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ADVERTISEM KEKN'T.

[Tenth Anpual Report.]

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

“Thepubiicationsofl the Geviogical Survey shall consist of theannual report of operations, geologieal
and economic maps iHustrating the resources and ciassification ot the lands, and reports npon general
and economic geology and paleontology, ‘The annual report of operations of the {eological Survey
shall accompany the annual report of the Secretary of the Interior. All special. memoirs and reports
of sad Survey shall be issned in uniform quarto serics it decmed necessary by the Director, but other
wise in ordinary octavos. Three thousand copies of each shall be puablished for scientific exchanges
and for sale at the price of publication; and all literary and eartographic materials received in exchange
shall he the property of the United States and form a part of the library of the organization: And the
money resulting frou the saie of such publications shall be covered into the Treasury of the United
States.” '

QOn July 7, 1882, the following joint resolution. referring to all Government publications, was passed
by Congress: 3

* That whenever any document or report shall be ordered printed by Congreas, thereshall be printed,
in addition to the number in each case stated, the ‘ usnal nwmber’ (1,900) of copies for binding and
distribution among those entitled to receive theis.” : :

Exceptin those cases in wilich 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 office has
no copies for gratnitoas distribution. :

ANNUAL REPORTS.

I. First Annnal Report of the United States Geological Survey, by Clarence King. 880. 8°. 79 pp.
1map.—A preliminary report describing plan of organization and publications.

IT. Second Annnal Reportof the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
8. 1y, 588 pp. 62pl. 1 map. '

1I1. Thimd Anunal Report of the United States (3eological Survey, 188182, hy J. W. Powell. 1883,
89, =viii, 564 pp. 67 pl. and waps. )

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

V. Fifth Annual Report of the United States Geological Survey, 1883-784, hy J. W. Powell. 1885.
82, xxxvi, 469 pp. 58 pl. and maps.

V1. Sixth Annual Report of the United States Geological Survey, 1884-"85, by J. W. Powell. 1885,
80, xxix, 570 pp. 65 pl. and maps.

VIL Seventh Annual Reportof the United States Geological Survey, 1885-'86, by J. W. Powell. 1888.
8°, xx,656 pp. 71 pl.and maps. .

VIIL Eighth Annual Reportof the United States Geological Survey, 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 Anoual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889.
8. xiii, Ti7 pp. 88 pl. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-'83, by J. W. Poweli. 1890.
8o, 2v. xv, 774 pp. 98 pl. and maps; viij, {23 pp.

The Eleventh Annual Report is in press.

MONOGRAPHS.

I. Lake Bonueville, by Grove Kari Gitbert. 1890. 4°. xx, 438pp. 51 pl. 1 wap. Price $L.50.
TL. Tertiary History of the Grand Cafion Distriet, with atlas, by Clarence E. Dutton, Capt. U. 8. A.
1882. 49, xiv,2064 pp. 42 pl. and atlas of 24 sheets folio. I'rice $10.12,
II1. Geology of the Comastock Lode and the Washoe District. with atlas, by George F. Becker. 1882,
40. xv,422pp. 7 pl. andatlas of 21 sheets tolio. Price $11.00.
1V. Comstock Mining and Miners, by Eliot Lord.. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.
I



11 ADVERTISEMENT.

*

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151. 29 pl. and waps. Price $t 835,

VI, Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine., 1883. 4°. xi, 144 pp. 54 1. 54 pl. Price $1.05.

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

VIII. Paleontology of tho Eureka District, by Charles Doolittle Walecott. 1884, 4°. xiii, 298 pp.
241. 24 pl. Price $1.10.

IX. Brachiopoda and Lameilibranchiata of tho Raritan Clays and Greensand Marls of New Jersey,
by Robert . Whitfeld, 1883, 4°. xx,338pp. 35 pl. lwap. Price $1.15.

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

XI. Geological History of Lake Lahoontan, a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°. xiv,288 pp. 46 pl. and maps. Price $L.75. '

X1I1. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Frauklin Emmons,
1886. 4°. xxix, 770 pp. 45 pl. and atlas ot 35 sheets tolio. Price $8.40.

XIIT1. Geology of the Qnicksilver Deposits ot the Pacific Slope. with atlas, by George F. Becker.
1888, 4°, xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishesand Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-
ley, by John S. Newberry. 1888. 4°. xiv, 132 pp. 26 pl. Price $1.00. .

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1888. 4°. xiv, 377
pp. 186 pl. Text and plates bound separately. Price $2.50.

XVI. The 'aleozoic Fishes of North America, by John Strong Newberry. 1880. 4°, 340 pp. 53 pl
Price $1.00. '
In preparation :

— Gasteropoda of the New Jersey Cretaceous and Eocene Marls, by R. P. Whitfield.

— Thoe Penokee [ron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving and
C. R. Van Hise.

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

— Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux.

-— Geology of the Eureka Mining District, Nevada, with atlas. by Arpold Hague

— Sauropoda, by O. C. Marsh,

— Stegosauria, by O. C. Marsh.

— Brontotherida, by 0, C., Marsh.

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

— Report op Silver Cliff and Ten-Mile Mining Distriuts, (,olomdo by 8. F. Emmons.

— Flora of the Dakota Group, by J. 8. Newberry.

— The Glacial Lake Agassiz, by Warren Uphain.

— Geology of the Potomae Formation in Virginia, by W. M. Fontuiue.

BULLETINS.

1. On Hypersthene-Andesite and on Tricliniec Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geotogical Sketchof Butfalo Peaks, Colorado, by 8. F. Enunons. 1883, 89, 42pp. 2pl. Price 10 cents.

2. Gold and Sitver Conversion Tables, giving the coining valnes of troy ounces of fine metal, ete., conu-
putcd by Albert Williams, jr.  1883. 8°. 8 pp. Price 5 conts,

3. On the Tossil Faunasof the Upper Devonian, along the meridian of 76° 307, from Tompkins County,
N. Y., to Bradford County, I’a.. by Henry 8. Willialus. 1884, 8°. 36 pp. Price 5 cents.

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

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

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

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752-1881, in geographie and chronologic order, by Jules Marcou and Johu Belknap Marcou. 1884,
8°. 134 pp. Price 10 cents.

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

9. A Report of work donein the Washington Laboratory during the fiscal year 1883-'84. F. W.Clarke,
chief chemist. T. M. Chatard, assistant chemist, 1884. 8°, 40 pp. Pricc 5 cents.

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

11, On the Quaternary and Recent Mollusea of the Great Basin; with Descriptions of New Formg, by
R. Ellsworth Call. TIntroduccd by a sketeh of the Quaternary Lales of the Great Basin, by G. K.
Gilbert, 1884. 8°. 66 pp. 6 pl. Priced cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884, 8o,
¢4pp. 3pl. Price 5 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 Vincent
Stronhal, 1885. 8°. 233 pp. Price 15 cents. )

15. On the Mesozoic and Cenozoic Paleontology ot California, by Charles A, White. 1885, 8o,
33 pp. Irice 5 cents.

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

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

18. On Maiine Eocene, Fresh-water Miocene, and other Fossii Mollnsca of Western North America,
by Charles A. White. 1885. 82 26 pp. 3 pl. Price 5 cents.

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

20. Contributions to the Mineralogy of the Rocky Monntains, by Whitman Cross and W. F. Hille.
brand. 1835. 8°. 114 pp. 1pl. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Reporton the Region between the Grand amdl Mo.
reau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5pl. Price 5 cents.

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

23. Observations on the Junction hetween the Eastern Sandstone and the Keweenaw Series on
Keweenaw Point, Lake Superior, by R, D, Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl.
Price 15 cents.

24. List of Marine Mollusca, eomprising the Quaternary Fossils and recent forms from Ameriean
Localities between Cape Hatteras and Cape Roque, including the Bermundas, by William Healey Dall.
1585. 8°. 336 pp. Price 25 cents.

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

26. Copper Smelting, by Henry M. Howe. 1885, 8% 107 pp. Pricel0 cents.

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

28. The Gabbros and Associated Hornblende Rocks ocenrring in the Neighborhood of Baltimore, Md.
by George Huntington Williams. 1886. 82. 78 pp. 4 pl. Price 10 ceiits.

20. On the Fresh-water Invertebrates ot the North American Jurassic, by Charles A. White. 1886
82, 41 pp. 4 pl. Price 5 cents.

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

31. Systematic Review of our Present Knowledge of Fossil Insects, inclnding Myriapods and Arach-
nids, by Samuel Hubbard Sendder. 1886, 80, 128 pp. Price 15 cents.

32. Lists and Analyses of the Mincral Springs of the United States; n Preliminary Stndy, by Albert
. Peale. 1886. 8°. 235 pp. Price20 cents.

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

34. On the relation of the Laramic Molluscan Fauns to that of the succceding Fresh-water Eocene
and other groups, by Charles A. White., 1386. 8°. 54¢pp. 5pl. Price 10 cents.

35, Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 80, 62
pp. Price 10 cents.

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

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

38. Peridotite of Eilliott County, Kentueky, by J.S. Diller. 1887. 8°. 31 pp. 1pi. Price5 cents.

39. The Upper Beaches and Deltas of the Glacial Lake A gassiz, by Warren Upham. 1887. 8°, 84
pp- 1pl. Price 10 cents, : : .

40. Changes in River Courses in Washington Territory due to Glaciation, by Railcy Willis. 1387. 8o,
10 pp. 4 pl. Price 5 cents. .

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

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

43. Tertiary and Cretaceous Strata ot the Tusealoosa, Tombigbee, and Alabama Rivers, by Engene
A. Swith and Lawrence C. Johnson, 1887. 8°. 189 pp. 21 pl. Price 15 cents.

44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp.
Price 5 cents.

+ 45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1837. 8°, 94
pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Introdne-
tion by N. S, Shaler. 1883. 8°. 143 pp. Price 15 cents. .

47. Analyses of Waters of the Yellowstone Nationa! Park, with an Account of the Methods of Anal-
syis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84 pp. Price 10
cents. )
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48. On the Form and Position of the Sea Level, by Robert Siinpsen Woodward. 1888, 8°. 88 PPp.
Price 10 cents.

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

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

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

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

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 80, 55 pp. 10 pl. Price 10
cents.

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

55. Report of work done in the Division of Chemistry and Physies, mainly during the fiscal year
1886-'87. Frauk Wigalesworth Clarke, chier chemist. 1882. 80, 96 pp. Price 10 cents.

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

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

58. The (Glacial Boundary in Western Pennqvlvanm Ohio, Kent,u('kv, Indiana. and Ilinois by George
Frederick Wright, with an introduction by Thomas Chrowder Chamhberlin, 18%0. §°. 112 pp. incl.
1pl. 8pl. Price 15 cents.

59, The Gabbros and Associated Rocks in Delaware, by Frederick I Chester. 1890, 8. 45 PP-
1 pl. 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. &°. 174 pp. Price 15 cents.

61. Contributions to the Miueralogy of the PPacific Coast, by William Harlow ‘V[elvxlle and Waldemar
Lindgren. 1890. 8°. 40pp. 3 pl. Prico 5 cents.

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

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American
species apd a systematic arrangement of genera, by Anthony W. Vogdes. 1890. 8. 177 pp. Price
15 cents.

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

66. On a Group of Veoicanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence
of Primary Quartz in certain Basalis, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Drice 5 ceunts.

67. Thue retations of the Traps of the Newark System in the New Jersey Regiou, by Nelson Horatio
Darton. 1890. 8°. 82 pp. Price 10 cents.

68. Earthiqualkes iu Calitorniain 1869, by James Edward Keeler. 1890, 8°. 25pp. Price 5 cents.

69. A Classed and Annotated Bibliography of Fossil Insects, by Samnuel Hubbard Scudder. 1890.
8°. 101 pp. Price 15 cents.

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

In press:
65. Comparative Stratigraphy of the Bituminous Coal Rocks of the Northern Half ot the Appala
chian Field, by I. C. White.
71. Tudex to the Known Fossil Insects of the World, by Samuel Hubbard Scudder.
72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham,
73. The Viscosity of Solids, by Cart Barus.
74. The Minerals of North Carolina, by ¥. A, Genth.
75. A Record of North Americau Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton.
76. A Dictionary ot Altitudes in the United Sfates (second edition), compiled by Henry Gannetl.
77. The Texas Permian and its Mesozoie types of Fossils, by C. A. White.

In preparation:

— A report of work done in the Division of Chemistry aud Physxcs mainly during the fiscal year

1889-'90, F. W. Clarke, Chief Chemist.

— A Late Voleanic Eruption in Northern California and its Pcealiar Lava, by J. S. Dilter:

—~ The Compreasibility of Liquids, by Carl Barus.

— The Eruptive and Sedimentary Rocks on Pigeon Point, Miunesota, and their contact phenomena,
by W. S. Bayley

— A Bibliography of Paleobotany, by David White.
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STATISTICAL PAPERS.

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

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. <xiv, 1016
pp- Price 60 cents. )

Mineral Resources of the United States, 1885. Division of Mining Statistics and Techuology. 1886.
80. vii, 576 pp. Price 40 cents. .

Miperal Resources of the United States, 1886, by David I'. 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.

The money received from the sale of these publications is deposiied in the Treasury, and the Secre-
tary of the Treasury declines to receive bank checks, drafts, or postage stamps; all remittances, there-
fore, must he by POSTAL NOTE or MONEY ORDER, made payable to the Librarian of the U. S. Geological
Survey, or in CURBRENCY, for the exact amount. Corrcspondence relating to thie publications of the

Snrvey should be addressed
T'0 THE DIRECTOR OF TIE.

UNITED STATES (GEOLOGICAL SURVEY,
W AsHINGTON, D, C.
WAsHINGTON, D, C., December, 1890,
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TENTH ANNUAL REPORT OF THE UNITED STATES
GEOLOGICAL SURVEY.

By J. W. PoweLL, DIRECTOR.

CHANGES IN ORGANIZATION.

In the act making appropriations for the sundry civil expenses
of the Government for the fiscal year ending June 30, 1889,
certain new duties were assigned to the Geological Survey
under the direction of the Secretary of the Interior. These
duties comprise the investigation of the extent to which the
arid regions of the United States can be redeemed by irriga-
tion, the segregation of the irrigable land in such arid regions,
the selection of sites for reservoirs and other hydraulic works
necessary for the storage and utilization of water for irrigation
and for the prevention of floods and overflows, and the making
of the necessary maps. By reason of this addition to the work
of the Geological Survey considerable additions to the working
force became necessary; and with the enlargement of the corps
some minor modifications in ofganization were made.

The principal change in the geologic branch of the Survey
was the transfer of Capt. C. E. Dutton, formerly in charge of
the Division of Volcanic' Geology, to the Irrigation Survey. .
Mr. J. S. Diller, who was previously his principal assistant, was
placed in charge of the division, its functions were somewhat
modified and it was renamed the Cascade Division.

The changes in the geographic branch of the Survey were
more extensive. The California Section of Geography was
reorganized and transferred to the Irrigation Survey; the geo-
graphic branch of the Geological Survey became limited to
that portion of the country lying east of the Rocky Mountains;

the organization of the different sections of the geographic
3
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branch was modified in consequence of the transfer of a part
of the force to the Irrigation Survey ; and a new section was or-
ganized under the name of the Southern Central Section, which
includes the southern part of the Mississippi Valley. The
geographic work of the Greological Survey remains in charge
of Mr. Henry Gannett; and the changes in organization and
personnel are set forth in his administrative report.

As shown at length in the Eighth Annual Report the business
organization of the Survey is dependent upon scientific organ-
ization, and from time to time is modified to meet its needs.
Accordingly some modification of the business organization
resulted from the inauguration of the irrigation work; but the
general business methods of the Geological Survey were ex-
tended to the new organization, and in the interests of economy
the business growing out of the irrigation work was assigned to
the force already employed. Mr, John D. McChesney, the
chief disbursing clerk, continues to transact the fiscal and cus-
todial business of the Greological Survey and also has charge
of that of the Irrigation Survey; but a number of additional
disbursing agents and custodians of property have been ap-
pointed

A noteworthy change in organization has grown out of the
ever varying progress of geologic secience as developed and
applied by the Greological Survey. One of the immediate
objects of geologic research, and one upon which the practical
value of geologic science largely depends, is a determination
of the relations among widely separated rock masses—i. e., the
correlation of rocks. In the infancy of the science, when the
~ demands upon the geologist were less exacting than now, the
formations discovered from time to time were roughly cor-
related by means of paleontology with those already known.
But with the development and practical application of geology
such approximate correlations have sometimes been found
unsatisfactory ; and, moreover, grave question has arisen as
to the sufficiency of paleontologic correlation for a detailed
geologic survey covering an extensive area. Questions con-
cerning geologic nomenclature and the methods of correlation
have lately arisen not only in the Geological Survey but
among other geologists, both official and unofficial, and not
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only in this country but abroad. An international congress
of geologists has been convened, largely for the purpose of
devising systems of geologic correlation and geologic nomen-
clature, and many important contributions to this branch of
geologic science have been made during the last five years.
So important, indeed, has the subject become that, as pointed
out in previous reports, it has seemed inexpedient to commence
publication of the atlas sheets composing the geologic map of
the United States pending the settlement of at least some of
the questions involved. By reason of the practical and imme-
diate importance of this subject to the Geological Survey it
was deemed wise to organize a division of geologic correla-
tion; and, at the beginning of the fiscal year, such a division
was established and placed in charge of Mr. G. K. Gilbert, for-
" merly in charge of the Appalachian Division of Geology. The
details of organization and of the work already accomplished
are set forth in Mr. Gilbert's report. |
For a part of the year Mr. Gilbert remained in charge of
the Appalachian Division, and devoted his energies to the work
in this extended field, to the completion of the work of the old
division of the Great Basin and to that connected with correla-
tion ; but operations in the first named division were gradually
transferred to Mr. Bailey Willis, and toward the close of the year
he was formally placed in charge of the Appalachian Division.
Mr. Willig's report of operations in this division for the entire
fiscal year is appended. During the year the Great Basin
work has been completed, and a final report upon the subject—
a monograph upon the extinct Lake Bonneville—has been sent
to press. |
PROGRESS OF TOPOGRAPHIC WORK.

During the fiscal year the operations of the topographic
branch of the Survey have been cairied on in twenty-three
States and Territories, and an area of 43,222 square miles has
been surveyed and mapped. The distribution of this work is
shown graphically upon Plate 1 in the pocket at the end of the
volume. The details are set forth in the accompanying admin-
istrative report by Mr. Gannett. The present condition of the
topographic surveys is exhibited in the accompanying table :
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Table showing the present condition of topographic surveys and the areas
surveyed in 1888-"89, by States and Territories.

State Total %ﬁ:glﬁ; ézezguif{ Scale Contour in-
' area. | "% | 1ss 9. ' terval.
Sq. miles. | 8q. miles. | Sq. miles. Feet,
Alabama ............... 52, 250 11,620 2,300 | 1: 125,000 100
Avizona ... .. .....o.... 113, 020 41,000 |.......... 1 : 250, 000 200 and 250
Arkansas............... 53,850 7,500 3,500 | 1:125,000 50
California ... . one.... 158,360 | 25,200 | 2,200 g} égg: ggg} 100 and 200
Colorado «oenwoemennen.. 103,925 | 2,500 |......... g{ Phey 338} 50 and 100
Connecticut ... ... .... 4,990 700 550 [ 1: 62,500 20
District of Columbia. ... 70 70 ... 1 62,500 20
Georgia ... ........ ... 59,475 10, 530 1,500 | 1: 125,000 50 and 100
TOWS - e e e e e 56, 025 2, 450 1,500 | L: 62,500 20
Kansas. «-ccoeenoanennnn 82,080 | 32,200 4,200 | 1: 125,000 50
Kentueky ............. 40, 400 7,070 800 | 1: 125,000 100
Maine . ... oo oo ..., 33,040 320 320 | 1: 62,500 20
Margland .....oee..onn.. 12,210 | 3,480 400 gi Py ggg} 20,50 and 100
. ’
Massachusetts ...... .... 8,315 8,315 ceeeeae| 1 62,500 20
Missonri ...-cc......... 69,415 26,000 |.......... 1: 125,000 50
Montana ......... ... 146,030 | . 10,400 4,400 | 1:250,000 200
Novada -coeoeomeen oo, 110,700 | 14,000 | _.... wen.l 1:250,000 200 and 250
New Hampshire ... .... 9,305 675 575 | 1: 62,500 20
New Jersey._ .... ........ 7,815 7,815 [Lo..o.... 1: 62,500 10 and 20
New Mexico........._.. 122, 580 17,500 2,500 | 1: 250,000 200
New York.............. 49,170 645 645 | 1: 62,500 20
North Carolina ......... 52, 250 9,900 | oomnenon. 1: 125, 000 100
Oregon .o oveeeeneennnn.. 96,030 | 11,000 3,000 | 1: 250,000 200
Pennsylvania ..........| 42,215 842 842 | 1: 62,500 | ° 20
Rhode Island...........| 1,250 1,250 1,000 | 1: 62,500 20
South Carolina ..... ... 30,570 2,300 (._........ 1: 125, 000 100
Tennessee ...oveeeeooea- 42, 050 12,615 |..........] 1:125,000 100
TEXA8 +vveeane cenenamann| 265,780 | 26,250 6,250 | 1: 125,000 50
917 S 84,970 6,000 | ... ooo..| 1:250,000 250
Vermont ............... 9, 565 100 [.......... 1: 62,500 20
Virginia «oeoneennne... 42,450 | 27,775 | 5,550 {{ ey ggg} 20,50 and 100
M H

West Virginia.... ...... 24,780 15,750 600 | 1: 125,000 100
Wisconsin.........._... 56, 040 1,590 590 | 1: 62,500 20
Wyoming, including

Yellowstone National

Park.ooooeeeoaee... 97, 890 4,000 |.......... 1: 125, 000 100

Total ........._.. .- 349, 362 43,222
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From this table it appears that during the year there were
mapped 6,472 square miles upon a scale of 1: 62,500; 26,850
square miles upon a scale of 1:125,000; and 9,900 square miles
upon a scale of 1:250,000. The survey of this area finishes
99 atlas sheets, making the entire number completed up to the
present date both by survey and compilation 406. Of these
sheets 138 are on the scale of 1:62,500; 207 on the scale of
1:125,000; and 61 on the scale of 1: 250,000.

In the spring of 1888 an appropriation was made by the
legislature of Rhode Island for the survey of that State in co-
operation with this organization under an agreement similar
to that made with Massachusetts. Under this arrangement
Rhode Island has been surveyed during the past season, the
State paying one-half the expense. The maps have been drawn
and are now being engraved. On the north of Massachusetts
work has been extended into New Hampshire and the south- .
‘western corner of Maine; and on the west certain atlas shéets
projecting into New York have been completed. The sheets
comprising New York city and its suburbs have been mapped,
in part from survey and in part by compilation from existing
material. A number of sheets projecting northward and west-
ward from New Jersey into- adjoining States have also been
finished.

At present parties of the Northeastern Division are engaged
in mapping the anthracite region of Pennsylvania; in extend-
ing the surveyed area in southwestern Maine; and in making
a survey of Connecticut under a joint arrangement with that
State, by the conditions of which the State assumes one-half
of the expense of the survey. |

In the southern Appalachian region work has been carried
on actively by the Southern Central Division. A large area in
Virginia has been surveyed, and parties are now at work in
West Virginia. Triangulation has been extended in eastern
Kentucky, and a party is at work mapping topographic details.
The work in Alabama and Georgia has been extended south-
ward, and a party is engaged mapping the drainage basin of
the Savannah River in Georgia and South Carolina,

In the Mississippi Valley the two sheets comprising St. Louis
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and its suburbs upon both sides of the Mississippi River have
been surveyed. Work has been extended westward in Kansas
and northward and westward in Towa. Some work has also
been done in southern Wisconsin, and a map is being prepared
of the iron region of Michigan. _

In the Ozark Hills of Arkansas an area of 3,500 square miles
has been surveyed lying east of that executed during the pre-
vious year. In Texas the surveyed area has been extended
northward. Five atlas sheets have been completed, while a
considerable area in the iron region of northeastern Texas has
been surveyed. '

In the Far West work has been prosecuted in New Mexico,
upon the southwestern slope of the Sierra Nevada in California,
in southwestern Oregon, and in the mountain region of Montana.

It has been noted in former reports that in the improvement
of methods of work there has been a constant tendency toward
graphic methods. During the past year a long step forward
in this direction has been made in devising and introducing
into general use a plane table suitable for traverse work, by
means of which the topographer is relieved of the labor of
platting traverses whether in field or in office, while at the
same time he has a correct skeleton upon which to sketch. An
improved quality of work is a conspicuous result.

The engraving of the maps has gone forward during the year
about as rapidly as they have been prepared. At the date of
the last report 166 sheets had been engraved. 'This number
has now been increased by 83. The contract for engraving
100 sheets made with Messrs. Bien & Co. during the previous
year has been completed, while during the past year contracts
have been made by the Public Printer with Messrs. Sinclair &
Son for engraving 100 sheets, with Mr. H. C. Evans for en-
graving 30 sheets, and with Messrs. Harris & Son for engrav-
ing 21 sheets. Altogether contracts for engraving 151 sheets
have been made during the past year, and under these con-
tracts 29 sheets have been engraved. Detailed information
concerning all the atlas sheets published up to date will be
found in a table accompanying Mr. Gannett’s report. The
following table shows in summary form the number, distribu-
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tion and areas of the sheets thus far engraved, grouped by

States :

Table showing number, distribution, etc., of the atlas sheets engraved to
June 30, 1889. '

State.

Alabama ...............
Arizona

................

California .. cc.. .oo.....

Colorado
Connecticut .. ... ..._..
District of Columbia. ...
Georgia

...............

- Kansas.................
Kentucky .. ............

Maryland

..............

Massachusetts

Missonri ...............
New Hampshire ........
New Jersey. ...cc..oan..
New Mexico............

North Caroling. ........

Tennessee ..

Texas

..................

..................

Virginia...... eameeaans

West Virginia......_ ...
Wisconsin.. _...........
Wyoming
Yellowstone National

.................

Wholly | Partly i
within |within | Soale. | S| LEEOEE
. Feet. 8q. miles.
8 3| 1:125,000 100 9,200
14 2| 1:9250,000 | 200 and 250 58, 000
8 1 H%gg’ggg} 100 and 200 25, 000
3 1: 62,500 100 450
.......... 51 1: 62,500 20 130
.......... 2| 1: 62,500 " 90 70
3 4| 1:125,000 100 5,800
23 5| 1:125,000 50 27, 000
1 6| 1:125,000 100 4,300
. 6 g}_@%ggg} 20,50 and 100 1,100
% 1] 1: 62,500 20 7,650
17 5| 1:125,000 50 18, 000
4l 1: 250, 000 200 13, 300
4 31 1:250,000 | 200 and 250 23, 500
. 3| 1: 62,500 | 20 130
9 | 1: 62,500 10 and 20 5,000
Al 1: 250,000 200 16, 000
9 91 1:125,000 100 5,000
' IO 1 : 250, 000 200 3,500
9 3| 1: 62,500 . 20 700
1 1! 1:125,000 100 1,200
6 12| 1:125,000 100 11, 600
10| oo 1: 125, 000 50 18, 000
17 11 1:250,000 250 65,000
5 21 §i§13§:333§ 20, 50 and 100 14,700
4 11 | 1:125,000 100 10, 000
' IOOT 1: 62,500 20 225
.......... 2| 1:125,000 100 600
9 9| 1:125,000 100 3, 000
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" PROGRESS IN GEOLOGIC WORK.
WORK IN GEOLOGIC CORRELATION.

The institution of a Division of Geologic Correlation has
already been noted, and the work accomplished by the divis-
ion is set forth in detail in the accompanying administrative
report of the geologist in charge, Mr. G. K. Gilbert.

In geology, as in other branches of science, growth of
knowledge is accompanied by differentiation of ideas and
specialization of labor: so the subordinate branches of pale-
ontology, petrography, mineralogy and physiography have
sprung from the main stem of geology. Moreover, the sub-
ordinate branches themselves have sometimes been subdivided
into many ninor branches. Thus paleontology has been sub-
divided into the science of fossil plants and the science of fossil
animals ; the science of fossil animals has been again divided
into the science of fossil vertebrates and the science of fossil
invertebrates, and a branch of the latter is the science of fossil
insects; and still further, the subject matter of paleontology is
classified by the remoteness of the period represented by the
fossils into Cenozoic paleontology, Mesozoic paleontology and
Paleozoic paleontology. So definite is this differentiation of a
single branch of geology that nearly all students of the science
have become specialists, and nearly all the valuable work in
paleontology is done by specialists. The specialization is log-
ical and necessary, and it is fully recognized in the organization
of the Geological Survey as set forth at length in the Seventh
Annual Report. |

There is a parallel specialization in the purely geologic
work, though the limits of the divisions of the subject matter
and the definitions of the specialties are generally less trench-
ant than in paleontology. The primary division is determined
proximately by the characters of the rocks studied, and ulti-
mately by the agencies or processes to which these rocks owe
their origin; so there are special students of the ancient crys-
talline or archean rocks, of the sedimentary rocks, of the rocks
of voleanic origin, of the glacial deposits, of the metamorphic
rocks produced by alteration of several primary kinds, of the
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mineral deposits and accumulations formed within various rocks,
and of the soils and subsoils derived from all rocks; and, as in
paleontology, there is with respect to some of these subjects a
further classification by the period during which the rocks were
formed.. Thus the sedimentary or clastic rocks, which are by
far the most extensive and economically important, are grouped
chronologically; most students confine their studies as far as
practicable to single groups, and the best work upon the groups
of rocks is generally done by such specialists. This differ-
entiation of labor among geologists is fully recognized in the
organization of the Survey ; but since each clastic group is dis-
tributed over a considerable part of the country, and since in
nearly all parts of the country it is intimately associated with
other groups, it has been deemed expedient to organize the
geologic work primarily by geologic provinces and only sec-
ondarily by geologic groups; yet within every geologic- divis-
ion the desirability of assigning to specialists in a given group
of rocks any necessary investigation of that group is fully rec-
ognized and provided for as far as seems feasible in each case.
The practical working and beneficial results of this policy are
incidentally shown in the administrative reports of the various
officers of the Geological Survey.

The differentiation of thought and specialization of labor
in geology were fully recognized in instituting the Division
of Geologic Correlation and in inaugurating its work; and
accordingly the greater part of the work of the division is per-
formed by specialists eminent in their various departments and
particularly competent to deal with the comparatively restricted
though profound subjects severally assigned tothem. Ingen-
eral these subjects are geologic groups or systems, and each
specialist is directed to prepare an essay on the group or system
assigned to him, as set forth in Mr. Gilbert’s report. The gen-
eral purpose of the essay is threefold: (1) To exhibit in a
summary way the present state of knowledge of North Ameri-
can geologicsystems; (2) To formulate the principles of geo-
logic correlation and taxonomy; (3) To set forth from the
American standpoint the possibility or impossibility of using
in all countries the same set of names for stratigraphic divis-
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ions smaller than these systems. In addition to these essays
on geologic groups, provision has been made for certain more
general treatises prepared upon different bases.
The assignment of the work is as follows:
Pleistocene: T. O. Chamberlin.
Neocene: William H. Dall.
Focene: W. B. Clark.

Cretaceous : [including the Laramie] C. A. White.
Jura-Trias: 1. C. Russell.

Carboniferous : L
Devonian : } H. S. Williams.
Silurian : |

Cambrian s } C. D. Walcott.
Algonkian : .
Archean: } C. R. Van Hise.

Correlation by Vertebrate Paleontology: O. C. Marsh,
‘Correlation by Paleobotany : Lester F. Ward.

Resumé of North American Stratigraphy: W. J. MeGee.
Discussion of Principles of Correlation: G. K. Gilbert.

The essays on the Cretaceous, the Jura-Trias and the Carbon-
iferous and Devonian are well advanced and portions of the
manuscripts completed; the preliminary study of the Silurian
and Cambrian is completed with respect to the latter system,
and a memoir embracing a portion of its results forms one of the
accompanying papers of this volume; and, as will be seen from
the reports of the various specialists, substa,ntlal progress has
been made in the preparation of the other essays.

Several problems which the Division of Geologic Correlatlon
was instituted to investigate and several other problems of
immediate consequence to the Greological Survey were discussed
at length during a convention of geologists held in the office
of the Survey early in the present year. An abstract of the
results reached in this convention appears on another page.

- WORK IN ARCHEAN GEOLOGY.

The field occupied by the Division of Archean Geology
and the methods and purposes of the work were set forth in
detail in the Seventh Annual Report, and the progress of the
work has been shown in subsequent reports. Prof. Raphael
Pumpelly, with other students of New England geology, has
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long believed that the Green Mountain range contained a key
to the structure of a considerable part of New England; but
in this range, as elsewhere in that region of protean and com-
plicated rocks, the structural relations are obscure; protracted
study has been required to classify the various rocks and.to .
ascertain their structural relations; and although the subject
is of great difficulty it is gratifying to state that a solution has
been reached.

From Prof. Pumpelly’s report it may be seen that the Green
Mountains consist of a long range of compressed folds over-
turned to the West in such manner that nearly all bedding
planes dip eastward, the axes of these folds extending in the
same general direction as those of the Appalachian mountain
system, or north-northeast. The folded formations comprise
in the natural order (1) hydro-mica schist, sometimes albitic;
(2) another series of hydro-mica schists, sometimes replaced
by limestone; (3) an albitic hydro-mica schist; {4) a garnetif-
erous hydro-mica schist replaced by limestone on the west
side of the range; (5) a quartzite conglomerate, yielding
Olenellus on the west side of the range and becoming gneis-
soid on the east; (6) granitoid gneiss; (7) chondroditic lime-
stone; and (8) coarse biotite gneiss. Of these forwmations
numbers 1 to 5 are essentially detrital throughout and evi-
dently represent metamorphosed sediments, while numbers 6
to 8 show no trace of clastic origin and seem to be pre-Cam-
brian crystallines. The former are sometimes fossiliferous on
the west flanks of the range, and still farther westward pass
into the Cambrian formations of the Taconic range recently
investigated and satisfactorily defined by Mr. Walcott, while
the latter correspond with the holocrystalline rocks of central
New England, long regarded as Archean. Between the two
series there appears to be considerable unconformity, probably
representing an important time break ; and above that uncon-
formity there is progressive alteration of the evidently detrital
series from the little metamorphosed slates and limestones of
the West to the greatly metamorphosed garnetiferous hydro-
mica schists and quartzite-gneisses of the East. In short, the
Green Mountains represent a range of closely appressed and
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overturned folds with a pre-Cambrian crystalline core (gen-
erally hidden), and a surface made up of rocks apparently
representing the Silurian from the Hudson river downward
and the whole of the Cambrian as represented in eastern New
York.

Substantial progress has also been made in determining the
areal geology of western Massachusetts. Berkshire, Franklin,
Hampshire, Hampden, and the west half of Worcester Coun-
ties are nearly or quite finished, and thus the areal geology of
about one-half the State of Massachusetts is now mapped. The
work has also been extended into Vermout, and a considerable
area within that State is ready for final mapping as soon as
topographic bases are available.

Detailed lithologic studies of the rocks of the Green Mount-
ains and western Massachusetts generally have been made in
this division, largely by Mr. J. E. Wolff; and the results of
these studies, which promise to afford a guide to the lithology
of New England as satisfactory as the structural key found in
the Green Mountains, are ready for publication.

WORK ON THE ATLANTIC COART.

The investigation of the coast marshes and inandated lands,
together with the associated lowlands and the deposits of
phosphates, iron ores, ete., which they sometimes contain, and
also the lands adjacent to the coast submerged during recent
geologic times, which was assigned to Prof. N. 8. Shaler some
years ago, continnes to yield valuable results.

During the year an extended study bas been made of the
district in eastern Virginia and North Carolina including the
Dismal Swamp. As its name implies, this district was in early
days regarded as one of the most inhospitable and forbidding
in the land. In recent years steps have been taken toward
draining and reclaiming the central morass, and thus convert-
ing it into fields fertilized naturally by the vegetal débris
accumulated during many centuries. A part of the work of
reclamation was inspired by Prof. Shaler and conducted in
accordance with his suggestions, and already a considerable
part of the once impenetrable morass is under agricultural
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“control, while all parts promise to be soon transformed into a
teeming garden of vegetables and small fruits. The methods
of reclamation devised and tested in the Dismal Swamp are
being gradually extended to other swamp tracts which have
been worthless in the past, but which will assuredly become
practically inexhaustible sources of wealth at no distant day.
A detailed report upon the Dismal Swamp, prepared by Prof.
Shaler, will be found elsewhere in this volume.

A part of Prof. Shaler’s work related to the eastern shore of
Florida, and led to a discovery of immediate scientific and
ultimate economic importance. It is found that the reefs of
living coral characteristic of tropical islands and shores do not,
as previously supposed, terminate at Cape Florida, but extend
many miles farther north. The coral reef, indeed, dwindles
in size and diminishes in extent on the coast of Florida, but
it is practically continuous to a point ten or twelve miles north
of Jupiter Inlet.. The observation bears upon the origin of
certain formations of Florida not cledrly exposed to view. It
forms a datum plane for a comparison of the modern fauna of
the Floridian peninsula with the extinet fauna whose remains
are entombed in the Neocene and Eoceue formations, More-
over, the determination of the boundaries of the tropical zone
of the earth, as indicated by the habitat of marine organisms,
suggests important possibilities in the way of introducing trop-
ical land plants and animals barred from that part of their
normal zone by broad seas; for during later geologic times
. the Floridian peninsula has grown southward from the tem-
perate zone into the tropics. The marine life of the tropics
become fixed upon it, but the luxuriant flora and rich fauna of
the tropics await the aid of man to bridge the Caribhean, the
Gulf and the Straits of Florida and extend their crowded hab-
itat.

Another part of Prof. Shaler’s work has lain in New Eng-
land, and appertained to superficial deposits. During the year
he has mapped the morasses and most of the superficial de-
posits included within fifty-six atlas sheets, covering the greater
part of Massachusetts and extending into Rhode Island and
New Hampshire, the maps being designed to represent the
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conditions of subterranean water rather than the agricultural
capabilities of the soil itself. The details of the work are set
forth in the accompanying administrative report.

One of the results is of special interest to students of glacial
geology. In investigating the present and past geographic
configuration of New England Prof. Shaler has found that
in general there is a progressive increase in rearranged dritf
material and a progressive decrease in unmodified drift from
the Berkshire hills to the seaboard, suggesting considerable
‘submergence of the land during the ice invasion and rapid
emergence following the retreat of the ice; but, at the same
time, evidence has been obtained to show that in the course of
the glacial work the drift material has repeatedly passed from
the stratified condition to the unstratified condition of unmodi-
fied glacial deposits. In addition, numerous obscure moraines
have been discovered in the interior of Massachusetts far
within the great terminal moraine forming the crest of Long
Island ; marine benches have been detected at altitudes reach-
ing 180 to 200 feet above present sea level; it has been found
that the peculiar structures at first called lenticular hills, but
now known as drumlins, grade insensibly into ordinary sheet
till; a series of early Pleistocene deposits called the Naushon
formation has been found beneath the drift in, eastern Massa-
chusetts, extending from Massachusetts Bay to Martha’s Vine-
yard, and it has been ascertained that the promontory of Cape
Cod, from Wellfleet westward, is not simply a bar or spit as
commonly supposed, but is the remmant of a considerable
watershed carved in Tertiary or Cretaceous strata before the
first advent of the Pleistocene ice sheet.

WORK IN THE APPALACHIAN REGION.

Ever since its inception two objects have been kept in view
in the geologic survey of the Appalachian region: (1) The exact
definition of the formations of the region; and (2) the deter-
mination of the areal and structural relations of these formations,
With the first of these objects chiefly in view, Mr. Gilbert com-
menced the construction of three distinct sections through the
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region as described in previous reports; and as these sections
approached completion and the formations intersected by each
became known the second object came into prominence, and
the surveys were extended northward and southward from the
lines of sections for the purpose of ascertaining the extent and
areal relations of the various formations. The results of this
work, particalarly those attained during the fiscal year, are of
great interest; and they are especially timely in view of their
bearing upon the general problem of geologic correlation.
Among the first fruits of the State survey was the discovery
that the rocks exposed in New York fall into a certain series of
limestones, shales and sandstones, and that the rocks exposed
in parts of Pennsylvania fall into a closely coincident series;
and as investigations were carried from State to State it was
found that the rocks of the eastern half of the country gen-
erally represent more or less closely the same coincident series,
and that the fossils characteristic of a formation in one-State
are frequently found in the corresponding formations of other
States. So the rocks and fossils of the eastern United States
were reduced to a simple series, the key of which was found
in New York, every considerable New York formation being
supposed to be represented with little change in other States
hundreds or thousands of miles away, and every formation of
distant States being assumed to be necessarily equivalent to
some formation of the New York series.” But with the refine-
ment of methods and with the extension of surveys into new
regions, particularly when the surveys were undertaken by
a Federal organization and were no longer limited by State
boundaries, it -became evident that the succession of rocks in
each State is measurably independent, and that no succession
in any State even approximately duplicates the succession in
any other State. Moreover it was found that, even within the
limits of a State, formations vary from place to place, lime-
stones passing into shales, shales into sandstones, and sometimes -
sandstones into limestones. It was also found that the fossils
do not represent everywhere constant and consistent chrono-
logic sueccession, but that in a measure the fauna varies with

the character of the rocks in which its remains are embedded.
10 GEOL——2
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The inconstancy in character and succession of the rock
formations is well illustrated by the three sections traversing
the Appalachian region. The thickness of strata deposited in
Virginia is much greater than that in Alabama; the changesin
character of the sediment are much more frequent in Virginia
than in Alabama; and the passage from the longer Virginia
column to the shorter one of Alabama is traced through a great
number of stratigraphic variations. It is evident from a study
of these sections, indeed, that the Paleozoic ocean in which
the various systems were laid down suffered local changes in
depth and in direction and force of currents from time to time;
and that in consequence shoal water deposits, littoral deposits
and deep sea deposits alternated and interdigitated in a great
complex of lenses of every grade of lithologic character from
pure limestones through argillaceous limestones, shales and
sandstones to conglomérate. Accordingly the geologists of
the Appalachian region, instead of extending exact correlation
from State to State and province to province, have been com-
pelled to define and map formations as local masses, varying
sometimes from atlas sheet to atlas sheet. _

Ever since the infancy of American geology the Appala-
chian region has been regarded as one of the most interesting
mountain provinces in the world by reason of the great length
and symmetry of the corrugations of the strata to which the
mountains owe their existence. The treatises of the Rogers
Brothers on Appalachian structure are classic, and although
the investigations of Appalachian structure hitherto made are
far less complete than those of some other mountain provinces,
they have probably contributed as much to current knowledge
of orogeny as any others. The observations of Mr. Bailey
Willis and his collaborators have thrown much light upon
the origin of these mountains; but with the view of supple-
menting his observations and corroborating his inferences Mr.
Willis has undertaken a series of experiments, in the course of
which he has been able to imitate in miniature the structure
of the Appalachian Mountains by subjecting layers of plastic
material to lateral thrust. These experiments fall into line
with those of Daubrée and Favre in France and Cadell in
Scotland.
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WORK IN THE LAKE SUPERIOR DIVISION.

During the year an important monograph on the Penokee
iron-bearing series, projected and partly written by the late
Prof. Irving, was completed by Prof. Van Hise, and is now in
press. This monograph represents a good share of the prac-
tical results of work by Profs. Irving and Van Hise and their
collaborators, extending over several years; the details of the
progress of this work have been set forth from time to time in
successive annual reports, and its outcome constitutes perhaps
the most elaborate treatise ever prepared in this country upon
the origin, structural relation and technology of a rich iron
region. Inspection of the monograph will show that all of the
ore bodies thus far exploited have been carefully studied and
their relations to the general geologic structure surveyed and -
mapped with high exactitude; that a large number of ore pros-
pects not yet exploited have been surveyed and mapped, and
that the structural relations and genesis of the ores have been
ascertained and set forth in such manner as to guide pros-
pectors and investors in further exploitation throughout the
entire iron-bearing region. A summary of this monograph
forms one of the Accompanying Papers of this volume. |

The determination of the volume and value of the Lake
Superior iron ores was rendered possible only by an extended
yet detailed study of the geologic structure of a large area
~about the south and west shores of Lake Superior in northern
Michigan and Wisconsin and northeastern Minnesota. The
rocks of this region are of great diversity and the structure
complex ; many geologists have visited the region and exam-
ined the formations, and an enormons literature has grown out
of their work ; but by reason of the diversity in the rocks and
the complexity in structure there was until recently great va-
riety of opinion concerning the place of the rock series in the
geologic column, and portions of the strata have been referred
to different parts of the Silurian and Cambrian and even to the
Jura-Trias. But the detailed surveys which resulted in the
determination of the origin, character and distribution of the
iron ores led also to the discovery that a large part of these
rocks belong to a great system representing a considerable
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fraction of the geologic column and a vast period of geologic
. time not previously recognized in any part of the world.
This series of rocks lies beneath the Cambrian and above the
Archean, and represents a period of the earth’s history during
which lowly forms of life doubtless existed, but lett few defi-
nite traces of their existence in the form of fossils. The neces-
sity for the discrimination of this rock series from the pre-
viously known geologic column and for the admission of the
period in geologic chronology was recognized by Profs. Irving
and Chamberlin some years since, and a treatise on the sub-
ject by the former of these geologists appeared in the Seventh
Annual Report. The name “Agnotozoic” was there given to
these rocks, being designed as one of the greater terms of geo-
logic classification, coordinate with Paleozoic, Mesozoic and
Cenozoic. In the geologic atlas of the United States such
larger classification will not be employed, but the largest time
unit recognized will be the period. At a recent conference of
geologists, an account of which appears in another part of this
report, it was decided to make but one period of the Agnoto-
zoic, and the name ‘‘Algonkian” was chosen to designate that
period. Itis not proposed to cancel the name Agnotozoic, but
to leave its use to students having occasion to employ terms
of higher classification.

Another of the four leading iron regions of the country is
that around Iron Mountain, Missouri; and during the year
the operations of the division have been extended also into
this region. Thus far the work amounts to little more than a
preliminary reconnaissance, which, although little productive
of economic results, is essential to the guidance of further
work, and has indeed already brought forth fruits of impor-
tance to scientific students. The details of this work, which
was executed by Prof. Haworth, are recited in the accompany-
ing administrative report of the division.

As will appear from Prof. Van Hise’s report, the operations
of the division during the year have extended over a wide
area in northeastern Minnesota, a considerable arca in northern
Michigan and Wisconsin and a -lesser area in eastern central
Minnesota. Data for mapping the geology of a large area
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as soon as the topographic surveys now under way yield the
necessary maps, were secured in the three States.

WORK IN GLACIAL GEOLOGY.

For several years the energies of this division have been
directed chiefly to the collection of data through field work ;
but during the past year the principal work, under the direc-
tion of Prof. T. C. Chamberlin, the chief of the division, has
been the digestion of this material and the preparation of
final reports upon the various lines of study. |

The voluminous data relating to Lake Agassiz—a water
body confined between the Mississippi-Red River divide and
the southern edge of the retreating ice sheet in the Red River
Valley—have been reduced to system and elaborated by com-
parison with the recorded glacial phenomena of all parts of the
world, and the writing of the final report on this subject has
been begun. The author of the report, Mr. Warren Upham,
collected a large number of elevations of the northern border
region in the progress of his work, which have now served
their primary purpose in the study of Lake Agassiz; but in
order that they may be of further service, primarily in prospec-
tive topographic surveys of Minnesota and Dakota and inei-
dentally for other economic and scientific uses, they have been
correlated, reduced and tabulated for publication as a bulletin.

The data relating to the glacial gravels of Maine, collected
and digested by Prof. George IH. Stone, have been placed in
form for publication; Mr. J. M. Buell completed his study of
the bowlder trains of southern central Wisconsin, and spent
the greater part of the year in working up the data relating
to these phenomena for final publication ; Mr. Frank Leverett
continued his work upon the lateral and terminal moraines.and
the compound drift sheets in eastern central Illinois and con-
tiguous parts of Indiana during a part of the year, but a greater
part of his time was spent in elaborating results of earlier ob-
servations, and deducing, testing and applying methods for the
graphic illustration of glacial surfaces; and during a part of
the year Prof. R. D. Salisbury has been employed in studies
of glacial and aqueo-glacial deposits in southern Ilinois, Mis-
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souri, Tennessee and Arkansas, required for purposes of gen-
eral correlation of previous studies.

As an illustration of the excellence of the methods developed
in this division it is proper to mention certain results attained
by one of its members in another country while temporarily
disconnected from the Geological Survey. After spending
several years in investigating the glacial phenomena of the
northern United States under Prof. Chamberlin’s direction,
Prof. R. D. Salisbury spent most of last summer in Germany, -
partly in University study and partly in amateur work. Dur-
ing some of his field excursions his trained eye and skilled
powers of discrimination enabled him to detect a system of
terminal moraines analogous to those recognized by a score of
American geologists in different parts of this country, but un-
like anything previously discriminated by German geologists.
The discovery attracted immediate and widespread interest;
and the initial observations of the American geologist have
alreadv been repeated, verified and extended by local stu-
denfs; and the introduction of American methods developed
in the Geological Survey has already materially modlﬁed
glacial geology in_northern Furope..

Other results of the work of the division may be found in
the accompanying administrative report of Prof. T. C. Cham-
berlin.

WORK IN MONTANA.

In the early days of geologic exploration in the western
Territories, as in the beginnings of geology in the Mississippi
Valley, paleontology was supposed to afford all necessary cri-
teria for the classification and correlation of the formations of
the country; and accordingly in this region, as in the Mis-
sissippi Valley and in the southern Appalachians, the original
definitions of the formations were made to coincide with those
of the east, and the formations themselves were correlated
strictly with those of the classic New York series. But with
more refined surveys it was found that the succession of rock
masses and the succession of faunas are measurably diverse
east and west; and here, as in the Appalachian region, it was
found necessary to commence the construction of local key
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sections based entirely upon the local stratigraphy and paleon-
tology. One of these key sections, which promises to unlock
the stracture of the northern Rocky Mountain system, is that
of central Montana. Upon this section Dr. A. C. Peale has
been at work for some years, as indicated in previous reports.
As shown in detail in the accompanying administrative re-
port, he has now finished the construction of the Paleozoic
section extending from the Carboniferous to the Algonkian;
and, as has been for some time anticipated, he finds every
formation distinctive. At the same time, the fauna character-
izing each great series of rocks is sufficiently related to the
local faunas of other parts of the country to warrant him in
referring all but one of these formations to the well recognized
geologic systems. This hybrid formation—the Three Forks
limestone—contains representatives of characteristic Devonian
and Silurian faunas in approximately equal numbers, and
graduates both stratigraphically and paleontologically into the
well defined Devonian shales overlying.

The areal geology of the northern half of the Three Forks
atlas sheet, including the newer sedimentary and volcanic as
well as the Paleozoic formations, has been mapped; much
progress has been made in the construction of the newer as well

as the older part of the Montana geologic column ; substantial

contributions have already been made to the volcanic history
of the region; and with the new vantage ground afforded by
the researches of the field seasons of 1888 and earlier years,
exceptionally rapid progress has been made in the early part
of the present field season. The details of the work are set
forth at length in Dr. Peale’s report.

WORK IN YELLOWSTONE PARK.

As indicated in the administrative report of Mr. Arnold
Hague, the field season of 1888, in the picturesque National
Park on the Yellowstone, was an exceptionally successful one,

whether measured by quantity or quality of the data placed .

upon record. The field work included a continuation of the
sories of observations on the behavior of the geysers described
in previous reports; a careful study of a great geyser, which,

it
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after years of inactivity, suddenly and unexpectedly broke out
afresh; the continuation of the survey of the Absaroka range
which bounds the Park on the east; the preparation of a geo-
ologic map of the region; the continued study of the petrog-
raphy of the rocks of the Park ; and several subordinate inves-
tigations, the details of which are recited by Mr. Hague.

Observations on the behavior of the Park geysers have now
_extended over a series of years, and they have been given such
a quantitative character as to render possible the deterIOII of
important changes in the distribution or amount of thermal
activity. Various irregularities have thus been detected, but
the most noteworthy change has oceurred during the year.
The Excelsior geyser, after lying dormant for nearly six years,
has burst into renewed activity, and sends forth wonderful
eruptions, reaching many thousand barrels of thermal water,
at intervals of about an hour and a half; and concurrently with
the resurrection of the long dormant great geyser, several hot
springs and small streams of the Middle Basin ceased to flow,
the Excelsior apparently draining the southern end of the Basin.
Several smaller geysers have recently broken out in the Upper
Basin, but without observed extinction of smaller springs, thus
indicating rather an increase than a diminution of the aggre-
gate discharge. So on the whole it appears that the discharge
of the geysers has increased during the year, and thus that the
energy of geyser action in the picturesque National Park is
waxing rather than waning. Most of the observations upon
geyser action have been made by Mr. W. H. Weed ander Mr.
Hague’s direction.

An interesting demonstration of the excellence of the meth-
ods pursued in the Yellowstone National Park Division, and
indeed of the certainty of scientific reasoning in general, has
been recently made. As set forth in previous reports, and par-
ticularly in a bulletin emanating from this division (Bull. No.
47, Analyses of waters of the Yellowstone National Park, by
F. A. Gooch and J. A, Whitfield), the geyser waters have been
analyzed and found to carry arsenic and sulphuretted hydrogen
in greater or less quantities; and Mr. Hague at once inferrad
that sulphide of arsenic must necessarily be deposited under
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favorable conditions in vents and chambers of some of the hot
springs and solfataras. Accordingly diligent search was made
for such sulphides; and after repeated failure this search was
at last rewarded by the discovery in the Norris Basin of two
sulphides. Both orpiment, the yellow sulphide (61 per cent.
arsenic) and realgar, the brilliant red sulphide (70 per cent.
arsenic) were found coating silicious sinter in narrow fissures.

The topographic maps of the Yellowstone National Park
having been completed several months since, the areal geology
has been ascertained and depicted in detail, and the maps are
practically ready for publication.

For several years the Director, in the brief intervals during
which the administrative work of the Survey is sometimes
interrupted in summer, has been engaged upon a study of
the Tewan Mountains of New Mexico. During the sammer
of 1887 an interesiing suite of volcanic rocks, comprising cer-
tain basalts containing porphyritic grains of quartz, were col-
lected ; and during the year, Mr. J. P. Iddings, of the Yellow-
stone National Park Division, subjected these specimens to
careful examination, and has thereby been able to throw new
light on the conditions of the mineral origin of lavas. The
quartz grains in the basalts appear to be primary crystalliza-
tions from the original molten magma and cxhibit no definite
relation to its chemic composition. Their production is accord-
ingly to be referred to antecedent conditions of the magma;
and from analogy with the occurrence of iron olivine in rhyo-
litic obsidian, it seems probable that the segregation of the
quartz took place under the influence of water when subjected
to great pressure at considerable depths beneath the surface.

WORK IN COLORADO.

- The energies of the Rocky Mountain Division-have been
directed largely toward the digestion of data collected during
-previous yvears, and the preparation of material for publica-
tion. Work upon the two monographs mentioned in the last
report—i. e., on the Ten Mile and Silver Cliff mining distriets,
and on the Denver Basin region—has been pushed forward.
The former is now nearly completed, and the latter practically
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finished; but in view of the extension of the irrigation surveys
into the region, it has been deemed wise to postpone publica-
tion until the new topographic maps growing out of these sur-
veys are available as bases for the necessary geologic maps.
'These monographs, like other special treatises on mines and
mining published by the Geological Survey, are made as
.nearly as practicable exhaustive, and it is believed that they
will prove valuable to the rich mining districts to which they
relate.

In Colorado, as in California and the Lake Superior region,
the development of the mineral resources is rendered possible
only by detailed studies of rock composition and structure, and
these studies directly advance geologic science One of the
purely scientific discoveries of the year made by the geolgists
of this division is that of a distinctive formation found only
in the vicinity of Denver and named after that city, which is
not only so thoroughly unique in composition, structure and
age as to be incapable of correlation with any other known
formation, but it is made up almost exclusively of materials of
unknown source. These materials are indeed known to be of
volcanic origin; but no trace of the volcano whence they came
or of the great lava sheet from which they must have been im-
mediately derived has been found, and none of the materials
have been found in other formations. The Denver formation
is thus a strictly local unit, and must retain its local and dis-
tinctive name, whatever conclusions may be reached in regard
to its correlation.

Another interesting discovery of the year is that of the dis-
tinctive superficial deposit known as loess in southern Colorado.
It is this deposit which supports the vineyards of the Rhine,
the grain fields of southern Russia, the orchards of Nebraska,
and the rich coru fields of the central States; its porous ma-
terials retain moisture and resist drought better than those of
any other deposit; and its recognition in the plains and foot-
hills toward the base of the Rockies will encourage agriculture
and related industries. To the scientific student the discovery
is of equal interest; for it enables him to make progress in cor-
relating the hitherto obscure Pleistocene deposits of the Plains
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with glacial and aqueo-glacial formations of the Mississippi
Valley and eastern United States

The details of the work of the division are set forth in Mr.
S. F. Emmong’s administrative report.

WORK 1IN CALIFORNTIA

The progress of work upon the quicksilver deposits of the
Pacific slope has been noted from year to vear in previous re-
ports; and the assembling of the results of this long continued
investigation for publication in the form of a monograph was
mentioned in the last report. The manuscript went to press
during the last fiscal vear, and the early part of the present
year was spent by Mr. George F. Becker, the chief of the di-
vision, in revising proofs. The work has recently appeared as
Monograph XIII of the Geological Survey series. Quicksilver
is a rather rare mineral, generally occurring in small quanti-
ties, and it is found in commercial quantities only in very few
localities. The subjects of quicksilver mines and mining, and
of the geology of quicksilver, are thus well adapted to mon-
ographic treatment. It has been the aim in the preparation
of this monograph to treat these subjects exhaustively from
the standpoint of the geologist and mining engineer; and it
is believed that Mr. Becker’s monograph is one of the most
complete treatises upon a special subject in mining geology
that has ever been published

The greater part of the year was spent in surveys of the
Gold Belt; and as will be seen from an accompanying admin-
istrative report half of the auriferous region has been geologi-
cally mapped in a tentative way and much work has been
done in determining the petrography and structure of the
region with a view to discriminating the formations in such
manner as to permit final mapping This study is rendered
exceptionally laborious by reason of the diverse character of
the rocks—granite of different ages, gabbros, peridotites,
diorites, diabases, rhyolites and basalts occurring in great vari-
ety and invariable sequence; and many of these rocks have
suffered metamorphism to such an extent as to greatly increase
the difficulty of identification.



28 REPORT OF THE DIRECTOR.

During the year careful attention has been given to the
colossal domes which characterize the granitic portion of the
Sierras, particularly throughout the Yosemite region—structu-
ral features that have puzzled explorers, geologists and tour-
ists since the region was first visited. The various hypotheses
thus far offered in explanation of the phenomena have been
scrutinized and tested in the field and several have been found
insufficient; but it would appear from Mr. Becker’s study that
the great granite domes are simply gigantic examples of ex-
foliation, similar, except in scale, to those often observed in
basaltic and other terranes.

Attention has also been given to the much mooted question
as to the existence of glaciers in the Yosemite during Pleisto-
cene time; and in view of the great interest which this ques-
tion has excited in the minds of geologists and laymen alike
it is especially noteworthy that well preserved strize and ice-
polish have been found at different points about the walls of
this unique and colossal canyon. It is also of interest to note
that unmistakable evidences of local glaciation have been
found in the Mineral King mining district on the headwaters
- of the Kaweah River at a much lower latitude than any local-
ity previously known. Here, as elsewhere in the Sierras, the
ice marking is wonderfully fresh. Although the streams are
roaring torrents of high declivity, they have corraded but a
few feet of rock since the glaciers disappeared.

WORK OF THE CASCADE DIVISION.

The work of the Division of Volcanic Geology, in charge
of Capt. C. E. Dutton, was widely varied, and a large portion
of it was intrusted by Captain Dutton to his principal assist-
ant, Mr. J. 3. Diller. At the beginning of the fiscal year
Captain Dutton was transferred, as already stated, to the Irri-
gation Survey, and Mr. Diller was placed in charge of the
division. The researches to which Captain Dutton had given
his personal attention are completed, and the division now
carries forward only those works that had previously occupied
Mr. Diller. As the principal part consists in the mapping of
the areal geology of a distriet, it has seemed proper to give
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" the division a geographic title. It has accordingly been re-
named the Cascade Division. The Petrographic Laboratory
remains in charge of the division.

As explained in earlier reports, the Survey has been engaged
for some years in the collection of a large number of identical
suites of rock specimens to be deposited in the educational
institutions of the country as standard series. From consid-
erations of economy the work of collecting these rocks was
at first distributed among the various geologic divisions so as
to obtain as many typical varieties as possible without the
necessity of making special journeys therefor. When a cer-
tain amount of progress had been made it became advan-
tageous to give more concentrated attention to the work, and
its completion was made one of tha duties of the Petrographic
Laboratory.

The field season of 1888 was spent .by Mr Diller partlv
in the prosecution of areal work in the upper portion of the
Sacramento basin, but more largely in visiting the widely
scattered localities at which were to be obtained specimens of
the rock types not already acquired for the educational collec-
tion. Nepheline-bearing eruptive rocks were obtained from
the Crazy Mountains of Montana. ~Oregon yielded specimens
illustrating spheroidal weathering, faulted pebbles and the
rock species peridotite. Lavas were obtained from Mount
Shasta and other points in northern California, from the Ice
Spring Craters in Utah and from the Uinkaret Mountains in
northern Arizona. . In all twenty-six varieties of rocks and
two hundred and fifty specimens of each variety were gathered
during the season.

The work of the Petrographic Laboratory is described in
detail in Mr. Diller’s administrative report appended hereto.
An account of the petrographic work of the Survey appears
on a later page of the present report.

WORK OF THE POTOMAC DIVISION.

This division was instituted some years since for the pur-
pose of investigating the geology of the District of Columbia.
As the work progressed the field of the division was gradually
extended up and down the Potomac River over the terranes
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found in the District but stretching beyond its limits, and then
over the entire Coastal Plain of the Middle Atlantic slope.
Moreover, under the exigencies of administration, other lines
of research in different parts of the country were assigned to
the division, as shown in the present and preceding reports.
Thus the designation of the division scarcely indicates the
scope of its work.

The chief work of the fiscal year was the completion of cer-
tain researches commenced several years ago upon a region
of anomalous topographic configuration and unique Pleistocene
structure in northeastern Iowa. This territory is a part of the
vaguely defined region once designated the *Great Plains;”
but its extreme eastern portion extends into the Driftless Area
of Wisconsin, Iowa, Minnesota and Illinois, and so belongs
rather to the rugged and forest covered tract bordering the
Great Lakes than to the Plains region. The Pleistocene de-
posits of the territory comprise two sheets of glacial drift, an
intercalated forest bed and a superposed bed of loess, the drift
sheets coinciding approximately in area and the forest bed fail-
ing frequently, while the distribution of the loess is singular
and in many ways noteworthy. The topography is equally
singular and noteworthy over a considerable part of the terri-
tory. The most striking topographic feature is a broad ridge
skirting the southwestern flank of the Driftless Area, and over-
looking the low lying drift plain to the west and southwest
by some hundreds of feet; but the rivers instead of flowing
down the slopes of this ridge either run parallel to its axis or
diverge towards it, and several have cleft its crest at right
angles; and many of these rivers on their way towards the
ridge or along its slopes diverge from lowlands and flow in
narrow gorges through plateaus or in the axes of minor ridges
extending towards the larger one. These singular phenomena
have been exhaustively studied by the geologist in charge of
the division, Mr. W. J. MeGee, and their interpretation has
thrown much light on the Pleistocene history of the upper Mis-
sissippi region. ‘

In addition to the Towa work, two other investigations were
carried to completion within the year in the Mississippi Valley.
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The first of these was the geologic survey of the Fort Riley
Military Reservation in central Kansas, by Mr. Robert Hay.
This survey was made in response to a request by the military
authorities for special information concerning the focal supply
of building materials and other mineral products of value, and
its results are now in press as a bulletin of the Survey. The
other investigation was that of the Indiana rock gas field noted
in the last report. This field is the most extensive thus far
discovered; and the survey just completed has thrown much
light on the origin and laws of distribution of the lighter bitu-
mens. The results of this work are also in press as a bulletin.

- The study' of the Potomac, Columbia and Appomattox for-
mations described in previous reports was continued in the
District of Columbia, in eastern Virginia, western Maryland,
and central North Carolina, and new data concerning all of
them have been secured. The Potomac formation was defined
as a distinet structural unit in accordance with the prineiples
now governing the taxonomy adopted by the Geological Sur-
vey. The Columbia and the Appomattox formations were
subsequently established in the same way. It has been found
that this recognition of distinet structural units greatly facili-
‘tates the interpretation of geologic history; and accordingly
during the past vear the operations of the division have been
extended into the Neocene and Eocene deposits of the Coastal
Plain in Virginia and Maryland with the object of discrimi-
nating additional structural units, and thus gradually raveling
the obscure geologic history of this region by a method which
may be characterized as synthetic.

For convenience in administration, the study of the crystal-
line rocks of the Piedmont region in the Middle Atlantic slope,
by Dr. George H. Williams, is carried on in this division. The
territory to which attention has thus far been mainly devoted
covers an area of about 1,700 square miles between Chesa-
peake Bay and the Potomac River on the east and the Catoctin
Mountains on the west. Within this territory the rocks are
mainly crystalline. Here, as in the territory in New England
now under investigation by Prof. Pumpelly, the crystalline
character varies: Towards the west the prevailing rocks are
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slates, little different from the unmetamorphosed Silurian slates
of the Cumberland Valley, but to the east the crystalline
character progressively increases, and the slates pass through
various grades of phyllite, hydromica schists, mica schists and
gneisses. But iu this region the relief is lower than in New
England, and in consequence the exposures are less numerous
and extensive and the surface is more generally covered with
products of rock decay and other superficial débris. Partly
for these reasons it has not yet been ascertained to Dr. Will-
iams’s satisfaction whether the progressive increase in crystal-
line character eastward is due to progressive change in the
same rock formation or whether the series represents a suc-
cession of formations either overlapping in normal sequence or
juxtaposed by faulting. The outcome of this important investi-
gation is anxiously awaited; for the entire problems of the
geology of the Piedmont region, and of the relations of the Pied-
- mont rocks to those of the Appalachian belt to the westward,
appear to depend upon it. In addition to the study of these
~ metamorphosed sediments, the special investigation of the vol-
canic and other highly crystalline rocks about Baltimore has
been continued with satisfactory results. Among the volcanics
a sequence of basic, ultra basic and acidic eruptions, following
each other in accordance with the law formulated by Von
Richthofen and corroborated by Dutton, has been made out.
Some of these are older and others newer than the period of
greatest crushing and metamorphism; and it would appear
that they have themselves been active agents in producing the
highly crystalline character of the altered sediment toward the
east. Theresults of these investigations are set forth in greater
detail in the accompanying administrative report.

One of the most difficult problems presented by American
geology is that of the succession and distribution of the little
disturbed formations flanking the south and east coasts, and
forming the Coastal Plain of the United States from the Rio
Grande to Long Island. Particularly difficult are those parts
of the problem which relate to the Gulf slope on both sides of
the Mississippi, to the Floridian peninsula and to the Southern
Atlantic slope; for here the principal formations of the Coastal
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Plain are generally buried beneath diverse and puzzling super-
ficial deposits, and the surface is frequently mantled by forest.
Moreover, the land lies low, the rivers are sluggish and the
exposures are few; the Neocene and Eocene formations can be
discriminated from the Pleistocene only with difficulty; deep
water, littoral, and subaerial deposits blend in ever varying
and confusing fashion; and, particularly in Florida, the ordi-
nary mechanical agencies of geologic change are so sluggish
as to be completely eclipsed by the little understood processes
depending upon.the extravasation of thermal waters and the
operation of the organic acids set free by vegetal growth
and decay and other chemic or chemico-mechanical agencies. -
Again, mineral accumulations occur with great frequency in
the Neocene and Eocene formations, generally in sufficient
volume only to excite speculative enterprise, though frequently
in greater volume and value; and the authorities of States in
which there are no geologic surveys, and in some cases the
Federal authorities, have requested detailed examination of
the real and pseudo mineral localities, and the energies of the
geologist have accordingly been diverted from the more sys-
tematic study into channels promising immediate economic
results to States or the Nation. For all of these reasons the
progress of the survey of the Coastal Plain has been slow;
yet results of great scientific and economic value have been
secured by Mr. L. C. Johnson, the geologist to whom this
branch of the work is intrusted. Some of these results have
been published in bulletins of the Survey, and others are
lheld for final coordination with the data accumulated in other
branches.

Other details of the investigations of the division may be
found in the accompanying administrative report.

PROGRESS IN PALEONTOLOGIC WORK.
WORK ON VERTEBRATE FOSSILS.

As shown in the Eighth Annual Report, the technical study
of fossils, which finds its application in the identification, cor-
relation and classification of the formations of the country re-

quired in the construction of geologic maps, must be carried
10 ceoL——3 ‘
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on in the light afforded by a knowledge of the relations of their
contained life. This principle is recognized in the organization
of the work in invertebrate paleontology; and it is of equal im-
portance in vertebrate paleontology and in paleobotany. There
are but few students of these latter subjects, and the studies are
comparatively recent; in general the founders of these branches
of science are yet living and engaged in active work, and know]-
edge has not yet passed beyond that stage in which it carries
the impress of individual genius and individual labor. Each
of the few students of the subjects justly claims the right of
the original investigator to interpret his own observations; in
short, the standards and criteria of vertebrate paleontology
and paleobotany are barely established, and none but students
of the biotic relations of the fossils are competent to speak con-
cerning the technic or utilitarian applications of vertebrate pa-
leontology and paleobotany. Thus the work of the Geological
Survey upon these lines is chiefly work of pure research, and
is carried on mainly by eminent specialists.

During the year Prof. O. C. Marsh has continued his studies
of vertebrate fossils and has made important additions to
knowledge. One of the new discoveries is of special interest,
and indeed materially enlarges previous conceptions concern-
ing the succession of life upon the globe. The opinion, based
upon the known laws of the origin and succession of animal
forms, that mammalian life existed during the Cretaceous period,
has long been held ; yet hitherto no mammalian remains have
ever been found within these rocks. DBut during the past year
a fortunate discovery brought to light more than one hundred
specimens of mammalian remains in Cretaceous strata in
Wyoming, representing many individuals and several new
genera and species. A number of the new genera show affin-
ities with Jurassic and Triassic forms, and it is significant that
the general facies is thus rather older than was anticipated.
It is noteworthy that this horizon of mammals yields also re-
mains of a new family of gigantic horned dinosaurs, which
are by far the strangest of all the extravagant reptilian forms
representing the life of the primeval world thus far known to
science.
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The details of the work of the division may be found in the
administrative report submitted by Prof. Marsh.

In addition to the work on the higher vertebrates—chiefly
mammalia and reptilia—conducted by Prof. Marsh, an investi-
gation of the fossil fishes of the Mesozoic and Paleozoic rocks
of the country has been carried on in the Geological Survey
by Dr. J. 8. Newberry. During the past year Dr. Newberry
revised proofs of text and plates of a monograph on the fossil
fishes and fossil plants ‘of the Trias of New Jersey and the
Connecticut Valley. This monograph has recently been pub-
lished as the fourteenth in its series. He has also completed
a monograph on the Paleozoic fishes of North America, the
matter of which has been sent to press and a part of the proofs
already received and revised. This monograph will appear
within a few months as the sixteenth of the series.

Hitherto the fish fossils found in the rocks of the country
have been studied in the biotic rather than in the technical
aspect. A result of the study has been to vivify the history of
the geologic past and people the seas with varied and wondrous
forms of by-gone ages, and thus to enlarge and refine concep-
tions concerning the development of the earth and advance
pure science. In the preparation of these monographs, how-
ever, it has been the aim to gather the scattered threads of tes-
timony concerning fish life and weave them into a connected
web, to set forth the relations between the: various forms, and
the formations in which they are imbedded, and thus to de-
velop a basis for geologic classification by fish remains either
in conjunction with other fossils or by themselves in case other
fossils are not associated. It has long been recognized by
students of paleontology that the different classes of fossils are
chronometers of geologic time, but that their units of measure
and their sensitiveness are unlike. The most sensitive chro-
nometer is afforded by the highest vertebrate life, and the short-
est periods may be measured by means of it. It appears from
Dr. Newberry’s researches, as was previously inferred on
theoretic grounds, that the lower vertebrates afford a somewhat
less sensitive chronometer, but one better adapted to the
measurement of somewhat longer pertods. A still less sensitive
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but more widely applicable chronometer is afforded by inver-
tebrate animal life, and the prevailing geologic classifications
are based upon it; and the least sensitive of all the time meas-
ures, but for that reason the most serviceable in certain re-
spects, is afforded by plant life. It is the policy of the Geo-
logical Survey to make every investigation as thorough as the
conditions of the investigation (including cost in time and
money) will permit, and to recognize principles and accept clas-
sifications only in so far as they are consistent with the sum of
knowledge derived from its own investigations and from all
other sources. It is in accordance with this policy that con-
stant efforts have been made to correlate the different time
measures and thus to develop a time classification which shall
be consistent with the several chronometers afforded by the
various classes of fossils. The observance of this counserva-
tive principle sometimes results in delaying publication, but
with this benefit: that the various lines of investigation pursued
by different investigators are thereby brought into harmony and
the validity or falsity of preliminary conclusions fully tested
before final conclusions, frequently affecting great economic
interests, are reached and put forth to the world.

For convenience in administration, Dr. Newberry’s work is
carried on in connection with the Division of Paleobotany.
The details of his work will be found in connection with the
administrative report of that division.

WORK IN PALEOBOTANY.

From the accompanying administrative report of Prof. Lester
F. Ward, from the earlier accounts of the progress of the Sur-
vey, and from Prof. Ward’s various official publications, it will
. be seen that in the organization of this division a practical
reconstruction of the science of paleobotany was contemplated,
and that all of the work of the division has been - carried for-
ward with this end in view. The commonly accepted geologic
history of the earth, the division of the geologic column into
groups or systems, and the classification of geologic time into
periods, are all based primarily upon the evidence of inverte-
brates and secondarily upon that of vertebrates, and in only
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slight measure upon the evidence of plant fossils. It is true
that with the growth of geology and the multiplication of stu-
dents the remains of plants imbedded within the rocks received
attention in many parts of the globe, and it is true that an ex-
tensive literature relating to plant fossils has grown up; but
at the time of the organization of this division there was urgent
need for coordinating the results of antecedent and current re-
searches, reducing paleobotany to terms convertible into those
of the older paleontology and systemizing this branch of science
in such manner as to guide further investigation along lines lead-
ing toward the practical ends of utilitarian geology.

This task was undertaken by Prof Ward. It involved a
large amount of bibliographic and catalogue work, the collec-
tion of a large number of plant remains, the examination of all
American collections, and the preparation of an immense series
of Hllustrations of fossil plants for purposes of study as well as
publication. The manner in which this work has been carried
on and the results attained during the year are shown in Prof.
Ward’s report. |

In the classification of plants into species, genera and higher
groups, certain prominent characteristics are employed. In
other respects the plants thereby discriminated may to casual
observation appear similar, but close observation reveals dif-
ferences in so many parts and of so many kinds that it is
believed that any two plants which are properly separated as
distinet are really different in all their parts. It is possible,
therefore, to classify plants through their stems, leaves, fruits,
roots, and through their minute internal structure. Hereto-
fore classific work in the United States has taken account only
of external form, ignoring external structure, and for some
years Prof. Ward has desired to remedy this defect by insti-
tuting within the Survey the microscopic study of the fossil
woods of the country. It was chiefly to this end that Mr.
F. H. Knowlton was engaged as a member of this division,
and, as elsewhere noted, the studies undertaken by him have
‘already yielded valuable results.

The Potomac formation is poor in animal remains but in
some localities wonderfully rich in plant fossils. These remains
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represent a specially interesting phase in the development of
the plant life of the globe. They record the transition from
the primitive or archaic flora to the predominantly dicotyled-
onous flora which has prevailed over most of the lands of the
earth during half its geologic history. Prof. W. M. Fontaine,
of the University of Virginia, who is connected with the divis-
ion of paleobotany, has prepared mounographs on the geology
and on the fossil plants of this formation as developed in
Virginia and Maryland. Both of these monographs are now
in press. During the past year Prof. Fontaine continued his
observations on the same formation southward into North Car-
olina and thence into the region of the Tuscaloosa formation of
Alabama, provisionally -correlated, through its structural rela-
tions, with the Potomac. Prof. Fontaine’s account of the work
is appended to Prof. Ward's administrative report.

Dr. Newberry has continued his work upon paleobotany
during this year. A final revision for publication of his mono-
graph on the fossil plants of the Cretaceous and Tertiary rocks
of the Far West is well advanced; and a monograph on the
flora of the Amboy clays of New Jersey, which is of special
interest by reason of the abundance of new species, is also in
progress. In completing the collections required for the prep-
aration of these monographs Dr. Newberry has visited during
the year at his own expense several localities in Colorado,.
and a number of plant localities and museums in England and
on the Continent, thereby largely increasing his own material
and extending his comparative studies. A study of a collec-
tion of plant fossils from the Devonian and Lower Carbonifer-.
ous rocks of Ohio and Kentucky has been carried forward,
and the illustrations and descriptions are nearly ready for
publication as a bulletin,

WORK IN PALEOZOIC INVERTEBRATE PALEONTOLOGY.

The branch of science dealing with invertebrate fossils has
been long established, and is now so well developed that these
fossils can be used directly, after accurate identif<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>