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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

GEOLOGIC AND WATER-SUPPLY REPORTS AND MAPS 

IDAHO 
January 1971 

This list contains reports and maps published by the Geological Survey relating 
to the geology and mineral and water resources of Idaho. A separate list of 
bibliographies and publications of general interest is available on request, as are a 
general catalog of Geological Survey publications (not including topographic maps), 
and State indexes to topographic mapping. 

AN ASTERISK (*) INDICATES THAT THE PUBLICATION IS OUT OF PRINT 
AND NOT PURCHASABLE FROM ANY OFFICIAL SOURCE. Bulletins, 
professional papers, and water-supply papers for which a price is stated are for sale 
by the SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING 
OFFICE, WASHINGTON, D.C. 20402, prepayment being required. Numerous 
libraries and educational institutions throughout the country are depositories for 
this rna terial and a list of Idaho depositories is included. 

Maps, folios hydrologic atlases and charts are sold by the Geological Survey. 
They may be ordered from the WASHINGTON DISTRIBUTION SECTION, U.S . 
GEOLOGICAL SURVEY, 1200 S. EADS STREET, ARLINGTON, VA. 22202, or 
from the DENVER DISTRIBUTION SECTION, U.S. GEOLOGICAL SURVEY, 
FEDERAL CENTER, DENVER, COLO. 80225. Remittances should be made by 
check 9r money order payable to the Geological Survey. A discount of 20 percent 
is allowed on orders of $20 or more, and 40 percent on orders of $100 or more, 
based on the retail price. Maps, charts, hydrologic atlases, bulletins, professional 
papers, and water-supply papers, that are available, may be purchased over the 
counter only at the following GEOLOGICAL SURVEY offices : 8102 Federal 
Office Building, Salt Lake City, Utah, and Room 678 U.S . Court House Bldg., 
Spokane, Washington. 

Reference to geologic information on Idaho may be obtained from the following 
Geological Survey publications : Geologic Map Index of Idaho, described herein, 
from Bibliographies of North American geology - Bulletins *746 (1785-1918) 
*747 (1785-1918), 823 (1919-1928) $3, 937 (1929-1939) $4.25, * 1049 
(1940-1949), *985 (1950), *1025 (1951), 1035 (1952-1953) $2, 1054 (1954) 
$1.50, *1065 (1955), *1075 (1956), *1095 (1957), 1115 (1958), *1145 (1959), 
*1195 (1950-1959) set of 4 volumes, 1196 (1960) $2.25, *1197 (1961), *1232 
(1962), 1233 (1963) $3.25, *1234 (1964),1235 (1965) $4.75,1266 (1966) $4.75, 
and 1267 (1967) $4.25. Bibliographies and indexes of publications relating to 
ground water are Water-Supply Papers *992 (1879-1945), *1492 (1946-1955), 
1863 (1963) 55c, and 1864 (1964) $1. A water resources investigations folder, 
available free upon request to the Geological Survey, Washington, D.C. 20242, 
shows the location of stream-gaging stations, observation wells, quality-of-water 
sample collection sites, areal hydrologic studies, average annual runoff, average 
discharge of principal streams, and availability of ground water. A brief text lists 
the hydrologic network, the areal and Statewide projects, and selected references. 
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Additional information is obtainable from the Director, Idaho Bureau of Mines and 
Geology, Moscow, Idaho 83843. 

Information on altitudes in the United States is contained in Bulletins *6, *76, 
*160, *274, "'689, *817, and 1212 ($1.75); information on boundaries and areas of 
the United States, with historical outlines of boundary changes, is contained in 
Bulletins "'13, "'171, *226, "'302, "'689, "'817, and 1212 ($1.76); information on 
results of primary triangulation and primary traverse from 1894 to 1918 is 
contained in Bulletins "'122, "'181, "'201, "'216, "'246, *276, "'310, "'440, "'496, 
"'651, "'644, "'709, and *Parts 1 of the "'18th, "'19th, *20th, and "'21st Annual 
Reports. Further information on more recent triangulation, transit traverse, and 
spirit leveling in Idaho is obtainable upon specific request. 

Current publications are announced by means of monthly notices, ·"New 
Publications of the Geological Survey." Free on application to the Geological 
Survey, Washington, D.C. 20242. 

ANNUAL REPORTS 
"'Twelfth, 1890·91. 1891. Part 1 contains: The Lafayette formation, by W J • 

McGee. p. 347·521. 
"'Sixteenth, 1894·95. 1896. Part 2 (1986) contains: A geological reconnaissance 

across Idaho, by G. H. Eldridge. p. 211·276. 
"'Eighteenth, 1896·97. 1897. Part 3 (1898) contains: The mining districts of the 

Idaho Basin and the Boise Ridge, Idaho, by Waldemar Lindgren, with a 
report on the fossils plants of the Payette .formation, by F. H. Knowlton. 
p.617·744. 

"'Nineteenth, 1897·98. 1898. Part 5 (1899) contains: Priest River Forest, by J. B. 
Leiberg. p. 217·252; Bitterroot Forest Reserve, J. B. Leiberg. p.253·283; 
and Forest conditions of northern Idaho, by J. B. Leiberg. p. 373·386. 

*Twentieth, 1898·99. 1899. Part 3 (1900) contains: The gold and silver veins of 
Silver City, De Lamar, and other mining districts in Idaho, by Waldemar 
Lindgren. p. 65·256. Part 5 (1900) contains: The Flathead Forest Reserve, 
by H. B. Ayres. p.245·316; and Bitterroot Forest Reserve, by J. B. 
Leiberg. p. 317·410. 

"'Twenty-second, 1900·1901. 1901. Part 3 (1902) contains : Coal fields of the 
United States, by C. W. Hayes. p.7·24; and The Rocky Mountain coal 
fields, by L. S. Storrs. p. 415·471. 

(Beginning with the twenty·third (1901,02), the annual reports of the Geological 
Survey contain no technical papers but were published separately until 
1933. Since 1933 a condensed form has been included in the annual report 
of the Secretary of the Interior. For the fiscal years 1936 to 1963, a 
limited number of copies of the report as it appeared in the annual report 
of the Secretary were reprinted separately for official use; copies of these 
may be had free by persons directly interested, insofar as they are in 
stock.) 

MINERAL RESOURCES OF THE UNITED STATES 
The annual volumes of Mineral Resources of the United States contain statistics of 

production by calendar years and matters relating to technology and 
resources. Some of the chapters deal with a particular mineral or group of 
minerals but much of the information is statistical. These volumes are not 
listed. The volumes of Mineral Resources were issued by the Geological 
Survey for the years 1882 to 1923. Reports for 1924 and subsequent years 
are published by the Bureau of Mines, Washington, D.C. 20240, as Minerals 
Yearbooks. 
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MONOGRAPHS 
*1. Lake Bonneville, by G. K. Gilbert. 1890.438 p., 1 map. 
*10. Dinocerata, a monograph of an extinct order of gigantic mammals, by O. C. 

Marsh. 243 p . 
*32. Geology of the Yellowstone National Park-Part 2, by Arnold Hague and 

others. 1899. 893 p. * Atlas (27 sheets folio). (Part 1 not published.) 
*51. Cambrian Brachiopoda, by C. D. Walcott. 1912. In two parts. Part 1, 872 p.; 

Part 2, 363 p. 
*54. The Mesozoic and Cenozoic Echinodermata of the United States, by W. B. 

Clark and M. W. Twitchell. 1915. 341 p. 

GEOLOGIC FOLIOS 
*45. Boise, Idaho, by Waldemar Lindgren. 1898. 7 p., 4 maps. 
103. Nampa, Idaho·Oreg., by Waldemar Lindgren and N. F. Drake. 1904. 5 p., 2 

maps. 
104. Silver City, Idaho, by Waldemar Lindgren and N. F. Drake. 1904. 6 p., 3 

maps. 

PROFESSIONAL PAPERS 
*27. A geological reconnaissance across the Bitterroot Range and Clearwater 

Mountains in Montana and Idaho, by Waldemar Lindgren. 1904. 123 p. 
*40. The Triassic cephalopod genera of America, by Alpheus Hyatt and J . P. 

Smith. 1905. 394 p. 
*62. The geology and ore deposits of the Coeur d'Alene district, Idaho, by F. L. 

Ransome and F. C. Calkins. 1908. 203 p. (See also Professional Papers 445 
and 478.) 

*.!ll. Geology and ore deposits of the Mackay region, Idaho, by J. B. Umpleby. 
1917. 129p. 

*98. Shorter contributions to general geology, 1916. 1917. Contains: Revision of 
the Beckwith and Bear River formations of southeastern Idaho, by G. R. 
Mansfield and P. V. Roundy. p. 75·84. 

*120. Shorter contributions to general geology, 1918. 1919. Contains: Relations 
of late Paleozoic and early Mesozoic formations of southwestern Montana 
and adjacent parts of Wyoming, by D. D. Condit. p. 111·121. 

*132. Shorter contributions to general geology, 1923·24. 1925. Contains: A new 
fauna from the Colorado group of southern Montana, by J. B. Reeside, Jr. 
p.25·33; Discovery of a Balkan fresh·water fauna in the Idaho formation 
of Snake River Valley, Idaho, by W. H. Dall. p. 109·115. 

*140. Shorter contributions to general geology, 1925. 1926. Contains : Geology of 
the Latah formation in relation to the lavas of the Columbia Plateau near 
Spokane, Wash., by J. T. Pardee and Kirk Bryan. p . 1·16; Flora of the 
Latah formation of Spokane, Wash., and Coeur d'Alene, Idaho, by F. H. 
Knowlton. p. 17·81. 

*~. Geography, geology, and mineral resources of part of southeastern Idaho, by 
G. R. Mansfield, with descriptions of Carboniferous and Triassic fossils, by 
G. H. Girty. 1927.463 p. 

*164. Shorter contributions to general geology, 1928. 1929. Contains: A revision 
of the flora of Latah formation, by E. W. Berry. p. 226·266. 

*168. Shorter contributions to general geology, 1929. 1930. Contains: Contact 
metamorphism of the rocks in the Pend Oreille district, northern Idaho, by 
J. L. Gillson. p. 111·121; Early Pleistocene glaciation in Idaho, by C. P. 
Ross. p. 123·128. 

*167. Lower Triassic ammonoids of North America, by J. P. Smith. 1932. 199 p. 
*185·E. Miocene plants from Idaho, by E. W. Berry. 1934 (1936). p. 97·125. 
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PROFESSIONAL PAPERS··Continued 
*186·F. American Cretaceous ferns of the genus Tempskya. by C. B. Read and 

R. W. Brown. 1937. p. 105·131. 
*186·J. Additions to some fossil floras of the Western United States, by R. W. 

Brown. 1937. p. 163-206. 
*202. Geology and ore deposits of the Metaline quadrangle, Washington, by C. F. 

Park, Jr., and R. S. Cannon, Jr. 1943. 81 p. (See also Professional Paper 
489.) 

*229. Mica and beryl pegmatites in Idaho and Montana, by W. C. Stoll. 1950 
(1951).64 p. 

*231. Physiography and glacial geology of Western Montana and adjacent areas, by 
W. C. Alden. 1953 (1954). 300 p. 

*238. Geography, geology, and mineral resources of the Ammon and Paradise 
Valley quadrangles, Idaho, by G. R. Mansfield. 1952 (1953). 92 p. 

*250. American Triassic coiled nautiloids, by Bernhard Kummel. 1953. 104 p. 
*254-H. Triassic stratigraphy of southeastern Idaho and adjacent areas, by 

Bernhard Kummel. 1954. p. 165-194. 
*272-D. Evaporation from the 17 Western States, by J. S. Meyers, with a section 

on Evaporation rates, by T. J. Nordenson, U.S. Weather Bureau. 1962. 
p.71-100. 

294-A. North American Mesozoic Charophyta, by R. E. Peck. 1957. p. 1-44. $1. 
*294-D. Stromatolites of the Belt Series in Glacier National Park and vicinity, 

Montana, by Richard Rezak. 1957. p. 127-154. 
*294-L. Brachiopod fauna of Saturday Mountain formation, southern Lemhi 

Range, Idaho, by R. J. Ross, Jr. 1959. p. 441-461. 
313-A. The Phosphoria, Park City, and Shedhorn formations in the western 

phosphate field, by V. E. McKelvey and others. 1959. p. 1-47 . $1. 
313-B. Physical stratigraphy and mineral resources of Permian rocks in western 

Wyoming, by R. P. Sheldon. 1963. p . 49-273. $2.75. 
*313-C. Stratigraphy and petrology of the Permian rocks of southwestern 

Montana, by E. R. Cressman and R. W. Swanson. 1964. p. 275-569. 
313-D. Biostratigraphy of the Phosphoria, Park City, and Shedhorn Formations, by 

E. L. Yochelson, with a section on Fish, by D. H. Van Sickle. 1968. 
p. 571-660. 60c. 

*318. Occurrence of nonpegmatite beryllium in the United States, by L. A. 
Warner, W. T . Holser, V. R. Wilmarth, and E. N. Cameron. 1959. 198 p. 
(See also Map MR-35.). 

*344·A. Metasomatic metamorphism in western Clearwater County, Idaho, by 
Anna Hietanen. 1962. p . A1-A116. 

*344-B. Anorthosite and associated rocks in the Boehls Butte quadrangle and 
vicinity, Idaho, by Anna Hietanen. 1963. p. B1·B78. 

*344-C. Metamorphism of the Belt series in the Elk River-Clarkia area, Idaho, by 
Anna Hietanen. 1963 (1964). p. C1-C49. 

*344-D. Idaho batholith near Pierce and Bungalow, Clearwater County, Idaho, by 
Anna Hietanen. 1963 (1964). p. D1-D42. 

344-E. Belt series in the region around Snow Peak and Mallard Peak, Idaho, by 
Anna Hietanen. 1968. p. E1-E34. $1.50. 

356·A. Oil yield and uranium content of black shales, by V. E. Swanson. 1960. 
p. 1·44. 30c. 

*356-D. Geology of uranium in coaly carbonaceous rocks, by J. V. Vine. 1962. 
p.113-170. 

*366. Ash-flow tuffs: Their origin, geologic relations, and identification, by C. S. 
Ross and R. L. Smith. 1961. 81 p. 
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PROFESSION AL PAPERS--Continued 
374-J. The Bannock thrust zone, southeastern Idaho, by F. C. Armstrong and E. R . 

Cressman. 1963. p. J1-J22. $1.25. 
383·A. Storage of ground water behind subsurface dams in the Columbia River 

basalt, Washington, Oregon, and Idaho, by R . C. Newcomb. 1961 (1962). 
p . A1·A15. 20c. 

*400·A. Geological Survey Research 1960, Synopsis of geologic results. 
p . A1-A136. 

*400·B. Short papers in the geological sciences, Articles 1·232. 1960. p . B1·B515. 
Contains the following articles, which are not available separately. 

2. Varieties of supergene zinc deposits on the United States, by A. V. 
Heyl, Jr ., and C. N. Bozion. p. B2. 

13. Tectonic setting of the Coeur d'Alene district, Idaho, by R. E. 
Wallace, A. B. Griggs, A. B. Campbell, and S. W. Hobbs . p. B25. 

14 . Bleaching in the Coeur d'Alene district , Idaho , by P . L . Weis. p . B27. 
15. Origin of the Main period veins, Coeur d'Alene district, Idaho, by 

V. C. Fryklund, Jr. p. B29. 
103. Metamorphism and thrust faulting in the Riggins quadrangle, Idaho, 

by Warren Hamilton. p . B230. 
104. Diverse interfingering Carboniferous strata in the Mackay quadrangle, 

Idaho, by C. P. Ross. p. B232. 
135. Evidence in the Snake River Plain, Idaho, of a catastrophic flood 

from Pleistocene Lake Bonneville, by H. E. Malde. p. B295. 
136. Alkalic lava flow with fluidity of basalt, in the Snake River Plain, 

Idaho, by H. A. Powers. p. B29'Z. 
137. A distinctive chemical characteristic of Snake River basalts of Idaho, 

by H . A. Powers. p. B298. 
216. Determination of zinc in basalts and other rocks, by L. F. Rader, 

W C Swadley, H. H . Lipp, and Claude Huffman, Jr. p . B477. 
417·D. Chemical quality of the surface waters of the Snake River basin, by L. B. 

Laird. 1964. p. Dl·D47. $1. 
424·A. Geological Survey Research 1961, Synopsis of geologic and hydrologic 

results. 1961. p. A1·A194. $1.50. 
*424-B. Short papers in the geologic and hydrologic sciences, Articles 1-146. 1961. 

p. B1-B344. Contains the following articles, which are not available 
separately. 

8 . Recent hydrologic trends in the Pacific Northwest, by W. D. Simons. 
p. B17. 

17. Hydrologic significance of buried valleys in glacial drift, by S. E. 
Norris and G. W. White . p . B34. 

67 . Structure of the Clark Fork area, Idaho- Montana, by J . E . Harrison, 
D. A. Jobin, and Elizabeth King. p . B159. 

68. Pleistocene geology of the central part of the Lemhi Range, Idaho, by 
E . T . Ruppel and M. H . Hait, Jr. p. B163. 

69. The Michaud delta and Bonneville River near Pocatello, Idaho, by 
D. E. Trimble and W. J . Carr . p . B164 . 

70. Volcanic ash beds as stratigraphic markers in basin deposits near 
Hagerman and Glenns Ferry, Idaho, by H . A. Powers and H. E. 
Malde. p . B167. 

71. Patterned ground of possible solifluction origin at low altitude in the 
western Snake River Plain, Idaho, by H. E. Malde. p. B170. 

88 . Structural barrier reservoirs of ground water in the Columbia River 
basalt, by R. C. Newcomb. p. B213 . 
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PROFESSIONAL PAPERS--Continued 
* 4 24-B--Contin ued 

99 . Corals from Permian rocks of the northern Rocky Mountain region, 
by Helen Duncan. p. B235. 

100. Occu r rences of the Permian gastropod Ompha/otrochus in 
Northwestern United States, by E. L. Yochelson. p. B237. 

104. Gravity, volcanism, and crustal deformation in and near Yellowstone 
National Park , by L. C. Pakiser and H. L. Baldwin, Jr. p. B246. 

105. Gravity , volcanism, and crustal deformation in the Snake River Plain, 
Idaho, by D. P. Hill, H. L. Baldwin, Jr., and L. C. Pakiser. p . B248. 

*424-C . Short papers in the geologic and hydrologic sciences, Articles 147-292. 
1961. p . C1-C398. Contains the following articles, which are not available 
separately. 
195. Proposed classification of ground-water provinces, hydrologic units, 

and chemical types of ground water in the Upper Colorado River 
Basin, by D. A. Phoenix. p. C125. 

212 . A redefinition and restriction of the term Challis volcanics, by C. P. 
Ross. p . C177. 

213 . Upper Paleozoic rocks in the Deep Creek Mountains, Idaho, by W. J. 
Carr and D. E. Trimble. p . C181. 

236 . Stratigraphic distribution of endothyrid Foraminifera in 
Carboniferous rocks of the Mackay quadrangle, Idaho, by B. A. L. 
Skipp. p. C239. 

267. Metal content of some black shales of the Western United States, by 
D. F. Davidson and H. W. Lakin. p. C329. 

424-D. Short papers ' in the geologic and hydrologic sciences, Articles 293-435. 
1961. p. D1-D408. $2.75. Contains the following articles, which are not 
available separately . 
345 . Relation between deformation; metamorphism, matasomatism, and 

intrusion along the northwest border zone of the Idaho batholith, 
Idaho, by Anna Hietanen. p. D161. 

382 . Stratigraphic significance of the Cretaceous ferm Tempskya in the 
western conterminous United States, by C. B. Read and S. R. Ash. 
p. D250. 

406. Geographic distribution of major constituents in stream waters of the 
western conterminous United States, by C. E. Roberson. p . D334. 

4 20. Hydrology of radioactive-waste disposal at the Idaho Chemical 
Processing Plant, National Reactor Testing Station, Idaho, by P . H. 
Jones. p . D374 . 

*426. Data on uranium and radium in ground water in the United States, 1954 to 
1957, by R. C. Scott and F . B. Barker. 1962. 115 p. 

*436. Metamorphism in the Riggins region, western Idaho, by Warren Hamilton. 
1963.95 p . 

*445. Ore deposits of the Coeur d'Alene district, Shoshone County, Idaho, by 
V. C. Fryklund, Jr., with a section on The bleached rock in the Coeur 
d'Alene district, by P. L. Weis. 1964. 103 p . (See also Professional Paper 
478 .) 

*450-A. Geological Survey Research 1962, Synopsis of geologic, hydrologic 
and topographic results. 1962. p . A1-A257. 

*450-B. Short papers in geology, hydrology, and topography, Articles 1-59. 1962. 
Contains the following articles, which are not available separately. 

5. Old metavolcanic rocks of the Big Creek area, central Idaho, by B. F. 
Leonard. p . B11. 

10. Volcanic rocks of Oligocene age in the southern part of the Madison 
Range, Montana and Idaho, by Warren Hamilton and E. E. Leopold. 
p. B26. 
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PROFESSIONAL P APERS--Continued 
*450-C. Short papers in geology and hydrology. Articles 60-119. 1962. 

p. C1-C146. Contains the following articles, which are not available 
separately. 

83 . Staurolite zone near the St. Joe River, Idaho, by Anna Hietanen. 
p . C69. 

85. Metal content of some black shales of the Western Conterminous 
United States-Part 2, by D. F. Davidson and H. W. Lakin. p. C74. 

106. Hydrology of radioactive-waste disposal in the MTR-ETR area, 
National Reactor Testing Station, Idaho, by P . H. Jones and Eugene 
Shuter. p. CU3. 

*450-D. Short papers in geology, hydrology, Articles 120-179.1962. p. DI-D195. 
Contains the following articles, which are not available separately. 
140. Gravity and magnetic anomalies in Gem Valley, Caribou County, 

Idaho, by D. R. Mabey and F. C. Armstrong. p. D73. 
141. Gravity, volcanism, and crustal deformation in the eastern Snake 

River Plain, Idaho, by T. R. LaFehr and L. C. Pakiser. p. D76. 
*450-E. Short papers in geology, hydrology, and topography, Articles 180-239. 

1963. Contains the following articles, which are not available separately. 
204. Syenite complex older than the Idaho batholith, Big Creek 

quadrangle, central Idaho, by B. F. Leonard. p . E93. 
205. Trondhjemite in the Riggins quadrangle, western Idaho, by Warren 

Hamilton. p. E98. 
211. Menan Buttes, cones of glassy basalt tuff in the Snake River Plain, 

Idaho, by Warren Hamilton and W. B. Myers. p. E114. 
454-E. New data on the isostatic deformation of Lake Bonneville, by M. D. 

Crittenden, Jr. 1963. p. E1-E31. 30c. 
*455-A-F. Geology of uranium-bearing veins in the conterminous United States. 

1963 (1964). 120 p. Includes the following chapters. 
A. Introduction to the geology of uranium-bearing veins in the conterminous 

United States, including sections on geographic distribution and 
classification of veins, by G. W. Walker and F. W. Osterwald. p. 1·28. 

B. Age of uranium-bearing veins in the conterminous United States, by G. W. 
Walker. p. 29-35 . 

C . Host rocks and their alterations as related to uranium-bearing veins in the 
conterminous United States, by G. W. Walker. p . 73-63 . 

D. Mineralogy, internal structure and textural characteristics, and paragenesis 
of uranium-bearing veins in the conterminous United States, by G. W. 
Walker and J. W. Adams. p. 55-90. 

E. Supergene alteration of uranium-bearing veins in the conterminous United 
States, by G. W. Walker. p . 91-103. 

F . Concepts of origin of uranium-bearing veins in the conterminous United 
States, by G. W. Walker and F. W. Osterwald. p. 105-120. 

*455-G. Structural control of uranium-bearing vein deposits and districts in the 
conterminous United States, by F. W. Osterwald. 1965. p.121-146. 
Includes title page and contents for volume. 

*475-A. Geological Survey Research 1963, Summary of Investigations. 1963. 
p. AI-A300. 

*475-B. Short papers in geology and hydrology, Articles 1-59.1963. p. BI-B219. 
Contains the following articles, which are not available separately. 

5 . Beryllium and fluorine content of some silicic volcanic glasses from 
Western United States, by W. R. Griffits and H . A. Powers. p . B18. 
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PROFESSION AL P APERS--Continued 
475-B--Continued 

6 . Some new data on the arsenic content of basalt, by A. J. Bartel, E . J . 
Fennelly, Claude Huffman, Jr., and L. F. Rader, Jr. p. B20 . 

23. Age of certain post-Madison rocks in southwestern Montana and 
western Wyoming, by J . T. Dutro, Jr., and W. J . Sando. p. B93. 

32 . Paleocology of the Permian Phosphoria Formation and related rocks, 
by E. L. Yochelson. p . B123 . 

*475-C . Short papers in geology and hydrology. Articles 60-121. 1963. Contains 
the following articles, which are not available separately. 

80. Petrology of rhyolite and basalt, northwestern Yellowstone Plateau, 
by Warren Hamilton. p. C78. 

82. Modal composition of the Idaho batholith, by C. P. Ross. p . C86. 
*475·D. Short papers in geology and hydrology. Articles 122-172. 1964. 

p. D1-D223. Contains the following articles, which are not available 
separately . 
122. Comparison of late Paleozoic depositional history of northern Nevada 

and central Idaho, by R . J. Roberts and M. R. Thomasson. p. D1. 
162. Relation of percent sodium to source and movement of ground 

water, National Reactor Testing Station, Idaho, by F . H. Olmsted. 
p. D186 . 

*478. Geology of the Coeur d'Alene district, Shoshone County, Idaho, by S. W. 
Hobbs, A. B. Griggs, R. E . Wallace, and A. B. Campbell. 1965. 139 p. 

*483-D. Upper Jurassic mollusks from eastern Oregon and western Idaho, by R. W. 
Imlay. 1964. p. D1-D21. 

*489. Geology and ore deposits of the Metaline zinc-lead district , Pend Oreille 
County , Wash ., by McC. G. Dings and D. H. Whitebread. 1965. 109 p . 

*491-A. Introduction, spread, and areal extent of saltcedar (Tamarix) in the 
Western United States, by T . W. Robinson. 1965. p . A1-A12. 

*492. Thermal springs of the United States and other countries of the world-A 
summary, by G. A. Waring, revised by R. R. Blankenship and Ray Bentall. 
1965. 383 p . 

*501-A. Geological Survey Research 1964. 1964. p. A1.A367. 
*501-C . Geological Survey Research 1964. 1964. p. C1-C197. Contains the 

following article , which is not available separately. 
Strike-slip faulting and broken basin-ranges in east-central Idaho and 

adjacent Montana, by E. T. Ruppel. p. C14. 
*503-E. Revision of some Paleozoic coral species from the Western United States, 

by W. J. Sando. 1965. p . E1 -E38. 
504-C. Geology and petrogenesis of the Island Park caldera of rhyolite and basalt, 

eastern Idaho, by Warren Hamilton .1965. p. C1-C37. 
*525-A. Geological Survey Research 1965. 1965 (1966). p. A1 -A376. 
*525-B. Geological Survey Research 1965. 1965. p . B1-B195. Contains the 

following article, which is not available separately. 
Mercury-bearing antimony deposit between Big Creek and Yellow Pine, 

central Idaho, by B. F. Leonard. p. B23. 
*525-C. Geological Survey Research 1965. 1965. p. C1-C219. Contains the 

following articles, which are not available separately. 
Stratigraphic data bearing inferred pull-apart origin of Gem Valley, Idaho, 

by S . S. Oriel, D. R. Mabey, and F. C. Armstrong. p . C1. 
Seismic-refraction measurements of crustal structure between American 

Falls Reservoir, Idaho, and Flaming Gorge Reservoir , Utah, by 
Ronald Willden . p. C44. 
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PROFESSION AL P APERS--Continued 
525-C--Continued 

Maximum extent of late Pleistocene Cordilleran glaciation in northeastern 
Washington and northern Idaho, by P. L. Weis and G. M. Richmond. 
p . C128. 

530. The geologic occurrence of monazite, by W. C. Overstreet. 1967. 327 p . $3. 
538 . Geology of epigenetic uranium deposits in sandstone in the United States, by 

W. I. Finch. 1967. 121 p. $1.50. 
540. Twin Creek Limestone (Jurassic) in the western interior of the United States, 

by R . W. Imlay. 1967. 105 p. $1.25. 
544-C. Hydrologic effects of the earthquake of March 27, 1964, outside Alaska, by 

R. C. Vorhis, E. E . Rexin, and R . W. Coble . 1967. p. C1-C54. 45c. 
550-A. Geological Survey Research 1966. 1966 (1967). p. A1-A385. $2.50. 
550-B. Geological Survey Research 1966. 1966. p. B1-B227. Contains the 

following articles, which are not available separately. 
Permian coleoid cephalopods from the Phosphoria Formation in Idaho and 

Montana, by Mackenzie Gordon, Jr. p. B28. 
Relation between Bouguer gravity anomalies and regional topography in 

Nevada and the eastern Snake River Plain, Idaho, by D. R. Mabey. 
p. B108. 

550-D. Geological Survey Research 1966. 1966. p. D1-D267. $2.25. Contains the 
following article, which is not available separately. 
Reconnaissance survey of ground-water quality in the Great Basin, by J. H. 

Feth. p. D237. 
575-A. Geological Survey Research 1967. 1967. p. A1-A377. $2.25. 
*575-B. Geological Survey Research 1967. 1967. p. B1-B265. Contains the 

following article, which is not available separately. 
Varved lake beds in northern Idaho and northeastern Washington, by E. H. 

Walker. p. B83. 
*575-C. Geological Survey Research 1967. 1967. p. C1-C251. Contains the 

following article, which is not available separately. 
Age and regional significance of basal part of Milligen Formation, Lost 

River Range, Idaho, by C. A. Sandberg, W. J. Mapel, and J . W. 
Huddle . p. C127. 

*575-D. Geological Survey Research 1967. 1967. p . D1-D297. Contains the 
following articles, which are not available separately. 
Northwesterly extension of the Darby thrust in the Snake River Range, 

Wyoming and Idaho, by H. F. Albee, D. A. Jobin, and M. L. 
Schroeder. p . D1. 

Mississippian depositional provinces in the northern Cordilleran region, by 
W. J. Sando. p. D29. 

*594-C. Silver-rich disseminated sulfides from a tungsten-bearing quartz lode, Big 
Creek district, central Idaho, by B. F. Leonard, C. W. Mead, and Nancy 
Conklin. 1968. p. C1-C24. 

*596. The catastrophic late Pleistocene Bonneville Flood in the Snake River 
Plain, Idaho, by H. E. Malde. 1968. 52 p. ' 

600-A. Geological Survey Research 1968. 19"68. p . A1-A371. $3.50. 
*600-B. Geological Survey Research 1968. 1968. p . B1-B235. Contains the 

following article, which is not available separately. 
Rhabdophane from a rare-earth occurrence, Valley County, Idaho, by J. W. 

Adams. p. B48. 
600-D. Geological Survey Research 1968. 1968. p. D1-D269. $3.25. Contains the 

following articles, which are not available separately. 
A water-balance equation for the Rathdrum Prairie ground-water reservoir, 

near Spokane, Wash., by E. J. Pulhowski and C. A. Thomas. p . D75. 
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PROFESSIONAL PAPERS--Continued 
600-0 --Continued 

Oevonian paleotectonics in east-central Idaho and southwestern Montana, 
by W. J. Mapel and C. A. Sandberg. p. 0115. 

610. Principal gold-producing districts of the United States, by A. H. Koschmann 
and M. H. Bergendahl. 1968.283 p. $4.75. 

613-E. Carboniferous megafaunal and microfaunal zonation in the northern 
Cordillera of the United States, by W. J. Sando, B. L. Mamet, and J. T. 
Outro, Jr. 1969. p. E1-E29. 75c. 

646-D. Geologic implications of aeromagnetic data in the Pend Oreille area, Idaho 
and Montana, by E. R . King, J . E. Harrison, A. B. Griggs. 1970. p. 01-017. 
75c. 

646-E. Gravity and magnetic anomalies in the Soda Springs region, southeastern 
Idaho, by O. R. Mabey and S. S. Oriel. 1970. p. E1-E15. $1.25. 

650-A. Geological Survey Research 1969. 1969 (1970). p. A1-A425. $4. 
650-B. Geological Survey Research 1969. 1969. p . B1-B203. $2.25. Contains the 

following article, which is not available separately. 
Ordovician bedded chert, argillite, and shale of the Cordilleran 

eugeosyncline in Nevada and Idaho, by K. B. Ketner . p. B23. 
650-0. Geological Survey Research 1969. 1969. p. 01-0299. $3 .75 . Contains the 

following article, which is not available separately. 
Diffusion from a gaseous source in a porous mediuin-A field and 

theoretical comparison, by J. B. Robertson. p. 0265 . 
700-B. Geological Survey Research 1970. 1970. p. B1-B267. $3.25. Contains the 

following articles, which are not available separately. 
Relation of carbon dioxide content of apatite of the Phosphoria Formation 

to regional facies, by R. A. Gulbrandsen. p . B9. 
Stratigraphic micropaleontology of the type locality of the White Knob 

Limestone (Mississippian), Custer County, Idaho, by Betty Skipp and 
B. L. Mamet. p. B118. 

700.c. Geological Survey Research 1970. 1970. p . C1.c247. $3.25. Contains the 
following article, which is not available separately. 
Gravity anomalies in Cache Valley, Cache and Box Elder Counties, Utah, 

and Bannock and Franklin Counties, Idaho, by O. L . Peterson and 
S. S. Oriel. p . C114. 

700-0. Geological Survey Research 1970. 1970 (1971). p . 01 -0317 . $3.75. 
Contains the following article, which is not available separately. 
Verticle molecular diffusion of xenon-133 gas after injection underground, 

by J. B. Robertson. p. C287. 

BULLETINS 
*11. On the Quaternary and Recent Mollusca of the Great Basin, with descriptions 

of new forms, by R. E. Call, introduced by a sketch of the Quaternary 
lakes of the Great Basin, by G. K. Gilbert. 1884. 66 p. 

*40. Changes in river courses in Washington Territory due to glaciation, by Bailey 
Willis. 1887. 10 p. 

*52. Subaerial decay of rocks and origin of the red color of certain formations, by 
I. C. Russell. 1889. 65 p. 

*80. Correlation papers: Deveonian and Carboniferous, by H. S. Williams. 1891. 
279 p. 

*81. Correlation papers: Cambrian, by C. D. Walcott. 1891. 447 p. 
*84 . Correlation papers: Neocene, by W. H. Dall and G. O. Harris. 1892. 349 p. 
*128. The Bear River formation and its characteristic fauna, by C. A. White. 1895. 

108 p. 
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BULLETINS--Continued 
*170. Survey of the boundary line between Idaho and Montana from the 

international boundary to the crest of the Bitterroot Mountains, by R. U. 
Goode. 1900. 67 p. 

*174. Survey of the northwestern boundary of the United States, 1857-1861, by 
Marcus Baker. 1900. 78 p. 

*199. Geology and water resources of the Snake River Plains of Idaho, by I. C. 
Russell. 1902. 192 p . -

*213. Contributions to economic geology, 1902. 1903.449 p. Contains: Mineral 
deposits of the Bitterroot Range and Clearwater Mountains, Mont., by 
Waldemar Lindgren. p. 66-70. 

*217. Notes on the geology of southwestern Idaho and southeastern Oregon, by 
I. C. Russell. 1903. 83 p. 

*258. The origin of certain place names in the United States, by Henry Gannett. 
1905.334 p. 

*260. Contributions to economic geology, 1904. 1905. Contains: The production 
of gold in the United States in 1904, by Waldemar Lindgren. p. 32-38; The 
production of silver in the United States in 1904, by Waldemar Lindgren. 
p.39-44; Ore deposits of the Coeur d'Alene district, Idaho, by F. L. 
Ransome. p. 274-303. 

*269. Corundum and its occurrence and distribution in the United States, by J . H. 
Pratt. 1906. 175 p. 

*285. Contributions to economic geology, 1905. 1906. Contains: Economic 
features of northern Idaho and northwestern Montana, by D. F. 
MacDonald. p. 41-52; Ore deposits in the St. Joe River basin, Idaho, by 
A. J. Collier. p. 129-139. 

*315. Contributions to economic geology, 1906-Part 1. 1907. Contains: Gold 
developments in central Uinta County, Wyo., and at other points on Snake 
River, by A. R. Schultz. p. 71-88; Phosphate deposits in Western United 
States, by F. B. Weeks and W. F. Ferrier. p . 449-462. 

*340. Contributions to economic geology, 1907-Part 1. 1908. Contains: Notes on 
the Fort Hall mining district, Idaho, by F. B. Weeks and V. C . Heikes. 
p.175-183. 

*360. Pre-Cambrian geology of North America, by C. R. Van Hise and C . K . Leith. 
1909. 939 p. 

*384. A geological reconnaissance in northern Idaho and northwestern Montana, 
by F. C. Calkins, with notes on the economic geology, by D. F. 
MacDonald. 1909. 112 p. 

*430. Contributions to economic geology, 1909, Part 1. 1910. Contains: Geology 
of the copper deposits near Montpelier, Bear Lake County, Idaho, by H. S. 
Gale. p. 112-121; An occurrence of monazite in northern Idaho, by F. C. 
Schrader. p . 184-191; Preliminary report on the phosphate deposits in 
southeastern Idaho and adjacent parts of Wyoming and Utah, by H . S . Gale 
and R. W. Richards. p . 457-535; The salt resources of the Idaho-Wyoming 
border, with notes on the geology, by C. L. Breger. p. 555-569. 

*431. Contributions to economic geology, 1909-Part 2. 1911. Contains: Gas and 
oil prospects near Vale, Oreg., and Payette, Idaho, by C. W. Washburne. 
p.26-55. 

*436. The fauna of the phosphate beds of the Park City formation in Idaho, 
Wyoming, and Utah, by G. H. Girty. 1910. 82 p. 

*466. Retracement of the boundary line between Idaho and Washington from the 
junction of Snake and Clearwater Rivers northward to the international 
boundary. 1911. 39 p. 
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BULLETINS--Continued 
*470. Contributions to economic geology, 191o-Part 1. 1911 . Contains: Geology 

and mineralization of the upper St. Joe River basin, Idaho, by J . T . Pardee. 
p. 39-61; Gold-bearing ground moraine in northwestern Montana, by F. C. 
Schrader. p.62-74; Geologic relation of ore deposits in the Elkhorn 
Mountains, Mont. , by R. W. Stone. p. 75-89; Notes on lead and copper 
deposits in the Bear River Range, Idaho and Utah, by R . W. Richards. 
p . 177 -18 7; Preliminary report on a portion of the Idaho phosphate 
reserve, by R. W. Richards and G. R. Mansfield . p.371 -439 ; Sulphur 
deposits near Soda Springs, Idaho, by R. W. Richards and J. H. Bridges. 
p.499-503; The types, modes of occurrence, and important deposits of 
asbestos in the United States, by J. S. Diller. p. 505-524. 

*487. Results of spirit leveling in Idaho, 1986 to 1919, inclusive . 1911. 46 p . (See 
Bulletin 567.) 

*507. The mining districts of the Western United States, by J . M. Hill . 1912. 
309 p . 

*522. Portland cement materials and industry in the United States, by E. C. Eckel, 
with contributions by E . F . Burchard and others. 1913.401 p. 

*523. Nitrate deposits, by H. S. Gale. 1912.36 p . (See also Bulletin 838 .) 
*528 . Geology and ore deposits of Lemhi County, Idaho, by J. B. Umpleby. 1913. 
- 182p. 

*530. Contributions to economic geology , 1911- Part 1. 1913. Contains: A 
preliminary account of the ore deposits of the Loon Creek district, Idaho, 
·by J . B. Umpleby. p . 66-74; Geology of the St. Joe-Clearwater region, 
Idaho, by F. C. Calkins and E. L. Jones, Jr. p.75-86; A geologic 
reconnaissance in southeastern Idaho, by A. R. Schultz and R. W. Richards. 
p . 267-284 ; Mica in Idaho, New Mexico, and Colorado, by D. B. Sterrett. 
p.375-390. 

*531. Contributions to economic geology, 1911-Part 2 . 1913. Contains : Coal at 
Horseshoe Bend and Jerusalem Valley, Boise County, Idaho, by C. F. 
Bowen. p . 245-251; Lignite in the Goose Creek district, Cassia County, 
Idaho, by C. F. Bowen. p. 252-262; Miscellaneous analyses of coal samples 
from various fields of the United States. p. 331-355. 

*539. Some ore deposits in northwestern Custer County, Idaho, by J. B. Umpleby. 
1913 . 104 p. 

*540. Contributions to economic geology, 1912- Part 1. 1914. Contains : 
Economic geology of the region a.round Ml,lllan, Idaho, and Saltese, Mont. , 
by F. C. Calkins and E. L . Jones, Jr. p . 167-211 ; The lead-silver deposits of 
the Dome district, Idaho, by J . B. Umpleby. p. 212-222. 

*541. Contributions to economic geology, 1912-Part 2. 1914 . Contains : The 
Horseshoe Creek district of the Teton Basin coal field, Fremont County, 
Idaho, by E. G. Woodruff. p. 379-388; and Analyses of coal samples from 
various fields of the United States, by M. R. Campbell. p. 491-526. 

*567. Results ·of spirit leveling in Idaho, 1896-1914, inclusive. 1915. 130 p . 
*577 . Geology of the phosphate deposits northeast of Georgetown, Idaho, by 

R. W. Richards and G. R. Mansfield. 1914. 76 p. 
*580. Contributions to economic geology, 1913-Part 1. 1915. Contains: Ore 

deposits in the Sawtooth quadrangle, Blaine and Custer Counties, Idaho, by 
J . B. Umpleby. p. 221-249. 

*585. Useful minerals of the United States, compiled by Samuel Sanford and R. W. 
Stone. 1914. 250 p. (See also Bulletin 624.) 

*599. Our mineral reserves-How to make America industrially independent, by 
G. O. Smith. 1914. 48 p. 
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BULLETINS--Continued 
*611. Guidebook of the Western United States-Part A, The Northern Pacific 

Route, with a side trip to Yellowstone Park, by M. R . Campbell and others. 
1915.218 p . 

*612. Guidebook of the Western United States-Part B, The Overland Route, with 
a side trip to Yellowstone Park, by W. T. Lee and others. 1915. 244 p. 

*620. Contributions to economic geology, 1915-Part 1. 1916. Contains : Nitrate 
deposits in southern Idaho and eastern Oregon, by G. R. Mansfield. 
p. 19-44; Notes on the fine gold of Snake River , Idaho, by J. M. Hill. 
p.271-294. 

*621. Contributions to economic geology, 1915-Part 2. 1916. Contains: The 
Orofino coal field, Clearwater, Lewis, and Idaho Counties, Idaho, by C. T. 

. Lupton. p. 99-108. 
*624. Useful minerals of the United States, compiled by F . C. Schrader, R. W. 

Stone, and Samuel Sanford. 1916.412 p. 
*625. The enrichment of ore deposits, by W. H. Emmons. 1917. 530 p . 
*640. Contributions to economic geology, 1916- Part 1. 1917. Contains: Lode 

mining in the Quartzburg and Grimes Pass porphyry belt, Boise Basin, 
Idaho, by E. L. Jones, Jr. p. 83-111. 

*652. Tungsten minerals and deposits, by F. L . Hess. 1917. 85 p . (See Map 
MR-25.) 

*669. Salt resources of the United States, by W. C. Phalen. 1919. 284 p. 
*680. A geologic reconnaissance for phosphate and coal in southeastern Idaho and 

western Wyoming, by A. R. Schultz. 1918. 84 p . 
*697. Gypsum deposits of the United States, by R. W. Stone and others. 1920. 

326 p. (See Map MR-33.) 
*708. High-grade clays of the Eastern United States, with notes on some western 

clays, by H . Ries, W. S. Bayley, and others. 1922. 314 p. 
*710. Contributions to economic geology, 1919-Part 1. 1920. Contains: A 

reconnaissance of the Pine Creek district, Idaho, by E. L. Jones, Jr . p . 1-36. 
*711. Contributions to economic geology, 1919-Part 2.1920 . Contains: Oil shale 

in western Montana, southeastern Idaho, and adjacent parts of Wyoming 
and Utah, by D. D. Condit. p. 15-40. 

*713. Geography, geology, and mineral resources of the Fort Hall Indian 
Reservation, Idaho, by G. R. Mansfield, with a chapter on water resources, 
by W. B. Heroy. 1920. 1,52 p. 

*715. Contributions to economic geology, 192o-Part 1. 1921. Contains : Geology 
of the Yellow Pine cinnabar-mining district, Idaho, by E. S. Larsen and 
D. C. Livingston. p . 73-83 . 

*716. Contributions to economic geology, 192o-Part 2. 1921. Contains : Coal in 
eastern Idaho, by G. R. Mansfield. p. 123-153. 

*717 . Sodium sulphate , its sources and uses, by R . C. Wells. 1923. 43 p. 
*729. Oil shale of the Rocky Mountain region, by D. E . Winchester. 1923. 204 p. 
*732. Geology and ore deposits of Shoshone County, Idaho, by J. B. Umpleby and 

E . L. Jones, Jr. 1923. 156 p. 
*740. Mica deposits of the United States, by D. B. Sterrett. 1923. 342 p. 
*750-F. Molybdenite in the RQcky Bar district, Idaho, by F. D. Schrader. 1925. 

p . 87-99. 
*761. Molybdenum deposits-A short review, by F. L. Hess. 1924. 35 p. 
*7:ll. The copper deposits near Salmon, Idaho, by C. P . Ross. 1925. 44 p. 
*780 . Contributions to economic geology, 1925-Part 1. 1926. Contains: 

Antimony and quicksilver deposits in the Yellow Pine district, Idaho, by 
F . C. Schrader and C. P. Ross. p. 137-167. 
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BULLETINS--Continued 
*795 . Contributions to economic geology, 1927-Part 1. 1928. Contains : 

Phosphate rock in the Three Forks-Yellowstone Park region, Mont., by 
D. D. Condit and others. p . 147-209; ~ manganese deposit of Pleistocene 
age in Bannock County, Idaho, by D. F. Hewett. p. 211-221. 

*803. Geography, geology, and mineral resources of the Portneuf quadrangle, 
Idaho, by G. R. Mansfield . 1929.110 p . 

*811. Contributions to economic geology, 1929-Part 1. 1930. Contains: Volcanic 
tuffs and sandstones used as building stones in the upper Salmon River 
Valley, Idaho, by C. H. Behre, Jr. 1930. p. 237-252 . 

*814. Geology and ore deposits of the Wood River region, Idaho, by J. B. 
Umpleby, L. G. Westgate, and C. P. Ross, with a description of Minnie 
Moore and nearby mines, by D. F. Hewett. 1930. 250 p . 

*821-A. A graphic history of metal mining in Idaho, by C. P. Ross. 1931. p . 1-9. 
*838. Nitrate deposits of the United States, by G. R. Mansfield and Leona 

Boardman. 1932. 107 p. 
*846-D. Some lode deposits in the northwestern part of the Boise Basin, Idaho, by 

C. P . Ross. 1934. p. 239-285 . 
*854. Geology and ore deposits of the Casto quadrangle , Idaho, by C. P. Ross. 

1934 (1935).135 p . 
*877. Geology and ore deposits of the Bayhorse region, Custer County, Idaho, by 

C. P. Ross. 1938. 161 p. 
*896. Lexicon of geologic names of the United States (including Alaska), by M. G. 

Wilmarth. 1938. Part 1, A- L, p. 1-1244 ; Part 2, M-Z , p. 1245-2396. (See 
Bulletins 1200 and 1350.) 

*922-1. Antimony deposits of a part of the Yellow Pine district, Valley County, 
Idaho- A preliminary report, by D. E . White. 194 0. p. 247-279. 

*931-A. Tungsten resources of the Blue Wing district, Lemhi County, Idaho, by 
Eugene Callaghan and D. M. Lemmon. 1941. p. 1 -21. 

*944-A. Phosphate deposits of the Teton Basin area, Idaho and Wyoming, by L. S. 
Gardner . 1914 . p. 1-36 . 

*944-B. Geology of the lead-silver deposits of the Clark Fork district, Bonner 
County, Idaho, by A. L. Anderson. 1947. p. 37-117. 

*944-C. Geology and ore deposits of Boise Basin, Idaho, by A. L. Anderson. 1947 
(1949). p. 119-319. Includes title page, contents, and list of illustrations 
for volume. 

*955-C. Phosphate deposits of the Deer Creek-Wells Canyon area, Caribou County, 
Idaho, by Charles Deiss. 1949 (1950). p. 61-101. 

969-F. Geology of the tungsten, antimony, and gold deposits near Stibnite, Idaho, 
by J . R. Cooper. 1951. p. 151-197 . $2.50. 

*982-A. Phosphatic rocks in the Deer Creek-Wells Canyon area, Idaho, by W. R . 
Lowell. 1952. p. 1-52. 

*982-E . Iron ore deposits of the Iron Mountain district, Washington County, 
Idaho, by J. H. Mackin. 1953. p. 121-151. 

*988-D. Distribution of uranium in rich phosphate beds of the Phosphoria 
formation, by M. E. Thompson. 1953. p. 45-67. 

*988-H. Uranium and thorium deposits in east-central Idaho and southwestern 
Montana, by A. F. Trites, Jr., and E. W. Tooker. 1953. p. 157-209. 

*1009-D. Further studies of the distribution of uranium in rich phosphate beds of 
the Phosphoria formation, by M. E . Thompson. 1954. p. 107-123. 

*1015-A. Flourspar deposits near Meyers Cove, Lemhi County, Idaho, by D. C. 
Cox. 1954. p. 1-21. 

*1015-1. Geology of the Dry Valley quadrangle, Idaho, by E. R. Cressman and 
R . A. Gulbrandsen. 1955. p. 257-270 . 
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BULLETINS--Continued 
1019-E. Magnesium resources of the United States-A geologic summary and 

annotated bibliography to 1953, by R. E. Davis. 1957. p. 373-515. 70c. 
*1021-F. Ordovician and Silurian coral faunas of Western United States, by Helen 

Duncan. 1956. p . 209-236. 
*1027-P. Geology of the Murray area, Shoshone County, Idaho, by J. W. 

Hosterman. 1956. p. 725-748. 
1030-H. Uranium in black shale deposits, nor!hern Rocky Mountains and Great 

Plains, by W. J. Mapel. 1956. p. 211-235. 55c. 
*1042-A. Geology of the Johnson Creek quadrangle, Caribou County, Idaho, by 

R. A. Gulbrandsen, K. P . McLaughlin, F . S. Honkala, and S. E. Clabaugh. 
1956. p. 1-23. 

*1042-D. Quicksilver deposits near Weiser, Washington County, Idaho, by C. P . 
Ross. 1956 (1957). p. 79-104. 

1042-E. Physical stratigraphy of the Phosphoria formation in northwestern 
Wyoming, by R. P. Sheldon. 1957 . p. 105-185. $1.25. 

1042-G. Gem stones of the United States, by D. M. Schlegel. 1957. p . 203-253. 
(Reprint.) 35c. 

1042-K. Dismal Swamp placer deposit, Elmore County, Idaho, by F. C. Armstrong. 
1957. p. 383-392. 15c. 

1046.c. Uranium-bearing minerals in placer deposits of the Red River valley, Idaho 
County, Idaho, by F. C. Armstrong and P. L. Weis. 1957. p. 25-36. 30c. 

*1055. Uranium in coal in the Western United States. 1959 (1960). 315 p. 
(Contains : Tertiary geology of the Goose Creek district, Cassia County, 
Idaho, Box Elder County, Utah, and Elko County, Nev., by W. J. Mapel 
and W. J. Hail, Jr. p . 217-254; Geology and uranium deposits in 
carbonaceous rocks of the Fall Creek area, Bonneville County, Idaho, by 
J. D. Vine. p. 255-294.) 

*1070-A. A reconnaissance of the Idaho batholith and comparison with the 
southern California batholith, by E. S. Larsen, Jr ., and R. G . Schmidt. 
1958. p. 1-83. 

*1070-B. Lead-alpha ages of the Mesozoic batholiths of western North America, by 
E. S . Larsen, Jr. , David Gottfried, H. W. Jaffe , and C. L . Waring. 1958. 
p . 35-62. 

*1070.c. Distribution of uranium in rocks and minerals of the Mesozoic batholiths 
in Western United States, by E. S . Larsen, Jr., and David Gottfried. 1961. 
p. 63-103. Title page and contents for volume available free on application 
to the Geological Survey. 

*1072-B. Barite resources of the United States, by D. A. Brobst. 1958. p. 67-130. 
(The volume title given in the publication is incorrect.) (See Map MR-43 .) 

*1074-B. Reconnaissance for radioactive minerals in Washington, Idaho, and 
western Montana, 1952-1955, by P. L. Weis, F . C. Armstrong, and Samuel 
Rosenblum. 1958 (1959). p . 7-48. 

1080. Review and annotated bibliography of ancient lake deposits (Precambrian to 
Pleistocene) in the Western United States, by J. H. Feth. 1964. 119 p. 
$2.50. 

*1081-F. Geology of the southern part of the Lemhi Range, Idaho, by C. P. Ross. 
1961. p. 189-260. 

*1082.c. Iron-ore resources of the United States including Alaska and Puerto Rico, 
1955, by M. S . . Carr and C. E. Dutton. 1959. p. 61-134. (See also Map 
MR-51.) 

1083-E. Anomalous remanent magnetization of basalt, by Allan Cox. 1960 (1961). 
p . 131-160. . 

15 



BULLETINS--Continued 
*1084-C. Selenium content of some volcanic rocks from Western United States and 

Hawaiian Islands, by D. F . Davidson and H. A. Powers. 1959. p. 69-81. 
1091. Investigations of some clay deposits in Washington and Idaho, by J. H. 

Hosterman, V. E. Scheid, V. T. Allen, and I. G. Sohn. 1960 (1961). 147 p. 
$2.75. 

*1097 -A. Evaluation of the lead-alpha (Larsen) method for determining ages of 
igneous rocks, by David Gottfried, H. W. Jaffe, and F. E . Senftle. 1959. 
p.1-63. 

1097 -B. Lead-alpha age determination of accessory minerals of ' igneous rocks 
(1953-1957), by H. W. Jaffe, David Gottfried, C. L . Waring, and H. W. 
Worthing. 1959. p.65-148. 30c. Title page and contents for volume 
available free on application to the Geological Survey. 

*1098-A. Geochemical studies in the Coeur d'AI~ne district, Shoshone County, 
Idaho, by V. C. Kennedy, with a section on Geology, by S. W. Hobbs. 1960 
(1961). p . I-55. (See also Professional Paper 478.) 

*1112-A. Selenium in some epithermal deposits of antimony, mercury, and silver 
and gold, by D. F. Davidson. 1960. p. 1-15. 

*1121-G. Geology of the American Falls quadrangle, Idaho, by W. J. Carr and 
D. E. Trimble. 1963. p . GI-G44. 

*1126. Geology and thorium-bearing deposits of the Lemhi Pass area, Lemhi 
County, Idaho, and Beaverhead County, Mont., by W. N. Sharp and W. S. 
Cavender. 1962 (1963). 76 p. 

*1133-E. Subsurface geology of the National Reactor Testing Station, Idaho, by 
E. H. Walker. 1964. p . E1-E52. 

1134. Ordovician graptolites of the Basin Ranges in California, Nevada , Utah, and 
Idaho, by R. J. Ross, Jr., and W. B. N . Berry. 1963. 177 p. $1.75. 

*1135-A. Oxidized zinc deposits of the United States-Part 1, General Geology, by 
A. V . Heyl and C. N . Bozion. 1962. p . AI-A49. 

*1136. Coal reserves of the United States-A progress report, January 1, 1960, by 
Paul Averitt. 1961. 116 p. (Superseded by Bulletin 1275.) 

*1141-K. Geology of the Clark Fork quadrangle , Idaho-Montana, by J. E. Harrison 
and D. A. Jobin. 1963. p . KI-K38 . 

*1141-L. Columbia River basalt in the Riggins quadrangle, western Idaho, by 
Warren Hamilton. 1963. p . LI-L37. 

*1141-M. Geology of the Jarbidge quadrangle, Nevada-Idaho, by R. R . Coats. 
1964. p. MI-M24. 

*1142-A. Geology and mineral deposits of the Twin Crags quadrangle, Idaho, by 
A. B. Campbell and S. E. Good. 1963. p. AI-A33. 

1148. Summary of rock salt deposits in the United States as possible storage sites 
for radioactive waste materials, by W. G. Pierce and E. I. Rich. 1962.91 p . 
$1.25. 

* 115 3 . Geology of the Georgetown Canyon-Snowdrift Mountain area, 
southeastern Idaho, by E. R. Cressman. 1964. 105 p. 

*1167. Talc resources of the United States, by A . H. Chidester, A . E. J. Engel, and 
L . A. Wright. 1964. 61 p. 

*1181-F. Minor elements in bedrock soil and vegetation at an outcrop of the 
Phosphoria Formation on Snowdrift Mountain, southeastern Idaho, by 
F. B. Lotspeich and E. L. Markward. 1963. p. FI-F42. 

*1181-G. Reconnaissance petrographic cross section of the Idaho batholith in 
Adams and Valley Counties, Idaho, by D. L . Schmidt. 1964. p. GI -G50. 

*1182-E. Investigations of molybdenum deposits in the conterminous United 
States, 1942-1960, by Harold Kirkemo, C. A. Anderson, and S. C. Creasey, 
with sections by numerous authors. 1965. p. EI-E90. 
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BULLETINS--Continued 
*1200. Lexicon of geologic names of the United States for 1936-1960, by G. C. 

Keroher and others. 1966. Part 1, A-F (v. 1, p. 1-1448);Part 2, 0-0 (v. 2, 
p. 1449-2886); Part 3, P-Z (v. 3, p. 2887-4341). (See Bulletin 1350.) 

*1205. Geology of the Garns Mountain quadrangle, Bonneville, Madison, and 
Teton Counties, Idaho, by M. H. Staatz and H. F. Albee. 1966. 122 p. 

1217. Geology of the Stewart Flat quadrangle, Caribou County, Idaho, by K. M. 
Montgomery and T. M. Cheney. 1967.63 p. $1.25. 

1223. Nickel deposits of North America, by H. R. Cornwall. 1966. 62 p. 25c. 
* 12 24 -G. The Yakima Basalt and Ellensburg Formation of south-central 

Washington, by J. W. Bingham and M. J. Grolier. 1966. p. G1-G15. 
1252-A. Geology of part of the Alder Creek mining district, Custer County, Idaho, 

by W. H. Nelson and C. P. Ross. 1968. $1. 
1254-J. The Kinnikinic Quartzite of central Idaho-Redefinition and subdivision, 

by S. W. Hobbs, W. H. Hays, and R. J. Ross, Jr. 1968. p . J1-J22 . 15c. 
1275. Coal resources of the United States, January 1, 1967, by Paul Averitt. 1969. 

116 p. 65c. 
1311-A. Quaternary geology of Long and Bear Valleys, west-central Idaho, by 

D. L. Schmidt and J. H. Mackin. 1970. p. A1-A22. $1. 
1312-0. Mineralogy and geochemistry of some Belt rocks, Montana and Idaho, by 

J. E. Harrison and D. J. Grimes. 1970. p. 01-049. 35c. 
1319-D. Mineral resources of the Sawtooth Primitive Area, Idaho, by T. H. 

Kiilsgaard, V. L. Freeman, and J. S. Coffman. 1970. p . D1-D174. $1.75. 
, 1350. Lexicon of geologic names of the United States for 1961-1967 , by G. C. 

I Keroher. 1970.848 p. $3.50. 

WATER-SUPPL Y PAPERS 
~ *5. Irrigation practice on the Great Plains, by E. B. Cowgill. 1897.39 p. 

*23. Water-right problems of the Bighorn Mountains, by Elwood Meade. 1899. 
62 p. 

*44. · Profi~es of rivers in the United States, by Henry Gannett. 1901. 100 p . 
.• *53. Geology and water resources of Nez Perce County, Idaho-Part 1, by I. C. 

Russell. 1901. p. 1-85. 
*54. Geology and water resources of Nez Perce County, Idaho-Part 2:, by I. C. 

Russell. 1901. p. 87 -141. 
*78. Preliminary report on artesian basins in southwestern Idaho and southeastern 

Oregon,byI.C.Russell. 1903. 53p. - · 
*93. Proceedings of first conference of engineers of the Reclamation Service, with 

accompanying papers. 1904. 361 p. 
*149. Preliminary list of deep borings in the United States, by N. H. Darton. 1905. 

175 p. 
*274. Some stream waters of the Western United States, with chapters on 

Sediment carried by the Rio Grande and the industrial application of water 
analyses, by Herman Stabler. 1911. 188 p. 

*337. The effects of ice on stream flow, by W. G. Hoyt. 1913.77 p. 
* 340. Stream-gaging stations and publications relating to water resources, 

1885-1913, by B. D. Wood. 1916. 195 p. 
*346. Profile surveys in the basin of Clark Fork of Columbia River, 

Mont.-Idaho-Wash. 1914. 6 p. 
*347. Profile surveys in Snake River Basin, Idaho. 1914.12 p. 
*350. Profile surveys in Bear River Basin, Idaho. 1914. 7 p. 
*420. Pmfile surveys along Henrys Fork, Idaho, and Logan River and Blacksmith 

Fork, Utah. 1916.8 p. 
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W ATER-SUPPL Y P APERS--Continued 
*491. Water supply of St. Mary and Milk Rivers, 1898-1917, by B. E. Jones and 

R . J. Burley. 1920.590 p. 
*500 . Contributions to the hydrology of the United States, 1921. Contains Coeur 

d'Alene Lake, Idaho, and the overflow lands, by R. W. Davenport. 1922. 
p. 1-31; Some characteristics of runoff in the Rocky Mountain region, by 
Robert Follansbee. 1922 . p. 55-74. 

*517. Water powers of the Great Salt Lake basin, by R. R. Woolley, with an 
introduction by N. C. Grover. 1924.270 p. 

*520. Contributions of the hydrology of the United States, 1923-24. 1925. 129 p. 
Contains : Power resources of the Snake River between Huntington, Oreg., 
and Lewiston, Idaho, by W. G. Hoyt. p. 27-51; Temperature of water 
available for industrial use in the United States, by W. D. Collins. 
p.97-104. 

*539 . Geology and ground-water resources of Townsend Valley, Mont., by J. T. 
Pardee. 1925.61 p. 

*557. Large springs in the United States, by O. E. Meinzer. 1927. 94 p. 
*558 . Preliminary index to river surveys made by the United States Geological 

Survey and other agencies, by B. E. Jones and R. O. Helland. 1926. 108 p. 
(See also Water-Supply Paper 995.) 

*560. Contributions to the hydrology of the United States, 1925. 1926. Contains : 
Chemical character of ground waters of the northern Great Plains, by H. B. 
Riffenburg. p.31-52; Preliminary report on the geology and water 
resources of the Mud Lake basin, by H . T. Stearns and L. L. Bryan. 
p.87-134. 

*657. Water utilization in the Snake River basin, by W. G. Hoyt, with a preface by 
Herman Stabler. 1935. 379 p. 

*658. The industrial utility of public water supplies in the United States, 1932, by 
W. D. Collins, W. L. Lamar, and E. W. Lohr., 1934. 135 p . (See 
Water-8upply Paper 1300.). 

*659. Contributions to the hydrology of the United States, 1932. 1932 . Contains: 
Index of analyses of natural waters in the United States, 1926 to 1931, by 
W. D . Collins and C. S. Howard. p . 191-209. 

*679-B. Thermal springs in the United States, by N. D. Stearns, H. T. Stearns, and 
G. A. Waring. 1937 . p. 59-206. (See Professional Paper 492.) 

*771. Floods in the United States- Magnitude and frequency, by C. S. Jarvis and 
others. 1936.497 p. 

* 7 7 4. Geology and ground-water resources of the Snake River Plain in 
southeastern Idaho, by H. T. Stearns, Lynn Crandall, and W. G. Steward. 
1938 (1939). 268 p . 

*775. Records of wells on the Snake River Plain, southeastern Idaho, by H. T. 
~)tearns, Lynn Crandall, and W. G. Steward. 1936. 139 p. 

*818. Geology and water resources of the Mud Lake region, Idaho, including the 
Island Park area, by H. T. Stearns, L. L. Bryan, and Lynn Crandall. 1939. 
125 p . 

*820 . Drought of 1936, with discussion on the significance of drought in relation 
to climate, by J. C. Hoyt. 1938.62 p. 

*847. Maxim urn discharges at stream-measurement stations through December 31, 
1937, by G. R. Williams and L. C. Crawford, with a supplement including 
additions and changes through September 30, 1938, by W. S. Eisenlohr, Jr. 
1940 (1941). 272 p. 

*849-B. Effect upon ground-water levels of proposed surface-storage in Flathead 
Lake, Mont., by R. C. Cady. 1941. p . 59-81. 

*866-A. Geology of dam sites on the upper tributaries of the Columbia 
River-Part 1, Katka, tunnel No. 8, and Kootenai Falls dam sites, Kootenai 
River, Idaho and Mont., by C. E. Erdmann. 1941. p. 1-36. 
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WATER-SUPPL Y P APERS--Continued 
*889-B. Water-table fluctuations in the Spokane Valley and contiguous area, 

Washington-Idaho, by A. M. Piper and G. A. LaRocque, Jr. 1944. 
p . 83-139. 

*916. Summary of records of surface waters of upper Columbia River basin in 
Montana and Idaho, 1898-1938, by A. H. Tuttle and T. R. Newell. 1943. 
216 p. 

*995. Index to river surveys made by the United States Geological Survey and 
other agencies, revised to July 1,1947, by B. E. Jones and R. o. Helland. 
1948.145 p. 

1048. Discharge and sediment loads in the Boise River drainage basin, Idaho, 
1939-40, by S. K. Love and P. C. Benedict. 1948. 150 p. 

1080. Floods of May-June 1948 in Columbia River basin, with a section on 
Magnitude and frequency of floods, by S. E. Rantz and H. C. Riggs. 1949. 
476 p . $1.25. . 

*1137-1. Summary of floods in the United States during 1950. 1954. p. 957-991. 
*1220. Irrigation and streamflow depletion in Columbia River basin above The 

Dalles, Oreg., by W. D. Simmons. 1953 (1954). 126 p . 
*1260-F. Summary of floods in the United States during 1952. 1959. p. 687 -713. 
*1300. The industrial utility of public water supplies in the United States, 

1952-Part 2, States west of the Mississippi River, by E. W. Lohr and S . K. 
Love. 1954.462 p. 

1314. Compilation of records of surface waters of the United States through 
September 1950-Part 10, The Great Basin. 1960. 485 p. $2. 

*1316. Compilation of records of surface waters of the United States through 
September 1950-Part 12, Pacific slope basins in Washington and upper 
Columbia River basin. 1955. 592 p. 

*1317. Compilation of records of surface waters of the United States through 
September 1950-Part 13, Snake River basin. 1956. 566 p. 

*1360-A. Reservoirs in the United States, by N. O. Thomas and G. E. Harbeck, Jr. 
1956. p. 1-99 . (Superseded by Water-8upply Paper 1838.). 

*1370-C. Summary of floods in the United States during 1954. 1959. p. 201-263. 
*1374. Preliminary survey of the saline-water resources of the United States, by 

R . A. Krieger, J. L . Hatchett, and J. L . Poole. 1957. 172 p . 
1376. Feasibility of ground-water features of the alternate plan for the Mountain 

Home project, Idaho, by R. L. Nace, S. W. West, and R. W. Mower. 1957. 
121 p. $1.75 . 

1412. Water consumption by water-loving plants in the Malad Valley , Oneida 
County, Idaho, by R. W. Mower and R. L. Nace. 1957 . 33 p. 55c. 

*1455-B. Summary of floods in the United States dUring 1955 . 1962. p. 69-143. 
*1460 -C. Ground-water possibilities south of the Snake River between Twin F alls 

and Pocatello, Idaho, by E. G. Crosthwaite. 1957 (1958). p. 99-145. 
*1460-D. Ground-water geology of the Bruneau-Grand View area, Owyhee 

County, Idaho, by R. T . Littleton and E. G. Crosthwaite. 1957 (1958). 
p.147-198 . 

1460-H. Ground-water problems in the vicinity of Moscow, Latah County, Idaho, 
by P. R. Stevens. 1960. p . 325-357. 50c. 

*1463. Records of springs in the Snake River valley, Jerome and Gooding 
Counties, Idaho, 1899-1947, by R. L. Nace, L. S. McQueen, and Arthur 
Van't Hul. 1958.62 p. 

1473. Study and interpretation of the chemical characteristics of natural water, 
second edition, by J . D. Hem. 1970. 363 p. $2.25. (Revised.) 
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WATER-SUPPL Y PAPERS--Continued 
1475-P. Hydrology of stock-water development in southeastern Idaho, by R. F. 

Hadley. 1962. p. 563-599. 75c. 
1478. Ground-water resources of the middle Big Wood River-Silver Creek area, 

Blaine County, Idaho, by R. O. Smith. 1959. 64 p. $1.75. 
1479. Geohydrologic evaluation of streamflow records in the Big Wood River 

basin, Idaho, by R. O. Smith. 1960.68 p. $1. 
*1496-D. Occurrence and distribution of strontium in natural water, by M. W. 

Skougstad and C. A. Horr. 1963. p. 55-97. 
*1530 . Summary of floods in the United States during 1956. 1964. 85 p. 
1536-D. The ground-water flow system in the Snake River Plain, Idaho-An 

idealized analysis, by H. E. Skibitzke and J. A. da Costa. 1962. p. 47-67. 
75c. 

1539-Q. Reconnaissance of the hydrology of the Little Lost River basin, Idaho, by 
M. J . Mundorff, H. C. Broom, and Chabot Kilburn. 1963. p. Q1-Q51. 75c. 

1576-D. Ground water for irrigation in part of the Fort Hall Indian Reservation, 
Idaho, by S. W. West and Chabot Kilburn. 1963. p. D1-D33. $1.25. 

1585. Effect of irrigation on ground water in southern Canyon County, Idaho, by 
P. R. Stevens. 1962. 74 p. $1.25. 

*1587. Water resources of the Raft River basin, Idaho-Utah, by R . L. Nace and 
others. 1961. 138 p. 

*1609. Ground-water resources of Camas Prairie, Camas and Elmore Counties, 
Idaho, by W. C. Walton. 1962. 57 p. 

*1619-CC. Ground water in the Raft River basin, Idaho, with special significance 
to irrigation use, 1956-60, by M. J. Mundorff and H. G. Sisco. 1963. 
p. CC1-CC23. 

*1650-A. Floods of December 1955-January 1956 in the Far Western 
States-Part 1, Description, by Walter Hofmann and S. E. Rantz. 1963. 
p. A1-A156. 

*1650-B . Floods of December 1955-January 1956 in the Far Western 
States-Part 2, Streamflow data, by Walter Hofmann and S. E. Rantz. 
1963 . 580 p. Includes title page and contents for volume. 

*1652-C. Summary of floods in the United States during 1957. 1963. p. C1-C98. 
*1654. Ground water for irrigation in the Snake River basin in Idaho, by M. J. 

Mundorff, E. G. Crosthwaite, and Chabot Kilburn . 1964. 224 p. 
*1660-B. Summary of floods in the United States during 1958. 1963. p. B1-B97. 
*1684 . Magnitude and frequency of floods in the United States-Part 10, The 

Great Basin, by E. B. Butler, J. K. Reid, and V. K. Berwick. 1966. 256 p. 
*1687. Magnitude and frequency of floods in the United States-Part 12, Pacific 

slope basins in Washington and upper Columbia River basin, by G. L. 
Bodhaine and D. M. Thomas. 1964. 337 p. 

*1688. Magnitude and frequency of floods in the United States-Part 13, Snake 
River basin, by C. A. Thomas, H. C. Broom, and J. E. Cummans. 1963 
(1964). 250 p. 

1734. Compilation of records of surface waters of the United States, October 1950 
to September 1960-Part 10, The Great Basin. 1963 (1964). 318 p. $1.75. 

*1736. Compilation of records of surface waters of the United States, October 
1950 to September 1960-Part 12, Pacific Slope basins in Washington and 
upper Columbia River basin. 1964.415 p. 

1737. Compilation of records of surface waters of the United States, October 1950 
to September 196o-Part 13, Snake River basin. 1963 (1964). 282 p. 
$1.75. 

*1750-B. Summary of floods in the United States during 1959. 1964. p . B1-B101. 
1760. Ground-water levels in the United States 1956-60-Northwestern States. 

1963.222 p. $1. (See table.) 
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WATER-SUPPLY PAPERS--Continued 
1779-1. Ground water in the Sandpoint region, Bonner County, Idaho, by E. H. 

Walker. 1964. p. 11-129. 60c. 
*1779-Q. Ground water in the Midvale and Council areas, upper Weiser River 

basin, Idaho, by E. H. Walker and H. G. Sisco. 1964. p. Q1-Q26. 
1789. Ground water in the upper part of the Teton Valley, Teton Counties, Idaho 

and Wyoming, by Chabot Kilburn. 1964 (1965). 60 p. 70c. 
*1790-B. Summary of floods in the United States during 1960, by J. O. Rostvedt. 

1965. p. B1-B147. 
1800. The role of ground water in the national water situation, by C. L. 

McGuinness. 1963. 1121 p. $4.50. 
*1810. Summary of floods in the United States during 1961, by J. O. Rostvedt. 

1965.123 p. 
*1813. Flood peak runoff and associated precipitation in selected drainage basins 

in the United States, by Tate Dalrymple. 1965. 406 p. 
*1820. Summary of floods in the United States during 1962, by J. O. Rostvedt 

and others. 1968. 134 p. 
1830-B. Summary of floods in the United States during 1963, by J. O. Rostvedt 

and others. 1968 (1969). p. B1-B120. 60c. 
1838. Reservoirs in the United States, by R. O. R. Martin and R. L. Hanson. 1966. 

115 p. $1. 
1840-C. Summary of floods in the United States during 1964, by J. O. Rostvedt 

and others. 1970. p. C1'(:124. 60c. 
*1845. Ground-water levels in the United States, 1961-65-Northwestern States. 

1968. 199 p. (See table.) 
*1846. Ground water in the vicinity of American Falls Reservoir, Idaho, by M. J. 

Mundorff. 1967. 58 p. 
*1849. Roughness characteristics of natural channels, by H. H. Barnes, Jr. 1967. 

213 p. 
1866-B. Floods of December 1964 and January 1965 in the Far Western 

States-Part 2, streamflow and sediment data. 1970 (1971). p. B1-B861. 
$3.50. 

1871. Water data for metropolitan areas, compiled by W. J. Schneider. 1968. 
397 p. $1.50. 

1879,(:. Ground-water aspects of the lower Henrys Fork region, eastern Idaho, by 
E. G. Crosthwaite, M. J. Nundorff, and E. H. Walker. 1970 (1971). 
p. C1'(:22. 70c. 

1879-D. Water resources of the Salmon Falls Creek basin, Idaho-Nevada, by E. G. 
Crosthwaite. 1969. p. D1 -D33. 25c. 

1888. Hydrology of the upper Malad River basin, southeastern Idaho, by E. J. 
Pluhowski. 1970. 89 p. 45c. 

1899,(:. Sediment transport by streams in the Palouse River basin, Washington and 
Idaho, July 1961-June 1964, by P. R. Boucher. 1970. p. C1'(:37. 70c. 

Annual reports of the Geological Survey containing data of the water resources of the United 
States 

Year WSP Price Year WSP Price Year WSP Price Year WSP Price 

Information on the water levels and artesian pressure in observation wells 

1935 *777 1944 *1020 1950 1169 $0.35 1956-60 1760 $1.00 
1939 *886 1945 *1027 1951 1195 .55 1961-65 *1845 
1940 *910 1946 *1075 1952 *1225 
1941 *940 1947 1100 $0.45 1953 1269 .65 
1942 *948 1948 1130 .40 1954 1325 .60 

I 1943 *990 1949 *1160 1955 1408 .60 
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W ATER-SUPPL Y P APERS--Continued 

WSP-- Price r -;ear 
--- .. -

Price I . ··T·--·-----·-·---
Year WSP Year WSP Price Year WSP Price 

I 
Infonnation on the quality of the surface water 

("a" indicates data on quality of water for irrigation) ---,--···--1· .-......... .... ·· - 1 
1947 1102 $1.50: 1954 *1353 1959 * 1645 , 1964 1959 $2.00 
1948 * 1133 i (a) 1430 $0.70 (a) 1699 $0.70' (a) 1960 1.00 
1949 * 1163 1955 1403 1.50 1960 1745 2.00 1965 1966 2.00 
1950 *1189 ' (a) 1465 1.00 (a) 1746 1.25 (a) 1967 1.00 
1951 *1200 1956 *1453 1961 1885 2.25 

(a) *1264 (a) (a) 1886 1.00 
1952 *1253 1957 *1523 11962 *1945 

(a) 1362 (a) ' 1524 1.00 , (a) 1946 1.00 
1953 *1293 , 1958 1574 L75 j1963 1951 2.50' 

(a) 1380 1.00 (a) 1575 LOO ~ (a) 1952 1.00 

Stream measurements in the years mentioned 

1897 *16 1921 *530 

1

1935 *790 1949 1150 $0.50 
1898 *28 *532 *792 1152 1.00 
1899 *38 *533 *793 1153 .60 
1900 *51 1922 *550 , 1936 *810 1950 1180 .50 
1902 *85 *552 

, 
*812 *1182 

1903 *100 *553 *813 1183 .60 
1904 *133 1923 *570 1937 *830 1951 *1214 

*135 *572 *832 1216 1.00 
1905 *1 76 *573 *833 *1217 

*178 *590 ' 1938 *860 1952 *1244 
1906 *212 *592 *862 1246 1.25 

*214 *593 *863 1247 1.50 
1907-08 *250 1925 *610 1939 *880 1953 *1284 

*252 *612 *882 *1286 
1909 *270 *613 *883 1287 1.00 

*272 1926 *630 . 1940 *900 1954 *1344 
1910 *290 *632 *902 *1346 

*292 *633 *903 *1347 
1911 *310 1927 *650 1941 *930 1955 1394 1.00 

*312 *652 *932 1396 1.25 
1912 *330 *653 *933 1397 1.25 

*332 1928 *670 1942 *960 1956 *1444 
1913 *360 *672 *962 1446 1.25 

*362 *673 *963 1447 1.00 
1914 *390 1929 *690 1943 *980 1957 1514 1.00 

*392 *692 *982 1616 1.00 
*393 *693 *983 1517 1.00 

1915 *410 1930 *705 ,1944 *1010 1958 *1564 
*412 *707 * 1012 1566 1.25 
*41 3 *708 *1013 1567 1.00 

1916 *440 1931 *720 1945 *1040 195\) *1634 
*442 *722 *1042 1636 1.50 
*443 *723 *1043 1637 1.00 

1917 *460 1932 *735 1946 *1060 1960 1714 1.00 
*462 *737 *1062 *1716 
*463 *738 *1063 1717 1.00 

1918 *480 1933 *750 ·1947 1090 $0.45 1961-65 1927 4.50 
*482 *752 1092 .75 
*483 *753 1093 .60 

1919-20 *510 1934 *765 1948 1120 .50 
*512 *767 1122 1.00 
*513 *768 1123 .60 
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CIRCULARS (Circulars are distributed free upon specific request to the Geological 
Survey, Washington, D. C. 20242, so long as editions last.) 

*9. Geology and ore deposits of the Elk City, Orogrande, Buffalo Hump, and 
Tenmile districts, Idaho County, Idaho, by P. J. Shenon and J. C. Reed. 
1934.89 p. 

*23. Reservoirs in the United States, by G. E. Harbeck, Jr. 1948. 72 p. 
(Superseded by Water-Supply Papers 1360-A and 1838. ) 

*36 . Annual runoff in Columbia River basin in percent of the mean, 1928-45, by 
C. C. McDonald and H. C. Riggs. 1948 (1949). 2 p . 

*52. Annual runoff in the United States, by W. B. Langbein and others. 1949. 
14 p. (See HA-212.) 

*56. Preliminary maps and reports released by the Geologic Division, 1946-47, and 
Conservation Division, 1938-47, compiled by R . A. Atherton, W. H. 
Eckstein, and R. E. Spratt. 1949.54 p. 

*64. Preliminary maps and reports released by the Geologic Division and the 
Conservation Division, 1948, compiled by R. A. Atherton, Jane Titcomb, 
and R. E . Spratt. 1949. 22 p . 

*114. The water situation in the United States with special reference to ground 
water, by C. L. McGuinness. 1951. 138 p., with an appendix of 127 p . (See 
Water-Supply Paper 1800.) 

*115. Estimated use of water in the United States, 1950, by K. A . MacKichan. 
1951. 13 p. (See Circulars 398, 456, and 556.) 

Open-file report lists for 1949-69 (annual, except as indicated): 
Circulars *149 (1949-50), *227 (1951) , *263 (1952), *337 (1953), *364 (1954), 

*379 (1955), *401 (1956), *403 (1957), 412 (1958), 428 (1959),448 
(1960),463 (1961),473 (1962),488 (1963) , 498 (1964),518 (1965), 528 
(1966),548 (1967),568 (1968), and 618 (1969). 

*158 Industrial clays, other than potential sources of alumina of the Columbia 
Basin, by I. G. Sohn. 1952 (1953). 18 p. 

*168. Geochemical studies in the Coeur d'Alene mining district, Idaho, by V. C. 
Kennedy. 1952. 15 p . 

*192. Evaluation of streamflow records in Big Wood River basin , Idaho, by R . P. 
Jones. 1952. 59 p. 

*208. Stratigraphic sections of the Phosphoria formation in Idaho, 1947-48-Part 1, 
by V. E . McKelvey , D. F . Davidson, F. W. O'Malley, and L. E. Smith. 1953. 
49 p. 

212. Uranium-bearing coal and carbonaceous rocks in the Fall Creek area, 
Bonneville County, Idaho, by J. D. Vine and G . W. Moore. 1952. 10 p. 

*219. Reconnaissance of uranium and copper deposits in parts of New Mexico, 
Colorado, Utah, Idaho, and Wyoming, by G. B. Gott and R. L . Erickson. 
1952 (1953). 16 p . 

262. Stratigraphic sections of the Phosphoria formation in Idaho, 1947-58-Part 3, 
by F . W. O'Malley, D. F . Davidson, R. A. Hoppin, and R. P. Sheldon. 1953. 
43 p. 

297. Progress report on investigations of western phosphate deposits, by R . W. 
Swanson, V. E. McKelvey, and R. P. Sheldon. 1953. 16 p. 

*301. Stratigraphic sections of the Phosphoria formation in Idaho, 1947-48-Part 2, 
by W. E . McKelvey, F . C. Armstrong, R . A . Gulbrandsen, and R. M. 
Campbell. 58 p. 

304 . Stratigraphic sections of the Phosphoria formation in Idaho, 1949-Part 1, by 
R. P. Sheldon, M . A. Warner, M. E . Thompson, and H. W. Peirce. 1953. 30 p. 

305. Stratigraphic sections of the Phosphoria formation in Idaho , 1959-Part 2 , by 
D. F . Davidson, R. A. Smart, H. W. Peirce , and J . D. Weiser. 1953. 28 p. 
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CIRCULARS--Continued 
327. Stratigraphic sections of the Phosphoria formation in Idaho, 1950-51, by 

R. A. Smart, R. G. Waring, T . M. Cheney, and R. P. Sheldon. 1954. 22 p. 
371. Ground water in the North Side Pumping Division, Minikoka Project, Minidoka 

County, Idaho, by E. G. Crosthwaite and R. C. Scott. 1956.20 p . 
*375. Stratigraphic sections of the Phosphoria formation, 1953, by R. W. Swanson, 

L. D. Carswell, R . P. Sheldon, and T. M. Cheney. 1956. 30 p. 
*380. Floods of December 1955-January 1956 in Far Western States; peak 

discharges. 1956. 15 p. (See Water-Supply Papers 1650-A and 1650-B.) 
*390. Index of surface-water records to September 30, 1955-Part 10, The Great 

Basin, by J . S. Gatewood. 1956. 22 p. (Superseded by Circulars 510 and 
580.) 

*392. Index of surface-water records to September 30, 1955-Part 12, Pacific slope 
basins in Washington and upper Columbia River basin, by E. G. Bailey. 
1956. 24 p. (Superseded by Circulars 512 and 582.) 

*393. Index of surfac-water records to Sepbember 30, 1955-Part 13, Snake River 
basin, by E. G. Bailey. 1956. 19 p. (Superseded by Circulars 513 and 583.) 

398. Estimated use of water in the United States, 1955, by K. A. MacKichan. 
1957.18 p. (See Circulars 456 and 556.) 

*409. Water yield and reservoir storage in the United States, by W. B. Langbein. 
1959.5 p. 

420. Occurrence of strontium in natural water, by M. W. Skougstadt and C. A. 
Horr. 1960.6 p. (See Water-Supply Paper 1496-D.) 

436. Preliminary report on ground water in the Salmon Falls area, Twin Falls 
County, Idaho, by K. H. Fowler. 1960 (1961).17 p. 

445. Occurrence of minor elements in water by W. H. Durum and Joseph Haffty. 
1961. 11 p. 

456 . Estimated use of water in the United States, 1960, by K. A. MacKichan and 
J . C. Kammerer. 1961 (1962). 44 p. (See Circular 556.) 

467. Floods of February 1962 in southern Idaho and northeastern Nevada, by 
C. A. Thomas and R. D. Lamke. 1962.30 p. 

510. Index of surface-water records to December 31, 1963-Part 10, The Great 
Basin, by H. P. Eisenhuth . 1965. 35 p. (Superseded by Circulars 580.) 

512. Index of surface-water records to December 31, 1963-Part 12, Pacific slope 
basins in Washington and upper Columbia River basin, by H. P. Eisenhuth. 
1965.39 p. (Superseded by Circular 582.) 

513. Index of surface-water records to December 31, 1963-Part 13, Snake River 
basin, by H . P . Eisenhuth. 1965. 29 p. (Superseded by Circular 583.) 

533 . Regional trends in water-well drilling in the United States, by Gerald Meyer 
and G. G. Wyrick. 1966. 8 p. 

556. Estimated use of water in the United States, 1965, by C. R. Murray. 1968 
(1969). 53 p. 

580. Index of surface-water records to September 30, 1967-Part 10, The Great 
Basin, by H. P. Eisenhuth. 1968. 37 p . 

582. Index of surface-water records to September 30, 1967-Part 12, Pacific slopes 
basins in Washington and upper Columbia River basin, by -H. P . Eisenhuth. 
1968.30 p. 

583. Index of surface-water records to September 30, 1967-Part 13, Snake River 
basin, by H. P. Eisenhuth. 1968. 29 p. 

MAPS, CHARTS, AND ATLASES 
(See ordering instructions on p. 1.) 

CORRELATION CHART OF IDAHO. Tentative correlation of named geologic 
units, by M. G. Wilmarth . 1932.2 sheets. 10c per set. 
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MAPS, CHARTS. AND ATLASES--Continued 
CRATERS OF THE MOON NATIONAL MONUMENT,IDAHO.1957. Lat43°19' 

to 43° 32', long 113° 25' to 113° 37'30" . Scale 1 :31,680. Contains 
descriptive text by W. C. Alden. Available in contour and shaded-relief 
editions. $1 each. 

GEOLOGIC MAP INDEX OF IDAHO, by Leona Boardman. Revised by B. L. 
Smysor. 1959. Shows by colored outlines areas in Idaho for which geologic 
maps have been published and locates many mine maps that show local 
geology. Text printed on the margin of the sheet gives the scale, date, 
author, and source of publication of each geologic map. Scale 1:750,000. 
60c. 

GEOLOGIC MAP OF IDAHO, by C. P. Ross and J. D. Forrester. 1947. Shows 
distribution of formations. Scale 1 :500,000. $2.50. (Also available from 
State Bureau of Mines and Geology, Moscow, Idaho.) 

GEOLOGIC QUADRANGLE MAPS 
GQ-375. Geologic map of the Packsaddle Mountain quadrangle, Idaho, by J. E. 

Harrison and D. A. Jobin. 1965. Lat 48° to 48° 15', long 116° 15' to 
116° 30'. Scale 1 :62,500. Accompanied by 4-page text. $1. 

GQ-464. Geologic map and sections of the Doublespring quadrangle, Custer and 
Lemhi Counties, Idaho, by W. J . Mapel, W. H. Read, and R. K . Smith. 
1965. Lat 44°15' to 44°30', long 113°45' to 114°. Scale 1:62,500. $1. 

GQ-733. Geologic map of the Leadore quadrangle, Lemhi County, Idaho, by E. T. 
Ruppel. 1968. Lat 44° 30' to 44° 45', long 113° 15' to 113° 30'. Scale 
1 :62,500. Accompanied by 5-page text. $1. 

GQ-734. Geologic map of the Greenacres quadrangle, Washington and Idaho, by 
P.L. Weis. 1968. Lat 47°30' to 47° 45', long 117° to 117° 15'. Scale 
1 :62,500. Accompanied by 4-page text. $1. 

GEOPHYSICAL INVESTIGATIONS MAPS 
GP-446. Natural gamma aeroradioactivity of the National Reactor Testing Station 

area, Idaho, by R. G. Bates. 1964. Scale 1 :250,000. 75c. 
GP-490 . Aeromagnetic map of part of the Lanes Creek quadrangle, Caribou 

County, Idaho, by J. L. Meuschke and C. L. Long. 1965. Scale 1 :62,500. 
50c. 

GP-521. Aeromagnetic map of the Pocatello-Soda Springs area, Bannock and 
Caribou Counties, Idaho, by C. M. Mitchell, F . F. Knowles, and F. A. 
Petrafeso. 1965. Scale 1:250,000. 50c. 

GP-682. Aeromagnetic map of the Libby and Mt. Pend Oreille quadrangles, 
Lincoln and Sanders Counties, Mont., and Bonner County, Idaho. 1969. 
Scale 1 :62,500. 50c. 

GP-685 . Aeromagnetic map of the Trout Creek quadrangle, Sanders and Lincoln 
Counties, Mont., and Shoshone County. Idaho. 1969. Scale: 1 :62,500. 50c. 

GP-688. Aeromagnetic map of the Kingston, Kellogg, and part of the Fernwood 
quadrangles, Shoshone, Benewah, and Kootenai Counties, Idaho. 1969. 
Scale 1 :62,500. 50c. 

GP-689 . Aeromagnetic map of part of the Avery quadrangle, Shoshone County, 
Idaho, and Mineral and Sanders Counties, Mont. 1969. Scale 1 :62,500. 
50c. 

GP-690. Aeromagnetic map of the Haugan and St. Regis quadrangles and parts of 
the Simmons Peak and Illinois Peak quadrangles, Shoshone County, and 
Mineral and Sanders Counties, Mont. 1969. Scale 1 :62,500. 50c. 
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HYDROLOGIC INVESTIGATIONS ATLASES 
HA-61. Stream composition of the conterminous United States, by F. H. Rainwater. 

1962. 3 sheets. $1.50 per set. 
HA-189. Calcium, sodium, sulfate, and chloride in stream water of the western 

conterminous United States to 1957, by J. H. Feth. 1965. Scale 
1 :2,500,000.4 sheets. $1.50 per set. 

HA-194. Generalized map showing annual runoff and productive aquifers in the 
conterminous United States, compiled by C. L. McGuinness. 1964. Scale 
1 :5,000,000. 75c. 

HA-199. Preliminary map of the conterminous United States showing depth to and 
quality of shallowest ground water containing more than 1,000 parts per 
million dissolved solids, by J. H. Feth and others. 1965. Scale 1 :3,168,000. 
2 sheets. Accompanied by 31-page text. $1.25 per set. 

HA-200. Chemical quality of public water supplies of the United States and Puerto 
Rico, 1962, shown as Statewide averages, mainly in graphic and tabular 
form, by C. N. Durfor and Edith Becker. 1964. 50c. 

HA-212. Annual runoff in the conterminous United States, by M. W. Busby. 1966. 
Scale 1 :7,500,000. 75c. 

HA-235. Temperature of surface waters in the conterminous United States, by 
J . F. Blakey. 1966. Scale 1 :5,000,000. 3 sheets . Accompanied by 8-page 
text. 1.25 per set. 

*INTERPRETING GEOLOGIC MAPS FOR ENGINEERING PURPOSES. 1953 
(1954). Six maps of the Hollidaysburg, Pa., quadrangle. Scale 1 :62,500. 

MINERAL INVESTIGATIONS FIELD STUDIES MAPS 
MF-41. Preliminary geologic map of the Paris-Bloomington vanadium area, Bear 

Lake County, Idaho, by V. E. McKelvey and J. D. Strobell, Jr. 1955. Scales 
1 :12,000 and 1 :4,800.4 sheets. 60c per set. 

MF-118. Preliminary geologic map of the Snowdrift Mountain quadrangle, Caribou 
County, Idaho, by E. R. Cressman. 1957. Lat 42° 30' to 42° 37'30", long 
111° 07'30" to 111°15'. Scale 1 :24,000. 50c. 

MF-120 . Uranium deposits and principal ore-bearing formations of the central 
Cordilleran foreland region, by T. L. Finnell and I. S. Parrish. 1958. 2 
sheets; sheet 1 (map), scale 1:750,000. Sheet 2 (table and text). 75c per 
set. (See Bulletin 1087 -I.) 

MF-262. Preliminary geologic map of the Garns Mountain SE quadrangle, 
Bonneville and Teton Counties, Idaho, by M. H . Staatz and H. F . Albee. 
1963. Lat 43° 30' to 43° 37'30", long 111° 15' to 111° 22'30". Scale 
1 :24,000. 50c. 

MF-274. Preliminary geologic map of the Garns Mountain NE quadrangle, Teton 
County, Idaho, by H. F. Albee. 1964. Lat 43° 37'30" to 43° 45', long 
111° 15' to 111° 22'30". Scale 1:24,000. 50c. 

MF-277. Geology of the Conant Valley quadrangle, Bonneville County, Idaho, by 
D. A. Jobin and M. L. Schroeder. 1964. Lat 43° 22 '30" to 43° 30', long 
111° 22'30" to 111° 30'. Scale 1 :24,000. 50c. 

MF-284 . Geologic map of the Thompson Peak quadrangle, Bonneville County, 
Idaho, by D. A. Jobin and P. E. Soister. 1964. Lat 43° 22'30" to 43°30', 
long 111° 07'30" to 111° 15'. Scale 1 :24,000 . 50c. 

MF-287. Geology of the Irwin quadrangle, Bonneville County, Idaho, by D. A. 
Jobin and M. L. Schroeder. 1964 . Lat 43° 22'30" to 43° 30', long 111°15' 
to 111° 22'30". Scale 1 :24,000. 50c. 

MF-299. Preliminary geologic map of the SW1,4 of the Bancroft quadrangle, 
Bannock and Caribou Counties, Idaho, by S. S. Oriel. 1965. Lat 42° 30' to 
42° 37'30", long 111° 52'30" to 112°. Scale 1 :24,000 . 50c. 
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MINERAL INVESTIGATIONS FIELD STUDIES MAPS--Continued 
MF-300. Geologic map of the Driggs quadrangle, Bonneville and Teton Counties, 

Idaho, and Teton County, Wyo., by E. H. Pampeyan, M. L. Schroeder, 
E. M. Schell, and E. R. Cressman. 1967. Lat 43° 30' to 43° 45', long 111° to 
111° 15'. Scale 1 :31,680. 75c. 

MINERAL INVESTIGATIONS RESOURCE MAPS 
The following maps cover the resources indicated for the United States exclusive of 

Alaska and Hawaii. All are printed at a scale of 1 :3,168,000 and are sold at 
7 5c each, except as indicated. 

MR-1. Geologic environment map of alumina resources of the Columbia Basin, by 
1. G. Sohn. 1952. Scale 1 :1,500,000. 80c. 

MR-2. The uranium deposits, compiled by R. W. Schnabel. 1955. Scale 
1 :5,000,000. 50c. 

MR-3. Potash occurrences, by M. F. Byrd. 1955. Scale 1 :5,000,000. 50c. 
MR-13. Copper, by A. R. Kinkle, Jr., and N. P. Peterson. 1962. 
MR-15. Lead, by E. T. McKnight, W. L. Newman, and A. V. Heyl. 1962. 
MR-16 . Vanadium, by R. P. Fischer. 1962. 
MR-17. Asbestos, by A. H. Chidester and A. F . Shride. 1962. 
MR-18. Pyrophyllite, and kyanite and related minerals, by G. H. Espenshade. 

1962. 
MR-19. Zinc, by E. T. McKnight, W. L. Newman, and A. V. Heyl. 1962. 
MR-20. Antimony, by D. E. White. 1962. 
MR-21. Epigenetic uranium deposits, by A. P. Butler, Jr., W. I. Finch, and W. S. 

Twenhofel. 1962. 
MR-22. Bismuth, by J. R. Cooper. 1962. 
MR-23. Manganese, by M. D. Crittenden and Louis Pavlides. 1962. 
MR-24. Gold, by A. H. Koschmann and M. H. Bergendahl. 1962. 
MR-25. Tungsten, by D. M. Lemmon and O. L. Tweto. 1962. 
MR-27. Magnesite and brucite, by Benjamin Gildersleeve. 1962. 
MR-28. Thorium and rare earths, by J. C. Olson and J. W. Adams. 1962. 
MR-29. Titanium, by C. L. Rogers and M. C. Jaster. 1962. 
MR-30. Mercury, by E. H. Bailey. 1962. 
MR-31. Talc and soapstone, by A. H. Chidester and H. W. Worthington. 1962. 
MR-33. Gypsum and anhydrite, by C. F. Withington. 1962. 
MR-34. Silver, by E. T. McKnight, W. L. Newman, Harry Klemic, and A. V. Hey!. 

1962. 
MR-35. Beryllium, by W. R. Griffitts, D. M. Larrabee, and J. J . Norton. 1962. 
MR-36. Niobium and tantalum, by R. L . Parker. 1963 . 
MR-37. High-alumina kaolinitic clay, by Helen Mark. 1963. 
MR-43. Barite, by D. A. Brobst. 1965. 
MR-44 . Tin, by P. L. Killeen and W. L. Newman. 1965. 
MR-51. Iron, by M. S. Carr, P. W. Guild, and W. B. Wright. 1967. Accompanied by 

20.-page text. 
MR-55. Molybdenum, by R. U. King. 1970. Accompanied by 20-page text. 

MINERAL INVESTIGATIONS (STRATEGIC) MAPS 
3-198 . Map of Permian phosphate deposits of Montana, Wyoming, Idaho, and 

Utah, by P. S. Clabaugh. 1946. Scale 1 :1,000,000. 30c. 
*3-212. Iron-ore deposits of the Western United States, by C. E. Dutton and M. S. 

Carr. 1947. Scale 1 :5,000,000. (See Bulletin 1082-C and Map MR-51.) 
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MINERAL INVESTIGATIONS (STRATEGIC) MAPS··Continued 
Surface geology of the Pine Creek area, Coeur d 'Alene region, Shoshone County, 

Idaho, by V. E. Nelson, J. F. Smith, Jr., G. A. Duell, and R. M. Huchinson. 
1945. Scale 1 :12,000. 60c. 

*Zinc-lead mines of the Pine Creek area, Coeur d'Alene region, Shoshone County, 
Idaho, by J. D. Forrester. 1944. 

Geologic map of the Yellow Pine area, Valley County, Idaho, by D. E. White. 1945. 
Scale 1:48,000. 20c. 

MISCELLANEOUS GEOLOGIC INVESTIGATIONS MAPS 
1·332. Geologic map of a part of southwestern Wyoming and adjacent States, by 

W. H. Bradley. 1961. Scale 1 :250,000. 75c. 
1-373. Reconnaissance geologic map of west-central Snake River Plain , Idaho, by 

H. E. Malde, H. A. Powers, and C. H. Marshall. 1963. Scale 1 :125,000. 75c. 
1-387. Flouride content of ground water in the conterminous United States 

(maximum reported value for each county), by Michael Fleischer. 1962. 
Scale 1 :5,000,000. 50c. 

1·464. Reconnaissance geologic map of the west half of the Spokane quadrangle, 
Washington and Idaho, by A. B. Griggs. 1966. Lat 47° to 48° , long 117° to 
118° . Scale 1 :125,000. 50c. 

1-557. Geologic map of the Soda Springs quadrangle, southeastern Idaho, by F. C. 
Armstrong. 1969. Lat 42° 30' to 42°45', long 111° 30' to 111°45'. Scale 
1 :48,000. 2 sheets. $1.50 per set. 

1-579. Reconnaissance geologic map of the Riggins quadrangle, west·central Idaho, 
by Warren Hamilton. 1969. Lat 45° to 45° 30', long 104° to 104° 15'. Scale 
1 :48 ,000. $1. 

~. Geologic map of the Mackay quadrangle, south-central Idaho, by W. H. 
Nelson and C. P. Ross. 1969 (1970). Lat 43° 30' to 44° , long 113° 30' to 
114° . Scale 1 :125,000. $1. 

1·587. Tectonic structure of the main part of the basalt of the Columbia River 
Group, Washington, Oregon, and Idaho, by R. C. Newcomb. 1970. Lat 44° 
to 48° , long 116° to 122°. Scale. 1 :500,000. $1. 

MISCELLANEOUS REPORTS (free upon application to the Geological Survey, 
Washington, D.C. 20402) : 

List 1. Press releases, preliminary maps, and preliminary reports released between 
Jan. 1, 1938, and Jan. 1, 1945. 

List 2. Press releases, preliminary maps, and preliminary reports released between 
Jan. 1, 1945, and Jan. 1, 1946. 

REFERENCE LIBRARIES 

Many of the publicat ions listed herein may be consulted in the following libraries 
in Idaho: 

BOISE 
Boise College Library. 
Public. 

CALDWELL : 
Strahorn Memorial. 

MOSCOW: 
University of Idaho. 

GP 0 908_578 

. MOSCOW--Continued 
Idaho Bureau of Mines and Geology. 

POCATELLO : 
Idaho State University . 

REXBURG: 
Ricks College. 
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INTRODUCTION AND SUMMARY 

(By A.. E. Weissenborn, U.S. Geological SUrvey, Spokane, Wash.) 

This report describes the mineral and water resources of Idaho, 
their occurrence in the State, their uses in industry, and their relative 
importance to the economy of Idaho. In an introductory section, 
the mineral industry and its place in the Sta.te's economy are briefly 
discussed. A description of the geology of the State and its influence 
on the water and mineral resources of the State is also included in 
this section. ,/ --

The mineral industry, with a total production of over $3'.6 billion 
and a production in 1062 of $82.6 million, forms an important seg
ment of Idaho's economy. The State's contributions to the national 
economy have likewise been large. At least 40 different mineral com
modities have been produced in the State. Idaho leads the Nation 
in the production of silver and antimony. In most years, it is first 
or second among the States in the production of lead and zinc and 
accotmts for a lar~e proportion of the uomestic production of cadmium. 
It has, in time of urgent national need, accounted for as much as 40 
percent of the domestic production of tungsten. Its nonmet..'1.11ic min
eral industry has grown greatly in the last few years; in 1962 it pro
duced 1.9 million long tons of phosphate rock, most of which was 
manufa.ctured into fertilizer to increase the productivity of westel'll 
farms. 

Idaho is generously supplied with water, but there is great varia
tion from area to area. Extremes of annual precipitation range from 
GO inches to 8 inches or less, the driest part of the St..'1.te being the Snake 
River Plain. Generally speaking, the supply of water exceeds the 
need tn the northel'll counties, but in the southern part of the State, 
there are areas of serious shortage. North of the Snake River Plain, 
most of the streams are perennial, but some streams south of the plain 
arc intermittent. N early all the streams draining Ida,}l0 flow to the 
P.aci~c qcean throu~h the Columbia ~iver. Beclwsc of _the season~l 
dIstnhutlOn of the now of many of Its streams, reservoIr storage IS 

required to maintain adequate supplies of water for irrigation during 
the growing season. , 

Ground water is one of the most important renewable resources in 
. Idaho. About 2.6 million n.cre-feet ,yas ,,-it.hc1m,,·n in 1060 flS the sole 
or principal supply for irrigation of more than 800,000 acres of land, 
principally il1 the Snako RIver Basin. Large al1l0ullls are also used 
for municipal, dom cstic, industrial, and Ii vestock uses. Tho Snake 
River Phin, e.ast of nIiss, and the gravel beneath R<lthdnun Prairie, 
cast of Spokane, 'Vash., are two of the Nation's most productive 
~f{uifcl's. Discha 1'gc from the SHuke Ri \-er Plain n.quifer near Bliss 
IS 6,000 cubic leet per scconuj discharge from the Rathdrum Prairie 
aqll ifcr is ~Lbout 1,000 cubic feet pel' second. 
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10 MINERAL AKD WA'l'ER RESOURCES OF IDAHO 

More than 3 million acres rU'e irrigated in Idaho, 1110re than 2Vz 
million acres of \"hich are in the Snake River Basin. There remains 
about 5.8 million acres of ullirrigated but otherwise arable lands in 
the Snake Riycr Basin, much of \yhich could be sllpplicu '''11h water, 
uut tt'cllllical and lega l problems will haxe to be sol vetl first.. 

Most of the surface \rater is suitable for most uses with a minimum 
of treatment, but contamination from irl'igation discharge ancI indus
trial and lllunicipal wastes are having a detrimental eil'ect on both 
surface and ground ,Yater. 

There arc 47 dm·eloped waterpower projects havin* a total insta,lled 
gencratillO" capacity of 1,476 mega\yatts in Idaho. fhe State's gross 
theoretical power capability at developed and lU1developed powersites 
is 11,14D mega\mtts. The waterpower potential of the Pend Oreille 
aJ~d Dear RIvers in Idaho is almost fully developed, but the Snake 
RI vel' has the greatest total development.. The Salmon Riyer has the 
greatest ,yaterpo\yer potential of any stream in Idaho but has no 
powersite deyelopments. 

The report has been compiled chiefly by the staffs of the U.S . Geo
logical Survey and the Idaho Dureau of }\fines and GeoloO"y, but 
members of the University of Idaho, the I daho Department of High
ways, and the Idaho Department of Reclamation have also c01ltributed. 
It 1S based essentially on published information on the geoloo'y and 
resources of Idaho but has been supplemen ted by material in tYle files 
of the U .S. Geological Survey, and the Idaho Bmeau of Mines and 
Geology, and the personal observations of the 37 contrilmtors to the 
re.r,ol't. 

The intention has been to present an objective appraisal of the 
resources of the State based on the informat ion that is avftilable now . 
.. A}l commodities that occur in significant quantities in the Stftte are 
d.Iscussed, eyen though they are not now being utilized or are con
sHlered to haye only slif:?ht potential for development. It is realized 
tl:a.t new dis~oY~ries and developments, and changes in economic con
dItIOn may slgmficantly alter some of the conclusions that have been 
reached . Treatment of each commodity is neccssftrily brief, but com
prehensiye bibliographies are ftUached to each major segment of the 
report for the cOl1Yenience of those who wish to inquire further into 
Idaho's mineral and ,Yater resources. Throu:;;hput the text, specific 
n ·le t"ences are made to these sources of informatIOn. 

}[r. A. ~. 'Weissenbom assembled t~1e ~; a.rious sections of the report 
~lntl coordll1atec1 the efforts of the lIl(ltndual authors. Dr. R. R. 
Reid, ncting director, Idaho Bureau of Mines and Geology, and Dr. 
1':. 1<'. Cook, formerly director of t.he Idaho Bureau of Mines and 
geo10gy, \\"ere most helpful in arranging for participation of the var
IO ll~ aUlhoJ s from State agencies. 

In acknowledging the efl'orts 01 those. \\"ho have participated in 
preparation of this report ~pecia l reference is made to A. L. j\nclerson 
nIH] g .. P. Ross. A. L. A1ll1er~on, formerly pro re~so r of geology at 
Ihc .T ; lllwrslly of Idaho, and fot" mallY years a professor at Cornell 
Lln l "(l1"si ~y, slIblll iHo.fT his. lllalluscri pt sections. 0 ( .this rero1"t only a 
short 'dlde before IllS ulltlmely death. IYorhng In t.he held during 
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his summer vacations on behnH of the Idaho Bureau of Mines and 
l~eology, he mapped the g~ology of an ext remely. h~rge 'part of the 
::)tate. C. P . Ross, now ret Ired after a long and dlStlllgtllshC'd career 
with the U .S . Geolo(rical Survey, also has mapped alld f' tuclied the 
<YE'oloO"V of lar<Yc sections of Idaho: H is contributions to Ollr kllowl-
,.. eJ b I 'rl E' d<re of the <Yeolo o) , of the State have )ccn enormous. lese two n1l'11 

r . '"' to, 1 f 1 I 1 f haYC ('ontnullted lmmeasnrably to the a<. vanccment 0 (]lOW C( ge 0 
the geology and mineral l'csourccs of the State. 

35-\)20 0 - 61--2 



THE MINERAL INDUSTRY IN IDAHO 

(By A. E. Weissellborn, U.S. Geological Survey, Spokane, Wash. ) 

Idaho's mines and quarries have produced more than $2.6 billion 
of new wealth. Most of this has come from the Coeur d'Alene region, 
one of the great mining districts of the world, but almost all parts 
of Idaho ha,ve contributed to the more than 40 minerall)roducts whose 
value makes up this total. )Vith this record, the llunerul industry 
can justly claim an important role in the development of the Gem State 
from a nearly trackless wilderness little more than 100 years ago to a 
modern community in which more than 700,000 people live. 

The first white men known to have set foot in what is now the 
State of Idaho were members of the Lew'is and Clark Expedition who, 
in the fall of 1805, crossed the Bitterroot Mountains over the Lolo 
Trail and descended the Clearwater River. They were follow'ed, and 
perhaps preceded, by the mountain men and the fur tra,ders. After 
these, came the missionaries and the -west"ard-bound immigrants in 
search of new lands. By 1843, hordes of immigrants were beginning 
to follow the Oregon Trail across the Snake RiYer.Plain on their way 
to the Oregon country, but with few exccptions they merely passed 
through Idaho. To the mountain man, the trapper, and the immi
grant must go the credit of first opening the Idaho country, but it 
remained for the miner to establish the nrst permanent settlements, 
except for a few Mormon farming communities in the southern part 
of the State (Bolino, 1960). Development of the mineral industry 
provided the impetus for the cstablishment of railroads and other 
means of communication, and provided markets for local agricultural 
and forest products. . 

It is not certain when and 'where metals \vere first discovered in 
Idaho. The presence of placer gold in the Boise Basin is reputed to 
have been known to a Hudson Ba.y Co. trapper us early as 1844 (,Yells, 
1061). Ross (1030) reports the discovery of gold on the Pencl Oreille 
River in 1852 by a member of the Stevens Bxpedition, but Indian 
hostility prevented exploration. Ricard (LD32) also notes that in 1858 
members of the Mulbn Expcdition that sun-eyed the military road 
across the Bitterroot Mountains found vein outcrops and some gold, 
probably in 01' ncar \I·hat is now the Coeur d 'A lonc region. These 
and other less 'well documented reports indicate that gold and other 
metals were known in Idaho for some years before mining began, but 
exploitation of these dis~o\'eries was dclaycd largely 'lJccause of the 
host ility of the Imlians to miners entering their lauds. However, in 
February 1860, E. D . Pierce discovercd pincer gulll on the N urLh Fork 
o f the Clearwater. In .All gust he return cd \\"ith a prospecting party 
to Orofino Creek, and the following winter the Lowll of Pierce was 
estab lished. The Orofino mining dist.rict was ol'g:tllizcll in J:11lun.l'y 
18G l, and Idaho's minel'al inclusLry was born (Wells, 19(H~, p. 3). By 
.JUly 1861, 5,000 wore \yere in the area, and prospecting h,ld extended 
to the South Fork of {he Clearwater, where Elk CiLy was founded 

13 



14 MINERAL AND WATER RESOURCES OF IDAHO 

(Ricard, lD32, p. 312). In spite of continued Indian host.ilit.y, pros
pecting spread sonth, and additional discoveries were made in 1861 -
and 1 G2 on other tributaries of the Snake, t.he richest. of which were 
nt. Flon'lIce and ,Van-en. Idaho's major gold rush began in the fall 
of 1862, "'hen placer discoveries " 'ere made at- several places in Boise 
13nsin. By 186:3, 25,000 miners were in sO\l'thern Idaho, and minino
,,'as being clone at Centen-ille, Pioncerville, Idaho City, Placervill:' 
:111(1 other localities. Idaho CiLy alone had a populat.ion of over 6,200 
and was larger than Portland, Oreg. Prospectors s\yarmed through 
the hills, and other discoveries soon followed. Placer gold was found 
in 1863 in numerous places south of the Middle Fork of the Boise 
River. Prospecting uncovered gold-bearing lodes at Placerville, 
Idaho City, Ophir, Bonaparte, Rocky Bar, and other localities. Dis
cO"eries \,ere made in the following year south of the Snake River in 
Owyhee County (Wells, 1D64?) . By 1869, practically all of the placer 
areas and many of the gold lode deposits now known in the State had 
been found . However, the rich placers were exceedingly short lived. 
The boom days of Pierce and neighboring camps were over after 1864, 
but in this brief period $20 million worth of gold was produced (Ross, 
1D30, p. 3). By 1872, the gold rush days in central and south-central 
Idaho were finished, and mining declined drastically. Placer mining 
continued for many years at numerous places-and had a marked 
revival in the depression days of the 1930's-but the bonanza ground 
"'as removed in the early years of mining, and since 1911 most of the 
placer gold has been recovered by dredges. 

Miners searching for placers soon found outcropping veins. Early 
attempts to mine these veins and treat the ore in crude arrastras and 
stamp mills mostly failed . Mills built in the Silver City area of 
Owyhee County in 1864 to treat the silver-gold ores were more success
ful lind marked the real beo-inning of lode mining in Idaho. Later, 
with improved techniques o~ mining and milling, gold veins in Boise 
Basin and elsewhere were w'orked successfully, but lode gold produc
tion, although it lasted much longer, never reached the commanding 
position once held by placer mining (Ross, 1930, p . 6) . 

Such \Tere the golden beginnings or Idaho's mineral industry. Dra
matic, exciting, though not as lucrative as the gold rush clays of Cali
fornia or Montana, these events had an effect on the subsequent hist01. 
of Idaho far out of proportion to the amount of the gold produce. 
They brought people and money into the area-Ross (1963a) states 
that the initial placer activity in Idaho yielded over $30 million-and 
they provided markets for the farmer who followed the miner. Rudi
mentary ronds replaced the Indian trails; the territory was explored 
and prospected. Thus, the way \\'as cleared for the permanent settle
ment of the country and the development of lode mines-first of gold 
ane! si l vcr, then later of the more prosaic base metals that lIOW play such 
an im portant role in Idaho's economy. 

Although some lead had been mllled previously as a byproduct of 
silver mining, base-metal mining did not come into prominence until 
tho development of lead mines in the ,Vood River area about 1883, and 
the discovery of the Bunker Hill mine in the Coeur d'Alene area ill 
':'385 (Ross, 10:30; Dmp1eby an4 otllcrs, ]030; Ricard, 1032). Exploita
tion of these arens mn.rkel:l the beginning of Idaho's minerallndustry 
as we now know it. Growth was spectac.:ularly rapid ancl, with few 
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exceptions, t~1e value of mineral productio!1 climbed to ~ peak in 1D16 
coincident WIth ,Yorld ,Val' I-a peak \\"l11ch as show11 III figure 1 has 
never been exceeded. 

Other periods of high product ion coincide \\"ith the boom of the lut.e 
1020's the defense reqmrell1enls of. ",Yodd "'Val' II and the Korean 
episocle, and assembly of Goyernlll~nt stockpiles of strategic.: millerals 
c1uri]lcf the 1!J50's. Int.erspersed wlth these, were perJods of reduced 
produ~tion marked by decreased prices and lessened demand, espccially 
following each -w~r and durin~ the depression of. the 1D30\;. Termina
tion of the stockpIle program led to a sharp dedme thn.t reue-hed a low 
point in 1960. Since then, mi.neral production has n.gain risen with the 
possibility that a new high will be reached. Note that in figure 1 the 
,alue of the minerals produced is expressed in constant dollars, with 
the 1957 -5D dollar taken at 100. This gi \'es a some\yhat difterent curve 
than if values had been expressed in dollars without correeting for 
changes in the value of the dollar, but more nearly compares actual 
amounts of materials produced. -

Idaho produces at least 40 different mineral products. These prod
ucts are important to the local economy, and many of them are essen
tial materials in the national economy. In 1962, Idaho led the Nation 
in the production of silver [Ulcl lead and "as second in the production 
of zinc. For most years, it has ranked first or second among the 
States in the production of these metals. It has accounted for almost 
the entire domestic output of antimony-formerly from the Yellow 
Pine mine, now mostly as n. byproduct from the silver orcs of the 
Coeur d'Alene district-and n.ccounts for a large proportlon of the 
domestic production of cadmium, also fro111 Coeur cl'.\Jene ores. 
Idaho also has been a le:lclil1g producer of tungsten. In the critic;,l 
Inn period 1D42--44, it accounted for 40 percent of the domestic tung
sten prorll1ction, and frol11 1948 to 1957 it mnked fifth and sixth 
among the tungsten-producing States. From 1951 to 1D5S, it was 
the chief domestic source of cobalt, and from 1D56 to l!JGD the pln.cers 
of TIen.r Valley in central Idaho supplied almost the entire domestic 
production of niobium and tan ta lum. , 

Idaho is outranked only by Florida and Tennessee ill the proc1nction 
of rhosphate rock, and by New York in the production of garnet. 
At times it hn.s been an important producer of mica. 

The relative value of mallY minoral commodities or groups of com
modities that have been produced from 1861-1962 is sho'\"Jt in figure 2. 
Idaho's mineml economy depends hefLVi ly _ on three metals- lcad, 
51 her, and %: inc-ancl othel' mlneral commodities exeept, perhaps, 
gold, have played a relatively minor role. Of the three ma.jor metals, 
lead and silver have been by far the most important. No ",inc "as 
re~o,-el'ed until about 1!J03, and for mallY years it, \yas of relat.ively 
mfnor importance, but since 10:1:3 it has ;1t times been C'qunIly as im
portant, as lead. This is the result of t,yO fa.ctol's- increasing COll

sumpt.ion of ",inc and the increa sing zinc content of CO(,Ul' d 'Alene 
ores reln.tive to lead, in deeper parts of the deposits. 

The son rces of mosL of Idaho's ll1elnls and the llominance of the 
Coeur el' Alene district in Illaho's metal production arc S110\\'I1 graphi
C!l]]Y by figu re 3. In this ehal't, the areas of the eirclcs arc propor
tIOnal, to the nnadjllsterl dollar value or the production from 28 
1IJ(:.ta Illferous districts i tl lhc Sln.te. The chart shows ouly Lite "nlue of 
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FIGURE 1.-100 years of mineral production from Idaho, 1862-1962. 
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, ... --

EXPLAN ATION 

1 Port Hill 
2 Moyie Yaak 
3 Clark For k 
4 Pend Orc ille 
5 Lakeview 

Di st ricts 

6 Combined Coeur d ' Alene 
districts 

1 Elk Ci ty 
8 Tenmile 
9 Orogrande 

10 nurgdorf-Marshall Lake 
11 \"Iarren 
12 Gibbonsville 
13 Mineral Hill 

(L em hi County) 

o 

14 Blackbird 
15 Yellow Pine 
16 Deadwood 
11 Yankee Fork 
18 Bayhorse 
19 lliue Wing 
ZO Texas 
ZI Nicholia 
Z2 Boulder 
23 Alder Creek 
24 Boise Basin 
25 Middle noise 
Z6 Warm Springs 
27 Carson 
28 South Mountain 

Circle areas proportional to dollar value. 

FIGUUE S.- Gold, s ilver, lead, zinc, and copper production in Idaho hy Mining 
dis lricts. 
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the production of gold, silver, lead, zinc, and copper since 1905. If 
production before that date had been cOllsidered-iJl1pr~\cticable be
cause of the lack of reliable records-some 0 f the older districts would 
show more favorably. Cobalt, mercury, antimony, and tungsten havo 
also contributed significantly to Idaho's mineral f)l'olluction, but 
production figures by districts are not available for t lese metals. If 
this prodnction could have been included, such dist ricts as Blackbird, 
Blue IVing, and Yellow Pine would have looked morc impressi\'e. In 
any case, the ratio between the Coeur d'Alene district and the rest of 
the State would not have been changed appreciably. 

According to figure 2, the nonmetallic minerals have accounted for 
barely 10 percent of Idaho's total mineral production. This, ho\\'e\'or, 
underrates the present importance of the State's nonmetallic minerals. 
Previous to about 1920, the value of Idaho's nonmetallic mineral pro
duction was almost inconsequential. The growth of the nonmetallics 
industry began about 1938 and has been spectacularly rapid since about 
1953. In 1923, the value of nonmetallic minerals amounted to a little 
over $1 million, or only 2.2 percent of the value of all min('ral produc
tion. In 1938, only 15 years later, this had risen to 7.7 percent of the 
value of all mineral production, and the value "as more than fi\-e times 
what it had been in 1923. In another 15 years, nonmetallic produc
tion had doubled and amounted to 17.7 percent' of all minerals pro
duced. In 1962, this figure had increased again to nearly 2Vz times 
what it had been in 1953 and amounted to 36,7 percent of the value of 
all minerals produced. Figure 1 sho\1's this increase graphically. 
Construction materials (sand and gravel and stone) and phosphate 
rock dominate the nonmetallic minerals industry (fig 2). The rapid 
expansion in the use of these commodities can be attributed to the 
increased utilization of fertili ilers on western farms and to the greatly 
increased amount of highway and other construction within t.he State. 

In 1962, the value of all minerals produced in Idaho amounted to 
$82.6 million, compared to cash receipts of $450.2 million from farm 
marketings (Fulkerson and others, 1963) . Although overshadowed 
by agri culture, the mineral industry is nevertheless of great impor
tance to Tdaho's economy. In 1962, 3,266 men, with an annual payroll 
of $18.8 million, were employed in the State's mines and quarries j an 
additional 2,910 with an annual payroll of $17.7 million, were em
ployed in smelters and plants directly concerned wilh processing min
entI raw materials. Considering the relatively small population, the 
mineral industry obviously is a very important clement in I dallo's 
economy. 
~ The Humber of mines operating in Illaho and employment in the 
~Iate's mineral inclnstl'ies are shown graphically in figure 4. The most 
slr'iking feature of figure 4 is t.he tremcndous increase in the number 
of placer mines during the 1930's and the sharp cledine follo\\'ing that 
period. The sharp peak is partly the effect of the rise in the pl'lce of 
gold that oCCll1'l'ecl in t-lw early 1930's, which made placer mining at
tractive. It also reflects the effect of the depre~sion of the 1030's when 
roany men, unable to find employment, attempb:,(l to eke out a living 
hy operating small phcer mines. The sharp decline i.s the efl'e.d of 
Order L --208, which prevented gold lIlines from obtaining nceded 
::;up;plies cluring "Vodd "Val' II. Following the , 1'(1.1', there \\'as a brief 
rU'.'lva l of placer mining, but in the bce of rising costs alld a fixed 



20 

Ul 
W 
Z 

~ 

lL 
0 
a: 
w 
ro 
~ 
~ 
Z 

o 
w 

1400 

1200 

1000 

800 

600 

>- 8000-
o 
..J 
0.. 
~ 

W 6000-
Z 
W 
~ 

lL 
o 4000-

a: 
W 
ro 
~ 20001-
z 

MINERAL AND WATER RESOURCES OF IDAHO . 

METAL MINES OPERAT ING 
IN IDAHO 

1920 - 1962 

(Inc ludes only lhose produc ing lead , 

zinc , si lver, gold, or copper) 

Place r 

Mines 

EMPLOYMENT IN THE MINERAL 
INDUSTRIES IN IDAHO 1947- 1962 

~ 
Processing planls 

ond smellers 

Nonmelallic mines 

Metal mines 

Dela from U. S. Bureau of Mines 

Minerals Yearbooks 

Dato from U. S. Bureau of Mines 
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FIGGHE '1.-. fcta l mines opC'ratin~ in I(lnho lfl20-62 and employment in the 
m in e ral industries ill Idaho 1047-62. 
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price for gold nearly all the placer mines have closed. The production 
of placer gold isnow insignifica1lt. 

Lode mining shows a. some"'hat different picture (fi/!. 4) . From 
1020 to 1040, the number of lode mines increased gra(lllally. This 
was followed by n. decline during ",Yodel "'Val' II, as many f' nlal1 mines, 
especial1y gold mines, shut. down beca use of manpo\\"er f' hot'tnge or 
the inabi lit.y to obtain needed supplies. Following the war, the num
her of mines in operation increased to another peak in 10-17, but has 
Leen steadily declining ever since. This decline correlates closely with 
the sharp decline in the production curve for metals ShO\-';11 in fi~lre 1 
:lnd brings ont the effect of the slump in metal prices after the Korean 
conflict and the termination of the st.ockpiling program. The lower 
chart of figure 4 shows employment in Idaho's metal mines. Like 
metal production, it has undergone a significant decrease. In 1947, 
ii,.J.39 ,,'ere employed in Idaho's metal mines; in 1962, the Jabor force 
had decreased to 2,906. The low point was reached in 1960, when 
only 2,282 were employed in metal mines, but thi.s figure is affected 
by a prolonged strike in the Coeur d'Alene district. 'Yith the cur
rent increased demand and more favorable prices for lead, zinc, and 
silver, it appears that a downward trend of employment may be halted 
and perha ps reversed. 

The deCI'case in the labor force in metal mines has been partly offset 
by a significant increase in employment in processing plants (fig. 4) . 
This is largely a result of an increaso in employment in plants having 
to do with the preparation of phosphate fertilizers and in those t.hat 
make stone, day, and glas.'> products (Fulkerson and others, 1963, 
p. 3'12) . In spite of the great' increase in the production of nonmet.allic 
minorals, there has been no corresponding increase in employment at 
llonmet.a 11 ic mines since 1947, probably beca use of increased mechaniza-
tion of the mines. 

The Coeur d'Alene district., Idaho, is one of the great mining di.s-
tricts of the world. It has produced more silver than any other district 
in tho United States; it is one of the country's lead ing producers of 
hnth lead and zinc; and it is ono of the very few districts in the world 
IYhoso production is in excess of $2 billion. It far outshac1ows all other 
(1 istricts in Idaho, and all other districts in the Paci fic Northwest, 
ox~ept Butte, Mont. It has been in cont.inuous production for over 
RO years ; it'> metn.ls hlLVe contributed significantly t.o the industrial 
might of on1' Nation in time of peace and have helped assure its 
securit.y in time of dn.nger. Its importance to the economy of Idaho 
:\11(1 of the Pacific N orth"'est can scarcely be exaggerated. 

The very importance of this single di strict to the mineral industry 
of the S tate is in itsel·f n. ca use for som~ concern. In t.he past few 
),rars, tho district has faced many serious problems brought 011 by low 
111('tal prices and rising costs. Some oro bodies han~ been mined out. 
:'fll!'t, of the mines a.re deep and are becoming dpPlW l". The dist.rict 
IIl11 St. mect. SC \'(,1'O compet ition from domestic aml fo . ·:gn mi11('.s. The 
~(': lrc' h for 01'0 to replaco that which has been extracted is difficult and 
I'x]1('n::; i\'e. Not all of it has been 'sllccessfu l, but discon:ories in rece.nt 
Y(lars at the Galena. and Lucky Friday mines have been ]!articularly 
('ll1'ouragillg. Vi gorous, well-planned exploration no\\' III progress 
at it numhCl' of places .in t.hc dislrict oITers prOll1ise of new discovcries 
and continued lifo for many years to (;omc. With rising prices and 
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inercasecl d~l11aI~d for al.l three of the major metals the district pro
duces, the s l~uatlOn has 1ll.lpronrl great.ly. 
a .,Altho.ugh It may be.far JIl th.e fl~tnre, event.ually eyen such a mighty 
bI.lll~ n:;. the Corl1l' d _\l.ene dlstnct must \\·it·her and die. There is 
:~.? . :hstnct l:~\\' ,known m Idaho. that .can .ta~e its place. Howe\'er, 
~,I~ III tho.J1Cc.(l ,lnd the pl:oper mCCllt Ive, It IS reasonable to expect 
~,'~ . lt: l:y .~I~OI~llS explorat ~(m, and t.h? Hse of the tools of ~'eology, 
",( (lCheml:;tlY, ,\l1d geophysIcs now avatlable-nnd perhaps others yet 
to bo d~\'el oped-<?t her ore deposits 01' Llistricts \"ill be brOllO'ht into 
product Ion that \"tll enable Idaho to l11a.intain a stron a position as a 
met.a I producer. b 

Idaho's nonmet~1llic mineral industry h-IS arO\\,1l miahtily since 
,Vor!d "'a1' II. Further gro\\'th seems a SS;Irecl. Idaho'~ population 
has JJl~rea~ed s]o':']J: bl~t steadily. ,Vith increased population and 
Increasmg ~lc1.ustr~alIzatlOn, there sho.uld be greater need for many of 
the nOllmet,111IC III III era I products ,,,hlch Idaho no\\' provides. Th 
same fact~rs s];.ould mnk~ feasible the development of deposits of otl~!~ 
nOlllne~alhc mmerals \\}l1ch a~'e not now being utilized but \vhich are 
!oun~lll=, Idaho--some H~ consIderable abundance. New developments 
III n~I:1eI,tl tech,nolof;y \\,111 promote the use of new materials 01' utilize 
fn,mIlIar matermls III new ways. As an example, a recent announce
men~ by the Ana~onda Co,. of the development of a method for eco
nOll1lca.lly ext.ractmg alumllla fro~n. high-alumina clays· could fore
shad~\\ t.he C\.entunl large-scale u{,llIzatlOn of Idaho's larO'e resources 
of tIllS mat-enal. b 

GEOLOGY 
(l3y C. P. Ross. U.S. Geologil:nl Survey (retired). Denver, Colo.; ~'. R. Reid. 

Idaho Bureau of ~I ines lHld Geology. :\Io:;('ow, Itlaho; and A. Eo \\ elssclIlJorn, 
U.::>. Geological Survey, Spokane, \\'ash.) 

INTRODUCTION 

Idaho "'ith an area of about 8-:1:,000 sC]uare miles, includes parts of 
t hreo di;tinct physiograph ic pro\'inces. These are the Northern Rocky 
~IouJltnin province, the <!olumbia Intermol.ltane p,ro\'ince, ~nd t:\'o 
smn.1l segments .of the Baslll nllll.Rnllge pront1ce. hach provlllce, LlI!
fers markeLlly m top?grap!lY, clunate,. and na~urnl res~urces . lh~lr 
dist inctive charadeI' IS a direct reflec:tlOll of chtrerence III the stratIg
raphy, structure, and .chell1 ic~ l and ph'y~ical cOl1lpositi?1~ of th~. under
lyin<1 rocks nIl of \"hlch profonndly nHect hUlllan actlnty. II 19nre 5, 
s'Ligl~tly m~dified from a map pre\-iol~sly published (Ross and Fo~'
rester, 1£)58, fig. 1), shows these provlllces, as ·well as some of thell' 
subdivisions. 

The State consists of a complex array of mounta in ranges, inter-
lIlontane valleys, and plains. The descriptions below are grouped 
mainly in accord with the three geomorphic provinces cited above, and 
are abstracted in large part from three recent summary papers (Ross 
and Forrester, 1958; Ross, 19G2a, b). 

TOPOGRAPHY 

Idaho is one of the most scenic of the ,Vestern States. It is largely 
mountainous. The only major expanses of relatively gentle topogra
phy are the Snak.e River Plain and valleys along its southern bonIer. 
1-:\'e11 these nrens are dotted by hills, isolated and in groups, and gashed 
hy steep-walled canyons. . 

The Northern Rocky :Mountain province within northern and cen-
tral Idaho consists of a rather ill-defined unsystematic assembJage of 
mountains that border the Snake RiYer on the east and continne south 
~o t he Snake Hiver Plain. The princi pal components whi ch merge one 
Illto nnoLher are: Selkirk, Bitterroot, CleanYater, Salmon River, and 
~a\\"to()th Mountains (fig. 5). Some of the most scenic a1pine to
j>o,(!ra phy i.n the Uniterl States can be found in the Sltwtooth MOllntains 
11\ the vicinity of Ketchum and Stanley. 
~[onntain ranges north 0 f the Snake Ri \-er Plain include the Deaycr

h.rad, Lemhi, and Lost. River Rllllges, and the Pioneer Mountains. 
:--' (J uthenst of the Snake RiYer Plain are such ranges as the B<1nnoek, 
Port XCllf, and Dear Rinr. Broad, elongate basins lie beb"cen these 
rallg('~, as is common in the main Basin and Range prov ince to the 
~l) llt h,. of which this southern area is a part. 
_, .\ltlludes abo\'e sea len'l range from 710 feet at the junctnre of the 
:-inake and Clearwater Hi\'ers at Lewiston to 12,655 {ect at Mount 
n~lrah in tl~e Lost River Range, the highest point in the State. :Moun
t . In p.caks In the narrow northern "Panhand1e" of ILlrtho are mostly 
at. alt lLudes of 7,000 feet or less. The Snake River Pbill neal' the 
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Oreaon border is little more than 2,000 feet above the sea, but in its 
nortllcastern part its altitude exceeds 5,000 feet. Except for a few areas 
a 1 Oil ()' its southeastern border, Idaho is in the drainage basin of the 
Coh~nbia IUver, and most of it is drained by the Snake, Salmon, and 
Clca nrater Hivers. In Hells Canyon below Homestead, the Snake 
Hi \'er runs through a gorge 7,000 to 8,000 feet deep, the deepest on the 
~ orlh AmCl·ican Continent. 

STRATIGRAPHY 

Layered rocks of many geologic ages are exposed in -Idaho and they 
record sequential changes in the geologic history of the State. The 
distribution and character of these rocks are reflected in the topography 
of the State. Along with the igneous and metamorphic rocks, they 
exert strong controlling effects on the nature and locations of the 
State's mineral resources. Distribution of the rock units-sedimen
tary, igneous, and metamorphic-which underlie the State is shown in 
figure 6, a greatly gener~lized geologic map of Idaho. This map is 
hased on a previously published geologic map of Idaho by Ross and 
Forrester (1947) but embodies numerous changes based on later work, 
in part unpublished. On the map the different kinds of rocks are 
broadly differentiated by type and by geologic age. It is customary to 
gin~ individual rock units specific hames, and the stratigraphic nomen
c ht ure commonly used in various parts of Idaho is given in figure 7. 
Hcfel'ence to this chart will be helpful in reading this section. 

PRECAMBRIAN ROCKS 

The oldest rocks in Idaho are Precambrian in age. :Most of these 
belong to the Belt Series, but highly metamorphosed sedimentary 
rocks of uncertain but possibly olcler age occur at a few places in 
Idaho. Some gneisses in the Clearwater region underl ie rocks of 
the Belt, Series and may thus be pre-Belt (Anderson, 1030). Com
J,amole rocks are found near Coeur d'Alene (Calkins and l\Iac
Donald, 1009, p. 33-35). These and other highly metamorphosed 
~- ()('ks that crop out in Kootenai County east of Mount Spokane and 
In the vicinity of Sandpoint may also be of pre-Belt age. 

Othcr)lighly metamorphosed gneisses in northern Fremont County 
aro cont~nnous with known pre-Belt rocks in southwestern :1\[ontana, 
:111 d thell· age .is not in doubt. Similar-a,ppearing rocks occur in 
n(J~',t hem 1.,e111111 County, Hear and north of Shoup. 
" ,.~tl'ongly recrystul1i~ed sedimenta,ry l'ocks, includin~ schist, quartz
I.,' , 11l1d 11l a ~'ble occur 111 central Iclaho; for example, 111 the Sa ,,,tooth 
Lange (Held, 1!)G3) and the Pioncer Mount.ains. These rocks bear 
11' , In:trkcc1 similn.rity to any of the above rocks ; fmther, they bear 
Il!! !c l' ('~embl r~nce to Belt rocks. Theil' age is mnch in doubt, and 
{h"1 I' age aSSIgnment is 11 ighly tentative. Somewhat compa rabJe 
l'f), 'k, lire fonnd also in theAl0ion Range. 

l'n'[':lI11brian rocks correlated with the Belt Series probably once 
(' 1)\'['1'[' ([ all of , central and northern Idaho and are st ill abnnc1:1l1tly 
::!'(d'd? ('''pecmlly north of the North Fork of the Clcal',YatCl' R iver. 
,L

I
:: (: ~ (· rl~ s. c~nst'.itutes [~ thick uni,t composed mail~ly of argillaceous 

I ' I 'lI t,lI (ZttiC locks wlth subonlmate amounts ' f calcareous r ocks, 
;\ Boundary County, SOllle conglomerate un lc~lllic strata, are 
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included. Stromatolites (algal fossils), locally abundant in the Belt 
Series in Montan:t, are present also in Idaho. Prolmuly the ent ire 
series ,yas laid down in shallow marine water, but since d eposit ion it 
has been SUbjected to willcspread lo"--grade regional mel amorphism. 
The aggregate thickness of Belt r ocks in Idaho exceeds :20,000 feet 
in places, and in Montana the maximum thickness is thought to be 
over 4:0,000 feet. 

The rocks of the Belt Series in most areas are rccrystall ized ill 
Y:1l'ying degree but retain the appearance of sedimentary rocks. 
Locally, m ostly ncar bodi es of granitic r ocks, lhey are so intensely 
metamorphosed that stratigraphic unils are diflicult or eyen impos
sible to recognize. 

The stratigraphy of the Belt Series in the Coeur d'Alene region 
of northern Idaho "as established by Calkins (Hansome and Calkins, 
1DOS, p . 22-44 ) as the Prichard, Burke, He,·ett, St. Regis, ·Wallace, 
and Striped P eak formations. This succession is still accepted as 
the standard for that part of the State. These rocks are argillitic and 
9,uartzitic in the lower part of the section, and grade up,n1.rcl into 
1l1ny argillites and quartz ites. Many of the argillites might more 
properly be called slates. 

In Boundary County, Kirkham and Ellis (1926 ) have used Cana
dia n names to identify the rocks of the Belt Series. Their practice 
is not generally accepted, but their terminology is giyen in hgl.lre 7. 
These un its cannot be correlated precisely with the Coeur d'Alene 
units. For long-range correlations, t h e broader terms pre-Ranl11i, 
and Ha valli, Piegan, and Missoula groups are usecl (Ross, Hl63b ). 
In Boundary Connty and in Bonner County to the so uth, the Belt 
rocks are intruded by sheet-like bodies of gabbro and diorite · com
mon ly known as the Purcell sills. In the extreme nortlnyeslel'll part 
of Boundary County, Precambrian volcanic rocks rest on the Belt 
::ieries. 

:\fost of the formations of the Belt Series in the Coeur tl'Alene 
region arc though t to have their counterparts in Cleal'\\"atel' COUllty to 
the south ( Hietanen, 195G; 1962 ; 1963 a, b, c) although inlense meta
morphism hampers l'ecoO"nition of stratigraphic unils. 

~ti ll farther sonth, rocls regarded as cOlTelatil"es of the Belt Series 
:lI·e kno,m, mainly near t he Middle For k of the Salmon Hinr and 
~II the Lemhi and Lost Ri vel' Hanges. ~Iost of these are included 
III tlIe Yello'yjacket formation and in the Hoodoo, Lemhi, ancl Sl\"llUger 
quartzites. Thick quarlzil es crop out ln the region about Salmon 
( .\II<ierson, A. L., 1057; IDol ) but t h ey cannot be correlated ,,·i th 
rIJrlll:t ! ions ill northern Idaho. Probably ollly part of lhe stTnti 
)!ra phlC range kI10',"11 fart her north in repre~(, llted by these i'ormn,
t ~ ' IlI~ . . , 1:1101'e is a stra tigraphic brenk !n centra l Idaho bcl\\eCll t~1C 
J .dt ;::ierles aml th e on~rh'llI<r PaleOZO IC bells, bllt lhe an o· lllar ll lS-

I
. J /;") ,., 

\ "1"\ a nrc IS sl ight. 
I'r(!ealllUri,,'n rocks ill Bannock County arc far frolll exposures of 

rod,s l'l'garded positi \·ely as be longillg to the Helt !-)eril's and they 
d lll(· [' from rocks ill that series. They illclll<lc \"()lcanie rocks alllI 
!,I,lJil:1bly t illite (anciellt celllentecl (lebris llcl'm;i ted by it glacie r). 
1 !Ivy l'l'~ (,lllb l e the Iklt ::)el'ics ill that thl'} umlcr lie Cnlllln'ian slraht 

:l lld ;\1'\' sep,ll:atcll fl'OlllIhcse yOllngrr r ocks hy a ll("ll'ly cOllc.orclant 

!
;J11.t;l(:l '.Ind, III a broad W~Ly, lIlay be eOlTebtcd gClwral ly \\"J[h the 
d ' I :-)cl'Jes. 
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Only a few age determinations of Belt. rocks from Illaho 11a \·e been 
publ i~hed . On the basis of l';lllionct iy i ty mea surements of p itchblencle 
from the Sunshine mine, Coeur ({·,\.lene district, Eckelmann and 
Kulp (H)57, p . 112D- 11;30) conduded that the uranium mineralizat ion 
occUlTell about 1,1£)0 mi ll ion ,Years ago. The rocks that enclose the 
uranium minerals must therefore be still older ("Wallace and others, 
19GO, p. 25 ). 

PALEOZOIC TIOCKS 

Strat ifielr'ocks of Pa leozoic agc arc abundant in southeastern Idaho 
and in parts of central Idaho east of the southern part of the Ida ho 
ba.tholith. The aggregale presenecl thickness of Cambrian, 
01'(10yician, Silurian, D evon ian, Miss issippian, Pennsylvanian, and 
Permian stratified marine rocks is well in excess of 50,000 feet; how
eyer, it is un l ikely that Paleozoic rocks of that thickness were deposited 
at any or~e place or oyer broad areas. Hather, cleep bas ins in which 
these sedIments. were depositell probably existed at elifl'erent places 
and times during the Pa leozoic. 
. The only thick and diverse strata assigned a Cambrian age are 
m and near Bannock and13ear Lake Counties, ,yllere a thick succes
sion of quartzite and limestone is found . Thinner sandstones, lime
stones, alld shales are known to the north, a lon'y the Montana line. 
In Custer County, phyllite and dolomite of possible Cambrian age are 
known. Quartzite, shale, and limestone of Cambrian ao·e at Lake 
Pend Oreille in Bonner COllJlty lie in a downfaulled block ~lll'rounc1ed 
by nelt rocks. 

Ordo\·ician qnartzites, shales, and l imestones are best known in 
eastern and southeastern Idaho, but extend into central Idaho east 
of the Idaho batholith. Silurian and Devonian strata have much the 
same distribution. 

Mississippian, Pennsylvanian, and Permian strata, includino· sand
:"t<:)]lCS, shales, and limestones much like those of neighboring 'Vyo
ll111lg, ~Iolltana, and Utah, are found in eastern and sontheastern 
Tda~lO. ~\.l11011f; these are tile 'VIlile Knob Limestone and Copper 
IhslIl FormatIOn, two assemblages of limestone and conalomcratc 
more than 10,000 feet thick that r~l1]\TC in ao·e from Mississil)l)ian to 
I ) . I to '" en,m an . n eastern and sout heas tern Idaho, the Phosphoria For· 
lll;:tlon o,f Permian t~ge contains illlp~rtnnt. pl:osphate del?os its. .A 
tlllck lIlllt of YOl Call1c rocks of rel'l111an age IS exposed 1Il central 
Idaho .ncar {he ~Iiclclle Fork of the Salmon Hiver, Comparable 
'·o]canlc rocks arc also J'onn(l in the Se\·e11 Deyils r eo·ion of \rester n 
Idaho. lilt heir upper p,u't, the Scyen Devi ls V~lcHl1ics are of 
Permian and Triassic age. 

HESOZOIC nOCKS 

, :'fn J'i Ilr sa nflstonr:", sl~ a les, ;l ncl Ii Ill estolles of Tria~s ic age nre cxposed 
In S()utlH':Isfcrn Idallo III Brar Lake Count", the ~ulllett RallO"e and . J to, 
111 ~~ llIa 11 an' as n~ar thr. :'[ontana boundary. In western Tdaho, in ad-
dition {o yolca lllC rocks !1~ th~ Sc\·en f)eYil~ Volcanics, sedilll entary 
~f ra la th.ous·1t t to be of 11'JHSSlC age extencl ll1t elTnpleclly from areas 
III \\T'lsIJlngto~ County t~ near Omllge~'ille in Id~ho County. Argil
laceolls rocks, 111 pa It sch 1Stosc, prec1ol1llnate but 11l11rsf·one, sandstone, 
and conglomcrate are also present.. 
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,Jurassic strata have a di stribu t ion in,Idaho sil1li l ;~r to tl,wt of tl ~c 
Triassic rocks just describecl. l\lost ot t h~ fO~'l:l<\ t lOllS of of u rasslc 

'\re sep'u"lted from cach other by ul1r'onfOrIl1ltlCs, \\"horen5 most of 
al~e :1'1:1 '15"1· C' l~lI i ts are Illut un lly conformable. Hamiltoll (\%;\n) de-t It.' , ~ • . .• f 1 
,,(' rillcs a unit a long the Salilion-Ui \·er ncar n1gi!~nS COIISI~t IlJg 0 :; ate, 
·\ritll some illt c rc:tlaLe(l l illll's foIlC, that l?robably 1S oIl.ly a fe\\· ltlll\(lrc(1 
fl'eL thick. Possibly Jurassic s t r ala ex:st else.,,·herc lJ\ Wl'sfcl'll l~laho. 

A thick series of fresh-water and ma1'1ne sedllnentary r?cks of Creta
ccous age, ]a l'gely sandstolles a :ld sh a l.es, c~yc r l ari!~ ~Ct ~JOII S, 0 f SOIl.t h 
east Idaho. One of these stratIg,raplllc Ul1lts, the 1< 1'01,11 IeI' 1< ormatl~n 
uf Upper Cretaccous age, contams the most productIve coa l beds III 

the State. 
CENOZOIC ROCKS 

Cenozoic strata of Idaho are partly nonmarine seclimentary rocks 
:IJld · pnrtly volcanic rocks ranging in composition frOtll bnsalt to 
rhyolite. . 

Of the sed imentary rocks, the m?st ~· ldespread are those of the 
ld:\ho nn.cl Snake. R iver Groups, ,yh1ch are fOl:ncl abl:ndnll;ly.?n the 
~n:lke TI Iyel' Plam. T he Idaho Grollp of PlIOcene 'lI~d Ilelstocene 
HI!I'S p ,Ltlde a1~d Po\Ycr~, U)G~; nIalflc and othcrs, H)~3~ Inclt~des seven 
[orlnat Ions wh lch conbtll1 sell Jrnell ts, ash, and some bas,tlt: '1 he Sll~ke 
Hirer Grou·p ,( Pleistocene and ReCcI~t) as n.ow rccogJllzed, .consists 
1iI:1 inly of the younger part of ~he old Snake Rn'er Basa lt , .... but mcll~c~e~ 
~O) llle scclimentary rock. Sechm.ents of, the ~c1aho ,tI:c~ ~nake Rnel 
t;roups contain importan~, deposlt~ of clIatoll1lte and sLl1ca sands . . 

:-,outh of thc Snake River Plam, beels of congloll1emte and llll:e
~tOIJC 'rith n. maximum thickness of 1,500 feet .been c01'l';latcd ,nth 
the Paleocene and Eocene 'Vasatch FormatIOn of Utah. Beds 
of predominantly reddish conglomerate on tl:e south(>l'l1 flank of the 
('\' lJt (>1111 ial Mountains h:He been correlated With the Beavcl;head For
Illat ion in ' Montnna also of Cretaceous, Pale<?cclle and J:ocene a&e 
( Llmell anrl Klepper, 1953 ). Loosely cO~lsollclated C.laSt·IC Y?lral11c 
I·n/"k" o[ P liocene age which m.ostly occupy llltcrmol~tane ",alley::; south 
"f tlte Snake Ri\·er Plain are grouped together on hgll1'e () as the Salt 
LtI,(, Formation. , 

Poorly consolidated sand, s ilt, and gnlyel of h.custrine and flUVIal 
orig-i n are \\"iclesp rcad in intermontane \·alleys III the soythcastern 

j,;!rl of the State. There are also wide areas of uncol1so i J( lated al-
11\·il:111, glacial deposits, lake sec1ill1Pllts, ancl win(llJlo\\"ll dl'posits of 

!ail' ['h'i stoccile to R ecent age. These are a ll grouped togcLhcr on 
ii.:":·llrll G a ~ "a ll nv ial , gLtcial , ancllal,:e deposits." " , 

1-'1>111' major units of volcanic rocks are recognized III t.he State. 
TI\(,.-(>. arr. the Chall is Volcanics, the Colnnlbi;L Hirer Basnlt, the 
\.h\·:lIla Volcanics, and basalts of til e ~Jlake l~i~·(' r C:]'oup .. 

The Challis Volcan ics of Tertiary age are \\"Ide. Pl'l':\l~ III cellt ral 
]'!:d\() , They consist dominantly of andesitic f!O\\· s :I· j IIl{Cr\wcldcc1 
j' ,\ rocLl:-it ic rocks.' Conglolllt'rate is (,~)JllIl1 ,on neal· th (\ IH1Sl' . , Locally 
a 11I'.\t'I' tlitTacPollS lllClllber fills dep]'e~:;lOns III the 1lI.1l' 1"l'1I sllr.LH'e llPon 
','. !Iid l the Challis Vo1c:anics w('re laid. The maXllnlllll tlllckness of 
! 'I' ( '1i:1 I I is Yo leal! ics is auout 5,000 feet. 

• I l' yrr.r:I:!'t lc rocks- a ;:;cncr:1.1 torto fOT indu rated ricpo"its of volcanIc cj['eta , Inclnuing 
., tc.l"IC u~ blOIUeratCt brct.:clas, tuff·ul't.!cciati , antlluffs. 
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A large part of western Idaho from the O'''yhee Mountains north 
)~~:trJy to Coeur d~~\'lene Lake i~ covered oy flows of the Columbia 
J\lver Basalt of M!ocelle a ~Hl P~JOcelJe ( ?) age. These flows consist 
of basalt and calcIC andeSite with some agglomerate and tuiI'. In 
places they arc as much as 3,000 fept Lhick. Intercalated with them 
all~ in places ullderlj'in~ thelll arc fresl~ \\-n tel' seLlimentary rocks 
which ~ol'ln ~.he Latah and. Payette FormatIOns. The Columbia River 
l~a salt IS nn :mporlall~ source of construction stone, pumice, and pumi
cite. Depo.slts of varIOus lypes of clay, including high-alumina clay 
a.r~ found m t1~e Lat.ah ~nd ~ayette Formations, as arc deposits of 
s~hca s~U1d. Dwtonllte IS mmed from some beds in the Payette 
I- ormatIOn. 

The Ida vada Volcanics and other silicic rocks are "'idely distributed 
:t long and near the border of the Snake River Plain. As shown on 
figure 6, ~hey include rh~olit~c rocks of early Pliocene age that inter
tongue WIth the. Columbw. Hlver Basalt (Malde and Powers, 1962, p. 
] 200), early Pliocene ash flows, and-near the northern and nOlth
we~tern bor:cler of .the Snake HiveI' Plain-siliceous volcanic rocks 
w Ineh contam some ll1terbeclcled sediments of PliocBne age. 

.Basalt o! the Sn~ke River Group covers large sections of the Snake 
River Plam, particularly the eastern two-thirds, and occupies the 
floors of some of the valleys to the south. Most of the flows are of 
H,ecent \lge ~nd can ~e distinguished f~om the older basaJ~s by their 
f~esh appearance. 1heJ:' are exposerl 111 spectacular fashIOn at the 
Craters of the Moon N atlOllal Monument and at many other places on 
the Snake River Plain. 

INTRUSIVE ROCKS 

EARLY INTRUSIVE ROCKS 

Sillsand o~hel: intrusive bodies, mostly gabbro and diorite, intrude 
~he Belt Sen es III northern Idaho but they arc not quantitatively 
Iln por tant . 1:'hey are thought to have been emplaced ncar the end of 
the PrecambrIan Era. 
, Sy?nitic r ocks in Idaho Coun~y north o.f Big Creek are provisionally 

l eg,uelecl (Leonard, 1De3) as of PaleozoiC age, but may be older. 

IXTRUSIVE ROCKS OF MESOZOIC AGE 

The Idaho batholith 
Tho I:la~lO ,batholith, a st;riking gcol?~ic feature of.the State, is one 

of Lhe II odd s largest boches of gral1ltrc rock. It lS exposed from 
"I)II/l te l'll Elmoro Connty northward through celltml Idaho unel into 
:\[olltal!a- an are<L. nearly 250 mi~e~ long and 80 to 100 miles wide. 
lL C~1l1Slsts of <1 mam body of granItic rocks and a complex antI varied 
but 111 C'o mpl ete bon.1er zone. Most of the intruded roek~ in north-ccn
~ ra l I da ho belong to the Belt S('rie.<;, but Paleozoic strata have been 
In t l.'lI~l ~~l ?11 .t_~lC so ut he;\st: On the west side, Triassic Hl:d. possibly 
Jlll ,lSSlC l ock." have bern. m.vnded. L ead-alpha an ::tlyses mdlcnte an 
average age of the batholIthIC rocks somewhat in excess of 100 mill.ion 
years, ,~' hich accords fa.i~'ly well with the hypothesis of Late Cretaceous 
age arrIved at by geologIc means. Much of the batholith is overlapped 
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unconformably by Tert.iary volcanic rocks, some or which may be as 
old as Eocene. . " . . 

The main mass of lhe oathollth IS granoc1lOrtte :11\(1 QI1:1.rtz mon60-
11 i to Lut. other rock types arc il~clmled . 1\1\1ch of / l~e ba t hoI I (h :: ppeal',~ 
(0 li:l"e been intyuc1ed a~ a umt or as a number of large, related, and 
pos; ibly gradatlOnnJ units. " 

'Within the border zonc of the Iclal.lO hat holtt h,. t he s~d 1.11lenb~ry 
focks have been metamorphosed Lo gnClsses and S~hl ? tS, "·lth'~J. which 
;11'0 bodies of igneous rocks inc1l1dmg q~Jart~ ~ltOl'lte, t<~llallte, ,md 
othor rocks thonght to be of mctasoma~lc O~'lglll lJu~ ,~,'th text~~;'e: 
that resemble thosc of rocks of magmatic Ol'lglll (ITanIlJton,.10b .... a, 
I [ietanen, 1956, 1962). Aplite and pegmatite arc abundant III soma 
of the gneisses. 

Olltlying intrusives 
Smaller batholiths and stoe.ks are exposed on all sides of the Ic~nho 

batholith and at varying distances from it. These .inclucle the Kamksu 
Latholith (which extends from south of Pend.Ore.llIe Lake northward 
illto British Columbia), the Owyhee batholtth JIl O"-yl\ee County, 
I!ranitic masses in Cassia, 90unty, and numerous other small pl.utons 
(Iig. G) . These have sufhclcnt. resemblance to the Idal~o batholith so 
• hat in the past they ha ve been assumed ~o be related to .It, bnt 111any of 
t h l'lll cannot be closely dated on the baSIS o·f field re)atl?l1s. T,,-o age 
dd l'rminat.ions from t.he Gem stock near IVallar.e ll1dlcate that thIS 
I ~ )dy is about thc same age as the Idaho batholith (Jnfi'e and others, 
10:.G, p. 150- 1(0), but Lo\\'~lon (1961,'p. ~02) h~ssho~'n tha~. parts 
of the extension of the Kanlksu batholith mto Briti sh Columbia may 
Lc of Tertiary age. An increasing num~er of ouqying illtrnsiYe bodies 
in Idaho are likewise suspected of .being Tertwry. ~n age, and thus 
1I0 t, directly rela ted to the Idaho batholith. GranitIC rocks Chat cut 
th o Senn Devils Volcanics in western Iclaho, hOIr\~yer, arc somewhat 
!Ill'l amorphosed and may be older th;\I1 the batholith. 

TERTIARY INTRUSIVE ROCKS 

nrallitlc rocks OT Tertiary age crop out at several p1:1ces in central 
Id;t\l(). They are extensiyely developed alOllg th~ l\r l dLlI~ Fork of 
! b~ ::>all1loll Hiver and in the Slnrtooth Mouutams (Relel, ID(3). 
Th(' ~ l' , ,,·ith associated dikes, form a ,,-ide northea::il-trencling belt 
{I i :!! pxt(,1ll1s from I30i se COlmly into Idaho County. Small stocks.of 
"l' t·rt iary age arc scat tel'l'(1 through Custer, J?laine, and B:lltc CountIes 
('a ~ t of the Idaho batholith, and Tertiary dikes are pl en.tlIul thro~l~h
(l Ilt ,'l' ntl'nl Idaho. The gr:U1itic rocks gellerally rallge. 11~ (,Olnposltton 
(1'<1\ 11 g-nlllitn to diorite .. 'They arc reganled fl S (iO 1l1l1l1?11 :;-ears ?ld 
" I' Y(1l1 11 :!('r !lml are ol'llevecl to be related to the ('h :I111 8 \ . olea11lcs, 
I,. II "rll l l~' may oe oldol' (A llclcl'son, 1 !)f)2). Sllla 11 massC'~ \) f pot a ss~~l1n
!' I"h rocks in Bonneville County arc r egarded by Anderson and h.l rk
ll. lIll ( 1~); 11) asoETl'l'tiaryage. 

GEOLOGIC HISTORY 

I .The g,'ologic hi ~to~'y of Ichho is complex. The area n ow orcLlpie.d 
.). lill) l cLtho batholith, as well as most of the ,l re i'\' lo the north, IS 
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th ought to han been n lalldmas, or a "st),uctnrally positive" block 
since the end of the Precambrian, It, stood nbove the Paleozoic sras 
\\' hile sedimrnt:> were lwillg dcposited in basins to the east and south, 
cast. (Hoss, 19Ci2b). Sedill1rnts wcre a lso beillg deposit ed on t.h e \\"est, 
hu t ( 0 a, k ss('r rxtenL Although there ,,'as no mnjor crustal deforma, 
tion during the Paleozoic Era , these basins of deposit.ion 'Tere raised 
abo\'e sea lend lllany tinws, rrs llHillg ill numerous brraks in the 
strH t igl'a 1)11 ie 1'ecord. 

The l\[csozo i ~ Era \yas ma1'ked by powerful crustal deformation and 
by Inl'gp·sca le igneous activity . The st.)'ucL1ll'nlly posit in area of 
centra l Idaho was sha rply l1 plified e~U'Jy in the era and the struc
tn ra lly weak Paleozoic, sediments were fl exed in to long folds. TIll' 
main !{[!rt of t.he Idaho batholith was emplaced dnr.ing t.he Crebceous 
P m'ion, The srdimentar,Y )'ocks \yere refold ed and, along the sou th , 
east(,l'n border, \yere intri cately contorteel in b]'oa(l conformiLy \"itll 
tI l('. shaDe of th e batholithic mass, On th e cast side of th c batholith th (' 
sedinwnts han~ been thrust to the nort.heast along Jo\,·dipping thrust 
fault s. Simi lar faults along which t.he rocks have been thrust to the 
nOl'ilnYest ha\'e recently l)ecn recognized by Hamilton (1900), and, 
li ke those to the east, may bo related to the empl acement. of the batho
li th, Gpneti c rdations bphn~en emplacPl1lent of tho batholith and 
deformation of Lhe stratined rocks seC'm d ear, but whether the in
trnsion of (j le granitic roc];:s \yas th e cause of the c1eJOl'ma tion OJ' 
" 'hrthel' the deforma tion created an area of "low pressure" into which 
t.he granite rocks made their ",'ay is open to argument. Certainly 
in some loca li ties th e e\'iclence seenis compplling that the granitic rocks 
\yeJ'(' injected forcibly. 

Furth r l' folding and th e denlopment of faults, many "'ith north
east trend, acompanird and folJ o\yec1 t'he eruption of the Challis Vol. 
canics and the in trusion of l'elatpd ig:neons rocks in the ea rly part. of 
the Tertiary. Faulting and mild warping continlled during Miocene 
ti me alld affected th e Columbia Hiver Basalt (Hamiltoll, 1063b) , 

Tv.'o main periods of deform ation, a gontle warping in the .Tlll'assic 
and a more int ense onc in the Cretaceolls, mal'l, th e two major peri ods 
of folding in central and southcastern Idaho. The folds trE'nd north
west, and 'are broken by numerons f null s, mostly reverse faults, In 
C'arly stndiE's a l(mg and foldell th rllst fault. ca ll ed the Bannock OHr. 
thrnst "'as p oshll ateel (.\fnnsl1eld, 1027, p. 150-152), but thi s lI as r e
cen lly beC'n rcinterpretC'cl as an imbricate th rust zone composed of SC I'. 
eral srpfnnto f~llllt S (Armst rong and Cn'ssman, 1DG3 ). 

In Il l(' llOl'tll rl'll part of Jd al1o, Ill<', 1'oC'ks of thC' Belt SC'r irs a lmost 
cW'n'\\'llC'IT h a n ' 11c'C'n folrtrtl illto a sl'l'i p,; of bmacl folds th at cOlllmonl" 
t renCl ,,'pst. of north, but they h:1l'c bpC' ll in(C'J1se.ly deformed in tho vicili
ily of sOllle of t'he major f:ll lll s, Th(, olll stalldin2' slruet ul':ll f(':I111]' r is 
n compl!'" syslp11l of llol'!h\\'C':, ICl'ly I],pnd ing faull s t'll:lt OCC lljly n Z0I1P 
('" tcllding' from fl1 c St. .To(' niH}' ll OI'Il!\I';)J'(l to th r north rnrl of Pcnd 
Orr.illl'I:akr (fig, G). Th is is l111 1:l slllall spg'nH'nt ofn 11laj(l]'sll'llctlll'al 
l' ll'ak kW)\\"Jl as tlw, "Lc\\"is and C]a}']; li nc" Illat ('xtellcls frOlIl Idaho for 
111;Ill Y Illil(':, ('as/lI':\l'l1 il;to )!lJld:llI:1 ("' allac(' and oth ('I'S, 10()O, p. 2 :) ; 
Billing's ly and Lock(' , ] 0:1!). p, :lG) , Di spln erlll cllt is lal'gr along tIl(' 
Ill:tjol' faull S tl l:lt lil akc np tl lr LC'\\'is and Clark lin e.. One sC'gmrnt of 
the " linc" is r eprc'sc'ntcd Ly th e Osbul'l1 FaulL, which passes t.hrough 
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I." ('oenl' d'Al!'ne c1i stl'id, The rocks OJ: thp, north s ick of , this fan H, 
I", 1 ']' c\' c(l to ha\"e 1110\'('(1 ahollt 12 mil es cast \\';lrc1 rC' I:1I 1\'l~ to tlte 
;11:' 1)( ' 1·l c1n (,Yn ll<l co and otll e}'s 10G0), diyicli llg th e di stl'i ct into (\1'0 
',lIdt IS" . , I '1 f t I J I 'I ' I' ,t 1)"1I'ts. Bastward cllSl)l:i ('el1lcnt of tile 110l't I SIC e 0 Ie , ope 
( ',- IllC , I '" "1 It' tIt !':;!li lt) the northcl:n1i10st 111 (, ~ll bC'r of t Ie , Illl C, las )(':~ I e: ",11 :) el 0 
),,, ' IS llluch as 8 mIles (IIarnson and Jobll1) 19()3 ). HIS lll oh,lble th aI, 
tl ; "~p aile! other fault s of the system are, ~ld sln~ c tul':11 breaks alo ng 
wllit' ll mo\'emcnthasocculTed at se \'eral dlflpl'e:llt t11nr;; , . 

The most strikin g' youn g stl'ndllra l tcat llre 111 tl l(' Sta(e IS th c Sllal~e. 
n i \ ('1' Plnin--a. grea t, curving deprC'sslOll now fill ('(l most Iy Ly \ 'olea n]( ' 

I,l"ks, Th is C]('p l'C;:S iOi I ~1'.:l S f()l'l1l (' rl~'_t hOllght 0/ a ~ ,<llmo;.; ( Cll; I~ ' l' l y I li e 
H'-l lIl of a dO\\')]\\'(tl'j) (h 11'1.:11;1 111, H)~(, p , ~+-2(): hll'kh:lln , ] ,),)1), lllit. 
!1', '('llt nl: tppiIl P: by Malde and .others (JfJG:I) has clelllrlllstl:atecl th e 
I" {''-:{ 'I IC'C of lli nny ll orm al fnnlt s Jl1 tll C \\' cstC'1'll p :\1 't of til l' plalll . sho\I" 
, " tl l'lt the rocks have been fra ctured and not mer ely cl O\YJ1 \Yal'pccl. 111_ " . . . t I 
'l'111'."C', faults do not, how('ver, elll1llllat e cloWJl w:lrp.mg- as a coil n .1\1-

tory fador, espceially in the eastern part, of the pI al!], 

ECONOl\I IC GEOLOGY 

Ea('h of the. ma:jor perioc1s of deforma t ion ontli!lC'c1 aboY(' has l:ad 
']..p,):o; il s of metallic. 111i,ll era ls ~'cl:1t ec1 to it, b~l t. ass lF!11 ml'nt' of specl0c 
,)"I'0"i t S to t he a ppropna t e pC' },JOc1s p~'es(' nts cllmc!! I t I ('s', SOllle lllC't a II lC 

lllillP}'ali zat ion p l'Of)ably took pl ace lH PrecHmlJr l;]ll tl l1l~ (.\nrlrl':-'oll, 
1 :1:1/ , pp, 593- 59-1) bn t. cl (>P?sit,s r~g-ar<lccl a~ Pl'L'C':l 111 hl'la n ll,;n(' , not'. 
1I!'()\'cd to be of much eCOn0I111C Slg111 f:ean ce. l\ unWl'OllS ,cl pt C'l'lllll1,:t t1<:ns 
"I' Ihe an'e of the lead in th e cleposlls of the Coeu r lI-.\IC'llC' <llstl'!cI, 
!lll' lll()st.il11portant, in the State, ~i\"e result s inclir'nt2ng a~ Pl'rCamh~' l all 
:I!!{', (Cannon and other;;, ]flG2j hc']']' ;ll;cl ](ulp" 19.):2: ~\PlT and hob. 
in,,()ll, ](53). Howc\'e)', most. geolog,s,ts fall:l1l:ll' \I'lth nll' Coe,lll' 
d'. \ l('ne district. beli c\'e that the ('conom,ca lly llllpOl'!:ll1t 01'(' d<'1 )o;'; ll s 
\I'p}'e emplaccd In 1 e in Crot aeooliS tim e. , , 

Jt has long been cli stOillal'), to regard most of the lll~ta lll C' llllJ,IC'I':tl 
d"posi ts ill Idaho, includillg n ral' ly all the ,l l}'(l</!I:'I !I'C leacl-::l ln:l' 
d"pos it :>, as bring r ebt cd t o the Idaho hatlwlllh.. I !m; dl'c111l'llO ll, I:> 
-l1 l)jlol'lC'{1 by thespatial assoc'iatioll OfSOl?ledr'Jl():' II~\\,ilh th,c llalhohth 
Ill' \\'it h sll llsic1iary intrusions rela {C'd to It, by nl>llllChllt (" ' ,dl'~lI'{, (h;1t 
Ihl' dcpos its n]'o of llJ Psothcr~na,1 t '~' I~C and ~{)rn, lC'd a t l:on,s l<l ~l'a blc 
.] " ]>111, ancl uy min e,ralng-iC'a l slln dant les tll at ,Ill,d,lcate. a sIInllal'l!Y of 
."IIIl'I '(I lllHtel'inl (H oss, ] 9:1 1, 1D:3;1) . The poss ilJll lty, 11:ls hp(,ll pOllltpd 
"Ill (.\ ncl el'SOIl , 1Dt)]), 110\\'('\"('1', that I!l Hny (lC'po!"lls comll1only n'. 
l.!:tl'd('<l as relatc(l to the Idaho batholith Illay (lat e hOI}) an ea rly 
'J'( 'r(ia l'Y cpoch of mineralizat ion associat eel with intrusiollS Inlcr than 
(lit' Idaho uatholith. 

:\[any golc1-si h'(>,r clC'posits arc fomicl in the. Challis ~rolcanics a~lc1 
Illhp l' \'oJc.anic rocks of TC'l'tiary age" and othl'r gold,s llIyl' clcpos ds 
:t I' ll ele:l l'ly assoc ia t('( l wjth Tpl'ti:uy illtl'usil'C's, Thc \' obl' lr,)ll sly must 
Ila \'(, heen clllplncr{l aft C' }' the iiltrusion of th e l<l:lh o hatll olllh: SOll,1C 

l'l'l"'iou" Illotal deposit s, ill clllcJ,ing SOl1 l,C that hal'll Pl'~rl u C'C'd ]'} clll,}' III 
the past , may be associated \YIth a. stIll younger perIOd of TertIary 
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mineralization. Mercllry deposits in the State are also believed to be 
of middle to late Tertiary age or later. 

Deposits of nonJlletallic minerals are lllany and varied. They 
include fluorspn rand ba rit e in veins and replacement; cbys derived 
from the ,Yeathering of gr~\,ll ilic rocks ; bedded de.posits such as 
diatomite, yolcullic ash, and silica sand .found ill the volcanic and 
interbedded sedilJientary rocks on the Snake Hiver Plain; phospha.te 
deposits found ill phosphorite beds of Permian age in southeastern 
Idaho; as \\-ell as numerous minerals such as ga.rnet, 1110IUI;.:ite, and 
thorium mineralS deriyed from the weathering of metamorphic or 
igneous rocks. The occurrences, economic importance, and geologic 
association of these amI many other COllllnoditles are described in the 
yarious commodity chapters of this report. 

"\-Vater resources in the State are strongly influenced by the topog
raphy and by the geology and structure of the underlying rocks. The 
heaviest precipitatIOn, much of ,yhich falls as snow at higher eleva
tion, is in the mountainous parts of the State; the least is on the Snake 
River Plain. K umerous aquifers are sources of ground water in many 
parts of the State. The sequence of lava flows beneath the Snake River 
Plaiu is one of the worlel's most productive aquifers. Spectacular 
amounts of ',ater are discharged through these flows into the Snake 
River at Thousand Springs and at other large springs in the Snake 
Hiver Canyon. Surface- and ground-water resources of the State 
are discussed in considerable detail in the section on water resources. 

A mineral deposit, whether it is metalliferous or nonmetallic, is 
merely an unusual concentration of some lllineral or minerals that are 
present in many rocks. It is the result of a combination of geologic 
processes that have can sed this concentration at some particularJ)b.ce. 
As such, it is an integral part of Lhe stratigraphy, structure, an geo
logic history of the area in which it occurs. The more thoroughly the 
geolobry is known, the more effectiyely the mineral polential of the area 
can be assessed and exploration of its mineral resources be done. 
Knowledge of the geology i~ al so essential for the proper deYelopment 
of the ,Yater resources of a region, particularly the ground-water re
sources. 

For accurate recording of geologic and other data and for a multi
tude of planning pUl'po~es topographic maps are a nece~sity. Figure 8 
shows the areas of Idaho thHt have been mapped topographically on a 
scale of about 1 inch to the mi Ie or larger and for 'Yhich maps are avail
alJlo froll1 the Geological Sun"ey. Although topographic maps are 
ava ilable for the more populated areas, a lnrge part of the State
including many of the imporlant minerali;.:ed regions-has not been 
adequate ly mapped. Figure!) is a similar map showing the sLatus of 
geologic mappil1g in the State through the eHorts of various agencies. 
Only about half the SLate has been mapped geologically on scales 
In-rger than 1: 250,000; of this, only a small portion has been mappeJ 
geologi<:ally on a sca le of 1 inch to the Jllile or larger. The remainder 
has been mapped only in reconnai ssallce or not at all. Oh\'iotlS!Y much 
topographic and geologic mapping remains to be done before the 
State of Idaho can be considered to have adequate coverage. 
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ANTIMONY 

(By B. A. La Heist, U.S. Geological Sur.ey, Washington, D.C.) 

Domestic mine production of antin:ony ~metal has com~. chiefly fl'on~ 
J(hho which has furnished the entire U .S. o~tpu~ clUllllg many 0 
lh~ )·\'st 10 years. The total antimony proc1uctlOJ1 JI1 Idaho from.the 
U ,,,In'nil1O' to 1%0 has an estimated value of SI7,300,OOq. The Ul1lt~d 
:-;\':" tcs is t ,he larO'est consnmer of antimony mctal amI l~S p.rodncts 111 

~h~ wodel. Much of the antimony is importe~ ;!rom Cluna. lIn thelast 
and .s. ince about 1935, from Mexico a,nd BolIVia .. (See tab 0.1 or a.) 
'. of Idallo "nd US mme productlOn of antImony . com plll'lSOn ,L' . . 

T.WLE I.-Mine p1'orL'Ilction at antimony in Idah? and the f{nited States, 1932 to 
1962, in short tons ot COli tamed metal 

Idaho United Year Idaho UnIted 
Year 

States States 

1 1, 636 419 1949 .....•........... ..... 1, 436 
t ~132 1 •. __ • _____________ --- 414 12,450 2,497 

587 587 1950 ...... .. .............. I·/U . ...... .... ........ ·•• 
404 40~ 1951 .... . ...... ...... · .... 12, 000 3, 472 

l :ll l .... ____ _____ _________ 
140 559 1952 .... . ................. 1, 000 2,160 

l"j trJ •• - - ---- -- ---------- --
729 755 1953 .•.. ' ....... ... ....... (I) 372 

\'.f'f'. . __ ___ _ _______________ 
1,266 105-1. •.•.. ... ... .. .... .... 764 766 t .17 _. ____ ____________ __ __ 751 633 633 3390 050 1955 . • .•..•.. .... .... ..... 

I ')\~ ...................... 
209 393 19.16 ...................... 519 590 

I ." J .. ... ................ · 
' 302 491 19.17 ...................... 664 709 

I 111'). _ _______ _______ ______ 
677 705 

I VIl .. .. . .......... .... _._ 655 1,214 1958 .... . •.... ···•········ 
678 678 2,944 1959 ....... . . .. .... ....... 1'.I 1'! ______ _________ ____ ___ 2,715 635 635 

t'}t, __ _ .0 __ • _____ ____ _____ 5,231 5,556 1960 .............. . ....... 
680 689 

l'J ~ I ... __ __ ___ __ _____ _____ 31,680 4,735 1061. .... .... ... ···· .. ···· 
631 631 

! ~ I ~" _ . ________________ ___ 1,872 1,930 1962 ..................... . 
I';V', . . . ________ ___ _______ _ 2,455 2,505 

TotaL ......... • · ·· '14,235 52,389 
l.·tj _ . .. _. ______________ __ 5,157 5,310 
\""._-- ------------------ 6,035 6,489 

-. S B r 1\1' e nnd ::II1n0rol5 Yearbooks, 1932-62; U.S. 
I .\nllnlony sections in nnnual volnmes:. Uti St. ~re~g,t.3'1.1U 1 Geolugical Sun'ey 1\iiner!!1 Resources, 

" .. ,.,,. or ~llnes ~llJ1eral Resources , U1l1te. ,'~ G'I 'p ' inhlet 105 19"5 P 4 
1 :.11,"1 "tall's 1882-1923 ; Idaho Bnrenu ~r ~rJnc.; nn I b cOJg~ d a~t' tes \\"15 il1t~rtilitte;'t and negligIblc ou 

'1 rl" r to 1932, antimony productio n III Idaho 811C
8

t .cb l1
t
lhe 'Vo~ld W~rI<l"'Ual1droralltimonyspurrcd 

'.rly (>" ., is except possibly for tbe years 1915 to 1?1 ,\I ell e 
, ;, ,!w;lion of several tbousaud tOilS for tbot peno<l. 

) i ~t tm&'led. 
I Sot umllab1e . 

. \lIlirnony 1S used in anoys and compounds with other meta.ls . an~ nOl~
lm·utIs .. T t impart.s hal:dness a lld colo~', expr<:ld.s on sOI:cli ~Yll1g, i;: 
lin' \'('SIstan t, and IS resIstant to COl'l'OSlOll by ,IClds. J3et,;a.l.~se ~f . . 
.] l \'\'1" ".(\ properties, it is us?d il~ the mallll fa ct11l'e of. :tl~~ll~lmtlOn, 
!. II t ('I'!('S (in the form of [l.utllflOmft 1 Jead), type mctal, b~,tllllb me~a.l, 
• ,11 \1: coverings, collapsible ~l1bes, foil and ~ol~lel', an:l III the pamt, 
f,Lrlf' , ceramic, rubber, phsl1cs, and electrolllcS mdnstllcs. Alltllllony 
.•• ;.ljJfJuncls are also uscll in medicines (Calla"ay, I!)G9) · ., 1 

('1)lllnH'l'cia \ deposits of stibnite anc~ telrahec~l'lte, ,the ,In:mclpa 
"',I'I'VS ()f antimony, arc not abundant III the Ul~lf('d ~late:-; t'lVlute, 
i~.I'-jl), bUL in Idaho antimony is recovered as a n1l1l01' uyp1'odud from 
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EXPLANATION 

rI 
L-::-J 

~ 
~ 

Idaho ba tholi th and other 
granitic plutons 

Border zone of 
Idaho batholith 

C0J) " A rea contai ning group or 
similar iron deposits 

Iron deposit 

Iron Ore Areas and Deposits 

1 Mackay 
2. Summit Lemhi Range 
3 McConn Creek 
4 Lemhi County Area 
5 Cuddy Mountai n distric t 
6 Iron Mountain district 
7 Blacklead deposit 
8 Clearwater district 
9 Latah-Benewah-Shoshone 

County area 
10 Deary deposit 
11 Hoteling Creek 
12. Lemhi Range 
13 Weippe deposit 

9 . 
Numbers cor.respond tc? deposIts 

listed in table 6. 

o 
I I 

FICUHf; 2G.- Iron orc arcas and deposits in Idaho. 
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illgton ' COllnty plus Bene\\"ah, Latah, and Shoshone Counties, 3 mil
lion tons. 

Sm'end factors deter dcvelopmcnt of an iron industry in Idaho. 
_\JI1ong these is the relntinly sma 11 size of most of the (leposits, the. 
llistn n <;,c from stccl pl:1nts, and the Jack of adequate supplies of good 
coking' coa I. Exploitation 0 f sma 11 c1eposi ts of a fe'" h nncll'ed thousand 
to a few milliol1 hms is seldom feasible unkss the ore is suitable for and 
wit.hin economic tml1sportation limits of an eshlbli shed iron or steel 
plant. It is possible that with increased demands for iron and steel, 
some of thc Idaho deposits might supply rn\\' matel'ial for iron and 
steel plants in Utah, and some of thc higher grade deposits might 
supply ore for specialized uses. Idaho's presently known reserves of 
iron ore arc relnti\'ely small but probably could be increased sub
~talltia lly by further exploration. 

LIMESTONE AND RELATED MATERIALS 

(By C. N. Savage, Idaho Bureau of Mines and Geology. :Moseow, Idaho) 

Lime-bearing rock production in the United States annually exceeds 
· ~:jO 111i]]ion short tons. This is more tlum any metallic mineral pro
duced and is exceeded in volume only by coal, sand, and gravel, and by 
water. There are virtually no substitutes for lime products in chemi
('a l and i11dllstrial usage. 

Products manufactured from calcium and magnesium limestones 
:Ire far too Humerous to li st here; for lime alone, there are over 7,000 
liSPS (Lamar and ,Villman, 1938). Specific limestone uses, ho\yever, 
fa ll under the general categories : (1) calcium and calcium componnds, 
(~) cement and lime, and (3) dimension, c1'nsh('cl, and broken stone. 

The In l'gest volume of lime rock is llsed as crushed and broken stone 
fO!' road aggregate and railroad ballast; significant amonnts are also 
lI ;;r(1 in thc manufa,cture of cement and lime, in the smelting of metals, 
allcl in ::t,QTiculture. 

In 1862, over 460 million tons of limestone and dolomite \Yel'e pro
duced \yith a. value of about $6!)O million (Cotter and Jensen, 1D(3). 
('rment ancl lime products valued at approximately $1.3 billion \\'ere 
Illanufactured from some 102 million tons of this limestone (U.S. Bu-
n'a 11 of ?lIines, 19G3). . 

Limestones, including dolomit.ic rock, are composed of variable 
:llll()\lnts of calcinm -, magnesium-, manganese-, and iron-carhonates. 
I'iI rse materials, originating from chemical precipitation and biologi
pa l reactions arc deposited as sediments chiefly in lakes, shallow seas, 
, 11'('ams, or springs. ,Vhen subjected to fmt.her natural changes, par
l 'rtllarly pressure and tcmperntnre variations, lilllc-bearillg rocks may 
h'('olllc 111 ore crystalline. 
F~r most purposes, and parti c11larly where chemica l composition is 

IH, t Important, moderat ely hard, massIve limestone or mag-n(>sinn lime
'l illie 1S desirable. For climension stone, workability, color, texture, 
:tlHl hardness arc the most. ill1porh1nt considerations. A!tmctin "01-
"!".' , hand ing (travertine or cave deposits), 01' the presencc of 'l ell 
-I rllct 111'(>S (coqni na), and the (J\lal ity of taking a hi gh poli sh (m arble ) 
Iii:!}' I'CS I\1t in premiulH building- or trim-stOlle. For l1 se in chemical, 
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metallul'gic:ll, and most nOllcollstrnction uses, the c.alcium content, cal
cium to magnesiulll ratio, and the absence of impurities arc critical, 
as shown on table 7. -_ 

TAII!.B 7.-Collllllercial lilllestone classifica-tiolt 

[Range of composition rOllll,led to ncart'st percent) 

Principnllllincrnls If ,Iolomite Range of priucipal compoun ds 
pre~cllt 

Rock type 
Calcite Dolomite- :"Ilngncsium Cakium :"Ilngne~llIm Carbon 
CaCO, Ca,:'- lg(CO,), carhonnte o,ide oxide dioxide 

:\lgCO, CaO ~lgO CO, 

:,upcrcalcium limestone .. __ _______ 9S-100 0-2 0-1 5f, O-Trace 
J !i~h -calciulll limestone .. _. __ ... _. n,~-g8 2- 5 1-2 55-56 Trncc- l 
Lir:J.(":·\t.onc. ___ ____________________ 80-95 5-20 2-9 51-55 1-4 
~!nl!nesinn or do!omitic Iimc,tonc _ 54-SO 20-16 9- 21 14-51 4-10 
1Ilgh'lnagnesian lime,tone or do-lomlte. __ : ________ ______________ 0-54 46- 100 21-46 30-44 10-22 

General specifications for variouS uses are listed below (percent) : 1 

Cement: 

44 
H 

44-45 
45-46 

46-48 

Upper limits: SiO, 17 percent; AI,O" 5 percent; Fe,O" 3 percent; MgO, 5 
percent; K,O+Nn,O, 1 percent ; P,O" 1 percent. 

Lo,Yer limits: CaCOa, 72 percent ; SiO,+Fe,O, 20 percent. 

Flux, etc.: 

NOTE.-l\Iay use blast furnace slag, or sltale for source of SiO. and 
AbO;additi,es. CnSO. 2 to 3 percent added to clinker as retarder 
before grinding ; source lllay be gypsum. 

Bessemer-Upper limits: S, 0.5 percent; P"O" 0.01 percent. 
Blast furnace charge-Upper limit: M~CO, 20 to 30 percent; AJ,O,+ 

Fe,O,,·1 percent; SiO" 3 "to 4 percent. 
PatclJing and lining-Lowe!' limits: i\[gCO., 35 percent. -

Open hearth-Upper limits: l\fgCOa, 20 percent; Si02 , 1 percent; S, 1 per-
cent; p,O" 1 percent. _ 

Glass: Hi~h-ealcium , low calcium or magnesiau limestone low in Fe, S, and P,O,. 
Calcium carbide: Highest puri~y CaCO" !)7 +percent; upper limits SiO" 1.2 per

cent ; AI,Oa and Fe,O" 0.5 percent; l\lgO, 0.5 percent; P,O" 0.01 percent. 
:\"oullyclraulic limes: 2 

Upper limits-High-calcium, l\fgCOa, 6 percent; low magnesian, CnCO" G8 
to 95 percent; high magnesian, CaGO, 54 to 72 percent. 

Lower limits-High-cnlcium, CaGO" D1 percent; low magnesian, l\lgCO" 5 
to 20 percent; high magnesian, l\[gCO" 28 to 40 percent. 

Hydra Illir; limes: Low-Cnrbonntes, 91 to 97 percent; other; 3 to 9 percent. 
.\Iollerntc-Cnrbonates, 8-1 to !l1 percent; other,' 9 to 16 percent. High-Car· 
bonates, 77 to 81 percent; uther,' 16 to 23 percent. 

"Naturn l ccment rock" is limcstone that contains the proper pl'O

po rt ions of clay, silica, and iron impurities so that. upon burning JIl a 
kiln port lal1(l eemcnt is proc111cccl. Ccment may be produced a Iso by 
ael c1 ing t hcse 111:l teria Is to I ill1cstone and several kinds of rocks, or com
mOll ly a sha le rock of the right composit ion \\"ill serve as a single 
addil i\·c. Hp\;tti\-cly high s ilica content is pcrmi ssible for ccment a1l<l 
~{)llle other products, bllt Jl1:lgnes illm oxide content usua lly should be 
h, c;s fhan 5 pcrcent -for most.l im esfone uses (table 7). . 

Dolomitic or ll1a.gnesinll limestones or high-magnesian limesto nes 
(rl()101Jlites) may be llsec1 to manu-factlll'e m:wn esium metal high 
Jl1:lglJesian limc, magnesiulTl rompollnc1s, or rc-f;actories. Dotil nWf!-

] Informatlon from RC,Crll i puhll,hcu Rou rees, includIng Illinois State Goological Sun'of 
H"port Inv, 10. 

" Lo~~ tl1ll n 301 her constituents. 
3 Prlnclpally Si02 +AI,O •. 

. f 
I 

- ' 

; 
t 

1 
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nesian limestone and limestone, when ground to the proper size (40 
percent below GO mesh screen), are now being uscd extensively as 
natural soil conditioners in place of preparecl1ime. 

The potential value of lime-bearing rock is detcrmincd by its chemi
c,ll nnu physical characteristics and its accessibility and proximity to 
~tl itablo mnl'kets. Any rock tcntntively selected for commercial use 
must ~ carefully checked ag:linst ~he desired .specifications for a raw 
mn-terJ:11. Thc amount avaIlable IS also [til Important fn-ctor. For 
example, a, cemcnt pl,mt should have a limcstone deposit that is large 
enough to last at lcast 20 years or more. Even a relaLivcly small 
ccment plant with an 88D,000-barr~1 per year capacity will require 
about 48 million cubic feet of limcstone to insure 20 ye.:lrs of operation. 
In addit ion, about 16 million cubic feet of shale for additive ,","ould be 
needed in proximity to the plant. A mea!:;ure of the amount of lime
stone reqUll"cd in the lime industry can be obtained from the fact that 
approximately 1.8 tons of limestone (55 percent CaO) are rcquired 
to produce about 1 ton of qriicldime. -Thus thc availability 0.£ raw 
n1rLteriu,ls must be balanced against the desired production rate and life 
of the plant. 

Deposits of commercial-grade limestone and magnesian limestone 
aro auuncbllt in (1) south, sontheast, and east-central Idaho; (2) along 
tho Snake Rivcr north of ,Yeiser and south of Lewiston; (3) along 
portions of the Clearwater River and its tributaries; and (4) acljacent 
to Pend Oreille Lake in the Idaho Panhandle. Other widely dis
tributec1 1ime-bearing rocks are found in different parts of the State 
(fig. 26 ). 

Tho ages of Idaho limestones and magllesian limcstones range from 
.'DlIle of the oldest to some of the youngest rock formations in the 
:-'tatc. A few of the potentially commerCial formations will be briefiy 
J'(, \"ic\yed. It must be iemcmbered, ho\,ever, that the physical and 
chcmical characteristics of any limestone may vary considerably from 
placo to place. 

In north Idaho, some formations of the Precambrian Belt series 
ha \'e been called "limestones:" Some facies may npproach the com-
11osilion of a natural cement Tock; ho\\"evel', locally, the princi-pal 
lImy rock, the ,Yal!nce formation, carries insufficicnt calcium oXlde 
l~) ~lualify as a limestone (table 7). Both this formation and the 
:-'trt]Jed Peak formation lllay occur locally as calcareous (limy) and 
lila~llcsian (dolomitic) siltstones n nel argillites. Silica and alka lies in 
tit l'S!'. ror];:s tcnd to be too high, in most i-nst:lllccS, to permit their com· 
11<('1"('1 :11 l1se, althollgh reportedly some of the rock has been llsed as 
llllxstone. . 

Tn south Idaho, certain facies of the A1bi.on Range group of Pre-
1 :1I111!rian age rank as high-calcium li mestone. Se,~cml small <"[11ar
r;! :,; lit the Albion Range are evidence of the past commercial use of 
ti ll '; l'oele. 

. .\f0St of the lo\\"cr Paleozo ic rocks (Cambrian through Devonian) 
P I ,:,)\[[he:15[c1'n nnrl east-ernfTn 1 1(1.1110 tend to he very s iliccous, mag
; h lall (doloIl1iLic) limestones. IIigh -calcium limestones arc rarc, but 
'1" "1!0 facies may approximate the composil ion of common limcstone 
',1';tlly . 
. (>P:I' P:llro7.0i.c rocks, partleu1:irly the Matlison Limestone of _Mis

" . Ipplan age; the ,Vhite Knob Lill1eslone, of Mjssissippi~m to Per-
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mirtH age; and the lower part of the ",VeIls Formation (Darwin, Ams
den, "Thite Knob?), of Pennsylvania and Permian age, are generally 
,ollle of the most widesprcad and purest limestones in Idaho. Of these, 
tho Brazcr nVhite Knob) appears to constitute the most ext('nsive re
~l'ITO of high-calcium limestone. The Brazer, Mad isoll, "White Knob, 
:llld ,Vells, ho\\"ever, all have sandsLone and slJalc hori7.OIi.s. Also, 
these formatiollS are loca lly rkh in chert (silica ) nodules a.nd layers 
1ll:1king them unfit for commercial use. 

In north Id;dlO, tho Cambrian Lakeview Limestone, adjacent to 
Pl'llcl Oreille La.ke, ranges from comm.on limestone t.o high-magnesian 
lilllestone (dolomite) and marble. These rocks havo been exploited 
ill t Ite past for both cement and lime products. The Lakeview Lime
:- tolle is readi ly acce..c;sible, but its wide range of composition would 
l'PcIltire ca reful quality control during production 0:E the rock. This 
formatio ll might provide agricnlturallimestone for north Idaho. 

Probably 0:E equal importance as the Paleozoic formations is the Tri
:I~s ic limestone in ' .... estern I daho along the Snake Rinr and in Nez 
Pprce, "Lewis, and Clear-water Count.ies. This rock ranges from lime
,1Ono through high-calcium limestone, and inchldes supercitlcium lime
, lOne facies. Because of its physical qualities (color and hardness) 
."ollle of this Triassic rock may have possibilities :EOI' use in commercial 
blli le! ing, particuhrly as ch ips for tenazzo. . 

In southeast Idaho, Triassic lime-bearing rock is essentially noncom
IfIl' rcial in quality. 

The Jurassic Twin Creek Limestone occurs ,viclely distributed in 
."Hlt Il\yest Idaho. It tends to be somewhat arenaceous and :1l'gillace-
1)11<; (sili cn.- ,and clay-rich), but aludy~es suggest that locally much of 
Ih is format ion would he suitable for natural cement rock. 

('rctaceous formations in southeast Idaho-for' example, tho Peter
'( Jil, Draney, and reIiain facies of the ,Vayan- are very limy. These 
11'i' denso lrc.sh-,,'ater sediment-s that are locally magnesian limestones. 

The Salt Lako Formation of Tertiary age contains thin beds of 
tillP-gr,l ined limestone in sout.heast Idaho. Locally low in magnesium 
",illl', some of this rock occurs n.long Medicine Lodge Creek in Clark 
('(llInt.y, Travertine (banded limestone), in the same general area. and 
II f t IH' same age, approaches a high-calcium limestone. 

Tr;)\'ertino composed of supercalcium limestone occurs in the Fall 
I'rl'('k area in Bonneville Count.y. Similar cleposits of moderately 
', ('go ('xtent occur at other localities in southeast Idaho; for exnmple, 
. , rho reg ion southeast of Bruneau llearthe Bruneau River. 

111 tho past, at least 24 out of 44 Idaho counties have produced some 
',rll illereial pl'Odncts from li mestone or magnesium limestone. Avail
'.!, I" statist.ic.s on past production, ho\yenr, are inadequate because 
;'i "It ~ll r tion is limited to it few enterprises and production figures are 

"''; ~I !(' t'(~<l confidential. 
Lillie-bearing rock from th is State ha s h('c l\ used principally for 

'r l! 'l!ltnral stone, flllX, cemcnt l'ock, find li me (including the ]laper 
. Ii ~ lIgar incl\i stries) . Small qualltities jlrOb,lbly have bE't' n llf'ell in 

. '<·-t ['net iOIl-for d imcnsioll stone n nd brokC'1l stone- hllt thr('c a ppears 
' : 1:<, nl) ('('cord of this nsC' . Morc recently, tltC' principal C()Il Slllllption 
~ 1~! IIl'" t ol1e in Idaho has ])pen ill the cemcnt inllustl'Y. 
I ~\'() ('(,I1IC'nt plants ha\'e operated within tlH' Statr. Onr at Orofino 
( Ipar\\'ater County was closed, reportedly because of litigation. 
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The ot1wr, the plant. of the I(lnho Portlnnd Cement <;0 .. , with a 
reported capacity of fl-l:D,OOO barrel s of ce]l}ent pel' year, JS 111 opera
tion at Inkom in Bannock County. The Illko.m plant operates at 
abOlIl, WI p('I'('ellt. of capacity al.Hlutilizes approxll.nntely 128,000 short 
fons of' lilll l'sfOl1P, from \\·hlch It. pro(lucl's approxImately (S8,000 bar
r('ls of Cl'lllcnt per yea r. Th is is n, sllla ll plant b.\: C?ll1 pal'l SO n to:t plant 
in Alab:uDa, \\"hieh has n, capacity of n.bout 33 millIOn barrels of cement 
per year. . .. 

L'il11e is us~cl in the sllgf~r industry, H,nd .much of l~ lS pro,~l:lcec~ ~)r, 
the sugar l'pllllcrs for theIr o\\"n usc. fhls product lOll of capt~ve 
lime l{as nnly recently bcen included ill the. U .S. Bll1'enn of Mines 
::\finernls Yearbooks. Although locally n.vHI.1ab1e, ~nuch of th~ raw 
li mestone used for this purpose has been sll1pped III from adJ;~c~llt 
States. In IDG1, 46,760 short tons of l ime "'ere produced, l'eqlllr~ng 
a pproxim:l tely 1)4,000 short tons of 1 il1le~tone. Il~ ~DG2, productlOn 
incJ'paspd o\"('r 4"1 percent to 67,5GO tOilS of lllDe, reql1ll'mg about 122,000 
tons of 1 imestone. 

III the past, the pa perm ill at Lewiston has l~sed abont 8,500 short 
tons of Idaho limestone per year; hm\'ever, th.1S figu,re has proba?ly 
been rNlllced because of technological chrmges mvolv1l1g reprocesslllg 
of sllHl ,re and recycling of lime. . . . 

.A lth~llgh large quantities of reasonablJ: accessIble 11l1le-be.:tl'JlI.~ 
rock are present in Ielaho, the outlook for ll1creased consumptIOn. IS 
poor because of the absence of large l?cal markets. T,lms, .no mal?!' 
('xpansion is expecteel un less new llme~tone-consu mll1g ll1dus~l"Irs 
ShOlllc1 a Plwar in the l'eg~on. Any futurc\~'I(]pspn:,ac111se of Iclal~o 1111:e
st one !1lllS t. bo accolll pal1led by better <1\wlIty cO~lt rol~ by potentJa I pIO
tIllc('rs ill order to l1l('et a ",aiety of poss ible Sl~C~ 1 fi ca tlOns. 

There is no eyidence to suggest that adell.tIonal cC I;lellt planf's al't' 
nceded in the region . Therefore, the ll se of 11111estone m lrh~ho sho~ t1d 
i11('rO:1.Se on ly at a moclera~e. l'atc. ~Towever, gl'aelu,nlly lncrea~~n;! 
dpll1<1lld for c(,ll1ent. comJl1ochtl es may Increase productIOn at the eXI~f· 
ill!:!' Idaho plant. . 

'According to a study marIe in 1.062 by ,Yill,ian:s and Rob,.v (p~n::tfe 
rcport). ac1di tiona I markets for lIm estone eXlst l.n the Pacl~c N ott ~1: 
\\"r~t. Some of these markets could be supplJed econom.l ca ll y. 1.\ 
north TI1:1ho rock. The a\'a il nble markets and current prlcPs ('Itcd 
pel' short tOil of sto11r, [01' the c1ifl'erent IlS(,S, ,yere cited as folloll":: : 
'-'11"'11' product ion ~:2 .7:) · papel'lllakillg, $2.71; smelter flux, $1..JI1: 
~;-;"·I(,lllf\ll"·t1 stone' ~~.50: and ol'nanwl1tn l stone; $15. CU1'l'ently.tilr 
, h ,., e , . • L . C t · to 
Xr.z PelTO Indian Tribe is trying to get qual'l'les III e,\"IS oun .y 111 

p],oduction. . , .' 1 r,' 
neseal'ch by the Ul1Iver:::II'y of Idaho Dcparlllll'llt of .\gllCU til I 

. l' t • 1 1 for :1!2Ticnltul'al lim estOllC in no r{ 1 may IIlC lea 'e an lnr.l'enSe( lleel ~ 

Idaho. 

MANGANESE 

(By W. C. Prinz. U.S. Geological Survey. Washington. D.C.) 

:\fal:gnnrse is i~l(li.sp~n sable in fhe proclll~·tiOl.l. of steel anc~ .. is ~lli: 
('Ssellt.lal to 01 11' ?\af iOlI 'S ecollomy. Tho dllef \ .-duo of m~llb,111e . r" 
as n, cl eslIlfllrizPl', and more than lR ponll(ls are eOlls1l111ed Il1 the I' 
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clnct,ion of each tOll of steel. Some is also used as an alloying metal 
in lllgh-sf rel1gth steels. More than 95 percent. of the mnngnnese con
sumed in the United States is for metallurgical purposes ; the re
lIlaincler is used, genel'fli ly as oxide ore or concentrate, as the c1epolar
izrl' in dry-cell bat teries, in the manufacture of manganese chemicals, 
as ,) lh:ying ag?J1t jl: paints and :va1'11ishes, as n pi g ment?l' to nentra l,ize 
the cfie?ts of ll'on 111 g lassmakll1g and ceramlCS, and Il1 the leachmg 
of uranIUm ores. . 

:'If:1nganese occurs in a variety of minerals in the earth's crust, but 
insofar as ore deposits arc concerned only h,o types arc important : 
(1) the numerous manganese oxide minerals, and (2) t.he manganese 
carbonatc, rhodochrosite. Some manganese deposits arc sedimen tary 
ill 06gin; others are in veins or replacement deposits that formed from 
hydro thermal solutions 01' less commonly, from hot spring "'aters. 
Later action by ground water has modified· many deposits of both 
types by converting rhodochrosite and manganese silicatcs to manga.-
11r5C oxide minerals, changing original oxide minerals to different 
oxi de minerals, and enriching or concentrating manganese. 

:'I[ost of the manganese resources ·of the United States are in low
grn cJo sedimentary deposits which are not" economical to mine at the 

!)!"csent time. Domestic resel'\'Cs of high-g-rade manganese ore are 
ililited, n.nd the United States therefore relies h eavi ly on imported 

t!langa nE\Se ores to supply its annual needs of about 2 million tons. 
Thr largest domestic production of high rnde ores and concpntrates 
(·1..5 ::\ percent mangane.se ) in recent years occurred in the 19;'.i0's under 
r ltr stimulus of GoVel'11ment purchasing at. premium prices for stock
r,il ing. Annnal domest ic production in 1056, 1957, and 1958 rxceedecl 
.;Il(),O()O tons, but after Government purchasing· ceased, domestic pro
dll('! iOIl declined sharply and in 1962 amounted to only 24,758 tons, 
lflfb t of which came from Montana. 

fdaho is not a large mangnnese-prodncing State. Accordino- to 
[d;i1lO Bnreau of Mines and Geology Bulletin 18 (p. 68), the Statebhas 

... , , ' ldr(~ a total of approximately only 12,000 tons of manganese ore, 
'."h!('h IS 1ess than 1 percent of our annun.l consumption since the first 
1· "(Il'de(j production in 1026. No mang'anese has hepn produced in 
I·la lio sincc the Government stoI)I)ed bn}ri n (Yore for stockJ)il in o' in the 
I , I" "0' 1I[ . ,.... ,., 
"I' ,,;, S. H: ost of Ida ho's manganese ore has come from t\\"o a l'eas-

/:~ I' nea r qle\'(~l an d in Franklin County (formerly part of Bannock 
" lI liI Y) (fig. 27, No.1) and the other at Lava Hot. Springs in Bannock 

c 'H ildy (No.2). ' 
.\hllganese was first found in the Cle\'elancl area in 1922 (He\Yett, 

, .. .,!, ). 1 'here, beds as thick as 4: feet ~md irreg'ular zones of soft 
:'~:'rh .\· m:1l1g-anese oxi.c1es with or :without hard high-grade manganese 
.. . dr. nodules OCCur 111 unconsohc1al"ed clay, sand, anel marl severa.l 
. '~I "l'rd fcet ftbove the floor of f'he \'alley of HlC nC'· r RiYer (He'Yett, 

. " ~; Hcwett an d others, 195G, p. (04) . The seer 'n ts accumulated 
, hkes tIJftt. fillc(l the vall('y in early Pleist("'l'llo time. Some 
. ' ~~.l ll(·."e oxides al so occnr on the 11ne\'en snrfncn of the older rocks 
;l,t.' Ilase of tlto nnCOllsoliclat r d sediments. Ore from f'he deposits 

. t 'll!l('{l ~o to -tD percent mmlgnnese. The pr(>scnce 11e:1 rby of 
·'c:alleso-hen.l'ing t ra.Yertine cones suggested to IT cI>ei t and 
.,j.'Il(:l' (1060, p. ~7) that. the ma~\[!',meso in t.he~c (h'po,;its \\'as de

flol\1 hot sprmg \Yaters. Vmcent anel Holmes (1952) havo 
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STONE AND CONSTRUCTION MATERIALS 

(By R . R . Asher, Id aho Bureau of ilfill(,S nnd Geology, Mosco\\', Idaho) 

S tono and construction material s arc highly important commoditi cl' 
to ill(lllstry in t.he Ullilecl States. For example, crushed stone is ex
ceeded oniy by th e. fu els, iron ore, nnd cement. in value of annual pro
duction. Dimension stone, of lessl'r importance than crnshecl SlOIl C, 
hasa much higher unit value; in 1%1 only 0.3 percent. of. all stol1.epro
dnced in the United States wns dimension stone, but It, conlnhnrerl 
9.2 percent of the. total valuc (00tter and Jensen, 1962) .. Other ~t~ne 
and construction Illflt eria Is of Importance are slat.e, p11l111 Ce, p'umlcltf>, 
volcanic cinder diatomite, and natuntlly expandable mntenals snch 
as bloatino' clays and shales, pcrlite, and vermiculite. The valne of 
pumice p~micite and volcanic. cinder produced in 1961 ,,'as in exce~o 
of $6 million; vol~flnic cindcr, of much lower unit. value than pumi ce or 
pumicite, accounted for G2 percent of the tonnage produced but only 
for 38 percent of the gro~s value (Hal~h\'el1 and. Schreck, 1~62a). Thl' 
totnl value of crude perhte produce d III the Umted States ~n 1961 \\' n~ 
$1.5 million; the corresponding figure for e.xpanc~ed perlIte ')as $I:! 
million (Hartwell and SchrE',rk, 19G2b) . It IS obvlons that stone and 
const.ruction materinls cont.ribute significant amounts to the economy 
of the United States. 

Crushed stone, pumice, and volcanic cinder are prodnce~ in Idah~. 
and until 1963 pl'rlite wns produced. There are large depo~lts of pnm.l 
cite but there has been no produeLion; slate ocenrs but It~ econOlll iC 
potential is not 1<nown; dimension sl'one has heen pro~luced 111 the Jl ~~t 
but is now an insio'nificant indnslry. Such mnterIals as E'xnnndrd 
clay and shale or ve~'miculite nre not"important in Idaho and the~' nr\' 
not di senssed in this chapter. Diatomite is covered in a separnte chap' 
tel' of thi s report. 

Crushed stone is used in the construction industry for road stoll r 
and ronrrete nO'O'reO'ate" dimension stone finds ll se in building constl'lIc, 
tion as interi~;' an~l ex'terior trim nnd facing stone, base plaJrs, all.'l 
sl ,url llml stone; it is also used for monuments nnd statues. Slnt e I" 
used for roofing aJ~~for other specinjized applications .. N~ln]'al.;lnd 
expanded lightweight materials are nsed as aggregate 111 hght\Tel~~lt 
masonry concrete, plaster, stucco, and mort~r ~nd as aggrega~(' \1. 
pr(>cast concretc prochlCts; they a Iso find n pphcaho11 as loose fill 1I ~'1 I 

hltion" and as in!.!:J'('rlients of mnnnfactnred \yall board and accOn
"l1<' ·l 

tile. In additioi1, ])umice and pumicite nre lI sed as !JOzzolnns nnd YOI' 

cnni c cinder is used as aggregnte, road metal, nnd raIlroad balla~t. . . 
The above commoditips nre not on Iv imnortant in I·he constrJlct!( 

industry; they are used in many othei' fields. The 1 ight.weight ]11:\':( 

rials mentioned above can be usecl as inert minera.l fillers, filte r :\. 1 ' 

paint extenders, abl'nsives, soil cOllditione~'s un<l fO.r many otl1P:' I~,-:, 
(Ot is J f)(iOa, H)GOb) .. Crllsherl stone, pa rhcl.!ln I'ly 11111esto11l',.t hl .~l: . 
imporl ant. ra", matel'ml of the crushed stone Industry, bns a ",Hie 1.1. ~ 
of nnnli cntion. Limestonl', is a basic il1[!!'l'dirnt ill cement mnntlf:1 rtll . 
and it is important. to agriculture and the ehemical and metal1ur~.· . 
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industries. Because of its importance, lim estone is discussed 1ll a 
separate chapter of this report. 

In general, almost allY type of rode is suiblble as crushed ston e fol' 
constructi?n ll se~ as long as'i.t is relatiycly strong, abra sion resist"wt, 
and chem.lcally mert (SevermglJaus, 19(0) . The size and shape of 
the depo~lt and tJ~e amount of overburden are important cost items in 
quarry sIte Sel?ctIOn (KeJ: 1(0). Once a quarry is de\'(~loped, di s
tan cc from pomt of use IS generally t.he li mi(inO' ewnomie. fado·!'. 
necal1se raw I~laterjal s are readily available at. ll~any loca lit ies and 
portable crushmg plants can be readily moycrl to ne\\' s it(>s, a quarry is 
g-enerally abandoned a.nd a. new one established 'wh en I he di sl ane!) 
from a .construction sit e ~)ccomes excessiyc. In some applications, 
~I1C.h as llmc~t?ne or quartZIte fOl: chernlcal or metal1urg ien,ll1ses, chen1.
IC<'l~ c:omposItron may be more Important than th e physical charac
lCJ'JslICS of th~ prodnet.. The av.ailabilit:r: of chemic:ll1y snitnble st one 
may strongly mfluenc.e the selectIOn of a slle for the d eyelopmenl of an 
industrial plant. 
. Like crnslwc1 s1 one~ almost any type of rock mar be used for dimen

sIon stone, but depOSIts are mu('.h more r estricted becau se. of the rio'ieI 
~pccifications covering nniformit·.y of text.nre and grain size, const ~nL 
~olor or col~r pa~terns, and freedom from impurities that cnuse stn in
IlIg or deterIOratIOn. Porous rocks are unsUltable bec,ause of aclyerse 
rO'cds ~ll durability. Bpcause relnt ively larO'e blod,s are required 
stone WIth closely spaced joints or othel: plnl{'CS of weakness are un~ 
aeCel?tf~ble (Bo,,-~es, 19GO). ,Th.e limited availability and the expense 
II~ mmI.ng, handlmg, and sl~Il?pmg Ihrse heavy, bulky products make 
dlll1en,slon stone uncompetltlve III many npplirations. Snbstitllte. 
mat.erlals such as ?or~cre.te proclncts and other manufactnred items havc 
largely replaced It m the const.ruction market (Key 19GO) buL the 
lise of orr~n.Jnent~l aJl.d decorative stone is an . important. ma~ket that 
ha~ ~een mcreas:ng m recent years . . Stone possessing some lmique 
qu ,tll.!.Y I!lay be h~ghly ,'alned for spec-Ial monumental or architect.ural 
npghcatIO.ns an~lIt c~n then be shipped long distances. 
\\' I~te, lIke. dunenslOn stone, has It, limited market Roofing slate 
I, a~ at on.e tune v~ry popular, buL manufactured products haye now 
I,llgely dIsplaced .1t. from the roofing market. Slat.e is used in the 

I
lIannfacture of bIllIard and other table tops elect.ric 11anels bhcl--
;1J'l l'{ls and fla O'sto C 1 d 1 . d' f ' ( , 1..;1 ' . ,' • ' b ncs. ,rus 1e s ate IS usc or roofing granules . " . ~.;e exp~ndlllg'proccsses have been developed and expanded slnte is 

Ii"Cu for lIghtweIbo'ht abO'QTeO'ate (Key 19(0) Pu . . . ,.., b , • 

. mIce, pumlcIte, and yolcnnic cinder are frothy cellular "oleanic 
(' jl'c ta produced b I' I . , , . , ' , . ('bief,.. .y exp OS1\'e vo calllC n~tJvlty, They are composed 
)'('(' n:l~ of vol~alllc glass nJl(1 charac.tel'lzed by n low bulk density 
(.J' e o~ theIr cellular nature. These materials nrc 'found ill areas 

In ractenzecl by recent. volcanie activity on Ihe slopes of ,"ole-mil" 
~(JlJCSb' as bedded de.posi ts rcsultin o' directlr fror~l "I sh fIlls O'ftnll' 
.lIt(, I' e ld 1 b ' . I t:'>." . ,. , ' 
'
1r

r d: e~ ehH'e~1 :Wfl ~O'YS or welded ttll!' shcet s , nnd as seclim(>n-
he car :'pOSlts a~so.clHted WIth ~lflYS, sands, and ~ilt s . Pumicit e may 

ued long dIstances by flll' currents followlllg an erupLion and 
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be d('posited some di stance from its sonrce. Commercially valu al>l,· 
de.poslts of these glassy \'ol cnn ie mnterinls ohler than Tel'tinl',Y are raJ'-: 
as \'ol canic glasses tend to cle"itrify rnpi<lly. 

Pumice and P11111 ici te are acidic in composition, similar to rhyolit (- · 
pUll1 ici te is th e fine lllaterial Pl'OdllCNl by viol ent volcl1nic act i\'i tl: 
an d pumice is the coarser fmction. Cinders are the basaltic 01' ba1'J\' 
equindent of pumice. 
. The chief use of pumice is for li ghh,eight agg regate, and as sl1ch 
It m li st b~ cO.mposed of. strong, clean grnn~l les or fragments \\'it h smaIL 
evenly chstnbut.ed veslCles th at. are not mterconnectecl. Propel' si z~ 
gradation of the material to be used for aggrega te. is importnn t and 
crushing and screen ing may be r equired to produce a suitable pro~lll <' 1. 
Freedom from reactive chemical impurities and from soil, hU)1)I1 :,. 

cby, and the like are other r equi remell ts. Pumice mllst produce', a 
workable mix with a low water requirement and produce concrete with 
a high strength-to-weight r atio in order to be used. 

Volcanic cinders to be used for aggregate must possess qualiti es simi· 
lar to those given for pumice. For road aggregate or railroad b:lllast. 
t~1 e chief uses of cinders, the pa r ticles must be strong and of the propel' 
SIze and shape. 

The chief use of pumicite is for pozzolan, A pozzolan is a si li ceous, 
or siliceous and aluminous substance., used as a partial r eplacement 
of the ceme.nt (10 to 30 percent ) in a concrete mix. It imparts certain 
desirable features to the mix :llld to the concrete. The material llser! 
for pozzolan must occur as extremely fine particles or grindil1O' will 
be r equired; calcining may be necessa ry to induce or increase th~ poz· 
zolame :lctivity of a material and th e optimum calcining tempernturr 
must be determined. The pozzolan should efi'ectively control albli · 
aggrrgate reactions bebyeen cement and alka lies, improve \yorka · 
bililty, r~c~uce h eat generat ion, thermal volume change, bleeding, anJ 
p ermeablllty of concrete. It should not greatly increase th e \vat cr 
requirement in the mix, conta in any exchangeable alkalies, 01' mat e· 
rially affect the strength or setting time of the concrete (U.S. Burc[l\l 
of Reclamation, 1955) . 

Perlite, like pumice, is a vari et y of acidic \'ol ca nic glass, but i t lack< 
tho cellular structure of pumice and contains from 2 to 5 percent com· 
bined water. In g'enera 1, perl it e is thought to he produced t h rouO'h (hr 
hydration of obsidian, a vilri rty of volcanic glass containing up to 1 
p ercent combined ,,-a tel', but t he source of the chemical ly combined 
,,'at er in perlite and th e mechanism of its introduct ion nre not \\'ell 
understood (S h arps, 1961 ). Because volcanic glass result s from thl' 
rapid cooling of magma, perlite deposits are associated with acidic 
lava flows, volcanic domes, and intrnsive bodies emplaced at. shallo'" 
depths. Because voleanie glass is ullstabl e and devitrifies rapidly. 
exploitable deposits olcler th an Tertiary arc seldom fonnd . 

In petrogra phy th e term "perlite" l:efcl's to a peculiHr onionskin or 
concentri e st.rain pat tern elm'eloped in yolean ic glass. Thi s text ure 

t 
t 
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is di arrnost.ie of perlit e. Commercial perlites , \\'lWIl hp;H(',3: "'~yond:1 
crrtai~ temperature, rxpan cl to yield !t lighhYcig-ht, f n.'~ "'. ~- product 
that is 1lsed as aggrega te in g-ypsum pl aster ,tnd.c?ncrete. ~t ';: :' t1 1t('r aid . 
:lncl for ot.her 1lses ; btl t. the presence of perlItlc str ll<:tu '."\:' d oes !Io1 
necessarily indi cate an ex pandable material. . 

In eva lnat-in g a perlite deposit, the softeni ng temper:Ht:t' :md fu el 
requirements mus~ be cOllsidered as \I'~ll as the eXYllnsi"';' ,' !1:n';ldl'l"' 
i ~ tics of tho matel'ln l; prrcenL decrease Il1 hul k d('ns lty ":Ill'" <'XP:11)(]I:'<1. 

chemical and physical Y<lriations of the material ill rhe' ,:<':,,)::: it. and 
the amount of illclucleclnonex panchbl e material are imp\) :'c:l:H consi,]
era tions. Th e body stTength of the expanded parti cles is !m port:mt. 
and light.-colorecl, spherica l particles wit h thi ck cell wall :, :1 ; ' ,' dt> ::: irn ble. 

n should bo pointed out, that in all of the cOll1modi r>:: di sC'1lSs('(] 
above, di stance from markets anel transpol'tation hl'iErit'.:' nrc ('x
tremely important. economic fa ctors. These nre low uni, \' ;\lur prod. 
ucts that cannot be profitably exploited if exces,;iw n :m:'portation 
costs a.re encountered. Thus, even though ' st one and ~'t1ll ~t r1lct ion 
nmLerials of excellent quality may be found , th ey :ll't' l1f l ink \'a lue 
in remote localities. The materials used in th e const l'lt('[ io 1 industry 
nre in a highly competiti"e market and a d ep osit wit h :lll econom{c 
dis:l dvantage cannot. compete. 

'Vorld product,ion figures are incomplete for the sron<.' in dust ry, bUl 
in 1961 the United States \yas \yell ahead of any orher cOHnt ry for 
which fignres are available, . 

.In 1£)61 Idaho ranked a)x>ut 40th am(:lIl f!; the States producing s tone 
'nth a reported productIOn of 1.9 mIllIOn tons l all ern:::hrd stone. 
:\pproximately 80 percenl was basalt, and gmlllte fol' construct ion 
lI ses and 20 percent. was limestone and quartzite for cempnt manufac· 
ture, construction, metallurgical, and industrial uses. There was no 
reported production of dimension sLone butit is likely that there were 
fl. few small local quarries operating intermitt ent ly in th(' Slate that 
produced an nnreported tonnage. 

The recorded prod uction of stone in Ida.ho goes back many y ears, t·he 
amount varying in response to dem ands by the constrnction, cement, 
and other industries. Dimension stone has been produ(,l'd at yari ous 
times but there has never been a significant, sustained production. The 
greatest demand for crushed stone in Idaho occurred in 185-1 clul'in O' 
construction of Palisades D am in the southeaslel'l1 p:lrt of the Stat~, 
The accompanying graph (fig. 47) shows the product ion of crushed 
stone in Idaho for the period 1951-62. Production figures were t aken 
from the U.S. Bureau of Mines Minerals Yearbooks for the various 
years. 

Table 13 snmmarizes the important fea.tu res Cif Idaho~s stone indus
try. The map number is the number fol1ow'ing the loc:lt ion of a de
posit; it refers to the corresponding number on fig-nre 48 to aid in lo
cating the d eposit. Many of the deposit s and qnarries can be loeated 
only approximately. 
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TABLE 13.-Importantfeatures of I daho's stone industry 

Rock type Uses 

Basalt ______ ______ . ____ _______ _ 1 Aggregate and roadstone; used In 
past as building stone locally_ 

Granlte __ _____ _____________ ___ 1 Ag~regato and roadstone; building 

Rhyolites, T ulIs, and Andes
Ites _ 

Slate, Marble, Sandstone, 
Quartzite, and Sbalo. 

lind monumental stone In past_ 

Used for building stone In past ______ _ _ 

Bu!1ding stone; industrial and metal
lurgic uses_ 

Location of deposits and map No_ 

Widespread; outcrop areas of Snake River Oroup and 
Columhia River Ilasalt. Fig . 43 shows areal extent of 
basalt In Idaho . 

Roadstone quarrios located randomly wherever granitic 
rocks occur ncar ronds, individual quarrics too numerous 
to plot Individualiy. Building stono qunrrietl In past 
ncar he~d of lIuils Oulch 5H miles east of nolso (0-1) 
(Loughlin, 10i4); In T. 55 N . R . 3 W. in Bonner County 
(0-2); reportedly granite of excellent quality for monu
mental stone occurs along Snako River 25 miles ~bove 
Lewiston (0-3) (Loughliu, 1914). 

Occur in 'fertiary silicic now rocks and assocbted tufTa
ceous rocks of southern ld~ho, see fl~. 18. Locations 
of iudi vidual quarries not known except 1 In Germer 
TufTJceous Membor of Challis Volcanics, ncar Challis, 
Custer County (R-I). 

Building stone, Bonncr County, from rocks of Belt Series 
(lJ-I ). Quartzite for industrial uscs, southollStrru Idaho, 
ono quarry 10catcdneOI Sod~ Spring" Caribou County 
(Q-I); iocations of otber quarries not accurately known. 
Quartz quarriod in tionnor County [or flux in [erroalloy 
plant locatell in Spokane, Wash. (Q-2). 1'lnto of pleas
ing redllisb coior n'portell neur Cottonwood, Idaho 
County (8-1) , (LolI,lin , 19i·1). :l1nrule suilublo for 
11l0JlUIIIl'll t n,1 s tO:lO reportcd 25 mill'S souLh o( L(.'wl~ton 
on Snake Hiver (;\'\-1). at lla, ln in C:lSsia COllnty (;\1-
3) anti ncar Oro1lan In Clearwater County (;\1-1) 
(Loughlin,1914) . SllUGStOllC qunrricdnear Tahle Hock 
southeast of Boise, Ada County (Ss-I) . Sanustone of 
good quality noar Dingle, Ilear Lako County (Ss-2). 

Remarks 

Quarries too numerous to plot Indh-idually. 
Loe.,ted near roads in are"s whero basait 
nvaibble. Most baSt,1t suitable but must 
avoid stone that Is too brittle, sort, or con
tains rC3cth·c ch(,l11ic!lllngredicnts . 

l\lany or the gra.l1ilil' nrc:).s iu Idaho nrc remote 
and dimeult of necess. Closo jointi!l~. 
wcathcrin!!: . and dlgintc~ration mnk~s much 
of the gmnite unsuitabie. Rocks occurring 
In gneissic border ZOllO of 1(13ho batholith 
h~vo potential value as trim nnd rncing 
stono_ 

TufTs are easily quarried nnd worked; they 
hurden on prolon~~J. exposuro (Behre , 1930, 
S,wllge, 1961). Flow roeks potentiaily valu
able as trim stone bOC'\l'50 of attractive colors 
nod i.ntric~tc now p:\ttcrns. 

Sandstone of Idaho Formation from Toblr. 
Rock qunrry important in (,3rly 1!l~O' s; used 
In construction of Stute Capitol in Bobe and 
shipped to Cnli!ornb, :\ehrnskn , Coiorado, 
Nevada, Oregon and Washington (Sn .. ngo . 
1958). Other loealilies only of local im
portnnce . 
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EXPLANATJON 
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Granitic rocks 
Includes border zoue 
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Continenta l sedimentary r k ' 
of Id aho,Gr oup and Payette :dSSttl

t 
~. r 

Fc:'r mDohons . In c ludes some _. ....; 
Interbedded volcanic rocks . i 

[;';:\.J { 
Limestones .. marbles. quartz ites sandstones 
and other sedimental"Y and mc tan;orphic rocks' 
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FIGURE 48.-Stone and construction materia Is in Idaho. I 
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Idaho has sufficient. reserves to satisfy demands for crushed stone 
for nIany years. Consumption , ... ill probably incrcase in t he futnre 
:l~ there arc se,nwal Federal highway construction projects, dams, and 
othef const.ruc! ion jobs now underway and planJl rd in Lhe Stnie. 
There is little ('.hance that a large, prosperous d imension stone ill
dustr,Y will develop in Idaho. A market could be dC'\'eloped for many 
of tll e sandstones, rhyolit es, and tuffs \\"i th pl easing colors and 1111-
lI~lIn 1. t extllres for trim, faeing, and ornamenta 1 stOJ1 C', h()\n.'\'er. The]'(' 
nrc small areas of shale and slate 111 the. State t'hat hnye potential 
r:l1ne in the manufadure of expan(led products for ligliL"eight ag
(rl'C'crate ; this usc has neyer been evaluated. 
r- Idaho ranks about senmth amon g the States producing pumice, 
pumicite, :md vol can ic cinder. In 19-!G Idaho \\" as in first place as a 
producer of pumice but since then Idaho prorlnct ion has genern ll :v 
drcl'ca.sed whil e oyer all U.S. production h as incl'f'ascd. The graph in 
fig'urc 49-A shol)s Idaho production of pumice, p11micite, and yo1canic 
cinders from H).J.6 to 19G2 and it points out h ow the annual tonnage 
and yalne of these products has d eclined . The <lata for th e graph 
\\"cre taken from the U.s. Bureau of ~Iine.s Mine.rals Yearbooks for the 
various years. Prior to 1963 volcanic cinders \1"l'1'e n ot· in cluded in the 
annual figures prepa.red by the U.S. Bureau of Min es, anel th e porti on 
of the graph representing the years 19-16 to 1953 shows only pumice 
and pumicite. There is an unkno"n quantity of cinders proclnc('(l in 
Idaho ea'ch year thaL are not r eported in the U.S. Bureau of Mines 
{OJ' inclusion in their annual fip:nres. A less drast.ic ded ine in Idaho 
production would be indicated by the graph if th ese uIll'ecordc(l 
cinnf'Ts conld be. included. 

Figure 49-B is a tabl e comparing tot:l.l U.S. prodnction and Idaho 
production of pnmice, pnmicite, and vol cani c cinders. This tabl e 
!'hows t.hat whil e U .S . production has bepn increasing ycarly, Idaho 
product.ion has gpnera lly decrea<::pd, especia lly sin ce 1058. CindC'l's con
tribute significantly to O1'emll U.S. production but many of the cindC'J's 
prnduced in Ioaho are unreco]'ckd: thus figure 49-B is not a irne pic
ture of the sit.nation, but. it, is indicative. Loss of ont-of-State markets 
to producers more fayorably sitnated and to competing products ha s 
caused Idaho pnmice production to decline. Increasing freight rates, 
couplNt ,,·ith a decreasing 11nit· value f or p11mice and depIction of easily 
aCGC.%ible deposits c.lose to rail f:l.cilitics, arc a.lso adverse factors af
IPct.ing production. 

There ha s bern no sig'nificallt prodnction of pmnicitC' in Idaho. This 
rnate.rial is widely ayailable and a p otC'llti:1l market C'xists for it as a 
poz7.0lanic ma tC']'i a 1 ann for other nscs. Cinders a re an import:mt, com
mod itT; they are nSNlla rgely by nOl1comllwrcia 1 fi rills snch as Feocral, 
~tate, and county agenci(~s for road aggrpgate. Only two commercia 1 
cmcler pits are knowll in the Statp. 

Pnmico Hnol)l1micitr arc assorintC'(t with tlw Salt L ake and Payettp 
formations, and Idaho group of son th C'm Idaho. The arC'.al rx/ellt. of 
these uni ts is shown on figllre 48. C'in<1 rrs :l.re associated with th e. 
Snake Ri\'cr basalts and cinclC'r COllC'S a 1'1.' ahnl1(lnnt on the Snake Ri\'er 
Plain and in acljac('nt areas. ' Yaterbicl cind C'I'S arC' f01mcl int('rbendC'd 
\,:ith srdin1C'nts 'in "\da, Canyon, ano Bonne,il1 (' Conntirs. B rcanse 
~1l1ders and pnmicitC' aI'r so wiclespread nnd abundant, only the more 
Important and C'xtens i\'c. deposits fl re shown on figure 48 . 
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TABLE 14.-Summary of the features of pumice, pumicite, and cinder deposits in Idaho 

Commodlty 

Pumloo (most deposits con· 
tain associated pumicite). 

Areas o( occurrence 

Soutilcnstern Idaho; associated with 
Suit Lake Formation and >lith T er
tiary silicic volcanic rocks . 

Pwniclte._._ ...•.... . . ...•. . __ 1 Southern Idaho; associated with sedi
ments of l'ayettoFermatioD, Idaho 
Group and Salt Lake Formation. 

Important deposits and representative occurrences 

1. Foothills east of Ammon, Bonnevillo County; part o( 
Salt Lake Formation. (P-1.) 

2. Magic Reservoir pumice; associated with Tertiary 
extrusives; probably near a volcanic vent . (P-2.) 

3. Totonia pumice. ncar village o( Tetonia in Teton 
County; ~alt Lake Formation? (P-3.) 

4. About 20 miles north of :vIalad, Oneida County. Salt 
Lake Formation. (P-4.) 

5. Between Carey nnd Picabo, Camas County; intorbcd 
In Challis volcan ics (?). (P-5.) 

1. En.' t flunk of Cassia :l10untains, Goose Creek Basin , 
Cassia County. SnI t Luke or Payett.o Formations. 
Interbedded with acidic extrusi vo rocks. (Pt-I.) 

2. South of Mnrphy, Owyhee County, along Rabbit 
Creck; Id"ho Orollp. (1' t-2). 

3. Along Reynolds Rond
b 

southwest o( Walters Ferry. 
Owyhee County; Ida 0 Group . (Pt-3.) 

Remarks 

1. Ammon and vicinity most important pro
ducing area in State; product selig (or $1.65 
to 52 .30 per ton. 

2. Development by various firm~ attompted 
severai times, presentl y inactive; large 
reserves: pumice is co~rso, requires crush
In~. good quality . 

3. Simil ar to pumice mined n car Ammon. 
Reserves e x ten si vo. Deposits on ly 
slightly developed: in termittent produc· 
t ion A 

4. Agsoci<\tcd with perlite and rhyolitic flows. 
l' it operated br Hess Con$truclion Co. of 
;\lal:ld. Crushed, screened, blended prod
uct sells for S~.50 pl'r tou, nlllrketcd in 
Utah . Hescrycs ",tensl",·. 

5. D epo,lt undeveloped ; rescrves unknown , 
possibly subst,lll tbl. 

1. Fairly pure ash with a totul thickness o( 
),700 (('pt: n.rc:\l rxtcnt in cxC'~ss o~ 100 
square mile'S (Pipl'r, 19:23; Anuerson , l 031)~ 
ull rlcv elopl'tl . 

2. D eposit (''(tt'nsiv€', n~b oc('urs in horizontnl 
bed 12 [cr t thiCk, lllll trrlll i inrlurutnd but 
(r ia1>le; pure y olc:.mic asb ; unu('\"clopcd. 

3. Very ",tensive deposits or ,-ole:lllic ash 
about 60 feet thick . ash forms st.eep cUtIs, 
bells ahuut horizontal; undl~vclopC'd . 

4. North o( Emmett, Gem County; Idaho Group . (pt-4.) _1 4. E xte l1 <ivc dcpo,iL 111 dipping bl'lis; o,-er
lmnlrn oC sa nd, silt. Sume tost i n~ do ne, 

5. Ncar Rockland, Powor County; Salt Lake Formation. 
(Pt-5.) 

6. N ear Inkom, Ban Dock Conn ty; Salt Lake Format ion. 
(Pt-6.) 

indicates suitahility of thl' ash ~s pOZ1.olntl . 
5. Occurrenc('s nulltt!rous, sOlne up to 150 feet 

t.h ick; undeyclop<.'d_ 
a. Pit developed uy Id nho Portland Cement 

Company (or use iu mU!lllfi.lcturc of port
lund· pezzoLla eCillo!!t. Beds or ~sh total 
200 feet itl t{,icknr,s. rairly hurd, re· 
quires grindinR: n'srrves abn !ld~Ilt . 
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pe.rlite from Novemhcl' of lDGO untill!JG3; no fif-,rul'C' s nrc nyailable on 
tho quant.ity produced dUl'ing this period. A mill is maintained at the 
mine; an. open pit, operat iOll ai1d expanding fa ci lit es are loc;ltrcl 0]) the 
I'a.ilroncl at J\Ialnd (Staley, 1962). 'fl1e deposit is nssoeia t cd ,viLlI Ter
tiary siJieic yolcanic rocks oyerlying the SnIt L ake Formatioll thrtL 
locally contnins pnmi ce. Perlite has not been p1'0dnced from any other 
deposit, in Iclrrho, and none of suffIcient. size rr]'e 1\1I OW1I. Slllall lenses 
of perlitic glass can be seen in th e 'fertin!',)' silicic yoka nic rocks at 
~(wcral places in southet'll Idaho bllt these occurrences [t):e not. of COI11-

mercia,] int ercst.. 
A report on t.he yolcanic construction I1lrrterirrls in Idaho is lJeing 

pre.pared by the I(hho Burean of ]\fines and Geology. The l'l'port. \\"ill 
JIlclnde more details on the locntion, geology, qua lity, an(l CjIHl.Jlt it y or 
the vrr.rious materinJs within the State. 

THORIUM AND TilE RARE EARTHS 

(By A. ~. Anderson and C. N. Savagl?, Idabo Bureau of ::\Iincs and Geolo;{y, 
Moscow, Idaho) 

Thorium 11l1d the lanthanide series of elements ("rare earths" ) ha.\'c 
simil ar chemical properties rrnd commonly occur in the same minerals. 
Thorium is not. qui te as plentiful in the earth's crust. as lead and 
molybdenum but. is more pl ent ifu l than urrrnium. It. is radi orrctiw, 
rrnd its possible usc as a nuclear energy fuel might signifkrrntly in
crease demand for thorium ores. The r rrre earths rrre not mdioactive 
bllt nre sOImm-hnt.likc aluminum and rrl'e essentiall y brrsic in character. 
Their future lies in their remarka.ble ycrsrr tility. Some of tl)(',<:c littJc
known elements arc as plentiful as coppeT, lerrel, and zinc., and others, 
although scarce, nrc more abundant thrrn mercury, si h -er, and se
lenium. Markets for the thorium and rRre-earth minerals are now 
relat.ively small. In pnrt., this r eflects tho 1'elati,-ely high unit. cost 
of production of limited quanl-ities. If lrrrger mrrrkets existrd, yol
urne production techniques might substantially lower unit. costs. 1'0-
tent.ial uses arc being developed t.hat may crente increased demand, 
which, in turn, shou l<'l. lead to 10"e1' prices and fost er fmther ex-
pansion. 

At present, thorium (Th) is used primnrily as tllorium dioxide 
(Th0

2
) cont,'1ining 1 percent. cerium di oxide (CeO~) for nse in the 

incandescent gas mantle devised by , Yels\)rrch for keroseno and gaso
line lanterns. Other USf'S of thol'inm and its compounds arc as eata
lytic agents in the petroleum and chemical industries; as ingredients 
in special glasses, medieinal compolil1ds, and poli shing compoumls; 
as a refrrrctory; as rrn alloying 111rrterirrl \\·ith mag11Psilllll, rrllCl in p.lee
tronic devices. The potentirr l llse of thori11111 as rr sOl1rce of flt omic 
power, a Jt.hOllgh st.ill in t.he expel'i ment a 1 s1 agp, hfls some afhant ngrs 
ovor uranium rrccording to some in\'est igators. TllOrinm cannot. be 
used direct.ly in Ilu C'lpfll' reactions but. can be con.n.rted to fi ssionable 
U233 in so.ea 11eo b1'('eflel' l'endors, and the U233 is t IH'1l ll sed rrs a SOlll'Ce 
of a.t om ic energy. Experimental r eactors using t.horium cores arc 
no,Y in operation , ",hile research is being done all 0\'01' the \\'o1'ld to 
furl-h er t.he usc of thorium rrs a sonrce of energy. 


