack Connty :

Chapman, C. A. 1952

Fowler-Billings and Klngsley

1987

Fowler-Billings and Page 1942

Rockingham County : Freedmsn

1950s, b

Strafford County : Freedman

1950a, b

Sullivan County :

Chapman, C. A. 1939, 1952

Fowler-Billings and Page 1942

Heald 1950a

Occurrence : Bllllnga 1955, 1956

Belknap County :

Meyers and Stewart 1956

ModeU 1936

Quinn 1941

Carroll County :

Billings 1928

Meyers and Stewart 1956

Moke 1946

Cheshire County :

Clark and others 1957

Fowler-BUUngs 1941, 1944,

1949a, b

Heald 1950a, b

Kruger 1946a, b

Meyers and Stewart 1956

Moore, G. K., Jr. 1949a, b

Pearre and Calkins 1957

Smith, L. L. 1945

Snedden 1945

Coos County :

Billings 1941

Billings, Chapman, others 1946

Billings, Fowler-Billings, and

others 1946

Chapman, R. W. 1948

Meyers and Stewart 1956

Grafton County :

Bannerman 1941

Billings 1935, 1937

Billings and Williams 1935

Fowler Hillings and Klngsley

1937

Fowler-BUUngs and Page 1942

Meyers and Stewart 1956

Moke 1946

Sterrett 1923

White and Billings 1951

Williams and Billings 1938

Merrimack County :

Chapman, C. A. 1952, 1953

Fowler-Billings and Klngsley

1937

Silllmanite—Continued

Una Hampthire—Continued

Occurrence—Continued

Merrimack County—Continued

Fowler-BUUngs and Page 1942

Meyers and Stewart 1956

Rockingham County :

Freedman 1950a, b

Meyers and Stewart 1956

Strafford County :

Freedman 1950a, b

Meyers and Stewart 1956

Sullivan County :

Chapman, C. A. 1939. 1952. 1953

Fowler-BUUngs and Page 1942

Heald 1950a, b

Meyers and Stewart 1956

Sterrett 1923

Netc Jtrtey.

Geology and occurrence :

Morris County : Sims 1953, 195S

Passaic County : Hots 1953

Sussex County :

Baker 1955

Sims and Leonard 1952

Warren County : Hots 1954

Xeto Mexico.

Geology :

Rio Arriba County : Montgomery

1953

Taos County :

Just 1937

Montgomery 1953

Talmage and Wootton 1987

Occurrence :

Rio Arriba County :

Jahns 1946

Montgomery 1958

Northrop 1942

Riddle and Foster 1949

Taos County :

Just 1937

Montgomery 1953

Northrop 1942

Riddle and Foster 1949

Talmage and Wootton 1937

Xevi York.

Geology :

Adirondack Mountains :

Ailing 1926

Buddlngton 1929, 1939, 1948

See also individual counties.

Clinton County :

Kemp and AlUng 1925

Postel 1952

Dutchess County :

Balk 1936

Berth 1986

Essex County :

Kemp and Ailing 1925

Ogllvie 1905

Jefferson County : Buddlngton 1934.

1939

Lewis County : Buddlngton 1934.

1939
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Smimanite—Continued

JPeio Fork—Continued

Geology—Continued

Orange County : Hots 1958

Putnam County :

Balk 1936

Barth 1936

St. Lawrence County :

Buddington 1934, 1989

Dale 1935

Dietrich, R. W. 1957

Warren County :

Ailing 1926

Ogilvie 1905

Washington County : Ailing 1926

Occurrence :

Adirondack Mountains :

Ailing 1926

Buddington 1929, 1989, 1948

Engel and Engel 1950

See alto individual countie*

Clinton County :

Kemp and Ailing 1925

Postel 1952

Dutchess County :

Balk 1936

Barth 1986

Essex County :

Kemp and Ailing 1925

Ogilvie 1905

Hamilton County : Miller, W. J. 1916

Jefferson County : Buddington 1984,

1939

Lewis County :

Buddington 1934, 1935

Miller, W.J. 1910

Smyth and Buddington 1926

Monroe County : Ladoo, Meyers 1S51

Oneida County: Miller, W. J. 1909

Orange County : Hots 1958

Putnam County :

Balk 1936

Barth 1936

St. Lawrence County :

Buddington 1934, 1939

Dale 1935

Dietrich, R. V. 1957

Miller, W. J. 1922

Smyth and Buddington 1926

Warren County :

Ailing 1926

Miller, W. J. 1914

Ogilvie 1905

Washington County : Ailing 1926

Westchester County :

Ford 1932

Ladoo and Myers 1951

North Carolina.

General :

Hash and Van Horn 1951

Teague 1950

Wilson, H. H., Jr. 1952

Burke County : Hash and Van Horn

1951

SUllmanlte—Continued

Worth Carolina—Continued

General—Continued

Caldwell County :

Hash and Van Horn 1951

Wilson, H. II., Jr. 1952

Gaston County : Espenshade and Pot

ter 1959

Jackson County : Hash and Van Horn

1951

Geology :

Broadhurst 1955

Stuckey and Conrad 1958

Alexander County :

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Buncombe County : Hash and Van

Horn 1951

Burke County :

Espenshade and Potter 1959

Furcron 1950

Hunter and White 1946

Overstreet and Grlffltts 1955

Caldwell County :

Espenshade and Potter 1959

Furcron 1950

Hunter and White 1946

Catawba County :

Hash and Van Horn 1951

Overstreet and Grlffltts 1955

Clay County :

Espenshade and Potter 1959

Furcron 1950

Furcron and Teague 1945

Hash and Van Horn 1951

Hunter and White 1946

Cleveland County :

Kspcnshade and Potter 1953b, 1959

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Overstreet and Grlffltts 1955

Gaston County :

Espenshade and Potter 1958a, b

Potter 1954

Haywood County: Hash and Van

Horn 1951

Iredell County :

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Jackson County : Espenshade and

Potter 1959

Lincoln County :

Espenshade, Potter, 1953a, 1959

Hash and Van Horn 1951

Potter 1954

Macon County :

Espenshade and Potter 1959

Hash and Van Horn 1951

Rutherford County :

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Overstreet and Grlffltts 1955
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Sllllmnnite—Continued

t/orth Carolina—Continued

Geology—Continued

Wilkes County :

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Yadkin County :

Furcron 1950

Hunter and White 1946

Occurrence : Stuckey and Conrad 1958

Alexander County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Murdoch 1950

Stuckey 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1852

Buncombe County :

Espenshade and Potter 1959

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Teague 1950

Wilson, H. H., Jr. 1952

Burke County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Genth and Kerr 1881

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Overstreet and Grlffltts 1955

Pratt 1906

Stuckey 1951, 1952

Stuckey and others 1947

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Caldwell County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Grlffltts and Olson 1953a

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Stuckey 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Catawba County :

Broadhurst 1955

Grlffltts and Olson 1953a

Hash and Van Horn 1951

Overstreet and Grlffltts 1955

Clay County :

Broadhurst 1955

Bryson 1932

Espenshade and Potter 1959

SUlimanlte—Continued

North Carolina—Continued

Occurrence—Continued

Clay County—Continued

Furcron 1950

Furcron and Teague 1945

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Riddle and Foster 1949

Stuckey 1937. 1951, 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Cleveland County :

Broadhurst 1955

Espenshade, Potter 1953b, 1959

Furcron 1950

Griffitts and Olson 1953a

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Overstreet and Griffitts 1955

Stuckey 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Gaston County :

Espenshade and Potter 1953a. b,

1959

Grlffltts and Olson 1953a

Potter 1954

Granville County : Broadhurst 1955

Haywood County :

Espenshade and Potter 1959

Hash and Van Horn 1951

Hunter and White 1946

Iredell County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

King 1958

Murdock 1950

Stuckey 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Jackson County :

Broadhurst 1955

Espenshade and Potter 1959

Hash and Van Horn 1951

Stuckey 1951, 1952

Stuckey and Steel 1953

Lincoln County :

Broadhurst 1955

Espenshade and Potter 1953a,

1959

Grlffltts and Olson 1953a

Hash and Van Horn 1951

Potter 1954

Teague 1950

Macon County :

Broadhurst 1955

Espenshade and Potter 1959
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SUlimanite—Continued

Xorth Carolina—Continued

Occurrence—Continued

Macon County—Continued

Ford 1932

Hash and Van Horn 19S1

Stuckey 1051, 1952

Stuckey and Steel 1953

Madison County : Hash, Van Horn

1951

Rutherford County :

Broadhurst 1955

Espenshade and Potter 1959

Furcron 1950

Grlffitts and Olson 1953a

Hash and Van Horn 1951

Hunter and White 1946

King 1958

Murdock 1950

Overstreet and Qriffltts 1955

Stuckey 1951, 1952

Stuckey and others 1947

Stuckey and Steel 1958

Teague 1950

Wilson, H. H., Jr. 1952

Stokes County : Overstreet and Grlf

fitts 1955

Surry County :

Overstreet and Oriffltts 1955

Stuckey 1951, 1952

Stuckey and others 1947

Stuckey and Steel 1953

Wilkes County :

Broadhurst 1955

Furcron 1950

Hash and Van Horn 1951

Hunter and White 1946

Murdock 1950

Stuckey 1952

Stuckey and Steel 1953

Teague 1950

Wilson, H. H., Jr. 1952

Yadkin County :

Furcron 1950

Hunter and White 1946

Murdock 1950

Stuckey 1952

Wilson, H. H., Jr. 1952

YanceyCounty : Hash.VanHorn 1951

Pennsylvania.

General, Delaware County : Grelg 1925

Geology :

Chester County :

Bascom and Stose 1982

Gordon 1922

Roy and Francis 1953

Delaware County :

Bascom and Stose 1982

Bowen and Grelg 1924

Bowen and others 1924

Gordon 1922

Navlas and Davey 1925

Fostel 1941

Weiss 1949

Wyckoff 1952

Wyckoff and others 1926

Sllllmnnite—Continued

Pennsylvania—Continued

Geology—Continued

Montgomery County :

Postel 1941

Weiss 1949

Wyekoff 1952

Philadelphia County :

Postel 1941

Weiss 1949

Wyckoff 1952

Occurrence :

Chester County :

Bascom and Stose 1932

Gordon 1922

McKinstry 1949

Roy and Francis 1953

Delaware County :

Bascom and Stose 1932

Bowen and Grelg 1924

Bowen and others 1924

Ford 1932

Gordon 1922

Grelg 1925

Ladoo and Myers 1951

McKinstry 1949

Navlas and Davey 1925

Postel 1941

Wyckoff 1952

Wyckoff and others 1926

Montgomery County :

McKinstry 1949

Postel 1941

Wyckoff 1952

Philadelphia County :

Gordon 1922

McKinstry 1949

Postel 1941

Wyckoff 1952

South Carolina.

General : Teague 1950

Anderson County : Buie 1949

Greenville County : Hudson 1946

Spartanburg County : Bute 1949

Geology : Shell 1949

Anderson County :

Hudson 1944, 1946

Teague 1950

Cherokee County : Overstreet and

Grlffitts 1955

Greenville County :

Furcron 1950

Hudson 1944

Sloan 1908

Smith, L. L. 1943, 1945

Teague 1950

Laurens County : Hudson 1946

Spartanburg County :

Dosh 1950

Furcron 1950

Hickman 1947

Hudson 1944, 1946

Smith, L. L. 1943, 1945

Teague 1950
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Slllimnnlte—Continued

South Carolina—Continued

Geology—Continued

York County : Espenshade and Potter

1959

Occurrence : Tyler and Heuer 1949

Anderson County :

Bule 1949

Espenshade and Potter 19S9

Furcron and Teague 1945

Hudson 1944, 1946

Overstreet and Grlffitta 1955

Hampacek and others 1945

Riddle and Foster 1949

Teague 1950

Charleston County : Martens 1935

Cherokee County :

Bule 1949

Espenshade and Potter 1959

Keith and Starrett 1917

Overstreet and Griffltts 1955

Greenville County :

Bule 1949

Espenshade and Potter 1959

Furcron 1950

Hudson 1944, 1946

Overstreet and Griffltts 1955

Rampacek and others 1945

Riddle and Foster 1949

Sloan 1908

Smith, L. L. 1943, 1945

Teague 1950

Laurens County :

Espenshade and Potter 1959

Hudson 1946

Teague 1950

Oconee County : Overstreet and Grif

fltts 1955

Spartanburg County :

Bule 1949

Dosh 1950

Espenshade and Potter 1959

Furcron 1950

Hickman 1947

Hudson 1944, 1946

Overstreet and Griffltts 1955

Rampacek and others 1945

Riddle and Foster 1949

Smith, L. L. 1948, 1945

Teague 1950

York County : Espenshade and Potter

1959

Technology and uses :

Anderson County :

Espenshade and Potter 1959

Furcron and Teague 1945

Rampacek and others 1945

Greenville County :

Espenshade and Potter 1959

Rampacek and others 1945

Spartanburg County :

Espenshade and Potter 1959

Rampacek and others 1945

Sillimanlte—Continued

South Dakota.

General : Connolly and O'Harra 1929

Geology:

Custer County :

Page and others 1953

Riddle and Peek 1935

Sheridan 1955

Pennington County : Lincoln and

others 1937

Occurrence :

Foster and others 1952

Smith, R. W. 1932

Black Hills : Jensen 1943

Custer County :

Connolly and O'Harra 1929

Page and others 1953

Riddle and Foster 1949

Riddle and Peck 1935

Sheridan 1955

Pennington County : Lincoln and

others 1937

Technology and uses : Foster and others

1952

United State*.

Occurrence: Petar 1930

Southeastern, geology and occurrence :

Cannon 1950

Espenahade and Potter 1959

Furcron 1950

Stuckey 1953

Teague 1950

Vermont.

Geology and occurrence :

Orange County:

Doll 1944

Jacobs 1944

Orleans County : Doll 1951

Windsor County : Doll 1944

Virginia.

Geology :

Dryden and Dryden 1941

Espenshade and Potter 1959

Goochland County : Pegau 1932

Occurrence :

Dryden and Dryden 1941

Espenshade and Potter 1959

Amelia County :

Dietrich, K. V. 1953, 1954, 195S

Lemke and others 1953

Caroline County : Jahns and Griffltts

1953

Goochland County :

Jahns and Griffltts 1953

Pegau 1932

Hanover County : Jahns and Griffltts

1953

Louisa County : Jahns and Griffltts

1953

Powhatan County : Jahns and Grif

fltts 1953
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Silltmanlte—Continned

Virginia—Continued

Occurrence—Continued

Spotsylvania County : Johns and Grlf-

fltts 1953

Washington.

Geology, Spokane County :

Anderson 1928

Collier 1908

Page 1942

Occurrence :

Chelan County : Kauffman 1952

Kittitas County : Kauffman 1952

Fend Oreille County :

Kauffman 1952

Valentine 1949

San Juan County : Kauffman 1952

Skagit County : Kauffman 1952

Skamania County : Kauffman 1952

Spokane County :

Anderson 1928

Collier 1908

Kauffman 1952

Kelly and others 1956

Page 1942

Riddle and Poster 1949

Valentine 1949

Stevens County : Kauffman 1952

Wyoming.

Geology, Albany County : Hagner 1958

Occurrence :

Albany County : Hagner 1958

Carbon County :

Birch 1955

Osterwald and Osterwald 1952

Topas.

General :

American Iron and Steel Insti

tute—American Ceramic Soci

ety, Inc. 1950

Peck 1933

Riddle and Foster 1949

Geology:

Clarke, F. W. 1908

Ford 1932

Penfleld and Minor 1894

Technology and uses :

Hopkins 1957

Meyer 1942

California.

Occurrence, Mono County :

Jeffery and Woodhouse 1931

Kerr 1932

Lemmon 1937

Murdoch and Webb 1956

Riddle and Foster 1949

Woodhouse 1951

Colorado.

Geology, Gunnison County :

Eckel 1933

Staatz and Trltes 1955

Topai—Continued

Colorado—Continued

Occurrence, Gunnison County :

Eckel 1938

Helnrlch and Bever 1957

Riddle and Foster 1949

Staatz and Trites 1955

Mlttourl.

Geology and occurrence, Madison

County :

SIngewald and Milton 1929

Tolman 1933

north Carolina.

Geology : Broadhurst and Counclll

1954

Gaston County : Espenshade and

Potter 1959

Granville County :

Broadhurst and Counclll 1958

Espenshade and Potter 1959

Johnston County : Espenshade and

Potter 1959

Occurrence : Broadhurst and Counclll

1954

Gaston County: Espenshade and

Potter 1959

Granville County :

Broadhurst 1955

Broadhurst and Counclll 1958

Espenshade and Potter 1959

Stuckey 1958

Johnston County : Espenshade and

Potter 1959

Orange County :

Broadhurst and Counclll 1953

Espenshade and Potter 1959

Randolph County : Broadhurst and

Counclll 1958

South Carolina.

General, Chesterfield County :

Bradley and others 1940

Burgess 1941, 1942

Espenshade and Potter 1959

Fries 1942

Jensen 1943

Ladoo and Myers 1951

Payton and Lynch 1953

Riddle and Foster 1949

Stuckey and Amero 1941

U.S. Bureau of Mines 1932-33

Geology, Chesterfield County :

Glass 1937

Pardee and others 1987

Pardee and Park 1948

Occurrence, Chesterfield County :

Bradley and others 1940

Burgess 1941, 1942

Espenshade and Potter 1959

Fries 1942

Galbreath and others 1944

Glass 1937

Jensen 1943
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Topaa—Continued

Bouth Carolina—Continued

Occurrence, Chesterfield County—Con.

Lailoo and Myers 1951

McVay and other* 1944

McVay and Wilson 1948

Norton, F. H. 1949

Pardee and others 1937

Pardee and Park 1948

Peyton and Lynch 1953

Pole 1944

Ralston 1942

Riddle and Foster 1949

Stuckey and Amero 1941

Technology and uses, Chesterfield

County :

Galbreath and others 1944

McVay and others 1944

Chestet

Topaa—Continued

South Carolina—Continued

Technology and uses.

County—Continued

McVay and Wilson 1943

Norton, F. H. 1949

Pole 1944

Ralston 1942

Virginia.

Geology, Amelia County : Glass

Occurrence:

Amelia County :

Dietrich 1058

Geehan 1953

Glass 1935

Lemke and others 1952

Pegau 1932 D

Buckingham County : Bspenshi

and Potter 1959
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