DEPARTMENT OF THE INTERIOK

BULLETIN

O T

UNITED STATILS

GEOLOGICAL SURVEY

No. 106

THE COLORADO FORMATION AND IS INVIERTEDRATE
FAUNA

WASHINGTON
GOVERNMHENT PRINTING OFPFICE
18493






Series title.

Author title.

Title for subject entry,

LIBRARY CATALOGUE SLIPS.

United States. Department of the interior. (U. S. geological survey).

Department of the interior | — | Bulletin' | of the | United
States | geological survey | no. 106 | [Seal of the department] |
Washington | government printing office | 1893

Second title: United States geological survey | J. W. Powell,
director’ | — | The | Colorado formation | and its | invertebrate
fauna | by | Timothy W, Stanton | [Vignette] |

Washington | government printing office | 1893

8°. 288 pp. 45 pl.

Stanton (Timothy W.).

United States geological survey | J. W. Powell, director | — |
The | Colorado formation | and its | invertcbrate fauna | by |
Timothy W. Stanton | [Vignette] |

Washington | government printing office | 1893

8o, 288 pp. 45 ph :

{Unitev Srares. Department of the interior. (U, S. geological survey).
Bulletin 106.) .

United States geological survey | J. W. Powell, director | — |
The | Colorado formation | and its | invertebrate fauna | by |
Timothy W, Stanton | [Vignette] |

Waghington | government printing office | 1893

8°, 288 pp. 45pl.
[UniTED Srartes. Department of the interior. (U. S. geological survey).
Bulletin 106.]






ADVERTISEMENT,

[Bulletin No. 106.]

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

‘*The publications of the Geological Survey shall consist of the armual report of operations, geological
and economic maps illustrating the resources and clussification of the lands, and reports upon general
and economic geology and paleontology. Tho anuual report of oporations of the Geological Survey
shall aceompany the annual report of the Secretary of the Interior. All special memoirs and reports
of said Survey shall be issued in uniform quarto series if deemed necossary by the Director, but other-
wise in ordinary octavos. 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 ‘Lreasury of the United
States.”

On July 7, 1882, the following joint resolution, referrmg to all Government publications, was passed
by Congress:

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

Except in those cases in which an extrd number of any publication has been supplied to the Survey
by special resolution of Congross or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous.distribution. o

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 80, 79 pp.
1 map.—A preliminary report describing plan of organization and publications.

II. Second Annual Report of the United States Gicological Survey, 1880-'81, by J. W. Powell. 1882,
80, v, 588 pp. 62 pl. 1lmap.

III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883.
80, xviii, 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 (ieological 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.

VI1I. Eighth Annual Reportof the United States Geological Survey, 1886-'87, by J. W. Powell. 1889.
80, 2pt. xix, 474, xii pp. 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survoy, 1887-'88, by J. W. Powell. 1889,
8o, xiii, 717 pp. 88 pl. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890.
80, 2pt. xv, 774 pp. 98 pl. and maps; viii, 123 pp.

X1. Eloventh Annual Reportof the United States Geological Survey. 1889-'90, by J. W. Powell. 1891.
80, 2pt. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl

XTI, T'welfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1891.
8o, 2pt. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps. .

XIIT. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by J. W, Powell,
1893. 8. 3pt.

MONOGRATHS.

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1map. Price $1.50.
II. Tertiary History of the Grand Cafion District, with atlas, by Clarenco E. Dutton, Cupt. U.S. A,
1882. 4°, xiv, 264 pp. 42 pl. and atlas of 24 sheats folio. Price $10.00.
b
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III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882.
4°. xv, 422 pp. 7pl. 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 Duaer Irving. 1883. 4°. xvi, 464 pp.
161. 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, 144 pp. 541. 54 pl. Price $1.05.

VII. Silver-Lead Deposits of Eurcka, Nevada, by Joseph Story Curtis. 1884, 49, xiii, 200 pp. 16
pl. Price $1.20.

VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°, xiii, 208 pp.
241, 24pl. Price $1.10. )

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

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

XI. Geological History of Lake Lahontan, 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 F. 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, 152 pp. 26 pl. Price $1.00.

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4. xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2.50.

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

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

" XVIIL Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield. 1891. 4°. 402 pp. 50pl. 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°. 419 pp. 8 pl.
In press:

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

XXII. A Manual of Topographic Methods, by Henry Gannett, chief topograpler.

XXII1. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff,
T. Nelson Dale, and Bayard T. Putnam.
In preparation:

__ Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield,

— Sauropoda, by O. C. Marsh.

— Stegosauria, by O. C. Marsh.

— Brontotheridze, by 0. 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.

BULLETINS.

1. On Hypersthene- Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2pl. Price10 cents.

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

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 760 30' from Tompkins County,
New York, to Bradford 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. 9pl. Price 5 cents.

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

‘6. Elevations in the Domlmon of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price5 cents.

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. 1884,
80, 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. 6 pl. 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 centas.
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10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 8°. 74 pp. 10pl. Price 5 cents.

11. On the Quaternary and Recent Mollusca of the Great Basin; 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°. 66 pp. 6pl. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana 1884. 89,
34pp. 3pl. Price5 cents.

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

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

16. On the Mesozoic and Cenozoic Paleontology of (,ahfornia, 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. 8°.
86 pp. 3 pl. Price 5 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. 3pl. Price 5 cents.

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

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. ¥. 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
Moreaun Rivers, Dakota, by Bailey Willis. 1885, 8°. 16pp. 5pl. Price 5 cents.

22. On New Cretaceous Fossils from California, by Charles A. White. 1885, 8. 26 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 1. C. Chamberlm 1885. 80, 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 Roque, including the Bermudas, by William Healy Dall,
1885. . 336 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885. 80. 85 pp. Price 10 cents.

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

27. Report of work done in the Division of Chemistry and Physics, mainly during the fiseal year
1884-'85. 1886. 8°. 80 pp. Trice 10 cents.

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

29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886.
8o, 41pp. 4pl. Price 5 cents.

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

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-
nids, by Samuel Hubbard Scudder. 1886. 8. 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert
C. Peale. 1886. 8°. 235 pp. Price 20 cents.

33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 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. 5 pl. Price 10 cents.

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

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

37. Lypes of the Laramie Flora, by Loster F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents.

38. Peridotite of Elliott County, Kentucky, by J. 8. Diller. 1887. 8°. 31pp. 1pl. Price5 cents.

39. The Upper Beaches and Deltas of the Glacml Lake Agassiz, by Warren Upham. 1887. 8°, 84
pp. 1pl. Price 10 cents.

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

41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S.
Williams. 1887. 8°. 121 pp. 4 pl. 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, Tombighee, and Alabama Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents.

44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp.
Price 6 cents. V
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45. Tho Prescnt Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887, g0, 04
pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro-
duction by N. S.Shaler. 1888. 8°. 143 pp. Prico 15 cents

47, Analyses of Waters of the Yellowstone National -Park, with an Account of the Methods of
Analysis omployed, 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. 89, 124 pp. Price 15 cents.

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

52. Subaiérial 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. 10pl. Price 10
cents.

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barns. 1889. 8. 313 pp.
incl. 1pl. 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 Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 2pl.
Price 5 conts.

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°. 112pp. iuecl.
1pl. 8pl. 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 "during the fiscal year
1887-'88. F. 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 Waldemar
Lindgren. 1890. 8°. 40pp. 3pl. Price 5 cents.

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

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American
gpecies and a systematic arrangement of geunera, by Anthony W. Vogdes. 1890. 89, 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 Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price 5 cents.

67. The Relations of the Lraps 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. Price5 cents.

69. A Classed and Annotated Bibliography of Fdssil Insects, by Samuel Hubbard Scudder. 1890,
80, 101pp. Price 15 cents. :

70. Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°. 79pp.
Price 10 cents.

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

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891. 8o,
229 pp. Price 20 cents. :

73. "I'he 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, inclusive, by Nelson Horatio Darton. 1891.
8o, 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the United States (second edition), compiléd by Henry Gannett,
chief topographer. 1891, 8°. 393 pp. Price 25 cents.

77. ‘The T'exan Permian and its Mesozoic Lypes of Fossils, by Charles A. White. 1891. 8°. 51 pp.
¢ pl. Price 10 cents.



ADVERTISEMENT. v

78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1889-'00. K. W. Clarke, cnief chemist. 1891. 8°. 131 pp. Price 15 conts.

79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by J.S. Diller. 1891. 8°,
33pp. 17pl. Price 10 cents. ’

80. Correlation papers—Devonian and Carboniferous, by Henry Shaler. Williams. 1891. 8°. 279 pp.
Price 20 cents.

81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1801, 8°. 447 pp. 3 pl. Price
25 cents.

82. Correlation papers—Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3 pl. Pruce 20 conts.

83. Correlation papers—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pl. Price 15 cents.

84. Correlation papers—Neocene, by W.H.Dall and G. D. Harris. 1892. 8°, 349 pp. 3 pl. Price
25 cents.

85. Correlation papers—The Newark System, by Israel Cook Russell. 1802. 8°. 344 pp. 13 pL
Price 25 cents.

86. Correlation papere—Archean and Algonkian, by C. R. Van 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, I.W.Clarke, chief chemist. 1892. 8°. 77 pp. Frice 10 cents.

91. Record of North American Geology for 1890, by N elson Horatio Darton. 1891, 8°. 88pp. Irice
10 cents.

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 Hubbard Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents.

94. The Machanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Priee 15 cenis.

95. Earthquakes in Californja 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 W. B. Llark 1893. 80. 207 pp. 50 pl.
Price 20 cents.

98. Flora of the Outlying Carboniferous Basins of Southwestern Missowvi,by David White. 1893. 89,
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. 8°. 495pp. Price 25 cents.

101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893. 8°. 27 pp.
2 pl. Price 5 cents.

104. Glaciation of the Yellowstone Valley north of the Park, by W. H. Weed. 1893. 8°. 41 pp.
4 pl. Price 5 cents.

105. The Laramie and the overlying Livingston Formation in Montana, by Walter Harvey Weed,
with Report on TFlora, by Frank Hall Knowlton. 1803. 8°. 68 pp. 6 pl. Price 10 cents.

106. The Colorado Formation and its Invertebrabe Fauna, by T.JW. Stanton. 1893. 8°. 288 pp.
45 pl. Price 20 cents.

108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 108 pp.
12 pl. Price 15 cents.
In press:

102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by C. B. Boylo.

103. High Lemperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by
Carl Barus. ’ .

107. The Lrap Dikes of Lake Champlain Valley and the Eastern Adirondacks, by J. ¥. Kemp.

109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom-
ena, by W. S. Bayley.

110. The Paleozoic Section in the vmxmty of Three Forks, Montana, by A. C. Peale.

In preparation:
— The Moraines of the Missouri Cotean, and their atteadant deposits, by James Edward Todd.
— On the Structure of the Ridge between the Taconic and the Green Mountain Ranges in Ver-
mont; and On the Structure of Monument Mountain in Great Barrington, Mass., by ‘L'. Nelson Dale.
— A Bibliography of Paleobotany, by David White.

STATISTICAL PAPERS.

Mineral Resources of thé United States, 1882, by Albert Williams, jr. 1883. 8°. xvii, 813 pp. Price
50 cents.

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1835. 8°. xiv, 1016
pp. Price 60 cents.

Mineral Rosources of the United States, 1885. Division of Mining Statistics and Lechnology. 1886.
8°, vii, 576 pp. Price 40 cents.
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Mineral Resources ot the United States, 1886, by David I'. Day. 1887. 8°. viii, 813 pp. Price50cents.

Mineral Resources of the United States. 1887, by David 'f. Day. 1888. 8°. vii, 832 pp. Price 50 cents.

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°. vii,952pp. Price 50 cents.

Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8°. viii, 671 pp.
Price 50 cents. ’ 1‘

Mineral Resources of the United States, 1891, by David T. Day. 1893. 8°. vii, 630 pp. Price 50 cents.
In preparation:

Mineral Resources of the United States, 1892.

The money received from the sale of, these publications is deposited in the Treasury, and the Secra
tary of the Treasury declines to receive bank checks, drafts, or postage stamps; all remittances, there.
fore, must be by POSTAL NOTE or MONEY ORDER, made payable to the Chief Clerk of the U. S. Geological
Survey, or in CURRENCY, for the exact amount. Correspondence relating to the publications of the
Survey should be addressed

" To THE DIRECTOR OF THE
UNIED STATES GEOLOGICAL SURVEY,

. ‘W ASHINGTON, D. C
WasaineroN, D. C., Adugust, 1898. .
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DrvisioN or MESOZ0IC INVERTEBRATES,
Washington, D. C., July 30, 1892.

Sir: I have the honor to transmit herewith a memoir by Mr. T. W.
Stanton on the Colorado Formation and its Invertebrate Fauna, pre-
pared for publication as a bulletin. The work was begun by him at
my suggestion, and I have, as chief of the division with which he is
connected, been constantly cognizant of its progress.

Very respectfully,

C. A. WHITE,

. Geologist in Charge.
Hon. J. W, PowELL,

Director of the U. S. Geological Survey.
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PREFACE.

The following review of one of the Upper Cretaceous faunas as
developed in the interior region of the United States has grown out
of the study of a collection of fossils found by me in Huerfano park
and adjacent localities in southern Colorado. This collection, the
greater part of which was obtained during the summer of 1890, proved
to be especially interesting because it afforded data for the closer cor-
relation of certain Cretaceous strata in Utah with those east of the
mountaing, besides adding a considerable number of new species to the
fauna of the Colorado formation. Dr. C. A. White, under whose direc-
tion the field work was done, generously assigned these fossils to me
for study with a view to publishing the results, and I am greatly in-
debted to his sympathetic aid in every phase of the work.

The stratigraphic position of the Huerfano park fossils had been
fully established in the ficld to be beneath the Niobrara division of the
Colorado formation. In making the preliminary comparisons of spe-
cies it soon became evident that the fauna of this horizon was much
richer than had been supposed. Only about twenty-five or thirty
species of invertebrates had been definitely assigned to the strata
that are now included in the Colorado formation. Many had been
described simply as Cretaceous without assignment to more definite
horizons and a considerable number of other species had been erro-
neously referred to the overlying Montana formation. It therefore
became necessary to study as far as practicable the vertical range and
the faunal associates of these doubtful species, especially those re-
ported from Utah and New Mexico, making use of the collections of the
U. 8. National Museum and of the Geological Survey, as well as the
published reports and my own observations in the field. This investi-
gation added a large number of species to the fauna of the Colorado
formation and showed the desirability of bringing together in one pub-
lication the scattered descriptions and illustrations of all the species
that ean now be assigned to the fauna. While making, this compila-
tion the nomenclature and descriptions of the species have been re-
vised in all cases in which Dbetter collections or other additional facts
seemed to make it necessary. Thirty-nine species are described that
are believed to be new to science.

The puarely paleontologic portion of the work is supplemented by a

) 11



12 PREFACE.

geologic introduction in which the Colorado formation is defined, many
local sections are described, and faunal lists are given that show the
vertical range and areal distribution of the most of the species. Inci-
dentally, some new evidence concerning the position of the Bear River
formation is given, and large areas of Cretaceous strata in Utah arve
correlated with the formations east ot the Rocky mountains more accu-
rately than has heretofore been possible.

In addition to the aid received from Dr. C. A. White and the free
use of the collections under his curatorship in the U. 8. National
Museum, I am under many obligations to Dr. W. H. Dall and to Mr.
Charles T. Simpson, of the National Musewn, for assistance in compar-
ing fossils with recent species, and for valued opinions cohcerning the
generic relations of doubtful forms; also to Prof. Alpheus Hyatt, who
has examined several of the species of Ammonitine at my request, and
has given me the benefit of his anthoritative opinion as to their rela-
tionships.

T, W. 8.



THE COLORARO FORMATION AND ITS INVERTE-
BRATE FAUNA.

By 1. W. STANTON,

INTRODUCTION.
IIISTORY AND DEFINITION OF THE COLORADO FORMATION.

For many years the well-known upper Missouri section has served as
the basis for all studies in the Cretaceous formations of the great in-
terior region of the United States. As first published in 1856, by Hall
and Meek,' and with a few slight modifications, by Meek and Hayden,?
it embodied the notes on the Cretaceous strata made by the two authors
last named during the earliest of their geological reconnoissances in
the upper Missouri river region. It has since been modified and en-
larged from time to time by the same authors and by others, and made
to include, more or less successfully, all the Upper Cretaceous strata
in the region from Kansas to Arizona and from southern New Mexico
far northward into British America.

In its original form this upper Missouri section was divided into five
parts, which were simply designated by numbers, beginning at the base.
The total thickness of the entire Cretaceous series of that region was
at first estimated at not more than 650 feet. In 1861 Messrs. Meek and
Hayden® published a paper in which names were given to the five divi-
sions, with the addition of lists of characteristic fossils and references to
typical localities. It should be remembered that this is not a contin-
uous section at any one locality, but it is generalized from all the out-
crops seen over a very large area. The thickness assigned to each
group is an estimate of its maximum development. The section, as
republishéd in 1876 by Meek,* who made no changes excepting in the
nomenclature of a few of the fossils, is as follows:

! Mem. Am, Acad. Arts. and Seci.. 2 ser., vol. v, p. 405.

2Proc. Acad. Nat. Sci. Phila., vol. v, p. 63.

3Proc. Acad. Nat. Sci. Phila., 1861, p. 419.

47, S. Geol. Sur. of the Territories, vol. 1X, pp. Xxx1v and XXv.

13



14 COLORADO FORMATION AND ITS INVERTEBRATE FAUNA. (nUrL. 106,

General section of the Cretaceous rocks of Nebraska.

Divisions and subdivisions.

Localitics.

stimated

thickness.

T

Upper Scries.

0.D.

Fox Hills Group.
Formation N

Gray, ferruginous, and yellowish sand-

stone and arenaceous clays, contain-
ing Belemnitella bulbosa, Nautilus
Dekayi, Placenticeras placenta, P.
lenticularis, Scaphites Conradi, S.
Nicolleti, Baculites grandis, Pyropsis
Bairdi, Piestochilus Culbertsoni, Py-
rifusus Newberryi, Anchura Ameri-
cana, Pseudobuccinum Nebrascensis,
Mactran Warrenana, Cardium sub-
quadratum, and a great number of
other molluscanfossils, together with
bones of Mosasaurus missouriensis,
cte.

Fox Hills, near
Morean river;
neat Long lake,

above Jort
Pierre; along

tho base of the
Big Horn moun-
taing, and on
North and South
Platte rivers.

500 feet.

Formation No. 4,

Yort Pierne Group.

Dark-gray and bluish plastic clays,

containing, near the upper part,
Nautilus Dekayi, Placenticeras pla-
centa, Baculites ovatus, B. corapres-
sus, Secaphites nodosns, Dentalium
gracile, Crassatella. Evansi, Cucul-
T:ua Nebrascensis, Inoceramus Sagen-
sis, J. Nebrascensis, I. Vanuxemi,
bones of Mosasaurus missonriensis,
ete.

Middle zone nearly barren of fossils.

Lower fossiliferous zone, containing

Ammonites complexus, Baculites
ovatus, B. compressus, Heteroceras
Mortoni, H. tortum, H. umbilicatum,
. cochleatum, Ptychoceras Mortoni,
Odontobasis  vinculum, Anisomyon
borealis, Amauropsis paludiniformis,
Inoceramus sublwevis, I. tenuilinea-
tus, bones of Mosasaurus missou-
ricnsis, ete.

Dark bed of very fine unctuous clay,
containing much carbonaceous mat-
ter, with veins and seams of gypsum,
masses of sulphuret of iron, and
numerons small scales of fishes,
Local; filling depressions in the bed
below.

Sage creek, Choy-
enne river, and
on White river
above the Mau-
vaises Terres.

Fort Pierre and
out to DBad
Lands; also

down the Mis-
sourion the high
country to Great
Bend.

Great Bend of . the
Missonri below
Yort Picrre.

Near Bijou Hill, on
the Missouri.

700 feet.

Equivalents of Upper or White Chalk and Mewstricht beds (8énonien, ’Orbigny).




STANTON.]

MEEK AND HAYDEN’S SECTION.

General section of the Cretaceous roclks of Nebraska—Continued.

15

Divisions and subdivisions.

(s

Localitics.

Estimated
thickness

Lower Series.

Niobrara Division.

Formation No. 3.

Lead-gray calcareous maxl, weather-

ing to a yellowish or whitish chalky
appearance above. Containinglarge
scales and other remains of fishes,
and many specimens of Ostrea con-
gesta attached to fragments of Ino-
coramus; alsoseveril species of Tex-
tularia. Passing down into light,
yellowish, and whitish limestone,
containing great numbers of Inocer-
amus problematicus, I. pseudomy-
tiloides, I. aviculoides, and Ostrea
congesta, tish-scales, ofc.

Bluffs along the

Missouri below
the Great Bend,
to the vicinity
of Big Sioux
river; also be-
low there on the
tops of the hills,

200 feet.

Dakota Group. Formation No. 1.

Fort Benton Group.
Formation No. 2.

Dark-gray laminated clays, some-
times alternating near the upper
part with seams and layers of soft

- gray and light-colored limestone.
Inpceramus problematicus, I. tenni-
rostratus, L. Jatus ¢ I, fragilis, Ostrea
congesta, Veniella Mortoni, Phola-
domya papyracea, Ammonites Mul-
lananus, Prionocyclus Woolgari,
Mortoniceras Shoshounense, Scaphites
Warrenanus, 8. larveformis, S,
veuntricosns, 8, vermiformis, Nautilus
clegans, etc.

Extensively devel-

oped near Fort
Benton on the
Upper Missouri;
also along the
latter from 10
miles above
James river to
BigSioux river;
and along the
castern slope of
the Rockymoun-
tains, as well as
at the Black
Hills. -

800 feet.

Yellowish, reddish, and occasionally

white sandstone, with atplaces alter-
nations of various colored clays and
beds and seams of impure lignite;
also silicified wood, and great nun-
bers of leaves of the higher types of
dicotyledonons trees, with casts of
Pharella ¢ Dakotensis, Trigonarca
Siouxensis, Cyrena arenarea, Marga-
ritana Nebrascensis, ete.

Hills back of the

town of Dakota;
also extensively
developed in the
surrounding
country in Da-
kota county Dbe-
low the mouth
of Big Sioux
river; and
thence extend-
ing sonthward
into northoast-
ern Kansas aud
beyond.

400 fect.

geologists (Turonien and

Cenomanien of ’Orbigny.

Equivalents of Lower or Gray Chalk and Upper Greensand of British

To complete the Upper Cretaceous section of thisregion there must
be added to it at the top the great coal bearing Laramie series of fresh
and brackish water beds, which were regarded as Tertiary at the time
of the earlier explorations, but are now generally assigned to the Cre-
taceous; and in western Wyoming the Bear River formation must be
interpolated. It is alse a brackish-water formation, and was formerly
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believed to be a part of the Laramie.! It has recently been shown to
occupy a much lower horizon, probably about that of Dakota.

As explorations were extended throughout the West it was found
that, while the divisions of the above sections can be recognized over a
large area, there are regions in which they can be applied only with
the greatest difficulty,if at all. They had been separated in the first
place mainly on accountof lithologic differences, though the lines thus
drawn happened to coincide with decided faunal breaks in one or per-
haps two instances. Naturally, the stratigraphic units thus defined
are more or less restricted in their geographic distribution, and are
sometimes represented in other regions by deposits of an entirely dif-
ferent character. For example, in large areas west of the Continental
Divide the limestone and marls of the Niobrara are not found, they
being variously represented at different localities by shales and sand-
stones. Under such circumstances it is very difficult to discriminate
between the dark shales of the Fort Benton and those of the Fort
Pierre, unless characteristic fossils are found. This difficulty was
encountered by the geologists of the United States Geological Explo-
ration of the Fortieth parallel,and as a solution of it Mr. Clarence
King, the chief of that survey, proposed the new term Colorado Group
“for the great clay group” of the Cretaceous, making it include the
equivalents of the Fort Benton, Niobrara, and Fort Pierre groups of
Meek and Hayden.

The name ¢ Colorado Group” was first published in 1875 on one of
the atlas sheets of the Fortieth Parallel Survey, and it was more fully
defined by Messrs. King, Hague, and Emmons in vols. I and 11 of the
final reports of the same survey. The name has since been used with
the same meaning by several other geologists.”

But the lithologic classification of the Cretaceous formations adopted
by the Fortieth Parallel Survey is often as difficult to apply as the older
one which it was intended to replace, even in the region for which it
was first proposed; for on approaching the western shore line of the
Cretaceous sea along the eastern base of the Wasatch mountains, the -
Colorado formation ceases to be a ¢ great clay group” bounded by sand-
stones above and below. On the contrary, there are several alterna-
tions of similar heavy beds of sandstone with dark shales throughout
the entire series, and no good lithologic or structural reasons can be
given for separating them into groups. The section at Coalville, Utah,
to be given further on, is a good example of this. Recent paleontologic
studies have shown that on the maps of the Fortieth Parallel Survey the
upper limit of the Colorado formation at that place is really drawn not
higher than the top of the Niobrara. It may be added that in that

1Vide White, C. A.: On the Bear River Formation. Am. Jour. Sci., vol. Xri, 1892, pp. 91-97; and
Stanton, T. W.: Stratigraphic Position of the Bear River Formation. Ibid., pp.98-115.

3For the nomenclature and grouping adopted by various authors who have written on the Cretaceous
of this region see White, C. A.: A Reviow of the Cretaceous Formations of North America, Bull.
No. 82, U.S. Geol. Sur., from which most of the historical statements here given were obtained.
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region the paleontologic lines are not so sharply drawn as they are east
of the T'ront range, though the fauna as a ‘wholein the lower part of the
series corresponds with that in the Tower portion of the Meek and
Hayden section, and is very different from that of the upper.

In the rapid reconnoissance ot such large areas as were covered by
the earlicr surveys in the West there was Tittle time for detailed pale-
ontologic work, and the geologists were thercefore often obliged to
classify and describe the formations by their most obvious lithologie
and structural characteristics. But such classification can be regarded
only as tentative, and when, as in the case now under consideration,
the lower portion of a ¢ group” or formation is found to contain a fauna
that is entircly distinet from that of the upper portion, while the latter
is very closely related to the fauna of the overlying formation, it is
evident that the plane of separation has not been drawn on the right
horizon. A decided change in marine faunas occurring at approxi-
mately the same horizon over a large area is evidence of either a con-
siderable time interval or of some great change in external physical
conditions, and in either case it should have weight in geological classi-
fication, even though the character of the sediments may be so nearly
the same both above and below the faunal break that no reason other
than the paleontologic one can be seen for their division. Such a dif-
ference between adjacent marine fossil faunas certainly represents a
more important event than the change from a sandstone to a shale or
from a shale to a limestone. These general facts are universally
admitted and numerous examples could be cited in which the dividing
line between formations as widely separated in age as the Cambrian
and the Carboniferous or the Jurassic and the Upper Cretaceous could
not be determined until the fossils were stadied. But when the faunas
both belong to the same geologic period they are more closely related
and the importance of such a faunal change is likely to-be underesti-
mated by the field geologist.

Meek and Hayden early recognized the fact that the most marked
faunal break in their Cretaceous section is at the top of the Niobrara
division, and for that reason the line between the ¢ Lower Series” and
the “ Upper Series” was placed there. In Prof. Meek’s last published
work! he says: '

In passing from the Niobrara group, however, into the succeeding rocks above, in
which great numbers of fossils occur, not @ single species, so far as known to the
writer, has yot been found identical with any form yet known from either of the
theee divisions below. Inaddition to this, the upper surface of the Niobrara beds is,
at several places on the Missouri river, seen to have been eroded into irregularities
or depressions, previous to the deposibion of the succeeding Fort Pierre group, thus
giving additional evidence that some kind of & physical change (perhaps slight)
occurs between the deposition of the latest portion of the Niobrara division and the
first of the Fort Pierre beds. .

It is now known that a few species do pass from the lower series to

1 7. 8. Geol. Sur. Terr., vol. IX, p. XXXII,

Bull, 106—2
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the upper, but this is exceptional. The great majority of the specics
and all of the abundant ones are distinct, consequently Prof. Meek’s
argument for making the primary division at the top of the Niobrara
is not impaired.

In 1878, when describing the Cretaceous formations of northwestern
Colorado, Dr. C. A. Wiiite ! used the nomenclature of King, dividing
the section into the Dakota, Colorado, and Fox Hills groups, but for
reasons similar to those just enumerated he applied the term Colorado
group only to the equivalents of the Fort Benton and the Niobrara,
while the Fort Pierre was embodied in the Fox Hills group. These two
groups as thus defined are equivalent respectively to the marine por-
tions of the Lower Series and the Upper Series of Meek and Hayden,
and are characterized by distinet marine faunas, though there may also
be in either of them local intercalations of fresh-water or brackish-
water deposits.

This method of grouping the formations was adopted by some of the
other geologists of the Survey of the Territories, and it was used on
the maps of the Atlas of Colorado.

Mr. George H. Eldridge? has recently published an excellent general
review and discussion of the classification and nomenclature of the
Western Cretaceous, in which he adopted the divisions as defined by
Dr. White, but he proposed the new name Montana group for the com-
bined Fort Pierre and Fox Hills. In this manner the confusion caused
by using the name Fox Hills in two different senses is avoided, and the
original names of the minor subdivisions may still be used in local
sections where it is desirable.

After describing each member of the Upper Cretaceous section, espe-
cially as developed along the castern base of the Front range in Col-
orado, Mr, Eldridge sums up the evidence thus:

From the foregoing details, the following relations of the several formations
to each other may be clearly and legitimately deduced: First, the component strata
of the Fort Benton and Niobrara frequently, and the life generally shade into cach
other; second, this is again even more forcibly paralleled in the sedimentation and lifo
of the Fort Pierre and Fox Hills; third—and on the contrary—Dbetween the Niobrara
and ¥ort Pierre, or, which is the same thing, between the Colorado and Montana
groups (as was suggested they should be designated early in the paper), there is a

differentiation of both sediments and life, greatly in excess of any similarities in
these respects that may be noticed from time to time in any particular locality.

Some of the detailed evidence iresupport of these views will be given
in subsequent paragraphs.
. Mr. Eldridge has also described® a local nonconformity at the top of
the Colorado formation at Golden, Colo.

In the present paper the termn Colorado formation is aceepted in its
restricted sense as defined by White and Eldridge. The species de-

I Ann. Rept. U. 8. Geol. Sur. Terr. for 1876, pp. 1-60.
2 Am. Jour. Sci., 3d ser., vol. xxxVvITI, 1889, p.313-321.
8 Bull, Philos, Soc. of Washington, vol. x1, 1890, p. 264,
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seribed by Meek and others from the typical Fort Benton and Niobrara
of the Upper Missouri section and from their undoubted equivalents
in the Black hills and along the Frout range in Colorado have been
taken as the nucleus of the fauna. To these have been added others
from the same beds and those from other regions that are associated
with species believed to be characteristic of this horizon. Some fortu-
nate discoveries of an unusually abundant and varied fauna in the Fort
Benton of southern Colorado, and the careful comparison of collections
from many localities, thus correlating the beds step by step, have added
a considerable number of species to the fauna, some of them new and
many more that huave either been assigned to a higher horizon or
described simply as Cretaceous without reference to any of its divisions,
As a necessaty result of recently ascertained facts concerning the ver-
tical distribution of some of these species, certain strata that have
usually been reterred to the Montana formation in Utah and adjoining
States are now transferred to the Colorado. This subject will be dis-
cussed somewhat in detail when the typical sections are desecribed.

The Colorado formation has been recognized by means of its charac-
teristic fossils in Iowa, Minnesota, the Dakotas, Nebraska, Kansas,
Colorado, Wyoming, Montana, Utah, Arizona, and New Mexico. Itis
also well established that equivalent strata exist in Texas and the
adjacent regions and over large areas in British America. In Texas
the Eagle Ford shales and the Austin limestone are evidently the
equivalent of the Fort Benton and the Niobrara, respectively, but their
fauna is in some respects quite different from that of the typical Colo-
rado and for that reason its peculiar species have been excluded,
though many of those here described are known to occur in both
regions, and it is probable that more thorongh collecting will add many
to the commmon list. .

The species described from British America have been excluded be-
cause the geologists have often found difficulty there in discriminatin g
between the Colorado and Montana formations, and consequently a
number of the described upper Cretaceous species have not been as-
signed to either horizon. While many species evidently belong to the
Colorado fauna, there are many others that are doubtful and must re:
main so until more is known of their associates and'their stratigraphic
position.! Tor similar reasons a few known species from portions of
our area have been omitted, some of which probably belong to this
fauna..

From soutliern Utali and from New Mexico a few species are included
whose stratigraphic position is not definitely known, but they are
usually associated at the same locality with known Colorado species.

The area to which the Colorado formation is thus arbitrarily re-

! Since the above was written Mr. J. F. Whiteaves has published descriptions of four new species
of Ammonites from {he Cretaceous rocks of Athabasca (Trans. Roy. Soc. Canada, sec. 1v, 1802, -
111-119) and referred them to the horizon of the Colorado formation. They Lelong to genera that have
not yet been found in. that. formation in the United States and are suggestive of an older horizon.,
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stricted is sufficiently large to show great variations in the nature and
thickness of the sediments and considerable modifications of the faunas.
‘With the 150 species of fossils all from one comparatively limited hori-
zon, now for the first time brought together, it will be much less difti-
cult to extend the correlation of beds belonging to the same horizon in
this country, and to make comparisons with Cretaceous faunasas de-
veloped elsewhere.

The variations above mentioned can be best shown by describing a
few typical sections in different parts of the area. The sections and
their faunal lists will be given in greater detail in.some cases where
important new correlations are made.

GEOLOGIC DESCRIPTION.
THE EASTERN BORDER.

On the eastern border of the area in which the Colorado formation
occurs the country is comparatively level; the Cretaceous beds are
nearly horizontal and are frequently covered with drift, loess or other
recent deposits, so that there are not many good exposures showing
the character and the thickness of the different divisions. Conse-
quently, but little detailed work has been done here and very few local
sections have been published. Itis known that in Iowa and Minne.
sota, east of the main Cretaceous -area, there are many detached rem-
nants that have escaped the general erosion and are evidence of the
eastward extension of the Cretaceous sea. Only a few of these isolated
localities have yielded characteristic fossils, but since they are in an -
undisturbed region and not very far distant from the typical Meek and
Hayden section, the beds can usually beidentified with reasonable cer-
tainty by their stratigraphie and lithologic relations.

In the valley of Sauk river, Minnesota, there are exposures of Fort
Benton shales that have been described by Mr. J. H. Kloos.! He states
that in that region the Cretaceous rests on the older crystalline rocks,
and only the Fort Benton division seems to be represented. One sec-
tion obtained from a well showed 73 feet of dark blue clay and shales
with two thin seams of lignite. The few fossils that were found were
submitted to Prof. I. B. Meek, and proved to be characteristic Benton
forms. He identified Inoceramus problematicus (=1I. ladiatus) and Am-
monites percarinatus (=Prionotropis woolgari) among them.

Prof. N. H. Winchell® states that similar beds extend farther south,
along the Minnesota river and the Cottonwood, and at other localities
there are exposures of sandstone that are referred to the Dakota, while
at New Ulm there is an outcrop of limestone that is believed to repre-
sent the Niobrara.

1 Kloos, J. H. Cretaceous Basin in the Sauk Valley, Am. Jour. Sci., 3d ser., vol. 11,1872, pp.17-26.
2 Winchell, N. H. The Cretaceous in Minnesots, Minn. Acad. Nat. Sci. Bull. vol. 1, 1878, pp. 349-390.
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In western Towa the Cretaceous beds arve somewhat better developed
and the exposares are more satisfactory. The following description of
the general section from the base upward is condensed from Dy, White’s
account in the Geology of Towa.!

Towa Cretaceous section,

1. Nishnabotany sandstone: Feot.
Rather coarse grained, friable, more or less ferrnginous sandstone, with
occasional thin, irregular layers of clay. IFossils: Fragments of angios-
permous leaves. Maximun thickness.. ... ... ool 100
2. Woodbury sandstones and shales:
Alternating thin beds of shale and sandstone, the former predominating.
~ The shales vary in character, and at some places a lignitic band is
shown. TFossils: Inoceramus labiatus and casts of a few other Lamelli-
branchs are occasionally found, and leaves of Salix nieckii and Sassafras
cretaceum also occur, Maxinmum thickness. ..........oocceeeeaeecnnnes . 150
3. Inoceramus beds: o
Impure chalky limestone and marls with Inoceramus labiatus, Ostrea con-
gesta, and remains of several genera of fishes. Thickness .............. 50

" A detailed section measured by Mr, O. H. St. John? along the Big
Sioux river above Sioux City, in which the basal sandstone is not
represented, shows 45 feet of the Inoceramus beds and 119 feet of the
underlying Woodbury sandstones and shales,

The original section of Meek and Hayden was described from this
same neighborhood, and the divisions above given correspond in a
general way to the Dalkota, Fort Benton, and Niobrara groups, though
it seems possible that a part of the Dakota is included in the Wood-
bury sandstones and shales. Evidently there is a gradual transition
fiom the one formation to the other at this point, and if marine fossils
were found to the bottom of the series we should expect thein to belong
to the same fauna as those in the upper beds. Four species of inver-
tebrates have been described by Meek and Hayden from the “Dakota
group at the mouth of Big Sioux river.” TFuture studies may prove
that they belong to the Colorado fauna, but as I have not been able to
identify them satisfactorily with species that occur in the beds above
the Dakota elsewhere, it has seemed best to omit the description of
them. They are:

Cyrena dakotensis. Mactra siouxensis.
Trigonarca siouxensis. Arcopagella? macrodonta.

Southwestward from this locality the Cretaceous occupies a broad-
irregular belt through Nebraska and Kansas, lying unconformably on
the Carboniferous, and farther south on the red beds that are usually
referred to the Jura-Trias. The strata dip gently to the northwest, and
in the western part of these states the Cretaceous is overlain by fresh-
water deposits of late Tertiary age. Since the beds are nearly horizon-

IRept. Geol. Sur. of Towa, vol. 1, Des Moines, 1870, pp. 285-204.
2 Rept. Geol. Sar. of Towa, vol. 11, pp. 106-199.
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tal and the Tertiary deposits are not very thick, the streams have cut
through into the Cretaccouns for some distance within the Tertiary area,
thus making its boundary very irregular. Only a part of it has been
accurately mapped. ,

Until recently all of the Cretaceous strata of Kansas have been
referred to the Dakota and the Colorado formations, and there is no
doubt that these two formations do cover a large area within the state,
but it has been shown! that a part of the Lower Cretaceous Comanche
series, with some of its characteristic species of fossils, occurs in several
of the southern counties, and the probable existence of the Montana
formation in the northwestern part of the state has been reported.

Prof. B. F. Mudge, who spent several seasonsin collecting vertebrate
fossils from the Niobrara division in Kansas and visited the most of
the Cretaceous outcrops in the state, cstimated ? the total thickness of
the Cretaceous at 960 feet, of which 500 feet was assigned to the
Dakota and the remainder to the Niobrara. '

The fact that the beds above the Dakota contain a greater propor-
tion of calcareous material than usual led Prof. Mudge to conclude that
they all belong to the Niobrara and that the Fort Benton shales are
absent, but it is evident from the description that his Niobrara repre-
sents the whole of the Colorado formation. The data for the following
scction of the Upper Cretaceous strata of Kansas® are taken from the
paper last cited:

Kansas Upper Cretaceous section.

Feet.
1. Dakota formation.

Brown and variegated sandstone of varying degrces of hardness, frequently
with ferruginous coneretions, and usnally interstratified witlvthiu heds of
clay shales, and oneor more seams of lignite. Fossil plants abundant; ani-
mald remains rare. Estimated thickness................coooiiaiooooo.. 500

2. Colorado formation.

a. Interstratified shales and thin layers of limestone containing Imoccramus
labiatus and o few other mollusks, with occasional fish remains........... 140

b. Bluish black or slate colored shale with many concretions containing
Prionotropis woolgari, Scaphites, Inoceramus, ete........................... 60

¢. Massive chalky limestone with Inoceramus deformis, Ostrea congesta, and
occasional remains of fish and sanrians...........oooiiiiiiiiio.L 60

d. Buff and white chalk or chalky limestone with calcareous shales. Iossils:
Uintacrinus socialis, Inoceramus labiatus, I. deformis?, Ostrea congesta, Radio-
lites?, Baculites anceps? and great munbers of vertebrates, including birds,

reptiles, and fishes. Thickness ... ...cocoi oo ii i et 200
Istimated total thickness of the Colorado ...._..... ... ... ............ 460

1 Cragin, F. W. The Cheyenne Sandstone and the Ncocomian Shales of Kansas. Washburn College
Lab. of Nat. Hist. Bull,, vol. 11, No. 11, and Am. Geologist, vol. v1, p. 233, and vol. vir, p. 23.

2Mudge, B. F. Notes on the Tertiary and Cretaceous Periods of Kansas, U. S. Geol. Sur. Terr.
Ann. Rept. for 1875, pp. 277-294.

315 specios of invertebrates, none of which have been found in the overlying strata, have been de-
seribed by Meck (T, 8. Geol. Sur. Terr., vol. 1x) and White (Proc. U, S. National Museumn, vol. 11) from
this horizon in Saline county, Kansas.
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THE UPPER MISSOURI REGION.

The immense area of Cretaceous in Nebraska, North Dakota, South
Dakota, and Montana has had little careful study excepting along the
course of the Missouri river and around the base of the Black hills.
The section quoted at the beginning of this paper gives a general de-
scription of the beds as developed in this region, but they are subject
to considerable local variation and it is especially worthy of note that
the calcareous Niobrara division disappears entirely in Montana, as it.
does along the eastern base of the Wasatch mountains and elsewhere
in Utah, and in southwestern Colorado.

In the Black hills the strata have been most fully deseribed by Prof.
Henry Newton.! He was able to recognize there all five of the divi-
sions of the Upper Missouri section. The principal differences as com-
pared with that section are the presence of several thin beds of sand-
stone interstratified with the upper portion of the Fort Benton shales,
and the fact that nearly all of the divisions are much thinner. The
estimated thicknesses are:

- Black hills Cretaceous section. .
1. Dalkota. Feet.
Coarse yellow or red sandstones with discontinnouns variegated clays.
In some places a part of tho sandstone is soft and white, and at other
localities it is changed to a dense quartzite............. ... ... 250400
2. Fort Benton. '
Dark plastic clays which usually contain large quantities, of alkaline
salts and selenite. Thin bedded calecareous sandstones, containing
numerous fossils, are frequently found in the upper part. ....... ... 200-300
3. Niobrara. .
Gray calcareous shales and marls with some limestone; Inoceramuslabia-
tus and Ostrea congesta very numerous, Thickness, roughly estimated 100-200
4. Fort Pierre.
Dark gray and bluish plastic clays with many fossiliferous calcarcons
concretions in the upper part. Thickness, estimated................ 150-260
5. Tox Hills.
Ferrnginous sandstone, with Veniella humilis, Spheriola transversa, Idcon-
arca shumardi, ete, 'Thickness, roughly estimated ................... 100

According to these estimates the total thickness of the Colorado for-
mation in the Black hills region is only 300 to 500 fect, and the entire
marine Cretaceous section is less than 1,000 feet. It should be remem-
bered that no accurate measurements of local sections were made. The
following species of fossils have been reported from the Colorado beds
of this region:

Ostrea congesta. Prianotropis woolgari.
Inoceramus labiatus, Prionocyclus wyomingensis.
Inoceramus fragilis. Scaphites warreni.
Inoceramus perplexus. Scaphites wyomingensis.
Inoceramus altus. Scaphites larva{formis.

Fusus shumardi.

! Newton, Tlenry, and \\’;Tt,TIT Jenney, Geol. of the Black Hills of Dakota, Washington, 188). The
Cretaceous is described on pp. 169-186.
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In Montana the Fort Benton division of the Colorado formation is
well represented, and the types of many of its characteristic species
were collected in that state. According to Meek and Hayden' this
division attains a thickness of about 800 feet in the neighborhood of
Fort Benton. The following species of invertebrates have been ob-
tained within a few miles of that locality, but their exact vertical range
in the local section has not been published: )

Inoceramus fragilis. Pholadomya papyracea.
Inoceramus umbonatus. " Scaphites vermiformis.
Inoceramus-exogyroides. Scaphites ventricosus.
Inoceramus teauirostratus. Scaphites mullananus.
Inoceramus undabundus. Nautilus elegans.

Nearly all of these have been found in the Colorado formation or its
equivalents at other localities and none of them is known to occur at a
higher horizon.

The geologists who have recently studied the Cretaceous coal fields
of Montana have been unable to divide the marine portion of the Upper
Cretaceous into distinet formations, and the collections of fossils have
not been sufficient to indicate the paleontologic break if there is one.
The following section, adapted from Mr. W. H. Weed’s paper? on “The
Cinnabar and Bozeman Coal Fields of Montana,” shows the character
of the strata up to and including the lower portion of the Laramie.

’
Cretaccous section of Cinnabar mouniain, Montana.

Laramie: ‘ ~ Foet.
Sandstones, containing coal ...... ... ..ol L feeementreceiceeena. 800
[0 - . 1 5
Sandstones, white, massive, eross-bedded....ccoeoooiiiiiiii il 125

935
Colorado and Montana:
Fissile, argillaceous sandstones and 8hales. .......ooovieioieraenoaioas 240
Shales, generally crnmbly, with layers of black bituminous shale, and
harder sandy ledges.. P 1311
Shaly sandstones and llmestoncs ......................................... 225
SanAStONe - oo e 40
Sandy, splintering, gray shales and limestones ......... e 165
Black bituminous shales ... ... i i 500
Limestone «oue e oo e i eieeieeiaaa 40
Black shales, 50mMetines arenaceous .. ....woeeeniieeenciiat e e 400
Sandstone .. ... oo 10
Black and dark-blne sh‘tles .............................................. 250
SANABEONG « e cmee e i aieeeaan - 15
Sandy 8hales...coe e e e it eeee e 75
N FA L] 5 T3 10

1 Proc. Acad. Nat. Sci., Phila., 1861, p. 421; U. 8. Geol. Sur. Terr., vol. IX, P. XXIX.
2Bull. Geol. Soc. Am.. vol. 11, 1891, p. 352,
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Colorado and Montana—Coutinued. Feet.
Thinly laminated avenaceous shales with Ostrea anomioides . oo eeeean. ... 340
Sandstones - .. i L ecaseiaeeaeces .15
T T )

2, £50

Dakota:

Quartzite. ..o i e 30
Limestone with great numbers of a small fresh-water gasteropod ... ... 10
Sandy shales. ... ... i 150
Red earthy limestones, magnesian .......oooveeiniiiiiiin i i 50
Conglomerate .......o.ooeneeo e 40
Sandstone and shales . ..ot i i e e 95
LD T ) 3 U 151
526

Total Cretaceous....c..oceeeiinaaenss et eecaieeeeeeaaaas 4,311

Sections at other localities give a much greater total thickness, but
the marine portion, or combined Colorado and Montana, seems not to
vary greatly. Itis evident that both of these formations are repre-
sented in the section, but there seems to be no lithologic or structural
reason for making a division and all of the fossils yet reported from
the locality belong to the Colorado fauna and probably all came from
near the horizon of Ostrea anomioides.  The following species were col-
lected there by members of the U. S. Geological Survey of the Terri-
‘tories.

Ostrea anomioides. Baculites asper?
Trigonia, related to T. evansana. Scaphites ventricosus.
Inoceramus sp. ¢ .

At a locality near the Missouri river below Gallatin, Montana, where
the same beds are exposed, the first three of the above-named species
occur, and associated with them are Corbicule inflexa, Pharclla? pealei,
and a number of others?! represented by casts that can not be specifi-
cally determined. ~

COLORADO AND NEW. MEXICO.

Along the eastern base of the Front range in Colorado the Upper
Cretaceous formations are well developed and easily distinguishable
both by lithologic features and by an abundance of characteristic fos-
sils.  From the northern boundary of the state to the Arkansas river
and beyond, the first prominent ‘“hogback,” or foothill of the moun-
taing is composed of the sandstones and conglomerate of the Dakota.
It is so constant lithologically that it can be readily recognized without
the aid of the plants which are the only fossils that are commonly found
in it in this region. On the plain immediately east of the Dakotaridge
the shales and limestones of the Oolomdo, the softer clay shales and

18ee Prof. Meok's lists in Ann. Rept. U. S. Geol. Sur. ‘Lerr., for 1872, pp. 474, 475.
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the sandstones of the Montana, and the coal-bearing sandstones and
shales of the Laramie are exposed in the order in which they are named.
There are numerous fossiliferous zones throughout the marine portion
of the strata, and it is usually not difficult to trace the characteristic
species of the Colorado and Montana formations, respectively, almost
to the dividing line between the two formations.

The section given below is based on descriptions of the Cretaceous
strata in the Denver region by Mr. Geo. H. Eldridge.! Although orig-
inally intended only for a limited area surrounding Denver, Mr.
Eldridge’s description with very slight modifications will apply equally
well to any part of the Cretaceous belt between Wyoming on the north
and Pike’s peak on the south. Perhaps the Laramie portion of the sec-
tion should be excepted in this statement, as it is not so well developed
in the northern and southern portions of this area as in the Denver
basin,

Cretaccous section in central Colorado.

Dakota: Feet.
A thin bed of conglomerate composedof well-rounded quartzose pebbles
united by strong siliceous cement. Hard, usnally gray, sandstone
in two prominent benches separated by a band of fire clay. " Fossil
plants are abundant at some localities. Total thickness of the forma-
tion about ..vove e Cerescecenriaraeeans 300
Colorado:
Fort Benton—
Dark shales with frequent intercalations of fossiliferons drab lime-
gtone in the upper third. JInoceramus labiatus is the most abun-
dant and characteristic species and Prionotropis woolgari is occa-

sionally found .. ..o ii e icei e e 400-500
Niohrara— '
Drab-white limestone containing Inoceramus deformis, I. labiatus,
Ostrea congesta, €HC. . ... ooeen e i e e 40
Gray clays and buff siliceo-calcareous shales with Ostrea congesia
and numerous scales of fishes ... ... ... ooo it 260
Total thickness of Colorado formation.......c..ccoaeeeaan ... 700-800

Montana:
Fort Pierre—

Drab shaly clays with numerous highly fossiliferous concretions
of drab limestone and occasional unimportant bands of sandstone.
Characteristic fossils:? Inoceramus cripsii, I. proximus, Avicula
linguiformis, A. mebrascana, Lucina occidentalis, Anisomyon (sev-
eral species), Ptychoceras mortoni, P. crassum Heleroceras (several
species), Baculites ovatus, B. compressus, Placenticeras placenta,
Sphenodiscus lenticulare, Scaphites nodosus, Nautilus dekayi, ete.
Thickness «ounneoeenieieiiiiiiieecaieaiaracercccnveaacaeeean-. 1,700

10n some Stratigraphical and Structural Features of the Conntry about Denver, Colorado. Proc.
Colo. Sci. Soc., vol. 111, pp.93-97. On certain peeuliar Structural Features in the Foot hill Region of
the Rocky mountains near Denver, Colorado. Bull. Philos. Soc. of Washington, vol. X1, p. 249.

2 The fauna contains a large number of species the most of which are figured by Meek, U, S.
Geol. Sur. Terr., vol. 1X, pls. 11-27,
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Montana—Continned. - ° Fect.
Fox Hills—
Arenaceous clays capped by a bed of yellow fossiliferous sandstone.
Fossils:! Cardium speciosum, Mactra alla, Zancredia americana.
Veniclla humilis, Calliste deweyi, C. owenana, Sphaeriola cordata,
Liopistha undata, Anchura americana, Scaphites conradi, ete. Thick-

11 800-1, 000
Total thickness of Montana formation......................... 8,700
Laramie:
Sandstones and coal beds, about.... ...l 400
Clays, ironstones, and rarely coal beds ....... ... ...l ... 800
Fossils: plants and fresh and brackish-water mollusks ... ........
Total thickness ... .o e iiirieiat it e i i e caaan s 1, 200

The Fort Pierre shales here have a much greater development than
in any other part of the Rocky mountain region. With this exception
the section is almost identical with Meek and Hayden’s Upper Missouri
section.

Southward from the neighborhood of Denver the Montana formation
becomes much thinner, until, on the Arkansas river between Canyon city
and Pueblo, its thickness is approximately 3,000 feet. It is also less
fossiliferous and more uniform in lithologic character, so that the Fox
Hills is not usually recognizable as a distinet division, though the fos-
siliferous zone, with its characteristic species at the top of the Fox Hills,
has been observed at Colorado Springs, and the underlying shales at
that place and in the Arkansas valley yield some Fort Pierre forms,
such as Inoceramus cripsii, I. proximus, Lucina occidentalis, Baculites
ovatus, Scaphites nodosus, Heteroceras, etc., but throughout the forma-
tion as a whole fossils are not so numerous either in species or indi-
viduals as they are in the section last described.

In the area now under consideration the Colorado formation becomes
a more important feature of the geology on account.of the greater area
that it covers and of the better development of its fauna. The chief
cause of its increased area is a low anticlinal fold extending out into
the plain as a prolongation of the axis of the IFront range. The erosion
that has planed off this fold until it is-scarcely noticeable as a topo-
graphic feature has removed {he Laramie and Montana strata from an
area at least 25 miles wide, and at a few places along the crest of the
fold has just reached the Dakota sandstone.? Consequently the nearly
horizontal shales and limestones of the Colorado form the surface over
a large area,® and are well exposed in long bluffs on the Arkansas, the
Cucharas, and other streams, and also in the usual narrow belt along
the foothills.

The characteristic Fort Benton shales resting on Dakota sandstone
vary considerably in thickness. Near the mountains at Canyon city

1 Some of these also occur in the Fort Picrre division.

2 The Dakota is exposed on the bank of Arkansas river 8 miles above Pueblo and on the plains 10
miles east of Cucharas. .

30n the geological sheets of Hayden's Atlas of Colorado the area assigned to the Colorado formation
along the Front range and in the southorn central part of the state is too large on account of the fact
that the Fort Pierre shales are all mapped as Colorado, although tho legend states that they are
included in the Fox Hills.
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the thickness is 400 to 500 feet, but out on the plain it decreases -until
it is less than 300 feet.

Ablout the middle of the dark shales there is always a calcareous
zone, sometimes 40 or 50 feet thick, consisting of alternating layers of
shale and drab limestone, the latter full of Imoceramus labiatus. The
upper 150 feet of dark shale frequently contains brown or drab calcare-
ous concretions, some of which are fossiliferous. Near Carlile Springs,
on the Arkansas river, 18 miles west of Pueblo, the upper part of this
zone yielded the following species:

Exogyra suborbiculata. Liopistha concentrica.
Ostrea lugubris. Turritella whitei.

Ostrea malachitensis. Amauropsis bulbiformis.
Inoceramus fragilis. Xenophora simpsoni.
Cardium pauperculum, Pugnellus fusiformis.
Veniella mortoni. . Rostellites dalli.

Anatina lineata. Prionotropis hyatti. °

Above the IFort Benton shales there is a bed of rather coarsemassive
gray sandstone which at Carlile Springs is almost 15 feet thick. It is
here capped by 1 to 2 feet of brown caleareous sandstone containing
Ostrea lugubris, impressions of Prionocyclus wyomingensis, and numerous
shark’s teeth. Above this is about 40 feet of light-colored, compact
limestone with Inoceramus deformis, 1. labiatus, and Ostrea congesta,
passing up into light gray and buff calcareous shales with Ostrea congesta.

The section is essentially the sameas the one in the Denver region,
with the addition of the sandstone at the top of the Fort Benton shales.
This new feature is not distributed over a very large area, nor is it
constant even in the region under consideration, but it is rendered im-
portant by the fact that at some localities it is very fossiliferous and
contains a varied littoral fauna, part of which had previously been
known only in a limited area in northern Utah where its stratigraphic
relations were not clear. Iast of the mountains this sandstone wasnot
seen farther north than Colorado Springs, where it is 10 feet thick. On
the Arkansas river above Pueblo it is from 15 to 20 feet thick. Along
the foothills in the neighborhood of Canyon city its thickness varies
from 4 to 10 feet. At somé localities in’ Huerfano park, whereitis very
fossiliferous, it is 40 feet thick, and for convenience in accurately re-
ferring the species to their horizon I have there called it the Pagnellus
sandstone on account of the abundance of the characteristic fossil,
Pugnellus fusiformis. Usunally it is a compact, massive, or heavy
bedded sandstone of uniform texture throughout, but at the localities
where it is very fossiliferous the fossils occur in thin bands and lenticu-
lar masses of hard calcareous sandstone, while the larger part of the
rock is more friable and sometimes contains partings of shale.

This thin bed of sandstone shows that over a considerable area there
was a brief cessation and probably a reversal of the downward move-
ment of the Fort Benton sea bottom just prior to the deposition of the
Niobrara limestone. Both the character of the sediments and the con-
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tained fossils indicate that the bed was deposited in shallow waters
not far from land.

The band of brown calecareous sandstone above the Pugnellus sand-
stone is rather more persistent, and it always contains sharks’ teeth and -
impressions of Prionocyclus wyomingensis, and usaally Ostrea ln gubiris.
Its thickness varies from 1 to 4 feet.

The Cretaceous section of Huerfano park, Huerfano county, Colorado,
is entirely similar to that of the Arkansas valley just described, but as
it has furnished so large a proportion of the species here described it
deserves a separate notice in order that the evidence on which these
species are referred to the Colorado formation may be given.

The “park” is a synclinal basin almost surrounded by the uplifts of
the Wet mountains on the east and north and of the Sangre De Cristo
range on the west and southwest. The central and larger portion of
this basin is filled by a thick series of sediments of FEocene and later
Tertiary age.! The Cretaceous strata are exposed at many places
around the margin, especially on the east, north, and west sides. The
entire series from the Dakota to the Laramie, inclusive, is represented,
but the Montana and Laramie are not often well exposed.

The fossils were nearly all collected from a single bed, the Pugnellus
sandstone, which is easily recognized in all its outcrops both by its
position and by its fossils. The most prolific localities examined are
near Quillian’s ranch on Williams creek, on Muddy creek about 10 miles
above Gardner post-office, in Poison canyon, and near Malachite post-
office on the north side of Huerfano river. The Pugnellus sandstone at
these four localities has yielded the following list of species, the major-
ity of which were found at all the localities:

Ostrea lugubris. Mactra huerfanensis,
Ostrea malachitensis. Turritella whitei.
Exogyra suborbicnlata,. Xenophora simpsoni.
Anomia subgnadrata. Gyrodes depressa.
Gervillia propleura. Gyrodes conradi.

Avicula gastrodes. Amauropsis bulbiformis,
Inoceramus labiatus. ) Mesostoma occidentalis.
Inoceramus fragilis, Pugnellus fusiformis.
Solemya? obscura. Tusus (Neptunea?) vencnatus.
Pinna petrina. Tritonidea$ huerfancnsis.
Yoldia subelliptica. Fasciolaria® (Cryptorhytis) ntahcusis.
Trigonarca obliqua. ’ Pyropsis coloradoensis.
Lucina juvenis. Rostellites dalli.

Cardium pauperculum, Rostellites ambigua.
Tapes cyprimeriformis. Rostellites gracilis.
Legumen ¢ Cancellaria malachitensis.
Tellina (Paliomeera) whitei, Actaeon propinquus.
Siliqua huerfanensis. Haminea truncabi.
Pholadomya coloradoensis. Placenticeras .
Anatina lineata. ’ Prionotropis liyatti.
Liopistha (Psilomya) concentrica. Cassidulus stantoni.

Mactra emmonsi.

1Hills, R. C.: Tertiary beds of the Huerfano river basin. Proc. Colo. Sci. Soc., vol, 111, 1890, pp.
148-164, 217-223. .
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It should be noted that this list contains 13 of the 14 species collecterl
from the upper part of the undisturbed Fort Benton shales in the
Arkansas valley.

The stratigraphic evidence that the Pugnellus sandstone is near the
top of the lower division of the Colorado formation is equally conclu-
sive. A section measured on Muddy creek gives the following suc-
cession of strata in ascending order:

Dakota: Hard brown and gray sandstone with plant remains, not fully exposed.

Teet,
Colorado:
Darkelayshales. ...t i iiia i aiaeceacaaacaan 100
Gray limestone in thin bands alternating with shale. Inoceramus labia-
tus abundant. ... ... i i iieeeaaaa. 30
Dark shale..coeee e i i e i eaas 300

Rather coarse gray and yellowish sandstone, becoming shaly above,

with occasional very fossiliferous bands and lenticular masses con-

taining the species listed above..... .. ..o ... ..ol 40 to 50
Brown calcareous sandstone with Ostrea congesta, Prionocyclus wyo-

mingensis, and shark’s teeth ... ... ... .. ... ...l 4
" Light drab limestone with Inoceramus deformis, I labiatus, and 08trea

congesta passing up into calcareous shales................cooiiii. (6

Total thickness of Colorado exposed ......ceevvemeeeimennnainneoaa, 559

Other localities in the park show that the upper bed of limestone is .
overlain by 300 to 400 feet of light gray or buff calcareous shales, suc-
ceeded by the drab clays of the Montana formation, with a proballe
thickness of 3,000 feet. The latter have yielded specimens of Inocera-
mus proximus, Lucina occidentalis, Baculites ovatus, Ptychoceras, and a
few other characteristic forms.

The southern continuation of the Arkansas valley Cretaceous arca
in Colorado and northeastern New Mexico has been described by Dr.
J. 8. Newberry,! Prof. J. J. Stevenson,? and others.> From these de-
scriptions it is evident that the Colorado formation there retains about
the same lithologic and paleontologic features as in the region above
described, excepting that the Pugnellus sandstone with its shallow-
water fauna has not been noticed, and there seems to be a greater pro-
portion of limestone throughout the formation.

Dr. Newberry states that on the banks of the Canadian river! the

. “Middle Cretaceous” exposures are from 800 to 1,000 feet thick, con-
sisting mostly of blue limestone interstratified with dark blue and

1 Macomb's exploring expedition from Santa Fé, N. Mex., to junction of Grand and Green rivers.
Geol. Rept., Washington, 1876, pp. 32-35.

2 . 8. Geog. and Geol. Surveys west of the One hundredth meridian, vol. 1. Supplement, pp. 88-158.
and Am. Geologist, vol. 111, pp. 391397,

3 Prof. Jules Marcou visited this region in 1853 in connection with the Pacific railroad surveys, and
his observations were published in vol. 11 of the reports of that survey, in the Geology of North Amer-
ica, Zurich, 1858, and elsewhere. In an article on *‘the Mesozoic series of New Mexico™ (Am. Geolo-
gist, vol. 1v, 1889, p. 155-165 and 216-229) the samo author gives titles of most.of. the geological ropmn
relating to New Mexico..

4 Op. cit., p. 83,
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brownish bituminous and calcareous shales. Inoccramus labiatus and
Gryphea newderryi' range from bottom to top of this series, and in the
upper portion Inoceramus fragilis, Ostrea congesta, 0. elegantula, Priono-
tropis woolgari, ete., also occur.

In western New Mexico and southwestern Colorado the Cretaceous
section contains no limestones, or only very thin bands of local extent
that are seldom exposed, and the same statement will apply to the
entire area between the Continental Divide and the Wasatch moun-
tains, The calcareous beds of the Niobrara division ‘that have served
as a convenient reference plane in all the region east of the mountains
are absent. The section in the area drained by the San Juan river
naturally falls into three lithologic divisions, the lowest of which is a
series of coarse sandstones, with some beds of shale, and in the upper
portion one or moré coal beds. The middle division consists of dark
clay shales, 1,200 to 1,500 feet in thickness, and is overlain by a thick
series of coal-bearing sandstones, shales and marls forming the upper
division. These are the members of Dr. Newberry’s general section, ®
and similar divisions have been made by other geologists who have
described the region, though they have sometimes been still further
subdivided, and there have been differences of opinion as to the corre-
lation of certain parts of the section with the formations east of the
mountains, All have agreed, however, that the sandstones at the basc
(or at least the upper part of them) belong to the Dalkota formation
and that the Colorado formation is represented in the shales of the
middle division.?

Here and in other portions of western Colorado the larger part of the
coal-bearing sandstones and shales of the upper division was referred
to the Fox Hills group by the mewmbers of the Geological Survey of the
Territories, and it is so mapped in Hayden’s Atlas of Colorado, thereason
for this reference being that marine Cretaceous (Fox Hills) fossils were
found at various horizons above the coal beds.t Others have refeired
all of the productive coal measures of this area to the Laramie,® basing
their correlation onthe stratigraphy, the lithologic character of the beds,
and the evidence of the fossil plants. There is no doubt that Fox Hills

1 'Throughout this bulletin the names of fossils are usually changed so as to conform to the nomen-
clature adopted in the descriptions that are to follow. Gryphea newberryi is the Upper Crotaceous
form so frequently referred to in Dr. Newberry’s report under the name Gryphaa pitchert.

2 Op. cit., p. 32. )

3 It should be remarked that the molluscan fossils reported by Dr. Newberry from the lower divi-
sion secm to belong with the fauna of the overlying shales, and in southern Utah the coal-bearing
sandstones at tho base of tho Cretaceous have yiclded fossils that I regard as a part of tho Colorado
fauna.

4For detailed sections and descriptions of Cretaceous in southwestern Colorado, soe report of W. H,
Holmes in Ann. Rept. U. S. Geol. Sur. Lerr. for 1875, pp. 242-267.

Tn western Colorado: Reports of A. C. Peale, idem, for 1874, pp. 128-155, aud for 1876, pp. 170-180; of
C. A. White, ibid., pp. 19, 28-34, and other reports in the same scries.”

5Lakes, A.: Geology of Colorado coal fiedds. Ann. Rept. State School of Mines, Denver, 1889, pp.
19, 148, 162, ete.

Hills, R. C.: Orographic and structural features of Rocky mbuntain geology. Proc. Colo. Sci. Soe.
vol. u1, 1890, p. 380 et seq.
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species of fossils have been found at several places well up in the series.
I have collected Inoceramus cripsii, Mactra alta, Cardium, Baculitcs
compressus,and Placenticerasplacenta, var. intercalaris, in Mancos canyon
from a bed that seemed to be 800 to 1,000 feet above the base of the
coal-bearing sandstones. No evidence of faulting was seen there. It
is beyond the scope of this paper, however, to discuss either the age of
these upper beds or the more general subject of the delimitation of the
Laramie formation. Thereis need of much detailed work in some parts
of the supposed Laramie area, and the evidence from all possible sources
must be collected and considered before the latter question can be dis-

missed with a final solution.
The shales of the middle division attain a thickness of 1,200 to 1,500

feet in the San Juan valley, and farther north in western Colorado they
are still thicker. It has already been intimated that these shales are
of much the same character throughout and are apparently the product
of continuous sedimentation, but the characteristic fossils of the Colo-
rado formation are confined to their lower half. The upper half is
usually barren of fossils, though a few species belonging to the Mon-
tana fauna have been tound at the top. Along the Maucos river north
of Mesa Verde and in the valley of Animas river where I have made
collections the fossiliferous zones are as follows:

Feet.
1. Soft dark.clay shales resting on Dakota sandstone. Numerous specimens of
Gryphaca newberrys in upper porbion ... ... iiiiiiiiiiiaiaiaoLL 120
2. Light drab argillaceous limestone with Inoceramus labiatus. This is seldom
exposed and probably not contimuous.. ... ...l 4-6°

3. Dark clay shales with a large Inoceramus covered with Ostrea congesta, and
calcareous concretions, a few of which contain Inoceramus and Baculites
Gracilis? ... e e i et eicemeeemeaeeeeaaan 250

Thin bands of brown arenaceous limestone and occasional concretions alter-
nating with shales. Fossils abundant, including Inoceramus labiatus, I.
fragilis, I. dimidius, Ostrea lugubris, and Prionocyclus macombi ............ 8-10

L

For about 200 feet above this zone there are fragments of a large
Inoceramus, apparently like 1. deformis, covered with Ostrea congesta.
No fossils were found in the 600 or 700 feet of shales above this horizon.

Although the fauna of these beds is not large it contains several
characteristic species and it is believed to prove that the fossiliferous
beds above described are the approximate equivalent of the Colorado
formation and that the overlying shales should not be included in that
formation. Wherever fossils have been reported from the upper half
of the shale division in western Colorado and eastern Utah they are
of Montana formation species and the two faunas never seem to be
blended! in that region.

Northward, in the valleys of Grand aud Gunnison rivers and their
tributaries in Colorado and of Green and Price rivers in Utah, the

IMr. W. H. Holmes reports the occurrence of Scaphites warrent, Inoceramus barabini, and Baculites

. ovatus in the same bed on the San Juan river from about the horizon of the zone No. 4 above described.

I have been urable to find this collection, but I have reason to believe that the last two species were
incorrectly identified.
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Colorado formation is still mainly composed of dark clay shales, though
there are occasionally thin intercalations of sandstone. A section on
Gunnison river, opposite Roubideaw’s creek, described by Dr. Peale.!
which shows the general character well, is as follows:

Feet.
1. Shaly sandstones, with interlaminated argillaccons beds, extending from
the top of the bluff on the river to the bBase of thé first Lluff north of
theriver. The beds are for the most part concealed. ... oo aaa .. 175
2. Coarse yellow sandstone with caleite -....oooaeee e
3. Gray laminated sandstone.- ... ... ...l ool e j
4. Thinlamine of grayish sandstone shales, with fineblack argillaceous shales,
gypsiferous and calcareous, containing Inoceramus, Os'rea lugudris (Cun-
rad), and other Cretaceous fossils...... .. ..o . il 1254
5. Yellowish sandstone shales, with quantities of Inoceramus and Ostrea espec-
ially abundant near the top, where there isa layer of black shales....... 40
6. Black argillaceous shales, partly concealed by débris ..................... 38

7. Coarse yellow, gypsiferous, and calcareous sandstones, with layer at top,
breaking into pencil-like pieces one to two inches long and an eighth of

an ineh in thickness .....eeees coercoeaiienneiiaiiaeaaa, Ceeeiiaaea 503
8. Sandstone shales . ... i ie i ittt ceeee e, 120
9. Fine black argillaceous shales .................... et eeaas E <

10. Coarsé yellow calcareous sandstone, resembling that described under No. 7. 1
11. Fine black argillaceous shales, with bands of s:mdstone (fossiliferous), spe-

cies of Inoceramus and OSI1CH . ... ceeeee vaemee aeeanaaauecaaeancesan.. 36
12. Hard gray sandstone ... ..o .o ieinme i e e 1

13. Very fine soft black argillaceous shales, with a few lamine of gray sand-

stone. In the lower part of the group the shales are coal-black, but as

we ascend they become gray-black. Nearly all the layers ave fossilifer-

ous. Among the forms are Prionocyclus wyomingensis, Scaphites [warreni],

and Inoceramus [labiatus]. They are especially abundant near the top... 66}
14. Tine gray and yellowish shales ..........o....oo. ool 34
16. About 17 feet of gravel, composed largely of basaltic bowlders, forming the

top of the blaff.

Total, about.......cocen.nnen Ceeecesesseeeiceiee et ot aseaeaaaas e 687}

These shales rest on sandstones referred to the Dakota. In this dis-

trict Dr. Peale estimates the total thickness of the shales belonging to
the Fort Benton, Niobrara, and Fort Pierre at 1,500 to 2,000 feet.

A large part of Castle valley in eastern Utah is underlain by shales
like those above described, and at a horizon in them about 1,000 fect
below the Montana sandstones exposed to the Book Cliffs I have col-

-lected Prionocyclus wyomingensis, Scaphites warreni, Baculites gracilis?,
and Inoceramus dimidius.

Farther south in western New Mexico and in Arizona, the sections
described by Mr. G. K. Gilbert,? contain a gleater proportion of sand-
stone, but the lower 850 feet, \vhlch is the only portion from which
fossils were obtained, ev1dent]y belongs to the Colorado formation, and
perhaps in the lowest layers to the Dakota. The highest fossﬂlfcrous
horizon noted is at Stinking spring, near Fort Wingate, New Mexico,
and it yielded Inoceramus labiatus and Ammonites.”
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