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ADVERTISEMENT.

[Monograph XXV.]

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

“The publications of the Geological Survey shall eonsist of the annual report of operations, geo-
logical and economic maps illustrating the resonrces and classification of the lands, and reports upon
general and economie geology and paleontology. The annual report of operations of the Geological
Survey shall accompany the annual report of the Secretary of the Intertor.  All special memoirs and
reports of said Snrvey shall be issued in aniform gnarto series if deemed necessary by the Director, but
otherwise in ordinary octavos. Three thousand copies of each shall be pnblished for scientific exchanges
and for sale at the price of publication ; and all literary and eartographic materials received in exchange
shall be the property of the United States and form o 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.”

The following joint resolntion, referring to all government publications, was passed by Congress
July 7, 1882:

“That whenever any document or report shall be ordered printed by Congress, there shall be
printed, in addition to the number in eacli case stated, the ‘ usnal nnmber’ (1,900) of copies for binding
and distribution among those entitled to receive them.”

Lxeept in those cases in which an extra number of any publication has been supplied to the Sur-
vey by special reésolntion of Congress or has been ordered by the Secretary of the Interior, this office
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. 1 map.—A preliminavy report deseribing plan of organization and publications.

1. Second Annnal Report of the United States Geological Survey, 1880-"81, by J. W. Powell,
1882, 8Y. 1v, 588 pp. 62 pl. 1 map.

III.  Third Annnal Report of the United States Geological Survey, 1881-'82, by J. W. Powell.
1883. 8°. «xviii, 564 pp. 67 pl. and maps.

IV. IFourth Annnal Report of the United States Geological Survey, 1882-°83 by J. W. Powell.
1884, ¥V, xxxii, 473 pp. &5 pl. and maps.

V. Fifth Annnal Report of the United States Geologieal Survey, 1833-"84, by .J. W. Powell.
1885, RV, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Aunnal Report of the United States Geological Snrvey, 1884-'85, by J. W. Powell.
1885, 89, xxix, 570 pp. 65 pl. and maps.

VII. Seventh Annnal Report of the United States Geological Survey, 1885-"86, by J. W. Powell.
1888, 8-, xx, 0656 pp. 71 pl. and maps.

VIIL. Eighth Annnal Report of the United States Geological Survey, 188687, by J. W. Powell.
1389, 8- 2 v, xix, 474, xii pp. 53 pl.and maps; 1 p. 1. 475-1063 pp. 54-76 pL and maps.

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

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell.
1890, 8-, 2 v, xv,774 pp. 98 pl. and maps; viii, 123 pp.

XI. Eleventh Anunal Report of the United States (eological Survey, 1889-90, by J. W. Powell.
1891, 8. 2 v, xv,757 pp. 66 pl. and maps; 1x, 351 pp. 30 pl. and maps.

XIIL Twelfth Annnal Report ot the United States Geologieal Snrvey, 1890-'91, by J. W. Powell.
1891, 8Y. 2 v, xiii, 675 pp. 53 pl.and maps; xviii, 576 pp. 146 pl. and maps.

XIII. Thirteenth Annual Report of the United States Geological Survey, 1891292, by J. W,
Powell. 1893. 8°. 3 v. vii, 240 pp. 2maps; x, 372 pp. 105 pl. and maps; xi, 486 pp. 77 pl. and
maps.

- XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-'93, hy J. W.
Powell. 1893. 8. 2v. wvi, 321 pp. 1 pl.; xx, 597 pp. Tt pl.

XV. Fifteenth Annnal Report ot the United States Geological Survey, 1893-'94, by J. W. Powell.

1895. 8°. xiv, 755 pp. 45 pl
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MONOGRAPIHS.

1. Lake Bonneville, by Grove Karl Gilbert. 1890. 47, xx, 438 pp. 51pl. 1map. Priee $1.50.

I1. Tertiary Hhton of the Grand Canon District, with atlas, by Clarence L. Dutton, Capt., U. 8. A.
1882, 47, xiv, 264 pp. 4’1)] and atlas of 21 sheets folio.  Price $10.00.

II11. (u ulnu\ of t]w Comstock Lode and the Washoe Distriet, with atlas, by George I'. Becker.
1882. 4°. 422 pp. 7 pl. and atlas of 21 sheets folio. « P'rice $11. 00.

1V. Comstnuk Mining anil 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. DPrice $1.85.

V1. Contributions to the Knowledge of the Older Mesozoic Ilora of Virginia, by William Morris
Foutaine. 1883, 4°. xi, 144 pp. 511 54 pl. Price $1.05.

VII. Silver-Lead I)"posits of Bureka, Nevada, by Joseph Story Curtis. 1884, 4°. xiii, 200 pp.
16 pl. Price $1.20.

ViIY. l’.llknnt()lug’_\‘ of the Eureka District, by Charles Doolittle Walcott. 1884, 4. xii1, 298
pp. 241 ‘)4 pl.  Price $1.10.

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

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

XI. .Geological Ilhlm\ of Lake Lahontan, a Quaternary Lake of \n]IhW( sstern Nevada, by
Israel Cook Russell. 1885, 46, xiv, 288 pp- 46 pl. and maps. Price $1.7

XII. Geology and Mining Indnstry of Leadville, Colorado, with (Ltlrl\ by Samuel Franklin Em-
mons. 1886, 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.10.

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

XIV. Fossil IMishes and Fossil Plants of the Triassic Roeks of New Jersey and the Connecticut
Valley, by John 8. Newberry. 1888, 4°. xiv, 152 pp. 26 pl. Price $1.00.

XV. The Potomace or Yonnger Mesozoie IMlora, by William Morris Fontaine. 1889, 14, xiv,
377 pp- 180 pl. Text and plates bonnd sepavately. Price $2.50.

XVI. The Paleozoie Fishes of North America, by John Strong Newberry., 1889, 47, 340 pp.
53 pl.  Price $1.00.

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux.  Edited by 17
H. Knowlton. 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 . Whittield. 1891, 4%, 402 pp. 50 pl.  P'rice $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.  Price $1.70.

XX. Geology of the Enreka District, Nev: ada, with an atlas, by Arnold Hague. 1892, 47, xvii,
419 pp. 8 pl. Price $5.25.

XXI. The l‘n 1t1 wry Rhynchopliorons Coleoptera of the United States, by Samuel Hubbard Scud-
der, 1893, 4°. 206 pp. 12 pl.  Price 90 cents.

XXII. A 1\Lmnnl ot Topographic Methods, by lenry Gannett, chief topographer. 1893, 47,

.300 pp. 18 pl. Price #1. 00.

XXI1IL Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, T. Nelson Dale,
and J. B. Wolft, 1804, 4. xiv, 206 pp. 23 pl.  Driee $1. 30.

XXIV. Mollnsea and Crustacea of the Miocene Formations of New Jersey, by Robert Parr Whit-
field. 1894, 4°. 193 pp. 24 pl. Price Y0 cents.

XXV. The (Glacial Lake Agassiz, by Warren Upham. 1895. 4°. xxiv, 658 pp. 383 pl. Price $1.70.

XXVI. Flora of the Amboy Clays, by John Stroung Newberry: a posthumous work, edited by
Arthnr lHollick.

In preparation:

—The Geology of Franklin, Hampshire, and Hampden connties, Massachusetts, by Benjamin

Kendall Emerson.
—The Glacial Gravels of Maine and their associated deposits, by (re()l"l‘ H. Stone.

—(eology of the Denver Basin, Colorado, by S. I, Enmons, W hitman Cross, and Geo. H. Eldridge.

—sauropoda, by O. €. Marsh.

—Stegosauria, by O. C. Marsh.

—Brontotherida, by O. (. Marsh.

—Report on Silver CLift and Ten-Mile Mining Districts, Colorado, by S. . Emmons.

BULLETINS.

1. On Hypersthene-Andesite aud on Triclinie Pyroxene im Angitie Rocks, by Whitman Cross,
with a Geological Sketech of Buftfnlo Peaks, Colorado, by 8. I, Emmons. 1883, 8. 42 pp. 2 pl
Price 10 cents.

Gold and Silver Conversion Tables, giving the coining values of troy onnces of fine metal, ete.
(nlnplltell by Albert Williams, jr. 1883, 8- 8 pp. Price 5 cents.

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30/, from Tompkins
County, N. Y., to Bradford County, Pa., by Henry S. Williams., 1881, 8. 36 pp.  Price 5 cents,

1. On Mesozoie 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 Henry Gannett. 1881, %°. 325
pp. Price 20 cents.
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6. Elevations in the Dominion of Canada, by J. W, Speneer. 18384, 89, 43 pp. Price i 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, 8. 184 pp. Price 10 cents.

8. On Secondary Fulargements of Mineral Fragments in Certain Roeks, by R. D. Irving and C.
R.Vau Hise. 1884 8. 56 pp. 6pl. Price 10 cents.

9. A report of work done in the Washington Laboratory during the fiscal year. I883-84. F., W,
Clarke, chiet chemist; 1. M. Chatard, assist: ant chemist. 1884 8. 40 pp.  Price 5 cents.

10, On f]u-(?:lulln'i;m Faunas of North America, Preliminary studies, by Charles Doolittle Wal-
cott, 1884, R“. T4 pp. 10 pl. 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 sketeh of the Quaternary Lakes of the Great Basin,
by G. K. Gilbert. 1884, 82, 66 pp. 6 pl. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana, 1884, &<,
34 pp. 3 pl. Price 5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical
Sketeh 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
Stronhal. 1885, 8“, 238 pp. Price 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of Californin, by Charles A. White, 1585, 8°,
33 p]n Price 5 cents.

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke, 1885, 89,
86 pp. 3 pl. Price 5 cents.

17. On the Development of Crystallization in the Igneous Roecks of Washoe, Nevada, with Notes
on the Geology of the District, by Arnold Hague and Joseph I, Iddings. 1885, 8. 44 pp. Price b
cents.,

18. On Marine Eocene, Fresh-water \Iun ene, and other 1'ossil Mollusea of Western North Alm rica,
by Charles A. White. 1885, 8. 926 pp. 3 pl. Price 5 cents.

19. Notes on the Stratigraphy of California, by George I, Becker, 1885, 87, 28 pp. DPriced cents,

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W, 19, Hille-
brand. 18%5. 8. 114 pp. 1 pl. 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-, 16 pp. 5 pl. Price 5 cents. :

22, On New Cretaceons Fossils from California, by Charles A, White. 1885, 87, 25pp. 5 pl.
Price 5 cents.

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on
Keweenaw Point, Lake Superior, by R. D. Irving and T. €. Chamberlin. 1885, X°. 124 pp. 17 plL.
Price 15 cents.

24. List of Marine Molluseca, comprising the Quaternary fossils and recent forms from American
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall.
1885. 8. 336 pp. DPrice 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 “done in the Division of Che mistry and Physies, mainly during the tiseal year
1884785, 1886, 8°. R0 pp. Price 10 cents.

28. The Gabbros and Associated Hornblende Rocks ocenrring in the Neighborhood of Baltimore,
Md., by George Huntington Willinms. 18%6. 8. 78 pp. 4 pl. Price 10 cents.

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

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

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

32. Lists and Analyses of the Mineral Springs ul' the United States; a Preliminary Study, by
Albert C. Peale. 1886. 89. 235 pp. Price 20 cents.

33. Noteson the Geology of Northern California, by J. 8. Diller. 1886, X°. 23 pp.  Price 5 cents.

31. Onthe Relation of the Laramie Mollusean Fauna to that of the suceee ding Fresh-water Hocene
and utlul groups, by Charles A. White. 18%6. 8°. 54 pp. 5 pl. Price 10 cents.

35. Physical ll(l])r‘lfll\ of the Iron-Carburets, by Carl Barus and Vineent Stroubal. 1886, 8°.
62 pp.  Price 10 cents.

36, Subsidence of Fine Solid Particles in Lignids, by Carl Barns.,  I886. 8-, 58 pp. Price 10cents

37. Types of the Laramie IFlora, by Lester I'. Ward. 1887, 8-, 351 pp. 57 pl. Price 25 cents,

38. Peridotite of Elliott Connty, Kentucky, by J. 8. Diller. 1887. 8. 3lpp. 1pl. Pricedcents.

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887, 89,
81 pp. 1pl. Price 10 cents.

40. Changes in River Courses in Washington Territory dne to Glaciation, by Bailey Willis. 1887,
89, 10 pp. 4 pl. Price 5 cents.

{1, On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S.
Williams. 1887. 82, 121 pp. 4 pl. Price 15 cents.

12, Report of work done in the Division of Chemistry and Physies, mainly doring the fiscal yvear
188586, I W, Clarke, chief chemist. 1887, 8, 152 pp. 1pl. Price 15 cents.
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43. Tertiary and (‘retaceons Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene
A.Smith and Lawrence (. Johnson. 18R7. 8-. 180 pp. 21 pl. Price 15 cents.

44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp.
Price H cents.

45. The Present Condition of Knowledge of the (reology of Texas, by Robert T. Hill. 1887. K¢,
94 pp.  Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. ¥. Penrose, jr., with an Intro-
duction by N. 8. Shaler. 1888, 8. 113 pp. Price 15 cents.

417. 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. X4 pp. Price
10 cents.

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

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

50. I"ormulas and Tables to Facilitate the Construetion and Use of Maps, by Robert \1]111)\011
Woodward., 1889, 89 124 pp. Price 15 cents.

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

52. Subaérial Decay of Rocks and Origin ot the Red Color of Certain Formations, by Israel
Cook Russell. 1889, 89, 65pp. 5 pl. DPrice 10 cents.

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

54, On the Thermo-Electriec Measurement of High Temperatures, by Carl Barus. 1889, X,
313 1)1) nul 1pl. 11 pl. Price 25 cents.
teport of work done in the Division of Chemistry and Physics, mamly during the fiscal
year 1?\‘4()- Trank Wigglesworth Clarke, chief chemist. 1880, 8%, 96 pp. Price 10 cents.

’yﬂ Fossil Wood and mete of the Potomac Formation, by I'rank Hall Knowlton. 1889, 8-,
72 pp. Tpl. Price 10 cents.

)7. A Geological Reconnoissance in Southwestern Kansas, by Robert Hay. 1890, 8. 49 pp.
2 pl. Price 5 cents,

58, The Glacial Boundary in Western Penusylvama, Ohio, Kentucky, Indiana, and Illinois, by
George 17 1v(loriuk Wright, with an introduction by Thomas Chrowder Chamberlin, 1890, %v. 112
pp.incl. 1 pl. 8 pl.  Price 15 cents.

59. The Gabbros and Associnted Rocks in Delaware, by Frederick D. Chester. 1890. 89, 45
pp- 1 pl. Price 10 cents,

60. lupmt of work done in the Division of Chemistry and P hv\l(' s, mainly during the fiscal
year 1887-'88. I, W, Clarke, chiet chemist. 1890, . 8 Hlpp Price 15 cents.

61. Contributions to the Mineralogy of the Pacific Coast, by Williamn Harlow Melville and Wal-
demar Lindgren. 1890. 8. 10pp. 3 pl. Price 5 cents.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan, a con-
tribution to the subject of dynamic metamorphism in ernptive rocks, by George Huntington Williams,
with an introduction by Roland Duer Irving. 1890, 8“. 241 pp. 16 pl. Priee 30 cents.

63. A Bibliograpliy of Paleozoic Crustacea from 1698 to 1889, including a list of North Amer-
iean species and a systematic arrangement of genera, by Anthony W. \o<rdu~. 1890. 8. 177 pp.
Price 15 cents.

64. A report of work done in the Division of Chemistry and Physics, mainly during the fiseal
year 1888-"89. I, W. Clarke, chief chemist. 1890. 8“. 60 pp. Price 10 cents.

65. Stratigraphy of the Bituminons Coal Field of Pennsylvania, Olio, and West Virginia, by
Israel ¢, White. 1891. 8. 212pp. 11 pl. Priee 20 cents.

66. On a Group of Voleanic Rocks from the Tewan Monntains, New Mexico, and-on the ocenr-
rence of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8. 34 pp. Price 5
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. DPriced
cents. s

69. A Classed and Anunotated Biography of Fossil Insects, by Samnel Howard Sendder. 1890,
89, 101 pp. Price 15 cents,

70. A report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1390. 3<,
79 pp. Price 10 cents.

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.

2. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891, 8,

12.
229 pp.  Price 20 cents.

73. The Viscosity of Solids, by Carl Barns. 1891, 8-, xii, 139 pp. 6 pl. Price 15 cents.

74. The Miuerals of North Carolina, by IFrederick Augustns Genth. 1891, 8- 119 pp. Price
15 cents,

75. Record of North American Geology for I8R7T to 1889, inclusive, by Nelson Horatio Darton.
1891. 8-, 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the Unitec States (second edition), compiled by Henry Gannett,
chief topographer. 1891, 82, 393 pp.  Priee 25 cents
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77. The Texan Permian and its Mesozoic types of Fossils, by Charles A, White, 1891, 8°. 51
pp. 4 pl. DPrice 10 cents.

7%, A report of work done in the Division of Chemistry and Physies, mainly during the fiscal
year 1889-90. 1. 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. S, Diller.

%0. Correlation papers—Devonian and Carboniferous, by Ilenry Shaler Williams. 1891, &°,
279 pp. Price 20 cents. ¢

81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1891, 8“. 547 pp. 3 pl
Price 25 cents.

82. Correlation papers—Cretaceons, by Charles A, White. 1891. 8. 273 pp. 3 pl. Price 20
cents.

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

84. Correlation papers—Neocene, by W. I Dall and G. D. Harris. 1892, 8-, 349 pp. 3 pl.
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. Van Hise, 1892, %, 549 pp. 12 pl.
Price 25 cents.

90. A report of work done in the Division of Chemisiry and Physies, mainly during the fiscal
year 1890-'91. . W, Clarke, chief chemist. 1892, 8-, 77 pp. Price 10 cents.

- 91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8-, N8 pp.
Price 10 cents.

92, The Compressibility of Liquids, by Car]l 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 Sendder. 1892, 89, 35 pp. 5 pl.  Price b cents.

94, The Mechanism ot Solid Viscosity, by Carl Barus. 1892, X“. 138 pp. Price 15 cents.

95. Karthquakes in California in 1890 and 1891, by Fdward Singleton Holden. 1892, 8°. 31 pp.
Price 5 cents.

96. The Volume Thermodynamies of Liquids, by Carl Barus, 1892, %-. 100pp. Price 10 cents.

97. The Mesozoie Echinodermata of the United States, by W, B. Clark., 1893. &9, 207 pp. 50 pl.
Price 20 cents.

98, Flora of the Outlying Carbomferous Basius of Southwestern Missouri, by David White.
1893. 8“. 139 pp. 5 pl. Price 15 cents.

99. Record of North American Geology for 1891, by Nelson Horatio Dartow. 1892, 87, 73 pp.
Price 10 cents.

100. Bibliography and Index of the Publications of the 7. 8. Geological Survey, 1I879-1892, by
Philip Creveling Warman. 1893. 8. {95 pp. Price 25 cents.

101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893, 59,
27 pp. 2pl. Price 5 cents.

102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by Cornelius
Breckinridge Boyle. 1892, 8¢, 315 pp. Price 25 cents.

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure,
by Carl Barus. 1893. 8°. 57 pp. 9 pl. Price 10 cents.

104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893, 8°.
41pp. 4pl. Price b cents. ’

105. The Larawie and the overlying Livingstone Formation in Montana, by Walter Harvey
Weed, with Reporti on Flora, by Frank Hall Knowlton. 1X93. 8 68 pp. 6 pl. Price 10 cents.

106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893, 8v, 28R
pp. 45 pl. Price 20 cents.

107. The Trap Dikes of Lake Champlain Valley and the Eastern Adirondacks, by James Furman
Kemp.

! 108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893, 8<,
108 pp. 12 pl. Price 15 cents,

109. The Eruptive and Sedimentary Rocks on Pigeon Point, Mitnesota, and their contact phe-
nomena, by William Shirley Bayley. 1893. 8. 121 pp. 16 pl. Price 15 cents.

110. The Paleozoic Section in the vieinity of Three Forks, Montana, by Albert Charles Peale.
1893. 87, 56 pp. 6 pl. Price 10 cents.

111. Geology of the Big Stone Gap Coal IFields of Virginia and Kentucky, by Marius R. Camp-
bell. 1893. 8°. 106 pp. 6 pl. Priee 15 cents.

112, Earthquakes in California in 1892, by Charles D. Perrine. 1893. X9, 57 pp. Price 10
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LETTER OF TRANSMITTAL.

UNIvERsITY OF (CHICAGO,
Chicago, Ill., March S, 1894.

Sik: I have the honor to transmit herewith, for publication as a
monograph of the United States Geological Survey, the manuseript of
a report on the Glacial Lake Agassiz, by Mr. Warren Upham. I am
confident that it will be welcomed by the scientific world as a valuable
contribution to the literature of North American glaciology.

Very respecttully,
T. C. CHAMBERLIN,
Gieologist in Charge
To the Direcror UNITED STATES (FEOLOGICAL SURVEY
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PREFACE.

In my work for the Geological and Natural History Survey of Minne-
sota, from 1879 to 1885, under the direction of Prof. N. H. Winchell, State
geologist, the highest shore-line of Lake Agassiz in that State was mapped
through its prairie portion, extending about 175 miles from Lake Traverse
castward to Herman and thence northward to Maple Lake. During this
survey Mr. Horace V. Winchell was my efficient assistant as rodman in
leveling.  The exploration showed that a very large lake occupied the Red
River Valley in the closing stage of the Glacial period, when the ice-sheet
was being melted away from this district. Terminal moraines of the ice-
sheet, forming a series of eleven in consecutive order from south to north,
were also explored and mapped in Minnesota; and it was seen that the
glacial lake and moraines were intimately related as records of the recession
of the ice and the transition from the Pleistocene to the Recent or present
geologie period.

It became evident, however, that a satisfactory investigation of the
extent and history of Lake Agassiz must comprise both sides of the Red

tiver Valley. The United States Geological Survey therefore undertook

the more extended examination of this lake area, which was assigned to
me, as a member of the Glacial Division, under the direction of Prof. T. C.
Chamberlin, for whose friendly counsel and constant interest in this work I
have the pleasure of recording here my great indebtedness. Suggestions
derived from the previous work for this Survey by Mr. G. K. Gilbert and
Mr. I. €. Russell on other Pleistocene lakes also aided me much in both the
ficld work and the study for preparing this report.

Again, when the shore-lines of Lake Agassiz had been mapped through
North Dakota from Lake Traverse to the international boundary, it was
found that a comprehensive monograph ot this subject could not be pre-

sented while the exploration was restricted by a political limit.  Tence it

XIX



XX PREFACE.

was generously arranged by Director J. W. Powell, of this Survey, and
Director A. R. C. Selwyn, of the Geological and Natural History Survey
of Canada, that my work of mapping the Lake Agassiz shores, with
determination of their heights by leveling, should be continued through
the prairie region of southwestern Manitoba, which was done in the sum-
mer of 1887, the termination of my survey being near the southern end of
Riding Mountain. Important observations of the part of Lake Agassiz
adjoining the international boundary had been previously made by Dr.
George M. Dawson; and during 1887 and subsequent years Mr. J. B.
Tyrrell, of the Canadian Geological Survey, has added much to the
explored extent of the shores of this glacial lake, tracing them northward
along the east side of the Riding and Duck mountains, and noting them in
isolated localities farther north to the Saskatchewan River. My work in
Manitoba being thus supplemented, this monograph is enabled to include
under its descriptions and discussion a continuous extent of nearly 700
miles of the ancient lake border.

The field work on Lake Agassiz for the United States Geological
Survey occupied four summers; and during three of these, in 1885 and
the two following years, I had the very satisfactory assistance of Mr.
Robert H. Young as rodman. The fourth summer of exploration, in 1889,
included no leveling, and was chiefly devoted to tracing the course of
terminal moraines adjacent to the area of Lake Agassiz.  With two sum-
mers which I had spent in exploration of this lake while engaged on the
Minnesota Geological Survey, the work here reported comprises the field
observations of six years.

Study, writing, and preparation of maps and illustrations for this
report and three preliminary official publications relating to Lake Agassiz,
which are noticed in Chapter I, have required considerably more time than
was used in the collection of field notes. For so full opportunity to give
to this subject long-continued investigation and to present it in this volume,

my grateful thanks are due and are hereby respectfully tendered to the

Director and to the Geologist in Charge of the glacial investigations of this

OREE: W. U.
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ABSTRACT OF VOLUME.

CHAPTER I: INTRODUCTION.—Lalke Agassiz occupied the basin of the Red River of the North and of

Lake Winnipeg. Its northern barrier was the retreating ice-sheet of the Glacial period. That
a great lake had existed lhere was recognized by Keating in 1823, and later by Owen, Palliser,
Hind, Dawson, Warren, and N. H. Winchell.

It was named in 1879 to commemorate Lounis Agassiz, who established the theory that the drift
was due to glaciation. Its southward outlet was named the River Warren in 1883, The work
liere reported comprises explorations performed for the geological surveys of Minnesota, the
United States, and Canada. Previous reports and papers relating to Lake Agassiz and its

dependence on the waning ice-sheet are noted.

Crarter I1: TOPOGRAPHY OF THE BASIN OF LAKE AGassiz.—The bed of this lake is the flat Red

River Valley plain. Tts channel of outlet by the River Warren is now oceupied by lakes Traverse
and Big Stone and the Minnesofa River. The shore-lines of Lake Agassiz are commonly marked
by beach ridges of gravel and sand a few feet high; less frequently by an eroded escarpment
from 10 to 30 feet high. Several large deltas were formed contemporaneously with the highest
shore-line, East of Lake Agassiz is a somewhat higher wooded country, on whieh are the Giants
and Mesabi ranges and the morainie Leaf Hills. On the west are the Cotean des Prairies and the
Manitoba escarpment, the latter comprising the Pembina, Riding, and Duck mountains and
the Porcupine and Pasquia hills. Lake Agassiz is now represented by lakes Winnipeg, Mani-
toba, and Winnipegosis; while Rainy Lake, the Lake of the Woods, and Red Lake lie within
its southeastern boundary. Its basin is drained by the Rainy, Winnipeg, Red, Assiniboine, and
Saskatchewan rivers, and others of smaller size. TFor some time, also, Lake Agassiz probably
received streams outflowing from glacial lakes in the basins of the Peace and Athabasca rivers.
The area of Lake Agassiz was approximately 110,000 square miles, and the country tributary to
it was 350,000 to 500,000 square miles. The length of the lake was nearly 700 miles; its maxi-
mum width in Manitoba was probably more than 250 miles; and its maximum depth, during ifs

earliest and highest stage, was about 700 feet above the present level of Lake Winnipeg.

CHAPTER IIT: GEOLOGIC FORMATIONS UNDERLYING THE DRIFT.—The bed rocks of this lacustrine area

comprise, in their order from east to west, Archean, Lower and Upper Silurian, Devonian, and
Cretaceous formations. Sections of the Paleozoic rocks are known by borings for artesian wells
at Humbold$, Minn., Grafton, N. Dak., and Rosenfeld and Morden, Manitoba. Cretaceous strata
extend from Lake Agassiz westward across the plains to the Rocky Mountains. During the
Tertiary era these strata had been greatly denuded, being generally worn down to an alinost flat
expanse. The vertical amount of the erosion was thousands of feet at the west and hundreds of
feet at the east, as shown by mountains and hills that were spared. Later erosion, during an
epeirogenic uplift elosing the Tertiary and beginuing the Quaternary era, removed the eastern
part of the Cretaceous beds, and thus formed the broad trough of the Red River Valley and of the
Manitoba lake region, which was the basin of Lake Agassiz.

XXI1
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CHAPTER IV : THE GLACIAL PERIOD AND ITS DRIFT DEPOSITS.—The continental ice-sheet attained an
area of about 4,000,000 square miles, and had a maximum thickness, in its central portion, of
probably 1 to 2 miles. It extended from the Atlantic to the Paeifie and from the northern United i
States to the Arctie Sea, probably enveloping the Rocky Mountains in the region of the Peace
River and northward. The closing stage of this glaciation was the time of existence of Lake
Agassiz. On the greater part of the lacustrine area the drift is from 100 to 300 feet thick, con-
sisting chiefly of till or bowlder-clay. A seriesof twelve terminal moraines is found in proceeding
from south to north and northeast in Minnesota and North Dakota. The last six of these,
named the Dovre, Fergus Falls, Leaf Hills, Itasca, Mesabi, and Vermilion moraines, were contem-
poraneons with Lake Agassiz, besides probably others to be traced farther north. Birds Iill,
near Winnipeg, a remarkable esker, indicates that much drift was contained in the lower part
of the ice-sheet. The deltas of Lake Agassiz were formed chielly of moditied drift, hrought by
streams from the receding ice. Very little transportation of bowlders and other drift was
effected by icebergs or floes on this lake.

Cuarrer V; History o LAKE Acassiz.—The records of glacial lakes are their outlets across present
lines of watershed ; eroded eliffs, beach ridges, and deltas at the levels of the former outlets; and
lacustrine sediments in the basin inclosed by the old shores. Lake Agassiz grew from sonth to ‘
north as fast as the ice-sheet receded, forming its series of moraines. The outlet by the River
Warren was eroded to a depth of about 90 feet. Afterwards lower outlets were opened toward J
the northeast. Probably the early northeastward outflow passed along the ice border and

through the upper Laurentian lakes to the Mississippi, then to the Hudson River, and later to

|

the much enlarged Gulf of St. Lawrence, Finally the outflow was tributary to Hudson Bay
when the ice had melted so far as to admit the sea to that basin. With the uncovering of the
course of the Nelson River, Lake Agassiz ceased to be held by the ice barrier, and became Lake ,
Winnipeg. Epeirogenic uplifting of the area of Lake Agassiz, increasing in vertical extent from |
gouth to north, gave to its beaches a northward ascent, and caused the several shores of its south-
ern part to become donble or multiple as they are traced northward. The mollusean fanna of
Lake Agassiz, so far as it has been discovered, consists of five fresh-water species. The amount
of the shore erosion of Lake Agassiz and the volume of its beaches, compared with the post-
glacial erosion and beach deposits of the present Great Lakes, have a ratio approximately as
one to ten. The duration of postglacial time is believed to have been from seven to ten thonsand
yvears; of Lake Agassiz, probably not more than one thousand years.

Cuartek VI: BEACHES AND DELTAS OF THE HERMAN sTAGES.—These shore deposits are described
in detail. The earliest and highest beach, named from Herman, Minn., has been mapped, with

determination of its height by leveling, throngh an extent of about 175 miles in Minnesota, from

Lake Traverse east to Herman, and thence north to Maple Lake. In 140 miles, from south to
north, this shore-line ascends from 1,050 feet to 1,170 feet, approximately, above the sea. Near
Maple Lake four lower heaches, successively about 8§, 15, 30, and 45 feet below the highest, were
also formed during the time of acemmulation of the single Herman beach at the south; andon the
west side of the lake in Manitoba the Herman series of beaches is inereased to seven. In North
Dakota the uppermost Herman shore has a northward ascent of about 180 feet in the distance
of 224 miles from Lake Traverse to the international boundary, where its height is 1,230 feet
above the sea. At the latitude of Gladstone, in Manitoba, 81 miles farther north, the altitude of
1,315 feet is attained by the second of the Herman shores, which is the highest one extending so
far. Six noteworthy deltas were brought into Lake Agassiz, eontemporaneously with the for-

mation of the Herman beaches, by streams which were exceptionally supplied with much modi-

fied drift by the melting ice-sheet. These are the Buffalo River and Sand Hill River deltas in |
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Minnesota, the Sheyenne, LIk Valley, and Pembina deltas in North Dakota, and the very large
delta of the Assiniboine in Manitoba.

Crarter VII: LOWER BEACHES WITH SOUTHWARD oUTFLOW.—Below the Herman shore the south-
ern part of Lake Agassiz has four shore-lines, which receive names from Noreross, Tintah,
Campbell, and McCauleyvills, in Minnesota, Portions of these shores have been traced with
leveling and are here described. In the northern part of the area of my exploration the Nor-

X cross and Tintah beaches are double, and the Campbell and MeCauleyville heaches are each
represented by three. With the seven Herman shores recorded in Manitoba, Lake Agassiz had

' thus at the north seventeen stages marked by successive beaches during its time of southward

discharge by the River Warren. The upper Norcross shore rises from about 1,030 feet above
the sea at Lake Traverse to 1,215 feet on the latitude of Gladstone. In the same distance the

) upper Tintah shore rises from 1,015 to 1,150 feet; the upper Campbell shore, from 990 to 1,080

feet; and the upper and lower McCauleyville shores, respectively, from 970 to 1,035 feet, and
from 960 to 1,012 feet, approximately, above the present sea-level.

CaAPTER VIII: BEACHES FORMED WHEN LAKE AGASSIZ OUTFLOWED NORTHEASTWARD,—Fourteen

[S
} stages of Lake Agassiz are shown by beaches that were formed after the lake had fallen helow
' its southern ontlet. These comprise, in descending order, three snccessive Blanchard beaches,
’ passing near Blanchard, N. Dak.; the Hillsboro beach, and two Emerado and two Ojata beaches,
named likewise from towns in North Dakota; and the Gladstone, Burnside, Ossowa, Stonewall,
} and Niverville beaches, the last being double northward, named from places in Manitoba. These
. shore-lines are as definitely marked by beach ridges, and occasionally by low eroded escarp-
ments, as the series belonging to the time of the River Warren. Their northward ascent is
gradually diminished, until in the latest-formed Niverville beach it is only about 20 feet in
the distance of more than 200 miles from near Winnipeg and the southern part of Lake Win-
nipeg northward to the mouth of the Saskatchewan.

CHAPTER IX: CHANGES IN THE LEVELS OF THE BEACHES.—The rate of northward ascent of the
originally level highest beach, within the area of my leveling, varies from about 6 inches per
mile near its southern end to about 1 foot per mile along the greater part of its extent to south-
ern Manitoba. On the east side of the Red River Valley the old shores are higher than on its
west side, the rate of ascent from west to east being about half as much as from sonth to north.
The direction of maximum ascent of the planes of the former lake levels is therefore toward
the north-northeast. Farther north several beaches of the series mapped by Tyrrell along the
bases of the Riding and Duck mountains have a northward rise of 2 to 3 feet per mile. These
changes of level were in progress and were nearly completed during the existence of Lalke
Agassiz, as is shown by the gradnal diminution in the northward ascent of the successive lower
beaches, until the latest and lowest differs only very slightly {from perfect horizontality. Grav-
itation of Lake Agassiz toward the ice-sheet accounts for a small part of the present inclination
of the beaches. Changes in the temperature of the earth’s crust due to the Glacial period and
its termination produced a still smaller effect, but this tended to give the opposite slope, or a
descent toward the north. Upward epeirogenic movements, resulting from the nnburdening of
the land by the departure of the ice-sheet, were the chief element in the causes of the differen-
tial changes in the height of this basin. Flow of the plastic inner part of the earth’s mass,
restoring isostasy, uplifted first the southern half of the area of Lake Agassiz, from Lake Trav-
erse to Gladstone; next it raised the northern half of the lake area, while the region at the south
was almost atrest; and finally, during the Recent epoch, after the whole basin of Lake Agassiz
was passed by this wave-like permanent uplift, it has been elevating the basin of Hudson Bay,

where the movement still continues. Pleistocene oscillations of the land in many other parts
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of the world have been independent of glaciation, or these have been combined with movements
due to the acenmulation of ice-sheets and to their removal; but the uplifting of the basins of
Lake Agassiz and Hudson Bay is apparently attribntable wholly to the departure of the ice-
sheet.

CHAPTER X: ARTESIAN AND COMMON WELLS OoF THE RED RIVER VALLEY.—Hundreds of artesian
wells. from 40 to 300 feet deep, have been obtained in the drift formations of the Red River Valley
plain, the axial lowest part of the Lake Agassiz basin. South of Crookston and Blanchard
they yield fresh water; but northward, to the border of Manitoba, their water is usnally saline
and alkaline. The fresh water is derived from rainfall on the higher land adjoining this valley.
The saline mafter is brought mostly by water flowing through the Dakota sandstone and issuing
into the drift of the Red River Valley upon traets where this sandstone is the next underlying
formation. The saline and alkaline wells in the drift of this distriet are thus supplied, like the
deeper artesian wells penetrating the Cretaceous strata at Devils Lake and in the James River
Valley, from rainfall on the flanks of the Black Hills and Rocky Mountaius. Analyses and
experience show that the saline and alkaline water is not suitable for use in irrigation. Sections
of lil:lll)f artesian and common wells on the area of Lake Agassiz are reported, with notes of the
characters of their water supply.

CHAPTER XI: AGRICULTURAL AND MATERIAL RESOURCES OF THE AREA OF LAKE AGAss1z.—The fertility
of the soil and the climatic conditions of the prairie portion of this area make agriculture its
leading industry and source of wealth. . Previous to its occupation by the present farming
population the rich pasturage and countiess herds of buffaloes betokened the value of the land
for the cultivation of grain and for stock-raising. The annual wheat product of the six counties
in Minnesota and six in North Dakotalying mainly within the Red River Valley is about 46,000,000
bushels, or on an average 285 hushels for each of the 161,049 people enumerated by the censns of
1890 in these counties. Other crops which receive considerable attention are oats, barley, hay,
potatoes, and flax. The tendency is toward diversified farming, with stock-raising and dairying.
Magnesian limestones, which outerop near Winnipeg, are used for building and the manunfacture
of lime. Clay of the best quality for brickmaking is found along all the Red River Valley, and
this business is carried on in many places. The brines and natural gas occasionally supplied by
wells, and the lignite occurring in very thin layers in Cretaceous formations of this region, and
thence sparsely distributed in fragments through the drift, are not of economic importance.
Many streams within the area of Lake Agassiz, especially in the northeastern wooded country,

have valuable water powers, which are beginning to be utilized for mills and manufactures.
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