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ADVERTISHEMEN T.

[Eleventh Annual Report.]

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

“*The pubhc‘mtmmof the Gteological Survey shall consist of the annual report of operations, goological
and economie¢ maps illustrating the resources and classification of the lands, and reports upon general
and econowic¢ geology and paieontology. 'The annnal report of operations of the Geological Survey
shall accompany, the annual report ot the Secretary of the Interior, All special memoirs and reports
of sa1d Survey shall be isaned in uniform quarto series it deemed neceasaty by the Director, but ather-
wise in ordinary octavos. Three thousand copies of each shall be published for scientitic exchianges
and for sale at the price of publication; and all literary and cartographic materials received in exchange
shall be the property ot the Uuited States and form a part of the library ot the orgauization; and the
monoy resulting from the sale of sucb publications shall be covered into the ‘Lreasury of the United
States.”

On July 7, 1882, the tollowm« Jjoing resolution, referring to ali Government pubiications, was passe(l
by Congress:

“That whenever any document or report shall be ordered printed by Congress, thereghall be printed,
in addition to the number in each case stated, the * usual number’ (1,900) of copies for binding and
distribution among those entitled to receive them ”

Exceptin those cases in which an extra number of any publication has been supplied to the Survey
by special resolution of Congress or has been ordered by the Secretary of the Interior, this oftice has
no copies for gratuitons distribution.

ANNUAL REPORTS.

1. First Annual Report of the United States Geological Survey, by Clarence Kiug. 1880." 8°. 79 pp.
1 map.—A preliminary report deseribing plan of grganization and paulications.

I1. Second Annual Report of the United States Geological Survey, 1830-'81, by J. W. Powell. 1882.
8, lv, 588 pp. G2 pl. 1 map,

ILL Third Annual Report of the United States Jeological Survey, 1831-'82, by J. W, Powell. 1883,
8°. xviii, 564 pp. 67 pl. and maps.

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

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

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

VIIL Seventh Annual Reportof the United States Geological Survey, 1885-'86, by J. W. Powell. 1888.
80, xx, 656 pp. 71 pl.and mapas.

VIIL Eighth Anuual Report of the United States Geological Snrvéey, 1886-'87, by J. W. Powell. 1889,
80, 2v. 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 Survey, 1887-'38, by J. W. Powell. 1839,
80, xiii, 717 pp. 88 pl. and maps.

X. ’I_‘entll Annnal Report of the United States Geological Survey, 1888-'39, by J. W. Powell. 1890,
go. 2v. xv,Trdpp. 98 pl. and maps; viii, 123 pp.

XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by J. W. Powell. 1891.
go, 2v, xv,757Tpp. 66pl; ix, 351 pp. 30 pl.

The Twelfth Annual Report is in press.

MONOGRAPHS.

I. Lake Bonneville, by Grove Karl Gilbert. 18%0. 4°. xx,438pp. 51 pl. 1 map. Price $1.50.

II. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt. U. 8. A.
1882, 40, xiv, 264 pp. 42 pl. and atlas of 24 sheets folio.  Price $10.00. ’

TIL. Geology of the Comstoeck Lodeand the Washoe District, with atlas, by George F. Becker. 1882,
40, xv, 422 pp. 7 pl. and atlas or 21 sheets folio. Price $11.00.

1V. Comstook Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.
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V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 40, xvi, 464 pp.
151. 29 pl. and maps. Price $1.85.°

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

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

VIIL Paleontology of tho Eureka District, by Charles Doolittie Walcott. 1884. 4°. xiii, 298 pp.
241. 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield, 1885. 4°. xx,338 pp. 35pl. 1ipap. Price $L.15.

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 40, xviii, 243 pp. 561. 56 pl. Price $2.70.

X1I. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel
Cook Rugsell. 1885. 4°, xiv,288pp. 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,

XITI. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by Goorge F. Becker,
1888. 40, xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

X1V. Fossil Fishes and Fossil Plants of the Triassic Rocks ot New Jersey and the Connecticut Val.
ley, by John 8. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00."

XV. The Potomac or Younger Mesozoic Flora, by William Morria Fontaine. 1889. 4°. xiv, 877
pp.. 180 pl. Text and plates bound separately. Price $2.50,

XVI. The Paleozoic Fishes of North Ameriea, by John Strong Newberry. 1889. 4°. 340pp. 53 pl.
Price $1.00. '
In press:

XVII. The Flora of the Dakota Group, 2 posthumous work, by Leo Lesqueroux. Edited by F. H.
Knowlton, 1891. 4°. 400 pp. 66 pl.
In preparation :

XVIIH. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P, Whitfleld. )

— The Penokes Iron-Bearing Serijes of Northern Wisconsin and Michigan, by Roland D. Irving and
C. R. Van Hise. '

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

~— Geology of the Enreka Mining District, Nevada, with atlas, by Arnold Hague.

— Sauropoda, by O. C. Marsh.

— Stegosauria, by O. C. Marsh.

— Brontotheridze, by 0. C. Marsh,

— Report on the Denver Coal Basin, by 8. F. Emmona.

— Report on Silver Clift and Ten-Mile Mining Districis, Colorado, by S. F. Emmons.

— Flora of the Dakota Group, by J. S. Newberry.

~— The Glacial Lake Agassiz, by Warren Upham.

BULLETINS.

1. On Hyperathene-Andesito and on Triclinic Pyroxeue in Augitic Rocks, by Whitman Cross, with a
Geological Sketch ot Butfalo Peaks, Colorado, by S. F. Emmmons, 1883. 8°. 42pp. 2pl. Price 10 conts.

2. Gold and Silver Conversion Tables, gaving the coining values of troy ounces of line metal, etc., conm-
puted by Albert Williams, jr.  1883. 8°. 8 pp. Price 5 centa.

3. On the Fogsil Fannasof the Tpper Devoenian, along tho meridian of 76° 30/, from Tompkins County,
New York, toBradford County, Penusylvania, by Henry S. Williaus. 1884, 8°. 36pp. Price 5 cents.

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

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

6. Elevations in the Dominion of Canada, by J. W, Spencer. 1884, 8°, 43 pp. Price 5 cents.

7. Mapotoca Geologica Americana. A Catalogue of Geological Maps of America {Nortlh and South),
1752-1881, in geographic and chronologic order, by Jules Marcou and Jolhn Belknap Marcon. 1884.
go. 184 pp. Price 10 centa.

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

9. A reportof work donein the Wagshington Laboratory dnring the fiscal year 1883-'84. 1% W, Clarke,
chief chemist. ', M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents,

10. On the Cambrian Fannas of North America. Preliminary studies, by Charles Doolittle Walcott,
1884. 8° T4 pp. 10 pl. Price 5 cents.

11. On theQnaternary and Recent Mollusca of the Great Basin; with Descriptions of New Iorms, by
R. Ellsworth Cull. Introduced by & skotch of the Quaternary Lakes of the Great Basin, by G. K,
Gilbert. 1884. 80, 66pp. 6pl. Price 5 cents. ’

12. A Crystallograplic Study of tho Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 89,
34pp. 3pl. Priceb cents.
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13, Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885, 8°. 135 pp. Price 10 cents.

14 The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincen{
Stroubal. 1885, 89 238 pp. Price 15 cents.

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

16. On the Higber Devonian Faunas of Ontario County, New York, by Jobn M. Clarke. 1885. 8°.
86 pp. 3 pl. Price 5 vents.

17. On the Development of Crystallization in the Jgneous Rocks of Washoe, Nevada, with Notes on
the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8, 44 pp. Priced
cents.

18. Ou Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America,
hy Charles A. White. 1885. 8°. 26 pp. 3 pl. Price 5 cents.

19. Notes on the Stratigrapby of California, by George F. Becker. 1885, 8°, 28pp. Price5 cents.

20, Contribntions to tho Mineralogy of the Rocky Mouut,ams hy Whitman Cross and W. F, Hille.
brand. 1885. 8%, 114 pp. 1pl. Price 10 cents,

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

22. On Now Cretaceous Fossils from Ca]iforniu, by Charles A. White. 1885. 8°. 25 pp. 5 pL
Price 5 coents.

23, Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke-
weenaw Point, Lake Suaperior, by R. D. Trving and 1. ¢. Chamberlin. 1885. 8°. 124 pp. 17 plL
Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and rxcent, forms from American
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall,
1885. 80, 3836 pp. Price 25 cents.

25, The Presont 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 Chemistry and Physics, mainly doring the fiscal year
1884-'85. 1886. 8°. 80 pp. Price 10 vents.

28. The Gabbros and Associated Hornblende Rocks oceurring in the Neighborhood of Baltimore,
Maryland, by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. FPrice 10 cents.

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

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

31. Systematic Review of onr Present Knowledge of Fossil Insects, including Myriapodsand 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. 80, 235pp- Price 20 cents.

33, Notes on the Geology of Northern California, by J. S, Diller. 1885. 8°. 23 op Price § cents.

34. On the1elation of the Laramis Mollnscan Fauna to that of the succeeding Fresh-water Eocene
and other groups, by Charles A, White. 1886. 8°. 54 pp. 5pl. Price 10 cents. -

35. Physical Properties of the Iron-Carburets, by Carl Baius and Vincent Strouhal, 1885, 80, 62
pp. Price 10 cenis.

36. Subsidence of Fine Solid Particles in Lignids, by Carl Barus. 1886. 8%, 58up. Price 10 cents.

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

38. Peridotite of Elliott County, Kentucky, by J, 8. Diller. 1887. 82, 31 pp. Llpl. Price 5 cents.

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham., 1887. 80, 84
pp. 1pl. Price 1¢ cents.

40. Changes in River Courses in Wasbington Territory due to Glaciation, by Bailey Willis. 1887.
8°. 10 pp. 4pl. Price 5 cents.

41. On the Fossil Faunas of the Upper Devoman—the Geneseo Section, New York, by Henry S.
Williams. 1887. 80, 121 pp. 4 pl. Price 15 cents.

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

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

44, Bibliography et North American Geology for 1886, by Nelson H. Darton. 1887. 82. 35 pp.
Price 5 cents, o

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

46, Nature and Origin of Deposits of Pliosphate of Lime, by’ R. A. F. Penrose, jr., with an Introdue-
. tion' by N. 8. Shaler. 1888, 8°. 143 pp. Price 15 cents.
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47. Analyses of Waters of the Yellowstono National Park, with an Account of the Methods of Anal.
ysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 8¢ pp. 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 Mnssoum, Kansas, and New Mexico, by Robert
Simpson Woodward, 1889. 8°. 133 pp. Drice 15 cents.

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

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

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook
Russell. 1889, 82, 65pp. 5pl Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 82, 55 pp. 10pl. Price 10
-cents. ’

54. On the Thermo-Electric Measuremeunt of High Temperatures, by Carl Barus. 1889. 8c. 313 pp.
incL 1pl. 11 pl. Price 25 centa.

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1886-'87. Frank Wigglesworth Clarke, chief ~hemist, 1880. B°. 896 pp. Price 10 cents,

56. Fosail Wood and Lignite of the Potomac Forniation, by Frank Hall KEnowlton. 1889. 8°, 72 pp.
7pl. Price 10 cents.

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

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

59. The Gablros and Associated Rocks in Delaware, by Fredermk D. Chester. 1890. 8o, 45 pp-
1pl. Price 10 cents.

60. Report of 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 13 centa.

81. Contributions to the Mineralogy of the Pacific Coast, by Williamn Harlow Melville and Waldeniar
Lindgren. 1890. 82. 40pp. 3pl. Price 5 cents.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri-
bution to the subject of dynamic metamorphism in eruptivo 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 1839, inciuding a list of North American
species and a systematic arrangement of genera, by Anthony W. Vogdes. 1£90. 8°. 177pp. Price
15 cenis,

84. A report of work done in the Division of Cheniistry and Physics, mainly during the fiscal year
1888-'80, ¥. W. Clarke, chief chemist. 1890. 8°, 60 pp. Price 10 cents.

85. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, hy Israel
C. White. 1801, 8°, 212pp. 11pl. Price 20 cents,

66. On aGroup of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the ececurrence
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. 1830. 8°. 82 pp. Price 10 conts.

68. Eartliqnakes in California in 1869, by Jamnes Edward Keeler. 1890. 8% 25 pp. Price 5 cents.

69. A Classed and Annotated Biblioglaphy of Fussil Insects, by Samuel Hubbard Seudder, 1890,
8¢, 101 pp. Price 15 cenls.

70. Report on Astronomical Work of 1889 and 1830, by Robert Simpson Woodward 1890. 82, 79
pp. Price 10 cents.

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

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

78. The Viscosity of Solids, by Carl Barus. 1891. 80 xii, 139 pp. 6 pl. Price 15 cents.

74. The Minetals of Notth Carelina, Ly Frederwk Augustus Genth. 1891. 8°, 119 pp, Price 15
cents,

75. Record of Nort.h America Gicology for 1887 to 1889, inclusive, by Nelson Horatio Darton, 1891.
80, 173 pp. Price 15 cents.

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

77. The Texan I’ermian and its Mesozoic types of Fossils, by Charles A. White. 1891. 8°. 51 pp.
4 pl. Price 10 cents.

78. A report of work done in the Division of Chemistry and I’hysies, mainly during the fiscal year
1839-'90, K. W. Clarke, chief chemist. 1891, 8°. 131 pp. Lrice 15 cents.
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79. A Late Volcanic Eruption in Northern California and its peculiar lava, by J.S. Diller. 1891. 8o,
33 pp. 17 pl. Price 10 cents. :

80. Correlation papera—Devonian and Carboniferous, by Herry Shaler Williams, 1891, 8°. 279 pp.
Price 20 cents. ]

81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 1891, 8°. 447 pp. 3 pl. Price.
25 cents.

82. Correlation papers—Cretaceous, by Charles A. White. 1801, 8. 273 pp. 3 pl. Price 20 cents.
In press: . . )

91, Record of North American Geology for 1890, by N. H. Darton.
In preparation:

83. Correlaticn papers—Eocene, by W. B. Clark.

84, Corrolation papers—Neocene, by W. H. Dall and G. D. Harris.

— Correlation papers—Jura-Trias, by I. C. Russell.

— Correlation papers—Pleistocene, by T. C. Chamberlin.

— Correlation papers—Algonkian and Archean, by C. R. Van Hise.

— The Compressibility of Liquids, by Carl Barua. )

— The Eruptive and Sedimentary Rocks on Pigeon Peint, Minnesota, and their contact phenomena,
by W. 5. Bayley. )

— A Bibliography of Paleobotany, by David White,

STATISTICAL PAPERS,

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

Mineral Resonrces of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. xiv, 1016
pp. Price 60 cents. :

Mineral Resonrces of the Unitced States, 1885, Division of Mining Statistics and Technology. 1888,
8°. vii, 576 pp. Price 40 cents.

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8. viii,813 pp. Price 50
cents.

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

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°, vii, 652 pp. Price 50
cents.

In preparation:

Mineral Resources of the United States, 1889 and 1890.

The money received from the sale of these publications is deposited in the Treasury, and the Secre-
tary of the Treasnry 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 Librarian 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
UNITED STATES GEOLOGICAL SURVEY,
WaAsHINGTON, D. C.

WABHINGTON, D. C., October, 1891,
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ELEVENTH ANNUAL REPORT OF THE UNITED STATES
GEOLOGICAL SURVEY. ~

e

By J. W. PoweLy, DIrECTOR.

CHANGES IN ORGANIZATION..

By a law enacted March 20, 1888, the functions of the Geo-
logical Survey were enlarged. It was given general charge of
the investigation of the great problem of Western agriculture
by irrigation—the utilization of the ‘water of streams for the
irrigation of growing crops; and it was specifically required
to determine throughout the arid region of the United States
the sites which should be reserved for the construction of
reservoirs to store water, the lines to be followed by canals to
convey water, and the areas of arable land on which the scant
water of the region should be used for the fertilization of crops.
On the 2d of October, in the same year, the sum of $100,000
was appropriated for this work, and on the 3d of March, 1889,
the further sum of $250,000A was appropriated. No great
investigation of this character had previously been under-
taken on the American continent, and its magnitude, novelty,
and urgency conspired to render the responsibility of its
organization a heavy one.

Perceiving that if this subject received at his hands all the
attention it deserved it would be possible to devote but little
time to the conduct of the Geological Survey proper, the
Director determined to delegate a portion of his administrative
supervision. Questions arising in connection with the work
in geology, paleontology, topography, ete., were from time to
time referred for consideration and determination to chiefs of
divisions and other officers of the Survey, and especially to Mr.

3
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G. K. Gilbert, geologist in charge of the Appalachian Division
and of the Division of Geologic Correlation. In order to give
Mr. Gilbert more time for such duties he was relieved from
charge of the Appalachian Division, and it was finally deter-
mined, with the concurrence of the Secretary of the Interior,
that it would be best so to modify the internal organization of
the Survey as to place under his charge all of the divisions
constituted for purposes of geologic research. At the begin-
ning of the fiscal year the Geologic Branch was constituted of
the existing geologic. divisions, twelve in number, and M.
Gilbert was given general charge.

. Another change in organization resulted from a modifica-
tion of the legal provision for the engraving of the sheets of
the topographic and geologic atlas of the United States pre-
pared by the Survey. In previous years the appropriations for
this purpose had been placed under the control of the Public
Printer, but the act appropriating money for this year placed
. the work in charge of the Geological Survey. A large portion
of the engraving can be advantageously done under the con-
tract system, but the work of revising sheets in order to hring
them up to date, and certain experimental work designed for
the development of more economic methods, can not advanta-
ceously be made the subject of contract, and for their execution
a Division of Engraving was organized within the Survey.

PROGRESS OF TOPOGRAPHIC WORK FOR GEOLOGIC PURPOSES.

During the year the operations of the Topographic Branch
of the Survey have been carried on in twenty of the States,
and an area of 46,807 squarc miles has been surveyed and
mapped. Of this area 11,637 square miles were surveyed
with a view to publication upon the scale of 1:62,500, with
contour intervals of 5, 10, or 20 feet; and the remainder, 35,170
square miles, upon the scale of 1:125,000, with contour inter-
vals of 20, 50, or 100 feet. No work was executed upon the
scale of 1:250,000, and probably none will be done in the
- future. The distribution of the surveyed area is shown graphi-
cally upon Pl I, in the pocket at the end of this volume, and
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the details of the work are set forth in the accompanying
administrative report by Mr. Gaunett. The present condition
of the topographic survey is exhibited in the accompanying

table: '

Table showing the present condition of topographic surveys and the
' areas surveyed in 1389-"90, by States and Territories.

Area

L]

States. Total area. | surveyed
to date.
_ Sg.miles.” | Sq. miles.
Alabama .. .... ............ 52,250 | 14,870
Arizona ...... ....... R 113, 020 | 41,000
Arkansas. ........ ... . .... 53,850 | 10, 500
California ... .. ... .. ...... 158, 860 | 25, 200
Colorado ................... 103,925 | 2,500
Connecticut ............ ... 4,990 | 3,177
District of Columbia........ 70 70
Florida, ... .............. 58,680 | 250
Georgia . ................... 59,475 | 18,875
Ilinois ....... ....... ..., 56, 650 600
Towa....... ...... ... .... 56,025 | 4,475
Kansas................. ..., 82,080 | 44,200
Kentucky .................. 40,400 | 9,770
Louisiana 48,720 1 2,000
Maine...................... 33,040 | 1,332
Maryland. ... ............... 12,210 | 3,480
Massachusetts ............. 8,815 | 8,315
Michigan....... ... e 58,913 63
Missouri.................... 69,415 | 26,000
Montana ... ............ «..| 146,080 | 10,400
Nevada ... .. 110,700 | 14,000
New Hampshire............ 9, 305 675
New Jersey ...... e 7,815 | 7,815
New Mexico................ 122,580 | 17,500
New York....... . S 49,170 645
North Carolina ............. 52,9250 | 10, 400
Oregon.............o... 96,030 | 11,000
Pennsylvania..........:.... 42,215 | 2,927
Rhode Islangi ............... 1,250 | 1,250

Area
surveyed
in
1889-"90.

Sy.maeles. |

3, 250

........

........

--------
........
........
........

.......

........

........

Secale

Contour in-

terval,
Feet.l :
1:125000 | 50 and 100
1:250000 | 200 and 250
1:125000 50
iéigggg %100and200
1: 62500 }50 and 100
1:125000
1: 62500 20
1: 62500 20
1: 62300 10
1:125000 | 50 and 100
1: 625300 | 5 and 10
1: 62500 | . 20
1:125000 | 20 and 50
1: 125000 100
1: 62500 | 5
1: 62500 20
1: 62500
1:125000 % 20,530,100
1: 62500 - 20
1: 62500 20
1 03500 11 5 o nd 50
1:125000 |
1:250000 - 200
11:250000 | 200 and 250
1: 62500 20
1: 62500 | 10 and 20
1:250000 | 200
1: 62500 20
1:125000 100
1:250000 200
1: 62500 20
1: 62500 20
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Table showing the present condition of topographic surveys and the
areas surveyed in 1889~'90, efc.—Continued.

. Area Area T
States. Total area. | surveyed [ SUHCY ed Scale. Coétrov‘gilm'
to date. 1889-"90.
Sq.miles. | Sq.males. | Sg.miles. Feet.
South Carolina . ........... < 80,570 | 2,300 (........ [ 1:125000 100
Tennessee . ................. 42,050 | 12,615 |........ 1:125000 100
Texas ......cooverevnnninn. 265,780 | 82,250 | 6,000 1:125000 | 20 and 50
Utah.......... . U 84,970 | 6,000 |........ 1:250000 250
Vermont......... .... .... 9, 565 550 450 1: 62500 20
Virginia................ . 42,450 | 29,550 1,775 1:125000 | 20, 50,100
West Virginia.............. 24,980 | 18,350 | 2,600 1:125000 100
Wisconsin.................. 56,040 | 2,265 675 1: 62500 20
‘Wyoming, including Yellow-
stone National Park,...... ' 97,830 | 4,000 |........ 1:125000 100

The work of the past year completes 82 atlas sheets, of
which 48 are upon the scale of 1:62,500 and 34 upon the scale
1:125,000. The entire number of atlas sheets completed up
to the present date by survey and by compilation is 488. Of
this number 186 are upon the scale of 1:62,500, 241 upon the
scale of 1:125,000, and 61 upon the scale of 1:250,000.

The organization of the topographic branch has remained
substantially the same asin the previous year.

In the spring of 1889 an appropriation of $25,000 was made
by the State of Connecticut for the purpose of cooperating
with this organization in a topographic survey of that State.
For that purpose articles of agreement were drawn up and
signed. Under them work was prosecuted actively through-
out the season, and the western half of the State, comprising
twelve atlas sheets, was surveyed.

In compliance with an urgent request from the director of
the Second Geological Survey of Pennsylvania and other
State officers, work was instituted in the anthracite region of
that State, and prosecuted actively- throughout the season.
Nine map districts were surveyed.

Work was carried on also in the southwestern part of Maine,.
where six map districts were surveyed, and in southern Ver-
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mont, where two were surveyed. In the southern Appala-
chian region work has been actively prosecuted by five topo-
graphic parties and one triangulation party. The surveyed
areas lie in the Piedmont region of Virginia, in the central
part of West Virginia, and in eastern Kentucky, northeastern
Georgia, and central Alabama, completing altogether twelve
sheets of the map. All of this region is of great 1mp0rmnce
- by reason of the large deposits of coal and iron found therein.

A survey of the iron region of the upper peninsula of Mich-
igan was begun. In southern Wisconsin three atlas-sheet dis-
tricts were surveyed, lying mainly in the region of the moraine -
of the great continental glacier.

~ Work was commenced in Illinois, having the city of Chicago

for itsinitial point. An urgent demand for work in this re-
gion was experienced on account of the great engineering
plans under consideration for connecting the waters of the
Great Liakes with those of the Mississippi by ship canal. The
consideration of questions relating to drainage and water
supply was also demanded by the citizens of Chicago

The survey of lowa, commenced two years ago, was actively
prosecuted and nine atlas sheets were produced.

In southern Kansas work was prosecuted by several parties,
and twelve sheets, comprising 12,000 square miles, were made.
The special theater of operation in this region was selected-
as one of great interest to agricultural industries. It is in the
sub-humid region, and the climate is such that agriculture
without irrigation is not possible from year to year. In some
vears it is successful, in others it is not, and the people arenow
turning their attention to local irrigation. To subserve these
purposes a topographic map is of prime value, as irrigation
must depend chiefly upon the storage of storm waters. The
region is not embraced in that included in the Irrigation Sur-
vey which, under the terms of the law, included only those re-
gions where agriculture depends upon the utilization of per-
ennial streams. The work already accomplished will be of
much valoe in-showing how the storm waters of that country
can be stored. Itis also necessary for the Geological Survey..

Work was continued in the Ozark Hills of Arkansas, and
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three sheets, comprising about 3,000 square miles, were com-
pleted. | | |

Topographic surveys were prosecuted also in Texas, where
six sheets were finished. ’

During the winter a survey of the dlluvial region of the
lower Mississippi was commenced and eight sheets upon a scale
of 1:62,500 in contour intervals of 5 feet were completed in
‘the southern portion of Louisiana.

During the winter also a small area was surveyed in Florida,
comprising one atlas sheet district upon the scale of 1:62,500.
The purpose of the work in this region is a geological exami-
nation of the peninsula, especially in reference to the deposits
of phosphate rocks which are found there in great abundance.

An account of the topographic work of the Irrigation
Survey will be found in connection with the report on that
subject. (See Part I1.)

ENGRAVING.

The engraving of maps has gone forward during the year
with a satisfactory degree of rapidity. At the date of my last
report 249 sheets had been engraved; during the year 95
sheets have been engraved; making the total number engraved
up to the present date, 344. .In addition to the regular atlas
sheets there has been engraved a map of the State of Massa-
chusetts upon a scale of 1:250,000 in 100-foot contours, which
has been compiled in this form from the large scale sheets, and
a map of the United States upon a scale of 1:2,500,000. At
the date of my last report there were pending three contracts
made through the Public Printer for engraving, one with
Messrs. Sinclair & Sons of Philadelphia, for 100 sheets; one
with Mr. H. C. Evans, of this city, for 30 sheets; and one with
Messrs. George S. Harris & Sous of Philadelphia, for 21 sheets.
The last of these contracts has been completed; the other two
have not yet been finished, although work upon them is well
advanced.

During the year contracts have been made -with. Messrs.
Julius Bien & Co., New York City, as follows: Omne for 20
sheets of the general topographic and.geologic atlas of the
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United States; a second for the reduced map of Massachusetts,
as above described; a third for the map of the United States
upon a scale of 1:2,500,000, and a fourth for 48 sheets of the
general atlas. A contract has also been made with Mr. H.
C. Evans for 30 sheets of the general atlas. |

.Detailed information regarding the progress of the engrav-
ing will be found/in Mr. Gannett’s report. |

The following table shows in summary form the number and
distribution of the atlas sheets thus far engraved.

Table showing number, distribulion, elc., of the atlas sheels engrdved

to June 30, 1890. .
Wholly | Partly .
State. . ‘é{‘;ﬁt‘eg gza%gx’x scale. Contour interval, nﬁgg?é;.
Feet. Sq. miles.
Alabama ............... ... 11 3 1:125000 50 and 100 12, 200
Arizona . ................... 14 2 1:250000 200 and 250 58, 000
Arkansas. ... ............... 5Bil.o...... 1:125000 50 5, 000
A 1:125000 |)
Vifornia . . .......uo m| - 1 100 and 200 | 28,
California 1] 1:250000 | § an 8, 000
1: 62500
Colorado . ...vvveeer.nn, 81...... g ! 50 and 100 1,45
| 1-125000 [ § 0 2nd 450
Connecticut . .......... ... cee .t 9 1: 62500 20 500
District of Columbia........|........ "2 | 1: 62500 20 ' 70
Georgia .............. S 6 47| 1:125000 | 50and 100 | 8,800
IMinois .. .......oo o 1 1: 62500 20 200
"Towa i e, S, 1: 62500 20 1,800
. ]
Kansas. .............0ouu... 20 6 1:125000 50 31,000
Kentucky ....ooovvnnenn.. 1 7 | 1:125000 100 5,000
: 1:125000
Maryland ................. 1 7! L 20,50,100 . 000
arylan 11 1: 62500 |[§ 7 20
Massachusetts .............. 29 ’ 22 | 1: 62500 20. ~ 8,300
1; 125000
MSSOULE. .+ e\ e eees e 25 9% } 20and 50 | 2
issouri 41 1: 63500 and 5 6, 300
Montana ., .................. 8.... ...| 1:250000 200 - 28, 000
Nevada .................... 4 8 | 1:250000 | 200 and 250 23,500
New Hampshire ...........|........ . 8 | 1: 62500 20 675
yNew Jersey ................ 22 4 ... 1: 62500 10 and 20 5,000
. 1:125000
New Mexico,......oocvv.... Ty ..., § } 100 and 200 19. 000
"7 1:250000, and 20 ’
New York. ...... N -4 1 1: 62500 20 . 250

North Carolina..... .......|’ 2 13 [ 1:1256000 100 6, 000
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Table showing number, distribution, etc.. of the atlas sheets engraved
to June 30, 1890—Continued.

Wholly | Partly . roxi-

State. vsvtglé:en vg&t&n Scale. | Contour interval. r&%g a‘,)l?faa‘

_ Feet. Sq.miles.

Oregon............ ........ 1. 1: 250000 200 8,500
Pennsylvania.... ... ... .. 3| ... 1: 62500 20 675
Rhode Island.... ... 7 6 11: 62500 20 1,250
South Carolina .,....... .. i 1 3 | 1:125000 100 1,500
Tennessee ... ....... e 6 14 | 1:125000 | 100 12,000
Texas......... .. s A1 ... ... 1:125000 50 21,000
Utah, ... ... .. ... oL 17 1 1: 250000 250 65, 000
Virginia.............. o 9 24{ 1122333 } 20,50,100 [ 20,000
West Virginia . . .... e 4 13 | 1:125000 100 11, 000
Wisconsin. ... ............. 10 ....... 1: 62500 " 20 225
Wyoming .........coceuen .. 41..... .| 1:125000 100 3,600

PROGRESS IN GEOLOGIC WORK,

The primary work of the Geological Survey, to which all
other work may be regarded as accessory, consists of two prin-
cipal parts: the determination and publication of the local dis-
tribution of rocks, and the determination and publication of
the general facts of the geology of the country. The topo-
graphic work, as explained in previous reports, has been organ-
ized and prosecuted for the purpose of furnishing suitable base
maps on which to exhibit the facts of local distribution, and
this local or areal work can be advantageously conducted only
in regions previously covered by topographic surveys. Before
the results of topographic work were available, the geologic
corps was necessarily occupied with the determination of the
general facts of American geology. As the topographic maps
are engraved for one district after another, the areal work in -
geology is gradually increased. During the year it has been
continned .in Massachusetts, Maryland, Virginia, Tennessee,
Alabama, Georgia, North Carolina, Michigan, Montana, Wy-
oming, and California, and has been begun in Connecticut.

The areal work in Massachusetts has been of two kinds: the
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delineation of the indurated formations of .the “under geology”
and the delineation of the unconsolidated formations of the
“surface geology” These works have been cairied on by two
corps, and the corps engaged on the under geology has car-
ried preliminary studies of geologic structure into the State of
Vermont. In Maryland and Virginia the areal work has been
combined with an analytical study of the level formations of
the whole coastal plan, and with local studies of the erystal-
line rocks against which.they rest. In Tennessee, Alabama,
Greorgia, and North Carolina, the areal work is united with a
thorough study of the complicated structure of the formations
bearing the iron and coal of those States. In Michigan it is
associated with structural studies of the iron-bearing and cop-
per-bearing rocks, and these studies are inseparable from those
carried on in Wisconsin and Minnesota. In Montana and
Wyoming the areal work is united with important studies in
mountain structure, especially the structure of mountains of
extravasation. - In California the principal field is the district
known as the “Gold Belt,” and the formations mapped include
not only the auiiferous gravels but the indurated formations
from which they were derived and in which the deep mines
- are found.

The general investigation of the glacial formations of the
Northern™ States, the studies of the gold and silver mines and
the study of the coal beds in Colorado, and the geologic ex-
plorations in Alaska have been continued. The geologic re-
connaissance on the Yukon, undertaken with aid of the U. S.
Coast and Geodetic Survey, was eminently successful, and
opened the way to an expedition on new ground under the
joint auspices of the Survey and the National Greographic So-
ciety. A special investigation of the Narragansett coal basin
has been renewed, and also the investigation of the phosphate-
bearing formations of IFlorida. In cooperation with the State
Greological Survey of Texas, work was resumed on the strati-
graphy of the Cretaceous formations in that State. Under
“speecial instruction from the Secretary of the Intevior, an inves- -
tigation of the zinc deposits of Missouri was instituted, and this
was carried forward in cooperation with the State survey.
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local stratigraphic study was also instituted in -conjunction
with the State work. A special study was made of the struc-
ture of the Crazy Mountains of Montana, and another of the
Wells Creek basin in western Tennessee.

Great progress has been made in the work of summarizing
existing knowledge as to the relation of American formations
to the geologic time scale recognized by the geologists of the
world. The work of digesting the literature and the field work
necessary to its coordination have been practically completed,
and much progress has been made in the preparation of the
essays which are to present and discuss the material.

The various researches thus briefly indicated are described
at length in the accompanying report of the chief geologist,
Mr. Gr K. Gilbert, and in the reports of the chiefs of geologic
divisions.

PROGRESS IN PALEONTOLOGIC WORK.

Fossils are the labels by means of which the geologic age
of strata is ascertained. In each geologic province the order
of sequence of formations is determined by their superposi-
tion and by the same means the chronologic order of the con-
tained groups of organic remains becomes known. By com-
paring the sequences of life groups of different geologic prov-
inces one with another the general system of life sequences
for the globe is ascertained. This general system is not sim-
ple but highly complex, and every important collection of fos-.
sils from a new locality enlarges our knowledge of it. Atthe
same time the recognition of the relation of the newly col-
lected fossils to the life system determines the geologic age
of the formation in which they were entombed.. There is thus
-a continual interaction between the geologic and the paleonto-
logic work. The stratigraphic work of the geologist and the
collection of fossils enlarge our knowledge of the history of
life on the globe, and the general facts of that history enable
the paleontologist to group together local formations in a con-
sistent chronologic system. |

From this interdependence of geology and paleontology
arises the twofold function of the paleontologic corps of the
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Survey. It gathers fossils from formations whose stratigraphic
relations are known and by their study amplifies, corrects, and
perfects the body of generalizations as to the distribution in
space and time of animals and plants. It gathers fossils -from
formations of unknown age, or receives those gathered by ge-
ologists, and through their comparative study determines their
geologic date. \ |

The paleontologic field is so broad that an individual stu-
dent can acquire the familiarity of an expert in but a narrow
portion thercof, and the work of the paleontologists of the Sur-
vey is therefore highly specialized. Not only is the corps or-
ganized into divisions, each one of which takes. cognizance of .
the fossils of a particular biologic class or of a particular geo-
logic age, but each individual research undertaken is narrowly
limited, either in its biologic or in its chronologic range.

The general organization of the work, as previously set
forth, classifies it primarily on abiologic basis, and secondarily
on a chronologic basis. One division studies vertebrate fos-
sils; another division fossil insects; a group of divisionsstudy
invertebrate fossils (excepting insects), and a single division
fossil plants. The remains of aquatic invertebrates are by
far the most abundant in the rocks, and are of the greatest
utility for the correlation of formations, and for these reasons
work upon them is apportioned among several divisions, and is
divided upon the basis of geologic chronology. One division
studies forms from Paleozoic strata, another from Jura-Trias,
a third from Cretaceous, and a fourth from Cenozoic.

Mr. C. D. Waleott, who has charge of the work on inverte-
brate fossils from Paleozoic formations, has for his principal
assistant Prof. Henry S. Williams., Between these gentlemen
the field is still further divided, Mr. Walcott studying chiefly
the Cambrian and Silurian fossils, and Prof. Williams devoting
himself to those from Devonian and Carboniferous formations.
Mr. Walcott has for several years given special attention to
Cambrian fossils, gathering them from many parts of the United
States, grouping them into faunas with a definite sequence, and
at the same time studying and classifying the formations which
contain them. His results have been published from time to
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time in a series of papers, and a general summary now in prep-
aration will constitute one of the set of essays on the corre-
lation of formations. This year he has also begun a similar
systematic investigation of the faunas of the Silurian.

Prof. Williams has been occupied for some years with refined
and important studies of the Devonian faunas and their rela-
tions to lithologic texture and other stratigraphic details. This
year he has undertaken also a general study of the faunas of
the Carboniferous, and in the preparation of the correlation
essay undertaken by him he will discuss the classification of
both Devonian and Carboniferous rocks. .

In the summer of 1888 Prof. Alpheus Hyatt visited the most
important of the western localities from which Jura-Trias fos-
sils have been obtained. 'The local stratigraphy was studied,
and collections of invertebrate fossils were made which rank in
extent and variety with the most important of those previously
contained in the museuns of the country. Last summer he
increased his collections by a visit to New Mexico, and he has
since been engaged in their systematic study. From this work
it is believed that data will eventually be gathered for the sat-
isfactory classification of the formations of this period.

Dr. C. A. White, who has charge of the work on Cretaceous

-fossils, has made a special study of the fauna and stratigraphy
of the highest Cretaceous formation, the Laramie, and prelim-
inary results of his work have been published from time to
time, but the subject is not yet ready for monographic treat-
ment. The prosecution of this research has been temporarily
discontinued, that he might prepare a general review of the
geology and paleontology of the Cretaceous formations of
America to constitute an essay of the correlation series. The
year has been largely devoted to this work.

Dr. W. H. Dall, who has charge of the work on Cenozoic
invertebrates, has given his chief attention to those gathered
from the formations of the Atlantic and Gulf Coastal Plains.
The National Museum contains large collections of these fossils,
the accumulation of many years, and an extensive literature has
been based upon them, but through inadequate stratigraphic
knowledge, and through imperfect correlation of the work of
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different students great confusion has arisen. Dr. Dall has
undertaken to reduce to order this paleontologic material and
thus render it instructive and useful to the geologist instead of
misleading. The fossils themselves have been classified and
carefully compared, group by group, supplementary ,material
has been gathered in the field so as to connect them with the
rapidly growing body of stratigraphic data, and the modern
shells contained in the Museum have been arranged and labeled
s0 as to render them available for purposes of comparative study.
In connection with this general work, he is also preparing an
essay on the correlation.of the newer Cenozoic or Neocene.

Comparison of the geologic history of vertebrates with that
of invertebrates shows that the evolution of vertebrates is rel-
atively rapid, and that vertebrate species are relatively eva-
nescent. The oceurrence in a local formation of a vertebrate
species whose age has been previously ascertained, has there-
fore peculiar value for the purposes of correlation. In the
work of collection, Prof. O. C. Marsh, in charge of vertebrate
paleontology, endeavors, as far as possible, to secure entire
skeletons instead of individual bones or fragments, so that the
data for comparison may be as full as possible, and in this
endeavor he has been peculiarly successful. The collections
in his hands are now so large that the work of laboratory prep-
aration, comparative study, drawing, deseription, and publica-
tion will require many years, and his field foree has accordingly
been diminished in order that the resources of his division may
be concentrated in the laboratory and study. In the prepara-
tion of the matérial for publication a biologic order is followed,
each monograph describing the species of an order or other
biologic group. The volumes now in preparation relate to the
Brontotheridee, Stegosauria, Sauropoda, and Ceratopsia.

Several years ago a few vertebrate fossils from the newer
formations of Florida were figured and described by Prof
Joseph Leidy, of Philadelphia. More recently the assistants of
the Survey have made large collections from the same forma-
tions, and these have been placed in the hands of Prof. Leidy,
who has kindly consented to prepare a report thereon, and
has the work well in hand.
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The evolution of plants has been comparatively slow. A
species has, in general, a long life, and during that life it ac-
quires wide distribution over the surface of the earth. Fossil
plants are thus less serviceable than vertebrates for the deter-
mination of precise correlations between the formations of con-
tiguous geologic provinces, but they are peculiarly valuable
for the chronologic comparison of the formations of widely
separated continents. For this reason a comprehensive knowl-
edge of the fossil floras of the world 1s of great importance to
the students of American geology, and as the literature of the
subject is widely scattered through the scientific journals the
Division of Paleobotany, under Mr. L. F. Ward, has under-
takeu to assemble it, aud to extract and systematically arrange
those data on which the work of American correlation must be
based. Bibliographic work has been carried on for several
years, including the preparation of a systematic and alphabetic
index of all described species of fossil plants. While this work
is not yet ready for publication, its period of usefulness has
already begun, and Prof. Ward has based upon it a number of
studies of problems in geologic correlation. During the year
Le has investigated the floral data available for the correlation
of the Triassic formations of America with one another and
with corresponding Furopean formations.

In the department of paleobotany two collaborators aid the
work of the Survey. A volume on the fossil plants of the
Triassic rocks of New Jersey and the Connecticut Valley has
been completed and published by Dr. John 8. Newberry, of
Columbia College, New York, and he has in preparation mon-
" ographs on the Laramie flora and on the flora of the Amboy
clays of New Jersey. Prof. W. M. Fontaine, of the Univer-
sity of Virginia, has been engaged during the summer on field
studies and field collections, preparatory to the discussion of
the fossil plants of the lower Carboniferous formations of
Virginia. |

Hitherto our knowledge of the ancient history of insect life
has been too meager to bhe of service in the geologic work of
correlation, but through the labors of Dr. S, H. Scudder it is’
rapidly growing. He is engaged upon a monograph of the
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insects of Florissant, Colorado, and during the year has made
numerous collections from other localities.

Details of the work of the various paleontologic divisions,
including the progress of the various special researches, the
journeys and collections made in the field, the special reports
on local collections made to field geologists, and the distribu-
tion of work among assistants, are set forth at length in the
administrative reports of the chiefs of paleontologic divisions.

PROGRESS IN ACCESSORY WORK.
CHEMISTRY AND PHYSICS.

Greneral charge of the work of the chemical and physical
laboratory ha# remained with Prof. F. W. Clarke, and the phys-
ical work has been conducted, as heretofore, under the imme-
diate direction of Dr. Carl Barus. Routine -work, comprising
chiefly the analysis of rocks, a knowledge of whose chemical
constitution is desired by geologists in comnection with their
studies, has consumed the greater share of the time of the
chemists. The remainder has been bestowed on original re-
search in mineralogy, so directed as to contribute toward the
solution of general problems of chemical geology. As an aid
to the study of rock metamorphism, the laboratory has under-
taken an investigation into. the molecular constitution of the
silicates, and much time has been given this year to the study
of magnesian silicates, to which has been applied a novel
method of research. o

Among the great problems of terrestrial physics is the ques-
tion of the condition of the earth’s interior. It is known that
the temperature of the crust increases rapidly with depth from
the surface, and that all solids tend toward melting with the
‘rise of temperature. It is known that the pressure to which
the materials of the earth are subjected increases with depth
below the surface, and that in the case of most solids at the
surface of the earth pressure tends to prevent liquefaction.
Deeply buried rocks seem thus to be subjected to conflicting
tendencies, and in order to determine inferentially whether they

are solid or molten, it is necessary to apply the laws of ligue-
11 GEOL——2
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faction and solidification far beyond the range of pressures and
temperatures with which we are familiar.  As an aid to infer-
ence in this difficult field, Dr. Barus has conducted a series of
experiments in which he has measured the volumes of various
liquids when subjected simultaneously to great pressure aud
high temperature, the pressures ranging up to 2,000 atmos-
pheres and the associated temperatures to 200° Centigrade.

MATHEMATICS.

‘Routine ‘duty in connection with the topographic divisions
has largely occupied the time of the Mathematical - Division.
Field expeditions were made for the determination of the lati-
tudes and longitudes of Speareville, Kansas, Boisé City, Idaho,
and Cisco, Texas, and to determine the position of the one
hundred and fifth meridian in El Paso County, Texas. In aid
of the Division of Chemistry, least-square adjustment, involv-
ing the solution of thirty simultaneous equations, was applied
to the ratios of the atomic weights of the chemical elements.

The division has remained in charge of Mr. R. 8. Woodward,
but at the close of the year he resigned to accept a position on
the U. S. Coast and Geodetic Survey. His resignation . was
accepted with regret, as this Survey can ill afford to lose his
rare. ability for mathematical research. Since his first associa-
tion with the Survey in 1884, he has not only supervised the
computations made in connection with the triangulation and
astronomic determinations, conducted the computation of a
series of tables for the use of the Topographic Branch, and given
aid to geologists having occasion to treat their data by mathe-
matical methods, but he has made important additions to geo-
logic science by discussing and advancing, on several lines, the
theories of terrestrial physics. His discussion of the form and
position of the sea level of the earth as dependent on superfi-
cial distribution of matter yielded formulxe and numerical re- -
sults of importance in the discussion of the physical results of
the filling and emptying of the Bonneville Basin, of the forma-
tion and dissolution of the northern ice-sheet, and of all other
phenomena involving the influence of superficial masses on the
geoid. His diseussion of the problem of a heated sphere pre-
sented by the earth, and of the contraction resulting from its
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slow cooling, is especially valuable for its indication of the ad-
ditional work needed for the determination of the constants
involved and for its illustration of the dependence of  the mathe-
matical results upon important postulates, the possibility of
whose future demonstration is not apparent. He has also stud-
ied and discussed the distribution of density and pressure within
the earth, and made a preliminary study of the stresses and
strains involved in the deformation of the earth’s crust within
the limits of elasticity.

STATISTICS OF MiNERAL PRODUCTS.

The present being the year in which the eleventh general .
census of the United States is being taken, it was believed to
be advantageous to combine the annual work under the Geo-
logical Survey with the cognate Division of Mining Statistics
under the Census Bureau, and on the recommendation of the
Superintendent of the Census and the Director of the Survey
this step was taken by order of the Secretary of the Interior.
As a joint labor of the two bureaus the work has been much
enlarged so as to include not only the collection of statistics
relating to the product of the mines, but also the general
facts relating to mining industries. Under this plan the work
has proceeded with satisfaction.

The following is a tabulated statement of the mineral prod-
ucts of the United States for the calendar year 1889 :

Metallic products of the United States in 1889,

Quantity. Value.

Pig ivon, spot value. . ............... ... long tons 7,603, 642 ' $110, 000,000
Silver, coining value. ........ . ....... troy ounces 50, 000, 000 64, 646, 464 -
Copper, value at New York City.......... pounds..| = 250,000,000 36, 000, 000
Gold, coining value.................. troy ounces. . "1, 587,000 32, 800, 000
Lead, value at New York City .. ... . ...short tons. . 185,000 | 17,000,000
Zinc, value at New York City..... ...... .. do.... 59, 000 ° 6, 000, 000
Quicksilver, value at San Francisco ... .... flasks. . 26, 464 1, 190, 500
Nickel, value at Philadelphia ............. pounds. . 150, 000 100, 000
Aluminum, value at Philadelphia ........... do. ... 25,000 100, 000
Antimony, value at San Francisco . .. ..short tons. . 50 10, 000
Platinum, value (crude) at New York. . troy ounces. . 100 500

Total. . .. oo e e 267, 847, 464
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Non-metallic mineral prbducts of the United States in.. 1889 (spot

- values).

A Y
~ Quantity. - Value.
Bituminous coal.......... PP long tons..| 100,000, 000 $130,:Q00, 000
Pennsylvania anthracite. . . . .. e e ..do....| 45,000,000 | 100,000,000
Building stone. .. ...................... R I coen . 80,000,000
Lime........... coviiiiii barrels 50, 000, 00 25, 000, 000
Naturalgas................. ... ... ... ... T DU 25,000, 000
Petroleum .. ... ... ... ... 0o, barrels 25,000, 000 - 20;000, 000
CeMENt. .. ...t oot do 6,500,000 | 5,000,000
SAlbe. .. e do 10,000,000 | - 5,00, 000
Limestone for iron flux..... ... .......... long tons. . 6,000,000 ; 8,000, 000
Soutl Carolina phosphate rock. ......... e do... 450, 000 2,500, 000
Mineral waters. .. .. e gallons sold..| 20,000,000 3, 000, 000
Zine, white.. ... .. . e short tons. .|. 20,000, 000 1, 600, 000
Gypsum........, .. BN DAPPRIS SR « o TR 170, 000 600, 000
Borax. ............ e pounds..| 8,000,000 500, 000
Mineral paints.. ....... R long tons. . 30, 000 " 500, 000
Asphaltum....................... ... .. short tons. . 60, 000 300, 000
Manganese OIe. ..., ......eeeen o oeveno .. long tons 30, 000 300, 000
Flinb. ... e do 25, 000 150,000
Pyrites..... ... .. do... 60. 000 i 175, 000
New Jersey marls... . .......... FUTR short tons. . 125, 000 | 75, 000
- Crude barytes. .. ........................ long tons. . 25, 000 100, 000
Bromine......................... . pounds. . 300, 000 90, 000
Corandum.... ....... ................. short tons 600 90, 000
Gold quartz, souvenirs, jewelry,etc......... ... ... ... .. 60, 000
MiCa . oo e e pounds 10, 060 15,000
Preciousstones. .. ............ ... ..o e 100, 000
Feldspar.,............ .o iiiii i .. long tons. . 10, 000 50. 000
Graphite........... . ... ... ..o 0 oL pounds. . 500, 000 35,000
Fluorspar.... ............. ......... .. ..short tons. . 6, 000 30, 000
Slate ground as pigment........ .........long tons 2,000 20,000
Chromeiron ore.. ........ ... ooeviueinnn.. L.do.... 2,000 25,000
Nowvaculite....... ............ B, pounds. . 1,500, 000 18, 000
Cobaltoxide. ... ... . ... ... . ... ... do 5, 000 10,000
Rutile. .. ... .. do 1, 000 3,000
ASDESLUS. .. .o vt short tons 1 46
Total.. . .. . e e 853, 346,046
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ERésumé of the values of the metallic and non-melallic mineral sub-
stances produced in the United States in 1889.

Metals. ..o e e e e $267, 847, 464

Mineral substances named in the foregoing table ..... ......... ... 303, 346, 046

Estimated value of mineral products unspecified ................... 10, 000, 000

Grand total. ...... e e e 631, 293,510
PUBLICATIONS.

The Editorial Division of the Survey is in charge of the
executive officer, Dr. W. A. Croffut. The division gives final
revision to manuscript reports accepted for publication, and
cooperates with authors in the reading of proof. During the
year the following volumes have been published :

The Eighth Annual Report, covermg the operatlons of the fiscal
year 1886-'87.

Monograph XV. The Potomac or Younger Mesozoic Flora by
W. M. Fontaine.

Monograph XVI. The Paleozoic Fishes of North America, by
J. S. Newberry.

Bulletin 53. The Geology of Nantucket, by N S. Shaler.

Bulletin 54. ~-On the Thermo-electric Measurement of High
Temperatures, by Carl Barus.

Bulletin 55. Report of work done in the Division of Chemlstly
and Physics, mainly during the fiscal year 1886-"87, by F.
W. Clarke.

Bulletin 56. Fossil Wood and Lignite of the Potomac Forma-
tion, by F. H. Knowlton.

Bulletin 57. A Geological Reconnalssomce in Southwestern
Kansas, by Robert Hay.

Bulletin 58. The Glacial Boundary in Western Pennsylvania,
Ohio, Kentucky, Indiana, and Illinois, by G. F. Wright.
Bulletin 59. The Gabbros and Associated Rocks in Delaware,

by F. D. Chester.

Bulleti: 60. Report of work done in the Division of Chemistry
and Physics, mainly during the fiscal year 1887~’88 by F.
W. Clarke.

Bulletin 61. Contributions to the Mineralogy of the Pacific
Coast, by W. H. Melville and W.Lindgren.

" Bulletin 63. A Bibliography of Paleozoic Crustacea from 1698
to 1889, by A. W. Vogdes.

Mineral Resources of the United States, calendal year 1888,

by David T. Day.
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ILLUSTRATIONS.

At the close of the preceding fiscal year Mr. W. H. Holmes
resigned from the Geological Survey to accept an important
position in the Bureau of Ethnology, and the Division of Illus-
trations was placed in charge of Mr. De Lancey W. Gill, who
had. previously been Mr. Holmes’s chief assistant in the draught-
ing room. Mr. J. K. Hillers has remained, as heretofore,
in charge of the photographic laboratory. The work of the
- division includes the preparation of views, diagrams, and maps
for the illustration of reports and papers, and is chiefly per-
formed in the draughting room and the photographic labora-
tory. The ease with which the modern field camera can be
manipulated has caused it largely to supplant the pencil as a
means of procuring views of geologic subjects. The geologist
carries with him a camera and a supply of dry plates and per-
forms the outdoor portion of the manipulation. Negatives are
developed and proofs are printed in the photographic labora-
tory, and these are made the basis either of pen drawings or
of reproductions by automatic half-tone processes. -The pho-
tographic laboratory is likewise charged with the reduction
and enlargement of topographic maps for the purposes of col-
lation and combination, and with the reproduction of topo-
graphic sheets for field use by the geologist before they have
been engraved.. During the year there have been made 1,803
negatives, 9,140 prints, and 34 transparencies; and 960 draw-
ings were produced by the draughting room.

The work of the division is described in detail in Mr. Gill’s
administrative report.

. ORGANIZATION OF ‘THHE ENGRAVING DIVISION.

The general plan for the publication of the geologic atlas of
the United States includes the preparation of more than 7,000
atlas sheets, each representing the geologic and topographic
features of a rectangular area bounded by meridians and paral-
lels. For the delineation of topographic features each sheet
receives three impressions, each with a different color. For the
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delineation of the geology, each sheet will receive from two to
‘twenty additional impressions. The preparation of the plates
from which these impressions are made is so great an under-
taking that much attention and, if necessary, a considerable
“outlay may be advantageously bestowed on preliminary ex-
perimentation to ascertain or develop the most economic meth-
ods. It is believed that the problem has been practically
solved for the engraving of the topographic features, and that
work has been carried forward for several years. A series of
contracts have been let and the plates for many topographic
sheets have been engraved The problem of engraving the
geologic features is more difficult, and its solution requires
careful experimentation. Such experimentation, demanding
the constant interaction of trial and suggestion and the fullest
possible information concerning cost, can not be conducted
under the contract system.

As the topographic sheets are engraved, proof copies are
placed in the hands of geologists, to use in connection with
their work, and they are also given to engineers and other
persons whose work demands local topographic data. Through
this preliminary use errors are sometimes discovered, and such’
errors must be corrected upon the engraved plates before they

- are approved for publication. Moreover, the cultural elements
of topography—such as names, towns, roads, and railroads—
undergo changes, and so far as these changes supervene be-
tween the engraving of maps and their publication the en-
graved plates should be revised so as to conform thereto. The
modification of engraved plates by way of correction and revi-
sion is a work which can not advantageously be performed
under the contract system. . | |

For these reasons an engraving division has been organized

within the Survey. Mr. 8. J. Kiibel, appointed Chief Engraver
in February, was placed in charge; the necessary assistants
were employed, and the necessary plant was purchased. Its
first work was the revision and correction of engraved topo-
graphic plates, and it has also begun the experimental work
indicated above. The details of its organization appear in the
report of the Chief Engraver, herewith.

Y
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THE LIBRARY.

The library has continued in charge of Mr. C. C. Darwin,
whose report contains a full account of its work. The Li-
brary Division conducts the exchanges of the Survey; sending.
out its publications and receiving those of its correspondents.
It likewise purchases, receives, catalogues, and otherwise cares
for books and pamphlets. The acquisitions during the year by
purchase and exchange number 3,212 books and 3,857 pam-
phlets. Through its exchange system the Survey has sent out
15,019 volumes, 2,931 have been sold, and: 28,897 have been
distributed gratuitously.

" DISBURSEMENTS.

The accounts of the Survey are in the hands of Mr. Jno. D.
McChesney, chief disbursing clerk, who, during the entire
existence of the Bureau under its present direction has been
responsible for this important service, and who has discharged
with unvarying care and fidelity the trusts confided to him.

" FINANCIAL STATEMENT.

Amounts appropriated for and expended by the United States Geological Survey
Jor the fiscal year ending June 30, 1890.

Salaries, Geological
Greological office of maps of | Total appro-
Survey. Geological | the United priation.
Survey. States.
Appropriation fiscal year ending June 30, 1890,
act approved March 2, 1889 ... ... .... .... %470,700. 00 €35, 540. 00 §45,000.00 | 551,240, 00
Amounts expended, classified as follows, viz:
A—Services........... .o e 333,400.01 35,047.27 2,824.65
B.—Travelihg expenses . .................. 26,850.55 | - 44,20
C.—Transportation of property ........... QI3LE5 |
D.—Field subsistence. ..................... R0,367.23 | ... ...
E,Tield supplies and expenses........... 28,1728V |.............|.. e
F—Field material. . ........... ... ....... LIOBYD el
G.—Instruments. .... ................ ... 362783 |.............. W7. 40
H.—Laboratory material .................. 8,001,888 | ... ... |l P
I.—-Photographic material. .. .............. ,200.69 .. ... .ol
K.—Booksandmaps ....... ....... ...... 6,251,833 |..°........... 9, 780. 00
L.—Stationery and drawing material ... .. 2,021.52 ... ... - 409,22
M.—Iliustrations for reports .. ............ 19,00 [0 o e
N—Officerents........................ e 850,00 ... ...
O.—Office furniture ....................... 8,625.40 |.............. 385, 62
P.—Office supplies and repairs ........... 2,046,832 (... ... 2,033.63
Q.—Storage ... ... 41710t e
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Amounts appropriated for and expended by the United States Geological Survey
for the fiscal year ending June 30, 1890—Continued. '

Salaries, Geological )
Geological office of maps of | Total appro-
Survey. Geolpgical | the United priation.
Survey. States,
Amounts expended, ete,.—Continued. . )
R.—Correspondence....................... ’ §153.86 ......... . PO PRI e
8.—Bonded railroad accounts: ’
Freight ......... et §124.92
Tra'nsportation of assistants... 827.81
— 052737, ... e
Total expenditures .............. ..... 448,805, 16 §  §35,047.27 |  &15,714.72 | §404,657.15
Balance unexpended June 30, 1890 ... ..  26,804.84 492,73 29,285, 28 56, 582. 85
Probable amount. required to meet outstand.
ing liabilities, including contracts for en- )
graving Geological maps............ ..... . 26,804.84 | ............ 20,285. 8 56,090, 12

In Mr. McChesney’s administrative réport will be found a
statement of the details of disbursements of which the above
is a concise summation.

ACCOMPANYING PAPERS.

Appended to this report are the administrative reports of
the chiefs of branches and divisions, and two scientific papers,
the first by Mr. W. J. McGee, on the Geology of Northeastern
Iowa, the second by Mr. A. J. Phinney, on Natural Gas Dis-
tricts in Indiana. .

The administrative reports of previous years have had for
their chief function the statement of the scope and quantity of
work done and the exhibition of its relation to the general
plan. Insome instances brief statements of the results of in-
- vestigations have been added. In the preparation of the re-
ports contained in this volume the communication of results of
investigation has been avoided, and the reports will be found
to be purely administrative in scope. Thechange has been made
in the interest of the scientific reader, who will look more natur-
ally to the bulletins and other scientific publications of the.
Survey than to its administrative reports for the material he
desires. Announcements’ of discoveries and other results,
when intermingled with accounts of operations and other irrel-
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evant matter, are difficult of access and to a large extent con-
cealed. | ' |

Before becoming a member of the Survey Mr. McGee began
an investigation of the superficial geology of northeastern
Iowa and gave much time to it. He carried the work so far
as to achieve important generalizations, but was not satisfied to
present his results as final without additional field study. As
the Survey had undertaken, through its Glacial Division, the
general study of the glacial formations of a large district, in-
cluding the area studied by Mr. McGee, and as it was undesir-
able to duplicate his work, it was arranged that he should per-
- form the field work necessary to complete his original under-
taking and present the matter for publication, so that his data
and results would be available for use in the more general
work., The field work was completed in 1888, and the results
are embodied in the accompanying essay. From a body of
phenomena, varied, significant, and typical of a larger area
than the one examined, he deduces a series of local pictures of
the advancing and retreating ice sheet, and thus contributes a
chapter to the complicated history of the geographic and cli-
matic revolutions of the Pleistocene.

Three or four years ago attention was attracted to gas es-
caping from springs and other natural openings in Ohio and
Indiana, and test bores were put down in great number in
these and other States. At that time little was known of the
laws governing the origin and distribution-of rock gas. With
the view of developing these laws and at the same time
utilizing the opportunity of ascertaining the rock structure
of the region afforded by the many borings, researches
were at once undertaken by the Survey. The first move
resulted in the acquisition of exceedingly valuable data
collected by Prof. Edward Orton, State geologist of Ohio,
and an arrangement was effected under which Prof. Orton
assembled and discussed his data in the form of & systematic
treatise, which was published in ‘the ninth annual report.
Meantime Dr. A. J. Phinney, an amateur geologist of Muncie,
Ind., undertook to keep a record of the successtul and unsuec-
cessful prospect bores of Indiana; and learning of the industry
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and success with which the doctor had carried forward his
work it was deemed wiser to enter into relations with him than
to institute a new investigation traversing the same field. Tt
was accordingly arranged that Dr. Phinney should extend his
studies and prepare the results for publication under the direc-
tion and auspices of the Geological Survey. The work was
carried on under the immediate supervision of Mr. W.J. McGee.
As indicated in earlier reports, the first study was completed
and a treatise prepared for publication nearly two years ago;
and, as indicated in the last veport, this treatise was sent to
press as a bulletin of the survey. But new information
continued to pour in, and since it was thought desirable to in-
corporate the latest discoveries; publication was still further
delayed. The treatise has now been brought up to date; and
in view of the importan(,e of the subject with which it deals, it
has been deemed hest to incorporate it in the present report as
one of the accompanying papers. It contains records of a
large number of borings, both successful and unsuccessful,
put down in search of 10(k gas and petroleum in Indiana; a
résumé of the geologic structure of the State not only as ascer-
“tained from surface exploration but as revealed by the drill; a
statement (itlustrated by maps and profiles) of the character
and ‘extent of the great Indiana gas field, the largest of the
known world; and certain practical information relating to the
gas wells and the use of the new fuel. The paper includes an
‘introductory chapter by Mr. McGeee, in which the geographic
and geologic distribution and the origin and laws of acecumu-
lation of the lighter bitumens are discussed. ¥From this in-
troductory chapter and from the memoir prepared by Prof.
Orton, published in the eighth annual report, it will be seen
that the laws governing the distribution of rock gas, petroleum,
and related substances are now so well known that the geolo-
gist is able to indicate with considerable accuracy the produc-
tive territory, actual and possible, within the United States, and
to reliably prognosticate the results of bhorings in any part of
the country. IKconomic geology has never made a more rapid
‘advance than within the period covered by these publications
on rock gas.
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OFFICES AND LABORATORIES.

The main office of the Survey at Washington has continued
in the Hooe Building, where it was established in 1884.  While
this building is large and well suited for the purpose to which
it is applied, it affords only a fraction of the space required for
all the office and laboratory work.

Through the courtesy of the Secretary of the Smithsonian
~ Institution, the chemical and physical laboratories and the
principal offices and laboratories of paleontology continue to
oceupy rooms in the National Museum, and quarters are fur-
nished to the division of Cenozoic Invertebrate Paleontology
in the building of the Smithsonian Institution. This arrange-
ment is ‘highly advantageous to the Survey. It is provided
by law that the collections of rocks, minerals, ores, and fossils
made by the Survey shall finally be deposited in the Natioual
Museum, and the existing adjustment of relations relieves the
Survey from the necessity of furnishing cases and other museum
appliances and reduces the final transfer of the specimens to
little more than a clerical formality. Moreover, the Museum
and the Institution contain a very large body of cognate ma-
terial which is constantly used by the paleontologic students
for the purpose of comparison, and which this arrangement
renders conveniently accessible. Still further to promote the
work of ‘the Survey a nunber of its officers have been appointed
honorary curators of the Museum, and are thereby given di-
rect control of all the museum material cognate to their work.

Through the courtesy of the officers of the Peabody Museum
of Yale College, the students of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>