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ADVERTISEMENT.

[Bulletin No. 119.]

" The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

t *The publicationsof the Geological Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and clussification of the lands, and reports upoun general
and economic geology and paleontology. The annual report of operations of the Geological Survey
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports
of said Survey shall be issued in uniform guarto series if deemed necessary by the Director, but other-
wise in ordinary octaves. Three thousand copies of each shall be published for scientific exchanges
and for sale at the price of publication; and all literary and cartographic materials received in exchange
shall be the property of the United States and form a part of the library of the organization; and the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.”

On July 7, 1882, the following jn;im; resolution, referring to ull Government publications, was passed
by Congress:

“That whenever any document or report shall be ordered printed by Congress, there:shall be printed,
in addition to the number in each case stated, the ‘usual number’ (1, 734) of copies for binding and
distribution among those entitled to receive them.”

Except in those cases in which an extra number of any publication has been supphed to the Survey
by speciul resolution of Congress or has been ordered by the Secretary of the Interior, this oftice has
no copies for gratuitous distribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp.
lmap.—A preliminary report deseribing plan ot organization and publications.

IL. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882.
8°. 1lv, 588 pp. 62 pl. 1map.

III. Third Annual Report of the United States Geologlcal Survey, 1881-'82, by J. W. Powell. 1883,
80, xviij, 564 pp. 67 pl. and maps.

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884,
80, xxxii, 473 pp. 85 pl. and maps.

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W, Powell. 1885.
80, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80, xxix, 570 pp. 65 pl. and maps.

VII. Seventh Annual Report of the United States Geological Survey, 1885-'86, by J. W. Powell, 1888.
80, xx, 656 pp. 71 pl. and maps.

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
8°. 2pt. xix, 474, xii pp. 53 pl. and maps; 1 pl., 475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889.
80, xiii, 717 pp. 88 pl. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890.
8o, 2pt. xv, 774 pp. 98 pl. and maps; viii, 123 pp.
- XI. Eleventh Annual Reportof the Uniterl States Geological Survey. 1889-'90, by J. W. Powell. 1891.
‘80, 2pt. xv, 757 pp. 06 pl. and maps; ix, 351 pp. 30 pl.

XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1891.
80, " 2pt. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps.

XI1II. Thirteenth Annual Report of the United States Geological Survey,1891-'92, by J. W. Powell.
1893. 8°. 3 pt. vii, 240 pp. 2 pl.; x, 372 pp. 105 pl. and maps; xii, 486 pp. 79 pl. aud maps.

XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-'83, by J. W. Powell.
1893, 8°. 2pt. vi, 321 pp. 1pl



I ADVERTISEMENT.

MONOGRAPHS.

1. Lake Bonneville, by Grove Karl Gilbert. 1890. 40. xx,438 pp. 51pl. 1map. Price $1.50.

II, Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt.. U. S. A.
1882, 40, xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00.

III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882.
4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00.

IV. Comstock Mining and Miners, by Eliot Lord. 1883. .4°. xiv, 451 pp. 3 pl. Price $1.50.

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151. 29 pl.and maps. Price $1.85.

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4°. xi,144pp. 541. 54 pl. Price $1.05. )

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16
pl. Price $1.20. ' .

VIII. Paleontology of the Eureka District, by Charles Doolm.le Walcott. 1884, 4°. xiii, 298 pp.
241, 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield. 1885. 4°. xx,338 pp. 35 pl. 1map. Price $1.15.

X. Dinocerata. A. Monograph of an Extinet Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 4°. xviii, 243 pp. 561. 56-pl. Price $2.70.

XI. Geological History of Lake Laliontan;a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°. xiv,288 pp. 46 pl.and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40.

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George T\ Becker.
1888. 4°, xix,486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-
ley, by John S. Newberry. 1888, 4°. xiv,152pp. 26 pl. Price $1.00.

XV. The Potomac or Youunger Mesozoic Flora, by William Morris Fontaine. 1889 40, xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl.
Price $1.00.

XVIL The Flora of the Dakota Group, a posthumous work, by Leo Lesghereux. Edited by F. H.
Kuowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. °

XVIII. Gasteropoda and Cephalopoda. of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00.

XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D.Irving
and C: R. Van Hise. 1892, 4°. xix, 534 pp. 37 pl.

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419pp. 8pl.

XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder.

XXIT. A Manual of Topographic Methods, by Henry Gannett, chief topographer,

In press:

XXITIL Geology of the Green Mountains in Massa/chusetts, by Raphael Pumpelly, J. E. Wolff,
and T. Nelson Dale.

In preparation:
— Mollusca and Crustacen of the Miocene Formations of New Jersey, by R.P. Whitfield.
~ Sauropoda, by O. C. Marsh.
— Stegosauria, by O. C. Marsh.
— Brontotherida, by O. C. Marsh.
— Report on the Denver Coal Basin, by S. F. Emmons.
— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmons.
— The Glacial Lake Agassiz, by Warren Upham.

. BULLE’.L‘IN S.

1. On Hypetsthene Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, witha
Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of fine metal, etc., com-
puted by Albert Williams, jr. 1883. 8. 8pp. Price 5 cents.

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76930, from Tompkins County,
New York, toBradford County, Pennsylvania, by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884, 8. 36 pp. 9 pl. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Heury Gannett. - 1884. 8°. 325 pp.
Price 20 cents. . .

6. Elevations in the Dominion of Canada, by J. W.Spencer. 1884. 8°. 43 pp. Price 5 cents.
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7.- Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
'1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcou. 1834.
8°. 184 pp. Price 10 cents.

. 8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R.D.Irving and C.R.
Van Hise. 1884. 8°. 56 pp. 6pl. Price 10 cents.

9. A report of work done in the Washington Laboratory during the fiscal year 1883~ 84. F.W. Clarke,
chief chemist. T. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Cgm-les Doolittle Walcott.
1884. 8°. T4pp. 10 pl. Priceb cents. '

11. On the Quaternary and Recent Mollusca of the Great Bagin; with Descriptions of New Forms,
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884. 8°. 66pp. 6pl. Price5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahont:m, by Edward S. Dana. 1884. 8°.
34pp. 3pl. Priceb5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885, 8°. 135 pp. Price 10 cents.

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent
Strouhal. 1885. 8°. 238 pp. Price 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp.
Price 5 cents. :

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8o,
86pp. 3pl. Price5 cents.

17. On the Development of Crystallization in the Igneous Rocks of 'Washoe, Nevada, with notes on
the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5
cents.

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America,
by Charles A. White. 1885. 8°. 26pp. 3 pl. Priceb cents.

19. Notes on the Stratigraphy of California, by George . Becker. 1885. 8°. 28 pp. Price 5 cents.

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-

-brand. 1885. 8°. 114 pp. 1pl. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and
Moreau Rivers, Dakota, by Bailey Willis. 1885, 8°. 16pp. 5pl. Price 35 cents.

22. On New Cretaceous Fossils from California, by Charles A. Whlte. 1885. 8°. 25 pp. 5 pl.
Price 5 cents,

23, Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke-
weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin, 1885. 8°. 124 pp. 17 pl,

. Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American
Localities between Cape Hatteras and Cape Rogue, including the Bermudas, by William Healy Dall.
1885. 8°. 336 pp. Price 25 cents.

25, The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885. 8°. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents.

27. Report of work doiie in the Divigion of Chemistry and Physics, mainly during the fiscal year
1884-'85. 1886. 8°. 80 pp. Price 10 cents.

28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore,
Md.,, by George Huntington Williams. 1886. 8°. 78 pp. 4pl. Price 10 cents.

29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886.
8. 41pp. 4pl. Price5 cents.

30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo-
little Walcott. 1886. 8°, 369 pp. 33 pl. Price 25 cents. -

81. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-
nids, by Samuel Hubbard Scudder. 1886. 89, 128 pp. Pitice 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert -

C.Peale. 1886. 8°. 235pp. Price 20 cents.

33, Notes on the Geology of Northern California, by J.S. Diller. 1886. 8°. 23 pp. Price b cents.

34, On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene
and other groups, by Charles A. White. 1886. 8°. 54 pp. 57pl. Price 10 cents.

35. Physical Properties of tho Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8. 62
pp. Price 10 cents.

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°, 58 pp. Price 10 cents.

37, Types of the Laramie Flora, by Lester ¥. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents.

38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 3lpp. 1pl. Price5 cents.

39, The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. ‘8o, 84
pp. 1pl. Price10 cents.

40. Changes.in River Courses in Washington Territory due to Glaciation, by Bmley ‘Willis. 1887.
8°. 10pp. 4pl. Price5 cents.

Q
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41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S.
‘Williams. 1887. 8°. 121pp. 4pl. Price 15 cents.

42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1885-'86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1pl. Price 15 cents.

43, Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene
‘A. Smith and Lawrence C. Johnson. 1887. 8°. 189pp. 21 pl. Price 15 cents.

44. Bibliography of North American Geology for 1886, by Nelson H. Darton 1887, 80, 35 pp.
Price 5 cents.

45. The Present Con(htmn of Knowledge of the Geology of Texas, by Robert T, Hill. 1887. 8°. 94
pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., wmh an Intro-
duction by N. S. Shaler. 1888. 80, 143 pp. Price 15 cents.

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of

Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84pp. Price
10 cents.

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88 pp.
Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert
Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents.

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood-
ward. 1889. 8°. 124 pp. Price 15 cents. .

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. 8°. 102 pp.
14pl. Price 15 cents. '

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook
Russell. 1889. 8°. 65pp. 5pl. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 pl. Price 10
cents.

54, On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 313 pp.,
incl. 1 pl. 11 pl. Price 25 cents.

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1886-'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. * Price 10 cents.

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72pp.
7pl. Price 10 cents.

57. A Geological Reconthhissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49pp. 2pl
Price 5 cents.

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George
Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. 8°. 112 pp., inel.
1pl. &pl. Price 15 cents.

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp.
1pl. Price 10 cents.

60. Reportof work done in the Division of Chemistry and Physics, mainly (1urmg the ﬁscal year
1887-'88. . W. Clarke, chief chemist. 1890. 8°. 174 pp. Price'15 cents.

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Waldomar

’ Lmdgrcn 1890. 8°. 40 pp. 3pl. Price5 cents.

62. The Greenstone Schist Areas of tho Menominee and Marquette Regions of Michigan; a contri-
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Williams;
with an introduction by Roland Duer Irving. 1890. 8°. 241pp. 16pl. Price 30 cents.

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American
species and a systematic :m‘zmgemeut of genera, by Anthony W. Vogdes. 1890. 8°, 177 pp. Price

15 cents.
64. A report of work done in the Division of Chemistry and Physics, mainly during .the fiscal year
- 1888-'89. F. W. Clarke, chief chemist. 1890. 8°, 60 pp. Price 10 cents.

65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by Israel
C. White. 1891. 8°. 212pp. 11pl. Price 20 cents.

66. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence
of Primary Qun.rtz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price5 cents.

67. The Relations of the Traps of the Newark System in the New Jersey Region, by Nelson Horatio
Darton. 1890, 8°. 82 pp. Price 10 cents. .

68. Earthquakes in California in 1889, by James Edward Keeler. 1890. 8°. 25 pp.. Price 5 cents,

69. A Classed and Annotated Bibliograpby of Fossil Insects, by Samuel Hubbard Scudder. 1890.

<80, 101 pp. Price 15 cents..

70. Report on Astronomical Work of 1889 and 1890, by Robert Simmpson Woodward. 1890. 8°. 79pp.

. Price 10 cents. B

71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by Samuel
Hubbard Scudder. 1891. 8°. 744 pp. Price 50 cents.

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891, 8°,
229 pp. Price 20 cents.
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73. The Viscosity of Solids, by Carl Barus. 1891. 8°. xii, 139 pp. 6 pl. Price 15 cents. |
74. The Minerals of North Carolina, by Frederick Augustus Genth 1891. 8°. 119 pp. Price 15
cents.
75. Record of North American Geology for 1887 to 1889, mcluslve, by Nelson Horatio Darton. 1891.
80. 173 pp. Price 15 cents. v
76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett,
chief topographer. 1891. 80, 393 pp. Price 25 cents.
77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. \thte 1891. 8°. 51 pp.
4pl. Price 10 conts.
78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1889-'90. F. W. Clarke, chief chemist. 1891. 8°. 131 pp. Price 15 cents.
79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by J. 8. Diller. 1891. 80, |
33 pp. 17pl. Price 10 cents.
80. Correlation papers—Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8. 279 pp.
Price 20 cents.
8. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1891. 8°. 447pp. 3 pl. Price
25 cents.
82. Correlation papers—Cretaceous, by Charles A+ White. 1891. 80. 273pp. 3'pl. Price 20 cents.
83. Correlation papers—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2pl. Price 15 cents.
84. Correlation papers—Neocene, by W, H. Dall and G. D. Harris. 1892. 8°. 349 pp. 37pl. Price
25 cents.
85. Correlation papers—The Newark System, by Israel Cook Russell. 1892. 8°. 344 pp. 13 pl.
Price 25 cents.
86. Correlation papers—Archean and Algonkian, by C. R. Va.n Hise. 1892. 8°. 549 pp. 12 pl. -
Price 25 cents.
90. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
"1890-'91. F. W, Clarke, chief chemist. 1892, 8°. 77 pp. Price 10 cents.
91. Record of North American Geology 1ot 1890, by Nelson Horatio Darton. 1891, 8°. 88pp. Price
10 cents. 1
92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pl. Price 10 cents.
93. Some insects of special interest from Florissant, Colorado, and other points in the Tertiaries of
Colorado and Utah, by Samuel Hn\bbm‘d Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents.
94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents.
.95, Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 8. 31 pp.
Price 5 cents.
96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892, 8°, 100 pp. Price 10 cents.
97. The Mesozoic Echinodermata of the United States, by William Bullock Clark. 1893. 8°. 207
pp. 50 pl. Price 20 cents.
98. Flora of the Outlying Carboniferous Basins of Southwestern Missouri, by David White. 1893.
8°. 139 pp. 5pl. Price 15 cents.
99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 73 pp. Price
15 cents.
100. Bibliography and Index of the Publications of the U.S. Geological Survey, 1879-1892, by Philip
Creveling Warman. 1893. 8°. 405 pp. Price 25 cents.
.101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893. 8. 27 pp.
2pl. Price 5 cents.
102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by Cornelius Breck-
inridge Boyle. 1893. 8°. 315 pp. Price 25 cents.
103. High Temperature Work in Igneous Funsion and Ebullition, chiefly in relation to pressure, by
Carl Barus. 1893. 8°. 57 pp. 9pl. Price 10 cents.
104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 8°.
41 pp. 4pl. Price 5 cents.
105. The Laramie and the overlying Livingston Formation in Montana, by Walter Harvey Weed,
with Report on Flora, by Frank Hall Knowlton. 1893, 8°. 68 pp. 6.pl. Trice 10 cents.
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. . 1893. 8°, 288 pp.
45pl. Price 20 cents.
107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and ‘Vernon Free-
man Marsters. 1893. 8°. 62 pp. 4 pl. Price 10 cents.
108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8o, 108 pp.
12 pl. Price 15 cents.
109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom-
ena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents.
110. The Paleozoic Section in the vicinity of Three Forks, Montana, by Albert Charles Peale. 1893.
80, 56 pp. 6pl. Price 10 cents.
111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Marius R. Campbell.
1893. 8°. 106 pp. 6 pl. Price 15 cents. .
112. Earthquakes in California in 1892, by Charles D. Perrine. 1893. 8°. 57 pp. Price 10 cents.



VI ADVERTISEMENT.

113. A report of work done in the Division of Chemistry during the figcal years 1891-'02 and 1892-'93.
F.'W. Clarke, chief chemist. 1893. 8°. 115 pp. Price 15 cents. .

114. Earthquakes in California in 1893, by C. D. Perrine. - 1894. 8°. 23 pp. Price 5 cents.

115. A Geographic Dictionary of Rhode Island, by Henry Gannett. 1894. 8°. 31 pp. Price 5 cents.

116. A Geographic Dictionary of Massachusetts, by Henry Gannett. 1894. 8°. 126 pp. Price 15-
cents. )

117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1894. 8°. 67pp. Price 10 cents.

118. A Geographic Dictionary of New Jersey, by Henry Gannett. 1894. 8°, 131pp. Price 15 cents.

119. A Geological Reconnoissance in Northwest Wyoming, by George H. Eldridge. 1894. 8°. 72pp.
Price 10 cents.
In press:

120. The Devonian System of eastern Pennsylvania and New York, by Charles S. Prosser.

121. A Bibliography of North American Paleontology, by C. R. Keyes.

In preparation:
—The Moraines of the Missouri Coteau, and their attendant deposits, by James Edward Todd.
.—A Bibliography of Paleobotany, by Dawd White.

R " . STATISTICAL PAPERS.

Mineral Resources of the United States, 1882, by Albert Wllhams, jr. 1883. 8°. xvii, 813pp. Price

50 cents. . .
Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. xiv, 1016

pp. Price 60 cents. N
Mineral Resources of the United States, 1885. Division of Mlmng Statistics and Technology. 1886.
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Washington, D. C., March 6, 1894.

Sir: I have the honor to transmit herewith my report of a recon-
. noissance in northwest Wyoming, made during the summer of 1893,
and authorized by you under date of July 1, 1893,

Very respectfully,

’ GEo. H. ELDRIDGE,
. Geologist.
Hon. J. W. PowELL, .
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PREFACE.

The reconnoissance which forms the basis of the following report
was authorized with special reference to the coal resources of the Big
Horn basin in northwest Wyoming. Incidentally regions adjoining
were to be included, and such examinations as time permitted were to
be made for oil, building stones, and other economic materials. The
route of reconnoissance was, therefore, controlled by these conditions,
and many areas could be examined only in a most general way. The
southeastern portion of the area mapped was beyond reach, and for
this the reports of the Territorial geologists and the maps of the early
Hayden Survey were freely consulted.

Formation lines, except in the southeastern area, are drawn upon
the map solid or broken, according as the respective portions have
been approximately determined by direct observation or still remain
uncertain; in the southeast the solid portions have been traced from
the early maps and descriptions, while uncertainty is indicated by a
broken line.

As a base for the geology the map of the U. S. General Land Office,
edition 1892, has been employed, but it leaves much to be desired
respecting accuracy, particularly as regards stream courses. No other
maps of the region, however, exist, excepting the Hayden sheets in
the southern part.

1






A GEOLOGIC RECONNOISSANCE IN NORTHWEST WYO-
MING, WITH SPECIAL REFERENCE TO ITS ECONOMIC
RESOURCES. ‘

BY GEORGE H. ELDRIDGE.

GEOGRAPHIC POSITION.

The area of Wyoming covered in this reconnoissance lies between
meridians 106° 30’ and 109° 30’ W. and parallels 42° 45/ and 45°
N.— about 150 by 150 miles, or 22,500 square miles. The examination,
however, extended about 15 miles across the Montana-Wyoming line,
making a total area of 24,750 square miles. (Pl 1.)

Four important towns lie within this region: Sheridan and Buffalo in
the northeastern portion; Red Lodge, in Montana, in the northwestern;
and Lander in the southern. Besides these, are two army posts: Fort
McKinney and Fort Washakie, the former 3 miles west of Buffalo, the
latter 16 miles northwest of Lander. Sheridan and Red Lodge have
railroad communication with the East and West, the former by the Bur-
lington route, the latter by the Northern Pacific Railroad.

In the southern part of the region is the reservation of the Shoshone
and Arapaho Indians, in area 60 by 66 miles, or 3,960 square miles.

TOPOGRAPHY.

The topographic features of the region are two structural valleys,
the Big Horn and Wind River basins, each nearly inclosed by high
mountain ranges: the former basin, however, is separated from the
country to the north by only a gentle rise; the latter from the valley
of the Platte by a low divide of complex structure. The Wind River
passes by a deep gorge in the Owl-Rattlesnake Range into the Big
Horn basin, where it becomes the Big Horn River, flowing thence to
the Yellowstone valley through one of the most rugged and impassable
canyons of the West.

INCLOSING RANGES,

The Rocky Mountains.—The Rocky Mountains border the region on
the west and southwest. Their eastern slopes are deeply cut by four
large streams, Clarks Fork, Stinking Water, Grey Bull, and Wind

. 13



14 GEOLOGY—NORTHWEST WYOMING. [BULL. 119,

River. The general mass is divided into three subordinate ranges,
Absaroka, Shoshone and Wind River.

The AbsarokaRange extends from the Stinking Water, 50 or 60 miles
south of the Montana-Wyoming line, northward to the Yellowstone
River, It occupies the eastern portion of the Yellowstone Park
Reserve and constitutes in part the watershed of the Yellowstone
River, Clarks Fork, and the Stinking Water, but does not: enter into
the formation of the continental divide. The configuration of the
. range in the interior and more elevated portions is that of a, lofty mass
of castellated peaks and ridges and cliff-bound canyons, carved out of
horizontal beds of breccias and conglomerates, while at lower altitudes
and adjacent to the prairies the topography is characteristic of an
- Archean core, fringed by sedimentary formations dipping usually
between 450 and 90° E. or NE. Occasionally, secondary parallel ridges
skirt the base of the main range, the result of minor folding.

The Shoshone Range liesbetween the Stinking Water and Wind River
valleys. It enters only slightly into the formation of the continental
divide, but sends from it to the northeast and southeast two rugged
and almost impassable ridges, that to the southeast being the more
important. The spur to the northeast has the subordinate name of
Meeteetse Mountain. Like the more elevated part of the Absaroka
Range, this is a confused mass of castellated peaks and ridges in
the breccias and conglomerates which extend southward from it; this
configuration is maintained to the mountain front. = A broad belt of low
foothills succeeds, composed in the mnain of the remnants of early folds,
parallel in trend with the range front and belonging to the transition
zone between prairie and mountain structure.

The Wind River Range is one of the highest and most rungged seg:
ments of the Rocky Mountains. It has a general northwest trend, and
extends from the Tukwatika! Pass to a point a little southeast of Lan-
der, constituting for nearly its entire length the continental divide.
The topographic aspect of the range is that of a great anticlinal fold
with an exposed core of Archean rocks and a bordering zone of sedi-
mentaries of more of less steep dip, reaching an altitude of 1,000 and
2,000 feet above the mountain base. The range is deeply cut by moun-
tain streams, and across their canyon mouths may be observed in many
instances the terminal moraines which mark the extent of early glaciers.

The Big Horn Range.—This is alofty anticline about 100 miles east of
the Rocky Mountains. The trend varies from N, 100 E. at the southern
end to northwest at the northern, near the Montana-Wyoming line.
The general altitude is between 7,000 and 8,000 feet, or 3,000 to 4,000
feet above the prairies to the east. Elevations between 8,000 and 9,000
feet, however, are frequently encountered, and the principal point,

ITukwatika or Tukwarika, ‘'Mountain Sheep Eaters.” This, according to Dr. Hoffman, of the U.
S. Bureau of Ethnology, is the name of a band of Shoshone Indians. It has long been applied to the
pass in question, but on existing maps is spelled ‘‘ Twogwoteee,” a form not as acceptable as that
adopted in the text. '
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Cloud Peak, reaches a height of about 13,500 feet. In topography the
range is an instance of a broad, flat, anticlinal arch presenting an
Archean core within sedimentary formations which dip more or less
steeply from the center. The summitof the range is from 10 to 25 miles
wide. The higher peaks, of crystalline rocks, occur midway its length,
while beyond these the surface is undulating or studded with low buttes
and ridges, the uneroded remnants of Paleozoic quartzites, limestoaes
and shales. The drainage of the summit is peculiar in the long north
and south courses pursued by the streams before they break through
the rim to fall rapidly to the prairies below; this is due to the frequency
of minor folds and faults running with the range, by which the early
channels were directed. The scenic features of the Big Horn Moun-
tains are remarkably beautiful. On the summit broad grassy parks
exist in picturesque contrast with extended masses of heavy timber;
and on the slopes of the range are wild canyons with swift-flowing tor-
rents, broken at the rim of the upturned sedimentaries by cascades
over hard Archean granites, the whole in the midst of boldest crags
which tower high on the mountain face.

The divide between the Big Horn basin and the walley of the Yellow-
stone.—This is in the main low and developed largely by what may be

"termed the accidents of erosion, although primarily determined by a
gentle anticline. At the eastern end the divide passes into the Pryor
Mountains; at the western, into a projecting spur of the Absaroka
Range. The trend is irregular, particularly in the middle section,
where folding has been slight and erosion the chief factor in develop-
ment. Five or six miles from the western end is the sharp double
peak of Heart Mountain, an isolated hill rising from 1,000 to 1,200 feet
above the general prairie level, and constituting a landmark visible
from all parts of the basin and its rim.

The Pryor Range, at the eastern end of the divide, attains an eleva-
tion between 7,000 and 8,000 feet. Structurally it is the northwestern
extension of the Big Horn Mountains, from which it is separated by
the Big Horn Canyon and the valley in its immediate vicinity. The
range is twinned by a northwest to southeast strike fault, the gentler
slopes of both ridges being to the west. The northeast ridge is the
‘greater, and a little distance from its northwestern end is cut by the
gorge of Pryor’s Fork. The southwest ridge terminates at the head of
Sage Creek, a tributary of the Stinking Waterising opposite Pryor’s
Fork. The Pryor Range disappéars at the north and west by a grad-
ual sinking of its axis, but a large area of the country is maintained
at a considerable elevation above the prairies.along the Yellowstone.

The Owl and Rattlesnake Mountains.—These form the southern side
of the Big Horn basin and separate it from the Wind River valley
beyond. They extend from the Shoshone Range to the southern end
of the Big Horn Mountains, the general trend of the chain being N.
500 to 60° W. The Owl Mountains lie to the west of the Wind River
Canyon, the Rattlesnake Mountains to the east.
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The Owl Mountains have the appearance at their crest of a series of
ridges diagonally placed with reference to the general trend of the
range and rising from 400 to 500 feet. above intervening depressions.
This appearance is brought about by a series of anticlinal folds—pos-
sibly with an occasional fault—of which the trend is approximately
northwest or slightly diagonal to that of the range as a whole. This
structure is locally continued to both north and south slopes of the
range, producing a series of subordinate ridges in a position en échelon
with reference to one another. The altitude of the range is probably
between 6,000 and 7,000 feet, or 2,000 to 3,000 feet above the general
level of the valleys on either side.. The southern slope is the more
precipitous, the northern being gentle and deeply cut by canyons—a
condition also existing on the southwestern or gentler slope of the
Pryor Mountains.

The Rattlesnake Range unites the Owl and Big Horn Mountains,
It is an anticline, with a precipitous slope to the south, the northern
being gentle and considerably cut by erosion. Upon the latter slope
the several members of the Cretaceous extend well up toward the sum-
mit rim.

The divide between the drainage of the Wind and Platte rivers.—This
is low and is in part structural and in part the accident of erosion.

BASINS.

The Big Horn basin.—The topographic features of this area are mainly
those of the well known * Bad Lands” of the West. The outcropping
strata are clays and sandstones, the former predominating. Gray isthe
prevailing color, but white, purple, pink and black, in bands, also occur.
The surface is a plain, relieved by buttes and ridges and by the broad
bottoms of the larger streams and their tributary gullies. The configu-
ration i§ the result of erosion, or of erosion combined with structure,
the latter being the case in the numerous anticlinal ridges, from 1 to 30
miles in length, which occur within a belt of 5 to 15 miles along the
inclosing ranges. Valleys now occupy the longitudinal axes of many
of these folds and sharp incisions cross them. In the interior of the
basin the ridges are more the result of erosion alone, and, with the
buttes, occur without system; here, too, both ridges and buttes may
consist wholly of clay, when they are sharp crested or pointed, or they
may be capped by sand$tone, becoming tabled. The height of the ele-
vations is between 100 and 500 feet above the general bench levels, the
stream bottoms being from 50 to 200 feet below. The general altitude
of the basin is about 4,000 feet. Areas of great fertility exist about the
periphery of the basm in the portions of the valleys occupied by the
clays of the Montana Cretaceous. These tracts are often several miles
in width and léngth, and in certain localities they are repeated two
or three times trom structural causes, increasing materially the total
area available for agriculture.
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The topographic features of the Big Horn basin extend across the
divide to the Clarks Fork valley.

The Wind River basin.—The area from Tor reys Fork east is, with
the exception of the bottoms of the main streams and a narrow zone
along the base of the inclosing ranges, a barren waste of sand, clay
and grit, relieved in configuration only by an occasional butte or the
shallow depressions of its dry stream courses. Nearly all of its water
is carried well toward the southern side, the Wind River Range afford-
ing almost the only supply. This edge of the basin has many fine
streams and broad valleys, presenting large tracts of valuable agricul-
tural land. Crow Heart and Pavillion buttes are the prominent land-
marks of the basin. Thirty to forty miles above the former the valley
begins to narrow, the topography of the Wind River Range prevailing
to the head on the south, while on the north the Shoshone Range pre-
sents its bold cliffs and deep gorges carved in horizontal beds of breccia.

GENERAL GEOLOGY.
FORMATIONS.

The Archean.—The Archean consists of granites, gneisses and
schists of various types. It forms the cores of the Big Horn, Wind
River, Absaroka and Owl-Rattlesnake Ranges. The area of exposure
varies in the different ranges, depending upon the conformation of the
folds, the amount of reduplication, the degree of erosion, and the cover
of late Tertiary conglomerates and breccias of eruptive material. On
the summit of the Big Horn Range the Archean forms the bottoms
of many beautiful parks, and towards the central portion of the range
enters into the structure of the higher peaks. In the latter case it is
cut by eruptive bodies of considerable importance. In the Wind
River and Absaroka Ranges the area of Archean is very extensive,
while in the Shoshone Mountains it isreduced to a minimum, if, indeed,
there is a single exposure. The condition in the Shoshone Range is
brought about by heavy deposits of eruptive breccias and conglomer-
ates, which not only cap the highest peaks but extend in long ridges
quite to the front of the range and prairie border. In the Owl-Rattle-
snake Range, in addition to the main exposure, an independent out-
crop of Archean occurs further to the west, induced by erosion of a
sharp anticlinal fold or denudation along a possible fault line, in diree-
tion somewhat diagonal with the general trend of the range.

The Cambrian.—This consists of a series of shale, sandstone, grit,
conglomerate and limestone, the shale and sandstone locally having
the general composition and hardness of quartzite, and also containing
a variable, though always small, amount of lime. The material at the
base of the formation is usually coarse, constituting the chief conglom-
erate of the series; in many instances it is apparently derived from

Bull, 119——2 .
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the neighboring Archean, but not infrequently there is found the white
quartzite and quartz conglomerate so common in the Colorado areas
of Cambrian, the source of which is possibly somewhat more distant.
The color of the arenaceous or quartzitic members varies from darker
brown to gray, white, or, locally, red or green, but the first predomi-
nates.

The shales, which are greenish gray or brown, constitute by far the
larger part of the formation, the sandstones and grits being distributed
from base to summit of the series, in beds 2 to 20 feet thick, in the Big
Horn Range an especially prominent zone occurring about midway.

The limestones are impure and occur in thin beds at a few horizons
only. The entire series contains disseminated grains of the green
silicate of iron (glauconite) which is now recognized as characteristic
of the Cambrian throughout the Rocky Mountain region.

The thickness of the formation varies from a few feet—with possibly
entire absence in one or two localities—to about 900 feet, the region of
minimum development being the Owl Mountains, that of maximum the
canyon of Clarks Fork. On the eastern slopes of the Big Horn
Range, in the canyon of Big Goose Creek, the estimated thickness is
from 400 to 600 feet, which is maintained over the greater portion of
this range. )

The fossils of the Cambrian within the region examined are doubt-
less far more numerous than casual search revealed, but aside from -
a few trilobites no attempt at collection was made. )

The Cambrian exposures are confined to the mountains. Theforma-
tion occupies considerable areas of the summits of the Owland Big Horn
ranges, while in the Absaroka and Wind River Mountains itis confined
to the lower slopes. On the summit of the Big Horn Range it forms
numerous low buttes which rest upon the Archean floor and are usually
capped by the lowermost strata of the Silurian.

The Silurian.—Overlying the Cambrian, the upper limit of which is
somewhat arbitrarily taken at the top of the shales, are several hundred
feet of limestone and quartzite in which it is difficult to trace a definite
line of division but approximately the lower half of which is of Silurian
age, and the upper balf, Subcarboniferous. The Silurian series pre-
sents three varieties of rock: a peculiar, laminated, pebble-bearing
limestone at the base, and light colored cherty limestones and white
quartzites, overlying to the summit.

The basal limestone is from 50 to 100 feet thick. Some of its layers
abound in lenticular pebbles, also of limestone, in size minute up to
1 or 2 inches in maximum diameter. The colors are green, greenish
gray, purple or purplish brown. The layers devoid of pebbles are
crystalline in texture and delicately laminated, the color changing
with the laminations; their hardness also varies, causing the rock to
weather in delicate corrugations. The matrix of the pebbly layers is
similar to the above. The texture of the pebbles is homogeneous, the
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grain very fine; the prevailing color is green without, gray within,
The pebbles lie both with the lamination planes and across them.
Pebbles and matrix are of equal hardness, the rock fracturing across
both alike. The presence of this series is general in the mountains
bordering the Big Horn basin.

The nature of these pebble-limestones seems to be that of an intra-
formational eonglomerate, the pebbles having been formed shortly after
deposition of the original material by the breaking up of the bed, and
settling in their new positions in the midst of fine calcareous matter
brought down at the same time.

The chert-bearing limestones form the mass of the Silurian series.
They occur in heavy beds of 50 to 100 feet and are white to light gray,
mottled purple or brown. Locally they contain a varying amount of
quartzose matter, by reason of which they not infrequently graduate
into true quartzite, and vice versa. Limestones of this appearance and
nature characterize the Silurian throughout the Rocky Mountain region.

The Silurian quartzites are usually pure white and of considerable
uniformity of texture. In the region examined they are distributed
throughout the chert-bearing limestone in beds from 1 to 30 feet thick,
but in several localities in the Rocky Mountains concentration into
one or two heavy beds has been observed.

The thickness of the Silurian over the field examined varies. In the
Big Horn Mountains it is estimated at about 600 feet; on Clarks Fork
at 1,000 feet; in the Owl-Rattlesnake Range there is marked diminution
with, possibly, even total disappearance at one or two localities; in the
Wind River Mountains a thickness of 1,000 feet is again attained.

Characteristic fossils were obtained from a layer within 75 feet of the
probable top of the formation.

The area of Silurian in the Big Horn Mountains is little less than
that of the Cambrian; the lower members of the formation, having
escaped erosion, cap many of the buttes on the summit, while there
is a general rim of both quartzites and limestones about the whole
periphery of the crest. Inthe Absaroka Range the formation is chiefly
confined to the lower slopes, extending to higher altitudes only to the
south of Clarks Iork, and in the vicinity of the Stinking Water, where
additional area of exposure has been acquired by the presence of minor
folds parallel with that of the general uplift. In the Wind River Range
the conditions of outecrop and exposure are relatively the same as in the
Absaroka. In the Owl-Rattlesnake Mountains the Silurian area is not
extensive except in the immediate vicinity of the Wind River Canyon,
where erosion has been carried to a degree that has left it the super-
ficial rock over much of the crest. In the Pryor Mountains the delinea-
tion of the Silurian was undetermined, but it doubtless appears in the
canyon of the Big Horn River, and possibly just west of the fault line
in the valley separating the two ridges of which the range is composed.

The Carbowniferous.—This embraces both divisions usually found in’
the West—the Subcarboniferous and the Coal-measures.
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The Subcarboniferous includes the upper half of the great Paleozoic
series of limestones and quartzites of which the lower half has been
described as Silurian. Not more than 50 feet above the horizon
regarded as the probable base of the formation characteristic fossils
are found, while the upper limits are equally well defined by a sharp
change in sedimentation. The thickness of the series varies between
300 and 1,000 feet, the maximum being attained in the Absaroka and
Wind River Ranges, the minimum and average occurring in the Owl-
Rattlesnake Mountains and in the Big Horn Range respectively.

The mass of the Subcarboniferous is limestone, divided into two
or three varieties. In the region of the Big Horn Mountains there are
two: the upper, the typical, massive ¢blue limestone” of the Rocky
Mountains; the lower, a bedded, white, quartzite-bearing limestone,
resembling that of the upper portion of the Silurian. In the region of
Clarks Fork Canyon in the Absaroka Range, the quartzite is ata
minimum and the limestone, which is of a more decided gray than usual,
oceurs in two or three broad bands separated by 50 to 100 feet of thin
bedded limestone of reddish hue. The whole series is locally more or
less ferruginous, while the blue limestone proper is also frequently
cavernous. The beds occur in either one or two pronounced benches .
or with the Silurian form an unbroken cliff from base to summit.

The distrivution of the Subcarboniferous includes the slopes of most
of the great ranges bordering the Wind River and Big Horn basins,
and, within the latter basin, the central terrane of the Sheep Moun-
tain anticline—a long, low ridge near the eastern side of the basin—
and the crest of Heart Mountain, near the western end of the divide
between Clarks Fork and the Stinking Water.

The Coal-measures of the Carboniferous are the most variable of the
formations within the present field. The series is most complete along
Big Goose Creek in the Big Horn Mountains where the following beds
are present: at the summit, 60 to 80 feet of white sandstone,in two
benches, a red layer of 5 or 10 feet between ; for 130 feet below this, thin
beds of limestone, quartzite and shale, all more or less noncontinuous
and shading into each other; beneath this, 20 feet of limestone in thin
layers, some of which are white and very pure, others brown and more '
or less quartzose; shales with narrow quartzites and limestone now suc-
ceed for 60 feet; finally, the lowest bed consists of 40 feet of deep red
sandstone with a few very thin beds of limestone interlaminated. The
last rests directly on the Subcarboniferous.

Of the foregoing series the most important bed, both from general
occurrence and the determinative value attached to it, is the heavy
sandstone or quartzite at the top. This forms the outer rim of the
Paleozoic measures in all the lofty ranges about the Big Horn and
Wind River basins, except the Shoshone. The remainder of the series
between this and the blue limestone is not only very variable, but, as
in the section at Clarks Fork Canyon, locally disappears. At many
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points, however, and in the Big Horn Range especially, the prominent
red sandstones at the base are present, and afford a ready means for
identification of stratigraphic horizons. In the Wind River Range the
quartzite is present, but the general constitution of the Coal-measures
differs from that elsewhere in having a greater proportion of shale.

The distribution of the Coal-measures follows that of the Subcarbon-
iferous. ‘

The Trias.'—This is represented wholly by the well known “Red
Beds” of the Rocky Mountains—heavy bedded, bright red sandstones
and conglomerates, the former often of fine, even texture and uniform
color, the whole consisting of quartzose and other Archean-derived
material and being somewhat ferruginous. The upper 50 to 75 feet are
usually more thinly bedded and carry a few narrow bands of limestone,
constituting a transitional zone, to the overlying Jura. The thickness
of the Trias varies approximately between 300 and 1,000 feet.

The folding and erosion that have taken placein the localities of the
subordinate anticlines which parallel the main ranges have exposed
much greater and more numerous areas of the Red Beds than would
have been shown under circumstances of greater regularity. As acon-
sequence, therefore, the Trias not only skirts the base of the more lofty
ranges in zones of greater or less width according to the degree of dip,
but occupies considerable areas in the basins themselves. Prominent
among these areas in the Big Horn basin are the Sheep Mountain and
Five Spring ridges on the east, the southern extension of the Rattle-
snake Ridge—a spur of the Absarokas—on the west, and the region
along the northern base of the Owl-Rattlesnake Range, in which both
minor folds and gentle dips on the mountain slope itself have added
. materially to the breadth of outcrop. Other localities in the basin
where the area of Red Beds is thus considerably increased are the south-
western base of the Pryor Mountains, and the western base of the Big
Horn Range both in the vicinity ot the Big Horn Canyon and between
No Wood Creek and the main range. In the Wind River basin, in the
vicinity of Fort Washakie and the town of Lander, are two very promi-
nent anticlines parallel with the Wind River Range at a distance of 12
to 15 miles from its base, and on the southern spurs of the Owl Moun-
tains adjoining the Shoshone Range, in the northwestern portion of the
Shoshone Reservation, are several other folds en échelon with one an-
other where extensive exposures of Red Beds exist.

The Jura.'—This, so far as the evidence obtained indicates, is,
within the region under examination, wholly of marine origin. The
thickness is between 400 and 600 feet, which is approximately main-
tained over the entire area of exposure. Shales constitute the mass
of the formation in which from base to summit occur thin beds of sand-
stone and fossiliferous limestone of types characteristic of the Jura in
the Rocky Mouutain region. Gray is the predominating color of the

1In the text Jura corresponds to Upper Jura-Trias of map; Trias, to Lower Jura-Trias.
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shales, but throughout the formation red, purple, yellow, slate and pink,
in greater or less intensity, may be observed. Ata number of localities
a considerable amount of siliceous matter appears, in occurrence sug-
gesting the action of hot waters. , :

The sandstones are of slight importance. They are chiefly gray with
a slightly greenish tint. The lower beds, however, are red, shaly, and
transitional from the Trias, while near the summit are two of greater
thickness, which, but for thelr tint and the overlying typical J ura shales,
might be confounded with the Dakota.

The limestones are nearly all fossiliferous, and of the drab coler
peculiar to the Jura in the west. In thickness they vary from a few
inches to 15 feet. Three or four in the lower 100 feet and one or two
in the upper third of the formation are especially prominent.

The distribution of the Jura is approximately that of theTrias, the
one succeeding the other in all localities.

The Dakota.—As elsewhere in the Northwest, this is essentially a
formation of quartzose sandstone with a few minor layers of shale or
clay which locally become somewhat carbonaceous or, perhaps, take
on the nature of a fire-clay. The sandstone is gray, but usunally tinged
yellow, red or brown from the presence of iron. At the base of the for-
mation is alayer of conglomerate in which pebbles and matrix are more
or less silicified, a feature also characteristic of the formation in other
parts of the West. Plant remains occur.

The thickness of the Dakota varies, but is generally less than 100 feet.
In the region of Five Spring Creek, at the western base of the Big Horn
Range, the formation is entirely absent, the black shales of the Benton
resting directly upon the variegated clays of the Jura. Thisis,however,
a local occurrence, and within 3 or 4 miles of the base of the range the
formation reappears, first in a clearly recognizable layer hardly G inches
in thickness, then gradually increasing westward until a general thick-
ness of b0 feet is attained. The phenomenon is appmrently one of non-
deposition.

The Colorado.—The component members of the Colorado—the Benton
and Niobrara formations—are grouped under one color on the map,
their line of division being too indistinet to permit separation.

The Benton is a body of leaden gray and black shales carrying a few
thin bands of limestone and numerous small, lenticular ironstones. The
formation maintains the general features that characterize it through-
out the West. Its thickness is between 300 and 600 feet. -

The Niobrara consists largely of light gray shales, but it also car-
ries some impure, shaly limestones, a characteristic sandstone locally
developed, and an equally remarkable conglomerate in which the
pebbles are of black chert—in one or two places mingled with more or
less eruptive débris. The thickness varies from 300 to 800 feet.

The shales constitute a broad, light colored zone between the darker
clays of the Benton and Pierre. In general they are soft, friable and
earthy, but there are layers more especially associated with the local
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sandstones and conglomerates, which are of extremely close grain and
of fine even texture, indurated in a marked degree, and which, though
gray on fresh fracture, weather a characteristic milky white. They
occur in bands from 1 to 3 feet thick. :

The limestones are not of a pronounced character, but rather are
calcareous layers of the shale, which are held together with greater
tenacity than portions containing less lime. Theselayersare rarely over
a foot or two thick, are very earthy and are usually of a fine texture.
They contain numerous molluscan casts, poorly preserved.

The sandstones are white, stained yellow or brown from the presence
of iron, and they carry an occasional ferruginous concretion from 1 to 3
" feet in maximum diameter. They are especially well developed along
the front of the Absaroka Range in the vicinity of Clarks Fork, here
attaining a thickness with the associated conglomerates of 50 feet.
There are apparently two horizons of these sandstones—one 200 feet
above the base of the formation, another at the summit. The sandstones
are either massive or divided into layers 1 to 6 feet thick.

The conglomerates have a matrix of sand, but the pebbles are chiefly
black chert, averaging half an inch in diameter, in some places sparsely
scattered through the rock, in others constituting almost its entire mass.
Mingled with the chert pebbles are others of eruptive material; these
are especially abundant in the vicinity of Clarks Fork. The pebbles
of the Niobrara conglomerates, particularly those of black chert, are
characteristic of the formation for the region examined and afford ready
identification of the geologic horizon.

The sandstones of the Niobrara in the Clarks Fork region are leaf-
bearing, affording the only instance within the United States in which
this formation has been found to contain plant remains. ,

The Niobrara occurs not only in the regular succession of beds along
the base of the several mountain ranges but includes numerous areas
in the basins proper, where it occupies the center or rim of most of the
subordinate anticlines about their peripheries. Notable among these
anticlines are several along the west base of the Big Horn Range;
others very extensive north of the Owl Mountains, having a N.60° W, .
trend; a number in the region between Wood River and Stinking
‘Water, of a general north-northwest direction; portions of the general
divide between the Big Horn basin and the Yellowstone valley; and,
in the Wind River valley, several along the Wind River Range, and
others extending in a sontheasterly direction from the Owl Mountains.

The Montana.—This embraces the Pierre and Fox Hills formations,
which, by reason of their gradual passage one into the other, it has
been impossible to separately delineate upon the map.

The Pierre is composed entirely of dark, leaden gray clays, which
carry numerous concretions of limestone, averaging 2 to 3 feet in
diameter. These concretions are often veined with calcite seams, and
easily break into angular fragments; they are fossiliferous, affording
many typical Pierre forms. '
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The Pierre outcrops over a much greater area than any of the older
formations. This is due to the low degree of dip beyond the imme-
diate base of the mountains, to the many gentle anticlines mentioned,
and to the general level of erosion attained at the present day. Inthe
Wind River valley broad areas of Pierre exist both on its northern and
southern sides. In the Big Horn basin the Pierre occupies a broad
belt along the base of the inclosing ranges, locally, however, as along
the base of the Absaroka Range, contracted by reason of its steeper
dip. East of the Big Horn Range the formation again cceurs at a com-
paratively gentle dip, 10° to 20°; here, opposite the Laramie, its area of
exposure is from 3 to 5 miles wide, while to the south of this formation
it is reported over a much more extended stretch of prairie. The thick-
ness of the Pierre is probably between 1,000 and 2,000 feet, but no actual
determination was made.

The Fox Hills was not definitely recognized in the present field of
exploration. Towards the top of the clays which constitute the Mon-
tana series the material locally becomes a little sandy, but no heavy
beds of sandstones, such as mark its summit in many western localities,
appear, and no fossils characteristic of the horizon were obtained.

The Laramie.—This is a series of alternating sandstones and clays,
with seams of lignite or coal at various horizons from base to summit.

The clays as a rule predominate. They are gray, and often bear plant
remains or carbonized particles of wood sufficiently abundant to stain
layers of them a brownish hue, or to impart to thin beds a more or less
lignitic character. They frequently carry concretionary bodies of indu-
rated sandstone, and in a single locality—one mile below the town of Red
Lodge, on Rocky Fork, in Montana—limestone concretions from 1 to 6
feet across, containing leaf and wood impressions. The latter concre-
tions resemble those of the Pierre in texture and fracture, but are
yellowish gray and are associated with lignite-bearing beds.

The sandstones are almost wholly composed of quartz grains, of
medium size. The normal color is gray to white, but a variable amount
of iron locally imparts a brownish tint. The beds vary in thickness
from 1 to 50 feet, those of 20 to 30 feet being of common occurrence.
They are of considerable persistence, particularly those of the lower 150
to 200 feet. As nrule the lower beds form prominent outerops, whether
their position is vertical or but slightly inclined. Leaf impressions are
‘common. ' '

The clays and sandstones of the Laramie in the Big Horn and Wind
River basins and the Clarks Fork valley are segregated into two broad
divisions: the lower, 300 to 500 feet, composed chiefly of the sandstones;
the upper, 400 to 600 feet, of the clays. East of the Big Horn Mountains
this separation is not nearly so pronounced. '

The thickness of the Laramie varies from a few feet to 1,000, or pos-
sibly over. The maximum thickness is attained beneath the prairies
east of the Big Horn Mountains, the minimum along the base of the
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Absaroka Range immediately south of Clarks Fork, where but a few
feet now separate the Pierre from the overlying Wasateh. At other
points the average thickness of at least 600 or 700 feet is maintained.
The extreme thinness in the vicinity of Clarks Fork is due to denuda-
tion from the summit prior to deposition of the younger formations.

The area of exposed Laramie is extensive. East of the Big Horn
Mountains it reaches fully half of the distance to the Black Hills,
while to the north and west it constitutes the surface formation over
much of the Yellowstone and Clarks Fork valleys. It underlies hori-
zontally the Tertiary formation in the central portion of the Big Horn
basin, and outerops with gentle dipin a broad belt about its periphery.
In the Wind River valley it appears from beneath the later beds in
detached masses at the base of the inclosing ranges, and probably
underlies the greater portion of the basin area.

Succeeding the Laramie in chronological order in the Big Horn and
Wind River basins are the equivalents of the Wasatch and Bridger
formations of an area further south, with possibly a third series of beds
belonging to the Livingston, a formation of recent identification in
Montana. The last has been assigned to the Cretaceous, while the
first two belong to the Eocene Tertiary. REach at one point or another
rests directly upon the Laramie, at the top of which is one of the
greatest unconformities known.

The Livingston.—This formation, on account of its uncertain occur-
rence, will not here be discussed beyond the remark that in its recog-
nized localities to the northwest of the present field it consists of a
series of sandstones, grits, conglomerates and clays, made up very
largely of the débris of andesitic lavas and other volcani¢ rocks and
including local intercalations of volcanic agglomerates.'

The Wasatch.—This is a series of clays with occasional beds of sand-
stone and local conglomerates, the thickness variously estimated from
1,000 to 2,000 feet.

The clays are chiefly gray, but are banded white, buff and red, the
reds being most conspicuous, and, taken with the composition of the
beds and their stratigraphical position, a characteristic and determi-
native feature of the formation. Small calcareous concretions, more
or less earthy, occur throughout the clays; these are fossiliferous.

The higher sandstones in the series are argillaceous and generally
weather in slopes uniform with the clays. Occasionally, however, purer
layers occur, which are more resisting and outcrop in ledges that brealk
the otherwise monotonous descents. Towards the base of the formation
the sandstones are usually more pronounced and the lower layers may
become coarsely conglomeratic. This is especially the case in the
vicinity of Clarks Fork Canyon, along the foot of the Absaroka Range,
where there are 600 or 700 feet of conglomerates, grits, and sandstones,

' The Laramie and the overlying Livingston Formation in Montana, by W. H. Weed. Bull. 105,
U. S. Geol. Surv., p. 21.
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all more or less ferruginous. The pebbles constituting the conglomer-
ates vary in size up to 6 or 8 inches in diameter, and cousist chiefly of
limestones, quartzites, and sandstones derived from the older sedi-
mentary formations of the neighboring mountains; a small quantity
of Archean débris is also present. Towards the top of the conglomer-
ates or sandstones are intercalated thin beds of red clay, similar to,
but passing with gentle easterly dip beneath, those so conspicuous
further out in the basin. The conglomerates rapidly disappear to the
south of Clarks Fork Canyon, but to the north continue beyond the
Montana line, where, however, their relations to other formations were
not investigated. In this direction, as the series is ascended, the mate-
rial becomes finer, and the 5 or 6 miles of prairie along the Montana-
. Wyoming line next the range is chiefly occupied by grits and sand-
stones, with a minimum of the coarser constituents.

The beds which are here described as Wasatch have been studled
jointly by Prof. H. F. Osborn and Dr. J. L. Wortman! with reference
to their fossil mammalia. These have been found practically the same
as those that characterize the Vermilion Creek beds of the Fortieth
Parallel Survey, while lithological identity is apparent from the fore-
going description. 'There is, therefore, no doubt as.to the propriety of
referring the series to the Vermilion Creek or Wasatch Eocene, the
lowest division of the western Tertiary.

The Wasatch beds oceupy a broad area in the central portlon of the
Big Horn basin. They have been traced and identified, both lithologi-
cally and by their fossils, in the Clarks Fork valley and northward to
the Montana line, and they appear from beneath the lower Bridger
beds in certain localities in the Wind River valley.

In the Big Horn basin they constitute the prominent McCullocks
Peak, near the western edge of the formation, from here passing north-
ward into the eastern spurs of Heart Mountain, and beyond into the
bluffs of Pat O’Hara Creek and the hills on both sides of the Clarks
Fork valley, in the vicinity of the canyon of the latter stream approach-
ing within a half mile of the base of the range. South from McCul-
locks Peak, between the Stinking Water and Grey Bull, their western
boundary lies at a distance of 10 to 15 miles from the base of the Sho-
shone Range. The formation appears in the high bluffs southeast
of Meeteetse, and continues southward to the region of Twenty-
oné or Upper Cottonwood Creek, where its outerop turns to the east
and passes across the Big Horn basin on an irregul-ine 10 to 15 miles
from the base of the Owl-Rattlesnake Range. East of the B1g orn
River the series of clays again appears in a high ridge in the forks of
this stream and No Wood Creek. The eastern line of the formation
recrosses the Big Horn near the mouth of No Wood, and passes north-

' Fossil Mammals of the Wasatch and Wind River beds, collection of 1891, by Henry Fairfield
QOsborn and J.L. Wortman. Bull. Am. Mus. Nat. Hist., Vol. 1v, 1892, Art. XI, p. 81 et seq. Also
Proc. Am. Phil. Soc., December, 1891, p. 139.
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west approximately parallel with the Big Horn Range at a distance
from it of 15 to 20 miles. The thickness of the Wasatch beds -within
this area is possibly between 1,500 and 2,000 feet.

On the western side of the Big Horn basin, against the foot of the
Shoshone Range, in the vicinity of the Grey Bull and Wood rivers,
occur several isolated patches of Wasatch, consisting of sandstones,
conglomerates, and red and gray clays, separated by erosion from the
main body of the formation in the center of the basin. These remnants
are probably nowhere over 100 feet in thickness.

In the Wind River valley the Wasatch clays appear to the west of
the stage road from Embar to Fort Washakie, on both sides of the
divide between Muddy Creek and Wind River. In the southern bluffs
of this divide their outcrop passes eastward beneath the Bridger beds
in the direction of Pavilion Butte. Their area in this valley was nog
determined, but they probably underlie much of the Bridger west of
the Wind River, with a marked line of unconformity between.

The Bridger.—This formation consists of grits and sandstones, of
which the material is largely quartz, with some feldspathic and other
débris, derived possibly from an eruptive source, or perhaps from the
Archean. The cementing substance of the grains is an opaque, white,
siliceous material, apparently more or less characteristic of the forma-
tion as a whole, but less conspicuous in the sandstones than in the
more gritty beds. The formation easily breaks down, and has been
converted into a vast sand-desert over much of the area covered by it.

The identification of the beds with the lower portion of the Bridger
to the south is based upon its fossil mammals, discovered and examined
by Prof. Osborn and Dr. Wortman in the season of 1891,

The extent of the Bridger in the Wind River basin is undetermined.
A considerable area has been allotted to it on the map, but there have
possibly been included in it other Tertiary divisions, some of which
have been distinguished by the members of the early Hayden Survey.?

Volcanic breccias.—This great body of rocks is confined to the Sho-
shone and Absaroka ranges, and lies almost wholly beyond the present
field. They will not be described in this paper.?

Quaternary.—These deposits in the Big Horn and Wind River basins
and adjoining areas are limited chiefly to stream bottoms, the uplands
being comparatively devoid of them. They are variable in areal extent,
and no attempt to map them has been made.

The interrelations of the formations.—The Paleozoic measures are
apparently conformable throughout. The Cambrian and Coal-meas-
ures show a marked variation in thickness, but this is probably one
of ordinary nondeposition, and is not the effect of interformational

1 Op. cit.

?Maps of the U. 8. Geol. and Geog. Surv. of the Territories, F. V. Hayden, Geologist in Charge.
Parts of Central Wyoming, and portions of Wyoming, Idaho, and Utah. .

3For details of the composition and occurrence of these beds see Geological History of Yellowstone
Park, by Arnold Hague., Trans.Inst. Mining Eng., vol, xvi, 1888,

’
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erosion and unconformity, In the Owl Mountains the formations are
locally thinner, and towards the west center of the range both Silurian
and Cambrian are absent, the Carboniferous resting directly on the
Archean; whether this is due to the presence of an Archean island of
such height that the Subcarboniferous limestones were the first of
the series that overlapped its summit, or to a possible fault which
has brought these two formations into their present relations, was not
satisfactorily determined.

Succeeding the Paleozoic measures, conformably and without appar-
ent interruption among themselves, are the Mesozoic formations—the
Trias, Jura and Cretaceous to the summit of the Laramie. Subsequent
to the period of the Laramie, however, there follows a series of uncon-
formities, chiefly by erosion, in which the later formations rest in
broken succession not only upon one another but upon the several
members of the Cretaceous as well. At many points evidence exists
of the great amount of denudation that took place at the close of the
Laramie—the Wasatch, for example, resting at one point on the lower-
most strata of the Laramie, at another upon the Montana, and in a
third locality even upon the Niobrara itself. In the latter instance,
which happens just south of Sunshine in the high ridge separating
‘Wood River from Gooseberry Creek, unconformity both by position
and erosion exists, the Wasatch lying approximately horizontal across
a sharp anticlinal fold in the Cretaceous series, the center of which is
occupied by the Niobrara. With all the instances of unconformity,
however, accidental conformity is often encountered.

The presence of the Livingston beds within the region explored has
not been definitely determined, but this formation is strongly developed
to the northwest, in the valley of the Yellowstone and the mountains to
the north and south, and it is also reported by Mr. Arnold Hague north
of the Stinking Water, west of Rattlesnake Ridge, where it rests suc-
cessively upon all the older formations from Laramie to Carboniferous
inclusive. '

The Wasatch of the present area’bears a certain lithological resem-
blance to the upper division of the Livingston as described by Mr.
‘Weed,! which is composed of conglomerates derived from the older
sedimentaries, and carries also beds of shales in which grays, purples,
and reds occur. Mr. Weed himself suggests (p. 31) that some evidence
exists that may prove sufficient cause for the separation of these con-
glomerates and silts from the Livingston and their recognition as the
base of the Fort Union (Tertiary) group. It is therefore possible that
in the absence of definite determination this series of conglomerates in
the Yellowstone valley and vicinity corresponds with the Wasatch of
Clarks Fork and the Big Horn and Wind River basins.

. The Bridger, so far asobserved by the writer, rests upon the Wasatch,
except along the southern base of the Owl-Rattlesnake Range, where it

} Op. cit., p. 30.
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apparently lies directly against the younger Paleozoic formations of
the mountain, the border of the Cretaceous series being lere buried
beneath its sediments. . '

Regarding the statement of Dr. Wortman' that the ¢ Puerco and
Laramie do not underlie the Wasatch in the Big Horn basin, but the
strata rest upon the older sedimentary rocks,” it is to be remarked that
the itinerary of Osborn and Wortman shows a comparatively limited
area .of exploration, rendered necessary by the special object to be
attained by them. A broader examination would have proved the
general existence beneath the Wasatch of the Laramie, except in the
localities cited in the preceding pages of this report. The Puerco is
absent and the Wasatch does locally rest on older formations than the
Laramie.

Dr. Wortman? -also states that the Stinking Water cuts Wasatch
strata clear to its mouth. Probably from the same cause as the last
he has been led to overlook the occurrence of the Colorado, Montana
and Laramie Cretaceous in the valley of this stream over a belt
extending from the Big Horn River westward beyond the mouth of .
Sage Creek.

STRUCTURE.

The structural features of the region under consideration have been
developed upon two lines of force, one of the general direction N. 700
E. S. 700 W., the other of a N. 300 E. 8. 30° W, direction. Upon the
former have originated the Absaroka and Big Horn Ranges; upon the
latter the Wind River, Shoshone, Owl-Rattlesnake, and Pryor Ranges.
The influence of the forces thus acting has extended over the entire
region of exploration, as may be seen by the multitude of subordinate
flexures, parallel to the larger, which occur far out towards the centers
of the inclosed basins, and also on the prairies to the east. The action
of the forces on the two lines was probably synchronous, their inter-
ference resulting in the connecting portions between the main uplifts.

The great mountain ranges of northern Wyoming are all primarily
anticlinal elevations which have subsequently been modified by erosion,
or, as in portions of the Rocky Mountains proper, by erosion followed
by local deposition over their summits of an enormous mass of volcanic
breccias now deeply cut by modern stream courses.

The Absaroka Range.—This includes the general mountain mass
between the Upper Yellowstone River and the prairie to the east, and
lies for the most part beyond the region of reconnoissance. Its struct-
ure is complex, but in general is that of a broad uplift having an
Archean core fringed along the prairie front with a band of Paleozoic
and later sedimentary formations. The latter are usually in a highly
inclined position, dipping east or northeast from 60° to 90°, The harder

1 Op. cit., p. 144, 20p. cit., p. 139,
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(Paleozoic) measures constitute the mountain face, while the softer
(Triassic, Jurassic, and Cretaceous) beds form a zone of varying width
along its base. The steep dip of the strata atthe edge of the moun-
tains rapidly diminishes beneath the prairie, and usually within 1 or 2
miles of the base of the range is reduced to between 50 and 159, the
curvature generally taking place in the Laramie, but in some localities
lower down in the Cretaceous series. The trend of the sedimentaries
varies between N. 200 W. on the Clarks Fork front to N. 60° W, on the
northern or Yellowstone front. Along the latter front, at the base of
the range, is a fault by which beds of Laramie age occupying an
approximately horizontal or slightly undulating position are opposed

to others of Carboniferous age and highly inclined, the downthrow
~ being on the north of the fracture.! At the turnin therange the fault
possibly bends around to the south, but disappears before reaching the
Montana-Wyoming line. South of Clarks Fork. the Paleozoic strata
extend with easy dip far info the mountains, and, as reported by Mr.
Hague, form a portion of the south wall of the upper canyon of this
stream,

Between Pat O’Hara Creek and the Stinking Water two important
anticlines extend southeastward from the range at angles of abou: 200
and 409, their axes gradually sinking beneath the prairie. The north
fold lies at the greater angle with the range. On its southwest side
the Red Beds and underlying Carboniferous dip 50° to 80° southwest;
on the northeast a bold escarpment of Paleozoic limestones and quartz-
ites is presented, suggesting a line of fracture along the axis of the
anticline with the northern half somewhat depressed. The throw
disappears at the general level of the foothills, which are here some-
what elevated, and the anticline itself-is lost but a short distance
from the base of the range in the ridge that separates the drainage
of Pat O’Hara Creek from that of the Cottonwood, a tributary of the
Stinking Water. The western énd of the fracture was undetermined,
but it is probably near the origin of the subordinate fold in the range
proper.

On a direct line with the foregoing anticline, and about 5 miles east of
the main range, is the isolated peak of Heart Mountain, the structure of
which was but indefinitely determined. The peak, twinned by denu-
dation, is capped with the quartzites and limestones of the Carbonifer-
ous, which dip 10° to 20° northeast and present abrupt cliffs on all
sides. Along the southern side of the peak, 500 or 600 feet below the
suinmit, are shales closely resembling the Jurassic, and which are
here regarded as such. Their strike and dip are obscure, but they have
a general appearance of lying horizontal or slightly inclined from the
peak, while at one or two points considerable irregularity in their posi-
tion appears. Farther to the south the Laramie strata appear with

1This fault was first observed in 1882 by Mr. J. E. Wolff, of the Northern '1‘1 anacontinental Survey .
Tenth Census Reports, U, S., vol. X, p. 755 and opposite plate.



ELDRIDGE.] - STRUCTURE—ABSAROKA RANGE. 31

normal strike and dip. To the east and north of the peak the strata of
the Vermilion Creek or Wasatch formation lie well up on the higher
slopes, with a possible inner rim of the Jurassic between them and the
Carboniferous. The Wasatch beds have a gentle dip to the northeast,
an evidence of movement as late as Tertiary times. West of the peak
the Laramie series pass uninterruptedly from the valley of Pat O’Hara
and Skull Creeks to that of the Stinking Water and its tributaries,
showing but few local irregularities of® either dip or strike, the former
being generally east-northeast. The relations between the Cretaceous
and Tertiary formations and those entering into the structure of the
peak itselfare extremely obscure. The most plausible interpretation of
the regional geology, however, seems to be that of an upward thrust,
perhaps developed from extreme compression, by which the older beds,
the Carboniferous and Jurassic, were carried through the surrounding
formations of younger age, developing as it were between the two
series of formations a practically ‘circular fault, the strata in the im-
mediate vicinity of which are in considerable confusion.

The southern of the two folds springing from the Absaroka Range
forms an angle of about 20° with the trend of the main mountain mass,
and is locally known as Rattlesnake Ridge. It is divided from the
range proper for the greater part of its length by Rattlesnake Creek,
which enters the Stinking Water just below the confluence of the North
and South forks. The anticlinal structure is clearly shown in the Pal-
eozoic measures on both sides of the ridge, while the canyon of the
Stinking Water exposes the arch and the formations involved to the
Archean. Between the northern anticline and the present, the strata
form a sharp trough, the axis rapidly rising to the northwest. Both
these folds spring from the main range at about the same point, and
as their distance apart increases, the included, angle shows other and
subordinate folds, which are nearly parallel withthe Rattlesnake Ridge.
Of these, one of importance lies along the main fork of Cottonwood
Creek, the present stream channel being a little east of the axis, the
lowest beds exposed, the base of the Jura. The anticline extends the
entire length of the creek, although the more pronounced portion, involv-
ing the Dakota and underlying formations, constitutes a sharp ridge 5
to 6 milesin length, considerably north of the Stinking Water.

South of the Stinking Water the Rattlesnake Ridge is continued in
‘the knob-like peak of Cedar Mountain, which constitutes the southern
end of the anticlinal fold in the Paleozoic measures. TFrom this point
southward the axis of the anticline rapidly sinks, but a crumpled struc-
ture is preserved in the Mesozoic formations underlying the prairie for a
distance of 10 to 15 miles farther, quite to the valley of Grey Bull. The
most important of these prairie folds commences just east of Cedar
Mountain in the red sandstones of the Trias, which have not yet
finally disappeared beneath the surface from the uplift of Rattlesnake
Ridge; a short distance southeast the Red Beds are succeeded by the
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Jura, and this in turn by the Dakota, Benton, and other Cretaceous
formations to the summit of the Laramie, the fold showing conspicu-
ously in each. This fold, together with one or two subordinate flexures,
has an east and west exteut of about 10 miles. The prairie thus
included presents a series of low parallel ridges, inclosed valleys and
isolated hills, the combined result of folding, erosion and the nature of
the materials.

The region west of the Rattlesnake Ridge and north of the Stinking
Water presents anumber of crumples within a general synclinal depres-
sion, but little of the earlier mountain structure is shown, owing to.
the presence of the great series of voleanic breceias which lie uncon-
formably across older formations and folds alike.

The Shoshone Range.—This embraces the great mass of mountains
between the Stinking Water and Wind River and is the development
of three distinct geologic incidents: a post-Cretaceous folding followed
by a certain amount of erosion; deposition upon the area thus prepared
of a heavy thickness of volcanic breccias and conglomerates which for
the most part still retain their horizontal position; finally, erosion of
later times, which has brought about the present configuration of the
surface. So widespread is the deposit of breccias, however, that the
earlier structural history is suggested only by the folds along the base
of the range. These preserve a general trend of N. 30° to 60° W., S.
300 to 60° Ii., but local departures from this direction appear, however,
as in the approximately east and west fold in the Stinking Water val-
ley, and the north and south fold between Wood River and Grey Bull.

Commencing at the north, two anticlines oceupy the northeastern
slope of Meeteetse Mountain, crossing the heads of Sage, Carter, and
Belknap creeks. One of these, the southwestern, has a N. 600 W,
trend, with a lineal extent of 10 to 12 miles; the other, or northeastern,
has a course a little nearer east and west and is somewhagt shorter.

The crest of the former fold is exposed in strata of probable Laramic
age at an altitude of 1,000 to 1,200 feet above the valley of the Stinking
Water. The southwestern half of the fold, a short distance from the
axis, becomes more or less obscured by débris from the mountain slopes
above or passes into an area of broken and confused strata; at the few
points, however, where clear observations are attainable, the dip of the
beds along this side of the flexure varies from 20° to 80°. The north-
eastern half of the anticline is more regular, and the strata have a
general dip of 25° to 300, with a few, local, minor flexures. The anti-
cline appears almost wholly in Laramie stratw, but between the heads
of Carter and Sage Creeks is o series of red, white and gray clays and
yellow sandstones and conglomerates which closely resemble certain
phases of the Wasatch. The stratigraphic relations of the two series
of beds are, however, indefinite. This anticline disappears to the
west in the valley of the Stinking Water; to the east in the slopes
of Meeteetse Mountain at the head of Sage Creek,
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The second anticline, northeast of that just described, lies along the
base of the Meetectse Range in the valley of the Stinking Water. It
extends west nearly to Belknap Creek. To the east it enters the bluff
of Carter Creek and is lost in the broad flat between this and Sage
Creek. Transversely the fold is asymmetric, the strata on the south-
west side having the steeper dip, 40° to 60°. North of the axial line
the strata dip but 15° to 209, and pass beneath the broad valley of the
Stinking Water, to remain buried beneath the breccias of the Absa-
rokas, or to reappear in the river bluffs or about the base of the Cedar
Mountain and Rattlesnake Ridge. This profile of the fold therefore
resembles that of the large anticline to the southwest. The crest of
the smaller anticline is groded to the Jurassic, while the highest beds
on either side are now those of Niobrara age.

Between this anticline and that to the southwest there is a sharp
syncline, so sharp, in fact, that it suggests the presence of a fault along
4 considerable portion of its length.

The structure beneath the valley of the Stinking Water, in the broad,
triangular flat above Cedar Mountain, is doubtless that of a syncline
modified by slight minor flexures, some of which appear in the bluffs
on the north side of the river.

In the valley of Upper Sage Creek, between Meeteetse Mountain and
the southern prolongation of the Rattlesnake fold, is a small anticline
parallel with the Rattlesnake flexure, the northern end of which is
within 5 or 6 miles of the Stinking Water, the southern in tke high
mesa separating Sage and Meeteetse creeks, the breadth of the fold
being 3 or 4 miles. The fold shows a median ridge of Niobrara flanked
on the east, across a valley of Montana shales, by a second ridge, of

Laramie sandstones. West of the Niobrara ridge the area of the Mon-
tanais very broad, but the line between this formation and the Laramie
is obscured by the structure about the immediate base of Meeteetse
Mountain. ‘

Between the anticline just described and that next east is a narrow
synclinal valley, 1 to 2 miles wide, lying wholly in the Laramie shales
and bounded east and west by the underlying sandstones of the same
formation. The axis of the trough tilts up to the north of Sage Creek,
and this end of the valley is also closed by a rim of the sandstones at
the base of the Laramie. The southern end of the valley is closed by
the Meeteetse mesa, in the sharp and eroded face of which the general
structure of the trough is well exposed. The syncline is sharp, the
sandstones on either side varying in dip from 45° to 70° or 80°. The
details of the structure of the mesa between Sage and Meeteetse Creeks
are obscured beneath wash and soil.

The Sunshine district.—In the southern face of the Meeteetse mesa,
from a little above Arland Post-office to the mouth of Meeteetse Creek,
strata of the lower Laramie are again exposed and show one or two
broad, gentle anticlines, with a general trend of N. 400 to 50° W, and

Bull. 119—-3
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extending southeast beyond the valley of the Grey Bull. Additional
folds also appear in the bluffs of the latter stream, a series of anticlines
with the intervening synclinal troughs extending from the edge of the
Wasatch below Meetectse Creek to the base of the Shoshone Range,
greatly increasing by repetition the surface area of the Laramie, Mon-
*tana, and Colorado beds. These flexures are, again, connected with
others south of the Grey Bull, extending to the vicinity of Gooseberry
and Grass creeks. The region thus indicated is so united in its geo-
logic development that it may be regarded as a district in itself and
designated ¢ Sunshine,” from its central post-office and settlement on
Wood River. The area of the district is .approximately 25 miles
square. The flexures which it embraces have a general trend of N. 300
to 50° W., varying locally N. to N. 80° W., but their distribution is
more or less irregular, the result of general crumpling.

The front of the Shoshone Range bordering this district is a bold
escarpment of volcanic breccias and interstratified lava flows, from
beneath which at the prairie level pass the great series of Cretaceous
clays and, perhaps, other beds a little above or below. The Montana
and Colorado groups constitute a broad zone, 5 to 10 miles wide, at
the base of the range. Locally these are overlain by patches of
‘Wasatch which have been separated from the main deposit in the cen-
ter of the basin. Areas of this Tertiary formation oceur north of the
Grey Bull, between this stream and Wood River, and capping the high
lands to the south of the latter valley. These beds show compara-
tively little flexing, the great series of folds in the district being con-
fined to the Cretaceous, upon which the Wasatch rests unconformably.

Two or three miles below the debouchment of the Grey Bull from
the Shoshone Range a prominent anticlinal ridge appears in Niobrara
beds, extending from a mile or two north of the river to five or six
south, the trend being northwest. West of the ridge the Montana
underlies the surface nearly to the mountain, local outerops of Laramie
being reported immediately beneath the eruptive series. These were
not observed by the writer, but it is quite possible that they exist.

Passing eastward along the Grey Bull from this anticline; a broad
stretch of several miles is crossed, underlain by the Montana. The Lar-
amie first appears below Franks Ranch, 6 or 7 miles above the mouth of
‘Wood River, where it caps a line of bluffs presenting a sharp face to
the west. From this line, which is approximately north and south, the .
Laramie extends eastward in a synclinal trough, followed still further
to the east by an anticline which occupies the residue of the region to
‘Wood River. The northward extent of these flexures beyond Grey
Bull is 5 to 6 miles. Southward they are continued to Gooseberry
Creek, crossing the Wood River valley in the vicinity of Sunshine.

The syncline is marked by a broad topographic depression, with the
rim raised considerably above the surrounding prairie. The center is
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occupied by the sandstones of the lower Laramie, which are chiefly
confined to the region south of Grey Bull. The strata dip to the interior
from 20° to 45° or 509, those on the east and south having the steeper
inclination; along the western rim the beds flatten considerably, form-
ing a lip to this edge of the basin. In addition to the Grey Bull, the
syncline is also cut about midway its length by a stream heading
against the Shoshone Range. At the southwest corner of the area the
Laramie measures are unconformably capped by the conglomerates
and red clays of the Wasatch. The syncline derives special importance
from the presence of coal seams of workable thickness and quality.

The anticline east of the syncline is chiefly exposed in the Montana,
but the Niobrara outcrops for a few miles along the central portion of
its axis. The fold appears in section in a hill a half mile north of Grey
Bull, and again in the bluffs of Wood River near Sunshine. South of
Sunshine it passes into the ridge between Wood River and Gooseberry
Creek, where it is partially overlain by the conglomerates of the
Wasatch. From this point it crosses Gooseberry Creek, a sharp flexure,
and a little beyond becomes complicated by the presence of other
folds, which extend into the higher foothills of the region further
south, and probably eventually pass beneath the breccias of the Sho.
shone Range. Along the northern half of the fold Wood River occupies
the broad belt of Montana shales east of the axis, while the Laramie
appears in the high ridges east of this stream, crossing, however, to the
west side a little above its mouth, and Grey Bull a little beyond. This
outcrop of the Laramie is the western edge of the main body of the
formation which now extends with a few local interruptions beneath the
center of the Big Horn basin.

On Grey Bull, at the mouth of Rawhide Creek, another gentle asym-
metric zmtlchne may be seen in the basal sandstones of the Laramie.
It extends north 4 or 5 miles, and south into the region between Wood
River and Iron Spring Creek. East of this for several miles the bluffs
of Grey Bull are occupied by the lower measures of the Laramie, the
upper division of the formation—the lignitic clays—appearing just west
of Meeteetse Post-office, while the lower beds of the Wasatch form the
crest of the bluffs just below the mouth of Meeteetse Creek. The strata
here dip gently east-northeast or northeast and gradually pass beneath
the center of the basin. The rim of the Wasatch passes from the bluffs
of Grey Bull with regular trend S. 30° E., a distance of nearly 20 miles
to Gooseberry Creek, forming for most of' the way a high promment
ridge with cliffs looking to the west.

In the hills south of the Meeteetse Post-office is one of the most promi-
nent anticlines of the district. Its longitudinal axis, which has a gen-
eral trend of N. 50° W., is from 15 to 20 miles long, its transverse, from
8 to 10 miles. The southern extremity is on Gooseberry Creek, at the
mouth of Enos, where the axis has alocal trend of N, 70° W. to conform
with other folds of this vicinity. For 5 to 7 miles along the middle por-
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tion of its axis the anticline presents a deep topographic depression
locally known as the Upper Buffalo basin. The basin is occupied by
the Montana shales and is surrounded by a high and almost impassable
wall of Laramie sandstones dipping outward at angles from 200 to 459,
the drainage being by a single sharp cut on the eastern side. About
the sandstone rim, on the exterior, is the upper, or shaly, division of
the Laramie. The hills at the southern end of the basin, just north of
Gooseberry Creek, are exceptionally high, the basal sandstones of the
Laramie outcropping in bold spires and rugged ridges.

East of the Upper Buffalo basin, and forming a portion of the gen-
eral prairie region, is the extensive Lower Buffalo basin. This is not,
however, a structural basin, but, rather, one of accidental erosion, com-
mon in regions where variation in'the component materials of the beds
is marked.

Six or seven miles southwest of the Upper Buffalo basin and 2 or 3
above the confluence of Iron Spring and Gooseberry Creeks is another
anticline, of similar structure and topography. This is cut transversely
by the valley of Gooseberry Creek, and shows a central body of Mon-
tana shales mclosed by a rim of Laramie sandstones dipping outward
from 10° to 20°. The longitudinal axis of the fold has a north-north-
west trend, and is, perhaps, 5 or 6 miles long; the transverse axis,
somewhat shorter. This anticline is the first below the western rim of
the Laramie, which crosses the stream valley several miles farther up,
south-southeast from Sunshine Post-office. Still another anticline, smal-
ler than the foregoing, crosses Gooseberry Creek at the mouth of Iron
Spring, being well shown in the heavy sandstone walls of both stream
valleys. '

‘Within the area between Gooseberry and the Grey Bull, in the con-
fasion of hills and valleys that there exists, several other folds in the
Laramie were observed, all of greater or less importance, but detailed
examination was not undertaken.

In the lower portion of the canyon of Gooseberry Creek, from the
mouth of Iron Spring to 5 or 6 miles below Enos, and in the region to
the south, the folding is of considerable complexity. For 3 or 4 miles
below Iron Spring Creek the valley of Gooseberry is cut in the trough
of a syncline. A little lower down the strata bend from the syncline
to an anticline, and a mile below this, in the sharp point of land
between the middle and east forks, another synecline follows, showing
in a pateh-of Wasatch sandstones overlying the Laramie shales. Ona
small tributary of Gooseberry from the south, 2 or 3 miles east of Enos
Creek, an important anticline, 4 or 5 miles in longitudinal extent and
having a trend of N. 50° W., exposes at the center a small area of
Montana, within a rim of Laramie sandstones carrying workable coal
seams. Separating this from the southern end of the fold of the Upper
Buffalo basin is a slight syncline, and on Enos Creek, halfway between
the mouth and head, is a broader trough, in higher Laramie strata.

o
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The entire region between Gooseberry and Grass Creeks is an area of
many folds, some in continuation of those already described, others
orginating within the hills themselves.. East of this region the high
foothills give way to the gentler and more regularridges of the prairies,
and the formations appear in succession from periphery to center of
basin.

Grass Creek displays in its walls three or four more or less important
flexures in the lower Laramie series, both above and below the point
at which the stage road entersit from the north. Near the head of the
valley the Wasatch appears, and on the divide between this and
Twenty-one Creek, a tributary of the Cottonwood, the breccias and
conglomerates of the Shoshone Ifange, in an eastward extension, The
latter formation indeed covers a considerable area between this and
North Owl Creek, capping the greater portion of the higher foothills
which lie between these streams. .

The Owl-Rattlesnake Range.—The system of folds to which this range
belongs extends from out the Shoshone Mountains and connects them
structurally as well as topographically with the Big Horn Range 80 or
90 miles east. The system includes the folds which constitute the
mountain mass proper and numerous others parallel with these and
occupying a broad belt of prairie on either side of the base of the range.
The total width of territory thus embraced is not less than 25 or 30
miles. o

The Owl Mountains topographically trend N. 700 W. Structurally,
however, the range consists of a series of folds and, possibly, faults,
which trend N. 50° to 60° W. or somewhat diagonal with the topo-
graphic trend, and this direction, N. 500 or 60° W, is that on which
the geologic features of the entire region are developed. Four folds, or
the faults into which they are possibly developed along a portion of
their length, occupy the summit of the range, their axes beinginter-
sected about midway by the crest-line. Erosion along the axes has left
in the intervals large blocks of Carboniferous limestones and quart-
zites, which cap the higher portions of the range.

Both sides of the Owl Mountains send out subordinate folds, in one
or two instances but slightly less important than the main flexures. On
the north side of the range, just east of the point where the stage
road begins the ascent of the mountain, a sharp anticline is cut by
the South Fork of Owl Creek, the general trend of its axis being N,
50° W. The lowest beds exposed are the Carboniferous quartzites.
The fold extends but a short distance beyond the North Fork. Kast-
ward along the range are several folds showing the Red Beds and
underlying quartzites and conglomerates of the Carboniferous sharply
cut by the streamn courses to depths between 200 and 400 feet. Of
these folds some end at the base of the mountain slope, others reach
far into the basin. In the vicinity of the Wind River canyon other
folds occur, with occasional small displacements along short fault
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lines. Through one of these flexures has been eroded, deep into the
mountain, the gorge known as “Red Canyon,” of which the walls are
composed almost wholly of Triassic sandstones. The range itself, in
the vicinity of the Wind River Canyon, is a simple anticlinal fold,
of which the northern slope is very gentle, the southern, precipitous.
The entire southern face of the Owl Mountains, however is steep,
the strata on this side dipping from 60° to 90°.

South of the range several pronounced anticlines spring from the
western third. Here three or four sharp flexures originating at the sum-
mit of the mountain rapidly succeed each other, corresponding synclines
intervening. Their axes make an angle of about20° with the trend of the
main range, and sink more or less fapidly to the southeast, beneath the
general valley of Wind River. Theheight of the ridges sharply decreases
beyond the outcrop of Carboniferous quartzites, but the folds continue
pronounced in the Jurassic and Cretaceous strata, far out from the base
of the range. In the Niobrara the flexures show particularly well, the
sandstones and harder shales of this formation constituting a sharp
ridge between Benton and Montana shales, the latter underlying the
broad valley of the Muddy and its tributary coulées. The region em-
bracing the foregoing anticlines extends from a point in the range near
the Embar and Fort Washakie stage road westward heyond the borders
of the Shoshone Indian Reservation, and it is reported that flexures
more or less similar occur nearly to the head of the Wind River valley.

Along the northern base of the Owl Mountains, within a belt of 10
miles, are many folds, all having an approximately N. 60° W, trend,
some being confined wholly to the prairie, others extending a short dis-
tance into the range. From a high point opposite the confluence of
the North and South Forks of Owl Creek, six anticlines are in view.
Of these the most important extends across both Cottonwood and
Owl Creeks, its axis intercepting the latter stream 10 or 12 miles below
Embar. The linear extent of this anticline can not be less than 20
miles, passing to the northeast into the great body of Laramie strata
between Cottonwood and Grass Creeks, and to the southeast into the
lower Cretaceous and Jurassic beds of the lower slopes of the Owl Moun-
tains. On the axis two low ridges of Niobrara are developed, one cut

-by Cottonwood, the other a little north of Owl Creek. The Niobrara
ridges are surrounded by a broad expanse of Montana, and this in turn
isinclosed on the north by a bluff of Laramie sandstones from 100 to
400 feet high. A smaller outlier of Laramie also caps a knoll a little
southwest of the southern of the two Niobrara ridges, the strata form-
ing a shallow syncline.

Northeast of the foregoing anticline is a second a shallow syncline,
5 or 6 miles broad, intervening. The flexures show particularly well
in the edge of the Laramie, which for several miles forms a wavy
line in and out about the northern portions of the folds. A general -
easterly trend is, however, preserved for this edge of the formation,
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which, after one or two additional flexures just west of the Big Horn
River, crosses this stream and pursues its course 15 or 20 miles further
east,.

Opposite the confluence of North and South Owl Creeks, about mid-
way between the large anticline first described and Embar Post-
office; is another sharp anticlinal fold, also showing a low ridge of
* Niobrara for some distance along its axis. This anticline disappears
a mile or two north of the stream, but.to the south passes into the
lower slopes of the range a distance of 5 or 6 miles. Southwest of this
is still another small anticline, again with a small Niobrara exposure
ab its center.

In the region of the Red Canyon, and extending along the lower
slopes and foothills of the range for several miles in either direction, is
a broad, N. 700 ‘W, fold, with nearly the whole series of Triassic Red
Beds exposed at the center, in the canyon walls. On the outer or
northern slope of the fold the canyon creek has also cut a broad expanse
of Jurassic sediments, affording an exposure visible for many miles.

Owing to these folds, the strata along the base and on the lower
slopes of Owl Mountain display considerable irregularity of outcrop.
In general, however, the Red Beds extend for a distance upon the
slopes of the range. The Jurassic measures lie at the immediate base
or, by a fold, extend a short distance prairieward. The Dakota and
Benton often form a line of low knolls or ridges just without, while the
Niobrara occurs both along the front of the range and, by folding, in
numerous ridges-out in the basin; the Montana follows, and beyond
this are the long bluffs of the Laramie and Wasatch sandstones.

South of the Owl Mountains and east of the Embar and Fort
Washakie stage road and the region of anticlinal spurs given off from
the western end of the range, are several flexures, extending along the
front of the range a distance of 15 to 20 miles and embracing -the for-
mations from Trias to Laramie. '

The first anticline encountered extends east from the Mail Camp for
several miles, at a distance from the range of one-half to three-fourths
of a mile, its axis being coincident with the center of a prominent Nio-
brara ridge. Between this and the mountain is a sharp syncline,
while without, another separates it from a second and parallel anti-
cline, 34 to 4 miles south.

The second anticline appears in the Montana and Laramie forma-
tions. Its length is probably between 10 and 15 miles, the strata
forming a low ridge most of the distance. The western end of the
ridge is indented by erosion of the beds along the axis of the fold to a
horizon low down in the: Montana. North and south of this indenta-
tion are conspicuous promontories, formed of the portion of the
Laramie still preserved, the strata showing slight syneclinal flexures.
The area north and south of the promontories is occupied by Montana

-shales. The heavy Laramie sandstones in the southern promontory
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are continued eastward for 10 or 12 miles in a prominent bluff, 200 to
300 feet high, overlooking a broad, shallow depression in Montana,
to the south. Around the eastern end of this depression the sand-
stones bend with one or two changes in dip, the most important showing
the end of a gentle syncline which has a general east to west trend and
a length of 10 to 15 miles, the axis being crossed by the stage road
between Embar and Fort Washakie about 12 miles from the base of
Owl Mountains. .

South of this syncline is the final anticline observed in connection
with the Owl Mountain system. It occupies tbe ridge dividing the
drainage of Muddy Creek from that of Wind River, and has for its
central formation the Niobrara shales and sandstones. It is a sharp
crumple, the length of which is about 15-miles. At the western end it
merges with the folds which spring from the western end of the Owl
Mountains. The folding of this region has apparently extended to the
‘Wasatch strata, a slight local dip to the southwest occurring in them
at one or two points.

The Rattlesnake Range is the structural continuation of the Owl
Mountains. Itisin general a broad anticlinal uplift, with steep south-
ern and gentle northern slope. It unites with the Big Horn Range,
apparently by gradual change in axial trend, but the region of their
union was not visited. .

On the south side of the general fold, for some distance east of the
Wind River Canyon, the Paleozoic measures, dip from 60° to 90° south.
Along portions of this front of both the Owl and Rattlesnake moun-
tains erosion has removed the Carboniferous and underlying forma-
tions nearly to the prairie level, while the Mesozoic beds, which further
west oceupy a broad superficial area at the base of the range are, in the
vicinity of Wind River, concealed beneath deposits of Tertiary age.
Several miles east of the Wind River Canyon the Carboniferous and
older strata entirely span the range, while even the Cretaceous beds
locally reach well towards the summit.

The north side of the Rattlesnake Range presents an even, gentle
slope, with & minimum amount of subordinate folding; but in a belt
about 10 miles wide along the base of the range, especially in the valley
of the Big Horn River and its tributary, Kirby Creek, several impor-
tant flexures were observed together with an occasional fault.

Passing down the Big Horn River from the base of the range, the
strata dip gently northward for a distance of 2 or 3 miles, the formations
succeeding each other to a horizon a little above the base of the Mon-
tana, the Red Beds forming a prominent ridge next the foot of the
mountain. ‘Within a mile or two of the Hot Springs, the dip changes
to the south and at the springs the axis of an anticline is encountered,
the trend of which is approximately N. 750 W. The fold forms a promi-
nent ridge for 10 to 15 miles along the front of the Owl-Rattlesnake
Range, the Big Horn River cutting it about one-third the distance from
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the western end. The center of the anticline is occupied both east and
west of the river by the red Triassic sandstones. The flexure in these
ig very sharp and the rocks are extensively cracked, the copious waters
of the present hot springs finding their way through some of the still
open fissures. The largest of these springs is fully 25 feet in diameter,
with an unmeasured and possibly unmeasurable depth. The Jura,
Dakota, Benton and Niborara succeed one another in regular order
no the flanks of this anticline, and at the ends close around and over
the formations lying within.

Between the Hot Springs nticline and Kirby Creek, 6 or 7 miles
north, several other east and west flexures of greater or less importance
occur in middle Cretaceous clays, but the details of their structure and
their interrelations were not examined.

North of Kirby Creek the Laramie sandstones form a line of bluffs
extending east from the Big Horn River for 15 miles. Tenmiles out the
bluffs are doubled by a strike fault, which is 4 or 5 miles long and ends
to the east with the bluff line. The displacement along the fault is
about 300 feet, the strata to the south being downthrown. East of the
line of bluffs a gentle anticline appears, involving both upper and lower
divisions of the Laramie and the Montana. The area embraced by the
fold is very extensive, and is one of the most broken, topographically,
in the entire Big Horn basin. The Laramie sandstones and shales,
with their slight dips, have been eroded into innumerable and labyrin-
thine gulches, utterly devoid of water except in the winter orin a cloud-
burst in the summer. The whole region about, from the Big Horn to
No Wood Creek, is intensely barren and parched, and is considered
almost impassable.

Down the Big Horn the formations preserve considerable regularity
of dip, but about 8 miles above the mouth of No Water Creek, in the
bluffs east of the river, the axis of a broad syncline is passed. North
of it is a low anticlinal arch, this in turn being succeeded by another
syncline. The trend of these folds is more to the northwest than those
nearer the base of the Rattlesnake Range, holding a position interme-
diate between the Owl-Rattlesnake and Big Horn systems of flexures.

The Big Horn Range.~—This is structurally a broad anticlinal fold, the
general trend of which is, for the southern half, north to south, to the
north of this veering round to N. 20° W., and finally, as the Montana
line is approached, to N. 40° W, In the Pryor Range—the structural
continuation of the Big Horn—the trend is N.60° W. A cross section
of the Big Horn fold shows it to be asymmetric, but the steeper incli-
nation of the strata is now onone side of the range, now on the other.
In a profile west from Sheridan the gentler slope is to the east, the
strata dipping but 35° or 40°. - On the west the dip passes sharply
from 25° or 30° on the higher slopes of the range to vertical on the
lower with, possibly, even local faulting. Toward the Montana line
the dip on both sides the range shallows considerably, on the west
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" diminishing to but little over 20° and, locally, even below this. From
the region of Shell Creek south the dip on this side the range again
decreases to between 20° and 300, and this, so far as observed, holds to
the southern end of the fold. On the opposite or eastern side of the
range, for a long distance south of Fort McKinney, the strata are nearly
vertical. Thus the force which brought the range into existence, or the
resistance opposed to it, seems to have been unequally distributed along
the length of the fold, the effect being greatest now on one side, now
on the other. The Big Horn anticline is a comparatively flat-topped
flexure, the distance from base to base of the present range as limited
by the harder (Paleozoic) formations being about 50 miles, and the gen-
eral elevation above the prairie approximately but 5,000 to 6,000 feet.
This, with 2,000 to 3,000 feet added for erosion of the Paleozoic strata
from the summit, would increase the original height to between 7,000
and 9,000 feet, or considerably below the ratio of 2 to 50. But the topo-
graphic range of to-day is of considerably less area than that of the
original fold. From the Carboniferous quartzites at the present base
of the range outward, on both sides, the fold is continued in the Meso-
zoic measures, with diminishing dip, in some localities a distance of 10
to 15 miles.

In the development of the general fold of the Big Horn Mountains
“a considerable number of subordinate flexures came into existence both
in that portion which constitutes the present topographic range and
in the region along its base. In the range itself several flexures are
shown in transverse section in the Paleozoic beds upon the slopes and
crest, particularly east of the median line,in the canyon walls of the
present stream courses. Folding of this nature has taken place over
the entire length of the range, but the linear extent of the individual
flexures is rarely greater than 5 or 10 miles. Conspicuous among the
observed flexures on the eastern face and crest of the range are: one
4 to 5 miles long cut by the canyon of Wolf Creek, showing particu-
larly well in its northern wall and occupying the slope of the range; a
second in the canyon of Little Tongue River; a third, several miles in
extent, on the summit of the range west of Dayton, the axis of which
lies in a longitudinal valley just within the outer or easternmost line
of crests, and which is crossed by the Bald Mountain trail a mile or
two after reaching the summit; a fourth, southeast of the latter, of
still greater extent, also just within the -outer line of crests; a fifth on
a branch of Pass Creek, which now flows along its axis. On the
western side of the range, in the vicinity of the Bald Mountain trail,
only a few minor and very gentle flexures exist, confined to the more
horizontal portion of the strata on the higher slopes. On the Canyon
Creek trail, several miles south of Cloud Peak, and along the range to
the south of this, both east and west of the median crest line, are
several slight undulations, hardly sufficient, however, to give local
character to the crest.
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In addition to the folds, strike faults, usually of comparatively slight
throw——between 200 and 500 feet—are quite numerous, especially on
the summit of the range within the first or outer rim. Not only have
these caused a reduplication of the strata and the area occupied by
them, but to the fracture lines and the folds are often due the long
north and south courses within the range peculiar to so many of the
streams. Just north of Canyon Creek, on the west side of the range,
a prominent east to west fault crosses the Carboniferous quartzites
and limestones, by which a sharp bluff of several hundred feet is
created by the elevation of the beds north of the fracture. This bluff
overlooks the range to the south and constitutes from this direction a
most noticeable landmark.

The Big Horn Mountains present a massive granltlc core, which is
exposed at the summit of the range over a maximum width of between

.20 and 30 miles. Remnants of the Paleozoic shales, limestones and
quartzites are left here and there upon the Archean, forming buttes
from 300 to 500 feet high, the strata showing but moderate dips in any
direction. Toward the periphery of the crest the area of the early sedi-
mentaries rapidly increases, and at the rim all are complete. In the
central or Archean area large bodies of eruptive rock and also dikes of
the same material were observed, the former constituting many of the
prominent peaks; whether all, however, are of eruptive material, was
not determined by the writer, their mapping as such being based upon
reports of members of the topographic corps of the Geological Survey.
Flanking the range at either base are the Triassic Red Beds (here and
there constituting a low ridge), the Jura, the Dakota (occurring locally
in sharp, comb-like exposures), the Benton, Niobrara, Montana, and
Laramie. The Niobrara also locally forms a slight ridge separating the
two Cretaceous formations of shale, while the Laramie often outcrops in
low bluffs capping slopes of Montana shales.

The anticlines of the Big Horn basin that belong to the present sys-
tem of folds are: two in the northeast portion, at a distance of 10 to 12
miles from the base of the range; and a complex to the south, along
the valley of No Wood Creek, from 3 to 5 miles from the base. The
latter is parallel with the range, but the axes of the others lie a little
more to the northwest than the axis of the range. These folds con-
stitute the Five Spring Ridge, Sheep Mountain, and the Bonanza
Ridges, the first being the northernmost. Phe Five Spring Ridge and
Sheep Mountain have a position en échelon with each other, while the
Bonanza complex is nearly in line with Sheep Mountain, with a possi-
ble slight offset to the west. Together these folds extend nearly the
entire length of the Big Horn Range.

The Five Spring Ridge extends from the Stinking Water valley
south to the vicinity of Salt Creek. The exposed core of the anticline
is of Triassic Red Beds, which outcrop for 8 or 10 miles of its length
and near the southern end are cut transversely by the Big Horn River.
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The section at this point shows an asymmetric fold, the westerly dip
being 15° to 200, the easterly 45° to 60°, the present elevation above
the surrounding prairie 300 to 400 feet. On the east the Jurassic, and
Cretaceous formations to the Montana succeed in turn the Red Beds,
the Montana entering into the fold but slightly. West of the ridge, for
some distance along the middle portion of its length, the younger
measures have been eroded, leaving only the gently dipping Red Beds,
which, after occupying a slight depression between this and the Sheep
Mountain fold, pass directly into the latter, with, possibly, a small
intervening fault. To the north and south the younger formations close
around those lying within, the axis dips in both directions beneath the
prairie, and the fold gradually disappears.

The Sheep Mountain anticline has a like trend with the Five Spring
and overlaps it on the west for several miles. The distance between
the two axes is about 4 miles. The Sheep Mountain fold extends
from near the Stinking Water valley to a little beyond Shell Creek,
although the elevated ridge which marks its median line is some-
what shorter than the extreme length. The flexure is sharp and for
much of its length asymmetric, the easterly dip being between 60°
and 809, the westerly somewhat less. The ridge formed by the anti-
cline has a maximum height of 500 or 600 feet; this in the vicinity of
the Big Horn River, which cuts it transversely about midway. The
cut exposes in its walls a central body of Carboniferous limestones and
quartzites, that also extend along the crest.and slopes of the ridge
5 to 10 miles north and south of the stream. Beyond this the topo-
graphicridge consists of the softer Triassiec and overlying beds, and -
has been eroded to a height usually less than 300 feet. The fold finally
disappears in the Pierre shales.

The effect of the Five Spring and Sheep Mountain anticlines has been
to greatly enlarge the areas of exposure of the formations involved, par-
ticularly those of Mesozoic age; to increase their line of outcrop to more
than twice that under ordinary conditions; and, in the case of the
Laramie, to throw the main line of its coal-measures far to the west—in
some localities 10 to 25 miles from the base of the Big Horn Range.
Both the Five Spring and Sheep Mountain folds are clearly visible from
the western edge of the Big Horn basin, 60 to 70 miles distant. :

The Bonanza complex of anticlines extends from & few miles north of
No Wood Creek nearly t8 the head of this stream, a distance of 50 miles.
The general system of folds is parallel with the Big Horn Range and
occupies a belt from 5 to 10 miles wide along its base. Some of the folds
appear in the Colorado and Montana, while others, nearer the range,
occur in the Dakota, Jurassic and Triassic formations. The anticlinal
axes vary in length from 10 to 30 miles, and the east and west slopes
of the folds are usually between 20° and 400°.

Passing up No Wood Creek, the first important flexure is crossed 4
or 5 miles above the mouth of the stream, the axis having a N. 25°¢ W,
trend, the fold being in Middle Cretaceous shales.
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East of this 2 or 3 miles, and separated from it by a narrow syncline,
is a second anticline in Niobrara and Benton shales. This also trends
N. 250 W., and extends from a point several miles north of No Wood to
one 7 or 8 miles south -of Bonanza, where it merges into other folds.
The axis of the anticline passes east of Bonanza, the strata being
thrown into a’ prominent ridge 200 to 300 feet high, which is more or
less eroded on the west.

One mile west of Bonanza is the axis of a third parallel anticline.
This appears several miles below. Bonanza, and extends beyond it, to the
south, between 15 and 20 miles. The axis of the anticline is occupied
along its middle portion by the Niobrara, in the shales of which oppo-
site Bonanza a petroleum spring occurs.

Twelve miles south of Bonanza a fourth and very large anticline oceurs,
the strata exposed along thé axis being the Red Beds. - Other folds of
considerable prominence were observed still farther south. The folds
of this entire complex are all more or less intimately related, the syn-
clinal troughs usually being narrow, the anticlines sooner or later
merging into one another. The entire area of this complex is, indeed,
" one of much crumpling.

The anticlines between the foregoing and the Big Horn Range occur
in the Jower Mesozoic formations, but were not examined in detail by
the writer. S ‘

The Pryor Mountains.—These are structurally the northwestern con-
tinuation of the Big Horn Range, extending from the Big Horn River,
south of the Montana-Wyoming line, some 30 or 40 miles west-north-
west, into the State of Montana. The range belongs to the N. 600 W,
series of flexures, or to the same system as the Owl Creek Mountains
and the Wind River Range.

Though excellent exposures occur in the Big Horn Canyon and on
the slopes of the mountain above, a transverse section of the range
was observed only at a distance, from points to the southeast and
southwest on the general route of reconnoissance. The range is an
antlchne, but has a double crest, induced by a longitudinal fault along
the western slope of the fold. The fault passes along the valley
between the two crests, the strata on both sides the fracture dipping
southwest about 30°, those on the east being downthrown. Southeast
the fault probably does not extend beyond the Big Horn Canyon; north-
west it disappears at the head of Sage Creek, beyond which the range
is single, a continuation of the eastern of the two ridges.

The formations which constitute the Pryor Mountains are of Paleo-
zoic and Archean age, the latter exposed in the canyon of the Big
Horn River. The Mesozoic formations—the red sandstones of the '
Trias and overlying series—have been eroded to the base of the range
both on the north and south, and from between the crests they have
; disappeared except a few scattered outcrops. The backs of both
ridges consist of the Carboniferous quartzites, which in the western,
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ridge particularly, have been deeply channeled with sharp canyons
that diagonally cross dip and coincident topographic slope. The
extent of the Pryor fold is considerably greater than the area of the

range itself. The Trias, Jura, Dakota and Benton, outcrop along the

base of the mountain, continuous with the outerops farther to the
south. Their dip in the Big Horn basin is usually below 159, shal-
lowing still further as distance from the range is gained. The forma-
tions appear, therefore, in wide terranes, the Laramie lying well out
in the valley of Sage Creek. Moreover, the area of Laramie has been
further diminished by a gentle rise of the strata along a portion of
Sage Creek and their removal from the arch by erosion.

The Pryor Range disappears to the northwest by a gradual sinking
ofits axis. The region about, however, for a long distance is main-
tained at a considerable elevation and shows numerous minor folds,
spurs of the main flexure or crumples of a secondary character but of
synchronous development.

The divide between the Big Horn basin and the Yellowstone.—One of
the minor folds given off from the western end of the Pryor Range is
the gentle anticline which now forms the divide between Sage Creek
and the tributaries of the Yellowstone. The trend of the fold is nearly
east and west, and along the axis Bridger Creek, a confluent of Clarks
Fork, has cut a deep canyon, walled in- with Dakota, Jurassic and
Triassic formations. On approaching the valley of Clarks Fork a
number of irregularly disposed folds or crumples are locally devel-
oped in the Mesozoic beds, but beyond, the strata resume a gentle
north and south dip which continues with undulations to the Yellow-
stone on the one hand and to the Stinking Water on the other.
Toward the southwest a gentle fold in Laramie and Wasatch strata
forms the remainder of the divide to Heart Mountain. In the vicin-
ity of this peak and also west of Clarks Fork these flexures blend
with the north and south system of folds developed with the Absaroka
Range.

In the foregoing description so much of the Big Horn basin has been
considered as is structurally peculiar. Within the zone thus defined
about the periphery of the basin—that is, towards the center of the
depression—the strata have undergone hardly more than an occasional
- flexure, and the formations occupy a practically horizontal position.

“The Wind River Mountains.—These were observed only from the
north. On this side, the range appears as a massive body of Archean,
with a belt of Paleozoic measures at the base. The general trend is
N. 600 W., and the sedimentaries dip from 30° to 80° north-northeast,
locally reaching the vertical. The fold is apparently a simple anticline.
The Carboniferous quartzites, which form the slope of the range for
1,000 to 1,500 feet above the base, are somewhat thicker than in the
other mountain ranges examined, and, moreover, are accompanied by
a series of shales not elsewhere encountered. The blue limestone is
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also heavily developed. The -Silurian appears about as in the Big:
Horn Mountains, but the shales of the Cambrian are less conspicuous.
Terminal moraines occur at the entrances to the many canyons. Prom-
inent among these is one across the mouth of the canyon of the South
Fork of Wind River. This is from 400 to 500 feet high and between 1
and 2 miles broad at the summit, covering a considerable aréa of the
older Mesozoic formations. Existing glaciers also are reported on the
higher peaks of the range. .

Within a zone of 10 to 15 miles along the base of the Wind River
Mountains, from the vicinity of Fort Washakie east, there are several
prominent anticlines, some of ‘which are of special interest from the -
presence of petroleum springs along their axes. The two most impor-
tant have been referred to by others as the Shoshone and Washakie
anticlines.

The Shoshone anticline is the most western. It has a N. 500 W,
trend, and a length of 12 to 15 miles, the center being opposite Fort
‘Washakie and 2-or 3 miles north of it. The western end lies in the
vicinity of Sage Creek, 7 or 8 miles northwest of the fort, while the -
eastern is at an equal distance east-southeast of this point. The strata
north of the axis dip 15° to 20°; south of it, between 45° and 80°,
The center of the anticline is occupied by the Red Beds, which, besides
forming the bottom of a valley 2 br 3 miles wide, also constitute its rim,
‘The valley is cut transversely by the Little Wind River, and appears
therefore as an amphitheater on either side of the stream, extending
4 or 5 miles to the west of it and 1 or 2 east. The Jurassic and Creta-
ceous measures lie about the Trias in successive outcrops, the Montana
shale constituting the valley bottom between the anticline and the
base of the Wind River Range. The Laramie measures have been
deflected to the north or nortlieast by this fold and are seen outcrop-
ping in the low bluffs to the north of Lower Sage Creek at its conflu-
ence with Little Wind River. The western half of the anticline has’
been considerably denuded by the drainage of Sage Creek, and from
this cause and from the presence of one or two minor folds, the lines of
outcrop are somewhat irregular. The eastern end of the fold is a prom-
inent ridge 100 to 200 feet high, composed of the Niobrara, and encir-
cled about thé base by the Montana shales. The axis of the fold is at
this end slightly deflected to the east, towards the Washakie anticline 6
or 7 miles off. The center of the Shoshone anticline displays an impor-
tant petroleum spring, a mile or two west of the channel of Wind River,
and a very large hot spring in close proximity to the stream.

The Washakie anticline lies about 7 miles southeast of the, Shoshone,
the northern end of the former overlapping - @ little the southern end
of the Jatter. Where confined -to the Montana shales the fold does

,not appear above the general level of the prairie, but the Niobrara
jand underlying beds form a prominent ridge which extends from the
point above mentioned southward to the head of Twin and Beaver
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Creeks. Below Lander the anticline is cut transversely by the Popo-
agie, and again several miles to the south by its branch, the Little
Popoagie, the latter stream now occupying its axis to the forks of
Twin Creek. From the Popoagie south, far beyond Dallas, the cen-
tral rocks exposed are the Red Beds, which along Little Popoagie are
eroded to a depth of several hundred feet, forming lofty cliffs east of the
stream and others less lofty west of it. North of the Popoagie the
ridge chiefly consists of the Cretaceous series, the Niobrara occupying
over half its length along this portion. Between the ridge and the
-sharp bluffs of the Laramie to the east is a broad valley of Montana
shales; west of the ridge the Laramie does not occur, and the Mon-
tana and underlying beds are bent into a well-pronounced syncline
which occupies the space to their westernmost outcrops along the base
of the range. Almost on the axis of the Washakie anticline, near the
northern extremity of the Niobrara ridge, is the Washakie oil spring,
and a little north of Dallas, in the canyon of the Little Popoagie, are
- several oil wells of large capacity.

Northeast of the Washakie and Shoshone anticlines the flexures .
belonging to the Wind River system are but slight undulations, hardly
visible except under favorable circumstances of outcrop. Along the
immediate base of the range, however, the strata are here and there
thrown into folds which, while not of the extent and size of the Sho-
shone and-Washakie folds, are nevertheless well defined and contribute
to both the structural and topographic features of the country. These
minor anticlines usually occur in the Niobrara or in the underlying
formations to a horizon near the top of the Trias.

The Wind River basin.—This was crossed twice in the present recon-
noissance: once on the Embar and Fort Washakie stageroad; and once
on the road leading from Lander down Wind River to its canyon in -
in the Owl-Rattlesnake Range. On the former line the folds encount-
ered belonged either to the Owl Mountain or Wind River systems, and
have been described. On the latter road the valley between ranges
is much broader and the area beyond the region of the mountain folds
proper much greater. In crossing on this line the beds of the Brid-
ger formation occupy the valley for nearly its entire width, covering
all the older Cretaceous formations. A single flexure of importance
was observed in the Tertiary beds. The axis of this lies about 12
miles north of St. Stephens Mission, and extends east and west be-
between 5 and 10 miles, forming a noticeable elevation in the other-
wise flat valley. The rise of the arch is but slight, the beds dipping
hardly more than 5° or 6© north and south. The occurrence of the
fold is, however, important, and establishes the action of forces in later
Tertiary times, already noticed in connection with the Wasatch Ter-
tiary both in this basin and in the Big Horn.

For a description of the region east of Wind River the reader is
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EXPLANATION OF PLATE II.

. Sheridan district; prospect 2 miles cast of Beckton; portion above the coal a

mixture of lignitic shale and sandstone.

. Sheridan district; mine 5 miles north of Sheridan,

Buftalo district; mine 1 mile east of Buffalo.

. Prospect at mouth of No Wood Creek.

. Red Lodge district, Montana; No. 1 or Yankee Jim seam.

. Red Lodge district, Montana; No. 2 seam.

. Red Lodge district, Montana; No. 3 seam.

. Red Lodge district, Montana; No. 4 seam, ‘
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referred to the reports of the Territorial geologists! and to the maps of
the Hayden Survey,? from which the data for the accompanying map
have been obtained.

ECONOMIC GEOLOGY.
COAL, .
STRATIGRAPHY,

The workable,coal of the region under discussion is of Laramie age.
Reports of its existence in the Dakota formation, in the foothills at
the east base of the Big Horn Range, 5 miles southwest of Dayton, are
current. The locality was visited by the writer and the ¢ coal” found
to be merely a very carbonaceous sandstone. Coal occurs in the
Niobrara in the vicinity of the Clarks Fork Canyon, but the seam is very
irregular—a mixture of shaly coal and slate, and of but 2 feet ors2
feet 6 inches maximum thickness. The chief interest lies in its presence
in the Niobrara, heretofore not known to be carbonaceous or, indeed,
except in Canada, to carry even an occasional leaf bed, both of which
conditions exist here.

The coal beds of the Laramie are distributed throughout the forma-
tion from base to summit. No distinguishing features exist for deter-
mining the horizon of a particular bed except by direct reference to the
. base of the series or to one of the broad divisions of the formation—the
lower, sandstone division, or the upper, clay division—and this only in
an area where both are present and their relations may be clearly ob-
served. Reference by direct measurement has been impracticablein the
present reconnoissance, and it has therefore been impossible to estab-
lish the absolute position of all the seams encountered. However, some
are known to occur near the base of the formation, and it is believed
that others belong to a horizon about midway but in the shaly division
of the series. «

Beginning at the bottom, the first workable coal bed anywhere
encountered occurs about 100 feet above the base of the Laramie; the
second, in some localities, 70 feet higher. With these exceptions the -
seams in the lower or sandy division are thin and unimportant.

In the upper or shaly division the coal seams are numerous and form
one of its characteristic features. With two or three local exceptions,
however, all are too thin for economical working, and the coal is
usually of a poorer quality than that at the base of the formation.
The exceptions are the heavy beds north and west of Sheridan, east of
the Big Horn Range, and a bed about 2 feet thick on Grey Bull, a
little above the mouth of Meeteetse Creek, in the Big Horn basin.

1 Annual Report of the Ter: -sorial Geologist to the Governor of Wyoming. Years 1886-1888 and 1890.
#Maps, U. S. Geol. and Geog. Surv. of the Lerritories, ¥. V. Hayden. Parts of Central Wyoming.
And U. S. Geol. and Geog. Surv. of Terr. Geological Map of Portions of Wyoming, Idaho, and Utah.

Bull. 119 4
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In the lower part of the formation the succession of the component
strata and of the coal beds is very changeable; and a single coal seam
of 10 feet in one locality may in another be split into two 8 to 10 feet
apart, or, in a third, into a half dozen seams embracing a thickness of
measures of 30 to 50 feet. Such separation is effected by the increase
of sandstone or slate partings already present, or the acquirement of
others wholly new. Again, the coal seams themselves may thicken to
a workable size or diminish to the merest trace.

AREAS.

The distribution of coal within the confines of the Laramie in the
region examined is quite general; but the localities of workable coal,
so far as exposed in outcrop, are limited to four: that east of the Big
Horn Range; the Red Lodge district, in Montana; the Sunshine area
on the western edge of the Big Horn basin; and the Lander district,
in the Wind River valley. That these four districts, however, em-
brace all the areas of coal of a workable thickness in this region is
doubtful, for, from the general manner of occurrence of this mineral in
the West, it is quite possible that beds of sufficient size may exist at
other points, beneath the formations of later age.

Powder River field—This name has been assigned by the Territorial
geologist, Dr. L. D. Ricketts,' to the area of Laramie east of the Big
Horn Mountains. It extends from a parallel at least 20 miles south of
Buffalo north far.into Montana and in an easterly direction it covers
nearly half the distance to the Black Hills. Coal probably underlies
much of it. Examination in the present reconnoissance has been con-
fined to the western periphery and the region about Sheridan in the
valley of Goose Creek.

The western rim of the Laramie for the greater part of its length is
clearly defined by the outcrops of the more prominent sandstones at the
base, these often constituting a line of low ridges, 6 to 10 miles from the
foot of the Big Horn Range. Along other portions of the rim, however,
the sandstones are broken down, the ridges disappear, and the limiting
line of the formation, is concealed beneath superficial deposits. The
general trend of this line and consequently of the coal horizon at the
base of the formation, from the vicinity of Trabing, its southern end,
to the Montana line, is N.35¢ W. It passes closeto the town of Buffalo,
either a little to the east or west, continuing thence to the valley of
Little Goose Creek. Along this portion of its course the edge of the
formation was not followed but its trend is apparently direct, except,
perhaps, in the vicinity of Massacre Hill, or the divide between Piny
and Prairie Dog Creeks, a region of topographic peculiarities. On Big
Goose Creek the basal sandstones of the formation outerop about 13
miles above Beckton Post-office, passing thence directly across ridges

1 Annual Report of the Territorial geologist of Wyoming. January, 1890, p. 38.
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and valleys to a point on Tongue River a mile above Dayton. North
of Tongue River, for much of the distance to the State line, the sand-
stones form & series of low ridges, defining the lines of drainage and
giving tothe streamsa direction parallel with the strike of the beds.
The dip of the strata along the western edge of the Laramie is usually
less than 250, shallowing rapidly to 5° or even less, as distance from the
mountain increases. Over the interior of the Laramie area the strata
vary in the direction of their dip, but the amount of dip is everywhere
slight, rarely over 5° or 10°,

The stratigraphical distribution of the coal in the Laramie of the
Powder River field has never been determined in detail. Seams from
1linch to 10 feet thick are encountered at various horizons—almost,
indeed, from base to summit. The workable seams, however, are ap-
parently of two horizons, near the bottom and midway the series.

The lowest coal recognized is that opened in the vicinity of Buffalo,
which is probably within 200 feet of the base of the formation; but
nowhere else along the western rim has a workable seam either been
observed or reported - at this horizon. The next highest seam of
economic value is that opefied on Big Goose Creek, about 24 miles
east of Beckton and just north of the road to Sheridan. This seam
oceurs several hundred feet above the base of the formation, in the
more shaly series of beds usually forming the middle and upper por-
tions of the Laramie. Five miles north of Sheridan, on the line of the
Burlington and Missouri Railroad, a mine has been opened by drift on
a seam the horizon of which is not satisfactorily determined but may-
be either the same as that of the one near Beckton or still higher in
the series, a point that can be settled only by a profile and section of
the measures from the base up. North of this, still other openings, of
local importance, occur, and in the Tongune River valley, several miles
below Dayton, coal of uncertain horizon is again reported. Several
hundred feet of shale and sandstone overlie the Sheridan seam, con-
stituting the high region east of Goose and Prairie Dog Creeks and
extending beyond the Powder River. In this region several outerops
and openings have been reported but no attempt at correlation has
been made.

The mines in the vicinity of Buffalo are three, and lie to the east,
north and northeast of the town from 1 to 5 miles. They are opened
in strata of gentle and somewhat variable dip, but withal 2° to 3°
eastward. At a recently developed mine, which is 1 mile east of
Buffalo and of all the openings the nearest to the western rim of the
formation, the coal is reached at a depth of 103 feet beneath the sur-
face, and presents the general section given in C, Plate 11. The coal
of the Buffalo district varies but little in appearance, and probably
but little in its chemical constituents, in both particulars being an
especially typical lignite. The woody structure is maintained in a
remarkable degree, while the streak is a dirty brown, the fracture
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conchoidal, and its resistance to weathering slight. The analysis
given in the general table at the end of the chapter affords an insight
into the relative proportions of its components, and its fuel ratio is far
below the limit usually adopted as the dividing line between lignite
and bituminous coal. Moreover, both water and ash are high. The
coal, however, isextensively uled for domestic purposes in Buffalo
-and the United States military post, Fort McKinney, and is said to
afford a considerable degree of satisfaction.

The openings near Beckton are hardly more than prospects, from
which, however, a small amount of coal has been taken to supply local
demand. Sec. A, Plate 11, represents the seam at the outcrop, but the
coal was not sampled, ‘

In the Sheridan district but a single mine is at present worked.
This is on the line of the Burlington and Missouri Railroad, 5 miles
north of Sheridan, and is the most extensive opening in the Powder
River field, the main entry extending about 500 feet from the outerop.
The section represented in B, Plate 11, varies little from that at other
points in the mine, the coal maintaining itself comparatively clean
and free from partings—with the exception of the clay streak 6 to 8
inches from the bottom, which is persistent, and local developments of
slate or bone. The coal is fibrous, jointed and compact, and in texture
it oceasionally resembles a coal of the bituminous variety. In compo-
sition, however, it is a lignite, the fuel ratio being generally below 1,
although one or two analyses made by the mine-owners place it at
. 112 to 1.14. The moisture is high, but the ash is remarkably low, a
percentage as low as 4 being rarely encountered in this class of coals.
Another noticeable feature brought out in the analyses of the Sheri-
dan coals is the marked variability in the relative proportions of
fixed carbon and the volatile hydrocarbons; the. samples taken being
illustrative not only of different localities on the seam but as well
of different parts of the seam in the same vertical section. This impor-
tant feature was unlooked for, and whether it will be found general for
the mine and, indeed, for the field, must be decided by future analyses.

The Sheridan coal is largely used for domestic purposes and is said
to be satisfactory in this respect. For stationary engines also it
answers well in the absence of coals of higher grade, but for locomotive
steaming it is reported too light. It also yields easily to atinospheric
influences. '

The No Wood region.—West of the Big Horn Range, at the mouth of
No Wood Creek, a coal seam has been prospected to the depth of 40 or
50 feet, showing the section given in D, Pl 11. The seam is too much
split by slate and sandstone partings to be of value, but its presence
is indicative of the possibilities of the region, which is, perhaps, the
western continuation of the Powder River field, from which it may have
been separated by erosion across the crest of the Big Horn anticline.
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The coal of the No Wood seam is in appearance and constitution a
lignite. The single analysis of it shows a higher fuel ratio than that of
the Powder River field, the upper division of the seam reaching but
little short of 1. The moisture is also noticeably lower than in the coal
east of the Big Horn Range, but this can not be regarded general from
a single sample. The ash is much higher, as anticipated from the -
appearance of the coal, in which the distribution of impurities is
marked.

The Red Lodge district of Montana.—Although this is beyond the
confines of Wyoming and was but incidentally visited in connection
with the present reconnoissance, it has so many features important for
the comparison of coals further south, in the Big Horn basin, that a brief
reference to it is here made, Sections of the seams thusfar opened are
given in E, F, G, H, PL 11, and A, B, C, P1 11

The field was first examined and reported upon by Mr. J. E. Wolff,
of the Northern Transcontinental Survey, in 1881 or 1882.! Since then
it has been visited by Mr. W. H. Weed, of the U. S. Geological Survey,?
from whom also a brief statement has come, in connection with other
coal fields in Montana. To these two reports the reader is referred for
more extended information than is given below.

' 28— S
% = » -
ks ez Lo g e g0,

00 200 Yoo 400 Solfrer,
N Scale.
Fig. 1.—Section showing relative positions of coal seams.

The field extends several miles east and west of Rocky Fork, occupy-
ing a belt 3 to 5 miles wide along the northern base of the Absaroka
Range. The productive coal-measures occur in a zone of 1,000 feet,
apparently somewhere in the middle of the formation, bug the exact
stratigraphical position has never, so far as known, been determined.
The coal-measures, along their northern edge, outerop with varying
southerly dip—in the region of Rocky Fork about 20°, To the south
this dip gradually shallows to horizontal or slightly undulating, which
position is maintained to the fault line at the base of the mountains,
a distance of 3 to 4 miles. The coal horizon abuts against the fault-
plane at a considerable distance beneath the surface.

The relative positions of the coal seams already opened, in the upper
half of the zone, are shown in the accompanying section (Fig. 1).

In addition to these, seven others are reported within 600 or 700 feet
below, five of which are said to be of workable thickness.

A point of special interest in the coal seams of this district is the
number of partings of slate or other material. These vary in thickness

'Vol.xv. Tenth Census of the United States, p. 755 and plates..
2 Engineering and Mining Journal, Vol. Lir1, No. 20, May 14, 1892, p: 621.
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from ;% of an inch to 6 or 8 inches, on the one hand too thin for separa-
tion in mining and of necessity going into the coal shipments, on the
other hand too thick to pass into the coal product and therefore requir-
ing separation in the mine. This is, moreover, a feature of many of the
seams in the Rocky Mountains in southern Montana, and yet both ver-
tical and horizontal beds are mined with advantage. In illustration
of the effect of inclusion in the shipping product of partings too small
- for separation in mining, two samples, Nos. 117 and 118, were taken at
the same section in the slope of the No. 4 seam, the former including all
partings finding their way into the shipments, the latter of clean coal.
The analyses show a diminution of one-third in the amount of ash in
the coal from which the partings were excluded. '

The analyses of the Rocky Fork (including Bear Creek) coals show
them to be of a higher grade than any sampled elsewhere during the
present reconnoissance. The fixed carbon is higher and the volatile
combustible matters, the moisture and the ash, are lower than in the
others, while the fuel ratio is very noticeably advanced.

Beofore passing from the consideration of the coals of the Rocky Fork
district, attention is called to the sample No. 120, obtained from a Bear
Creek prospect. 1t illustrates the. slight change that some coals of the
lignite class occasionally undergo in the mine, even after long exposure,
in the present instance three years having elapsed since the face was
cut, and in sampling but an inch or two having been removed. This
coal is well up to those taken at depths in other portions of the district,
even allowing for a possible higher quality of coal.

The front of the Absaroka and Shoshone Ranges.—TFrom the Rocky
Fork coal field, which extends to a point 7 or 8 miles north of the
Montana-Wyoming line, southward to the Sunshine district, the north-
ern limit of which is between Meeteetse and Grey Bull Creeks, there
are numerous exposures of coal, but all, so far as explored, show a seam
too thin for economic development on an extended scale and with one
or two exceptions even below the limits of a working thickness to sup-
ply local demands. The coal beds of this belt occur both in the lower,
more sandy division of the Laramie, and in the upper or shaly zone
of the formation. In the former but a single seam has been observed,
this extending through the entire length of the belt with the pres-
ervation of all its characteristic features. In the shaly division the
seams are numerous, but generally either very thin or of a low grade
of lignite intermingled with dirt streaks. The seam of chief impor-
tance in this division has a thickness of 2 feet of clean coal and is
exposed on Grey Bull above the mouth of Meeteetse Creek (H, Pl. 111).
The chief exposures of the lower coal are: on a branch of Line Creek,
near the boundary of Wyoming and Montana; along the base of the
Laramie in Heart Mountain; on Sage Creek, near the Frost ranch;
and at Arland on Meeteetse Creek. Besides the foregoing seams and
their exposures, two others of undetermined geological horizon exist



~nEREEDOR>

EXPLANATION OF PLATE III.

. Red Lodge district, Montana; No. 5 seam.

Red Lodge district, Montana; No. 6 seam.
Red Lodge district, Montana; Bear Creek mine.

. Big Horn Basin; Nutting outcrop; near Montana-Wyoming line.
g 3 g P y g

Big Horn Basin; Frost outcrop; Sage Creek south of Stinking Water.
Big Horn Basin; Brundage outcrop; SE. spur of Meeteetse Mountain.

. Big Horn Basin; Arland mine.
. Big Horn Basin; Grey Bull River; outcrop, 1 mileabove mouth of Meeteetse Creek.
. Big Horn Basin; Sunshine district; outerop, north bank of Grey Bull River, 1 mile

below mouth of Iron Spring Creek.
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high up on the northeast slopes of Meeteetse Mountain, at the head of
Carter Creek and the north fork of Sage. (I7, Pl.111.)

The coal bed in the lower portion of the Laramie oceurs between 100
and 150 feet above the base of the formation. It is included in a nar-
row zone of lignitic clays, which are quite generally underlain by a heavy
bed of white sandstone and overlain by one of yellow. The seam itself
is usually made up of two benches of coal, separated by a 2 to 4 inch
band of brown lignitic slate, which weathers a milky white. These
features are so pronounced and persistent that, with the constant posi-
tion of the bed, they serve as a general means of itsidentification. See-
tions D, B, G, and I, PL 111, and B, PL 1V, give the general character
of the seam, excepting that in the region affording the last two (the -
Sunshine district) the coal has increased to workable thickness.

The coal of this horizon usually lies within the region of mountain
folding, either on the flanks of the main uplifts or included in the
subordinate (parallel) folds along their base. The dip is, therefore,
rarely less than 159, often 459, and occasionally 709, and the direction
generally eastward, except where, as on Sage Creek, it is included in a
subordinate fold, either eastward or westward, according to the side
of the flexure upon which it is.

In appearance the coal is hard, black, of bright and sometimes oily
luster, and bears a close resembiance to coals of the bituminous variety.
It is, however, a lignite, with high moisture contents, ash from 6 to 15
per cent, and a fuel ratio considerably below 1. This applies also to
the coals of uncertain horizon in the slopes of Meeteetse Mountain, and,
indeed, to the seam in the upper Laramie series, on Grey Bull, near the
mouth of Meeteetse Creek. The latter coal, however, has a more gen-
eral resemblance to lignite than the former."

Sunshine district.—This embraces anarea approximately 9 by 15 miles,
the greater dimension being east and west. The northern limit is be-
tween Grey Bull and Meeteetse Creeks; the southern, probably between
Gooseberry and Grass Creeks; the western, a north and south line a
few miles west of Sunshine Post-office; and the eastern, arbitrarily
taken, along the edge of the region of subordinate folds, a few miles
east of Enos Creek, a tributary of Gooseberry from the south. It is
highly improbable that this entire area is underlain with coal, but the
general distribution of known outecrops and the thickness of the beds
render it a region of considerable possibilities.

The coal area of the district is separable into a main body lying
almost wholly east of Wood River, and an inlier west of this stream,
the two separated by erosion along an anticlinal fold.

The coals occur in both the lower and upper divisions of the Laramie,
but the most important seams are found in the former. Two occur in
this division: the lower and larger, Sec. I, P1. 111, and Sections A, B, C,
D, H, PL 1v, about 100 feet above the base of the formation; the upper,
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E, Pl 1v, smaller and of local prominence only, 70 feet higher in the
series. The lower, by its stratigraphical position and component lay-
ers—two benches of coal separated by a characteristic slate—is identi-
fied with that already described at this horizon further north. In the
upper division of the Laramie the single seam of importance is that
shown in Sec. G, P1. 1v; it occurs in the lower portion of this division.

The observed northernmost outcrop of the large seam néar the base
of the formation is in the banks of Grey Bull, 1 mile below the mouth
of Iron Spring Creek and about 7 miles north-northeast of Sunshine
Post-office. The outerop presents the appearance in I, PL11r.  The dip
of the measures is here about 7° N. 60° E., or down stream. West of
this the coal rises in the bluffs of the valley, and after one or two gentle
flexures reaches the lina of its north and south outcrop a little above
the mouth of Wood River. North of Grey Bull this outcrop passes
into the prairie and, with one or two irregularities of trend caused by
local folds, finally unites with that passing south from Arland. Beneath
how much of the area north of the stream the coal maintains a work-
able thickness is undetermined, the examination not having been car-
ried beyond the immediate river valley. South of Grey Bull the coal
horizon passes into the bluffs in the forks of this stream and Wood
River, crosses the channel of the latter between 1 and 2 miles above its
mouth, and thence enters the high ridge to the east, in which it con-

- tinues to Gooseberry Creek, a distance of 7 or 8 miles. On this line of
outcrop the only exposure of importance encountered was in the banks
of Wood River, 4 to 5 miles below Sunshine, where is a seam compris-
ing two benches of coal separated by 2 to 4 inches of slate. This,
except for the thinning of the upper bench to 5 or 6 inches, closely
resembles the bed of general occurrence along the range to the north,
and in its main divisions, also the larger seams of the Sunshine district.
There is thus an indefinite area in this vicinity over which the main
coal bed has either been reduced below workable thickness or has been
split into a number of minor seams, as on Gooseberry Creek, on this
same line of outcrop, where the section in F, Pl 1v, is to be seen.
South of Gooseberry Creek the basal series of Laramie rocks was not
followed.

Within the periphery of the main body of Laramie in the Sunshine
district the several anticlines already described in the structural chap-
ter each expose a rim of the lower coal-measures of the formation,
These have not all been explored for coal, but in two instances seams
of workable thickness have been, one observed by the writer, the other
reported to him. The anticlines that have brought to the surface these
seams are the one crossing Gooseberry Creek, 2 miles above Iron
Spring, and that south of Gooseberry Creek, 2 or 3 miles below the
mouth of Enos Creek.

The exposure of the coal horizon in the former or upper anmticline is



-EXPLANATION OF PLATE 1IV.

. Big Horn Basin; Sunshine district; outerop, Wood River, 14 miles above its

mouth.

. Big Horn Basin; Sunshine district; outerop, north side Sunshine Guleh, 2 miles

NNW. of Sunshine post-office.

. Big Horn Basin; Sunshine district; outcrop, tributary Sunshine Gulch, 24 miles

NW. Sunshine post-office.

. Big Horn Basin; Sunshine district; outcrop, tributary Sunshine Guleh, 3 miles

NW. Sunshine post-office.

. Big Horn Basin; Sunshine district; ontcrop, tributary Sunshine Gulch, 3 miles

NW. Sunshine post-office. An upper seam locally developed.

. Big Horn Basin; Sunshine district; outcrop, south bank Gooseberry Creek, 4

miles SE. Sunshine post-office.

. Big Horn Basin; Sunshine district; outerop, Gooseberry Creek, 2 miles above

mouth of Enos Creek.

. Big Horn Basin; Sunshine district; outcrop, tributary of Gooseherry Creek from

south, 2 or 3 miles east of Enos Creek.

. Big Horn Basin; Embar district; Smith prospect; outcrop, 4 miles NE. of Embar

post-office.

. Wind River Basin; Lander district; mine, 8 miles NE. of Lander.
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about 10 miles long, and the workable coal is reported on the northeast-
ern side of the fold in a sharply eroded gulch entering Gooseberry
Creek one-quarter to one-half mile above Iron Spring. Here an open-
ing is said to show 5 feet of coal in 3 or 4 benches separated by part-
ings of slate from 1 to 3 inches thick. The bed is probably identical
with the main seam of the district, and the appearance of the coal is

said to be the same in both. The area of workable coal in this portion
of the district is undetermined.

The anticline below Enos Creek presents an exposure of the coal
horizon of 4 or 5 miles. The coal outcrops in workable thickness near
the northern end of the topographic basin eroded along the axis of the
fold, having a dip of 5° northeast. Two beds are present, separated
by 10 to 20 feet of sandstone and shale, the entire section being given
in Fig. H, PL. 1v. The upper bed affords 3 feet 7 inches of workable
coal; the lower 2 feet 8 inches, separated intothree bands. The latter
somewhat resembles the seam so generally present near the base of the
formation north of the Sunshine district, there being two main benches
separated by a bluish white slate parting. The bed widens to 12 feet
a few hundred feet southeast, the amount of coal remaining the same,
but its benches being further separated or split into minor layers by

. fresh partings. The sandstone layer separating the two main beds is

also variable from point to point. The variability of this series of coal,
shale and sandstone renders an estimate of the possible productive
areas of the district very difficult. Only careful prospecting along the
outerop of the beds and drilling in the iiterior portions will farnish re-
liable answers to questions of this nature.

The inlier of Laramie west of Wood River, which is in structure a
syncline, is approximately 8 or 10 miles long by 2 or 3 wide. It is com-
pletely encircled by the horizon of the coal, the chief exposures of the
seams being near the southern end, from 2 to 4 miles northwest of
Sunshine Post-office, in the bluffs of Sunshine Guleh and its tribu-
taries. The beds here dip 10° to 35° northwest to north, according to
their position on the periphery of the syncline, the axis of which has a
general north and south trend. The sandstones of the formation are
heavily developed, and the individual beds for 150 or 200 feet above the
base are readily recognizable by their thickness, persistence and color.
Those immediately underlying and overlying the main coal seam are
particularly prominent, the former being a heavy bed of white sand-
stone, the latter of yellow, characteristics that are maintained, not only
over the Sunshine district, but along much of the area bmdermg the
mountains to the north and south.

Two beds of coal occur in this region., The Jpwer is the important
one, the upper, 70 feet above, being but 2 feet 8 inches thick and appar-
ently of local development only. Exposures of thelower seam are given
in Sections B, C, and D, Pl. 1v, and its identity with that generally
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developed at this horizon to the north of this district is clearly estab-
lished by comparison of the component layers; two broad benches of
coal appear in Sections B and D, Pl 1v, more or less split by nar.
row partings, indeed, but separated from each other by the usual 2 to
4 inch band of brown carbonaceous slate, weathering bluish white.
Section C, taken at a point midway between the localities of B and D,
also shows this parting, but there has apparently been a local interpo-
lation of sandstone and shale in the upper part of the seam. The
extent of outcrop covered by the three sections is about 1 mile, but
other prospects, showing the seam still of workable thickness, are
reported further west, which would increase the length for this region
to between 1 and 2 miles. Coal also outerops at other points about the
syncline, but the seams were of necessity left unopened.

Comparison of the lower seam of the Sunshine district with those of
theRocky Fork region, shows a similarity between them in the proportion
of coal to partings, and in the distribution of the latter throughout the
seam, that enables the statement to be made that, notwithstanding the
amount of dirt contained in the Sunshine beds, they can be economically
worked on a large scale.

The coal of the lower seam in the Sunshine district is of two varie-

ties: that of the upper bench—above the middle parting of brown or .

bluish white slate—is fibrous, dry and brittle, with a brown streak, and
tendency to rapid weathering; the lower bench, on the contrary, has a
black streak, is oily in appearance, hard, only slightly fibrous, breaks
in blocks, and resists weathering far more than the upper coal. The
physical properties of the lower bench indicate it to be of the better
quality, and this implication is borne out in the chemical analysis of the
few samples taken.

The chemistry of the coal shows it to be lignite. Its true value as a
fuel can not here be correctly estimated, owing to the necessarily few
samples and their proximity to the outcrop of the seam, but the analyses
combined with a field acquaintance with the coal warrant the state-
ment that while it may fall a little below the coals of the Rocky Fork
mines, it will yet compare favorably with them upon being opened.
The fuel ratios of the samples are, with one or two exceptions, very low,
but it is believed that the higher ones will more nearly represent the
character of the coal. The ash is comparatively low; the moisture
comparatively high.

The coal is, in its combined physical and chemical properties and in
the size and character of the seam, superior to other coals of the Big
Horn basin, and by reason of this the Sunshine district is to be recom-
mended for private exploration to individuals or corporations directing
their efforts toward opening this intermontane region to commerce and
settlement. .

The upper or shaly division of the Laramie in the Sunshine district

e
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has but one coal seam of prominence, although many from an inch to a
foot exist wherever the series has been preserved from erosion. The
seam referred to outcrops on Gooseberry Creek opposite the mouth
of Middle Fork, about 2 miles above Enos Creek. It is represented
in Sec. G, Pl 1v. There are 3 feet 6 inches of coal, separated two-
thirds the way from bottom to top by a 7-inch band of black slate,
which is locally very carbonaceous. The strike at the outcrop is N. 500
to 70° 'W., but the trend of the strata in the vicinity is variable by
reason of the folding to which they have been subjected. The dip of
of the coal is 100 southwest. The extent of the seam is undetermined.
The appearance of the coal is much more that of a typical lignite than
the coals of the lower division of the formation, and the chemical anal-
"ysis shows it also to be slightly higher in water, with a low ash, and a
very low ratio between its fixed carbon and volatile combustible matter.

The coal of the Sunshine district is said to outcrop as far south as
Grass Creek, and, again, on the Middle Fork of Gooseberry, probably
along the western rim of the Laramie. So far as observed by those
reporting it, the seams are not of workable thickness, but in an un-
prospected region of such rapid variation this signifies but little.

Embar district.—The exposure of coal next south of the Sunshine
district is the Smith prospect, 4 miles northeast of Embar.

The coal lies at a distance of hetween 3 and 4 miles from the base of
the Owl Mountains and the seam is somewhat beyond the area of the
larger folds which there exist. The locality of the outcrop is in a point
of Laramie projecting southeastward between Cottonwood Creek and
the North Fork of Owl Creek. The edge of the formation lies in the
bluffs north of the latter stream, and opposite the forks turns north and
passes into the high ridge beyond Cottonwood.

The coal seam is of the lower Laramie series. The section at the
outcrop is given in I, PL 1v, and shows the coal to be below workable
thickness. The dip is here 50 east, but the strata of the region are
slightly folded and the dip consequently somewhat variable. The coal
is a bright, hard, and oily-looking lignite, higher in its fuel ratio than
some other coals of the Big Horn basin. The ash is low, but the water
content is one of the highest met with.

The information concerning the occurrence of coal in the Big Horn
basin does not show it to be a region of general promise. The nature of
a reconnoissance precludes detailed examination, but the Laramie has
been crossed on many lines, and it is believed that little if any coal of
importance has escaped attention. Even'if some coal fields have not
been found, the future lines of examination by private individuals are
here suggested. Of the different areas the Sunshine district is the most
favorable for coal enterprises, but it requires the most careful and
detailed examination before investment and development.

The important coal beds of the Wind Kiver valley are chiefly con-
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fined to the lower or sandstone division of the Laramie, the seams prob-
ably corresponding to those of the same stratigraphic horizon in the
Big Horn basin,

Muddy Creek field.—This embraces the area of Laramie immediately
south of the Owl Mountains. Several small seams were observed near
the base of the formation in the two promontories southeast of the Mail
Camp at a distance of 2 to 4 miles from the Owl Creek Range, and 6
or 7 miles farther east, in the southern face of the outer ridge, between
3 and 4 feet of coal are reported dipping southeast 15° to 25°. The
coal is a lignite, of use for domestic purposes but unfitted for the heavier
demands of commerce. This coal is on the reservation of the Sho-
hone and Arapaho Indians, and at present not open to prospectings
or development by private individuals. .

Lander field.—This field is at present the most important in the Wind
River valley. Itlies 8 miles northeast of Lander, the coal being opened
just south of the confluence of the Big and Little Popoagie Creeks.
The basal sandstones of the Laramie here outcrop in a prominent line
of bluffs, dip northeast about 139, and pass beneath the prairie beyond.
The area of workable coal is unknown, but is probably several square
miles, with portions where the seams would be unprofitable to open.
Northwest of the Big Popoagie the coal has not been opened and little
is known of the character of the seam in this direction. The measures
pass across the prairie to the valley of Little Wind River, where they
are found in the bluffs north of the stream, dipping slightly northeast.

A section of the Lander seam is shown in Sec. J., PL. 1v. The coal
is fibrous, bright and hard, and has a splintery fracture, but weathers
rapidly. In appearance it resembles a lignite of the higher class, and
the chemical analyse$ place it among the better coals encountered in
the reconnoissance.

Upper Wind River region.—On the Upper Wind River and its tribu-
tary, Warm Spring Creek, and also on several other streams in this
vicinity, coal is reported in seams of a thickness somewhat below the
requirement for economic working. The locality was necessarily left
unvisited, but three samples were sent by owners of properties or
their representatives, the analyses of which have been incorporated
in the general table at the close of the chapter. The samples sent did
not coke, and they still appear to belong to the class of lignites, but
their high place in the scale of the coals of the Big Horn and Wind
River basins is clearly perceptible upon comparison of analyses, and
their quality, and their position within the more massive part of the
mountains, merit for them special attention in the future.
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ELDRIDGE.] OIL IN WYOMING. 63
PETROLEUM.

The oil resources of Wyoming have already been described in a pre-
liminary manner by the territorial geologists, Drs. Samuel Aughey and
Louis D. Ricketts,' and to their reports the reader is referred for more
extended information than is here given.

The petroleum observations during the present reconnoissance were
limited to such localities as lay directly in the line of exploration.
These were the vicinity of Fort Washakie, the region about Dallas, and
the neighborhood of Bonanza, on No Wood Creek in the Big Horn
basin.

The petrolenn in each of these localities occurs along an anticlinal
axis, coming to the surface in two instances in strata of Niobrara age,
in the other in the Triassic Red Beds. The structuraldetails of the
anticlines have been given.

The petrolenm spring of the Shoshone anticline, 2 or 3 miles north-
east of Fort Washakie, occurs in a broad flat just off and west of the
main valley of the Little Wind River, closed in by a low escarpment
of Triassic Red Beds. Its position is near the axial line of the anti-
cline, perhaps a little to the southwest of it. The escape of the oil
at this point, as well as of the great hot spring 1 mile to the -south-
east, is probably due to the fracturing of rocks along the axis of the
fold, where the bending bas been sharper than elsewhere. The fold is
asymmetric, the strata on the southwest dipping from 45° to 809, those
on the northeast 150 to 200. The dip, however, flattens considerably
on either side as distance from the center is gained.

The petroleum comes to the surface through a wash that occupies
the flat, but the Red Beds are just beneath, their horizon being roughly
estimated at about 500 or 600 feet below the summit of the formation.
The oil, together with a small amount of gas and water, rises in a
number of little springs within an area of 100 or 200 square yards. A
hard crust of asphalt has been formed about the springs by the evapo-
ration of the more volatile hydrocarbons. The oil is brownish black,
and evidently heavy, though its gravity was not measured. The
asphalt from this deposit has been very satisfactorily employed at the
military post near by in the construction of walks and for other pur-
poses in and about the buildings. The oil is occasionally used in the
crude state as a lubricant.

A second oil spring, to which the name Washakie has long been
applied by Indians and others, occurs 8 or 9 miles southeast of the
first, near the northern end of the long ridge of the Washakie anticline.
The oil rises to the surface nearly in the axis of the fold, in somewhat
sharply crumpled Niobrara strata. The Niobrara is a series of argil-
laceous, arenaceous and calcareous shales, and it is apparently in

* Ann. Report, Territorial Geologist, Jan., 1886, Laramie, Wyo.; Ann. Report, Territorial Geologlst,
Jan., 1888, Cheyenne, Wyo.
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the somewhat more sandy varieties that the oil here seeps to the surface,
The amount of seepage is small, collecting slowly in two or three little
holes dug for the purpose. The petrolenm saturates a belt of strata
from 10 to 20 feet wide, and nearly 100 feet in length. The spring has
long been famousamong the Indians for its healing properties.

The Dallas oil field is 12 to 15 miles southeast of Lander, near a
post-office of the same name. This region was designated by Prof,
Aughey as the Shoshone oil field. The central feature is the anticlinal
structure, at the western end of which is the Washakie Spring. It
is parallel with the Wind River Range, from which it is separated
by a long, narrow syncline. The anticline is several miles wide, the
center being occupied by the Red Beds of the Trias, fully 2,000 feet
thick, one-third of which are exposed along the canyon of Little Popo-
agie Creek, which here occupies the axis of the fold. The strate dip
outward 10° to 200, The oil is said to have been discovered near
the mouth of Twin Creek as seepage from the rocks along the edgz of
the valley and as saturating a considerable area of the soil and wash
occupying the bottom. The locality is fully described by both Drs.
Aughey and Ricketts, and it is desirable in this reference only to
emphasize the mode of occurrence of the petroleum. At present three
oil wells have been surk in the valley bottom, at points forming nearly
an equilateral triangle, the maximum distance apart of any two being
about 600 feet. The wells are sunk at the base of the cliffs, a little
on either side of the anticlinal axis, and are 400, 600 and 1,000 feet
deep,'respectively. All are productive in a large degree, and have a
steady surface flow when turned on. They are, however, kept plugged,
and only so much oil is lost as escapes by accident or comes up outside
the casing. The product forms an excellent lubricant, and supplies
the several mining camps, and town and farm requirements, through-

out a large adjoining area. The petroleum is said to contain about

45 per ceunt of illuminating oil. A strong accumulation of gas is
acquired by keeping the well closed. The details of various analyses
and tests to which the product bas been submitted are given in Prof.
Aughey’s report for 1886.

The Bonanza district, on No Wood Creek, in the Big Horn basin,
is again illustrative of the occurrence of oil springs in close prox-
imity to the axis of a strongly developed anticline. The petroleum
here reaches the surface in two or three small springs in the more or
less argillaceous strata of Niobrara age near the northwest end of the
prominent ridge and fold which extends for several miles along the
western base of the Big Horn Mountains, and to which the name
Bonanza has been applied. The springs occur in a gulch just within
the ridge and are but slightly off the central line of the fold. The
oil is accompanied by a small amount of water and gas, the globules
breaking and spreading on the surface of the water in a thin irides-

i
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cent film which may be collected by skimming. For some distance
on all sides the strata are heavily saturated with oil. The product is
the lightest observed during the reconnoissance, and probably contains
much the largest amount of illuminating oil. The color is green by
“reflected light and a rich wine by transmitted light. The spring is not
a large one, affording in its present condition about a barrel a day.

Other springs are reported on the general line of this anticline at
points 1, 17, 25 and 50 miles south, that 25 miles distant being the
largest.

Reports of other petroleum occurrences in the Big Horn basin could
not be corroborated. ‘

The geologic horizons at which the oil of the foregoing springs finds
the surface are the Triassic Red Beds and the Niobrara shales. In
other portions of Wyoming, particularly east of the Wind River, oil
appears at the surface in the Trias, the Dakota, and what is regarded
by Dr. Ricketts as the Fox Hills formation. Minor amounts are also
found seeping from other formations, as the Benton and Laramie, and
possibly even some of the Tertiary beds. - The actual source of these
oils can not be determined with the small amount of data at present
available. The reservoirs may be the more sandy strata of either of the
formations mentioned, or there may be one primary reservoir—the Tri-
assic sandstones and conglomerates—from which the oil has escaped
to the others, which would then be regarded as secondary reservoirs.
Transmission would have been greatly interfered with by intervening
shales, but it is not impossible that a most potentaid to it was derived
from fissuring. Between the Trias and Dakota, perhaps the two chief
reservoirs, the deposits of shales are not heavy, and passage from the
lower to the upper may easily have been established. With the Fox
Hills such communication across the broad band of Colorado and Mon-
tana shales would have been opened with much greater difficulty, and
perhaps between the Dakota and Fox Hills there may have been an
intervening source of oil. Very considerable differences existin the
gravity and other characteristios of the oils from the various localities,
but from thewm little satisfactory evidence as to the source of the oils
has thus far been adduced.

Regarding structural influences upon the appearance of oil at the sur-
face, it is a significant fact that in nearly every case, whether observed
by the writer or by the local geologists, the oil escapes at the surface
along the axis of an anticline or in a region where the rocks have
been folded, and crushed or fractured in some degree. TFracturing is
most pronounced along the axis of a fold, and it is here, therefore,
that the springs, the natural oil wells, are most often found.

The natural occurrences of oil and the success thus far attained in
the drilled wells, warrant firm and favorable bélief in the future of
the Wyoming petroleum fields."

Bull. 119—-5
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" BUILDING MATERIALS.

The building materials of the region explored will be found numerous,
varied and accessible when the demand is created for them. Granites
and schists occur in the mountains, and sandstones, limestones and
clays for the manufacture of brick, on their flanks and over the adjoin-
ing prairies. The variety of grain, color, texture and composition is
great, and, with the effects of combination, the most exacting demands
of architecture may be successfully met. With the exception of the erup-
tive series of rhyolitic tuffs and a few marbles, the same building mate-
rials are found as exist in Colorado, which is the leading, as it was the
pioneer State in the production of architectural and ornamental stones
of the West.

Among the stones which will be found of special importance are the
granites of the Archean and the quartzites of the Silurian and Carbon-
iferous, for foundations and the lower courses of higher buildings. For
the middle and upper portions and for private dwellings there are the
red Triassic sandstones, and the grey, yellow, and white sandstones
of the Laramie. The several varieties are coincident in their distribu- -
tion with the formations to which they belong, but careful search for
localities of superior stone must be made, for even within the same
layer the properties vary from point to point. No attempt was made,
in the work of the past season, to determine these details.

The clays particularly adaptable for brick-making are the Cretaceous,
although doubtless much of the Wasatch of the Big Horn basin would
likewise be found suitable. Many horizons in both the Laramie and
the upper portion of the Montana are well suited to the manufacture
of pressed brick; in other regions also yielding materials of excellent
color, durability and strength. )

For flagging and paving purposes, the stones, excepting the granites,
are not well adapted, unless, perhaps, an occasional layer of quartzite
in the Silurian. None was observed of the hardness and durability of
the upper beds of the lower Trias in the vicinity of Denver, Colorado.

Limestone and gypsum occur in the Carboniferous and Jurassic,
respectively, in enormous quantities. The gypsums are very pure and
from 5 to 30 feet thick. They are distributed about the periphery of
both the Big Horn and Wind River basins, and are also found to the
east of the Big Horn Mountains, and northward in Montana along the

Pryor Mountains and the Absaroka Range.

GOLD.

The only metal at present produced along the route of reconnoissance
is gold. This occurs about Bald Mountain on the summit of the Big
Horn Range a few miles south of the Montana-Wyomingline. The pro-
ductive strata are a series of red conglomerates and sandstones of
Archean débris, lying directly upon the Archean; but whether they
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were local developments of Cambrian age or merely deposits of recent
times was not determined. They occupy broad flats on the summit of
the range, between the high, surrounding Cambrian hills. Their material
was apparently derived from a source near at hand. Thus far mining
has been only experimental.

HOT SPRINGS.

Three enormous hot springs exist in the Big Horn and Wind River
basins, the waters of which are in greater or less degree charged with
sulphur, and salts the nature of which is not determined. The springs
are located on the Stinking Water just below the canyon between Rat-
tlesnake Ridge and Cedar Mountain; on the Big Horn, 5 miles below
the base of the Owl Mountains; and on the Little Wind River 3 miles
below Fort Washakie.

The Stinking Water springs.—These are the present remnants of
early geyser action. The original area was about 1 mile square.
Within this, besides a heavy deposit of calcareous tufa, several old
geyser cones still exist, from which, however, all traces of activity have
long since departed. There are also the usual circular depressions from
10 to 30 or 40 feet deep and 50 to 100 feet in diameter, peculiar to such
regions. The tufa now forms a broad flat on either side the river gorge,
about 150 or 200 feet above the present stream level. The flat is
limited by the higher hills of the Triassic sandstones and their débris
of denudation, which constitute a rim 30 to 50 feet high. "The Red
Beds also formed the platform upon which the tufalayer was deposited,
outeropping in the canyon walls with a general dip of 10°© to 15°
downstream, but showing some flexures, with a dip for a short distance
in the opposite direction. The beds have been more or less altered,
and deposits of foreign salts have taken place in certain layers while
in others the rock itself seems to have been replaced by matter derived
from the springs. The present seat of activity is limited to a number
of springs, of greater or less volume, at the water’s edge, or rising
directly from the bottom of the river through the superincumbent
waters. At high water nearly all the springs are covered. The tem-
perature was not taken, but the water was warm, not hot. The waters,
besides sulphuretted hydrogen, contain a greater or less amount of sul-
phurie acid and are otherwise considerably mineralized.,

The Big Horn Hot Springs.—These oceur in the axis of an anticline
parallel with the Owl-Rattlesnake Range. Like the Stinking Water
Springs, they reach the surface in the Triassic Red Beds. They were
originally active for a mile or more along the anticline on both sides
the present river channel, but now are chiefly confined to the eastern
bank where a heavy deposit of calcareous tufa exists, extending along
the stream for a half mile with a width varying between 100 and 300 feet.
The largest spring flows from a -circular hole in the steeply dipping
Triassic strata, in diameter 20 to 25 feet, and of undetermined depth.
The body of water coming to the surface through this spring is enor-
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mous, and so hot that cooling by passage through an open channel is
necessary before it can be used for bathing purposes.. Besides this
duct, there are others leading to the river edge beneath and through
the tufaceous bed. The waters are quite strongly impregnated with
sulphur and with their high temperature are said to be most efficaceous
in rheumatic and many other diseases. The springs are at all seasons
above the level of the stream. They already have a wide local reputa-
tion and are visited yearly by numbers of invalids with reported satis-
factory results. ' ’

The Fort Washakie Hot Spring.—This is situated in the valley of
Little Wind River, its waters reaching the surface through Quaternary
deposits; but the red sandstones of the Trias appear at short distances
to the east and west and underlie the river débris at no considerable
depth. Like the Big Horn Hot Spring this also is found at the axis
of an anticline, the nature of which has already been described. The
crater of the spring is several hundred feet across and of considerable
depth, constituting an excellent swimming pool. The temperature is
considerably lower than that of the Big Horn Hot Springs.

The waters of all three of the foregoing springs will doubtless dis-
play marked curative properties, but the Big Horn Spring stands
highest in point of temptrature.

AGRICULTURE.

The agricultural possibilities of the Big Horn and Wind River basins
are limited to local areas at the foot of the several mountainranges, in-
cluding both bench land and stream bottoms, and to the valleys of the
larger streams in the central part of the basins, chief among them
being the Wind River, the Big Horn, Stinking Water, Grey Bull, Wood
River, and No Wood. '

In the Big Horn basin the belt at the base of the mountains has a
general width of 3 to 5 miles, which with the areas of Montana and Lar-
amie shales along the stream bottoms from reduplication through
folding, is very considerably increased. Below the line of the Laramie,
however, the smaller streams run dry. In this belt, adjacent to the
mountains, agriculture has already been carried sufficiently far to indi-
cate a general success under similar conditions for much of the periph-
ery of the basin. Grain and grasses, including alfalfa and timothy, grow
in heavy crops wherever care is used in sowing, cultivation, and irriga-
tion. Vegetables, excepting corn, and berries of all kinds may be raised
with no more than the ordinary efforts in the productive portions of
the West. Much of the present productive area is located on the Mon-
tana clays, but this is due to position—where water is available and
the valley broad. The uplands are not generally of a topographic form
to permit cultivation, being too rugged next to the mountains and too
high and far removed from water in the more interior portions of
the basins. There are localities, however, on both the east and west
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sides of the basin where considerable areas of this nature may befound,
advantageously situated for crop growing. Of the foothill valleys the

-most highly cultivated and productive at present are those of Wood
~ River, Grey Bull, Meeteetse Creek, Owl Creek and No Wood. In the

central part of the Big Horn basin the Big Horn River, the Stinking
Water and Grey Bull are the only streams which can be advantageously
settled, the water of these streams alone being abundant all the year
for the demands of agriculture. Away from these streams the basin is
a vast desert, intensely heated in summer, wind-swept in wmtel with
hardly a spear of grass for grazing.

The productive area of that part of the Wind River basin on the
route of reconnoissance.is confined to a belt of 5 or 6 miles along the
base of the Wind River Mountains, and to the Wind River valley, all
else being even more barren than the center of the Big Horn basin.
In the part adjacent to the Wind River Range the possibilities of
agriculture are unexcelled. The bottoms of Popoagie Creek about
Lander are uninterrupted iu the stretch of hay, grajn and vegetable
fields, and well indicate what can be attained elsewhere along the range;
here, again, the cultivated area is on Montana shales. Water in this
belt is abundant. Along the southern base of the Owl Mountains there
are only a.few small springs, capable of irrigating a minimum acreage
ofland. The Wind River bottoms are capable of irrigation and present
considerable acreage for agriculture. Nearly all the other portions of
the basin are covered with the loose sands derived from the Tertiaries
which there prevail.

East of the Big Horn Mountains and north, in Monmna the capa-
bilities of the soil are well known, and fmrmmg is already in an
advanced stage.

Artesian wells are possible in many parts of the Big Horn and
Wind River basins.
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