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. r> "V K li T I S P: IVt HI 1ST T.

[Fourteenth Annual Report.]

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

"Tho publications of tho Geological Survey shall consist of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology ami paleontology. Tho annual report of operations of tlio Geological Survey 
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other­ 
wise in ordinary octavos. Three thousand copies of each shall he published for sciontilic exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall bo the property of the United States and form a part of the library of the organization ; and the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States."

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

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

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

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map. A preliminary report describing plan of organization and publications.

II. Second Annual Report of the United States Geological Survey. 1880-'8l, by *T. W. Powell. 1882. 
8°. Iv, 588 pp. 62 pi. 1 map.

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

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
8°. xxxii, 473 pp. 85 pi. and maps.

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. \V. Powell. 1885. 
8°. xxxvi, 469 pp. 58 pi. aud maps.

VI. Sixth Annual Report of tho United States Geological Survey, 18,S4-'85, by J. W. Powell. 1885. 
8°. xxix, 570 pp. 65 pi. and mans.

VII. Seventh Annual Report of the United States Geological Survey, 1885-'80, by J. W. Powell. J888. 
8°. xx, 656 pp. 71 pi. and maps.

VIII. Eighth Annual Reportof the United States Geological Survey, 188f>-'87, by J. W. Powell. 1889. 
8°. 2pt. xix, 474, xii pp. 53 pi. and maps; 1 p. 1., 475-1063 pp. 54-76 pi. and maps.
I.. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. \V. Powell. 1889. 

£°. xiii, 717 pp. 88 pi. and maps.
.. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890. 

8°. 2pt. xv, 774 pp. 98 pi. and maps; viii, 123 pp.
.I. Eleventh Annual Report of the United States Geological Survey. 1889-'90, by J. W. Powell. 1891. 

&°. 2pt. xv, 757 pp. 66 pi. and maps; ix, 351 pp. 30 pi.
.II. Twelfth Annual Report of tho United States Geological Survey, 1890-'91, byj. W. Powell. 1891. 

8°. 2pt. xiii, 675 pp. 53 pi. and maps; xviii, 570 pp. 146 pi. and maps.
.III. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by J. W. Powell, 

1893. 8°. ,'! pt. vii, 240 pp. 2 pi.
.IV. Fourteenth Annual Report of the United States Geological Survey, 1892-'93, by J. W. Powell, 

L8!>3. 8°. 2 pt.
I



II ADVERTISEMENT.

MONOGRAPHS.

I. Lake Uonnevillo, by Grove Karl Gilbert. 1H90. 4°. xx, 438 pp. 51 pi. 1 map. Price $1.50.
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U. S. A. 

1882. 4°. xiv, 2(14 pp. 42 pi. and atlas of 24 shoots folio. Price $10.00.
III. Geology of tlie Comstock Lode anil the Washoe District, with atlas, by George F. Becker. 1882. 

4°. xv, 422pp. 7 pi. and atlas of 21 sheets folio. Price $11.00. 
IY. Ooinstock Mining ami Miners, by KHot Lord. 1883. 4°. xiv, 451 pp. 3 pi. Price $1.50.
V. The Copper-Hearing Rocks of Lake, Superior, by Roland Duer Irviiig. 1883. 4°. xvi, 464 pp. 

15 1. 29 pi. and maps. Price $1.85.
VI. Contributions to tlio Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pi. Price $1.05.
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Cnrtis. 1884. 4°. xiii, 200 pp. 16 

pi. Price $1.20.
VIII. Paleontology of the Eureka District, by Charles Doolittle AValcott. 1884. 4°. xiii, 298 pp. 

241. 24 pi. Price $1.10.
I.. Kracliiopoda and LamoIliUraiiehiata of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. WhitfloW. 1885. 4°. xx, 338 pp. 35 pi. 1 map. Price $1.15.
.. Dinoccrata. A Monograph of an Kxtinet Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 4°. xviii, 243 pp. 50 I. 5ft pi. Price $2.70.
.I. Geological History of Lake Lahontaii, a Quaternary Lake of North western Nevada, by Israel 

('ook Russell. 1885. 4°. xiv, 288 pp. 46 pi. and maps. Price $1.75.
XJT. Geology and Mining Industry of Leadv illc, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix, 770 pp. 45 pi. and atlas of 35 sheets folio. Price $8.40.
XT1T. Geology of the Quicksilver l)eposits of the Pacific Slope, with atlas, by George F. Becker, 

1888. 4°. six, 480 pp. 7 pi. and atlas of 14 sheets folio. Price $2.00.
XIV. Fossil Fishes and Eossii Plants of the Triassic Rocks of New Jersey and thu Connecticut Val­ 

ley, by John S. Newberry. 1888.' 4°. xiv, 152 pp. 26 pi. Price $1.00.
XV. The Potomac or Younger Meso/.oic Flora, l>y William Morris Fontaino. 1889. 4°. xiv, 377 

pp. 180 pi. Text and plates bound separately. Price $2.50.
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pi. 

Price $1.00.
XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. TI. 

Knowlton. 1891. 4°. 400pp. 66 pi. Price $1.10.
XVIII. Gasteropoda ami Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitueld. 1891. 4°. 402 pp. 50 pi. Price $1.00.
XIX. The Penokee Iron-Bearing Series of Northern Wisconsin ami Michigan, by Roland 1). Irving 

and C. R. Van Hise. 1892. 4°. xix, 534 pp. 37 pi.
XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419pp. 8 pi.

In press:
XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hnbbard Scuddei1.
XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer. 
XXJ1I. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. "Wolff, 

T. Nelson Dale, and Bayard T. Putiiam.

In preparation:
  Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whittield.
  Sauropoda, by 0. C. Marsh.
  Stegosauria, by 0. C. Marsh.
  lirontotheridsD, by 0. C. Marsh.
  Report on the Denver Coal Basin, by S. F. Emmons.
  Report on Silver Cliff and Ten-Mile Milting Districts, Colorado, by S. F. Emmons.
  The Glacial Lake Agassiz, by AVarren Uphaiu.

BULLETINS.

1. On Hyporsthene-Andosite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with a 
Gnologieai Sketch of Buffalo Peaks, Colorado, by S. F. Kimnons. 1883. 8°. 42pp. 2 pi. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of rine metal, etc., com 
pntcil l>y Albert Williams, jr. 1883. 8°. 8 pp. Price 5 cents.

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County, 
New York, to Bradford County, Pennsylvania, by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. Oil Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9 pi. Price 5 cents.
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 18-'4. 8°. 325 pp. 

Price 20 cents.
G. Elevations in tho Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents.



ADVERTISEMENT. Ill

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South), 
1752-1881, in geographic and chronologic order, by Jules Marcou and Jolin lielknap Marcou. 1884. 
8°. 184pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Bocks, by R. D. Irving and C. R. 
Van ITise. 1884. 8°. 50 pp. 6 pi. Price 10 cents.

9. A reportof work done in the Washington Laboratory diiringtbe fiscal year 1883-'84. F. W. Clarke, 
chief chemist. T. M. Chatard, assistant chemist. 1884. 8°. 40pp. Price 5 cents.

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

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms, 
by B. Mis worth Call. Introduced by a sketch of the Quaternary Lakes of the Groat Basin, by G. K. 
Gilbert. 1884. 8°. 66pp. 6 pi. Price 5 cents.

12. A Crystallographic Study of the Tliinolito of Lake Lahoiitan, by Edward S. Dana. .1884. 8°. 
34pp. 3 pi. Price 5 cents.

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

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

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

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

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

18. On Marine Eocene, Fresh-water Mioe.mo, and other Fossil Mollusca of Western North America, 
by diaries A. White. 1885. 8°. 20pp. 3 pi. Price 5 cents.

19. Notes 011 the Stratigraphy of California, by George I'\ Keeker. 1885. 8°. 28pp. Price 5 cents.
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille- 

brand. 1885. 8°. 114pp. 1 pi. Price 10 cents.
21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and 

Moreau Rivers, Dakota, by liailey Willis. 188o. 8°. 16pp. 5 pi. Price 5 cents.
22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pi. 

Price 5 cents.
23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke. 

wcenaw Point, Lake Superior, by E. 1). Irviug and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pi. 
Price l.r> cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American 
Localities between Capo Ilatteras and Capo Roque, including the Bermudas, by William Healy Ball.
1885. 8°. 330 pp. Price 25 cents.

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

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents.
27. Reportof work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1884-'8.i. 1880. 8°. 80 pp. Price 10 cents.
28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, 

Mil., by George Hniitington Williams. 1886. 8°. 78pp. 4 pi. Price 10 cents.
29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1880. 

8°. 41pp. 4 pi. Price 5 cents.
30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Boo- 

little, Walcott. 1880. 8°. 369pp. 33 pi. Price 25 cents.
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach­ 

nids, by Samuel Hnllhard Scndder. 1886. 8°. 128pp. Price 15 cents.
32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert 

C. Pcalo. 1886. 8°. 235 pp. Price 20 cents.
33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 cents.
34. On the relation of the Laraniie Mollnsean Fauna to that of the succeeding Fresh-water Eocene 

and other groups, by Charles A. White. 1886. 8°. 54 pji. 5 pi. Price 10 cents.
35. Physical Properties of the Iron-Carburets, by Carl Barns and Vincent Stronhal. 1886. 8°. 02 

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 tiie Laramie Flora, by Lester I<". Ward. 1887. 8°. 354 pp. 57 pi. Price 25 cents.
38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1 pi. Price 5 cents.
39. The Upper iieaclios and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°. 84 

pp. 1 pi. Price 10 cents.
40. Changes in River Courses iti Washington Territory due to Glaeiation, by Bailey Willis. 1887. 

8°. 10pp. 4 pi. Price 5 cents.



IV ADVERTISEMENT.

41. On the Fossil Faunas of the Upper Devonian the Gcncscc Section, New York, by Henry S. 
Williams. 1887. 8°. 121 pp. 4 pi. Price 15 cents.

42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 
l883-'8G. F. W. Olarke, chief chemist. 1887. 8°. 152 pp. 1 pi. Price 15 cents.

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Toinbigbee, and Alabama j livers, by Eugone 
A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pi. Price 15 cents.

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

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T.Hill. 1887. 8n . 91 
pp. Prico 10 cents.

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

47. Analyses of Waters of the Tcllowstonc National Park, with an Account of tho Methods ol 
Analysis employed, by Frank Austin Gooch and James Edward AVhitfield. 1888. 8°. 84 pp. Price 
10 cents.

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

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

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

51. On Invertebrate Fossils from the Pacilic Coast, by Charles Abiathar White. 1889. 8°. 102 pp. 
H pi. Price 15 cents.

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

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

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

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

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

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

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

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

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

61. Contributions to the Mineralogy of the Pacific Coast, by William Tlarlow Melville and Waldemar 
Lindgren. 1890. 8°. 40 pp. 3 pi. Price 5 cents.

02. The Greenstone Sehist Areas of the Meuominee and Marquette Regions of Michigan; <i contri­ 
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Williams; 
with an introduction by Roland Duer Irving. 1890. 8°. 241 pp. 16 pi. Price 30 cents,

63. A Bibliography of Paleozoic Crustacea from 1098 to 1889, including a list of North American 
species and 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 
ISSS-Vg. F. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents.

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

06. On a Group of Volcanic Rocks from the Tc\vau Mountains, New Mexico, and on the occurrence 
of Primary Quart/, in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price 5 cents.

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

08. Earthquakes in California in 1889, by James Edward Kecler. 1890. 8°. 25 pp. Price 5 cents.
09. A Classed and Annotated Bibliography of Fossil Insects, by Sanmel 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.
71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by Samuel 

Hubbard Scudder. 1891. 8°. 744 pp. Price, 50 cents.
72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891. 8°. 

229 pp. Price 20 cents.



ADVERTISEMENT. V

73. The Viscosity of Solids, by Carl liarus. 1891. 8°. xii, 139 pp. 0 pi. Price 15 cents.
74. The Minerals of North Carolina, by Frederick Augustus Genth. 1891. 8°. 119pp. Price 15 

(ents.
75. Kecord of North American Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 1891. 

h°. 173 pp. Price 15 cents.
7<i. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett, 

chief topographer. 1891. 8°. 393pp. Price 25 cents.
77. The Texan Permian and its Mesozoie Types of .Fossils, by Charles A. White. 1891. 8°. 51 pp. 

4 pi. Price 10 cents.
78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1889-'90. F. W. Clarke, chief chemist. 1891. 8°. 131pp. Price 15 cents.
79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by ,T. S. Diller. 1891. 8°. 

33pp. 17 pi. Price 10 cents.
80. Correlation papers Devonian and Carboniferous, by Henry Shalor Williams. 1891. 8°. 279 pp. 

Price 20 cents.
81. Correlation papers Cambrian, by Charles Doolittle Waleott. 1891. 8°. 447pp. 3 pi. Price 

25 cents.
82. Correlation papers Cretaceous, by Charles A. White. 1391. 8°. 273 pp. 3 pi. Price 20 cents.
83. Correlation papers Kocene, by William Bullock Clnrk. 1891. 8°. 173pp. 2 pi. Price 15 cents.
84. Correlation papers Neocene, by W. II. Call and G. D. Harris. 1892. 8°. 349 pp. 3 pi. Price 

25 cents.
85. Correlation papers The Newark System, by Israel Cook Russell. 1892. 8°. 344pp. 13 pi. 

Price 25 cents.
80. Correlation papers Archeiiu and Algonkian, by C. K. Van Ilisc. 1892. 8°. 549 pp. 12 pi. 

Price 25 cents.
90. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

189U-'91. F. W. Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents.
91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88pp. Price 

10 cents.
92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 90 pp. 29 pi. Price 10 cents.
93. Some insects of special interest from Florissant, Colorado, and other points in the Tertiaries of 

Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8°. 35pp. 3 pi. Price 5 cents.
94. The Mechanism of Solid Viscosity, by Carl Barns. 1892. 8°. 138pp. Price 15 cents.
95. Earthquakes in California in 1890 and 1891, by Edward Singleton Ilohlen. 1892. 8°. 31 pp. 

Price 5 cents.
96. The Volume Thermodynamics of Liquids, by Carl Barns. 1892. 8°. 100pp. Price 10 cents.
97. The Mesozoie Eehinoderniata of the United States, by William Bullock Clark. 1893. 8°. 207 

pp. 50 pi. Price 20 cents.
98. Flora of the Outlying Carboniferous Basins of Southwestern Missouri, by David White. 1893. 8°. 

139 pp. 5 pi. Price 15 cents.
99. Ilecord of North American Geology for 1891, by Nelson Horatio Diirtou. 1892. 8°. 73 pp. 

Price 10 cents.
100. Bibliography and Index of the publications of the U. S. Geological Survey, 1879-1892, by Philip 

Groveling Warman. 1893. 8°. 495 pp. Price 25 cents.
101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Seudder. 1893. 8°. 27 pp. 

2 pi. Price 5 cents.
103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by 

Carl Barns.
104. Glaciation of the Yellowstono Valley north of the Park, by Walter Harvey Weed. i893. 8°. 

41 pp. 4 pi. Price 5 cents.
105. The Laramio and the overlying Livingston Formation in Montana, by Walter Harvey Weed, 

with Report on Flora, by Frank Hall Knowlton. 1893. 8°. 68 pp. 6 pi. Price 10 cents.
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288 pp. 

45 pi. Price 20 cents.
107. The Trap Dikes of Lake Champlain Valley and the Eastern Adirondaeks, by James Furman 

Kemp.
108. A Geological Reconnoissanco in Central Washington, by Israel Cook Uussell. 1893. 8°. 108pp. 

12 pi. Price 15 cents.
109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom­ 

ena, by William Shirley Bayley. 1893. 8°. 121 pp. IB pi. Price 15 cents.
110. The Paleozoic Section in the vicinity of Throe Forks, Montana, by Albert Charles Pealc. 1893. 

8°. 56pp. 6 pi. Price 10 cents. 

In press:
102. A Catalogue and Bibliography of North American Mesozoie Invertebrata, by C. B. Boylo.
111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Mai'ius K. Campbell.
112. Earthquakes in California in 1892, by Charles 1). Perriuc
113. A report of work done in the Division of Chemistry during the fiscal years 1891-'92 and 

1892-'»3. F. W. Clarke, chief chemist.



VI ADVERTISEMENT,

In preparation:
  The Moraines of the Missouri Coteau and tboir attendant deposits, by James Edward Todd.
  On the Structure of the Itidge between the Taeonic and the Green Mountain Hunges in Ver­ 

mont; and On the Structure of Monument Mountain in Great Barring ton, Mass., by T. Nelson Dale.
  A Bibliography of Paleobotany, by David White.

STATISTICAL PAPERS.

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

Mineral 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 Technology. 1886. 
8°. vii, 576 pp. Price 40 cents.

Mineral Kesourcesof the United States, 1886, by David T. Day. 1887. 8°. viii, 813pp. Price 50 cents.
Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832 pp. Price fit) cents.
MineralliesourcesoftheUnitodStates,1888.byDavidT.Day. 1890. 8°. vii,952pp. Price 50 cents.
Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8°. viii, 071 p]>. 

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

In preparation:
Mineral Resources of t.jie United States, 1802 by David T. Day. 1893. 8°,

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

TO THE DlRECTOil OF THE:

UNITED STATES GEOLOGICAL SURVEY,
WASHINGTON, D. C. 

WASHINGTON, D. C., November, 1893.



FOURTEENTH ANNUAL REPORT

DIRECTOR

UNITED STATES GEOLOGICAL SUKVEY.

Part I.-REPORT OF DIRECTOR.



CONTENTS.

REPORT OF THE DIRECTOR.
Page.

Letter of transmittal........................................................ 9
Plan of work for the fiscal year 1892-'93 ..................................... 11

Appropriations...... .................................................... 11
Plans for topography ................................................... 13

Organization ....................................................... 13
Work east of the ninety-seventh meridian. .......................... 14

Northeastern section............................................ 14
Southeastern section............................................ 14

Work west of the one hundred and third meridian................... 15
Central California .............................................. 15
Southern California..................... ....................... 16
Colorado and Montana...... ...... ............................ 16
Idaho........................................................... 16
Texas........................................................... 16
Wyoming....................................................... 16
Washington .................................................... 17
Aspen, Colorado ................................................ 17
Stream gauging and special map work.......................... 17
Office salaries................................................... 1?
Supervision and disbursement .................................. 17

Work west of the ninety-seventh meridian in North Dakota, South
Dakota, Nebraska, Kansas, anil Oklahoma................. ... 17

Stream gauging and special map work .......................... 18
Plans for geology........................... ........................... 19

Organization ....................................................... 19
Division of Geologic Correlation .................................... 21
Atlantic Coast Division ............................................. 22
Archean Division ................................................... 22
New Jersey Division ................................................ 23
Potomac Division................................................... 23
Appalachian Division .-..-....................-.....................' 23
Florida Division.......................................... ......... 24
Division of Glacial Geology......................................... 24
Lake Superior Division......... ................................... 25
Division of Zinc ...................................... ............. 25
Montana Division.......... ........................................ 25
Yellowstone Park Division.......................................... 26
Colorado Division................................................... 26
Cascade Division ................................................... 26
Petrographic Laboratory............................................ 27
California Division ................................................. 27
Work of Mr. Ward.................................................. 27

5



6 CONTENTS.

Plan of work for the fiscal year 1892-'73 Continued.
Plans for geology Continued. Page.

Office expenses...................................................... 28
Reserve............................................................. 28

Summary of allotments ........................................... 28
Plans for paleontology ........ .......................................... 28
Plans for chemistry ..................................................... 30
Miscellaneous plans..................................................... 30

Division of Illustrations............................................ 30
Division of Mining Statistics........................................ 31
Division of Engraving and Printing. ................................ 31
Division of Library and Exchanges................... .............. 32
Editorial Division .................................... ............. 32

Organization and progress of the year's work................................ 33
Topographic work ...................................................... 33

Surveying...................................... ... .............. 33
Engraving ................................... ..................... 36

Geologic work.......................................................... 38
Organization ....................................................... 38
Geologic mapping .................................................. 39
Reconnaissance mapping.................................... ........ 40

Paleoutologic work ..................................................... 44
Work in chemistry...................................................... 45
Hydrographic work................. ................................... 45
Miscellaneous.................................... ... .... ............ 47

Work on illustrations............................................... 47
Work in engraving ............ ...................... ... ........ 48
Work in the library................................................. 48
Editorial work......................................... ............. 49

Synopses of publications ................................................ 50
Disbursements.......................................................... 60

Necrology .................................................................. 61
General work in taxonomy.................................................. 65

Growth of classification................................................. 65
Relations of sedimentary rocks.......................................... 69
Correlation of sedimentary formations .................................. 72
Relations of igneous rocks............................................... 83
Summary of work on igneous rocks...................................... 87
Relations of the ancient crystalline rocks................................ 99
Summary of work on Algonkiau and Arcliean rocks ...................... 101

Organization ....................................................... 101
Methods of work.................................................... 102
Geologic nomenclature.............................................. 103
Structural results................................................... 104
Economic results ...................-.....................---------- 107
Petrology .......................................................... 108
Areal mapping...................................................... 110

Relations of Pleistocene deposits........................................ 110
Nature and results of the surveys of glacial formations .................. 113
Relations of land forms .......................-.-...--.--.-------------- 116
Resume' ................................................................ 121

General summary of paleontologic work.....................-....----------- 123
Organization .................. ...... .........................---..---- 123
Paleozoic Division............................---..----.-..------------- 124
Mesozoic Division ........................,.............-...---.------ - 125



CONTENTS. 7

General summary of paleontologic work Continued. Page.
Ceno2,oic Division........................................................ 127
Division of Vertebrates.................................................. 129
Division of Paleobotany................................................. 131
Division of Fossil Insects................................................ 133
Paleontologic correlation ............................................... 135
Collections ............................................................. 136

Organization and method ........................................ .. 136
Collections not yet placed in the National Museum .................. 136
Collections from Paleozoic rocks .................................... 139
Collections from Mesozoic rocks....--.....---.-....-......-.-....... 140
Collections from Cenozoic rocks..................................... 140
Collections of fossil vertebrates .................................... 141
Collections of fossil plants.... .............. ....................... 141
Collections of fossil insects.......................................... 142
Preparation for Columbian Exposition............................... 142
Publications........................................................ 142

General summary of work in terrestrial physics.............................. 143
Rigidity.................. .............................................. 143
Cohesion and chemic action............................................. 150
Pyrometry.............................................................. 150
Piezometry......................... ................................... 153
Compressibility and thermal expansion ................................. 154
Continuity of solid and liquid states .................................... 156
Igneous fusion as related to pressure .................................... 157
Geysers and hot springs ................................................ 158
Isogeotherms ..-...---...--.-------..-----..-..----.---........--....-.. 159
High pressure chemistry.... ........................................... ItjO
Sedimentation .........................................^................ 162
Heat conduction ........................................................ 164
Electrical activity of ore bodies......................................... 165

ADMINISTRATIVE REPORTS.

Report of Mr. Henry Gannett ............................................... 169
Mr. A. H. Thompson.................................................... 175
Mr. G. K. Gilbert.--.----.---. .......................................... 182
Mr. Arnold Hague ...................................................... 188
Mr. G. F. Becker........................................................ 192
Prof. T. C. Chambei-lin................................................. 193
Prof. N. S. Shaler ...................................................... 194
Prof. C. R. Van Hise .................................................... 197
Mr. Bailey Willis....................................................... 199
Mr. W. J. McGee ....................................................... 210
Mr. S. F. Emmons ...................................................... 245
Mr. J. S. Diller..... .................................................... 246
Mr. Whitman Cross .................................................... 248
Mr. George H. Eldridge................................................. 250
Prof. B. K. Emerson.............. ...................................... 250
Mr. T. Nelson Dale ..................................................... 251
Mr. C. D. Walcott ...................................................... 252
Mr. T. W. Stanton ...................................................... 255
Mr. W. H. Dall....................... ....... .......................... 256
Mr. Lester F. Ward..................................................... 258
Prof. O. C. Marsh..... ........................................... ...... 265
Mr. F. W.Clarke........................ ............................... 267



8 CONTENTS.
Page.

Report of Mr. F. H. Newell ................................................. 269
Mr. DeLaucey W. Gill ................................................. 270
Mr. S. J. Kttbel......................................................... 272
Mr. Chas. C. Darwin.................................................... 274
Mr. W. F. Morsell....................................................... 276
Mr. W. A. Croffut................................................... .... 276
Mr. Jno. D. McChesney............. .................................... 278

Index to Part I....... ...................................................... 319

ILLUSTRATIONS.

PLATE 1. Topographic progress map ....................... ........... In pocket.



LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,

U. S. GEOLOGICAL SURVEY, 
Washington, D. C., July 1, 1893.

SIR: I have the honor to transmit herewith a report of the 
operations of the Greological Survey for the year ending June 
30, 1893.

With great respect, I am your obedient servant,
J. W. POWELL,

Director 
Hon. HOKE SMITH,

Secretary of the Interior.



FOURTEENTH ANNUAL REPORT OF THE UNITED 
STATES GEOLOGICAL SURVEY.

BY J. W. POWELL, DIRECTOR.

PLAN OF WORK FOR THE FISCAL YEAR 1892-'93.

The work of the Geological Survey is performed under the 
direction of the Secretary of the Interior, At or near the be­ 
ginning of each fiscal year a plan of operations for the year is 
prepared by the Director and laid before the Secretary. The 
plan, as approved by the Secretary, becomes in effect the gen­ 
eral order for the year's work.

The plan of operations for the fiscal year 1892-'93 was sub­ 
mitted by the Director to the honorable the Secretary of the 
Interior, August 13, 1892, and approved by him September 
26, 1892. The following is that plan as approved, in accord­ 
ance with which the work covered by this report was per­ 
formed:

APPROPRIATIONS.

By the terms of the act of Congress approved August 5, 
1892, making appropriations for sundry civil expenses of the 
Government for the fiscal year ending June 30, 1893, etc., 
there is appropriated for the work of the U. S. Geological Sur­ 
vey the sum of $376,100.

Separate amounts are by the terms of the act set apart for 
specific branches of work and for the salaries of persons con­ 
nected with these branches. For convenience of reference

11
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the appropriations are here brought together and classified 
as follows:

For pay of skilled laborers............................................... $10, 000
For topographic surveys ........ .................... ...... .... .. $240, 000
For salaries of 4 geographers and topographers.................. 9, 200

Total for topographic w ork....................................... 249, 200

For geologic surveys............................................ 50, 000
For salaries of 4 geologists...................................... 13, 700

Total for geologic work ............................................ 63, 700

For paleontologic researches. ............. ..................... 10, 000
For salaries of 2 paleontologists................................. 4, 000

Total for paleontologic work....................................... 14, 000

For chemical and physical researches............................ 5, 000
For salary of 1 chemist........................... .............. 3, 000

Total for chemical work............................................ 8, 000

For preparation of illustrations, etc ...................................... 5,000

For preparing report on mineral resources................................ 10, 000

For purchase of books, etc................................................ 2, 000

For engraving geological maps........................................... 10, 000

For rent ................................................................. 4,200

Total appropriations in the Sundry Civil Act for salaries of scientific
assistants and for general expenses of the Geological Survey...... $376,100

Furthermore, in the "sundry civil" appropriation act for 
1891 '92 were 14 stated salaries which were discontinued in 
the corresponding act for 1892-'93, approved August 5, 1892. 
The extension of the prior appropriation act for thirty-five days 
into the current fiscal year increased the amount of appropria­ 
tions available for this year the sum of $3,785'62, as exhibited 
in the following table:

For 
35 days.

3 geologists............................... at $4, 000......$12, 000........ $1,141-44
1 geologist ...............................at 3,000...... 3,000........ 285-31
2 geologists........ .......................at 2,400...... 4,800.------- 456-58
2geologists...............................at 2,000...... 4,000-----.-- 380-48
1 paleontologist .......................... at 4,000...... 4, 000........ 380-48
1 chemist.......................... .......at 2,000...... 2,000........ 190'24
2 geographers ............................at 2,500...... 5,000........ 475-54
1 general assistant .................. ......at 3,000...... 3,000........ 285-31
1 topographer ........................ ....at 2,000...... 2, 000........ 190-24

3, 785-62

Thus the total appropriation for the Survey is $379,885'62.
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PLANS FOR TOPOGRAPHY

ORGANIZATION.

The amount appropriated for topographic work for the fiscal 
year 1892-'93 is $240,000.

By the terms of the law it is provided 
First, That $90,000 of this amount shall be applied to work 

east of the ninety-seventh meridian.
Second, That $90,000 shall be expended for topographic 

work west of the one hundred and third meridian.
Third, That $60,000 shall be expended for topographic 

work west of the ninety-seventh meridian in the states of 
North Dakota, South Dakota, Nebraska, Kansas and the terri­ 
tory of Oklahoma.

It is proposed that the work east of the ninety-seventh merid­ 
ian shall be placed under the direction of Mr. Henry Gannett, 
as heretofore; that all work west of the one hundred and third 
meridian shall be placed under the direction of Mr. A. H. 
Thompson, as heretofore; and that of the $60,000 appropriated 
for work in the two Dakotas, Nebraska, Kansas, and Oklahoma, 
one-half shall be expended under the direction of Mr. Gannett 
and one-half under the direction of Mr. Thompson, as here­ 
tofore. Thus there will be allotted for the work under Mr. 
Gannett's direction $120,000, two sets of accounts to be kept, 
one of $90,000 and one of $30,000; and for the work under 
Mr. Thompson's direction $120,000, two sets of accounts to be 
kept, one of $90,000 and one of $30,000.

In addition to these sums, there is appropriated for the sala­ 
ries of a chief geographer, a geographer, and two topographers, 
an aggregate sum of $9,200. Three of the persons to whom 
these stated salaries are to be paid are assigned to Mr. Gau- 
nett's division and one to Mr. Thompson's division. The three 
salaries thus assigned to Mr. Gannett's division amount to 
$7,200, and the one salary assigned to Mr. Thompson's division 
is $2,000, thus making the total allotment for Mr. Gannett, for 
expenses in the field and in office, $127,200, and for Mr. Thomp­ 
son, for expenses in field and in office, $122,000.
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WORK EAST OF THE NINETY-SEVENTH MERIDIAN.

This work, under Mr. Gannett, is organized in two sections, 
the Northeastern, in charge of Mr. H. M. Wilson, and the South­ 
eastern, in charge of Mr. Gilbert Thompson.

NORTHEASTERN SECTION.

For about three months past work has been prosecuted in 
the state of New York under an agreement with the state 
engineer, by the terms of which the state has been paying the 
field expenses of the parties to the amount of $3,000, which 
amount was appropriated by the state of New York, to be used 
in cooperation with the U. S. Geological Survey. There are 
now at work in the state four topographic parties and one 
triangulation party.

It is proposed to continue this work from the funds appro­ 
priated by Congress, the state fund being now practically ex­ 
hausted; and to continue one topographic party under Mr. E. 
C. Barnard in the eastern Adirondacks, one under Mr. Frank 
Sutton in the area north of the Albany and Troy sheets, one 
under Mr. E. D. Clark on the Poughkeepsie sheet, and one 
under Mr. J. H. Jennings in the Catskill mountain region.

It is further proposed that work be continued in southwestern 
Maine by one party in charge of Mr. W. M. Beaman; by one 
party in the White mountains of New Hampshire in charge of 
Mr. W. H. Lovell; by one party in the Green mountains of 
Vermont in charge of Mr. G. E. Hyde; and by one party in 
eastern Pennsylvania in charge of Mr. R. D. Cummin.

It is proposed furthermore that one triangulation party under 
Mr. S. S. Gannett shall execute such control as is necessary for 
the work of the foregoing eight topographic parties of the North­ 
eastern section. For the work of this section it is proposed to 
allot $30,000.

SOUTHEASTERN SECTION.

In the Southeastern section, under the direction of Mr. Gil­ 
bert Thompson, it is proposed that work be continued by one 
party under Mr. L. C. Fletcher in western North Carolina; that 
one party under Mr. Merrill Hackett be assigned to complete 
the sheets about Richmond, Virginia, and that one party under
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Mr. R. L. Longstreet be assigned to extend topographic work 
into the Black Warrior coalfield, Alabama.

Some portion of the Appalachian mountain region, mapped 
in the earlier days of the Survey, have been of late years de­ 
veloping rapidly. The rougher work of the earlier survey 
and the needs arising from the rapid development of this sec­ 
tion render it desirable that revisions, more or less extensive, 
be made of some of the work. I recommend that Messrs. Her- 
sey Munroe, A. E. Murliri and C. J. Van Hook be assigned to 
revision work, and that they engage in revising parts of the 
Pocahontas and Tazewell sheets, the southern part of the 
Wytheville sheet, certain small areas on the Abingdon, Jones- 
ville, and Cumberland Gap sheets, the northern part of the 
Maynardville sheet, the southeastern part of the Cranberry 
sheet, and parts of the Knoxville, Murphy, and Nantahalah 
sheets.

It is also proposed that during the coming winter a party 
under the direction of Mr. H. L. Baldwin be placed in Florida 
to map an extensive area in the phosphate region toward the 
western side of the peninsula.

For the work of this section it is proposed to allot $30,000.

WORK WEST OF THE ONE HUNDRED AND THIRD MERIDIAN.

It is proposed to organize this work, under Mr. Thompson, 
subject to such modifications as the exigencies from time to 
time arising may require, into eight sections, as follows:

1. Central California.
2. Southern California.
3. Colorado, Montana.
4. Idaho.
5. Texas.
6. Wyoming.
7. Washington.
8. Mining district of Aspen, Colorado.

CENTRAL CALIFORNIA.

It is proposed that work in this section be done south of the 
present mapped area and in the region about San Francisco 
bay; that it be placed under the direction of Mr. W. D. John-
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son, assisted by Messrs. R. H. Chapman, R. B. Marshall, and 
H. E. C. Feusier; and that for it there be allotted $17,000.

SOUTHERN CALIFORNIA.

It is recommended that in this section work be done in the 
vicinity of Los Angeles, San Diego, and the San Bernardino 
mountains; that the work be placed under the direction of Mr. 
A. P. Davis, assisted by Mr. J. B. Lippincott; and that for it 
there be allotted $9,000.

COLORADO AND MONTANA.

It is recommended that work in this section consist in revis­ 
ing the Pike's peak and Denver atlas sheets in Colorado, and 
in completing the Fort Ouster, Rosebud, and St. Xavier atlas 
sheets in Montana; that the work be placed under the direc­ 
tion of Mr. E. M. Douglas; and that there be allotted for the 
work in Colorado $3,000 and in Montana $3,500.

IDAHO.

It is recommended that the work in this section consist of a 
survey of the Delamar and Boise basin sheets and the making 
of such special maps of Oregon as may be required; that the 
work be placed under the direction of Mr. W. T. Griswold, and 
that for it there be allotted the sum of $10,500.

TEXAS.

It is recommended that work in this section shall consist in 
surveying such atlas sheets in Texas west of the one hundred 
and third meridian along the lines of the Southern Pacific and 
Texas Pacific railroads as can be most economically worked 
in the present season; that the work be placed under the 
direction of Mr. R. U. Goode, and that for this work there 
be allotted $12,000.

WYOMING.

It is recommended that work in this section shall consist in 
completing the Saratoga atlas sheet, in extending work along 
the North Platte river, and in commencing work on the Laramie 
river in the vicinity of Laramie; that the work shall be 
placed under the direction of Mr. Frank Tweedy, and that for 
it there be allotted the sum of $10,000.



REPORT OF THE DIRECTOR. 17

WASHINGTON.

It is recommended that work be prosecuted in this section 
in the vicinity of the cities of Seattle and Tacoma; that the 
work be placed under the direction of Mr. R. H. McKee, and 
that for it there be allotted the sum of $5,500.

ASPEN, COLORADO.

It is recommended that work in this section shall consist in 
completing work already projected; that it be placed under the 
direction of Mr. Morns Bien, and that for it there be allotted 
the sum of $5,000.

STREAM GAUGING AND SPECIAL MAP WORK.

It is recommended that the stream gauging now being car­ 
ried on west of the one hundred and third meridian be con- 
tined, under the direction of Mr. F. H. Newell, and that for it 
there be allotted the sum of $2,000.

OFFICE SALARIES.

It is recommended that an allotment of $9,000 be made for 
office salaries and expenses of the topography west of the one 
hundred and third meridian, in Washington, D. C.

SUPERVISION AND DISBURSEMENT.

It is recommended iliat an amount of $5,000 be allotted for 
the expenses of general supervision and disbursements, for the 
topography west of the one hundred and third meridian, the 
disbursements to be made under the immediate charge of Mr. 
James. W. Spencer.

WORK WEST OF THE NINETY-SEVENTH MERIDIAN IN NORTH DA­ 

KOTA, .. SOUTH DAKOTA, NEBRASKA, KANSAS, AND OKLAHOMA.

First. Under the direction of Mr. Henry Gannett it is pro­ 
posed to place five topographic parties at work in the two 
Dakotas, Nebraska, Kansas, and Oklahoma, west of the ninety- 
seventh meridian, as follows: One party under Mr. Van H. 
Manning in the James river valley, North Dakota, between 
the ninety-eighth and ninety-ninth meridians, to work north­ 
ward from latitude 46°; one party in South Dakota, under 

14 GEOL  2
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Mr. D. C. Harrison, between the same meridians, to work south­ 
ward from this parallel; one party in Nebraska, under the 
direction of Mr. W. J. Peters, to survey the valley of the 
Platte river west of the ninety-ninth meridian; one party in 
Kansas, under the direction of Mr. R. M. Towson. to complete 
the unsurveyed portion of the state east of the one hundredth 
meridian; and one party in Oklahoma, under the direction 
of Mr. H. B. Blair, to survey as much as practicable in the ter­ 
ritory lying between the thirty-fifth and thirty-sixth parallels 
of latitude and the ninety-seventh and ninety-eighth meridians.

For the control of these Plains areas it is proposed that one 
party, under the direction of Mr. Gr. T. Hawkins, shall engage 
in running accurate traverse lines, and that Mr. 8. 8. Grannett 
shall be detailed to execute the astronomic work needful for 
locating an initial point of the surveys in North and South 
Dakota and in Oklahoma.

It is recommended that $30,000 be allotted to this work for 
expenses in field and office.

Second. Under the direction of Mr. A. H. Thompson it is 
proposed to place four topographic parties at work in South 
Dakota, Nebraska, and Kansas west of the ninety-seventh 
meridian, as follows: Two parties to complete the survey of 
the Deadwood and Hermosa sheets and such further work north 
and east of the present surveyed area as it is possible for these 
parties to complete; one party to commence work near the 
junction of the North and South Platte rivers in Nebraska, 
and to continue westward. The work in North and South 
Dakota and Nebraska, for purposes of organization and super­ 
vision, to be attached to the Colorado-Montana section and 
placed under the immediate charge of Mr. E. M. Douglas. 
The work in Kansas to be extended westward from the present 
surveyed area by atlas sheets up the valley of the Arkansas 
river. This work, for purposes of organization and supervision, 
to be attached to the Texas section and placed under the im­ 
mediate charge of Mr. R. U. Groode.

STREAM GAUGING AND SPECIAL MAP WORK.

It is proposed that the stream gauging now being carried on 
in the states of South Dakota, Nebraska, and Kansas west of
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the ninety-seventh meridian be continued, and that special 
maps be constructed of the more important areas of artesian 
and underflow waters in the states mentioned; that this work 
be placed under the immediate supervision of Mr. F. H. Newell, 
and that there be allotted for it $6,400.

It is recommended that to all of this work there be allotted 
$30,000 for expenses in field and in office.

PLANS FOR GEOLOGY. 

ORGANIZATION.

The appropriation for this work for the fiscal year 1891-'9'2 
was $152,500. The direct appropriation for the fiscal year 
1892-'93 is $63,700. These amounts are made up of the fol­ 
lowing items:

General sum for the conduct of wort. . ................

Specified salaries of geologists ...<,.c.  >.....,,,.. .......  

.

Total...........................................

1891-'92.

$115, 000-00
4, 000-00
4, 000-00
4, 000-00
4, 000-00
4, 000-00
3, 000-00
3, 000-00
2, 700-00
2, 400-00
2, 400-00
2, 000-00
2, 000-00

152, 500-00

l892-'93.

$50, 000-00
4, 000-00
4, 000-00

3, 000-00

2, 700-00

63, 700-00

It thus appears that eight salaries aggregating $23,800 per 
annum are stopped. The extension by joint resolution of the 
appropriation for 1891-'92 into the fiscal year 1892-'93 had 
the effect of continuing these salaries for a period of 35 days, 
during which period they amounted to $2,263'81, which amount 
was, in a certain sense, added to the appropriation for 1892-'93. 
Its addition brings the total amount available for the work of 
this branch to $65,963'81.
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During the first half of July field work was actively prose­ 
cuted by ten of the fourteen divisions of the geologic branch, 
and the expenses usually incident to field work were incurred. 
On the 14th of July, when an amendment to the sundry civil 
appropriation bill by the United States Senate indicated the 
probability of serious reduction, telegraphic orders were issued 
to field parties to avoid all expense which would not be neces­ 
sary if field work should soon be stopped. On the 19th day 
of July, when the Senate amendment was concurred in by the 
House of Representatives, all field work was stopped by tele­ 
graphic order. The amount of money expended in this July 
field work, and the amount of money necessary to close field 
work, transport officers from the field, and care forfield property, 
have all to be met from the general fund, 850,000. They 
amount approximately to $10,000, so that, in addition to the 
salaries specifically provided for by law, only about $40,000 
remain for the conduct of the work of the branch during the 
remainder of the fiscal year.

The work of the geologic branch includes many separate 
researches, besides the geologic mapping of a large number of 
distinct atlas sheets. Each of these units of work, as a rule, 
includes observations in the field, which are recorded in the 
form of notes, and the subsequent working up of these notes 
into reports in the one case and geologic maps in the other. 
If the reduction of expenditure necessitated by the reduction of 
appropriation were effected by the immediate discharge of the 
necessary number of assistants, much of the work already done 
would have no record save that of unclassified notes, and would 
be practically unavailable and lost. It is believed, therefore, 
to be most expedient to retain each geologic assistant long 
enough to put the material contained in notes into systematic 
shape so that it can be used. Where the work is area! geology 
the material can be given final map form. Where it is a re­ 
search of another nature, two courses are open: (1) to prepare 
the results for publication, (2) to classify and codify the notes 
so that their material can be used at a future time. In these 
ways it is proposed to prepare for publication all atlas sheets 
on which the field work is complete, and the greater number
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of researches of which the field work is nearly or quite com­ 
plete, and to put into condition for preservation and resumption 
those researches which are quite incomplete, as well as the un­ 
finished atlas sheet data.

In accordance with this general plan the following allotments 
are recommended for the work of the several divisions. As 
the work already executed in. each division is essentially con­ 
tinuous with that to be performed, the funds expended previous 
to this date are not separated in the allotment from the funds 
to be expended afterward.

It will be observed that in several divisions very small sums 
are assigned to the salaries of the chiefs. In some of these 
cases the chiefs wore officers for whose salaries specific pro­ 
vision was made in the appropriation bill for 1892. Their 
salaries lapsed on the 4th day of August, and they voluntarily 
agreed to continue their work without pay. In other cases the 
chiefs are college officers, giving only part of their time to the 
Survey, and paid in previous years only for the time actually 
devoted to Survey work, and these gentlemen likewise continue 
to give their time and attention to the work during the current 
fiscal year without remuneration. It is proper in this place to 
remark that the corps of scientific assistants consists chiefly of 
students, who labor con amore, devoting their time to research 
and looking upon the salaries which they receive merely as 
means to enable them to carry out the purposes of their lives. 
Actuated by such motives, they all desire still to pursue the 
work on which they are engaged, and unless their personal 
circumstances require that they earn a living in some other 
way, they continue in the work they have begun despite the 
withdrawal of financial support. Moreover, several gentlemen 
who can not afford to work entirely without remuneration, have 
voluntarily expressed their willingness to have their salaries 
reduced in order that the work of the Survey may not suffer 
too greatly from the reduction of its funds.

DIVISION OF GEOLOGIC CORRELATION.

This division was constituted for the preparation of a special 
series of essays, which series is now nearly complete, but it has
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also been made to include, as a matter of administrative con­ 
venience, a number of special researches not readily assigned 
elsewhere. It is recommended that the division continue in 
charge of Mr. Gr. K. Gilbert, geologist, at $4,000, and that 
there remain under his direction Miss A. B. Dawson, clerk, at 
$1,000, and Mr. W. M. Kirtland, clerk, at $1,000.

It is recommended that there be allotted to Mr. I. C. Russell, 
for the completion of reports upon field work already per­ 
formed, the sum of $350.

It is recommended that there be allotted to Prof. W. M. 
Davis, to be expended in the completion of maps of the Triassic 
area in Connecticut, and in the preparation of reports upon the 
investigation of that district, the sum of $800.

Total allotment for the division, $7,150.

ATLANTIC COAST DIVISION.

This division is in charge of Prof. N. S. Shaler, who receives 
compensation at a per diem rate for the time actually given to 
the Survey. This year he will continue the supervision of the 
work without compensation, and the allotment is for the serv­ 
ices of his temporary assistants.

The division has prosecuted several different researches. It 
is recommended that work be continued only upon the surface 
geology of New England, and that there be allotted, for the 
completion in the office of the delineation of the features of 
surface geology from notes previously taken in the field, and 
for the preparation of reports thereon, the sum of $1,500.

AECHEAN DIVISION.

The work of this division is the determination of the struc­ 
ture and distribution of metamorphic and crystalline rocks, 
and its field is in New England. A number of geologic atlas 
sheets are complete as to field work, but require office work 
to put them in final shape for publication: others are incom­ 
plete as regards field work, and require a certain amount of 
office work to put them into shape for permanent record, so that 
the results of previous labors will not be lost. It is recom­ 
mended that this division remain in charge of Prof. Pumpelly,
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without salary; that his chief assistant, Mr. T. Nelson Dale, 
geologist, at $2,000, be retained through the year; that other 
geologic assistants be retained for short periods; and that there 
be allotted, to cover the field work performed in July and 
the salaries indicated above, the sum of $4,000.

NEW JERSEY DIVISION.

The work of this division is similar to that of the Archean, 
and its field of operation lies in New Jersey. It is also under 
the direction of Prof. Pumpelly. To cover field work already 
performed, and to place its records in suitable shape for preserva­ 
tion so that the results of past work may not be lost, it is rec­ 
ommended that there be allotted the sum of $1,000.

POTOMAC DIVISION.

The work of this division pertains to the coastal plain from 
New Jersey to Texas, and is in charge of Mr. W. J. McGee. 
Many atlas sheets of which the field work is complete require 
only office work to place them in suitable condition for per­ 
manent record. A bibliography of geologic literature of North 
America, in preparation by a member of this division, is nearly 
complete, and several memoirs are in preparation by the chief 
of the division. For the accomplishment of these various works 
the following allotments are recommended:

Salary of W. J. McGee..................................................... $3, 000
Services of Prof. G. H. Williams, at $5 per diem ............................ 250
Services of Dr. W. B. Clark, at $5 per diem................................. 250
Services of N. H. Darton, assistant geologist, at $1,600 per annum .......... 800
Field expenses previously incurred and incidental expenses................. 1, 350

Total................................................................ 5, 650

APPALACHIAN DIVISION.

This division is in charge of Mr. Bailey Willis, and is en­ 
gaged in mapping the Appalachian mountain district. A num­ 
ber of atlas sheets are complete as to field work and others 
have been partially surveyed. It is proposed to perform the 
office work necessary to prepare for publication the atlas sheets 
complete as to field work, and to prepare for permanent record
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the uncompleted atlas sheets. It is also proposed that Mr. M. 
R. Campbell prepare a memoir on the structure of that part of 
the Cumberland coal field covered by his map work, so as to 
render his conclusions available to the public. To this end it 
is recommended that Mr. Willis.be continued through the year 
at $2,700, and Mr. Campbell at $1,200, and that Mr. Arthur 
Keith and Mr. C. W. Hayes be continued for shorter periods. 
To cover the salaries of these gentlemen and the field expenses 
already incurred, it is recommended that there be allotted the 
sum of $5,500.

FLORIDA DIVISION.

In this division there was but a small amount of field work 
in July. The investigation of the phosphates is so well ad­ 
vanced that a report of great value can be prepared. To this 
end it is recommended that Mr. George H. Eldridge, geologist 
at $2,400, be retained. To cover the salary of Mr. L. C. John­ 
son up to August 12 and to defray the expenses of July field- 
work, $250 are required. It is recommended that the total al­ 
lotment for the work of the division be $2,650.

DIVISION OF GLACIAL GEOLOGY.

This division is engaged in the study of superficial formations 
of the northern states. It is in charge of Prof. T. C. Chamber- 
lin, who will continue during the year to supervise its work 
without compensation. To enable Mr. "Warren Upham to com­ 
plete an extensive memoir on Lake Agassiz, $200 are required. 
To compensate Prof. G. H. Stone for final revision of a memoir 
on the classification of the drift, $100 are required; to complete 
illustrations for a memoir by Prof. J. E. Todd, on the Drift of 
western Minnesota and the Dakotas, $200 are required; to 
enable Mr. Frank Leverett to put in form for publication the 
results of about three years' work in the mapping of the ter­ 
minal moraines of the Great Ice Sheet, $800 are required; to 
meet the expenses of field work already performed, $50 are 
necessary. It is recommended that there be alloted for the 
above purposes the sum of $1,350.
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LAKE SUPERIOR DIVISION.

The work of this division is similar in character to that of 
the Archeaii Division, and its field lies in northern Minnesota, 
Wisconsin and Michigan. Prof. Van Hise, in charge of the 
division, has accepted a position as teacher so as to economise 
the funds of the Survey. If necessary he will conduct the work 
of the division without compensation from the Survey, but it 
is desirable that payment be made for a portion of his time. 
Mr. George E. Luther, assistant geologist at $1,200, aids Prof. 
Van Hise not only in his scientific work but in clerical work. 
It is recommended that he be retained through the year. It 
is recommended that Prof. W. S. Bayley, and other geologists 
temporarily employed in this corps, be retained only so long 
as may be necessary to prevent absolute loss of the data in 
areal geology they have accumulated. To meet expenses of 
field work already performed and to pay for the services indi­ 
cated above, it is recommended that there be allotted to the 
work of this division the sum of $3,500.

DIVISION OF ZINC.

The field work of the Division of Zinc is finished, and a report 
is in preparation by Dr. W. P. Jenney. For the completion 
of this report there is recommended an allotment of $1,000.

MONTANA DIVISION.

The work of this division, in charge of Dr. A. C. Peale, has 
consisted, first, in the mapping of the Three Forks atlas sheet, 
Montana; second, in the compilation of statistical data with 
reference to thermal and mineral springs. The first part of this 
works is complete, and the other is regarded as second in im­ 
portance to the areal work of the Survey. It is therefore 
recommended that the division be discontinued. The law dis­ 
continues on the 4th of August the office held by Dr. Peale, and 
to meet his salary to that date the allotment needed is $190'24«
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YELLOWSTONE PARK DIVISION.

This division, in charge of Mr. Arnold Hague, has completed 
the geological survey of the Yellowstoue National park and 
has a report thereon in preparation. It has also completed the 
field and areal geology of the Livingstoiie sheet, Montana, 
and of a portion of the adjacent Crazy mountain sheet. It is 
recommended that Mr. Arnold Hague be continued at _$4,000; 
Mr. J. P. Iddings, geologist, at $2,000; Mr. E. H. Shuster, 
assistant geologist, at Si,200; and that Mr. W. H. Weed, 
assistant geologist, be retained for a limited period. To defray 
the expenses of field work already performed, and to pay the 
above-mentioned salaries, so as to finish the report on Yellow- 
stone park, and to complete office work on atlas sheets, there 
is recommended an allotment of $8,500.

COLORADO DIVISION.

This division, in charge of Mr. S. F. Emmons, is engaged 
in mining geology. Fieldwork has been completed on several 
mining districts in Colorado and commenced on others. It is 
believed to be most important to complete reports already in 
hand on the districts whose survey has been completed in the 
field. It is recommended that Mr. Whitman Cross, geologist, 
at $2,000, be retained for a part of the fiscal year, and Mr. F. 
B. Weeks, clerk, at $900, for the entire year. The office held 
by Mr. Emmons was discontinued by law on the 4th of August, 
but he will continue his work for the Survey through the year 
without compensation. To pay for the services of Mr. Emmons 
up to August 4, and to pay Mr. Cross and Mr. Weeks, as indi­ 
cated above, there is recommended an allotment of $2,800.

CASCADE DIVISION.

This division, under Mr. J. S. Diller, is engaged in geologic 
mapping in northern California and southern Oregon. It is 
recommended that Mr. Diller, geologist, at $2,400, be con­ 
tinued throughout the year, and that there be allotted, to defray 
the expenses of field work already performed, the sum of $700, 
making a total allotment for the work of the division of $3,100.
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PETROGRAPHIC LABORATORY.

The work of this laboratory, likewise in charge of Mr. 
Diller, consists chiefly in the preparation of thin sections to 
facilitate the microscopic study of rocks collected by various 
divisions. It has also been intrusted with the preparation of 
the "educational series of rocks" for distribution to colleges. 
To carry on this work four skilled laborers are employed a,t 
an aggregate annual cost of $3,340, and there are expenses 
for machinery and material. In connection with the large 
amount of office work to be performed by all divisions of the 
Survey, there will be great need for the assistance of this 
laboratory. It is therefore recommended that the work on the 
educational series be suspended. It is further recommended 
that the expenses of the laboratory be diminished by such re­ 
duction of force as may be necessary, and that there be allotted 
to its work for the year the sum of $2,000.

CALIFORNIA DIVISION.

This division is engaged on the structural and areal geology 
of the gold belt of California. The office held by its chief, 
Dr. Gr. F. Becker, was discontinued by law on August 4, but 
he will continue the work long enough to put its results in 
permanent form. It is recommended that Mr. H. W. Turner, 
assistant geologist, at $1,800, be continued through the year; 
that Mr. A. H. Quarles, clerk, be continued at $900; and that 
Mr. Waldemar Liiidgreu be retained for a limited period. It 
is recommended that there be allotted to defray the expenses 
of field work already performed and to pay salaries as above 
indicated the sum of $4,400.

WORK OF MR. WARD.

Mr. Lester F. Ward, holding one of the positions indicated 
by law, has been for several years detailed to the paleonto- 
logic branch. The office held by him was discontinued August 
4, and request has been made for his reappointment in the 
paleontologic branch. It is recommended that there be allotted 
for his pay, at $3,000 per annum, from July 1 to August 4, 
the sum of $284-31.
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OFFICE EXPENSES.

Mr. C. D. Davis, assistant geologist, at $1,800, has for sev­ 
eral years been detailed as disbursing officer for the branch. 
It is recommended that this detail be continued, and that there 
be allotted therefor the sum of $1,800. It is further recom­ 
mended that Mr. J. E. Snow be continued as messenger at 
$600; total, $2,400.

RESERVE.

In the short period which has elapsed since the determina­ 
tion of Congress was fully indicated, it has not been practicable 
to ascertain, in detail, the status of each unit of work. It is, 
moreover, difficult to estimate the precise amount of labor 
necessary to complete a given amount of work. Therefore the 
allotments indicated by the above recommendations have been 
placed at a minimum so as to leave a considerable sum of 
money unassigned. It is recommended that the remainder of 
the appropriation be used at the discretion of the director to 
aid those branches of the more essential work which from time 
to time appear to need it. The money thus unassigned and 
held in reserve amounts to $8,989.26.

Siiinmarry of allotments for geologic divisions.

Division. Allotment.

$7, ISO'00
1, 500-00
4, 000-00
1, 000-00
5, 650-00
5, 500-00
2, 650-00
1, 350-00
3 KAA.AA

1, 000-00
190-24

Division.

Total................

Allotment.

$8, 500-00
2, 800-00
3, 100-00
2 fiA.A.A/~l

4, 400-00
284-31

2, 400-00
8 QOQ.OC

65, 963-81

PLANS FOR PALEONTOLOGY.

The reduction of the total appropriation for paleontological 
research, salaries included, from $46,000 to $14,000 will re­ 
quire that the number of persons employed shall be less than
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one-third of that for the fiscal year 1891-'92. It is proposed 
to combine the seven divisions of the past fiscal year into one 
division and place it in charge of Mr. C. D. Walcott, chief 
paleontologist. The reduction in the working force makes it 
necessary that those remaining to take charge of the material 
that has accumulated, keep up routine work, identify material 
as it is sent in by the geologists of the Survey, and carry on 
such original investigations as they have opportunity for.

In the Tertiary formations the determination of paleonto- 
logic material for the Geological Survey of Arkansas, which was 
obtained by cooperation with the U. S. Geological Survey, will 
require about a month's time before the data can be sent to the 
state geologist to complete his report. The other special work is 
a description of the fossils by which the Florida phosphate beds 
are recognized, and which has been going on for some time. 
This work it is proposed to continue in charge of Mr. William 
H. Ball.

It is proposed that Mr. T. W. Staiitou shall give special at­ 
tention to the correlation of the formations of the upper Cre­ 
taceous, when not otherwise employed.

It is proposed that Mr. David White shall continue the study 
of fossil plants of the Carboniferous rocks of Missouri and Ar­ 
kansas, and of the lower Paleozoic.

It is proposed that Mr. Lester F. Ward shall continue the 
preparation of a correlation paper on the Cretaceous flora, and 
also study the flora of the Potomac formation.

It is proposed that Mr. C. I). Walcott shall, in addition to 
his duties as chief paleontologist, study the collections already 
sent in for determination by the geologists of the Survey, and 
also continue his investigation of the Cambrian rocks and 
faunas of the North American continent.

Prof. O. C. Marsh, whose connection with the Survey was 
severed by the sundry civil act, has announced his intention 
of going on during the present fiscal year, at his personal ex­ 
pense, with the preparation of a report on collections already 
made.
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The persons whom it is proposed to employ in this branch 
of the work are:
Chas. D. Walcott, chief paleontologist..................................... $3, 000
William H. Ball, paleontologist................... ......................... 2,000
Lester F. Ward, paleontologist............................................. 2, 000
David White, assistant paleontologist...................................... 1, 400
T. W. Stanton, assistant paleontologist...... ............................... 1,200
J. W. Gentry, assistant paleontologist...................................... 1, 200

PLANS FOR CHEMISTRY.

The appropriations for chemical and physical researches for 
the fiscal years 1891-'92 and 1892-'93 are as follows:

Total ...........................................

1891-'92.

$3, 000
2,000

17, 000

22, 000

1892-'93.

$3, 000

5,000

8,000

To meet the reduction required by the sundry civil act for 
the coming year, above exhibited, and at the same time to 
maintain as high a degree of efficiency as practicable, it is pro­ 
posed, first, to discontinue the physical researches, and, second, 
to provide for only such chemical analyses as are indispensable 
to the general progress of the work of the Survey. It is pro­ 
posed to retain the services of Mr. F. W. Clarke, chemist, at 
$3,000, and Mr. W. F. Hillebrand, chemist, at $2,200. The 
work hitherto carried on by Mr. Chatard on phosphates will 
be discontinued, as will also all other lines of research. The 
work will be confined to absolutely necessary routine analyses.

MISCELLANEOUS PLANS. 

DIVISION OF ILLUSTRATIONS.

The appropriation for the work of this division for the fiscal 
year 1891-92 was $16,000. The appropriation for the year 
1892-'93 is $5,000. This division has charge of field and 
office photography, the making of drawings, and the editing of 
all graphic matter published by the Survey. It is proposed
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that it shall continue, as heretofore, under the direction of Mr. 
De Lancey W. Gill. To meet the reduction of appropriation 
entailed by the sundry civil act for 1892-'93, it is proposed 
to ask for the transfer of some of the skilled draftsmen to other 
bureaus where their services can be used, and to retain for 
a portion of the year the others with rates of compensation as 
follows:

De Lancey W. Gill..-. ..................................................... $2, 200
John L. Ridgway.... ...................................................... 1,400
H. A. C. Hunter ........................................................... 1,000
Daniel P. O'Hare .......................................................... 1, 000
C. C. Jones ................................................................ 900
John Erbach............................................................... 720

Total..................................... .......................... 7, 220

This plan is provisional, as the amount of appropriation, on 
this basis, will not carry on the work for more than six 
months.

DIVISION OP MINING STATISTICS.

The sum appropriated for this work is $10,000, the same as 
last year. It is proposed to continue the collection and publi­ 
cation of statistics exhibiting the mineral resources of the United 
States and the preparation of an annual volume as heretofore, 
the work to remain under the direction of Mr. David T. Day, 
who will be assisted by Messrs. W. A. Raborg, E. W. Parker, 
and J. Middleton.

DIVISION OF ENGRAVING AND PRINTING.

The amount appropriated for this work for the fiscal year 
1892-93 is $10,000. The amount appropriated for the pre­ 
ceding year was $60,000. Of the money appropriated last 
year a part was expended in engraving maps by contract and 
a part for the maintenance of an engraving division in the 
Survey.

It is proposed that the whole amount shall be expended this 
year in the maintenance of the division now existing, after 
reducing it to the lowest basis of expenditure consistent with 
efficiency. In the conduct of this work it is necessary to have 
a certain balance between the number of engravers, the number
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of printers, the number of proof readers, laborers, etc. Before 
the passage of the sundry civil act about $2,000 had been 
expended under the extensions granted by Congress. Under 
the rulings of the Treasury Department this amount must be 
deducted from the appropriation of $10,000, leaving a balance 
of about $8,000 available for carrying on the work of the 
division for a little less than eleven months. It is proposed to 
dispense with the services of such employees as can be spared, 
to reduce the compensation of the remainder, and to continue 
the work of the division under the direction of Mr. S. J. Kiibel. 
This plan contemplates the following organization:

S. J. Kiibel, chief engraver............. ................................... $2, 200
E. H. Daniel............................................................... 600
W. D. Evans............................................................... 900
A. B. Frisbie.............................................. ................. 840
H. T. Knight.... ........................................................... 1,400
A. Kress ................................................................... 800
R. H. Payno ............................................................... 1,200
E. A. Ruebsam.... ................. ...................................... 1,000
William C. Sender .... ..................................................... 500

DIVISION OF LIBRARY AND EXCHANGES.

The amount appropriated for the purchase of necessary 
books for the library and the payment for the transmission of 
published documents through the Smithsonian exchange for 
the year 1891-'92 was $2,500. For 1892-'93 the amount is 
$2,000. The amount necessary to pay for the exchanges 
through the Smithsonian Institution is estimated at about 
$1,800, leaving $200 for purchasing books not obtainable by 
exchange. It is proposed to continue Mr. C. C. Darwin in
charge of this division.

EDITORIAL DIVISION.

It is proposed to continue this division as heretofore under 
the direction of Mr. W. A. Croffut at a salary reduced from 
$3,000 to $2,600, and that he shall be assisted by a small 
number of clerks detailed as need therefor arises.
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ORGANIZATION AND PROGRESS OF THE YEAR'S WORK.

The following statement shows how this plan of operations, 
approved by the Secretary of the Interior, was practically 
realized:

TOPOGRAPHIC WORK.

SURVEYING.

In conformity with the foregoing plan, topographic surveys 
were in 1892-'93 carried 011 in twenty-one states and territories, 
the area surveyed being 26,000 square miles. The total area 
surveyed to date is 573,000 square miles, distributed over forty- 
three states and territories, as shown graphically on the accom­ 
panying Plate i (in pocket at end of Part i).

The following table exhibits in detail by states the present 
condition of the work and the amount surveyed during the 
year:

Table showing by states and territories the present condition of topographic
surveys and the area surveyed in 1892-'93.

State or territory.

California ...... ..........

District of Columbia (corn-

Florida .....................
1,1 CTTT>T Q

Total area.

8q. miles. 
52, 250

113, 020
53, 850

158, 360

103, 925

4,990
o 050

70
58, 680

Area 
surveyed 
to date.

8q. miles. 

15, 870

41, 000
15, 000

32, 960

34, 815

4,990
15

70
1,900

A rea 
surveyed 

in

fiq. miles.
........

660

705

1,200

Scale.

1 =125000
1 :250000
1 =125000

( 1: 31250
I 1: 62500 

1 1 =125000
I 1 =250000
i 1: 62500
i 1 =125000 

1: 62500
1: 62500

1 : 62500
1: 62500

Contour inter­ 
val.

feet. 

50 and 100

200 and 250

50

25,50,100,200

| 25,50,100

20
.10

20

10
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Table showing by states and territories the present condition of topographic 
surveys and the area surveyed in 1892-93 Continued.

State or territory.

Ohio .......................

Tennessee ..................

Total area.

Sg. tnilKK. 

59, 475

84, 800
56, 650
36,350

31, 400

56, 025

82, 080

40, 400
48, 720
33, 040

12, 210

8,315
58, 915

69, 415

146, 080

77, 510

110. 700

9,305
7,815

122, 580

4q 170

52, 250

70 7Q^

41, 060
39, 030
96, 030
45, 215
1,250

30, 570

77, 650

42. 050

Area 
surveyed 
to date.

Fq. miles.

14, 275
9,540
3,875

20

250

4,450

66,450

12, 800
7,000
3,682

6,930

8,315
231

26, 000

14, 400

2,450

19 980

1,880
7,815

27, 860

3,886

10, 700

900
50

1,750
11,000
5,887
1,250
4,350

3,310

17. 095

Area 
surveyed 

in 
1892-93.

Sq. miles.

2,200

5,250

225

600

2,450

430

1,010

1,891

600

900

1,750

450

1,810

Scale,

1:125000
1 :125000
1: 62500
1: 62500

< 1: 62500
( 1:125000 

1: 62500
( 1: 62500
i 1:125000 

1:125000
1: 62500
1: 62500

i 1: 62500
< 1:125000 

1: 62500
1: 62500

i 1: 62500
* 1:125000 
< 1:125000
< 1 :250000 

1: 62500
i 1 :125000
< 1 :250000 

1: 62500
1: 62500

< 1 :125000
( 1 :250000 

1: 62500
i 1: 62500
\ 1 :125000 

1: 62500
1:125000
1: 62500
1 :250000
1: 62500
1: 62500
1 =125000

< 1: 62500
i 1:125000 

1:125000

Contour inter­ 
val.

feet. 
50 and 100
25, 50, 100
5 and 10

10

| 20 and 50

20

| 20 and 50

100
5
20

| 20, 50, 100

20
20

i 20 and 50

| 50,100,200

20

>25,50,100,200
^ *ou 

20
10 and 20

( 50, 100, 200
1

20

[ 20,50,100

20
100
20

200
20
20

50 and 100

1 20, 25, 50, 100

LOO
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Table showing by states and territories the present condition of topographic 
surveys and ihe area surveyed in 1892-^93 Continued.

State or territory.

Texas ......................
Utah........ ...... ........

Wyoming (including Yel- )

Total area.

Sq. miles. 

265, 780

84, 970
9,565

42,450

24, 780
56, 040

97, 890

Area 
surveyed 
to date.

Sq. miles. 

52, 080

6,000
1,350

32, 120

22, 500
5,865

5,700

Area 
surveyed 

in 
1892-93.

Sq. miles. 

1,030

340

710

675

700

Scale.

1 :125000
1 .-250000
1: 62500

i 1: 62500
( 1 :125000 

. 1 :125000
1: 62500

< 1: 62500 
\ 1 .-125000

Contour inter­ 
val.

Feet. 

20 and 50

250
20

£ 20,50,100

100
20

| 25, 50, 100

Of the 50 states and territories, including the District of 
Columbia and excluding Alaska, topographic surveys of greater 
or less extent have been executed in 47.

The surveys, of the year yielded 91 atlas sheets of the gen­ 
eral map of the United States, bringing the grand total up to 
785.

The following table shows in detail the number of atlas sheets 
surveyed in the past four years, together with their scales and 
the whole number of each produced to date.

Scale of publica­ 
tion.

1 : 31250 ......

1 : 62500 ......

1:125000 ......
1:250000 ......

Total ......

1889.

138 
207 

61

406

TTp1 

1890.

48 

34

82

o June 

1891.

73

52

125

30  

1892.

36 
45

81

1893.

2 
79 
10

--

91

Total,

2 
374 
348 
61

7a<5

The scale of 1:250000, or about four miles to an inch, has 
been abandoned for a number of years as being not suitable 
for any of the areas under survey. At the same time an in­ 
creasing amount of work has been done on the mile scale 
(1:62500) and a diminishing amount on the two-mile scale 
(1:125000). Thus while the number of sheets produced per
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year has been maintained the area surveyed has diminished. 
In other words, a smaller area has been mapped in greater 
detail.

The work has been executed as heretofore in two divisions, 
the eastern in charge of Mr. Henry Grannett and the western 
in charge of Mr. A. H. Thompson. Details of their work will 
be found in the accompanying administrative reports.

ENGRAVING.

The engraving of the topographic atlas sheets, which is 
on copper, is done in part by contract and in part by the en­ 
graving division of the Survey. The drawing, lettering and 
correction of the maps surveyed during a field season is per­ 
formed in the following winter and spring. Upon their 
completion the topographers resume field work and the maps 
just finished are sent to the engravers. At the end of a year 
the engraving of these has been finished and others are ready 
for the engraver. Thus the engraving closely follows the 
survey and makes results promptly available.

During the past year 77 topographic atlas sheets have been 
engraved, raising the present number of engraved atlas sheets, 
ready for printing from stone transfers, to 692. These sheets 
are distributed among 44 states and territories. Of these, 7 
are special sheets. Sixteen sheets, scale 1:62500, in the state 
of Arkansas are not included in the above statement.

The present condition of the engraving-, including the work 
of the past year, is shown in tabular form below.

Table showing the distribution by states of atlas sheets engraved to
June 30, 1893.

State or territory.

9

13

22

22

Wholl.v 
in 

state.

9

13

22

22

Partly 
in 

state.

6

3

3

3

Scale.

1 :125000

1 :250000

< 1: 62500 

1 1:125000

( 1: 62500

1 1:125000

[ 1:250000

i 
Contour inter­ 

val.

Feet. 
50 aud 100

200 and 250

I 20 and 50

1

125,50,100,200

J

Approxi­ 
mate area.

Kq. mile.
13,000
56,000

12, 400

35,000
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Table showing the distribution by states of atlas sheets engraved to June
30, 1893 Continued.

State or territory.
Wholly

in 
state.

Partly
in 

state.
Scale. Contour inter­ 

val.

	1: 62500 
Colorado............. ..--.. 29 8j<j 1:125000

i | [ 1 =250000
Connecticut................ 17 16 ' 1: 62500
Delaware .................. 0 2 1: 62500
District of Columbia ........ 0 2 i 1: 62500
Florida .................... 2 0 1:62500
Georgia .................... 5 13 1:125000
Idaho...................... 6 1 1:125000
Illinois..................... 11 9! 1:62500
Indiana ............ ........ 0 1 1: 62500

I ' < 1: 62500
Indian Territory ........... 0 4 I

I \ 1:125000
Iowa....................... 17 j 5 : 1: 62500
Kansas....... .............. 47 j 11 1:125000
Kentucky .................. 7 7 1:125000
Louisiana...... ............ 25 2 1:62500
Maine...... ................ 14 4 1:62500

Maryland .................. 13 12 \
y \ 1:125000

Massachusetts.............. 29 27 1: 62500
Mississippi. ................ 0 2 1:62500

	( 1: 62500 
Missouri ................... j 24 8 <

| ( 1:125000
	( 1:125000 

Montana ................... 12 0 ',
	( 1:250000

	 i 1:125000 
Nevada.................... 8 , 5 \ 1 . 250000

New Hampshire............ 1 ; 12 1: 62500
New Jersey ................ 26 I 20 1: 62500

New Mexico................ 15 j 3 j ' :12500°
	I ( 1:250000

New York...... ............ 4 17 1:62500
North Carolina....... ...... i 3 18 1:125000
Ohio ....................... 0 1 1:125000
Oregon..................... 2 1 1:250000
Pennsylvania .............. 16 9 1: 62500
Rhode Island............... 5 10 1:62500
South Carolina............. 2 7 1:125000
South Dakota .............. 1 | 0 1:125000
Tennessee............ ...... 10 ! 21 1:125000

Feet. 

. 25,50,100

20
10
20
10

50 and 100 
25, 50,100 
10 and 20

10

20 and 50

20
20 and 50

100
5

20

20, 50,100

20
5

20 and 50

50,100, 200

25,50,100,200,
250

20 
10 and 20

50,100. 200

20 
50 and 100

100
200
20
20

50 and 100 
50 and 100

100

Approxi­ 
mate area.

Sq. mile. 

28, 900

4,990
15
70

520
13, 000
6,000
3, 250

20

250

4,450
49, 500
10, 000
7,000
3,400

5,400

8,315
50

24, 900

32, 300

26,900

1,000
7,815

26,100

2,000
9,700

50
7,000
4,300
1,250
3,900

850
14, 800
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Table showing the distribution by states of atlas sheets engraved to June
30,1893 Continued.

'State or territory.

Texas ......................
Utah. ......................

Wyoming (including Yel- ) 
lowstone National Park) )

Wholly 
in 

state.

39

13
3

14

9
16

5

Partly 
in

state.

0
4
6

33

17
0

0

Scale.

1:125000
1 :250000
1: 62500

i 1: 62500
( 1:125000 

1 :125000
1: 62500

1:125000

Contour inter­ 
val.

Feet. 
20 and 50

250
20

| 20,50,100

100
20

25, 50, 100

Approxi­ 
mate area.

Sq. miles.
39,600
62,000

900

28,000

16,000
3 OAA

4,300

GEOLOGIC WORK.

ORGANIZATION.

At the opening of the fiscal year the organization of the 
geologic branch was the same as that of the previous year. 
Thirteen parties were engaged in geologic work in various parts 
of the country, each working in accordance with the general 
plan for making a geologic map of the United States. In the 
latter part of July the appropriation for geology was reduced 
about 60 per cent as compared with that for 1891-'92; this 
necessitated the stopping of all field work, the calling in of all 
field parties and a reorganization to meet the new conditions. 
A skeleton of the old organization was retained by having one 
or two members of each division continue its work, and, in 
some instances, the former division chiefs volunteered to con­ 
tinue their work without salary. It was found necessary to 
restrict operations to the office and laboratory, and chiefs of 
divisions were instructed to place on record, in manuscript and 
on maps, all of their field observations. In a few instances a 
small allotment was made to collaborators in various sections 
of the country to enable them to record the results of their 
work for future reference and for publication when sufficiently 
complete. Under this plan field notes have been written up 
and a large amount of geologic information recorded upon
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maps. This was practically completed at the close of the fiscal 
year, and the members of the former divisions still attached 
to the Survey were ready to take the field.

GEOLOGIC MAPPING.

The first completed folios of the geologic atlas were brought 
out during the year in a preliminary edition. The practical 
difficulties in the way of publication, that existed for several 
years, have been overcome and the work is now well under 
way. The reduction of appropriation for engraving to one- 
third of that for the previous year prevented the rapid advance­ 
ment in publication that had been anticipated. Six atlas folios 
were engraved, the sheets being selected with a view to thor­ 
oughly test the scheme of colors and patterns which has been 
elaborated by the Survey during the past six years. The result 
fully confirms the value and practicability of the scheme and 
sustains the correctness of the position taken in former reports 
that extensive experimentation should be made before adopting 
any scheme of mapping that had not been successfully em­ 
ployed under conditions of complexity and diversity equal to 
those within the area of the United States.

The atlas folios with which the final test was made are the 
Hawley sheet (Massachusetts), the Ringgold sheet (Tennessee- 
Georgia), the Chattanooga and Kingston sheets (Tennessee), 
and the Lassen peak and Sacramento sheets (California). In 
these areas exists nearly every variety of topography and 
geology known within our boundaries. The folio atlas, as 
finally decided upon, consists of: (1) the topographic base 
sheet; (2) the geologic sheet; (3) the structure sheet; (4) the 
economic sheet; (5) the section sheet; (6) the necessary text, 
and (7) the cover upon which is printed the title and an index 
map by which to locate the position of the atlas sheet. The 
object of publishing several sheets of the same area in each 
folio is to enable the civil engineer and the mining engineer, 
the geologist, the prospector, the investor, the teacher, and the 
unprofessional citizen to ascertain the character of the geology, 
topography, and natural resources within the area inclosed by 
the boundaries of the map.
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The topographic sheet shows the geographic position of the 
state and county boundaries, the location of the streams and 
rivers, the height of the hills and mountains, the depth and 
width of the valleys, the location of the roads and railroads, 
villages, towns, and cities, and, in the more recent maps, the 
private houses. The geologic sheet exhibits the geographic 
distribution of the various rock formations limestone, coal- 
bearing rocks, sandstones, etc. This is for the information of 
the geologist and teacher and others who may wish to study 
the geology. The structure, economic, and section sheets are 
for the information and guidance of the civil and mining engi­ 
neer, the prospector, and the investor. If intelligently used 
by the owner of land they will serve to guide him as to the 
position of the rocks carrying coal, iron, oil, and any valuable 
mineral. All of these sheets are of use to the geologist and 
student. The accompanying descriptive text is concisely writ­ 
ten and briefly describes the geography, geology, and mineral 
resources of the region. In the Thirteenth Annual Report 
there is a table (pp. 33, 34) giving the areas surveyed to date.

The details of the work accomplished by the various geolo­ 
gists during the year are contained in their respective admin­ 
istrative reports.

RECONNAISSANCE MAPPING.

A small-scale geologic map of the United States showing the 
distribution of the rock systems so far as then known was pub­ 
lished in the Fifth Annual Report. This map has recently been 
revised as set forth in an accompanying administrative report, 
and has been brought up to date. It indicates the results of 
the detailed surveys and reconnaissances of the Bureau, as well 
as the information collected by other institutions and individ­ 
uals. The classification of the formations represents the scheme 
on which the cartographic methods of the Survey are based.

A copy of this map, which was compiled by Mr. W. J. McGree, 
with the aid of the many of the geologists of the Survey, is 
appended to this report. The classification is as follows:

The Pleistocene is represented by two conventions in the 
form of overprints in circular patterns, one representing ice-
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work, the other water-work. In some cases and certain re­ 
spects the distinction between ice-laid deposits and water-laid 
deposits is arbitrary, and in many cases the definition of th'e 
water-laid deposits is more or less vague. In general, the area 
of ice-work is assumed to be conterminous with the aggregate 
tract overspread by the several ice invasions of the Pleistocene, 
approximately as depicted in Chamberlin's map forming Plate 
vn of the Seventh Annual Report of the Geological Survey. 
Accordingly the convention represents (1) areas covered by 
the deposits of the continental glaciers of northern United 
States during each of the two, three, or more distinct inva­ 
sions; (2) the deposits of the local glaciers of western United 
States during the one, two, or more periods of accumulation; 
(3) a large part of the aqueoglacial deposits of the country, 
particularly those formed about the margins of the ice sheets 
and those accumulated on the surface during the glacial reces­ 
sion; (4) areas once occupied by glacial and aqueoglacial 
deposits, but from which these deposits have been removed by 
subsequent erosion; and (5) areas of exclusive glacial degra­ 
dation, i. e., areas in which the ice removed all uriconsolidated 
rock matter and ground the subjacent rocks, thereby produc­ 
ing glaciated surfaces and topographic forms without glacial 
deposits.

The products of water work are usually deposits, including 
(1) extensive water-laid beds of materials carried from the con­ 
tinental glaciers, particularly those of the first great invasion, 
together with (2) contemporaneous aqueous deposits generally 
due to continental depression accompanying this invasion but 
laid down beyond the limits of direct glacial influence (com­ 
prising, notably, the Columbia formation in its various phases 
and later associated deposits not yet finally discriminated); 
(3) the lacustral deposits of the Bonneville, Lahontan, and re­ 
lated depressions in the Great Basin; (4) the probably contem­ 
poraneous beds represented by deposits of the Sacramento and 
San Joaquin valleys in California; (5) the torrential deposits 
lining certain valleys in the Great Basin and elsewhere in 
western United States; and (6) in certain cases canyons cut and 
alluvial plains formed since the retreat of the ice and the read-
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justment of level of the continent. In general the products of 
ice and water during the Pleistocene are represented wherever 
well developed and fairly discriminated; and in general the 
subjacent rock systems are mapped except where unknown by 
reason of deep burial beneath Pleistocene deposits, or by 
reason of incomplete surveys, and except where they are not 
yet classified in a satisfactory way.

The Neocene system includes all sedimentary rocks and de­ 
posits formed during the period ending with the advent of the 
Pleistocene, i. e., the first ice invasion, and beginning with a 
series of continental depressions and other movements variously 
defined in different parts of the country. The deposits first 
laid down after these movements were in general originally 
referred to the Miocene under the Lyellian classification. The 
basal deposits assigned to the Neocene are, in the middle At­ 
lantic slope the Chesapeake formation with its known or sup­ 
posed equivalents further northward; the Altamaha grit and 
Chipola beds in the southern Atlantic slope; the Chattahoochee 
and Tampa formations in the eastern Gulf slope; the Grand 
gulf formation in the Mississippi embayment and the Fayette 
beds in the western Gulf slope; the Astoria group and Nulato 
sandstones on the Pacific coast; and the John Day and Truckee 
formations, together with the White River formation and the 
Megalonyx and Oreodon beds in the western interior.

The Eocene system comprises the rocks and deposits of the 
period extending from the beginning of the Neocene back to 
the beginning of deposition, after a series of continental move­ 
ments andfaunal transitions sometimes clear, sometimes vague, 
but in general emphasized by a strongly marked paleontologic 
break at the inception of the Cenozoic age as defined in gen­ 
eral terms in this and other countries.

The Cretaceous system includes the later Mesozoic forma­ 
tions lying below the summits of the Severn in the Atlantic 
slope, the Ripley beds in the eastern Gulf slope, and the Lar- 
amie formation in the interior, and above the base of the 
Potomac, Tuscaloosa, and Trinity formations, together with the 
equivalent deposits in the interior. On the Pacific coast the
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limits of the system are somewhat less clearly defined and may 
be considered tentative.

The Jura-Trias system comprises the Newark formation and 
the synchronous or approximately synchronous sandstones, 
shales, etc., commonly referred to the earlier Mesozoic in the 
eastern United States, the whole being definitely limited above 
and below by unconformities, together with the Red beds and 
the synchronous or approximately synchronous deposits in the 
western United States commonly referred to the earlier Meso­ 
zoic on paleontologic and structural grounds, though frequently 
conformable to the older rocks and sometimes not clearly 
separable from the newer rocks.

The Carboniferous system is made to include the later Paleo­ 
zoic beds of the interior, sometimes referred to the Permian as 
well as to the Coal-measures and associated formations, together 
with the series of limestones, shales, sandstones, and conglome­ 
rates sometimes called Mississippian, though more commonly 
referred to as sub-Carboniferous, the whole corresponding to 
the Peninne system of Williams. 1

The Devonian system is defined chiefly by paleontology, 
and comprises the Paleozoic formations extending from the 
upper horizon of the Catskill to the lower horizon of the 
Oriskany in New York, and the formations correlated there­ 
with paleontologically in other parts of the country.

The Silurian system includes the formations lying between 
the base of the Oriskany and the summit of the Potsdam in 
New York with their paleontologic correlatives elsewhere. 
Thus the system corresponds to the Upper Silurian and the 
Lower Silurian of earlier geologic literature, the Silurian and 
Ordivician of later writers.

The Cambrian system comprises the Potsdam and older fos- 
siliferous formations down to and including the Olenellus zone 
of paleontologists.

The Algonkian system includes all clastic rocks intervening 
between the base of the Cambrian and the ancient crystallines 
(or basement complex) which can not be classified chronolog­ 
ically.

'Bull. Geol. Soc. Am., Vol. 2, 1891, pp. 16-19.
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Under the Archean there is represented a category of crys­ 
talline rocks which are devoid of fossils and so metamorphosed 
and deformed as to conceal original constitution and structure, 
and which are accordingly classified by petrographic charac­ 
ters rather than chronologic sequence. In general these Ar­ 
chean rocks are older than the sedimentary rocks; but all pro­ 
foundly metamorphosed and greatly deformed crystalline rocks, 
whatever their age, are thrown into this category pending final 
study and classification.

The igneous rocks comprise extrusive and intrusive lavas 
of whatsoever age, together with certain subaerial accumulations 
of tuff, etc., the water-laid tuffs being commonly classed with 
the associated contemporaneous sediments derived from other 
sources.

PALEONTOLOGIC WORK.

The work of this branch of the Survey was carried forward 
on the same lines as in the previous year until August 5, 
when the reduction of appropriation to one-third of its former 
amount rendered necessary a reorganization and a large reduc­ 
tion of the force. This reduction was made with a view to pre­ 
serving as many of the results of the partially finished work 
as possible. At the same time the plan for future work was 
based on the consideration of what was to be of the greatest 
immediate service to the Survey in the correlation and map­ 
ping of geologic formations. The several former divisions were 
consolidated into one division under the charge of the Chief 
Paleontologist, Mr. C. D. Walcott. He gave attention to the 
paleontology of the Paleozoic rocks and to the study of the 
stratigraphic relations of the lower 6,000 feet of the Paleo­ 
zoic formation of southwestern Pennsylvania and Maryland. 
Work in Mesozoic paleontology was carried on under the 
charge of Mr. C. A. White and Prof. Alpheus Hyatt until the 
reorganization, when it was limited to office work under the 
charge of Mr. T. W. Stanton. Mr. W. H. Ball continued his 
studies in Cenozoic paleontology, principally with relation to 
the fossils of the Florida phosphate region. He completed a 
report upon them that embraced a general discussion of the
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fauna and formations. Prof. 0. C. Marsh's investigations in 
vertebrate paleontology added materially to the knowledge of 
the vertebrate faunas of the upper Cretaceous, and the prepa­ 
ration of material for his monographs was advanced, although 
no allotment was made for this work. Researches in paleo- 
botany were continued by Mr. Lester F. Ward in the lower 
Cretaceous formations, and Mr. Ward's assistant, Mr. David 
White, continued the study of the flora of the Carboniferous 
rocks.

In connection with the exhibit of the Geological Survey at 
the World's Columbian Exposition the members of the Paleon- 
tologic Division prepared a series of rocks and fossils, and in 
April the collection was installed in the exhibition cases at 
Chicago. It includes 2,500 species of fossils, represented by 
upwards of 7,500 specimens, and the accompanying rock series 
embraced over 1,500 specimens. In addition to these a num­ 
ber of large specimens were placed in special cases.

WORK IN CHEMISTRY.

In chemistry much less progress was made during the year 
just closed than in previous years. At the beginning of the 
year the division consisted of twelve persons. The amount of 
money appropriated forwork in this division, which for a number 
of previous years had been SI7,000 annually, was reduced to 
$5,000. Besides this reduction it became necessary to vacate 
the rooms in the National Museum, which had been the home 
of the division for nine years past. Thus the reduction of the 
force from twelve persons to four and the removal to less favor­ 
able quarters correspondingly diminished the results obtained. 
The work was confined in the main to routine chemical analy­ 
ses, of which 107 were completed.

HYDROGRAPHIC WORK.

In connection with the topographic work, and to a less ex­ 
tent with other investigations, the study of the water resources 
of the country has made progress, during the past year, along 
the lines indicated in previous reports. A growing apprecia­ 
tion is shown, each year, of the value of the running waters 
in the country, and steps are being taken to more thoroughly
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utilize at least.the smaller streams for water power, irrigation, 
and the many other uses to which, with growth of population, 
they can be turned. A somewhat rough computation, based 
on the results of stream measurements and of the census in­ 
vestigation of irrigation, has shown that the running streams 
of the arid region, when* all utilized, will have a value of at 
least $600,000,000. These figures are based on conditions 
existing in 1890, but as the waters are more thoroughly utilized 
and property values created which depend ultimately upon 
them, their value to the country will greatly increase.

In the eastern half of the country utilization of water power 
has been greatly stimulated by improvements in the electrical 
transmission of power. This is shown by the requests for in­ 
formation concerning topography and probable water supply 
and its fluctuations. Such requests are coming from all parts 
of the country in increasing numbers. The information col­ 
lected in the past concerning various streams, their topography, 
the surface structure, and other characteristics of their drainage 
basins, has therefore an immediate practical use in many in­ 
stances, the topographer, the geologist and the hydrographer 
each contributing from his store of facts.

One of the interesting matters brought out by a study of 
river fluctuation is the wide range in quantity of water annually 
delivered and the irregularity in behavior during successive 
periods. It is a matter of common observation that streams 
may be high in one year and low in another. But the amount 
of this fluctuation has not been fully appreciated. The actual 
quantity of water carried by a stream may increase or dimin­ 
ish two, three, or even four times over that of a given year. 
These fluctuations are not local in character, but are shared by 
rivers of the east and west alike. When attention has been 
called to such matters by unusual drought or flood, it has been 
the fashion to attribute such great effect to some relatively 
trivial cause, such, for example, as the effect of deforestation. 
But a study of a large number of drainage basins shows that 
these variations are due rather to climatic oscillations to forces 
beyond the control of man.

In the subhumid region popular interest has been greatly
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aroused by exaggerated reports concerning the extent and be­ 
havior of the so-called "underflow" or ground waters saturat­ 
ing pervious beds, especially those in the valleys of the Platte 
and Arkansas. Investigations were made in connection with 
topographic work, and all of the facts which could be obtained 
were brought together. As a result it may be said that the 
conclusion was reached that the "underflow," as commonly 
understood, is a will-of-the-wisp which ha» led credulous pro­ 
moters to invest thousands of dollars in excavations which 
after a few months have been obliterated by wind and water. 
To an observer at one locality the "underflow" is reported to 
be profitably utilized in some other locality a hundred miles 
away, and on going to that locality a third place is named. 
In a few instances open cuts and drains, ramifying over a con­ 
siderable area of lowland, have brought to the surface one or 
two second-feet of water, but it is doubtful whether the cost of 
obtaining this is justified by the result.

MISCELLANEOUS. 

WORK ON ILLUSTRATIONS.

The Division of Illustrations has, during the past year, under­ 
gone dissolution and reorganization. The appropriation for this 
work during the fiscal year 1891-'9'2 was $16,000; for the pres­ 
ent year, $5,000.

At the beginning of the year the division consisted of ten 
persons. On the 1st of November all but two of these were 
furloughed or discharged, and, on January 1, the remaining 
two. After the passage of a deficiency appropriation bill, in 
March, the division was reorganized with a force of seven per­ 
sons, who were steadily employed to the end of the year. 
This condition of affairs has made the output of work much 
smaller than in previous years. The total number of drawings 
produced was 465, the number of negatives made in the pho­ 
tographic laboratory 1,155, and the number of prints made 
12,925. The division has remained, as heretofore, under the 
direction of Mr. De Lancey W. Grill, and the photographic labo­ 
ratory has remained in charge of Mr. J. K. Killers.
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WORK IN ENGKRAVIN(T.

It is with pleasure that I record the completion and printing 
of a number of the geologic atlas sheets of the general geologic 
map of the United States during the present year. It is now 
about ten years since the Survey entered upon,the work of 
preparing a general geologic map of the United States, arid 
during all this time steady progress has been made toward the 
completion and publication of final sheets. The number and 
complexity of the questions involved, in field and office, in the 
classification of rocks to be delineated and the method of de­ 
lineating them on a uniform plan, has been kept steadily in 
view and the issuance of these first sheets is but a small indi­ 
cation of the amount of work involved. It is believed that the 
condition of the work is now such that the completing and is­ 
suing of such geologic atlas folios may proceed with steadily 
increasing rapidity.

In addition to the six sheets completed, somewhat more than 
100 manuscript geologic atlas sheets are ready for publication, 
and of these more or less preparatory work has been done in 
the engraving division upon about 50. The new and enlarged 
quarters for the engraving division provided for while this 
report is in preparation will greatly facilitate their rapid publi­ 
cation.

WORK IN THE LIBRARY.

The library of the Survey is composed of 103,874 books, 
pamphlets and maps, an increase during the year of 3,876 
pieces. Of the accessions during the year 534, or 14 per 
cent, were by purchase and the remaining 3,342, or 86 per 
cent, were by gift or exchange. Of the entire collection of 
103,874 pieces 14,538, or 14 per cent, have been purchased 
and the remaining 89,336 pieces, or 86 per cent, have been 
received by gift or exchange.

The library now ranks among the foremost collections of 
geologic literature in the world and is one of the indispen­ 
sable adjuncts of geologic research. It is largely though not 
exclusively a reference library, and the circulation has averaged 
during the past year about 1,000 per month.
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The library has been in large part accumulated through 
exchanges provided by law, and the librarian, in addition 
to his duties as such, has had charge of the exchange and sale of 
publications. The whole number of books and maps distrib­ 
uted during the year through the library is 61,799, of which 
2,355 were sold, yielding a return of $987.15. In addition to 
these about 20,000 topographic atlas sheets have been distrib­ 
uted not through the library making the total distribution 
for the year about 80,000 pieces.

The growth of the library during the past ten years is shown 
in the following table:

Table showwg in detail, by fiscal years, the contents of the library of the 
U. 8. Geological Survey and the amounts received from sale ofpub- 

* locations.

Year ending June 30  

1 ftfiQ

1884
1885...... ......................
1886......-----..----..--.-.....
1887 ........--........-......---
1888......--.----..---..-...-.-.
1889............................
1890......--..--....-------. ....
1891.-......--...---...-.--.....
1892............................
1QQO

Books.

8,714
11, 515
14, 712
17, 255
19, 501
21, 463
24, 300
27, 515
29, 635
31, 181
on Qiy

Pamphlets.

6,400
6,900

11, 200
19,600
26, 100
30, 100
34, 100
37, 957
41, 217
43, 377
45, 717

Maps.

1,000
2,000
4,000

10, 000
12, 000
14, 000
17, 000
20, 000
22, 337
24, 837
25, 815

Total.

16, 114
20, 415
29, 912
46, 855
57, 601
65, 563
75, 400
85, 472
93, 189
99, 398

103, 874

From sale of 
publications.

$611-70
340-32
767-32
917-67

1, 692-25
1, 046-36

943-88
1, 505-22
1, 392-50

EDITORIAL "WORK.

The work of this division has remained, as heretofore, under 
the efficient direction of Mr. W. A. Croffut, Editor of the bureau. 
The amount of work accomplished during the last year has 
been unusually large. This result has been achieved through 
the intelligent and cordial cooperation of the Government 
Printing Office, and I take pleasure in recording the indebt­ 
edness of this bureau to its indispensable aid. Details of the 
work done will be found in the accompanying administrative 
report.

14 GEOL   4
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SYNOPSES OF PUBLICATIONS, iSgz-'g3.

Following will be found an outline of the contents of 
Monographs and Bulletins published by the Survey during the 
last fiscal year. This includes all of its publications excepting 
Annual Reports and the volume of Mineral Resources.

MON. XVII. THE FLOKA OF THE DAKOTA GKOUP. BY PROF. LEO LESQUEKETJX.

This posthumous volume (400 pages) begins witli an editor's preface, by Mr. F. H. 
Knowlton, giving an account of the steps leading up to the production of a complete 
Dakota group flora, and also a brief biographical sketch of the author. This is fol­ 
lowed by au introduction by the author giving a history of the discovery of plants 
in the Dakota group, and indicating the significance attached to the nature of the 
plants, with a partial list of localities at which they have been found and a list of the 
persons who have contributed to their collection and study.

Then follows the descriptive portion of the work, filling pages 23-221, illustrated 
by 66 plates and about 575 figures. It embraces 460 species, of which number 218 
are new to science.

Next is a table showing the distribution of the Dakota flora, by which ifr ap­ 
pears tha.t this flora extends from the Ehetic to the Pliocene, finding, however, its 
greatest affinity with the Atane beds of Greenland.

The closing chapter is devoted to an analysis of the Dakota group flora, showing 
not only the composition of the flora, but a careful comparison of it with other floras, 
in which the discussion is by families.

MON. XVIII. GASTEROPODA AND CEPHALOPODA OF THE RARITAN CLAYS AND GREEN- 

SAND MARLS OF NEW JKRSEY. BY PROF. ROBERT PABR WHITFIELD.

This report (402 pages) contains technical descriptions of the molluscan remains 
pertaining to the classes Gasteropoda and Cephalopoda of the Cretaceous and Eocene 
Tertiary formations found within the state of New Jersey and known np to the 
time of publication. These descriptions are accompanied by fifty quarto plates of 
illustrations of the forms described, thirty-six of the plates being devoted to the 
illustration of the group Gasteropoda and fourteen to the Cephalopoda. The descrip­ 
tive part of the work is preceded by a chapter on the paleontologic characters of 
the New Jersey marl beds, to show their relations to similar deposits in other parts 
of the United States, and contains several tables of comparisons with the different 
areas, as follows:

Table No. 1 shows the number of genera and species of Lamellibraucliiates under 
each family occurring in each of the several marl beds in New Jersey and a summary 
of this table in a still more condensed form.

Table No. % shows the number of Gasteropoda, genera, and species under each 
family occurring in the several beds. This is followed by a summary showing the 
number of species of brachiopods, lamellibranchs, gasteropoda, and cephalopods 
occurring in the Cretaceous and Tertiary formations of the state, and by a state­ 
ment of the number of these known to occur in Europe and in the six states of the 
union where the same geological formation is kuown to occur.

Table No. S shows the species of New Jersey molluscan fossils recognized in each 
of the several states and in Europe, and also shows in which of the New Jersey beds 
these species are found.

Table No. 4 shows the New Jersey species of gasteropods and cephalopods which 
have been recognized in the several states.

These tables are followed by a subsection (p. 31) showing the paleontologic equiva­ 
lents of the New Jersey green marls by a comparison of the number of species in. 
each class known to occur in other areas.
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Section II, pages 172-181, contains the descriptions of the gasteropods of the middle 
marl beds.

Section III, pages 182-189, those of the basal layers of the upper green marls.
Section IV, pages 190-240, those of the Eoceue marls.
Section V, pages 243-283, the cephalopods of the Cretaceous marls.
Section VI, pages 284-288, those of the Eocene marls.
Section VII, pages 289-295, contains first a classified list of the Gasteropod fossils of 

the New Jersey Cretaceous marls, tabulated so as to show the beds to which 
any species belongs, followed by a classified and tabulated list of the cepha­ 
lopods giving the same information.

The above list shows the occurrence of 127 species of gasteropods known from the 
lower green marls of New Jersey, 7 species from the middle marls, and 8 from the 
base of the upper green marls, or a total of 142 species from the New Jersey Creta­ 
ceous marls. Of the cephalopods there are 19 from the lower marls and 5 only from 
the middle marls, or a total for the Cretaceous of 24 species.

A classified list of the Eocene Gasteropoda and Cephalopoda shows the occurrence 
of 53 Gasteropoda and only 2 species of Cephalopoda, making a total of 221 species 
of Cretaceous and Eocene forms described in the report. These are illustrated by 
fi71 figures on tbe 50 plates. Three hundred and seventy-four figures illustrate the 
gasteropods of the lower green marls, 27 those of the middle marls, 17 those of the 
base of the upper marls, 159 those of the Eocene marls, and 94 the cephalopods of 
the marls of the state.

HOX. XX. GEOLOGY OF THE EUREKA DISTRICT, NEVADA. BY ARNOLD HAGUE.

Chapter I. The area covered by the geologic survey of the Eureka mountains is 
some 20 miles square. The mountains are situated 011 the Nevada plateau and are 
surrounded by the broad detrital valleys so characteristic of the Great Basin. These 
valleys have an average elevation above sea level of 6,000 feet. The highest peaks 
attain altitudes varying from 9,000 to 10,500 feet. In strong contrast with most of 
the Great Basin ranges the Eureka mountains present a rough and rugged appear­ 
ance.

Chapter II. Sedimentary rocks belonging to the Paleozoic or Quaternary age form 
the greater part of the mountains and valleys. Quaternary beds present little of 
geologic interest, being mainly superficial accumulations composed of detrital ma­ 
terial brought down from the mountains. A great thickness of limestone, sand­ 
stone, and shale, which make up the Paleozoic series of rocks, was laid down under 
varying conditions of depth of water and rapidity of deposition with only one welj 
recognized unconformity from base to summit. In this region the Paleozoic age was 
a time of comparative freedom from dynamic movements. Eureka presents no direct 
evidence as to the time mountain-building took place other than that the region was 
elevated into a broad continental land mass after the deposition of the Upper Coal- 
measure limestone. Reasons are assigned for supposing that all the Great Basin ranges 
owe their origin to a post-.Inrassic movement. The folding, flexing, and faulting 
which outlined the mountains broke tip this mass of sediments into six sharply de­ 
fined orographie blocks, each with well marked structural peculiarities. These have 
been designated as follows: Prospect ridge, Fish creek mountains, Silverado and 
County peak group, Mahogany hills, Diamond mountains, and Carbon ridge and 
Spring hill group. Taken together these six blocks present a compact mass of moun­ 
tains, the result of intense lateral compression and longitudinal strain. Profound 
longitudinal faults extend the entire length of the mountains, showing a displacement 
of beds of over 13,000 feet. The Paleozoic sediments measure 30,000 feet in thickness, 
with Cambrian, Silurian, Devonian, and Carboniferous, all well represented by 
characteristic faunas. In these four periods fourteen epochs have been recognized.

Chapter III. Cambrian rocks measure 7,700 feet, divided into five epochs, as fol-
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lows: Prospect mountain quartzite, Prospect mountain limestone, Secret canyon 
shale, Hamburg limestone, and Hamburg shale. The middle, lower, and tipper 
Cambrian are all exposed. On the crest of Prospect ridge, at the base of the Cam­ 
brian limestone, occurs the Olenellua shale, the oldest fossiliferous strata recognized 
in the Great Basin. Hamburg ridge carries a Potsdam fauna both at its base and 
summit.

Conformably overlying the Cambrian come the Silurian, rocks, 5,000 feet in thick­ 
ness. They fall readily into three epochs, two limestones and an intervening body 
of quartzite. They have been designated Pogonip limestone, Eureka quartzite, and 
Lone mountain limestone. The quartzite is easily distinguished from both the 
coarse sands and grits of the Cambrian below and tlie Carboniferous conglomerate 
above. An unconformity of deposition exists between the Eureka and Lone moun­ 
tain epochs. Both the Trenton and Niagara formations are included within the 
Lone mountain epoch.

Chapter IV. By imperceptible gradations limestones of the Lone mountain epoch 
pass upward into those of the Devonian period. Devonian rocks occupy a larger 
area in the district than those of any other period, and present a greater thickness 
than either Cambrian or Silurian. They measure 8,000 feet, divided into two epochs: 
A bluish limestone (the Nevada limestone) and an argillaceous black shale (the 
White Pine shale). The limestone carries a rich invertebrate fauna from base to sum­ 
mit. The black shale is characterized by a flora which, though fragmentary, is 
sufficiently well preserved to identify the genera as belonging to the upper Devonian.

The Carboniferous rocks measure 9,300 feet, which, however, does not quite rep­ 
resent their full development. They have been divided into four epochs, as follows: 
Diamond peak quartzite, lower Coal-measure limestone, Weber conglomerate, and 
upper Coal-measure limestone. Fossil-bearing strata occur throughout the beds. 
Three salient features mark the life of the lower Coal-measures. First, the occur­ 
rence near the base of the limestone of a fresh-water fauna; second, the varied de­ 
velopment of the lamellibranchiates, a class which has heretofore been but spar­ 
ingly represented in the collection of Carboniferous fossils from the Cordillera; 
third, the mingling near the base of the hoiizon of Devonian, lower Carboniferous 
and Coal-measure species in gray limestone directly overlying beds characterized by 
a purely Coal-measure fauna.

In the first range to the east of the Eureka mountains Carboniferous rocks extend 
for miles along the edge of the valley, in which well developed coal seams occur.

Chapter V. This chapter is devoted to the descriptive geology of the sedimentary 
rocks. It gives a connected description of the country and points out the relations 
of the different mountain masses to each other.

Chapter VI. A discussion of the Paleozoic rocks follows. It is shown that during 
Paleozoic time apre-Cambrian continent existed in western Nevada, which furnished 
to an ocean lying eastward an enormous amount of detrital material. It is pointed 
out that the Eureka region was situated not far from the eastern border of this land 
mass, and that a large part of its coarse conglomerates and mechanical sediments 
must have been offshore deposits. The geologic record affords proof of elevation 
and depression throughout Paleozoic time. Fresh-water life, plant remains, and 
coal seams at different horizons furnish additional evidence of shallow water and 
offshore deposits. A study of Paleozoic rocks in other parts of southern and western 
Nevada exhibits nearly similar geologic conditions as regards sequence of beds. 
This is especially well shown both at White Pine and in the Highland and Piilon 
ranges. The sequence of strata, both to the north and south, indicates a closer 
agreement with the conditions of sedimentation at Eureka than do the many expos­ 
ures situated but a short distance eastward of the latter area. The structural re­ 
lations of the different orographic blocks to each other and to the outbursts of igneous 
rocks are well brought out in cross-section. An instructive feature at Eureka is the 
close relationship between the anticlinal and synclinal folds and the profound north 
and south faults.
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Chapter VII. Pre-Tertiary igneous rocks play a very subordinate part. They may 
be classed under three heads: Granite, granite-porphyry and quartz-porphyry. The 
granite occupies a limited area on Prospect ridge. Both the granite and quartz- 
porphyries occur as dikes. Structural variations in the dikes are mainly dependent 
upon the chilling effect of cold contact walls upon a rapidly cooling molten mass. 
The widtli of the dike has much to do in determining the physical conditions govern­ 
ing crystallization. As regards the age of the dikes little is known other than that 
they penetrate Silurian strata.

Chapter VIII. The Eureka district offers no direct proof of the age or duration 
of volcanic energy, although evidence based upon observations elsewhere in the 
Great Basin points to the conclusion that the lavas belong to the Tertiary period, 
and probably the greater part of them to the Pliocene epoch. They broke out in 
four ways : First, through profound fissures along meridional lines of displacement; 
second, following lines of orographic fracture, they border and encircle large up­ 
lifted masses of sedimentary strata; third, they occur as dikes penetrating the sedi­ 
mentary rocks; fourth, they occur in one or two relatively large bodies, notably 
Richmond mountain and Pinto peak, along lines of displacement. The sequence of 
lavas was hornblende-andesite, hornblende-mica-andesite, dacite, rhyolite, pyroxene- 
andesite, and basalt. The lavas display a great variety of volcanic products in 
both chemical and mineral composition. They are all derived from a common 
source, a homogeneous molten mass. They are due to a process of differentiation by 
molecular change within tlie molten mass under varying conditions of pressure and 
temperature. Starting with a magma of intermediate composition, the extreme 
products of such differentiation are rhyolite and basalt.

Chapter IX. Lithe Eureka district the ores occur in sedimentary rocks belonging 
to the Cambrian, Silurian, and Devonian periods, and may be found in all horizons, 
except tlie Secret canyon and Hamburg shales, from the base of the Prospect 
mountain limestone to the summit of the Nevada limestone. Through 17,000 feet of 
strata ores have been deposited in sufficiently large bodies to encourage mining 
exploration. The most productive deposits have been found in Cambrian rocks, 
but this is owing to orographic and structural conditions rather than the geologic 
age of strata or chemical nature of sediments. Nearly all the more productive 
mines are included within the beds which form the Prospect mountain uplift be­ 
tween the Hoosac and Spring valley faults. The ore followed the rhyolite and is 
consequently of Pliocene or post-Pliocene age. All the ores came from below and 
were originally deposited as sulpliides. They were subsequently oxidized by atmos­ 
pheric agencies, mainly surface waters percolating through the rocks.

In Appendix A Mr. C. D. Walcott gives a systematic list of fossils from each 
formation found at Enreka.

In Appendix B Mr. Joseph P. Iddings discusses the microscopic petrography of 
the crystalline rocks. It is a thorough study of the mineral and structural charac­ 
ter of the rocks, and is illustrated by several plates.

BULL. No. 84.  CORRELATION PAPERS  NEOCENE. BY W. H. BALL AND G. I). HAREIS

This paper (349 pages), after discussing general principles connected with the study 
and description of the Tertiary or Cenozoic rocks and fossils contained in them, 
takes up the Neocene deposits of tlie United States in particular.

A chapter is devoted to a summary of what is known in regard to the Neocene of 
the eastern coast of the United States, each state in geographic order being sepa­ 
rately considered, beginning at the north. The state of Florida, in regard to which 
much unpublished information was available, being entirely composed of Cenozoic 
rocks, and therefore as a type of such structure peculiarly interesting, is treated of 
in greater detail and more at length than other states. The part of this essay 
relating to Florida is really a preliminary geologic report on that state, of which 
the structure has hitherto been very little known. The important fact that until
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the Pliocene period Florida, so far as it was elevated above the sea, was an island 
separated from the mainland by a wide strait, is here first demonstrated. It is 
also shown that the strata are probably gently folded lengthwise of the penin­ 
sula, and that in the trough now occupied by the "lake region" of Florida a large 
lake probably existed in Pliocene time to which the name of De Soto has been 
applied. The age of the remains of fossil vertebrate animals, which in south Florida 
are associated with the so-called " pebble phosphates," is here definitely determined.

After discussing by states the character and distribution of the Atlantic Neocene, 
a chapter is devoted to the consideration of the general geologic movements and 
fluctuations of land, sea, currents, and water temperatures which appear to have 
been concerned in producing the characteristics described.

In like manner the Neocene geology of the Pacific coast has been treated, and in 
addition to that of California, Oregon, and Washington, a syuopsis of data relating 
to British Columbia has been included, together with a summary of what is known 
in relation to Alaska during this epoch. The latter discussion contains a large 
amount of material extracted from unpublished notes, covering some fifteen years' 
study and exploration by "W. H. Ball in the Alaskan region, and therefore adds ma­ 
terially to the sum of our knowledge in regard to that part of the United States.

The great interior region of the West is then taken up, and a summary ol our 
knowledge in regard to its Neocene geology is brought together for the first time. 
While this is necessarily far from perfect, the very fact that such gaps exist will 
stimulate the collection of information to supply the missing links.

The essay closes with a list of names proposed for geologic beds, groups, and 
formations in the American Cenozoic strata and a description of the data upon 
which the coloration of the general map is based.

BULL. No. 85 CORRELATION PAPERS NEW ARK SYSTEM. BY I. C. RUSSELL.

The aim of this treatise (344 pages) is to review the progress of our knowledge con­ 
cerning a well defined system of rocks 011 tlie Atlantic border, named the Newark 
system; to summarize the present state, of information concerning it, and to discuss 
the bearing that its study has on principles of correlation.

Chapter I contains a historical summary of the numerous names by which the sys­ 
tem has been designated from time to time, and also a statement of the author's 
reasons for adopting the term Newark system now used.

Chapter II contains a brief account of the geographic distribution of the various 
areas occupied by the system, and is accompanied by a series of maps on which the 
areas are shown, together with the relative age of the adjacent terranes.

Chapter III. The evidence as to the presence of Newark rocks on Prince Edward 
island is discussed and the conclusion is reached that the system is not there repre­ 
sented.

Chapter IV. The litliologic character of the sedimentary rocks of the system is 
described, and the evidence as to their thickness is presented. Coal is treated as a 
"rock," and some account given of its distribution and thickness.

Chapter V contains a discussion of the physical and climatic conditions under 
which the sedimentary rocks of the system were deposited. From an examination 
of the evidence bearing on the possible existence of glacial conditions in Newark 
times, the conclusion is reached that glaciers were not immediately concerned in the 
accumulation of any of the rocks of the system.

Chapter VI is a re'sume' of our knowledge of the life of the Newark period, as 
shown by the animal and plant remains that have been discovered.

Chapter VII deals with the igneous rocks which traverse the system in a great 
series of dikes and sheets. Following a description of the mineralogic and chem 
ical composition of these rocks is a general account of the principal characteristics 
of dikes and sheets.

Chapter VIII is devoted to a description of the structure of the various Newark
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areas, and a discussion of its origin. The present inclination of the strata over 
broad areas is shown to be due principally to the tilting of faulted blocks. The 
effect of erosion on the upturned blocks is also considered. Original data are intro­ 
duced concerning especially the structure of the more southern areas.

Chapter IX. The question of the original geographic extent of the system has 
been considered by several geologists, and diverse conclusions have been reached. 
In this chapter the opinions bearing on this question are summarized and classified 
under two heads: First, the " local-basin hypothesis," which includes those opinions 
based on the assumption that the stratified rocks of the system were deposited in 
several detached basins, tho approximate boundaries of which are still traceable. 
Second, the " broad-tcrrane hypothesis," which embraces the conclusions of those 
who consider the detached areas of the system as remnants of possibly one broad 
terrane, which has been broken up by orographic movements and greatly eroded. 
The evidence is thought by the author to favor the second of these hypotheses.

Chapter X is devoted to a brief discussion of the general principles of correlation 
and of the relations of the Newark system to several other terranes.

Under general principles of correlation, the evidences from physical phenomena, 
such as superposition of strata, contained fragments, and relation to folds and dikes 
and to great unconformities, an; considered. Under biologic phenomena as a basis 
for correlation, the imperfection of the geologic records and our incomplete knowl­ 
edge of the records, such as they are, receive brief attention, as does also the bear­ 
ing of evolution on the interpretation of the life history of the earth.

The difficulties in the way of correlating the rocks of America with those of other 
countries are indicated, and the conclusion is reached that the first aim in the study 
of the geology of a new country should be the definite determination of the sequence 
of rocks there represented by physical phenomena, as a basis for the determination 
of the relative age of the faunas and floras they may contain. Subsequently, the 
fossils may be compared with those of distant terranes for the purpose of wider gen­ 
eralizations. It is pointed out that the life records in any restricted regions can 
not be accepted as a standard whereby to determine tho age of fossil-bearing beds 
in other and especially in entirely disconnected terranes.

The paper closes with a brief discussion of the relations of the Newark system to 
certain formations in the western part of the United States and in other countries.

BULL. No. 86. CORRELATION PAPERS ARCHEAN AND ALGONKIAN". BY G. R.
VAN HISE.

This book (549 pages) is a review of the present state of knowledge of the general 
structure of the pre-Cambrian rocks of the United States and Canada. The material 
contained in the historical chapters is of two kinds: Summaries of all articles per­ 
taining to the subject considered, and summaries of the conclusions which appear 
to be established. The first represent the substance of the literature; the second 
bring together the important ascertained structural facts, and oftentimes pass into 
a more or less extended discussion. The final chapter covers the same grounds as 
the historic chapters for the various pre-Cambrian general successions proposed 
by different authors, and also contains a discussion of results and of the principles 
upon which they are based. Within the chapters, individual districts or regions 
are given separate sections, and the summary of literature for each is arranged in 
chronologic order. As used in this volume, the term Cambrian is defined as de­ 
limited below by the base of the Olenellws fauna; Algonkian includes the pre- 
Olenellus elastics and their equivalent crystallines; while the Archean includes the 
completely crystalline rocks below the Algonkian.

The several chapters have the following scope: Chapter I The Original Lauren- 
tian and Huronian Areas treats of eastern Ontario and western Quebec, and tho 
area from the north channel of Lake Huron to Lake Temiscamang. Chapter II  
Lake Superior Region summarizes the work of the official geologists of the Cana­ 
dian Survey and associates, of the early United States geologists and associates, of
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the Michigan geologists and associates, of the Wisconsin geologists and associates, 
of the Minnesota geologists and associates, of the later United States geologists 
and associates, and gives a snmmary and discussion of resnlts. Chapter III The 
Great Northern Area treats of the region about Hndson bay, northern Canada, 
and the lower St. Lawrence river region. Chapter IV Eastern Canada and New­ 
foundland treats of the eastern townships, Gaspo" peninsula, central New Bruns­ 
wick, southern New Brunswick, Nova Scotia and Cape Breton, and Newfoundland. 
Chapter V Isolated Areas of Dakota, Missouri, and Texas treats of the Black 
hills, the pre-Cainbrian of Missouri, and the central mineral region of Texas. 
Chapter VI The Cordilleras treats of the many mountain ranges in the far west. 
Chapter VII Eastern United States treats of the New England, Middle Atlantic, 
and Southern Atlantic States. Chapter VIII General Successions and Discussions 
of Principles summarizes the various general successions proposed, suggests oue, 
and discusses the principles of pre-Cambrian stratigraphy.

The more important conclusions of this chapter are as follows: The Archean is 
the basal complex of America. It has everywhere, if large areas be considered, an 
essential likeness. It consists mainly of granitic, gneissic, and schistic rocks, among 
which are never found beds of quartzite, limestone, or any other indubitable elastics. 
One kind of rock may occupy considerable areas, but when different kinds are 
associated their structural relations are most intricate. These relations, as well as 
the completely crystalline schistose character of the rocks, the frequent broken and 
distorted forms of the mineral constituents, and their involuted foldings, are evi­ 
dence that these most ancient rocks have passed through repeated powerful dynamic 
movements.

As to the origin of the Archean rocks, three different views are proposed: (1) 
They may be considered as metamorphosed detrital rocks. (2) They may be con­ 
sidered as igneous and later in origin than certain of the pre-Cambrian elastics. 
(3) They may be considered as igneous and representing either a part of the earth's 
original crust or else originally crystallized material which has now reached the 
surface as a consequence of inward crystallization and subsequent deep denudation. 
The Archean rocks have no limit below, but are limited above by the Algonkian. 
While structural methods have been applied to the Archeau rocks, they have not 
thus far been successful, and the only subdivisions which are at present applicable 
are those of a lithologic character.

In various parts of North America are one or more series of clastic rocks between 
the Archean and Cambrian. These occur in the original Laurentian area, the orig­ 
inal Hurouian area, in the Lake Superior region, in the region about Hudson bay, iu 
the eastern townships in southern New Brunswick, iu Nova Scotia and Cape Breton, 
in Newfoundland, in the Black hills, in Missouri, iu Texas, in many ranges of the 
Cordilleras, in the Grand canyon of the Colorado, in British Columbia, in the Adi- 
rondacks, and in other areas. Within these rocks, in many localities, are evidences 
of abundant life, and in a few places are definitely recognized fossils. The U. S. 
Geological Survey, recognizing that it is too early to classify the great thicknesses 
of rocks between the Archean and the Cambrian in North America into systems co­ 
ordinate in valne with those of the subdivisions of the Paleozoic, has proposed the 
term Algonkian for the whole. The Algonkian system is then delimited below by 
the Archean and above by the Cambrian.

In many regions it is easy to differentiate the Algonkian from other rocks. This 
is especially true where they are separated from them by unconformities. In other 
regions it is difficult to separate them from the Archean aud Cambrian rocks, as 
there sometimes appear to be gradations between them. In this respect the Algon­ 
kian system is in no way different from others.

Algonkian stratigraphy is more difficult than post-Algonkian stratigraphy; be­ 
cause the further back we go iu the history of the world for any given region the 
more numerous aud frequent have been the changes through which any given rock
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stratum has passed; and because as yet fossils have not been found in sufficient 
variety to be of any assistance in stratigraphy. However, in many regions it has 
been possible to subdivide the Algonkian rocks into series, and these series into for­ 
mations. In different regions these formations and series differ widely in the degree 
of crystallization, in their lithologic character, and in their order of succession. 
In this respect Algonkian rocks are not different from those of post-Algonkian age. 
Considering the continent as a whole, age is no guide to the chemical or mineral com­ 
position, texture, color, degree of crystallization, or any other property of a forma­ 
tion, or vice versa, although in a given district or region any one of them may be­ 
come important guides in stratigraphy.

In certain regions it has been found possible to correlate series with a great de­ 
gree of probability and in some cases formations which occur in different districts. 
In regions which are separated from eacb other by great distances, and -which therefore 
may have had different physical conditions at the same period, it seems not yet possible 
to make safe correlations of subdivisions of the Algonkian of America. If this con­ 
clusion be correct, it is evident that the application of such American terms as 
Keweenawan, Huronian, etc., to European rocks is not warranted. In working out 
the geology of a region, local names should be applied to formations and series. 
Later, with fuller knowledge, these may perhaps be correlated with series to which 
classical names have been applied.

Physical methods of correlation being the only ones at present available, it becomes 
necessary to closely scrutinize these methods, estimate their relative value, and point 
out the services that each may be expected to perform. Of these methods uncon­ 
formity mnst be given the foremost place for major divisions within a region. 
Unconformity may be established by any one of the following phenomena, or by a 
combination of two or more of them: (1) Ordinary discordance of bedding; (2) differ­ 
ence in the number of dynamic movements to which the series have been subjected; 
(3) discordance of bedding of upper series and foliation of lower; (4) relations with 
ernptives; (5) difference in degree of crystallization; (6) basal conglomerates; (7) 
general field relations.

BULL. No. 90. BEPOBT Of WOBK DONE IN THE DIVISION OF CHEMISTRY AND 
PHYSICS, 1890-'91. BY P. AV. CLARKE.

This bulletin (77 pages) in addition to 119 miscellaneous analyses of minerals, 
rocks, coals, etc., contains separate papers as follows:

First. "On the constitution of certain micas, vermi«nlites, arid clilorites," by F. 
W. Clarko and E. A. Sehneidcr. This paper is a contribution to our knowledge of 
a difficult and important group of minerals, and shows that the chlorites form a 
series of magnesian salts parallel with and equivalent to the micas.

Second. "New analyses of uraninite," by W. F. Hillebrand; an extension of pre­ 
vious work, proving that nitrogen is a normal constituent of the mineral in question.

Third. " On the isomorphism and composition of thorium and uranous sulphates," 
by W. F. Hillebrand and W. H. Melville.

Fourth. "Powellite calcium molybdate," by W. H. Melville; a description of a 
new mineral species from the Seven Devils district, Idaho, which fills a gap in the 
series of minerals of which s< heclite, the calcium tungstatc, is the type.

Fifth. "New analyses of astrophyllite and tscbeffkinite," by L. G. Eakins; a 
paper which establishes more definitely the composition of these minerals.

Sixth. "Two new meteorites," by L. G. Eakins; namely, the iron from Pulaski 
county, Virginia, and the meteoric stone from Washington county, Kansas.

Seventh. " On the action of phosphorus oxychloride on the ethers and chlorhy- 
drines of silicic acid," by II. W. Stokes; a contribution to our knowledge of the con­ 
stitution of silicic acid, and as such having relation to geological problems.

Eighth. "On the colloidal sulphides of gold," by E. A. Schneider; a paper shed­ 
ding light on the solubility of gold compounds, and affording evidence of value in 
studying the deposition of gold in nature.
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BULL. NO. 92. THE COMPRESSIBILITY OF LIQUIDS. BY CARL BARUS.

Compressibility enters saliently into many questions in physical geology, and the 
attempt is therefore made in this bulletin (96 pages) to trace the nature of the de­ 
pendence of compressibility on pressure and on temperature throughout a larger 
range of these variables than has hitherto beeu accessible. Accordingly the lines 
of equal temperature and of equal pressure arc investigated for a variety of bodies, 
and these data are then formally treated by inclosing them between curves of known 
properties lying, respectively, above and below the observed curves. Properties 
which are nearly true for both the limits apply to the observations. In this way an 
important result is deduced, namely, that the curves of equal volume are straight 
Hues. lu other words, when a volume of a body remains unchanged temperature 
and pressure vary linearly with each other.

In the second chapter of the bulletin similar work is carried out for mercury and 
other liquids by a new method, in which electrical resistance is made the term of 
comparison. A mercury gauge for the measurement of very high pressure is among 
the results of the work.

The third chapter has an immediate geologic bearing, inasmuch as the compres­ 
sibility of water at temperature much above its boiling point is shown. The chief 
result of this chapter, however, is obtained in connection with the solvent action of 
hot water on glass. Compressibility is observed to increase fully threefold during 
this process as a result of the precipitation and solution of the dissolved silicate. 
The apparent effect is an increase of compressibility. Through the process of solu­ 
tion there is a continuous and marked decrease of the combined volume of the water 
and the glass acted on. It is pointed out that such a process is probably a source of 
heat.

The final chapter is an application to industrial problems of the principles found 
in the foregoing chapter. The solution of vulcanized India rubber in volatile sol­ 
vents is successfully carried out and the results are discussed in detail.

BULL. NO. 93. SOME INSECTS FROM FLORISSANT, COLORADO. BY S. H. SCUDDER.

This paper (35 pages) describes and figures a few insects of special importance, 
most of them belonging to new genera and chiefly found in recent explorations by 
the Survey in the Rocky mountain Tertiaries. Among them are a dragon fly belong­ 
ing to a type hitherto found only in the old world, and another which is the first of 
its tribe found fossil iu this pountry; a butterfly of exceptional interest as belong­ 
ing to a subfamily now nearly extinct and the second species of the group found in 
the same locality; while a bot fly is shown to have existed before the ruminants 
appeared, which are now the most cherished victims of these insect pests.

BULL. NO. 94. THE MECHANISM OF SOLID VISCOSITY. BY CARL BARUSa

This paper (138 pages) is a continuation of the earlier researches of the author on 
the same subject (Bulletins Nos. 14, 35, 42, 73), and such results have been brought to­ 
gether as bear more particularly on the mechanism which promotes a time-variation 
of the rigidity of solids. In general steel is chosen as the fittest material for the ex­ 
periments, chiefly because of the economic importance of the metal. The earlier 
chapters show the effect of mechanical strain on viscosity, and the results are eluci­ 
dated in accordance with Maxwell's theory. An attempt is thus made to detect the 
influence of strain on the chemical constitution of metals, followed by a demonstra­ 
tion of secular chemical changes in hard steel. Allied researches are carried out 
electrolytically as to the effect of strain on the chemical constitution of glasses, cer­ 
tain absolute measurements of the energy potentialized in strained solids follow, and 
the bulletin concludes with an elaborate investigation of the effect of temperature 
and pressure on the chemical equilibrium of glasses. The latter are imbedded in 
the oil which transmits the pressure, and changes of chemical character in the glasses 
are detected by electrolysis.
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BULL. NO. 95. EARTHQUAKES IN CALIFORNIA IN 1890-'91. BY E. S. HOLDEN.

This is a chronicle (31 pages) of the earthquakes felt in California during the cal­ 
endar years 1890 and 1891, and is a continuation of tlie record contained in Bulletin 
Ko. 68. The manuscript was furnished to the Survey by Prof. Edward S. Holden, 
ol'the Lick Observatory. Record is made of thirty shocks noticed in different parts 
of the state in 1890 and of thirty-four in 1891. The perturbations at the Lick Ob­ 
servatory were measured by a large seismograph, -which recorded the movements to 
the cardinal points and vertical motions, on a smoked glass plate, released by the 
preliminary tremors and rotating uniformly in about three minutes, the edge of the 
plate being graduated into seconds at the same time by the clock which marks the 
time of the occurrence of the shocks. The Survey has received from Profs. Holden 
and Perrino a similar record of earthquakes in California during the year 1892, which 
will soon appear as a bulletin.

BULL. NO. 96. THE VOLUME THERMODYNAMICS OF LIQUIDS. BY GAEL BAEUS.

The object of this memoir (100 pages) is to throw light on certain physical trans­ 
formations of bodies, the nature of which is probably capable of recognition, while 
at the same time they occupy a commanding place in physical geology. In other 
words, it is proposed in the first place to define the linos of constant volume, i. o., to 
determine the conditions subject to which pressure and temperature vary when the 
volume of a body does not change; and in the second place to find the character of 
the laws of fusion under pressure.

Accordingly, in the first chapters of the book, a machine for operating on bodies 
nnder immense pressures and at relatively high temperatures is described in detail, 
and succeeding chapters show the methods used for the measurement of high pres­ 
sures and for testing gauges. The lines of constant volume are then worked out in 
detail for a group of five bodies, and it is proved that, in general, pressure and tem­ 
perature vary in the same ratio when tlie volume of a body does not change. The 
work was carried through an interval of something less than two thousand atmos­ 
pheres, and the results apply to true liquids. In the concluding chapter the law of 
fusion in question is mapped out throughout a similarly large range of pressures, 
and several novel results are obtained. The data indicate close proportionality 
between the increments of melting point aud pressure; change of state from solid to 
liquid at a given temperature takes place along a doubly inflected path, so that it 
takes a greater pressure to solidify a liquid than to admit of the melting of a solid 
at any stated temperature. Finally, the probability of a relation between the nor­ 
mal type of fusion and the ice type is pointed out, and the analogy between the 
present phenomena of fusion and of solution is made use of for identifying certain oc­ 
currences in the latter case. As a whole the results show conclusively that a (lower) 
critical temperature must exist beyond which solids pass into liquids continuously 
and without marked change of volume.

BULL. NO. 98. FLOEA OF THE OUTLYING CARBONIFEROUS BASINS OF SOUTH- 
WESTEEN MISSOURI. BY DAVID WHITE.

The flora treated in this bulletin (139 pages) comes from the most recent fossilif- 
erotis rock within the limits of the lead and zinc regions of southwestern. Missouri 
that is known to have been laid down before the ores were formed. It therefore fur­ 
nishes a date for the earliest limit of a period during some portion of which the rich 
ores of that region were deposited.

It is noteworthy as the first flora described from any other horizon of the Car­ 
boniferous of the state than that at Clinton near the base of the Lower Coal-meas­ 
ures. It is also the first flora sufficient for correlation that has been made known 
from above the Clinton stage throughout the entire trans-Mississippi Carboniferous.

The assemblage of types, which may be regarded as constituting, in some respects,
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an upland flora by reason of its probable altitude of 100 or 200 feet or more above the 
contemporaneous Coal-measure marshes, is characterized by a predominance of Neu- 
ropterids, the presence of numerous Cordailes leaves, the entire absence of any 
remains of the Lycopodineai except the leaves of one species, and the scarcity of 
calamarian fragments.

All the species are described, several old or uncertain forms, as well as the new 
ferns, being illustrated. Generic and ordinal characterizations are omitted except 
in cases where recent discoveries as to the nature or relation of the groups make 
it seem desirable.

An examination of the distribution of the species and of thefacies and affinities of 
the flora leads to the conclusion that the plant-bearing outliers belong to the Lower 
Coal-measures, with an indicated stage near, probably above, the middle of that 
series.

BULL. NO. 99. RECORD OF NORTH AMERICAN GEOLOGY FOR 1891. BY N. H. DARTON.

Bulletin No. 99 (73 pages) is a record of contributions to continental geology for 
the year 1891, including geologic publications printed in North America and pub­ 
lications on North American geology wherever printed, excepting papers purely 
paleontologic or mineralogic. The entries are arranged in alphabetic sequence and 
comprise both the names of authors and the subjects treated, with such cross refer­ 
ences as the student of American geology might require.

BULL. NO. 100. BIBLIOGRAPHY AND INDEX OF THE PUBLICATIONS OF THE U. S. 
GEOLOGICAL SURVEY. BY P. C. WAEMAN.

This bulletin (495 pages) is a bibliography and index of the publications of the 
U. S. Geological Survey from its organization in 1879 to 1882, comprising Annual 
Reports 1-12, Monographs i-xx, Bulletins 1-99 (except 87, 88, and 89, which are re­ 
served for correlation essays not yet completed), the first eight volumes of Mineral 
Resources, such portions of the Geologic Atlas with auxiliary and subsidiary maps as 
have been completed, and a few miscellaneous brochures; the whole preceded by a 
compilation of tbe laws governing the printing and distribution of the Survey pub­ 
lications. The bibliography, which gives full titles, collations, and tables of con­ 
tents, occupies 308 pages of the bulletin and the index 169 pages.

DISBURSEMENTS.

The fiscal business of the Survey has remained in charge of 
Mr. John D. McChesney, chief disbursing clerk, who has since 
the creation of the Survey discharged the duties of his office 
with marked energy and fidelity. A detailed statement of dis­ 
bursements will be found in his administrative report. This 
statement is summarized in the following table:
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FINANCIAL STATEMENT.

Amounts appropriated for and expended by the United States Geological Survey for the 
fiscal year ending June 30, 1893.

Items.

Appropriation for fiscal year 1893. Acts ap­ 
proved July 16, 1892 i August 5, 1892; and

Amounts expended, classified as follows :

T. Bonded railroad accounts : 
Transportation of assistants. .$1, 719. 76 >
Transportation of property ... 689. 98 >

Balance unexpended July 1, 1893 ...... 
Probable amount required to meet outstand-

Geological 
Survey.

17, 642 -81
4, 325 -43

20, 867 -54

1 978 '68

939 -39

398 -75

1, 921 -07

1,416-03

1, 099 -17

155 -25

108 -00

1, 144 -10

1 699 -5g

35-89

2, 409 -74

367, 832 -97

6, 699 -91

Salaries, 
office of Geo­ 
logical Sur­ 

vey.

$35, 540 -00

35, 430 -44

109 -56

Geologic 
maps of the 

United States.

$20, 000 -00

$15, 299 -23

81-55

4, 338 -64

19 758 '50'

241-50 

241 "50

Total.

$430, 072 -88

423, 021 -91

7, 050 '97 

6, 941 -41

NECROLOGY 

JOHN STRONG NEWBERRY.

John Strong Newberry was born at Windsor, Connecticut, 
December 22, 1822. Two years later his father, Henry New 
berry, moved to Ohio, where he founded the town of Cuyahoga 
Falls. He also opened coal mines in a neighboring valley and 
the fossil plants discovered in these mines helped to develop and 
direct the scientific tastes of the son. John graduated at the 
Western Reserve University at Hudson in 1846, and at the 
Cleveland Medical School in 1848. Soon afterward he visited 
Europe, spending two years in Paris, where he continued his
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preparation for the practice of medicine and also gave some 
attention to paleontology. From 1851 to 1855 he practiced 
medicine in Cleveland with flattering success, but his interest 
in the natural sciences finally grew too strong to be resisted, and 
in the latter year he adopted scientific research as his life work.

Foremost in the natural history studies of his boyhood was 
the botany of his neighborhood. He not only made a collec­ 
tion of the native plants, but prepared a list of the species, 
which was afterward amplified and published as a Catalogue of 
Plants of Ohio. He also studied the land shells and fresh­ 
water shells, and one of his earliest scientific papers was on 
their distribution. Through his father's mining operations he 
had acquired a lively interest in fossil plants, and in Europe 
he had added an interest in fossil fishes.

In 1855 Dr. Newberry became one of the geologists of the 
War Department corps engaged in the exploration of our west­ 
ern territory with reference to railway routes. Joining a 
party under the direction of Lieut. R S. Williamson, he trav­ 
ersed the country between San Francisco and the Colum­ 
bia river, and two years later his papers on the botany and 
geology appeared. Next, as geologist of the Ives expedition, 
he explored the Colorado of the West from its mouth to the 
Grand canyon, and journeyed thence overland to the Tusa- 
yan villages, making important studies on the archeology and 
ethnology of the region.

After writing his report he took the field a third time as 
naturalist of the Macomb expedition which explored another 
part of the Colorado region, the district of the San Juan. These 
years of exploration laidthe foundation of Newberry's eminence. 
In geology, a journey in the arid West, including a visit to the 
district of the Grand canyon, is a liberal education, and his 
trained and philosophic mind enabled him to reap the largest 
benefit from his opportunity. Despite his predilection for the 
biologic sciences and especially for paleontology, he was forced 
to give chief attention to the geology and physical geography of 
that marvelous country, and he at once took rank among the 
foremost of American geologists.

The work of exploration was arrested by the civil war, and
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Newberry's energies were absorbed along with those of the 
nation. He was secretary of the western branch of the Sani­ 
tary Commission, and he devoted himself during the entire 
war to the mitigation of the suffering it entailed. That duty 
performed, he returned to scientific work, continuing at the 
Smitlisonian Institution the study of his western collections and 
and filling also a professorship in the Columbian University, of 
Washington, to which he had been called in 1857. In 1866 
he became professor of geology and paleontology in the School 
of Mines of Columbia College, New York, and this position he 
retained until his death.

But the work of instruction was only one of many occupa­ 
tions. The state of Ohio called on him to organize its geo­ 
logic survey in 1869, and for sevei'al years his chief energies 
were given to its conduct. His opinion was often sought as to 
the commercial value of oi'e deposits, and each of his many 
journeys on such errands brought back a contribution to science. 
He wrote articles on his favorite subjects for three leading cyclo­ 
pedias. He was a constant and versatile contributor to scien­ 
tific journals. In addition to these varied activities he carried 
steadily forward a series of researches on the fossil plants and 
fossil fishes of the continent. Extracts from the results of these 
last-mentioned labors were reported from time to time to scien­ 
tific associations and were published in their transactions. More 
extended memoirs appeared in the reports of the Illinois and 
Ohio geological surveys. The U. S. Geological Survey has 
printed two important papers by him: Fossil Fishes and Fossil 
Plants of the Triassic Rocks of New Jersey (Monograph xiv); 
and the Paleozoic Fishes of North America (Monograph xvi). 
Two other great memoirs were left incomplete by his death, 
one on the flora of the Cretaceous clays of New Jersey, the 
other on the flora of che Lavamie formation.

As an investigator Newberry was distinguished by his ver­ 
satility. He was not merely a well-informed student, but was 
on the frontier of progress in the paleontology of plants and 
fishes, in the philosophy of sedimentation, in glacial geology, 
in the theory of mineral deposits, in the geology of petroleum, 
and in a number of narrower themes. He was further dis-
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tinguislied by his breadth of view. Familiarity with the mul­ 
titudinous details of a subject did not so engross his attention 
that he failed to perceive its greater features and its more gen­ 
eral relations. As an educator his field was not limited to his 
class room and it is probable that his greater work lay outside, 
for through his popular writings, through the simple and at­ 
tractive style of his official reports, and through the sincerity 
and unfailing charm of his conversation he diffused interest 
and respect not merely for his science but for all science.

Of the academic degrees granted in recognition of his scholar­ 
ship, of the positions of trust by which his wisdom and integ­ 
rity were recognized, of the honorary offices by means of 
which his colleagues in science expressed their esteem, of the 
various formal tokens tlirough which the learned societies of 
the world acknowledged his eminence, it is needless to speak. 
Suffice it to say that the compensation which honor and fame 
sometimes give for devoted labor in the service of mankind 
came to him while yet he labored.

He was married in 1848 to Sarah B. Graylord, of Cleveland, 
Ohio. She survives him, as do also six of their seven children. 
His death, which was preceded by paralysis and two years of 
suffering, occurred at New Haven, Conn., December 7, 1892



GENERAL WORK IN TAXONOMY.

GROWTH OF CLASSIFICATION.

Science is organized knowledge. There are two ways in 
which knowledge grows, and both are essential to the progress 
of science.

The basis of knowledge is found in the facts of nature, and 
science always begins with the systematic observation of these 
facts. Through continued observation knowledge accumulates 
and its field widens until a large body of the facts of nature are 
brought into view. Thus the facts observed, or the conceptions 
standing for them, increase in quantity and grow in volume 
and eventually form an intellectual magma representing a cer­ 
tain plane of knowledge.

"When the body of isolated facts grows large it becomes 
cumbrous, and the active mind seeks to group the conceptions 
standing for the facts either by artificial devices or in natural 
order, either 'by adventive features or essential relations; and 
from time to time some mind, supported by the intellectual 
magma of accumulated knowledge and inspired by genius, 
perceives relations previously unknown. Then the facts, or the 
conceptions standing for them, are grouped in a new way in 
accordance with the newly discovered relations, and thereby 
knowledge is raised to a higher plane.

Thus science advances by distinct yet correlative alternate 
steps, of which the first is aggregation in a magma on a given 
plane, and the second segregation from the magma and eleva­ 
tion to a higher plane; the first is quantitative extension, and 
the second is qualitative enhancement. These alternating steps 
or stages have marked intellectual progress from the begin­ 
ning, and thus the course of increasing knowledge is not a
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rising plane but a stair. Sometimes the extension and the en­ 
hancement of knowledge result from the efforts of different 
individuals, e. g., an army of observers may accumulate facts 
for a generation or a century before the birth of a genius com­ 
petent to grasp their relations, lift the science to a new plane, 
and thus revolutionize knowledge; more frequently the pro­ 
cesses are carried forward by the same individual in alternat­ 
ing periods of observation and reflection; and it is the ambition 
of naturalists and the inspiration of science to combine the 
processes in the same individual.

Now there are two stages in the development of scientific 
work by individuals and institutions, coinciding with the pri­ 
mary steps in the growth of knowledge, i. e., there is a pre­ 
liminary or observational or experimental stage in which facts 
are gathered, not solely for immediate use, but as a foundation 
for a superstructure of science which it may not be possible 
even to foreshadow; and there is a constructive or creative 
period, in which the magma is crystallized and reared into the 
final superstructure, reaching to a higher plane of science.

In like manner there are two stages in classification corre­ 
sponding to the primary stages in the growth of knowledge: 
The classification employed in the primitive stage of extension 
is commonly designed to facilitate recording or finding, and is 
frequently based on external or artificial or adventive features 
and characters; moreover the process of adventive classification 
is usually one of successive division, in which the facts classi­ 
fied are successively separated by real or fancied differences. 
The classification employed in the stage of segregation and 
elevation of knowledge, on the contrary, is commonly designed 
to express natural relation, and is usually based on essential 
and inherent characters; and, moreover, throughout the entire 
domain of modern science the classific process is one of succes­ 
sive grouping by resemblance the antithesis of the primitive 
process of dividing by difference. Accordingly the scientific 
classification is an interpretation of nature, and is designed sim­ 
ply to express natural relation, and the more closely this end 
is approached the more perfect is the taxonomy.

These stages in the progress of knowledge, of scientific work,
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and of classification, have been recognized in the organization 
of the work of the Geological Survey. Soon after the institu­ 
tion of the Bureau provision was made for extending obser­ 
vation, for conducting experiments, and for inventing the 
methods and apparatus, to the end that the science might be 
lifted to a higher plane. The seed thus planted has borne fruit; 
in some cases the product has hardly justified the hope in which 
it was sown, but in other cases it has yielded a hundred-fold, 
and in general the harvest is rich.

When the Bureau was instituted, that part of the science 
of the earth which deals with stratified formations was well 
organized, and a rational classification of these formations 
was in current use. It was known at the same time that a 
large area in northeastern United States with local areas in 
the western part of the country were floored with glacial 
deposits; but no classification of the varied features and phases 
of these deposits had been developed, and the relation of the 
ice-laid materials to the extensive water-laid deposits some­ 
times associated with them was not known, nor was the chron­ 
ological succession of the glacial deposits understood. When 
the work began it was known that certain rocks of the coun­ 
try are volcanic, and it was known also that these igneous rocks 
frequently abound in or are associated with valuable mineral 
deposits; but there was no classification of these rocks suitable 
even for purposes of mapping, and their origin was unknown, 
as were also their essential relations. At the same time it was 
known that there are large areas of ancient crystalline rocks, 
usually called Archean, which have been variously classed by 
different investigators, but whose relations are not sufficiently 
known to give a basis for such a classification as.is required 
for a detailed geologic map of the United States. Moreover, 
when the Survey was instituted, a few geologists in this coun­ 
try had begun to perceive that, within certain limits, the topo­ 
graphic form of the laud surface gave a record of geologic ori­ 
gin and relations; but in no case had this record been inter­ 
preted in detail or made to yield bases for geologic classification.

When the Survey was organized, the ablest experts in the
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country were taken into its corps of officers, and their services 
were enlisted in the development of the science. From the 
outset it was the policy to encourage these collaborators in 
conducting original researches and in associating with the 
ablest investigators in the world engaged in similar work. To 
this end, publication in scientific journals and attendance upon 
scientific meetings have been encouraged. One result of this 
policy is seen in the wide diffusion of knowledge concerning 
the science of geology, and the stimulation of investigators 
both in this country and abroad; and while this diffusion tends 
to prevent definite statement of the actual scientific progress 
made by the collaborators of the Geological Survey as a body, 
it has secured the aid of all the leading geologists in the world 
in raising the science of geology to a higher plane.

During the fourteen years since the institution of the Geo­ 
logical Survey, exact knowledge concerning the earth and its 
resources has progressed apace; it has advanced far more than 
during any other equal period, perhaps more than during its 
entire previous history. The acquisitions have come from 
various sources; men of ability and originality connected with 
both domestic and foreign geologic surveys and institutions of 
learning have made important contributions to the progress; 
and every effort has been made to promote this progress within 
the Geological Survey, through the genius of its corps and 
their collaborators.

In the development of knowledge, classification is some­ 
times a means, sometimes an end. In the stage of aggregation 
classific arrangement is employed as a means for rendering 
the facts of nature accessible and available; when a higher 
system springs from the primary magma, the new relations are 
expressed in the classific arrangement, which is thus the end of 
research. When the Geological Survey was instituted, it was 
the purpose to conduct researches with the view of developing 
a more comprehensive classification, whereby the science of 
the earth and its resources might be raised to a higher plane. 
To this end facts pertaining to the several categories previously 
recognized were accumulated by specialists, and from time to 
time these facts were combined in various ways in order that
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new relations might be discovered. Some of the results of 
this comparative study are indicated in various publications 
by the collaborators of the Survey, and some are set forth in 
the preceding pages; but it is found that the more compre­ 
hensive relations brought to light through these researches are 
of profound interest, and go far toward placing the science on 
a higher plane. A few of these relations, which are not only 
of great interest as contributions to geologic science, but are 
of practical importance as bases for geologic mapping, are 
worthy of statement.

RELATIONS OF SEDIMENTARY ROCKS.

The sedimentary rocks consist chiefly of deposits collected 
from the land by rivers and laid down in bays, seas, or open 
ocean; and while the usage of working geologists is not uni­ 
form, it is not unusual to define a sedimentary formation as 
consisting of deposits laid down by a definite series of agencies 
during a definite period in a definite area. Thus the formation 
is a record of agency, of time, and of place. The quality of the 
record is not alike for these elements. The agency record, 
which is interpreted through analogy with geologic agencies 
now in operation, may be considered absolute in kind, but rela­ 
tive in degree; e. g., it may be known that a sedimentary for­ 
mation was laid down in troubled waters. Then this part of the 
record is absolute; and it may be inexpedient to determine 
whether the troubling of the waters was due to currents origi­ 
nating with inflowing streams or to waves originating in storms 
of the sea. Commonly the time element in the formation 
record is relative only and is derived from the relative positions 
of successive formations, or, more vaguely, from the types of the 
organisms whose remains are preserved as fossils. The place 
record, on the other hand, is commonly absolute. In the in­ 
fancy of geology only the record of time (or of relative posi­ 
tion) was prominently recognized, the agency record being 
imperfectly read, while the significance of the place record 
was not understood. There resulted a general classification of 
geology, which is essentially chronologic; and thus it happens 
that, while the chronologic arrangement is applicable to only
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one of the four great categories of the rocks of the earth now 
recognized, it has sometimes been extended to all, thereby con­ 
fusing the facts and concealing the essential relations of the 
other three classes of rocks. In the modern arrangement the 
agency record, the time record and the place record are all 
recognized, and the classification is based on all these elements.

The agency record is interpreted and made to serve two 
purposes, viz, (1) to segregate the sedimentary rocks as a 
primary category, and (2) to indicate relation between the 
formation and its environment. In virtue of the first of these 
purposes the sedimentary rocks of the country are discrimi­ 
nated from the igneous rocks as well as the ancient crystallines 
and the Pleistocene deposits, and set apart as a natural group 
which is subclassed chronologically. In virtue of the second 
purpose the formation is interpreted as a record of local agency, 
thus indicating the character and potency of the agency, the 
conformation of the sea bottom on which the deposits were 
laid, the composition and conformation of the land whence the 
deposits were derived, and thus the respective relations of the 
areas and processes of degradation and deposition. In this 
way the ancient continents and the olden seas are restored, and 
not only the formations themselves but the unconformities by 
which they are separated are found pregnant of meaning.

The time record is read not only from relative position of 
rock masses but (through the aid of the agency record) from 
the sources of material, from unconformities, and from topo­ 
graphic configuration or geomorphy. In this way there is 
developed a geologic chronology which serves not only as a 
basis for the classification of the sedimentary formations, but 
also as a fundamental web for geologic history which is grad­ 
ually filled in with the woof of local details. Some of these 
details are derived through interpretation of ancient crystalline 
rocks, igneous rocks, and Pleistocene deposits, as well as from 
the land forms which are the subject-matter of the science of 
geomorphy; but these phenomena are not arranged primarily 
by chronology and do not furnish the time record, although 
they corroborate and embellish it.

The place element is interpreted through the records of
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agency and in some measure through the records of chronologic 
succession, and serves to indicate a quantitative relation be­ 
tween destructive and constructive agencies and between areas 
of degradation and areas of deposition, and thus enables the 
geologist to restore ancient geography. One of the results of 
this interpretation is the recognition of geologic provinces. 
While a given formation represents certain agencies operating 
during a certain period within a certain area, it is commonly 
found that several successive formations are more or less inti­ 
mately related, indicating an essentially similar repetition of 
events during a number of successive periods i. e., the forma­ 
tions recognized in the rocks commonly belong to a homolo­ 
gous series, which together represent a cycle of geographic 
change of geologic evolution. Accordingly, while the geo­ 
logic province is sometimes coextensive with a single formation, 
it is commonly coextensive with a series of formations, perhaps 
with a system of rocks representing one of the great geologic 
ages. The geologic province is the unit of past geography; 
throughout each the successive deposits represent a definite 
chronologic sequence, and throughout each there may gen­ 
erally be found definite, consistent, and mutually corrobo­ 
rative series of records of geologic events. When one or sev­ 
eral provinces coincide with a continent they indicate its 
geography during the period of its existence, and the succes­ 
sion of formations and fossilized life-forms of contiguous or 
widely separated provinces combine to form a general record 
of continent growth a composite chronology of geologic de­ 
velopment. Sometimes the provinces of one period do not 
coincide with those of the next, and commonly the provinces 
of one age do not coincide with those of the succeeding age ; 
but while these discrepancies tend measureably to obscure 
relations and confuse correlation in given localities, they are 
significant in that they mark stages in the evolution of the 
continent.

The foregoing principles, which have been developed through 
much research, regulate the classification employed in the Geo­ 
logical Survey in the preparation and publication of the geo­ 
logic map of the United States. In recognition of the agency
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record, the sedimentary formations are set apart as one of four 
primary categories of rocks. In accordance with the time rec­ 
ord, these formations are arranged chronologically, and this 
arrangement gives a basis for geologic history to which the 
events represented by the production of the rocks of other 
categories are adjusted. In accordance with the place rec­ 
ord, the continent is conceived as divided into natural provinces; 
and within each province the formations are denned and cor­ 
related by agency of production and by fossil contents, while 
the formations of other provinces are similarly arranged in 
accordance with their provincial characteristics; and the forma­ 
tions of the several provinces are correlated only by age groups 
denned by fossil contents.

Under the system of classification and nomenclature many 
formations have received local designation. So far as practicable 
the designations previously employed by geologists are adopted, 
but when the earlier designations are based upon hypothetical 
correlations with the formations of other provinces or distant 
parts of the same province, or when they rest on adventive or 
variable characters, the original designations have not been 
adopted, but local names with a geographic connotation have 
been substituted.

So far as practicable the chronologic succession of rock sys­ 
tems has been harmonized with that recognized in Europe, 
and in some cases the definitions have been made arbitrarily 
to secure this end; but researches in the Lake Superior 
region and other portions of the continent have permitted the 
segregation of a great rock system anterior to the oldest sys­ 
tem commonly referred to the sedimentary series in Europe, 
and yet distinctly newer than the body of ancient crystallines 
which are not susceptible of classification on a chronologic 
basis. To this rock system a distinctive name bearing a geo­ 
graphic connotation has been applied: it is "the Algonkian 
system."

CORRELATION OF SEDIMENTARY FORMATIONS.

Most of the rocks with which the geologist has to deal are 
arranged in layers or strata which were deposited by water
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one upon another. If the series of layers visible at any lo­ 
cality be carefully examined, it will usually be found that a 
number of consecutive layers have the same character and 
are distinguished from layers above and below them by dif­ 
ference of character. A body of similar layers is called a 
formation, and the sequence of stratified rocks in any district 
usually exhibits a number of distinct formations. The rocks 
of the United States include many hundreds and perhaps 
thousands of formations, and in order clearly to describe these 
formations and their relations in the reports of the Survey 
and on its maps it is necessary that a comprehensive and logi­ 
cal system of nomenclature be adopted. This nomenclature 
should clearly distinguish every formation which is a separate 
unit, should avoid duplication of names for parts of the for­ 
mation occurring at different localities, and should exhibit the 
relation of each formation to its neighbors and to all other 
formations. The discrimination of individual formations will 
be accomplished if each receives a separate name and but one 
name.

The relations of formations require for their expression a 
system of classification with corresponding group terms. 
Geologists are not agreed as to the principles which should 
control the classification of formations and the naming of for­ 
mations and classes of formations, and their differences of 
opinion are reflected, not only in their individual practices, 
but in the rules which have been adopted by the various offi­ 
cial organizations for the geologic survey of foreign countries 
and of our own states. The discrepancies thus arising were 
largely instrumental in determining the organization of an in­ 
ternational congress of geologists, which, meeting from time 
to time in various European cities, undertook to establish by 
convention the principles, and to a certain extent the terms of 
nomenclature for the entire world. American geologists 
naturally looked to this congress for guidance, but after sev­ 
eral sessions had been held it was found that some of the 
principles of nomenclature which found favor with an assem­ 
blage of geologists trained in Europe were not well adapted 
to the special conditions of geologic work in the United States,
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and it was further found that there were so great divergences of 
views, even among European students, that it would be im­ 
practicable for the congress to formulate a code of regula­ 
tions which would be generally accepted and thus serve to 
control the practice of all countries. When it became evi­ 
dent that the needs of the United States survey were not to be 
satisfied through the work of the international congress, the 
Geological Survey undertook the determination of its own 
system and rules for classification and nomenclature. The 
importance of this determination was commensurate with the 
magnitude of the work of the Survey, whose field is many 
times larger than that of any other similar organization; and 
its difficulty was commensurate with its importance, for the 
extent of the field multiplies not only the number of for­ 
mations but the complexity of their relations. It was there­ 
fore in the interest of economy that tlie determination of the 
principles and rules of nomenclature should be based upon 
the broadest practicable view of the complicated conditions to 
be satisfied.

To this end the cooperation and counsel of a large body of 
specialists were invoked, first, by the organization of the Divi­ 
sion of Geologic Correlation; second, by assembling the geolo­ 
gists of the Survey for the discussion of the various questions 
involved. The convention of geologists remained in session 
for a number of days, discussing the problems of nomenclature 
at great length and reaching many important conclusions. 
Certain points in regard to which their work was inconclusive, 
but which demanded determination in order that the engraving 
of geologic maps might begin, were determined by the Director, 
and a set of rules was formulated. The work of that conference 
is fully set forth in the Tenth Annual Report and need not here 
be recited in detail. It accomplished its preliminary purpose 
by establishing a basis on which map work could begin, but it 
left a large number of questions for future settlement, the 
opinion prevailing that for the wisest determination of certain 
matters the experience of the past was insufficient and that it 
would be necessary to await the experiences of the future

The Division of Geologic Correlation had a somewhat special
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function which has been fully set forth in preceding reports, 
especially in the Tenth Annual Report (pp. 108-111), but may 
be briefly characterized here. The formations of each district 
rest upon one another in definite order. As each was laid 
down after the one on which it rests and before the one resting 
upon it, the superposition of formations represents the chrono­ 
logic order in which they were made. The classification of 
strata into formations thus implies and represents the division 
of geologic time into parts. All stratigraphy thus has a chrono­ 
logic factor.

In passing from one district to another, it is usually found 
that some formations are continuous, that others disappear, and 
that yet others are introduced. Those which are continuous 
from district to district are assumed to have been formed at the 
same time in both districts, and by their aid the relative dates 
of the noncontinuous formations are inferred. So far as this 
method of comparison can be carried, the formations may be 
arranged in a consistent chronologic system through the con­ 
sideration of their physical qualities and relations, and the 
region in which the rocks are thus related is said to constitute 
a geologic province; but this process of classification is limited 
by the discontinuity of formations and of series of formations. 
All deposits are naturally limited in extent at the time of their 
accumulation, and they afterwards become more narrowly 
limited through degradation. Geologic provinces are thus 
limited in area, and in order to establish the chronologic rela­ 
tions of all the formations of the country, it is necessary to 
compare the formations which 'belong to different provinces. 
This comparison is made chiefly by means of their contained 
fossils. The life of the globe has undergone a process of con­ 
tinuous though diverse evolution. The stages of that evolu­ 
tion are represented by vestiges of life in the various forma­ 
tions, and the comparative dates of formations occurring in 
different geologic provinces are indicated by the relations of 
the fossil forms they contain.

The process of establishing the synchronism of formations, 
whether by physical characteristics and relations or by means 
of their contained life, is known as geologic correlation, and
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is one of the most important factors in the classification of 
rocks. But although it has been practiced by all geologists 
since the days of William Smith, unanimity has never been 
attained as to its guiding principles, and there is especial di­ 
versity of opinion in regard to its limitations. The Division 
of Geologic Correlation was instituted, primarily, to assemble 
the facts necessary to determine what refinement of correlation 
the Geological Survey should undertake. As this involved the 
discussion of much of the existing knowledge with reference 
to the geologic formations of the United States, the plan of 
work was enlarged so as to include the complete summation 
of the knowledge previously acquired with reference to certain 
series of formations. General charge of the division was given 
to Mr. G. K. Gilbert, and for the discussion of each series of 
formation a paleontologist or geologist was detailed. Seven 
of these gentlemen have completed their reports, which have 
been published as Bulletins 80 to 86; an eighth report of the 
same character will follow these, and the series will be closed 
by two reports of a more general nature. As the chief part of 
what may be styled the evidence on the subject of correlation 
has now been submitted, it is proper that it be summarized in 
those respects which have the most important bearing on the 
system of nomenclature for the geologic map of the United 
States.

The newest series of formations discriminated by means of 
fossils viz, the Neocene was assigned to Mr. W. H. Dall, 
with whom Mr. Gilbert D. Harris was associated. Their re­ 
port, constituting Bulletin No. 84, classifies the American for­ 
mations under three great provinces: the Atlantic coast, the 
Pacific coast and the Interior. The beds of the coastal prov­ 
inces contain marine fossils, those of the Interior, fresh-water 
and land fossils. In each province many formations are re­ 
cognized, but the data do not warrant the correlation of any 
formation of one province with an individual formation of 
another, and still less do they warrant the correlation of indi­ 
vidual American and European formations; but within each 
province the authors have arranged the various formations in 
a series of chronologic succession, and to these series have
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been applied certain chronologic terms first used in Europe. 
The parallelism thus expressed represents, in their judgment, 
the lesson to be drawn from the evidence thus far acquired; but 
it is recognized that any element of it may be overthrown by 
evidence to be acquired in the future. There is especial doubt 
with reference to the formations of the Interior, where the evi­ 
dence derived from fossils of different kinds, vertebrates, in­ 
vertebrates and plants, has led to widely diverse conclusions 
and much controversy. \

The determined formations of the Eocene are described, 
compared, and classified by Prof. William B. Clark in Bulletin 
No. 83. He groups these also in three provinces, the Atlan­ 
tic, the Pacific, and the Interior, and his conclusions repeat 
those of Messrs. Dall and Harris.

The discussion of the Cretaceous formations, by Mr. C. A. 
White, in Bulletin No. 82, describes a chain of stratigraphic 
and paleontologic evidence of a most interesting and instructive 
character. These formations run in a discontinuous belt along 
the Atlantic coast from Massachusetts to South Carolina, a 
second belt from Georgia, through Alabama, Mississippi, and 
Tennessee to Illinois, and a third belt from Arkansas through 
Texas to New Mexico, and thence northward into British Amer­ 
ica. They also occur at many places on the Pacific coast. Di­ 
viding these belts into districts and considering them in the 
order in which they have just been named, Mr. White shows 
that an approximate correlation can be established between the 
formations of any two adjacent districts, and a chain of corre­ 
lation is thus established from Massachusetts to the great Cre­ 
taceous body of the continental interior; but as each de­ 
tailed correlation of adjacent beds is approximate only, the 
relations of the more remote beds are less definitely determined, 
and there is thus practically no basis for correlating in detail 
the formations of the interior with the formations of the north­ 
ern Atlantic coast. The element of distance affects not only 
the variation of physical characters but also the variations of 
faunas, so that the more remote the districts which are com­ 
pared the less definitely are their relations inferred. The 
Cretaceous formations of Europe are broadly classed as upper
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Cretaceous and lower Cretaceous, and these same terms are 
used by Mr. White in the discussion of the American formations; 
but the American classification is independent of the European, 
and he does not believe it possible to affirm or deny the syn- 
cronism of the divisions. Similarly there is serious doubt as 
to the relation of the upper limit of the American Cretaceous1 
to the upper limit of the European Cretaceous. The Laramie 
formation, occupying a broad area in the interior, though pro­ 
visionally classed with the Cretaceous, may have been depos­ 
ited partly in Eocene time.

The Jura-Trias formations were all originally assigned to 
Mr. I. C. Russell, but it was afterwards arranged that he should 
limit his work to a single formation, the Newark, which occu­ 
pies a series of districts on the Atlantic border from Nova Sco­ 
tia to North Carolina (Bulletin No. 85). This region was a 
land area for a long time previous to the accumulation of this 
deposit and for another long period subsequent thereto, and the 
contiguous formations above and below are thus widely separa­ 
ted from the Newark in point of time. As a consequence of 
this isolation the determination of the age of the Newark receives 
no aid from the abundant fossils of contguous formations, but 
depends entirely on its own less abundant fossils. As these 
have been gradually discovered, and as their study has been 
advanced by successive investigators, opinion as to their inter­ 
pretation has oscillated through a considerable range, and at 
the present time they are variously interpreted by different stu­ 
dents. Mr. Russell is of the opinion that the time relations of 
the formation to those of Europe and to those of other parts 
of the American continent, although known in a general way, 
can not yet be precisely fixed.

Prof. H. S. Williams, discussing in Bulletin No. 80 the 
Carboniferous and Devonian formations, employs a historical 
method. Dividing the rocks geographically into six prov­ 
inces Acadian, Appalachian, Mississippian, Michigan, Western, 
and Northern he traces in each the development of classifica­ 
tion. It appears that in each of the several provinces the first 
investigators imported classifications either from Europe or 
from other American provinces, but that in every such in-
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stance the imported classifications were ultimately abandoned, 
being replaced by those of local origin, so that in each province 
formations are now independently grouped in ways determined 
by local conditions.

Mr. C. D. Walcott, to whom were assigned the Silurian and 
Cambrian formations, promptly completed his work on the 
Cambrian, and his results are published in Bulletin No. 81. 
He recognizes four provinces the Atlantic, Appalachian, 
Rocky mountain, and Interior-continental and divides certain 
of these into subprovinces or "areas." From his study of the 
fossils he recognizes three faunas which are everywhere dis­ 
tinguishable, and by means of these faunas he classifies the 
various formations under the terms upper, middle, and lower 
Cambrian. In some areas all three divisions are found, in 
others only one or two, and there is no persistent correspond­ 
ence of lithologic character from area to area. Through sim­ 
ilar faunal data the Cambrian rocks of Europe are separated 
into three divisions, which divisions are believed to correspond 
approximately with those recognized in America. Thus a 
somewhat definite correlation of the Cambrian rocks has been 
made out, and this is set forth with more confidence than has 
been expressed with regard to any of the newer formations.

The sedimentary formations older than the Cambrian are 
elaborately discussed by Prof. C. R. Van Hise in Bulletin No. 
86 and the results of the work are set forth in some detail in 
subsequent pages. While there is evidence that animals and 
plants existed during the time represented by a portion of these, 
only a few imperfect fossils have been found, and these are 
quite inadequate for the purposes of classification. Thus the 
pre-Cambrian rocks are peculiar in that their classification must 
be based on physical characters alone. Being older than the 
other rocks, they have been longer exposed to the dynamic 
and chemic influences by which rock structures and rock tex­ 
tures are modified, and the ordinary methods of stratigraphic 
study are less easily applied to them. Despite these difficul­ 
ties they have been much studied because of the immense 
mineral wealth they contain, and a large body of geologists 
and mining engineers in the United States and Canada are st>ll
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occupied with the problems of their structure and classification. 
Under these circumstances of combined difficulty and interest 
it is not surprising that the most diverse opinions have arisen, 
and these opinions are put forth and discussed by Prof. Van 
Hise. He also discusses the value of the different kinds of 
physical evidence which have been presented, and the nature 
of the inferences which can legitimately be based upon them. 
His general conclusions are: First, that within each geologic 
province the pre-Cambrian formations may be grouped into 
systems, chiefly by the aid of unconformities; second, that in 
most American provinces, and probably in all, there may be 
discriminated a fundamental system characterized by complex 
structure and extreme metamorphism, and separated by pro­ 
found unconformities from one or more newer systems in which 
stratigraphic characters are better preserved. Although the 
first of these (Archean) appears to be everywhere distinct from 
the second (Algonkian), it can not be declared that the physical 
break separating them represents everywhere the same portion 
of geologic time. There is at present no reason to believe that 
any event chronicled by the physical constitution of the 
ancient rocks was of world-wide extent, and without such evi­ 
dence it is impossible to establish such chronologic correlations 
within the Algonkian and Archean as are established among 
the fossil-bearing formations.

At the other end of the chronologic scale stands the Pleisto­ 
cene, which is primarily separated from the Neocene by physi­ 
cal criteria, and in this respect resembles the oldest rocks. It 
resembles the Archean also in the fact that physical charac­ 
ters are chiefly employed in the grouping and correlation of 
the rock masses. Therefore the Pleistocene as a time division 
does not stand on the same basis with the periods characterized 
by fossils.

The principles developed through these several studies, so 
far as they apply directly to the practical work of the Survey, 
sustain the wisdom of the regulations which were formulated 
by the aid of the conference in 1889. Rearranged and am­ 
plified they take the following outline:
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The formation is strictly local; it is confined to a single geo­ 
logic province, and is usually less extensive than the province. 
Its precise equivalents in other provinces, that is to say, the 
formations which originated at the same time, can not be dis­ 
covered, although approximate correlations are sometimes pos­ 
sible.

Within the same province formations can be seriated; that 
is, their stratigraphic and hence their chronologic succession 
can be definite!}' determined. It is usually practicable to 
divide such a local succession of formations into groups, the 
members of which are more or less closely united through 
physical or biotic characters, and such grouping is useful. If 
the groups of one province be compared with the groups of 
another through their fossils, their time relations may be made 
out with greater or less accuracy. The relations of their 
limiting horizons can be no more closely determined than the 
relations of single formations; but as aggregates the groups 
can be correlated with a degree of probability or approxima­ 
tion which is valuable and useful. When groups of American 
provinces are compared with one another it is sometimes found 
that a group of one province represents approximately the 
same portion of geologic time which is represented by a group 
of another province, but more often the best attainable correla­ 
tion is expressed by the statement that the two groups overlap 
in time.

It is true, as a rule, that the greater the distance the less 
precise the correlation; it is also true that the larger the groups 
compared the less indefinite the relations established between 
them as integers.

In view of these facts there appears to be no possible sys­ 
tem of general classification more advantageous than the one 
already adopted, viz: the establishment of a small number of 
arbitrary time categories to which formations and groups of 
formations may be referred so far as the facts known concern­ 
ing them permit. The categories, being arbitrary, have the 
same value at one time as another; the basis of their institu­ 
tion being merely their convenience and not the assumption 
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that they have an essential basis in nature, they are not likely 
to be overthrown by subsequent additions to our knowledge 
of the order of nature. Time is continuous, and geologic his­ 
tory agrees with human history in that its events are not uni­ 
versal but local. The human history of a single kingdom 
may be classified definitely by means of reigns and dynasties, 
but the greatest difficulty would be found if such classifica­ 
tion of one kingdom were applied to other kingdoms, and 
therefore an arbitrary unit, the century, has been adopted for 
the purposes of universal history. So in geology the rock 
series of any province may serve to classify its chronology ac­ 
cording to a system which is locally natural and valuable, but 
the terms of a stable universal chronology must be arbitrary.

On the basis of these principles a chronologic scheme was 
adopted by the United States Geological Survey, the prime 
consideration at every step being the convenience of American 
geologists. That convenience was served by using a large 
number of categories and names which originated in Europe; 
but it was also served by deviating iu certain respects from 
European practice, and in one instance by the adoption of a 
new category and name the Algonkian.

The arbitrary time divisions thus adopted for the sedimentary 
rocks are nine in number, and are called periods. This term 
was used by the International Geological Congress for a time 
unit of the same ordinal value, and the Congress undertook 
to establish a scheme of periods, but its work in that direction 
was not completed. It also undertook the establishment of a 
scheme of time units of lower order, which it called "epochs." 
In this respect its precedent has not been followed by the United 
States Geological Survey, which deems it impracticable to give 
universal or even continental application to a set of time cate­ 
gories smaller than the period. The term "epoch" is used by 
the geologists of the Survey to designate the portion of geo­ 
logic time consumed in the deposition of any formation or group 
of formations, and thus has a localized application analogous to 
that of the words "reign" and " dynasty " in human chronology.

The oldest of the periods, the Algonkian, is distinguished from 
the Archean only by the physical characters and relations of
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formations. The eight succeeding periods the Cambrian, 
Silurian, Devonian, Carboniferous, Jura-Trias, Cretaceous, 
Eocene and Neocene are distinguished by the characters of 
their animals and plants. The Pleistocene is distinguished 
from the chronologic series by an episode of geologic climate. 

By the continual warping of the earth's crust its various 
parts are from time to time lifted into the plane of degradation, 
whereby portions of the formations are worn away to be built 
into new formations elsewhere. The older the formations the 
more frequently, as a rule, have they been subjected to erosive 
agents, and the less the extent of their surviving areas. More­ 
over, the newer formations overlie and partially conceal the 
older. Thus the newer formations occupy a greater portion 
of the earth's surface than do the older formations of the same 
thickness, and by reason of their broader outcrops they are at 
once of greater importance to mankind and better exposed for 
examination. The periods established for the convenience of 
classification have therefore been made unequal, the earlier in­ 
cluding the deposition of a greater thickness of strata than the 
later.

RELATIONS OF IGNEOUS ROCKS.

In the beginning of geology, lavas and other igneous rocks 
were indefinitely separated from the ancient crystallines, and 
were classified in part by crystallographic characters, in part 
by other features then supposed to be essential, but now known 
to be largely adventitious. Sometimes distinction was based on 
the relative ages of the igneous rocks, the older being thrown 
with the ancient crystallines of undetermined origin, and the 
newer alone classified as volcanic products.

During this period of vague and primitive classification, the 
current knowledge of igneous rocks represented the stage of 
aggregation in the development of science, and extended re­ 
searches were conducted in this and other countries, which re­ 
sulted in the accumulation of a vast body of facts relating to 
the mineralogic, crystallographic, petrographic, and petrologic 
features of the rocks. Recently this intellectual magma, repre­ 
senting the growth of several decades, and especially the un­ 
precedented growth of the last decade (which is in part sum-
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marized in later paragraphs, pages 87 101), has given origin 
to new conceptions of relation; and to-day knowledge of the 
igneous rocks is in the stage of segregation in the development 
of science, and is rising to a higher plane through the recog­ 
nition of relations more comprehensive than those previously 
perceived.

It is now recognized that the igneous rocks of all ages and 
all regions are essentially alike, or, as happily expressed by 
one of the foremost investigators of this subject (Prof. J. P. Id- 
dings), that they are consanguineous. It is recognized also 
that, despite their consanguinity, there is considerable diversity 
in composition and structure among the igneous rocks of differ­ 
ent ages and different provinces, even among those of the same 
age and province; but recent researches marking the present 
stage of segregation of knowledge concerning this subject have 
shown that this diversity is due, primarily, to differences (largely 
normal changes) in the physical conditions attending the fusion 
and extrusion, or intrusion, of the igneous rock matter; sec­ 
ondarily, to differences in the conditions of exposure of the older 
and newer igneous rocks: in general, the older igneous rocks 
have been deeply degraded and those now exposed were orig­ 
inally deep-seated, while the newer igneous rocks have been lit­ 
tle degraded, and those open to inspection were originally super­ 
ficial. Moreover, it has been shown, through the researches of 
the Survey, that vulcanism, with the formation of igneous rocks, 
is commonly correlated with the general succession of events 
recorded in the cycles of sedimentary deposits, arid with the 
geographic provinces within which these cycles have run, i. e., 
it has been found that the typical secular sequence of geologic 
events is, (1) elevation resulting in (2) degradation, accom­ 
panied by (3) extravasation, followed sooner or later by (4) 
subsidence, resulting in (5) sedimentation frequently suc­ 
ceeded by metamorphism, which completes the cycle and in 
turn gives place to reelevation. The recognition of these 
several relations among igneous rocks has led to the develop­ 
ment of a system of classification of such rocks, which is em­ 
ployed not only in organizing knowledge concerning the sub-
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ject, but in representing these frequently metalliferous rocks on 
the geologic map of the United States.

The elements of the classification correspond in some meas­ 
ure with the elements of the classification of the sedimentary 
rocks; i. e., there is an element of agency, which may, how­ 
ever, be divided into a source element and a condition element, 
and which is absolute as regards source, relative as regards 
condition; there is an element of time, which is of subordi­ 
nate utility, and is relative and less definite than among sedi­ 
mentary rocks; and there is an element of place, which is less 
clearly formulated than among sedimentary rocks, though it 
would seem to be an absolute record susceptible of correlation 
with the place record of the sedimentary provinces.

By the agency element the igneous rocks are set apart from 
the sedimentaries, the ancient crystallines and the Pleistocene 
deposits as one of the four primary categories of rock masses. 
All the igneous rocks are bound together by consanguinity, 
which indicates a certain community of source; but the rocks 
of successive intrusions or extrusions in the same province, 
though proved by consanguinity to be derived from the same or 
a closely related source, are sometimes acid, sometimes basic, 
and frequently represent a definite series of petrographic phases, 
which is repeated with little change in different parts of the 
world. It has been shown that this series of rock varieties 
can be interpreted only as representing a certain sequence of 
physical conditions depending in part on changes in tempera­ 
ture, pressure, etc., which probably in part result from the series 
of movements normally following the initiation of vulcanism. 
Thus the successive masses of petrographically distinct igne­ 
ous rocks are not simply discriminated by external characters 
in empiric fashion, but are interpreted as records of the physical 
conditions attending the fusion and intrusion or extrusion of 
the materials. So the classification is placed on a rational basis 
as an expression of natural relation; and at the same time the 
rocks are made to yield an account of a previously obscure 
chapter in geologic development.

The time element in the record of the igneous rocks is util­ 
ized in two ways: In the first place, the succession of flows
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gives a basis for local discrimination and correlation, and thus 
for mapping the distribution of igneous rock masses within a 
given province; and thereby a brief but highly significant 
cycle in the formation of rocks is defined. In the second place, 
the extravasation of igneous rocks in any province commonly 
coincides with a certain stage in the general cycle of events  
including the " cycle of sedimentation" recorded in greater 
fullness in sedimentary rocks and in earth forms, and thereby 
it becomes possible to correlate the volcanic rocks in time with 
the sedimentary strata; so that two measurably distinct and 
mutually corroborative records of geologic succession and of 
the development of the continents may be obtained. The time 
element is commonly utilized in field classification and in map­ 
ping only for the purpose of chronologic correlation with the 
sedimentary series; the briefer cycles of succession in flow are 
seldom utilized in mapping, since the physical relations of the 
rock sheets are commonly clearly displayed in the jield.

Through the place record read from igneous rocks it is found 
that vulcanism is not only related in time to the general cycles 
of movements comprised in continental evolution, but that 
there is an equally intimate relation in space; so that there is 
a province of vulcanism coinciding more or less closely with 
the province of successive deposition and degradation. Accord­ 
ingly the continent is found to be divided into volcanic prov­ 
inces only less definite than the sedimentary provinces. These 
provinces, however, do not correspond exactly with, and are 
fewer than, those of sedimentation, since certain of the sedi­ 
mentary provinces have been little or not at all affected by 
vulcanism.

In practical field work the place element in the volcanic 
record is used chiefly in correlation throughout the volcanic 
province; for while the succession in different provinces is 
more or less closely analogous, and in some cases almost 
identical, the differences between provinces in primary com­ 
position of the rocks, in the succession depending on physical 
conditions, and in time of formation as determined from the 
sedimentary series, may exceed the resemblances. Accord­ 
ingly the igneous rocks of the country are first set apart from
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the other primary categories of rock masses ; they are then 
grouped by provinces, each representing the product of vul- 
canism under a certain sequence of conditions, during a cer­ 
tain age or period, and within a certain area; and within the 
province they are grouped by composition, crystallography, 
and other petrographic features, interpreted as records of the 
physical conditions attending the extravasation.

Hitherto the nomenclature employed for the igneous rocks 
has been the petrographic one, representing the stage of ag­ 
gregation in the growth of knowledge concerning the subject; 
but it begins to appear that a local geographic nomenclature 
analogous to that of the sedimentary formations will be required 
in connection with the petrographic designations. The usage 
of nomenclature, which necessarily lags behind the develop­ 
ment of principles, is not yet fully established.

SUMMARY OF WORK ON IGNEOUS ROCKS.

Work on the igneous rocks has been carried forward in 
many parts of the United States and by many geologists at 
different times. Among the earliest results were those ob­ 
tained from the observations of Major C. E. Dutton on the 
basaltic lavas scattered over the surface of the country in the 
vicinity of the Grand canyon of the Colorado. The mode of 
occurrence of the volcanoes and lava streams has been 
graphically described in his report on that region. 1 They are 
basaltic rocks whose eruptions began in early Pliocene time 
and continued with intermissions probably to recent historic 
times, possibly to within four hundred years of the present 
day.

A very similar conclusion was reached by Mr. G. K. Gilbert 
with regard to the date of eruption of some of the basalts 
within the area once occupied by the Quaternary Lake Bonne- 
ville. According to Mr. Gilbert basaltic cones were built up 
during the existence of this great inland sea and subsequently, 
even down to very recent times. And he has declared that he

1 Second Annual Report U. S. Geological Survey, and also in Monograph II, Ter­ 
tiary History of the Grand Canyon of the Colorado.
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would not be surprised at the renewal of volcanic activity 
within this region.'

More recently Mr. J. S. Diller has described the occurrence 
of a cinder cone of basalt in the neighborhood of Lassen peak, 
California, which must have been formed by an explosive 
eruption about two hundred years ago. Trees still standing 
were killed at the beginning of the outbreak. Since then, at 
the same place, there have been two effusive eruptions of lava, 
the last of which probably occurred within the present century.2 
One of the first studies of volcanic rocks undertaken by the Sur­ 
vey was that by Mr. G. F. Becker on the rocks of the Washoe 
district, Nevada. The chief result of this investigation was 
the establishment of the true character of "propylite," which 
was shown to be an altered form of a number of different 
igneous rocks, corresponding to the so-called greenstone. Mr. 
Becker described in detail the petrographic characteristics of 
all the rocks of the district, as well as their relations to the ore 
deposits of the Comstock lode. Rocks previously called 
trachyte were shown to be andesite.

About the same time Mr. S. F. Emmons and Mr. Whitman 
Cross investigated the great intrusive sheets of porphyry at 
Leadville and their connection with the rich bodies of ore at 
that place. Their geologic and petrographic relations were 
described, as well as those of certain diorites and porphyrites 
in the same region. It was found that there was no definite 
order of eruption, but that the dioritic and porphyritic flows 
alternated. The range of variation in composition, however, is 
slight. Mr. Cross described the occurrence of hypersthene- 
andesite at Buffalo peaks, Colorado, and called attention to 
the widespread occurrence of hypersthene in andesites, both in 
this country and abroad.

The volcanic and other igneous rocks in the vicinity of 
Eureka, Nevada, were studied by Mr. Arnold Hague and Mr. 
J. P. Iddings, and a preliminary notice was published in the 
Third Annual Report U. S. Geological Survey. They con­ 
sist of andesites, basalt, dacite and rhyolite, together with

1 Second Ann. Kept. IT. S. Geological Survey. 
2 Bulletin 79, U. S. Geological Survey.
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considerable rhyolitic tuff". A large body of intrusive granite 
of fine grained facies, with apophyses of quartz-porphyry ex­ 
hibits the transition from granite to porphyry. The different 
kinds of volcanic rocks grade into one another by slight vari­ 
ations of composition and indicate their probable origin in some 
common magma.

Among the early studies was that by Prof. R. D. Irving on 
the pre-Cambrian lavas of the copper district of Lake Superior. 
Irving showed that the Keweenaw series was composed of 
extrusive flows of lava and bedded detrital rocks consisting 
largely of volcanic material interstratified with the flows, 
besides some dikes. The lavas include basic, intermediate 
and acid rocks, between which there are all manner of grada­ 
tions in composition, so that they form a connected series. 
There appears to be no chronologic relation between their 
times of eruption, the different kinds of lava alternating with 
one another. He called attention to the absence of volcanic 
dust and considered the mode of occurrence as indicating fis­ 
sure eruptions. The rocks include gabbro, granite, por­ 
phyry, diabase and basalt, which have been described in 
detail.

Major Dutton visited the Hawaiian volcanoes and studied 
the phenomena of active volcanism as well as the general char­ 
acter of the lavas, but made no microscopic investigation of the 
rocks. Subsequently he explored the Zuni plateau and Mount 
Taylor in New Mexico, and described the mode of occurrence 
of the Tertiary and recent lavas in that region. The Tertiary 
lavas are andesites and basalts which form comparatively thin 
sheets, 200 or 300 feet thick, capping the mesas in the vicinity of 
Mount Taylor, and constituting necks and dikes in the valley 
to the east. Mount Taylor is a volcanic cone. Most of the 
lava has been ejected in quiet streams from numerous small 
vents and not from great fissures, and large areas have been 
removed by erosion. The recent basalt flows in the San Jose 
valley are of similar origin and are so modified by atmospheric 
agencies or erosion as to make it seem probable that they were 
erupted since the discovery of America.

The volcanic rocks of the Tewan mountains, New Mexico,
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have been collected by the Director of the Geological Survey 
and Mr. W. H. Holmes, and their petrographic character has 
been studied by Prof. Iddings. They constitute a series rang­ 
ing from rhyolite to basalt through varieties of andesite. Rhy- 
olite and rhyolitic tuff are especially abundant. Certain mod­ 
ifications of all members of the series contain quartz in por- 
phyritic crystals, especially some basalts occurring on the Rio 
Grrande. The occurrence of quartz in this way has been 
shown by analysis to be independent of the chemical composi­ 
tion of the rock.1

Mr. J. S. Diller has demonstrated the primary character of 
the abundant quartz phenocrysts in the recent basalt of Cinder 
cone near Lassen peak, California, and has described in de­ 
tail its mode of occurrence. He has also investigated the 
volcanic lavas of the Lassen peak region and found them to 
be andesite, rhyolite, basalt and dacite in large amount. The 
region also contains diorite, peridotite, diabuse, and porphy- 
rite, which are intrusive in sedimentary rocks and have un­ 
dergone some metamorphism. Mr. W. Lindgren and Mr. W. 
H: Turner have studied the igneous rocks in the vicinity of 
Sacramento, California, and throughout the gold belt, and find 
a similar series of volcanic lavas and the same intrusive rocks 
highly metamorphosed into schists and amphibolites.

The igneous rocks of the quicksilver areas in California 
have been studied by Mr. Becker and Mr. Turner and also by 
Mr. Lindgren. They consist of granites and porphyries with 
andesites, rhyolites, and basalt. Peculiar andesitic and basal­ 
tic glasses with a high percentage of silica and alkalies occur 
near Clear lake. Mr. Becker discusses the question of the 
source of the volcanic lavas in this region and concludes that 
they originated beneath the granites and have not been de­ 
rived from sedimentary strata. Mr. Turner describes diabase, 
gabbro, pyroxenite, peridotite and serpentine from Mount 
Diablo. The serpentine resulted from the alteration of the 
pyroxenite and peridotite, whose eruption appears to have oc­ 
curred since the deposition of the Knoxville beds. The petro­ 
graphic character of the lavas of the Pacific coast volcanoes,

'Bull. 66, U. S. Geological Survey.
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which were collected by Mr. Clarence King, Mr. S. F. Emmons, 
and Mr. Arnold Hague during their connection with the U. S. 
Exploration of Fortieth Parallel, has been studied micro­ 
scopically and to some extent chemically by Mr. Iddings. 
The rocks are pyroxene-andesites and hornblende-andesites, 
with dacite and basalt. The pyroxene-andesites grade into 
basalt as hypersthene decreases and olivine increases. On the 
other hand hornblende-andesites grade into dacites.

The collection of volcanic rocks from the Great Basin region, 
made by the geologists of the U. S. Exploration of the Fortieth 
Parallel was reviewed by Mr. Hague and Mr. Iddings, and some 
errors in previous determinations were pointed out. The true 
character of propylite as an altered form of other rocks, mostly 
andesite, was established for this region, as Mr. Becker had 
made it out for the Washoe district. The absence of trachyte 
was also proved, the rocks previously so called being for the 
most part andesites. The many varieties of volcanic rocks 
form a mineralogic series whose members grade into one 
another and include basalt, pyroxene-andesite, hornblende- 
andesite, hornblend e-mica-andesite, dacite, and rhyolite. The 
rhyolites, which are specially numerous in this region, were 
subdivided into nevadite, liparite, lithoidal rhyolite and hyaline 
rhyolite. Subsequently the same investigators studied a col­ 
lection of volcanic rocks from the republic of San Salvador, 
Central America, and found them to possess precisely the 
same microscopic characteristics as the lavas of the Great 
Basin. They form a connected series including basalt, pyrox­ 
ene-andesite, hornblende-pyroxene-andesite, hornblende-mica- 
andesite, and dacite.

The igneous rocks of Washoe, Nevada, have been studied 
by Mr. Hague and Prof. Iddings with special reference to 
their crystallization and probable genetic relations. The tran­ 
sitions from glassy and minutely crystalline varieties to much 
more crystalline forms was pointed out, and its connection 
with their geologic mode of occurrence was shown. The 
continuity of this whole group of igneous rocks and their 
connection in time were declared to be probable.

In Colorado Mr. Cross has studied some of the great diorite
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masses of the Elk mountains in the Grunnison region together 
with metaphoric phenomena in the adjacent strata. In the 
West Elk mountains he has reexplained one of the great lac- 
colite areas of the Rocky mountains, investigating their ge­ 
ological occurrence and the character of the rocks, which he 
has compared with the laccolitic rocks of the Henry mountains. 
He has also studied the great system of dikes in the Ruby 
range, where granitic, dioritic, and porphyritic rocks intersect 
post-Laramie strata; the extensive formation of andesite 
breccia in the southern part of the West Elk mountains, to­ 
gether with surface basalt and rhy olite, and the conglomerates 
of the Ruby beds of post-Laramie age, which are composed 
of volcanic material.

Mr. Cross has examined, also, the igneous rocks in the Ten- 
mile district, Colorado, which consist of a great number of in­ 
trusive sheets and a few laccolites which have been injected 
into Carboniferous and Triassic rocks. He has described the 
dikes and flows of basalt at Table mountains, in the neighbor­ 
hood of Denver, with special reference to the zeolites which 
have been developed in them.1 He has revisited Leucite hills, 
Wyoming, and undertaken a detailed investigation of the 
mode of occurrence of the remarkable leucite rocks found 
there and of their microscopic and chemic characteristics. He 
has studied the geology of the igneous rocks at Silver Cliff and 
Rosita hills, Colorado, and has described their petrographic 
characters including their chemical composition. There are 
intrusions of syenite and diabase of pre-Tertiary age cutting 
the crystalline schists. Rosita hills represent a partially eroded 
Tertiary volcano, built up of fragmental and massive lavas, 
consisting of the following rocks, named in the order of their 
eruption: Hornblende-andesite, horubleiide-augite-mica-ande- 
site, quartz-bearing andesite, rhyolite, mica-augite-andesite, 
trachyte. The second kind of andesite is traversed by intru­ 
sion of diorite, and this, in turn, by granitic veins. The varia­ 
bility in composition of the diorite and the occurrence of granitic 
veins are considered to be the result of a differentiation of the 
dioritic magma during its consolidation.

1 Bull. 20 U. S. Geol. Survey.
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Mr. Cross has also described the remarkable development 
of spherulites in the rhyolitic lavas of this district. Some of 
these spherical bodies are more than 10 feet in diameter, and 
occasionally contain pockets of ore within them. In con­ 
nection with this study he has discussed the general question 
of the constitution and origin of spherulites in acid eruptive 
rocks. He has also described the occurrence of topaz and gar­ 
net in lithophysse in rhyolite at Nathrop, Colorado, and has 
also called attention to an occurrence of phonolite in El Paso 
county, of the same state, and has described its mineral and 
chemical composition.

In the Yellowstone National park and the immediate vicin­ 
ity much time and study has been given to the volcanic rocks 
and attendant volcanic phenomena. In a brief sketch of the 
general geology of the region, Mr. Hague has stated the more 
salient facts regarding the chronologic relations between the 
andesites, rhyolites, and basalts, and has called attention to the 
volcanic mass on the Washburn group of mountains. He has 
also noted the diversity in the texture and structure of the rhyo­ 
litic lavas and published chemical analyses of two varieties. In 
another place he has described a rare form of leucite rock from 
the Absaroka range some distance southeast of the Yellowstone 
park, together with its chemical composition. All the mem­ 
bers of the Yellowstone park division of the Geological Sur­ 
vey have spent more or less time in studying the field occur­ 
rence of the igneous rocks of the region.

A special study of the rhyolitic lava forming Obsidian cliff 
was made by Mr. Iddings. The various modes of crystalli­ 
zation have been described, and the causes leading to the 
production of hollow spherulites and lithophysse discussed. 
These, with the alternating phases of crystallization in the 
laminated portion of the lava streams, were ascribed to the 
presence of water vapor irregularly distributed through the 
molten magma. The microscopic characters of this rock, and 
particularly the mineralogic composition and structure of 
spherulitic crystallization, have been described in detail. Mr. 
Iddings has also studied the eruptive rock of Electric peak and 
Sepulchre mountain, in the Yellowstone park, and published
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an account of their geologic occurrence and their chemical and 
minerak)gic relationships. The rocks are in part intrusive, 
and in part extrusive, and include diorite and granite with va­ 
rious porphyries, and andesites, dacites, basalts, and rhyolites. 
These constituted a post-Cretaceous volcano, which has been 
faulted across the central conduit and has been greatly eroded. 
The coarsely crystalline diorites and granite are shown to be 
like certain varieties of the extrusive lavas in chemical com­ 
position and undoubtedly to have formed with them a contin­ 
uous geologic body. The mineralogic and structural differ­ 
ences between the coarsely crystalline and glassy modifica­ 
tions of chemically similar magmas is referred to differences 
in the physical conditions attending their solidification.

In connection with this work Mr. Iddings has reviewed the 
theories regarding the origin of igneous rocks, and has laid 
special emphasis on the evidences of consanguinity among all 
of the rocks connected with one period of eruptive activity in a 
single region, and also on the differences in the chemical char­ 
acter of groups of igneous rocks in different regions. This 
was partly illustrated by tables of chemical analyses of rocks 
from Electric peak and Sepulchre mountain, from the basin of 
Crandall creek, and from certain localities in the Absaroka 
range. Upon this basis the chemical and molecular differen­ 
tiation of molten magmas was discussed, and the explanation of 
certain less common varieties of igneous rocks as extreme 
forms of the universal differentiation was advocated. The dif­ 
ferences between the mineral composition and structure of 
some kinds of intrusive rocks often found in dikes, and those 
of less crystalline rocks with the same chemical composition, 
were again referred to the physical conditions under which they 
had solidified.

In the region immediately north of the Yellowstone park 
Mr. Iddings and Mr. W. H. Weed have explored and mapped 
the volcanic rocks together with the general geology of this 
area. The great bulk of the lavas are andesitic breccias or 
agglomerates which form ranges of mountains in the southern 
and southwestern portions of the area shown on the Livingston 
atlas-sheet. These have been accumulated about volcanic
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centers, two of which are marked by intrusive bodies, such as 
stocks and dikes, in which the magmas have crystallized as 
diorite and gabbro, or porphyries. The character of these 
igneous rocks, is the same as that of those in the Yellowstone 
park. Mr. Weed has found post-Laramie conglomerates com­ 
posed largely of andesitic materials and closely analogous to 
those discovered by Mr. Cross in Colorado.

In the northern end of the Livingston sheet the intrusive 
rocks, forming an immense stock with radiating dikes and out­ 
lying intrusive sheets in the Crazy mountains, have been studied 
by Mr. J. E. Wolff and the two geologists last mentioned. The 
rocks constitute a great series of varieties differing in compo­ 
sition and structure. They are diorite, granite and porphyries, 
and several unusual varieties, theralite and acmite-trachyte. 
The age of the rocks is probably Tertiary.

The petrographic characters of the intrusive rocks in a num­ 
ber of localities along the frontal ranges in northern Montana, 
including the Highwood and Little Belt mountains, have been 
discovered by Mr. Lindgren. The rocks consist of porphy- 
rites, quartz-porphyrites, and lamprophyre; augite-trachyte, 
analcite-basalt, and sodalite-syenite. Mr. Lindgren has empha­ 
sized the greater amount of alkalies in the rocks of this group 
and their correspondence with certain forms found in the Crazy 
mountains and in the Absaroka range.

In the country northwest of the Yellowstone park, Mr. A. C. 
Peale has studied the geology of the volcanic lavas and intru­ 
sive rocks and mapped their occurrences, while Mr. Gr. P. 
Merrill has been engaged upon their petrographic investigation. 
The region adjoins the Livingston sheet on the west, and the 
igneous rocks exhibit similar relations.

The eruptive rocks of the Penokee series, 1 in the Lake Supe­ 
rior region, were found by Prof. C. R. Van Hise to be diabases 
having a very uniform composition and structure. They occur 
as dikes and in sheets, probably intruded in the slates. They 
are of pre-Cambrian age, and exhibit a definite relation between 
their degree of alteration and the character of the rocks imme­ 
diately surrounding them. Those parts of certain dikes in-

1 Tenth Annual Report United States Geological Surrey, p. 436-438.
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closed in impervious slates have remained well preserved, while 
other parts of the same dikes, which are surrounded by rocks 
which permit the free percolation of water, are completely 
decomposed. The eruptives beneath the Penokee series are 
diabases, which have undergone extensive metamorphism and 
alteration into greenstones and schistose rocks.

Profs. Irving and Van Hise have made a microscopic study 
of the eruptive rocks of pre-Cambrian age in the region of 
Lake Superior, and have given special attention to the "green­ 
stones." Those older than the Keweenawan were found to 
be various kinds of diabase, gabbro, norite, and diorite. The 
varieties of diabase include diabase proper, olivine-diabase, 
orthoclase-diabase, noritic diabase, and diabase-porphyrite. 
The varieties of gabbro are quite similar, namely: gabbro 
proper, olivine-gabbro, orthoclase-gabbro, noritic gabbro, and 
hornblende-gabbro. Most of the diorites were held to be 
altered diabase or gabbro, and the secondary character of much 
brown hornblende in these rocks was accepted. It was con­ 
sidered to be an alteration product of primary augite. Peri- 
dotites were also described, but are of rare occurrence.

Prof. Greo. H. Williams studied the greenstone schists of the 
Menominee and Marquette regions, and showed that they were 
metamorphosed forms of olivine-gabbro, gabbro, diabase, dia­ 
base-porphyry, glassy diabase and melaphyr, diorite, diorite- 
porphyry, and tuffs. With these were associated granite, 
granite-porphyry, and quartz-porphyry, which have been meta­ 
morphosed into augen-gneiss or schistose porphyry. The 
original eruptive character of these metamorphosed rocks was 
established by an investigation of their field relations and 
occurrence, as well as by the study of their macroscopic and 
microscopic characteristics. The greenstones are considered 
to have originally consolidated at the surface of the earth. 
Their structural, mineralogic, and chemical metamorphism has 
been described in detail. 1

The gabbro and soda-granite (or keratophyre) of Pigeon 
point on the western shore of Lake Superior have been inves­ 
tigated by Prof. W. S. Bayley. The gabbro forms a large dike

'Bull. 62, U. S. Geological Survey.
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cutting sedimentary rocks. The soda-granite or keratophyre 
occurs between the gabbro and quartzite, and appears to min­ 
gle with the gabbro on one side and with the quartzites on 
the other. The transitions between these rocks are so gradual 
in places as to suggest the derivation of the keratophyre from 
the quartzite by extreme metamorphism. 1

Prof. Greo. H. Williams has recently investigated a group of 
pre-Cambrian volcanic rocks at South mountain, in Pennsyl­ 
vania and Maryland, 2 and has stated the evidence by which 
their volcanic character is established. He finds them to con­ 
sist of rhyolites and basalts, both massive and clastic, as tuffs 
and breccias. The rhyolites are spherulitic and perlitic in 
part, and contain lithophyssc. They exliibit many petrographic 
features identical with those of modern rhyolites. They have 
been more or less altered and recrystalized, and have been 
metamorphosed in places into schists and slates. The basalts 
in some cases exliibit their original structure but slightly 
altered. In other cases they are metamorphosed into slates, 
the amygdules when present being drawn out into elongated 
spots.

Prof. Williams has investigated, also, the gabbros and asso­ 
ciated rocks occurring in the neighborhood of Baltimore, Mary­ 
land, 3 and has described their mode of occurrence. The rocks 
are of pre-Cambrian age and constitute three types: hyper- 
sthene-gabbro, gabbro-diorite, and peridotite. He has described 
their petrographic and chemical characters in detail, and has 
shown that the gabbro-diorite is a metamorphosed form of the 
hypersthene-gabbro and that both rocks are parts of one geo­ 
logic body. The third kind, or peridotite, is younger and 
breaks through the gabbro in dikes,

Mr. F. D. Chester made a similar study of the gabbros and 
associated rocks of Delaware. 4

Mr. C. D. Walcott has examined the geologic occurrence of 
the pre-Cambrian lava flows exposed near the bottom of the

1 Tenth Ann. Kept. II. S. Geological Survey, p. 125, 126; also Bull. 109 U. S. Geo­ 
logical Snrvey.

2 Am. Jour. Sci., Vol. 44, Dec., 1892. 
'Bull. 28, U. S. Geological Survey. 
-< Bull. 59, IT. S. Geological Survey. 

14 GEOL   7



98 REPORT OF THE DIRECTOR.

Grand canyon of the Colorado, and has demonstrated their 
extrusive character and chronologic position. Their micro­ 
scopic characteristics have been studied by Mr. Iddings. They 
constitute a group of basalts differing somewhat in degree of 
crystallization, and similar to many of recent date. They are 
partly vesicular or amygdaloidal, and also massive and to some 
extent scoriaceous and brecciated. 1

Mr, J. S. Diller has studied the peridotite of Elliot county, 
Kentucky, and has described its microscopic and chemical 
character. Its geologic occurrence shows it to have been in­ 
truded into Carboniferous sandstones and shales.2 He has also 
described a mica-peridotite from Crittenden county, Kentucky, 
which forms a dike and is plainly eruptive. Its chief constitu­ 
ents are biotite and serpentine, with perofskite and other min­ 
erals in smaller amount.3

Prof. H. D. Campbell is at present engaged on a systematic 
petrographic study of the Mesozoic igneous rocks of the At­ 
lantic coast.

Mr. N. H. Darton has described dikes of basalt cutting lower 
Devonian beds in Highland county, Virginia, the microscopic 
characters of which were studied by Mr. Diller.4 Mr. Darton 
has also investigated the relations of the traps of the Newark 
system in New Jersey.5 He finds they are partly surface 
lava flows and partly intrusive sheets and dikes. To the first 
group belong the sheets constituting the Watchung mountains. 
The second group comprises nearly all the other occurrences, 
the Palisades along the Hudson river being the most notable 
example.

Thus, during fourteen years since the institution of the Sur­ 
vey in 1879, investigations of the igneous rocks of the United 
States have been prosecuted in all of the more important 
igneous provinces, and each province has yielded important 
data concerning the origin and essential relations of the rocks 
of this class.

1 14th Ann. Kept. U. S. Geological Survey.
2 Am. Jour. Sci., Vol. 32, Aug., 1886; also, Bull. 38, U. S. Geological Survey.
3 Am. Jour. Sci., Vol. 44, Oct., 1892.
4 Am. Jour. Sci., Vol. 39, April, 1890. 
6 Bull. 67, U. S. Geological Survey.



REPORT OF THE DIRECTOR. 99 

RELATIONS OF THE ANCIENT CRYSTALLINE ROCKS.

The highest classification is that which represents the most 
comprehensive relations, i. e., the relations of genesis and devel­ 
opment; and one of the purposes of research concerning the 
ancient crystalline rocks, from the beginning of geology, has 
been the discovery of their origin, with a view to comprehen­ 
sive classification. Analogy warrants the presumption that 
these rocks contain records of origin comprising the elements 
of agency, time and place; but the history is so long and com­ 
plex, and the record so obscure by reason of the multiplicity of 
overlapping inscriptions, that the interpretation is yet far from 
complete.

The agency record has been carefully studied in different 
districts of the country, and it has been found that apart of the 
series of ancient crystallines formerly thrown together as Ar- 
chean are igneous and susceptible of arrangement and mapping 
under that category of rocks; and that another part were 
originally sedimentary deposits, subsequently metamorphosed 
through physical agencies and conditions and chemical action 
depending thereon. The characters of another part are so ob­ 
scure in origin that they can not yet be interpreted and classed 
by genesis. Thus the area assigned to the Archean in the 
general maps representing the primitive condition of geologic 
science has been greatly reduced: about one-third of the rocks 
have been transferred to the igneous category and classified 
and mapped primarily by origin and secondarily by place, like 
the newer lavas, the time element being commonly indefinite; 
and the rocks of fully another third of the area have been 
found to consist of metamorphic sedimentary foundations of 
various ages, and these are classified and mapped genetically, 
chronologically, and geographically, like the less altered sedi- 
mentaries of the various ages and provinces of the continent. 
Accordingly, less than one-third of the ancient crystalline 
rocks formally referred to the Archean now remain beyond the 
domain of classific knowledge. Most of these occur in regions 
which have not vet been surveyed in detail, and, judging; from 
experience, it seems probable that with the extension of sur-
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veys this remaining nebula of geologic science will be resolved, 
and all of the ancient crystallines of the country classified by 
agency of production as well as by time and place of origin.

The time element of the record inscribed in those ancient 
crystalline rocks which are not referable to igneous and meta- 
morphic sedimentary categories is seldom definite and can not 
be used independently as a basis for classification. Some of 
these crystalline rocks underlie the lowest and oldest sedimen­ 
tary formation of certain provinces, and are therefore known 
to be ancient, perhaps to antedate the beginning of the series 
of events covered by the geologic chronology based on sedi­ 
mentary rocks and their contained fossils; but others occur at 
various horizons in the sedimentary series and mark various 
dates in the chronologic series from the Algonkian up to the 
Cretaceous or even the Eocene. Accordingly, chronologic 
arrangement of these crystalline rocks is quite inexpedient; 
yet within certain limits they may be correlated with asso­ 
ciated noncrystalline sedimentaries, and may thus be thrown 
into a general chronologic arrangement based on the time 
record of the latter rocks. Even the local chronologic suc­ 
cession is sometimes uncertain, for the rock masses have 
frequently been displaced by overturning, overthrusting, and 
other diastrophic movements so extensively that the physical 
relation of masses can not safely be accepted as an index of 
chronologic succession.

The place record found in the ancient crystallines is less defi­ 
nite than that derived from the unaltered sedimentary and igne­ 
ous rocks, partly by reason of changes in relative position due 
to diastrophic movement and partly by reason of the variable ef­ 
fects of metamorphism, which sometimes simulate those of sedi­ 
mentary rocks and more frequently those of igneous rocks, so 
that discrimination of rocks and definitions of province may be 
uncertain. Accordingly, while that portion of the ancient 
crystalline rocks transferred to the igneous and sedimentary 
categories may be grouped by provinces, the place arrange­ 
ment of the crystallines of unknown origin is of little signifi­ 
cance. Nevertheless, this arrangement has the merit of sim­ 
plicity, convenience, and adjustability to any taxonomic system
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that the future may bring forth. So the relatively few remain­ 
ing crystallines of unknown origin are denned by petrographic 
character and geographic position, though character and posi­ 
tion are seldom regarded as indices of essential relation among 
the igneous rocks.

The nomenclature coming into vogue for the ill-classified 
ancient crystalline rocks (commonly composing the "basement 
complex") is similar to that contemplated for the volcanic 
rocks a geographic element indicating the type locality of 
the rock mass, coupled with a petrographic element indicating 
the character of the rock.

SUMMARY OF WORK ON ALGONKIAN AND ARCHEAN ROCKS.

ORGANIZATION.

The two divisions of the Survey which have been largely 
engaged in a study of the pre-Cambrian rocks are the Archean 
and Lake Superior divisions. The first has been continuously 
in the charge of Prof. Raphael Pumpelly. The second was in 
charge of Prof. R. D. Irving until his death, in May, 1888, since 
which time it has been in the charge of Prof. C. R. Van Hise. 
The chief assistants of the Archean Division have been Prof. 
B. K. Emerson, Prof. T. N. Dale, and Messrs. C. L. Whittle and 
W. H. Hobbs. Those of the Lake Superior Division have 
been Prof. George H. Williams and Messrs. W. S. Bayley and 
W. N. Merriam. Dr. Williams in his later work has been at­ 
tached to the Potomac Division, in charge of Mr. W J. McGee. 
In addition, a considerable amount of work incidental to the 
main lines has been done on the pre-Cambrian formations by 
other divisions. These are the Rocky Mountain Division, in 
charge of Mr. S. F. Emmons; the Montana Division, in charge 
of Mr. A. C. Peale; the Appalachian Division, in charge of Mr. 
Bailey Willis, and the Division of Paleozoic Invertrebrate Pa­ 
leontology, in charge of Mr. C. D. Walcott. Other divisions, 
also, have made contributions which intimately concern the pre- 
Cambrian.

The contributions to pre-Cambrian geology by the various 
divisions maybe summarized under the heads, Methods of Work,
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Geologic Nomenclature, Structural Results, Economic Results, 
Petrology, and Areal Maps.

METHODS OF WORK.

Perhaps of more importance than any other contributions 
has been the elaboration of methods of work; more important, 
because these methods are sure in the future to yield larger 
results than have yet been obtained. The improvement in 
methods has been both negative and positive; negative in show­ 
ing the worthlessness of bad methods, and positive in intro­ 
ducing new principles.

It has been shown that any general classification of pre-Cam- 
brian rocks, based on color, on mineral content, on lithologic 
character, on degree of crystallization, or on all of these com­ 
bined, is no guide whatever as to age in different geologic 
provinces. It has been demonstrated that the criteria which 
apply to Cambrian and post-Cambrian stratigraphy apply also 
to pre-Cambrian; that is, that the base of the Cambrian does 
not mark a magic plane in geology. This might have been 
assumed almost as of course, but as a matter of fact it has been 
widely asserted that different principles are to be applied to 
pre-Cambrian and post-Cambrian geology.

The pre-Cambrian rocks, becaxise of their age, have on the 
whole suffered from more numerous dynamic movements and 
injections of igneous material than later rocks. As yet, fossils 
are insxifficient for the purpose of correlation. These difficulties, 
in the past almost insuperable, have been largely overcome by 
the use of the method of studying rocks microscopically in thin 
section. The advantage which comes from the use of the micro­ 
scope as an accessory in studying pre-Cambrian stratigraphy 
can not be overestimated. The microscope plays somewhat 
the same part with pre-Cambrian rocks that fossils do with the 
post-Cambrian, and to neglect the use of this tool is as unwise 
as to neglect fossils in studying post-Cambrian stratigraphy.

Attention has been strongly directed by the work of Prof. 
Pumpelly's division to the evils which have come from the 
very frequent assumption that schistosity or cleavage corre­ 
sponds with bedding. In working in areas in which the folds
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have a pitch Prof. Pumpelly has enunciated important new 
principles: (1) The degree and direction of the pitch of a fold 
are indicated by the axes of the minor plications on its sides; 
(2) the strike of stratification and direction of cleavage or 
foliation often differ in the same rock, and are then regarded 
as indicating a pitching fold; (3) such a correspondence ex­ 
ists between the stratification and the cleavage or foliation of 
the great folds and those of the minute plications that a very 
small specimen properly oriented gives, in many cases, the key 
to the structure over a large portion of the side of the fold.

Irving has shown that, hi a region of pre-Cambrian rocks in 
which fossil evidence is not available, unconformity is the 
most important fact for the major subdivisions, such breaks by 
their origin necessitating a very considerable extent of time 
Also, because of the importance of the unconformities, critical 
discussions have been published as to the phenomena on which 
conclusions as to unconformity may be based. As guiding' 
phenomena for unconformities may be mentioned (1) ordinary 
discordance of bedding; (2) difference in the number of dy­ 
namic movements to which the serieshave been subjected; (3) 
discordance of bedding of tipper series and foliation of lower; 
(4) relations with igneous rocks; (5) difference in degree of 
crystallization; (6) basal conglomerates; (7) general field re­ 
lations.

GEOLOGIC NOMENCLATURE.

The systematic study of the pre-Cambrian rocks has shown 
that this division is far more complex than had before been ap­ 
preciated, and that the pre-Cambrian, instead of being a unit, 
comprises many rock series of great thickness. Studies by 
"Walcott and others have shown that the lowest Cambrian 
(Olenullus) is far advanced in the time scale, and that the pre­ 
vious time represented by life, and therefore by sedimentary 
rocks, must have been very great, probably longer than all 
succeeding time. Consequently a large part of the geologic 
column has been included within the single term, pre-Cambrian 
or Archean. Recognizing these facts, Irving advocated, and 
the Survey recognized, a major division of the time scale to
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represent the pre-Cambrian sedimentary life-bearing rocks. 
For this pla.ce the terms Agnotozoic, Eparcheaii, and Protero- 
zoic have been proposed, it being a matter of indifference to 
the Survey which of these names, or whether another name, be 
finally accepted, so that the principle involved in the adoption 
of some name for this group of rocks be recognized. It is, 
however, thought that Proterozoic is the natural antecedent of 
the series Paleozoic, Mesozoic, and Cenozoic. The term in­ 
volves no theories other than that the rocks to be named are 
earlier than the Paleozoic, and bear the evidence of life, both 
of which may be considered as demonstrated. While some fos­ 
sils have been found by various geologists within the pre-Cam- 
brian rocks, and the abundance of life is shown to have been 
very great by various materials contained within them, con­ 
spicuous among which are the hydrocarbons, as yet a sufficient 
number of fossils have not been found to enable correlations to 
be made from geologic province to geologic province, and, 
as the atlas sheets of the Survey must be published without 
waiting for such information, it has been necessary to place a 
single period opposite this zoic term, and for this place the 
term Algoiikian has been chosen.

The study of the basement complex below the Algoiikian 
has shown that for extensive areas, if not universally in the 
United States, this complex lias a unique character which sep­ 
arates it from all succeeding periods. To include this basement 
complex and the great Algoiikian system under a single term, 
after they have been shown to be fundamentally different, 
would be to deliberately continue confusion after knowledge 
is available rendering such a course unnecessary. Accord­ 
ingly the term Archean is now restricted rigidly to the base­ 
ment complex of uncertain origin underlying the Algonkian, 
and not safely referable to the igneous category.

STRUCTURAL RESULTS.

Detailed work in the Green mountains of Massachusetts and 
Vermont, and in Connecticut, has resulted in showing that 
large areas of crystalline rocks, which had been supposed to 
be pre-Cambrian, belong to the Paleozoic, and are probably
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distributed from the Cambrian to the Devonian, and possibly 
to the Carboniferous. The pre-Cambrian gneissoid granite of 
Hoosac mountains has been shown to rest unconformably below 
the thoroughly crystalline gneisses belonging to the Cambrian. 
In the Green mountains of Vermont and in the Connecticut 
spur, the pre-Cambrian rocks have been found to comprise 
two parts, one consisting of thoroughly crystalline gneissoid 
granites, and the other containing in the gneissoid series beds 
of limestone and quartz-schist. The structural relations which 
obtain between these two divisions have not yet been ascer­ 
tained, but it is probable that the pre-Cambriaii is divisible 
into an original sedimentary series belonging to the Algonkian, 
and a series earlier than this belonging to the Archean. Many 
of the granites of the New England area, which had all been 
supposed to be pre-Cambrian, are intrusives of Paleozoic age, 
and about these the schists often bow in a quaquaversal man­ 
ner, showing that the granites have been one of the important 
causes of the metamorphism of the schists.

In Maryland it has been shown that the supposed pre-Cam­ 
brian crystallines are divisible into two parts, one of which is 
semicrystalline, and belongs to the Paleozoic, and the other 
thoroughly crystalline, bearing limestones, and lying uncom- 
formably below the first. The latter is therefore presumably 
Algonkian. In this area there are intrusives of both basic and 
acid kinds, which, in common with the sedimentaries, have been 
profoundly metamorphosed.

In the Lake Superior region the work of the Survey has 
resulted in establishing the geologic succession as consisting 
of four unconformable divisions, beginning with the base, as 
follows: basement complex (Archeau), lower Huronian, upper 
Huroniaii, and Keweenawan, the last three comprising the 
Algonkian for this region. The Keweenawan lies unconform­ 
ably below the Cambrian. The Archeau has been farther 
divided lithologically into gueissoid granite areas (Laurentian) 
arid into schistose areas (Mareiiiscan). Between these two 
there are gradational areas, in which the two classes of rocks 
are intimately intermingled. The lower Huronian is com­ 
posed from the base upward of three formations: (1) clastic,
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consisting of quartzites, quartz-schists, schist-conglomerates, 
mica-schists, etc.; (2) nonclastic, consisting of cherty crys­ 
talline limestones, and (3) mainly nonclastic the iron-bearing 
formation consisting of cherts, jaspers, iron ores, etc. The 
upper Huronian, looked at broadly, is a great slate formation, 
but a widespread nonclastic iron-bearing formation, consisting 
originally of a lean cherty carbonate of iron, calcium, and mag­ 
nesium occurs near the lower part of the series, separating a 
thin belt of slate and quartzite from a much thicker formation 
of slates and shales above. In both upper and lower Hurou- 
ian there are extensive areas of igneous rocks, including both 
contemporaneous volcanics and subsequent intrusives. Where 
the volcauics are abundant their presence has greatly disturbed 
the orderly succession mentioned above. The Keweenawau 
is a series of volcanics and sedimentaries, the material for the 
latter being largely derived from contemporaneous eruptives. 
While sedimentary rocks may be found quite to the base of 
the series, the volcanics are here usually prevalent. Inter- 
laminations of volcanics and sedimentaries are most frequent 
at middle horizons, and pure sedimentaries exclude the vol­ 
canics at upper horizons. At the base of the whole series is a 
great mass of gabbro, which appears to have been deeply 
eroded before the more thinly bedded flows with the inter- 
stratified sedimentaries were deposited. As a possible alterna­ 
tive to this hypothesis, Irving suggested that the basal gabbro 
is the deep-seated reservoir from which has been extruded the 
overlying basic lavas.

In the southern Appalachian region it has been shown that 
extensive areas, which in the past were supposed to belong to 
the pre-Cambrian, are Paleozoic. In the Adirondacks there is 
a great sedimentary series belonging to the Algonkian. The 
'' auorthosite" core is a later intrusive belonging to the gabbro 
family. In the Mississippi valley it has been determined that 
the pre-Cambrian of the Black hills and of Missouri is Algoii- 
kian, and that in Texas pre-Cambrian (probably Algonkian) 
rocks occur. In the Cordilleras the pre-Cambrian in many 
districts is divisible into the Archean and Algonkian. Promi­ 
nent among the areas of Algonkian rocks are the Medicine
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Bow range of southwestern Montana, Front range of Colorado, 
Quartzite mountains, and Grand canyon of the Colorado. In 
the latter district the Algonkian has been subdivided into three 
unconformable series, Vishnu, Grand canyon, and Chuar. In 
still other districts in the West there are great thicknesses of 
rocks which are downward continuations of the Cambrian. 
These may finally prove to be Cambrian or Algonkian, or 
partly the one and partly the other.

ECONOMIC RESULTS.

The Lake Superior country, as is well known, is the most 
important iron-producing region of the United States. Ac­ 
cording to the Mineral Resources of the United States for 1891, 
the product of the Lake Superior region was more than 
7,500,000 tons of iron ore, the total product of the United 
States being somewhat more than 14,500,000 tons. Thus the 
Lake Superior country produces more than one-half of the total 
product of the United States; and since the average content of 
this ore is greater than that for the remainder of the United 
States, and further, as much of it is well adapted to the manu­ 
facture of Bessemer steel by the acid process, the value of this 
ore is considerably more than one-half of the total value of the 
iron ore for the country.

One of the main problems of the Lake Superior division 
has been the study of the iron-bearing rocks. To this end 
special attention has been concentrated upon the iron-bearing 
districts. As a result of this study the laws of occurrence of 
iron ores have been discovered, and principles laid down to 
guide exploration, which are being followed by many of the 
intelligent mining men. The more important of these laws of 
occurrence are as follows: (1) The iron ore is confined to cer­ 
tain definite horizons, known as the iron-bearing formations. 
These are being mapped as rapidly as possible in order to 
confine exploration to the area in which it is possible to find 
profitable ore bodies. (2) All ore bodies have been found to 
be distributed very irregularly in these iron-bearing forma­ 
tions. This is due to the fact that they are secondary concen­ 
trations produced by downward percolating waters, and the
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ore bodies therefore occur at the places where water is con­ 
centrated, in accordance with the laws of the underground 
circulation of waters. These places are just above an imper­ 
vious formation, at the contact of the upper Huronian and 
lower Huronian and where the rocks are shattered. The 
impervious basement formation may be a surface volcanic, a 
subsequent intrusive, an argillaceous stratum, or any other 
impermeable formation. These impervious basements are most 
effective when they are in the form of pitching troughs, thus 
concentrating the waters from the sides along a well-defined 
channel. These pitching troughs may be formed by a single 
one of the above rocks, or by a combination of two or more 
of them. The horizon marked by the unconformity between 
the upper and lower Huronian is a great natural zone of per­ 
colating waters. Here oftentimes the basement formation of 
the upper Huronian is itself a lean ore, having derived its 
material from the lower Huronian, but in this case a secondary 
concentration has occurred in order to produce the present ore 
bodies. Finally, as a result of folding, the iron-bearing forma­ 
tions have been shattered, thus producing natural water-courses. 
More frequently than not, more than one of these classes of 
phenomena are found together where the great ore bodies occur, 
and in many cases all are combined. The original source of 
the iron ores has been ascertained to be in many cases a lean 
carb'onate of iron, often with a good deal of carbonate of calcium 
and magnesium, formed as an ocean deposit.

PETROLOGY.

The petrographic results are so numerous that a few only of 
the more important can be enumerated, and these mainly con­ 
cern the explanation of the so-called process of metamorphism, 
which has in the past generally been, regarded as a mysterious 
result of heat and pressure.

It has been shown that extensive areas of laminated schis­ 
tose rocks, formerly supposed to be sedimentary, are eruptive 
rocks, either surface volcanics, or deep-seated igneous rocks, 
which, as a result of shearing and metasomatic interchange, 
have passed from their original conditions into regularly lam-
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inated schists. This has had an important bearing upon the 
structural results, for these laminated formations had been 
supposed to be sedimentary, and were mapped as a part of 
the detrital formations, thus producing great confusion, since 
eruptives are often of local occurrence.

It has been ascertained that many of the great quartzite 
formations of the pre-Cambrian and post-Cambrian are pro­ 
duced from sandstones by a process of cementation; that is, 
silica has attached itself to the original grains of quartz, and 
deposited itself as independent quartz in the interstices, thus 
changing the rock from an incoherent sandstone to a vitreous 
quartzite. This process does not involve a high degree of 
heat, nor the destruction of the old grains, and thus wholly 
changes our ideas of tne process of induration. When shear­ 
ing action has been combined with this process of cementa­ 
tion, the resulting rock, instead of being a quartzite, is a 
quartz-schist. In this case the original grains are largely 
destroyed, but by fracture and not by fusion as was formerly 
supposed. The whole is recemented by infiltrated silica. The 
process of cementation has been found not only to apply to 
quartzose sandstones, but to feldspathic sandstones and horn- 
blendic sandstones, each mineral choosing from the under­ 
ground solutions the elements which are required to enlarge 
itself. Conspicuous instances of the first are the Keweenawan 
sandstones of Lake Superior, and of the second, the volcanic 
fragmeiitals of Minnesota and Michigan.

It has been ascertained that crystalline mica-schists have 
been extensively produced by the alteration of the feldspar of 
feldspathic sandstones into quartz and mica, the resulting min­ 
erals being thoroughly interlocked. This process has been 
promoted in many cases by dynamic action. Oftentimes new 
feldspar has developed, when the crystalline schist produced 
is a mica-gneiss. Frequently also the original sedimentary 
material has contained a good deal of quartz as well as feld­ 
spar, and the processes above mentioned, combined with the 
fracturing of the quartz grains, has thus produced a mica-schist 
or a mica-gneiss.

The cherts, jaspers, and actinolite-magnetite-schists of the
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iron formations of the Huronian have been shown to be derived, 
in large part, by a complicated chemical process, from an orig­ 
inal lean carbonate of calcium and magnesium.

It has been shown that at Pigeon point certain red acid 
rocks have been produced by the actual fusion and recrystalli- 
zation of sedimentary rocks. The fused rock is the Animikie 
feldspathic quartzite. The source of heat is a great intrusive 
ma&s of gabbro.

AREAL MAPPING.

Before areal maps could be prepared, it was necessary 
properly to determine the pre-Cambrian successions in the vari­ 
ous districts, to discover wherein past methods were faulty, and 
to formulate new methods of work. The areas of Algoukian 
and Archean rocks, which have been finally mapped for the 
atlas of the United States, are not so large as for some later 
periods. However, now that the structural problems have 
been largely solved, and methods of work formulated, it may 
reasonably be expected that the areal mapping will go on 
with much greater speed in the future, although it is not to be 
expected that in regions of intricate geologic structure, and of 
great economic importance, devoid of sufficient fossils for cor­ 
relation, speed comparable with that among the later rocks 
can be attained. Notwithstanding the difficulties attending the 
surveys among pre-Cambrian rocks, progress has been made 
in the preparation of maps for the final atlas of the United 
States in the states of Maryland, New Jersey, Connecticut, 
Massachusetts, Vermont, Wisconsin, Michigan, and Montana,

RELATIONS OF PLEISTOCENE DEPOSITS.

In the beginnings of American geology, the mantle of 
bowlder-bearing clay, sand, loam, etc. found overlying the 
bedded rocks of northeastern United States, was treated as a 
unit, and esteemed little more than an obstruction to the in­ 
vestigation of the underlying rocks; and under the influence 
of a preconception it was frequently called diluvium, or some­ 
times drift. The conspicuous characteristics of the material, 
however, received attention from different geologists, and a 
considerable body of facts relating to it were accumulated;.
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then, chiefly through the genius of the elder Agassiz, these 
facts were segregated and thrown into system under the gla­ 
cial theory. Thereby research was stimulated and additional 
facts were accumulated, local distinctions were recognized, 
and the subject of the glacial drift became prominent in ge­ 
ologic thought and writing. Yet for a long time the ice- 
laid material was treated as a unit, the water-laid material as­ 
sociated with it was not clearly discriminated, and the precise 
nature of the agencies recorded in the two classes of material 
were not clearly recognized.

When the Geological Survey was instituted, the glacial the­ 
ory was commonly accepted, and a large body of information 

. relating to the subject was extant; but while some of the local 
phenomena were understood, many other facts were unex­ 
plained, and the criteria for discriminating ice-laid deposits 
from those of different origin were not established; moreover, 
there was no classification of the ice-laid materials by which 
they could be intelligently grouped, except as a unit, or clearly 
mapped except by a single convention as an undifferenti- 
ated mass. Accordingly extended researches into the glacial 
deposits of the country were instituted for the purpose of 
raising the branch of science relating thereto to a higher plane, 
and devising a system of classification available as a basis for 
mapping. A number of specialists were enlisted in this work, 
which has been carried forward continuously for a dozen 
years. The researches have resulted in. a detailed classifica­ 
tion of the glacial deposits and the associated water-laid de­ 
posits of the United States.

In the classification of the Pleistocene deposits, the materials 
are interpreted as records of agency, time, and place, as is the 
case with the sedimentary formations belonging to the chrono­ 
logic series; but the three elements of the record are not re­ 
garded as of equal weight. The agency record is of primary 
importance, and through comparison of the various deposits 
with the products of modern glaciation in Alaska and else­ 
where, and through contrast with deposits produced in other 
ways, the agency of production has been interpreted in great 
detail, and the deposits are not only separated into glacial,
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aqueous, aqueo-glacial, eolic, etc., but the local conditions of 
deposition are ascertained'; the time record also is highly im­ 
portant and has yielded substantial additions to geologic sci­ 
ence within the last decade, although it is relative only and 
has not yet been verified throughout the country; while the 
place record is thus far of minor utility.

Many different Pleistocene phenomena are discriminated 
and interpreted as records of agency. These include a variety 
of till plains, terminal moraines, sand plains, overwash aprons, 
drumlins, osars, paha, and other constructive phenomena, as 
well as rock basins, tors, strise, and many other products of 
destructive action. Moreover, the topographic forms produced 
by ice-work and by the combination of ice-work and water- 
work are discriminated and interpreted in detail. In like man­ 
ner the deposits associated with those produced by direct ice- 
action are discriminated, interpreted, and classified in terms of 
agency; the origin of the loess of a part of the Mississippi 
valley, in which its relations are peculiarly complex, is demon­ 
strated to be aqueo-glacial, (1) because the complex phenomena 
are fully explained by that hypothesis, and (2) because they 
are inexplicable by any other hypothesis which the ingenuity 
of geologists has enabled them to frame. Extensive water-laid 
deposits in eastern United States, which profoundly affect the 
industries of that section, have been proved to be aqueo-glacial; 
and the deposits in certain fossil seas in western United States 
have been correlated with the glacial deposits, and the various 
records, having been combined, yield a wonderfully complete 
and mutually corroborative history of a late age in the devel­ 
opment of the continent. Accordingly, the primary discrimi­ 
nation, interpretation, and classification of the Pleistocene 
series is based on agency, though modified by conditions of 
development.

The time element of the record found within the Pleistocene 
deposits is interpreted and utilized in two ways; in the first 
place, the succession with some other relations of materials 
sometimes indicates a succession of episodes in the advance 
and retreat of the ice-sheets which it is desirable to recognize 
in historic geology, while the phases displayed by the ma-
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terials require discrimination on geologic maps; in the second 
place, it has been shown that the mass of ice-laid and asso­ 
ciated water-laid materials is by no means a chronologic unit, 
but represents in different parts of the country two, three, or 
more distinct ice invasions, which in some cases are known to 
have been separated by long intervals. Accordingly, there is 
a subclassification of the glacial deposits, based on the suc­ 
cession of episodes which they represent.

Partly through the interpretation of the agency record and 
the time record, it is found expedient and desirable to divide 
the area of Pleistocene deposits into provinces of limited ex­ 
tent, within each of which the deposits maybe discriminated and 
correlated individually, even though it be possible to correlate 
these deposits with those of other provinces only by groups. 
The subject of the correlation of Pleistocene deposits and of 
the provinces into which they fall, however, has not yet been 
fully developed, and the current classification and nomencla­ 
ture can hardly be regarded as final.

NATURE AND RESULTS OF THE SURVEYS OF GLACIAL FOR­ 
MATIONS.

The general purpose of the investigations of the Geological 
Survey concerning the glacial formations has been to trace out 
and map the history of the great ice invasions of recent geo­ 
logic history, and to determine the nature of the deposits formed 
by them, and the areas covered by them, and to promote the 
intellectual and industrial utilization of the results.

The effect of the great ice invasions was to work over the 
old surface, mixing up the soils and subsoils, filing down the 
prominences, grinding up, in a greater or less degree, loose 
rock material and rasping fresh material from the rock surface, 
and at length spreading out the whole over the area in a 
mantle, which gave not only a new topography but a new 
basis for the formation of soils. No event in geologic history 
has probably affected the commercial and industrial resources 
of the United States to a greater degree or more favorably than 
these remarkable invasions. The mixing up of the old soils, 
the bringing together of mineral constituents of different kinds, 

14 GEOL  8
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the grinding up of fresh rock material, and the spreading of 
the old out over the surface in a comparatively level sheet, have 
influenced in a most beneficent way the agricultural produc­ 
tiveness of the area so invaded. A computation made some 
years ago by a comparison between adjacent areas which, on the 
one hand, had been overridden by the ice, and on the other 
hand had not, made it appear that the ice-action increased the 
value of the land to some such extent as $5,000 to $10,000 per 
square mile.

Not only was there this great agricultural enhancement, but 
the smoothing down of the topography facilitated the construc­ 
tion of railways and other means of transportation, while the 
formation of the Great Lakes, which are also due to the vast 
ice invasions, provided facilities for water communication.

One phase of the work of the Survey has been to ascertain 
the precise history of these ice invasions, delineate their ad­ 
vances and retreats, and determine the causes and methods of 
their varied movements.

At the same time that the history was being worked out the 
formations were being mapped arid their character critically 
studied as a basis for soil investigation and for the comparison 
of the results of experience in farming and in other occupations 
dependent upon the soil and the surface configuration. Several 
of the states have prepared maps for exhibition at the World's 
Fair, intended to show their agricultural resources, which are 
based, in considerable part, on these investigations. The criti­ 
cal delineation of the surface formations so produced is essen­ 
tial to a satisfactory mapping and study of agricultural capa­ 
bilities.

The earliest known appearance of man on the continent, and 
perhaps on the globe, has been thought by many to be asso­ 
ciated with the ice periods, and on account of the great interest 
which intelligent people feel in the origin of the race, accurate 
determination of the relations of the early relics of man and 
the early forms of civilization to the glacial period becomes a 
matter of intellectual importance and even of moral conse­ 
quence. The proper study and determination of questions re­ 
lating to the antiquity of man are altogether impracticable
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without an accurate and complete determination of the several 
stages of ice occupancy and of the formations that were pro­ 
duced thereby.

The object in view is a complete differentiation of the drift 
sheets, embracing a determination of their succession vertically 
and their areal distribution, in order that a complete statement 
of the history of these formations may be made, including a 
history of the advances and retreats of the ice sheets which 
produced them, and a discriminative exposition of the character 
of these formations in their relation to agriculture and other 
industries depending on them, and of their influence on the 
topography and development of the region and of facilities for 
intercourse by land and water.

The work may be said to consist of two parts, the first be­ 
ing the delineation of salient features by tracing out the great 
terminal moraines that separate the earlier and later formations, 
or, in the economic sense, the formations that have acquired the 
adaptabilities of greater or lesser age, considerations of much 
importance in determining the selection of crops for soil and 
surface conditions. The second part consists of a more careful 
study of the specific characteristics of these several divisions, 
and a more minute delineation and description of the subordin­ 
ate formations.

During the progress of the work thus far a very considerable 
part of the area north of latitude 40° and east of the one hun­ 
dredth meridian has been studied and mapped. Over a por­ 
tion of this the general outlines only have been mapped, but 
more detailed work has already been extended over about 
200,000 square miles. This work has been distributed chiefly 
among the states of Maine, Massachusetts, Rhode Island, New 
York, New Jersey, Pennsylvania, Ohio, Michigan, Indiana, 
Illinois, Wisconsin, Minnesota, Iowa, Missouri, Kansas, Ne­ 
braska, North Dakota, and South Dakota, with reconnoissance 
work in Montana, Wyoming, Idaho, and Washington. Con­ 
siderable work on glacial flood deposits has also been done in 
Kentucky, Tennessee, Arkansas, and Mississippi.

In addition, extended investigations and surveys of aqueo- 
glacial deposits have been made in different parts of the country.
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The work has been carried into the Great basin in Utah, Wyo­ 
ming, Nevada, Oregon, and California; along the Pacific slope 
in California, Oregon, and Washington; and- along the entire 
Atlantic and Gulf coasts from Maine to Texas.

RELATIONS OF LAND FORMS.

The western part of the United States is a region of 
mountains and plateaus. Within it those geologic processes 
depending on the transfer of materials by running water are 
exceptionally active. Among other processes, that of land 
sculpture is proceeding at a rapid rate; and the process may 
be studied and its elements evaluated with unusual facility.

With the extension of federal surveys into this region over 
twenty years ago, various problems in dynamic geology re­ 
ceived attention. The physics of mountain building and the 
processes of volcanism were among the subjects of research, 
and important contributions to knowledge soon resulted; the 
processes of land sculpture also were studied and certain new 
principles relating thereto were developed; and moreover the 
researches in this region were soon found to indicate a relation 
between the transfer of materials by surface streams and dias- 
trophic movements in the crust of the earth, and thus afforded 
a means of correlating external and internal agencies and 
processes.

One of the first comprehensive conceptions of relation devel­ 
oped in this region was that of the base level of erosion: it was 
recognized that streams embouching into seas and oceans cease 
to corrade their channels at tide level, and in their upper reaches 
cease corrading at a height above that level determined by vol­ 
ume and certain other conditions. Moreover it was found that 
as streams approach base level the rate of corrasion diminishes 
progressively under an asymptotic law; so that howsoever long 
a land area is subjected to stream-work, and howsoever large 
and active the streams, the channels can never be cut to the 
level of tide except toward their embouchures so long as the re­ 
lations of land and sea remain unchanged. Concurrently with 
the development of these conceptions, it came to be recognized 
more clearly than ever before that while the rate of hydrody-
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namic erosion is a function of time, it is in much more important 
degree a function of declivity. This collateral conception was 
of use in limiting the application of time measures based either 
on corrasion alone or on the several processes of degradation 
combined. Through these conceptions a beginning was made 
in the correlation of the stages in the development of land forms 
through hydrodynamic sculpture with certain stages in conti­ 
nental evolution.

Contemporaneoi and subsequent researches in the same re­ 
gion served to strengthen the conceptions of the transience of 
positive land forms and the persistence of waterways; it was 
found that the mountain range is, figuratively, a thing of a day, 
while the river may not only outlast the mountain range, but 
maintain its course despite the upheaval of the range across its 
path, and thus persist throughout several cycles of diastrophic 
movement. So waterways came to be interpreted as records of 
past geography of the geologic provinces during earlier stages 
in continental development. Eventually waterways and val­ 
leys came to be classified in terms of genesis: waterways which 
outlived the lifting of mountain ranges and the elevation of 
provinces athwart their courses were designated antecedent, 
while waterways and valleys whose positions were determined 
by diastrophic movement and rock character were classified as 
consequent; and those waterways and valleys which persisted 
so long as completely to remove the formations on which they 
were first outlined and to flow over subjacent terranes, were 
discriminated and classified as superimposed. This primary 
classification was extended in many ways, so that the detailed 
characteristics of waterways came to be recognized as records of 
continent growth and eventually served to correlate the products 
of land sculpture with the products of concurrent deposition.

Subsequently the conceptions developed in the Rocky moun­ 
tain region were carried into the eastern part of the country, 
where the hydrodynamic processes are slower and more diffi­ 
cult of discrimination; but even here the conceptions were found 
applicable and indeed of exceeding utility, and were elabo­ 
rated and extended in many ways. It came to be recognized
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that the base level of erosion includes not simply the channels 
and immediate valleys of waterways, but extends over the 
entire surface, and that, while long-continued degradation sel­ 
dom lowers channels and surfaces entirely to the asymptotic 
plane of neutrality between degradation and deposition, never­ 
theless as this neutral plane is approached a distinctive type 
of topography is developed. It was found, moreover, that 
different planes of neutrality may be superimposed in such 
manner as to yield records of approximate baseleveling during 
different periods. Again, the baseleveled surfaces were some­ 
times traced into contiguous areas of deposition, where they 
were found to be represented either by unconformities or by 
passage beds; and thus the records of continental development 
in interdependent areas of degradation and deposition were 
correlated. Moreover, it was found that, while the rate ot 
degradation depends on declivity so largely as to prevent the 
direct use of the degradation measure as a time measure, 
there is, nevertheless, an intimate relation between the steep­ 
ness and distribution of slopes and the rate of degradation; and 
thus the degradation time measure, limited by the earlier ob­ 
servations, was restored to its primary function and made to 
express a more comprehensive relation and a better measure 
than before. Accordingly land forms are now interpreted as 
records of geologic history; in general the record is connected 
with that of sedimentary deposits, so that the two readings are 
interdependent and mutually corroborative; but in some cases 
the record of land forms is susceptible of independent chrono­ 
logic interpretation.

The interpretation of land forms as records of continent 
growth opens a new field in geology which is of vast extent 
and importance. In the Fourth Annual Report the subject- 
matter of this branch of knowledge was designated "geomor- 
phic geology." Subsequently collaborators of the Survey ab­ 
breviated the term to "geomorphology," and still later it was 
further abbreviated (after Sir William Dawson) and designated 
"geomorphy." By reason of its importance this branch of 
knowledge is sometimes known as "The New Geology."
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Through its application the science of geology has largely been 
revolutionized and raised to a higher plane.

Thus far the records of geomorphy are seldom found of 
economic importance except in a subordinate way; and 
partly for this reason and partly because of the novelty of the 
subject, the classification and conventions designed for the 
geologic map of the United States have not been extended to 
land forms. Nevertheless the relations of these forms have been 
so far wrought out as to give a basis for classification which 
might be employed on general maps and when necessary on 
the atlas sheets constituting sections of the great geologic map 
of the United States This arrangement, like the taxonomies 
of rock masses, comprises an agency element, a time element, 
and an element of place, which are respectively (1) absolute 
in kind though relative in degree, (2) relative only, and (3) 
absolute.

The agency element is used for the primary discrimination 
of land forms; and in its application account is taken of the 
conditions affecting the operation of the agency, including 
declivity of surface, rock character, etc. Commonly the first 
step in the classification is the discrimination, interpretation, 
and correlation of ancient baseleveled surfaces, which are desig­ 
nated plains or peneplains, and of eminences arising above 
them either as remnants not yet reached by erosion (monad- 
nocks) or as bosses of exceptionally obdurate rocks (catoctins). 
The modes of representing these land forms on maps vary with 
the scale and purpose.

The time record read from the peneplains and associated 
forms is utilized in two ways; in the first place the local con­ 
figuration, particularly along valley sides, is used as a time 
measure for the period which has elapsed since the latest im­ 
portant change in level; and in the second place the general 
conformation, considered in connection with rock character, 
stream volume, etc., gives a ruder time measure in longer units. 
The time measures of geomorphy are exceptionally useful when 
the units may be compared with the units afforded by the sed­ 
imentary rocks in adjacent areas as in southeastern United 
States.
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The place element of geomorphy is employed in defining 
provinces in which like agencies have operated during the 
same period, and it is commonly found that these provinces 
are definitely related to contiguous provinces of deposition, 
whereby the interdependent interpretation of records is facili­ 
tated.

Through the interpretation of the several elements in the 
geomorphic records, and through comparison of these records 
with those of the corresponding sedimentary formations, geo­ 
logic history is illuminated. Comparative study of the two 
records commonly enables the investigator to restore with a 
high degree of certainty and accuracy the geography of the 
continent during different ages and periods; and since the in­ 
terpretation of interdependent records proceeds cumulatively, 
each aiding the other, it is commonly found possible to ob­ 
tain much more definite knowledge of the agencies of deg­ 
radation and deposition than when either record is examined 
by itself. Accordingly the correlation of the two records 
yields a panorama not simply of general vicissitudes in conti­ 
nent growth, but of the local geographic details during each 
period, inchidiug not only the distribution of land and sea but 
the configuration of shores and the conformation of land, as 
well as the position, volume, declivity and other characters of 
waterways. When these features are ascertained with con­ 
siderable accuracy, a new method of geologic correlation is in­ 
troduced the method of correlating formations by identity of 
origin, or homogeny. In certain provinces this method has 
supplanted the primitive and less definite modes of correlation.

While a general classification of geomorphy has thus been 
worked out, little effort has been made to develop its details, 
for reasons already set forth; and the principles of nomen­ 
clature and the conventions required for representing geo- 
morphically significant land forms on maps remain for fur­ 
ther consideration. Meantime the topographic atlas sheets, 
which constitute the basis for the sections of the geologic 
map of the United States, represent the land forms of the area 
surveyed by contours in a manner which will doubtless suf-
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fice for most purposes of investigation and, for the present at 
least, for all industrial needs.

RESUM£.

It is recognized that science grows by alternate stages of 
quantitative extension and qualitative enhancement, and from 
the outset it has been the policy of the Geological Survey to 
elevate the science of the earth and its resources to a higher 
plane by means of research.

The researches conducted in accordance with the general 
policy have, it is believed, resulted in important advances in 
science. These advances are represented in part by a com­ 
prehensive classification designed to indicate the natural rela­ 
tions of the rock masses and other phenomena with which it is 
the province of the Bureau to deal; and this classification 
seems well adapted to serve as a basis for the general geologic 
map of the United States.

The rocks of the country are separated into four primary 
categories, which are discriminated, interpreted, and grouped 
by natural relations in different ways, all in accordance with 
the general scheme.

The sedimentary formations are set apart by origin and ar­ 
ranged in chronologic series and are grouped by provinces; 
and from these rocks with their fossil contents the geologic 
chronology is determined.

The igneous rocks are set apart by agency and are classed 
in detail by petrographic characters regarded as indices to con­ 
ditions of genesis, and are grouped by provinces; and the 
place element and to some extent the time element recorded 
in these rocks supplement the history recorded in the sedi- 
mentaries, though in general it is dependent thereon.

The ancient crystallines have been investigated in the hope 
of ascertaining their origin, and the researches have been at­ 
tended with fair success. A third of these rocks have been 
found to be igneous in origin, and are classified with the igne­ 
ous rocks; another third are found to be metamorphosed sed- 
imentaries, and are grouped with the sedimentary rocks, an 
additional genetic element that of metamorphism being 
recognized; while the remaining third are provisionally clas-
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sified. This provisional classification is based chiefly on place 
relations, since the time relations are uncertain and the agency 
relations are not yet determined; but the provisional arrange­ 
ment adopted is one which, it is believed, will not trammel 
future researches.

The Pleistocene deposits are classed first by agency and then 
by place with respect to the provinces into which they fall and 
incidentally they are grouped by time as representing the di­ 
rect and indirect products of the different ice-invasions. By 
means of this classification a large number of distinctions have 
been made among the Pleistocene deposits, including, it is be­ 
lieved, all that are required for the industrial uses of the 
country. Moreover the researches have yielded a rude but 
useful chronology of the Pleistocene period in which the suc­ 
cessive episodes are clearly distinguished, and this is regarded 
as an important contribution to the science of geology.

Beginning with the recognition of the base level of erosion, 
the agencies and conditions of land sculpture have been in­ 
vestigated in great detail and the principles thereby developed 
have been extended into various districts, so that a consider­ 
able part of the country is divided into geomorphic provinces; 
and from the interpretations of the land forms under the prin­ 
ciples of geomorphy, geologic history is illuminated, and many 
previously obscure stages in the development of the continent 
have been made clear. This branch of knowledge is of ex­ 
ceeding importance from the point of view of pure science, and 
has resulted in economically important additions to knowledge 
concerning the origin and relations of the formations in cer­ 
tain provinces contiguous to the provinces of degradation.
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GENERAL SUMMARY OF PALEONTOLOGIC WORK.

ORGANIZATION.

The Paleontologic Division of the Survey has in charge:
1. The identification and correlation of the organic remains 

in geologic formations, for the purpose of aiding in delineating 
the geology and determining the geologic structure of the 
areas under survey.

2. The study, from a biological point of view, of the faunas 
and floras contained in the rocks, for the purpose of obtaining 
a critical knowledge of the genera and species, and of the evolu­ 
tion of life in its relations to environment during geologic time.

In the study of stratified rocks the interdependence of geol­ 
ogy and paleontology is such that much of the paleontologist's 
time is taken up in an investigation of rocks and their contained 
fossils in the field, and in a study of the literature of geology. 
This is necessary in order to establish the stratigraphic succes­ 
sion and geographic distribution of life in the various geologic 
formations. Existing knowledge suffices for this work in its 
broader outlines, but special studies are necessary in every 
geologic province, in order to make practical application of it 
to problems of local, areal, and structural geology.

In the first three years of the Survey, or from 1879 to 1882, 
the differentiation of work within the Survey had not advanced 
so far as to require the formation of separate paleontologic 
divisions. At the opening of the fiscal year, 1882-'83, this 
became necessary, and four divisions were established for the 
study of (1) the invertebrate Paleozoic fossils; (2) the inver­ 
tebrate Mesozoic fossils; (3) the fossil remains of plants; and 
(4) the vertebrate fossils. In 1884 a fifth division was added 
for the study of the invertebrate Cenozoic fossils; in 1886 a 
sixth for the fossil insects, and in 1889 the lower Mesozoic 
(Jura-Trias) faunas were assigned to specialists. All of these 
divisions were continued until July 1, 1892.

In geologic correlation the paleontologist first considers the 
invertebrate marine fossils, as the evidence afforded by them 
is usually more reliable than that of plants or vertebrates. 
This is the reason for the establishment of three divisions for
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the study of this group of organisms, viz: Paleozoic, Mesozoic, 
and Cenozoic.

It often occurs that beds yielding invertebrate fossils are 
without the remains of vertebrates or plants; and that great 
deposits characterized by vertebrate remains are destitute of 
the slightest traces of other remains of life; and hence the 
determination of age and taxonomic relations depends now 
upon one class of fossils and again upon another. This has 
given origin to different lines of paleontologic investigations, 
and explains why the divisions of vertebrates, paleobotany, 
and fossil insects were organized by the Geological Survey.

PALEOZOIC DIVISION.

Mr. Charles D. Walcott was placed in charge of the Division 
of Invertebrate Paleozoic Paleontology July 1,1882. During 
his connection with the Survey he has been actively engaged 
in both paleontologic and stratigraphic work, or the applica­ 
tion of paleontology to the interpretation and correlation of 
geologic formations. The data contributed by the division 
in his charge to the preparation of a geologic map of the 
United States and to economic geology result from the identi­ 
fication of geologic horizons and the establishment of standard 
geologic sections in Nevada, Arizona, Utah, Vermont, New 
York, Pennsylvania, Virginia, Tennessee, and Alabama. Mate­ 
rial assistance was also rendered to the geologists engaged in 
areal and economic work, and a basis was established for those 
who may hereafter pursue geologic and economic investigations 
in the stratified rocks in the states mentioned and also in con­ 
tiguous states. An important economic result was obtained 
by him in connection with an examination of the Deer creek 
coal field, on the San Carlos Indian reservation of Arizona. 
It was shown that the representation that had been made to the 
Indian Bureau that valuable coal deposits existed upon the 
reservation was incorrect and that the southern portion of the 
reservation should not be set apart for settlement on account 
of the presence of valuable coal beds.

By his field and office work he has ascertained the order of 
succession of the lower 12,000 feet of fossiliferous sedimentary
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rocks upon the North American continent and denned and 
classified this great series by stratigraphic and paleontologic 
characters. His study of the Taconic areas of New York, 
Vermont, and Massachusetts practically settled one of the most 
pressing questions in the nomenclature of the North American 
Paleozoic rocks. In addition to the direct results of value for 
the purposes of the Geological Survey, great additions have 
been made to the knowledge of the oldest known record of life 
on the earth, and biological students have been given the first 
approximately complete summary of this ancient life.

The work of Prof. Henry S. Williams, who has been con­ 
nected with the division, has been of importance in the prep­ 
aration of the geological maps of the United States in the 
following particulars: in clearing up the disputed boundary 
between the Devonian and the lower Carboniferous rocks in 
the region of New York, Pennsylvania, and Ohio; in deter­ 
mining the paleontologic subdivisions of the sub-Carboniferous 
rocks of the upper Mississippi valley; in tracing the line be­ 
tween the Silurian and Carboniferous rocks of the Mississippi 
valley; and in. determining that exhaustive comparative study 
of fossils is absolutely essential for the attainment of accuracy 
in the mapping of boundaries of geologic formations.

It is believed that these investigations were instrumental in 
checking the strong tendency of European geologists to force 
the adoption of uniformity of classification and nomenclature 
upon American geologists.

Extensive studies that are of value to the biologist were also 
made in the laboratory in relation to the Devonian and Car­ 
boniferous faunas.

MESOZOIC DIVISION.

Mr. C. A. White was placed in charge of the Division of 
Mesozoic and Cenozoic Paleontology in 1880. In 1884 his 
work was restricted to Mesozoic paleontology, and in 1889 it 
was further limited by being confined to the upper Mesozoic, 
the Jura-Trias formations being placed in the charge of Prof. 
Alpheus Hyatt.

Previous to Mr. White's connection with the present Geo­ 
logical Survey he was a member of the Survey in the charge
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of Mr. F. V. Hayden. His special work then and after his 
connection with the present Survey was the correlation and 
definition of the Mesozoic and Cenozoic formations by means 
of paleontologic and stratigraphic data, and this work was 
continued, with the limitation mentioned, up to July 1, 1892. 
A diversion was made during the field season of 1881, when 
he acted as chief of a commission organized with a view to 
ascertaining the feasibility of obtaining water npon the Great 
plains by means of artesian wells. A report was made upon 
this work and published by the Agricultural Department.

In 1882 he began the more detailed study of the great 
Laramie formation of the plains east of the Rocky mountains, 
and proved that what had been considered as many separate 
formations, were in fact uncorrelated areas of one great forma­ 
tion. The investigation of the Laramie rocks and fossils was 
his special work up to the time of the severance of his con­ 
nection with the Survey in August, 1892.

In 1884 the paleontologic characteristics of the formations 
that included the quicksilver deposits of the Pacific coast were 
determined and the integral character of the Chico and Tejon 
formations proved. In 1885 he made a study of the Jurassic, 
Cretaceous, and other overlying formations in Utah and Colo­ 
rado. His field of work for the seasons of 1886 and 1887 was 
on the Cretaceous formations of Texas, assisted by Mr. R. T. 
Hill, and in 1888 he examined the Cretaceous formations of 
the Grulf states, and again returned to Texas to study the 
Cretaceous. This work was continued in 1889, in Texas, New 
Mexico, and Colorado. In 1890 work was prosecuted in the 
Cretaceous formations of Virginia and North Carolina, and in 
1891 in Utah, Idaho, and Wyoming.

During the past three years Mr. White was assisted by Mr. 
T. W. Stanton, who rendered efficient service in the field and 
office in connection with work on the lower Cretaceous forma­ 
tions.

The work of the division has settled a number of important 
geologic problems and has been of essential service in the 
classification of the Cretaceous formations, both in the field 
and by the identification of collections of fossils sent in
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by geologists. Mr. White has also added greatly to the 
knowledge of the invertebrate life of the Mesozoic age and 
published a large number of papers about it and the forma­ 
tions in which it occurs.

It was found that the field to be covered by Mesozoic pale­ 
ontology was too extensive for the division, and in 1889 Prof 
Alpheus Hyatt was appointed to take charge of the lower 
Mesozoic, or the Jura-Trias formations of the western portions 
of the United States. Many sections were examined and ex­ 
tensive collections of fossils were made near Taylorsville, Cali­ 
fornia, in the Aspen mountains and at Aurora, Wyoming, and 
in the Black hills, South Dakota. This work was also extended 
into New Mexico and Texas. Prof. Hyatt pushed his work 
with such energy that he secured important results that have 
been of material assistance to geologists engaged in field work 
in California, and he also established the presence of several 
horizons in the Jura-Trias rocks of America that had not been 
heretofore known. Prof. Hyatt has greatly increased our 
knowledge of the faunas of the lower Mesozoic, comparatively 
little being known of them when he began his work in 1888 
as a volunteer assistant to the Survey.

To summarize, his work has demonstrated that two groups 
of rocks of the geologic column, commonly estimated as being 
but poorly represented to the western part of the United States, 
are in reality developed over large and extensive tracts, and 
that they are of greater importance to the geologic history of 
the continent and to a properly constructed geologic map of 
the United States than was supposed when his work was 
begun in 1889. The results have been due not only to the ad­ 
vanced methods of investigation, but more than all else to the 
close cooperation of Prof. Hyatt with the geologists in the 
field in the effort to solve their respective problems in the same 
localities by means of careful, correct surveys, and equally 
correct and careful paleontologic investigations.

CENOZOIC DIVISION.

The Cenozoic rocks of the United States are chiefly in­ 
cluded in the low lands of the Southern states, from Dela-
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ware to Florida, and around the Gulf of Mexico, and various 
coast deposits on the Pacific side, besides the deposits of the 
great Tertiary lakes of the western interior region.

At the time of the inauguration of the Division of Ceno- 
zoic Paleontology, in September, 1884, Mr. Win. H. Dall 
was placed in charge, which position he still holds. Large col­ 
lections had been made in the field by geologists, and there 
were also extensive collections in the National Museum, which 
were available for comparisons. These were found to be in 
a neglected state, and Mr. Dall was instructed to identify and 
arrange them, and to incorporate the collections that had been 
made by the Survey, in order to establish a reference collec­ 
tion, by means of which the various fossils found by the 
geologists of the Survey could be classified in the formations in 
which they occur and properly identified. This work has been 
pursued with vigor during the past seven years by Mr. Dall, 
assisted by Mr. R. E. C. Stearns. Over 210,000 separate speci­ 
mens were examined and classified, and the collection is now 
in excellent condition for the purposes mentioned. While this 
hasbeen going on the investigation of various geologic problems 
connected with the Tertiary formations has been pursued in 
nearly all of the fields where the Tertiary rocks occur.

The geologic structure of the state of Florida and of its bor­ 
der outlines has been studied, determined, and mapped; the age 
of the pebble phosphates of southern Florida has been definitely 
settled, and the range in geologic time and the origin and ex­ 
tent of the phosphatic deposits of that state have been in a gen­ 
eral sense determined. The Pliocene beds of the two Carolinas, 
previously unknown in the one and confounded with the Miocene 
in the other, have been discriminated and defined. The verti­ 
cal limits of the divisions of the marine Tertiary of the Gulf 
states have been revised and respectively defined; and on the 
Pacific coast the distribution of the coal-bearing Tertiary rocks, 
especially in Alaska, has been fully recorded and their limits 
and geologic relations more exactly stated than has heretofore 
been possible. In Arkansas a large portion of the southeastern 
section of the state, occupied by Eocene rocks, has been mapped, 
the geographic and vertical extent of the beds more exactly
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determined, and the characteristic fossils in the different beds 
enumerated. In addition to these, there have been many minor 
discoveries tending to elucidate the geological history of the 
Tertiary in the United States; and constant cooperation with 
the geologists of the Survey has given to them much valuable 
data for use in connection with problems of structural and 
areal geology. Special collections were made for the purpose 
of comparison in Alabama, North Carolina, South Carolina, 
Virginia, New Jersey, California, and Oregon.

DIVISION OF VERTEBRATES.

Previous to his appointment in 1882, Prof. 0. C. Marsh had 
devoted fourteen years to investigations in the paleontology 
and geology of the Rocky mountain region, and the main re­ 
sults of that work had already been published. These results 
showed that, in the absence of marine invetebrate fossils or 
well characterized fossil plants, vertebrate fossils can be ad­ 
vantageously used in the determination of geologic horizons 
and, to a certain degree, in the correlation of formations. It 
had been determined by various workers in the field that there 
was a remarkable development of vertebrate life throughout 
the Rocky mountain region, that the remains were well pre­ 
served, and that a knowledge of them was of practical value 
in geologic work. On this account it was thought best to util­ 
ize the data afforded by the vertebrate fossils in the determi­ 
nation of geologic horizons, and also to make extensive col­ 
lections of them in order to obtain for the government a fine 
series of skeletons of the most remarkable vertebrate animals 
that have ever existed on the earth.

Investigation was largely confined to the Jurassic, the Cre­ 
taceous, and the Tertiary rocks of the western United States. 
During the first field season it was limited to the Tertiary of 
Wyoming and Oregon; although work was begun in the Jurassic 
beds of Wyoming and southern Colorado, the latter for the 
purpose of developing the Atlantosaurus beds, as they had from 
previous discoveries been shown to be of Jurassic age.- The 
explorations in the Tertiary were continued systematically for 
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several years, and the results discussed fully in a memoir on 
the Dinocerata.1

Large collections of fossils were made from year to year in 
the Tertiary, Cretaceous, and Jurassic formations, which have 
not yet been investigated. The two most important original 
discoveries of vertebrates in the period from 1882-1892 are 
those of mammals and a new family of horned Dinosaurs, in 
the upper Cretaceous.

Prof. Marsh's discoveries have added immensely to the 
world's knowledge of the fossil vertebrate life in America, and 
they will undoubtedly be of material assistance to the geol­ 
ogists of the Survey when the areas in which he has worked 
are studied and mapped.

Prior to the existence of the present Survey, most of the 
paleontologists who worked up the collections of vertebrate 
fossils made by the various government expeditions appear to 
have been permitted to keep the fossils, and this resulted in the 
almost entire absence of vertebrate specimens in the National 
Museum until Prof. Marsh sent seventy-two boxes, which were 
received and placed in storage in 1886. A large collection was 
also placed upon exhibition in the National Museum in 1891. 
There are extensive collections at New Haven which will be 
transferred to the National Museum when the work upon them 
is completed and the Museum has room to exhibit or store them.

Prof. Marsh has been authorized to prepare seven mono­ 
graphs on the vertebrate fossils, all of which have had some 
work done on them, especially in the preparation of the plates, 
which are nearly all completed. It is expected that these vol­ 
umes will contain the full results of all the main discoveries 
and work of the division. Many of the discoveries have been 
considered so important that their prompt announcement has 
been made in scientific journals from time to time; announce­ 
ments of forty-four such discoveries have been published dur­ 
ing the past ten years.

Dr. J. S. Newberry has been for many years one of the best 
known authorities on fossil fishes of America, and he was re­ 
quested to prepare a memoir upon the Triassic fishes and one

1 Monograph x, U. S. Geological Survey.
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.uporl the Paleozoic fishes of North America. The purpose 
of this was to assemble the data in order that the geologists 
might have it available for use in the geologic correlation of 
formations in which the fish remains occur. His studies on 
the Triassic fishes were published in 'Monograph XIV, of the 
Survey, and those on the Paleozoic fishes in Monograph XVI. 

Dr. Newberry was a geologist as well as a paleontologist; 
and his researches have been carried forward both upon a geo­ 
logic and paleontologic basis, and they possess, therefore, 
greater value to the Survey than purely biotic investigations.,

DIVISION OF PALEOBOTANY.

The Division of Paleobotany was organized in March, 1881, 
and Mr. Lester F, Ward placed in charge. It was recognized 
that this branch of science was in a confused and chaotic con­ 
dition in America, and Mr. Ward was instructed to lay the 
foundation broad and deep for the creation of a practically 
new science that might prove to be of -the highest value both 
to geology and to botany. Aside from the economic phase of 
this branch in the determination of geologic horizons, it was 
felt that the United States should not be behind other nations 
in making known the history of its vegetal remains which is , 
recorded in the successive geologic formations. The most im­ 
portant consideration was to ascertain the most direct method 
by which -the study of the fossil plants might aid in determin­ 
ing the~age of the rocks, and thus assist in the mapping of the 
areal geology. As has been mentioned, the plant remains 
usually occur in formations in which there is no 'other paleon­ 
tologic evidence. ' .

The work of the Division of Paleobotany has been prose­ 
cuted on two lines: (1) The organization of the science in 
general; (2) its application to the plant-bearing deposits of 
the United States. Tlie former consists chiefly in collecting 
and systematizing the literature of the science, in order to as­ 
certain precisely what has already been done; the latter re­ 
lates to original research in the field and in the laboratory. 
The first has been vigorously pursued, so as to carry forward the 
elaboration of the results obtained and the work accomplished
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from their historic, bibliographic, geographic, geologic, and 
systematic study, and the correlation and condensation of these 
facts into forms that shall be directly available in the settlements

 J

of all problems, both general and special, that may arise from 
time to time.

The work of preparing a bibliography of paleobotany is 
now so nearly complete that it possesses almost its full value 
to the office, and might be made ready for publication in one 
year. A compendium of paleobotany has advanced so far in 
the preparation of a species index to fossil plants as to include 
nearly 200,000 references, and preliminary steps have been 
taken to the final compilation and condensation of this class 
of facts into proper form for publication. The work on this 
compendium has been immense, and it will form a foundation 
for all paleobotanical research in the future.

Nearly all the field work of the Division of Paleobotany has 
been directed to the identification of horizons within the Cre­ 
taceous formations between the Mississippi river and the east­ 
ern Rocky mountains. In the coal deposits in the Mesozoic 
rocks of the Great plains east of the Rocky mountains the 
plant remains are proving to be of value in the identification 
of formations and coal horizons. Essential service has already 
been rendered to the geologist through the determination by 
the paleobotanists of the various fossil plants found in Kansas, 
Nebraska, Dakota, Minnesota, Iowa, Texas, Colorado, Wyom­ 
ing, and Montana and other western states.

Prof. William M. Fontaine, of the University of Virginia, 
was added to the Division of Paleobotany, with a view to the 
study of the Mesozoic deposits in Virginia and North Caro­ 
lina; but his work has also extended, in cooperation with that 
of Mr. Ward, along the entire coastal plain of the eastern 
United States, from New Jersey to Alabama. Prof. Fontaine 
has added greatly to our knowledge of the Potomac formation 
by his study, in connection with Mr. Ward, of the plant re­ 
mains of this important formation. He also published several 
papers and monographs, arid greatly aided the geologists in 
their work by the determination of the fossil plants of the 
lower Mesozoic.
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Prof. J. S. Newberry was requested to prepare a report upon 
the Triassic plants of the Atlantic coast region; another on 
the flora of the Amboy clays of New Jersey, and a general 
work on the Cretaceous and Tertiary floras of western America. 
As he was an eminent specialist in this line of investigation 
and also a geologist, it was considered that the work would be 
of service to the geologists of the Survey in the identification 
of geologic horizons. His report upon the Triassic plants was 
received and published as Monograph No. 14 of the Survey; 
that on. the Amboy clays of New Jersey is now being edited 
by Dr. Arthur Hollick, one of his former assistants; and the 
monograph on the Cretaceous and Tertiary floras of western 
America will be taken up and prepared for publication by Dr. 
Hollick as soon as practicable. Prof. Newberry's personal in­ 
vestigations were continued until the early part of 1891, when 
failing health compelled him to leave the completion of his work 
to Dr. Hollick. 1

DIVISION OF FOSSIL INSECTS.

It appears to be of special importance that the study of fossil 
insects should be prosecuted in connection with fossil plants; for, 
as shown by the most eminent biologists, the history of plant life 
has been intimately connected with that of insect life. More­ 
over, insects, like plants, tell of terrestial conditions, while a 
large share of the other fossil remains that have been subjected 
to examination tell only of the sea and aqueous conditions, and 
it is as important to geologists, whatever the ultimate aim of 
their researches, to understand the various stages of the de­ 
velopment of land life in plants and insects as to interpret the 
history of the sea.

Prof. S. H. Scudder, who has long been, engaged in the study 
of the fossil insects of North America, was placed in charge of 
this work January 1, 1886, and so continued until July 1, 1892. 
He found that the literature of this highly specialized branch of 
paleontology was scattered throughout a wide range of period­ 
ical publications, and he undertook the compilation of a refer­ 
ence index in order to make the literature available for future

'For notice of death and biographical sketch of Prof. Newberry, see p. 61.
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research. This work was completed and published in bulletins 
31, 69, and 71 of the Survey. During his connection with the 
Survey he engaged in field work three times, mostly in Colo­ 
rado, Utah, and Wyoming, examining and collecting from well 
known localities of fossil insects, as he wished to ascertain if 
they could be employed in stratigraphic geologic work.

The study of fossil insects is even yet in its infancy, and has 
never been employed to any extent to aid in the determination 
of the relative age of the stratified deposits in which they occur. 
That they can ever be so employed to as wide an extent as 
some other grotips is impossible, as they rarely occur except in 
the lacustrine or lake deposits; but these deposits reach their 
highest and most varied development in the Tertiary basins of 
the West, and the study of the insects has already shown that 
they can be relied on for nicer and more detailed discrimina­ 
tion of nearly synchronous deposits than can, for instance, the 
plants. It is to be recalled "that while the localities where in­ 
sects have been found are not exceedingly rare, very few of 
them have been thoroughly examined. The conditions, how­ 
ever, under which insects have thus far been discovered lead 
to the belief that they exist at a very large number of local­ 
ities and that when they are found and comparisons are made, 
the fossil insects will bear no inconsiderable part of the bur­ 
den of determining the precise relative age of the numerous 
lake basins of Tertiary times and the history of Tertiary 
movement in western North America. It is also probable that 
when the different localities where insects have been discovered 
in the Coal-measures shall have been properly examined, those 
fossils may prove of signal service in the separation of hori­ 
zons which plants fail to discriminate, and may furnish a fair 
basis, so much desired, for the correlation of the beds of the 
eastern and western coal basins. The number of localities 
in the Coal-measures where insects are known to occur has 
greatly multiplied within a few years, and certain localities 
have proved so rich in their remains that it is hoped that we 
may find a new guide to working out the stratigraphy of these 
Coal-measures.

It was with these considerations in view that the Division of
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Fossil Insects was organized. The addition to our knowledge 
of the insect life of the globe has been immensely increased by 
Prof. Scudder's investigations and the work done by him has 
yielded greater results than the more readily accessible rocks 
of Europe that have been worked for sixty years.

PALEONTOLOGIC CORRELATION.

Iii order to develop the geologic history of the United 
States as a consistent whole, it is necessary to correlate the 
various local elements. The events of one district must be 
connected with the synchronous events of other regions, and it 
is especially important to determine the synchrony of deposits. 
So far as the outcrops of strata can be continuously traced or 
can be observed at short intervals, correlation can be effected 
by stratigraphy alone; but the correlation of groups or systems 
of strata separated by wide intervals of discontinuity can be 
effected only through a study of their contained fossils.

Discussions in connection with the work of the international 
congress of geologists have shown that different students assign 
different limits to the possibility of correlation and give differ­ 
ent weights to the various kinds of paleontologic evidences 
employed. A study of the data and principles of correlation 
thus seeming to be a necessary part of the work of the Geo­ 
logical Survey, arrangements were made for the preparation of 
correlation essays on each of the greater divisions of geologic 
time, as already set forth in some detail. The specific object 
and purposes of the correlation papers briefly stated are:

1. To exhibit in a summary way the present state of knowl­ 
edge of the North American geologic series.

2. To formulate the principles of geologic correlation and 
taxonomy.

3. To set forth from the American standpoint the possibility 
or impossibility of using in all countries the same sets of names 
for stratigraphic divisions smaller than systems.

Correlation essays were prepared by members of the pale­ 
ontologic branch, respectively, as follows: Mr. Win. H. Ball, 
Prof. Wm. B. Clark, of Johns Hopkins University, Mr. C. A.
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White, Prof. H. S. Williams, of Cornell University, and Mr. C. 
D. Walcott.

These essays summarize our present knowledge of the groups 
of rocks of which they treat and outline the special investiga­ 
tions which are necessary to solve the various problems bear­ 
ing upon the geology of the coimtry. An essay on the value 
of paleobotany in correlation is in course of preparation by 
Mr. Lester F. Ward.

COLLECTIONS. 

ORGANIZATION AND METHOD.

Collections of fossils and rocks obtained from typical locali­ 
ties of determined sections of strata are the most important 
books of the paleontologist and geologist. Such collections 
constitute a permanent record of work done; and under the 
organic law of the Geological Survey they are to be deposited 
in the National Museum when no longer needed for investiga­ 
tions in progress.

Early in the history of the Survey an arrangement was made 
with the National Museum under which the collections of fossils 
were placed in the charge of certain members of the Geological 
Survey, who were appointed honorary curators of the National 
Museum. In return for the supervisory work of these curators, 
the National Museum furnished laboratories and the necessary 
facilities for work. By this cooperation all material was brought 
under the charge of specialists, and work was systematically 
carried on both for the Geological Survey and for the National 
Museum. Immense collections have been thus transferred to 
the National Museiim through the work of the Geological 
Survey; but both these institutions have been unable for a 
number of years to provide room for the proper exhibition of 
material, or necessary laboratory room for work upon the 
study series. Owing to this lack of room the work of several 
divisions of the paleontologic branch has been carried on in 
laboratories outside the city of Washington.

COLLECTIONS NOT YET PLACED IN THE NATIONAL MUSEUM.

The collections in charge of Prof. Henry S. Williams are in 
the museum building of Cornell University. They are ar-
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ranged in two rooms in trays and cases, and so separated from 
the collections of the university that they may be readily dis­ 
tinguished, even if the specimens should be mixed in trays 
for the purpose of study or comparison, a distinct green label 
with its record number marking those belonging to the Survey 
from those belonging to the university or elsewhere. The 
record numbers placed upon each green label were assigned to 
Prof. Williams from the Geological Survey and National Mu­ 
seum catalogues. Prof. Williams has prepared a card catalogue 
of all the numbers that he has used, giving the record of local­ 
ity, geological formation, collector, date of collecting, and any 
other information relating to the geographic and geologic posi­ 
tion of the specimens. A copy of this card catalogue is being 
prepared, to be filed with the records of the Geological Survey. 
There are now in Prof. Williams's charge five hundred drawers 
of fossils, the drawers averaging in size 2 feet by 1 foot 6 
inches and 3 to 4 inches deep. There are also 13 boxes of 
duplicates packed ready for shipment to the Survey when­ 
ever they may be required.1

The collections in charge of Prof. Alpheus Hyatt, at Cam­ 
bridge, Massachusetts, are arranged in drawers in a room en­ 
tirely devoted to their keeping in his private house. The col­ 
lections belonging to institutions or individuals, which are 
used in the CQurse of his study, are kept in another room on 
the floor above. The collections are in good order. The 
method of recording the specimens is the same as that used 
by several of the paleontologists of the Survey in Washington, 
and includes the use of a round green or yellow label, which is 
numbered and fastened to the specimen to indicate geographic 
location and geologic formation when the latter is known. The 
material is contained in about fifty drawers, and includes the 
collections made since 1888. A copy of Prof. Hyatt's record 
book will be filed with the Survey. The collections in charge 
of Prof. S. H. Scudder are kept in special cases in the labora­ 
tory building back of his dwelling house. The specimens are

1 Since the preceding was reported Prof. Williams has sent the duplicate collections 
to Washington and removed the study series to Yale College, New Haven, where he 
is now located.
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recorded by painting numbers with white paint upon each 
specimen, which refers to catalogue kept in a Geological Sur­ 
vey record book. The number of specimens recorded to date 
is 1,458, and there is a small collection from Florissant, Colo­ 
rado, not recorded, which will probably bring up the total to 
2,000 specimens. There is also some material from the Hay- 
den survey that will be transferred to the record of the Geo­ 
logical Survey.

The collections of vertebrate remains in the charge of Prof. 
0. G. Marsh, at New Haven, Connecticut, are kept in the fire­ 
proof Peabody Museum building and in a large storage shed 
adjoining. The method of recording is somewhat different from 
that used for the other collections, but it is very thorough and 
complete. In the field where the specimens are collected a label 
is placed inside each box, and the words "U. S. Geological 
Survey" are plainly marked on the outside before the boxes 
are shipped. When received at Prof. Marsh's laboratory, at 
New Haven, a record is made of each box received, and to 
each an entry number is assigned. This number is at once 
recorded on the box, and (when the box is opened) on the 
label and on each and every specimen contained in the box, 
with oil paint. When it is necessary to remove a number in 
working out specimens from the matrix, the number is copied 
on some other portion of the rock or directly on the fossil before 
it is removed. This number is the record of locality, strati- 
graphic position, and history of discovery; additional informa­ 
tion is added from time to time under the number in the record 
book, such as the identification of the genus and species, and 
any data that may be of importance. The removing of the 
number from any specimen at once deprives it largely of sci­ 
entific value, and it is to the interest of every one working on 
the collections to have it kept intact. When all work is finished 
and the specimen is identified, labeled with its name, and ready 
for exhibition, it receives a catalogue number. The old num­ 
ber, however, still follows it in the record of the latter.

The record of the entry numbers is kept in duplicate and 
Prof. Marsh is now preparing another duplicate set to be filed 
with the Geological Survey. This will show the number of
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boxes of specimens received from 1882 to 1891. The labora­ 
tories and storage rooms provided by the Yale University 
Museum represent a floor space of over 9,000 square feet, for 
which the Geological Survey does not pay rent. In addition 
to the collections at New Haven, there are seventy boxes of 
vertebrate fossils stored in the Armory building in Washing­ 
ton, and a collection is now being prepared for exhibition in 
the U. S. National Museiim.

Until his decease Prof. Newberry was engaged in the study 
of collections belonging to the Geological Survey which were 
stored in the School of Mines, Columbia College, New York 
City. He had in his charge the Hadden collection of fossil 
plants from Florence, Colorado, which contains about 1,000 
specimens, also a large lot of Puget sound plants, and the col­ 
lection made by Mr. C. A. White and Mr. J. W. Powell, in the 
Green river group. Since the death of Prof. Newberry1 the 
collections have passed into the hands of Dr. Arthur Hollick, 
who is editing Prof. Newberry's work.

A collection of fossil Mesozoic plants is in charge of Prof. 
William M. Fontaine, of the University of Virginia, but a 
large part of them are now being packed by him and will be 
shipped to the Survey. Twenty-five hundred specimens have 
already been received at the National Museum.

The several collections outside of Washington are in good 
condition, and in case a person in charge of any collection 
should from any cause sever his connection with the Survey, 
the specimens could be readily identified, packed, and shipped 
to the Washington office.

COLLECTIONS FROM PALEOZOIC ROCKS.

The collections from the Paleozoic rocks include over 70,000 
specimens, and have given to the National Museum a more 
complete series from the lower Paleozoic than that possessed 
by any museum or collection in the United States or in the 
world from American rocks. The collections from the upper 
Paleozoic, west of the Great plains, are the most complete 
that have ever been obtained, and considering that they have

1 For biographical sketch, see p. 61.
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not been made for the purpose of obtaining1 Museum mate­ 
rial, they are very extensive and include a full exhibit of the 
faunas contained in the upper Paleozoic formation, of the 
Rocky mountain region. Large collections have also been 
made from typical localities in the Southern and Middle states 
in order to obtain the material for a reference collection for 
use when studying the collections brought in by Geological 
Survey parties engaged in work in areas that have not hither­ 
to been surveyed.

COLLECTIONS FROM MESOZOIC ROCKS.

The total number of specimens of Mesozoic fossils collected 
by this division is estimated at 32,000. Of this number 13,636, 
actually counted, ha ye been transferred to the National Museum 
and entered in the catalogue, the remainder constituting ma­ 
terial mostly unstudied. This estimate does not include sev­ 
eral small collections of fossil plants and Paleozoic and 
Cenozoic invertebrates that have been transferred to other 
divisions of the Survey.

The collections made by the geologists of the Survey in 
this division have been indispensable to the prosecution of its 
work and they are indispensable to its completion if that should 
ever be attempted. They will always remain of the greatest 
importance for reference by those who shall prosecute similar 
work in future.

COLLECTIONS FROM CENOZOIC ROCKS.

There are at present about 200,000 fossils from the Tertiary 
in charge of Mr. Dall, of which number about 50,000 were 
collected prior to the existence of the present Survey. Of this 
collection about 60,000 specimens have been studied, put in 
order, and turned over to the National Museum, a part of 
which are on exhibition in the Museum building.

In bulk the collection is the largest in the world relating to 
the American Tertiary, and, by reason of the data accompany­ 
ing the specimens, is in scientific interest the most important. 
Nearly all of the material collected by the Survey has its geo­ 
logic and geographic position properly recorded from the col­ 
lector's note books.
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COLLECTIONS OF FOSSIL VERTEBRATES.

Prof. Marsh reports that the number of large boxes contain­ 
ing vertebrate fossils shipped from the West during the past 
ten years was over one thousand; that the average weight 
of these boxes was several hundred pounds; that during 
the past few years the boxes have increased in size, averag­ 
ing from 600 to 800 pounds, while a number of them weighed 
from one to three tons each. Several hundred small boxes 
containing vertebrate fossils, many of the specimens being of 
great value, were also sent in as a part of the collections made 
in the West by this division. He regards the scientific value 
of the entire collection as far greater than that of any other 
collection of fossils made by any other geological survey in 
the world. This estimate is indorsed by some of the best scien­ 
tific authorities in this country and in Europe.

A collection contained in seventy-two boxes was shipped 
to Washington in 1886, and in 1891 all the available case 
room provided by the National Museum was filled up by a 
collection of great value and scientific interest.

COLLECTIONS OF FOSSIL PLANTS.

Since its organization, in 1881, the Division of Paleobotaiiy 
had received from the geologists of the Survey and had col­ 
lected by its own members, 33,000 specimens. Of these, 
14,600 have been transferred to the collections of the Na­ 
tional Museum. Studies of the remaining portion of the 
collection have not yet been finished, and these specimens, 
although contained in the laboratories of the National Museum, 
have not yet been formally transferred to that institution. 
Their value to the cause of science is very great, as many of 
them could not be duplicated and they are the types upon 
which species and genera have been founded, and, in a num­ 
ber of cases, form the basis for geologic determination. 
Prof. William M. Fontainehas added about 6,000 specimens to 
the collections of the Survey, of which 2,500 have been sent 
to the National Museum and are included in the 33,000 speci­ 
mens mentioned above.
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COLLECTIONS OF FOSSIL INSECTS.

The number of specimens belonging to the Survey, col­ 
lected by this division, is 2,190. The specimens are not as 
valuable for the purposes of correlation as those from other 
divisions, but they are of great scientific interest. They af­ 
ford an almost virgin field for the investigator, and when the 
localities where they occur have been properly explored they 
will furnish an immense number of different forms of life re­ 
lating so closely to those now living that conclusions can be 
drawn concerning the climate and interrelation of life in past 
ages (from our knowledge of the distribution and dependence 
of existing life) such as no other field will be able to offer. 
They are, as far as known, confined entirely to fresh-water 
deposits, and they promise to be of much value in the cor­ 
relation of the sedimentary series of the great interior lakes 
of Cretaceous and Tertiary time.

PREPARATION FOR COLUMBIAN EXPOSITION.

In connection with the geologic exhibit made at the World's 
Columbian Exposition at Chicago, the Paleontologic Division 
of the Survey prepared an exhibit to illustrate the stratigraphic 
succession of the faunas and floras in the sedimentary rocks of 
the United States. This is supplemented by maps, sections, 
and a typical series of rocks illustrating the sediments in which 
the fossils occur, and forms one of the principal features of the 
Survey exhibit.

PUBLICATIONS.

The paleontologic branch has from time to time announced 
the results of its researches in numerous treatises, which have 
been published by the survey in 8 monographs, 26 bulletins, 
and 10 accompanying papers in the annual reports, aggre­ 
gating more than 8,000 printed pages, with more than 1,000 
illustration plates and several thousand text figures. For de­ 
tailed information concerning these publications, the reader is 
referred to the advertisement printed in the preliminary pages, 
herewith, and especially to Bulletin 100, giving a list and index 
of the books of the survey.
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In addition to the official reports numerous papers have been 
published in magazines and journals : By W. H. Dall and assist­ 
ants, 10; by C. A. White and assistants, 36; by C. D. Walcott 
and assistants, 48; by 0. C. Marsh and assistants, 42; by S. H. 
Scudder and assistants, 33; by L. F. Ward and assistants, 40; 
by Alpheus Hyatt, 11.

GENERAL SUMMARY OF WORK IN TERRESTRIAL PHYSICS,
188O-'92.

RIGIDITY.

Among the first of the geologically important properties of 
bodies investigated in the physical laboratory was rigidity. It 
was thought inexpedient to begin with the study of elasticity, for 
geologic agencies usually act gradually throughout enormous 
periods, and hence the time variation of rigidity (or viscosity) 
seemed to be immediately important. It was also thought that, 
after the nature of viscosity was thoroughly apprehended, the 
geologic relations of rigidity, regarded as an elastic resistance, 
would more appropriately come up for discussion.

Much consideration was given to the choice of material suit­ 
able for the work. It seemed impracticable to begin with rocks, 
because of the difficulty in shaping or adapting them to the ex­ 
periments; nor did it seem wise to seek the elementary facts of 
complex phenomena in substances which, as a rule, possess 
neither definiteness of chemical character nor physical homo­ 
geneity. Moreover, it was believed that if all the data to be 
gathered related to some substance of great industrial im­ 
portance, the work, aside from its theoretic aspects, might 
ulteriorly be productive of results of economic value. Accord­ 
ingly the group of iron carbides (wrought iron, steel, cast iron) 
was selected for experiment.

There was still another argument in favor of this choice. 
One member of the group, steel, has the unique property of 
passing continuously from an extreme of brittle hardness to an 
equally pronounced extreme of soft plasticity. By the aid of 
an operation so simple as tempering, therefore, this single metal 
is capable of representing an almost infinite variety of bodies.
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As the results obtained in the work relative to rigidity have 
the dual character indicated, it is convenient to touch upon 
their economic and scientific bearings consecutively. In study­ 
ing hardness it was necessary to obtain some exact knowledge 
about temper, and to discover a means of distinguishing with 
precision different states of tempered hardness in steel. It 
was desirable, furthermore, to express the relations of the differ­ 
ent iron carbides to each other from a physical point of view, 
and to construct a diagram for the classification of these prod­ 
ucts. This part of the work was carried out by Dr. Barus and 
Dr. Strouhal. 1

The investigation began with results previously obtained by 
Barus, which showed (a) that the electrical resistance of steel 
could be increased considerably over threefold by changing its 
temper from soft to hard, and (&) that its thermoelectric power 
was subject to like variation. Thus it was made possible to 
construct a scale of tempers for steel by which the hardness 
of any given sample could be expressed with an accuracy of 
one in one thousand. Availing themselves of this method of 
experimental attack, the authors proceeded to an exact develop­ 
ment of the laws by which any given degree of temper may 
be produced. They showed definitely in what manner the 
diminution of the hardness of a steel rod depends on the 
temperature to which the rod is exposed and on the time of 
exposure. An important relation having been discovered in 
the interdependence of the two electrical constants employed, 
it became feasible to define the properties of the steel rod 
whose hardness in the given scale is zero.

After discussing a number of subsidiary data, such, for in­ 
stance, as the effect of temperature on the electrical constants 
when temper does not vary, the corresponding variations of 
hardness and specific volume in steel, the analogies which ob­ 
tain between tempering and alloying and between temper 
and a mechanical strain, the effect of magnetism in changing 
the electrical scale of hardness, etc., the authors made another 
important application of their method by establishing the exact 
conditions under which the magnetization of steel varies with

1 The results are detailed in Bull. No. 14, U. S. Geological Survey, pp. 1-238,1885.
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temper. The effect of temperature on the magnetism of steel 
was similarly treated and rules were given for the construction 
of magnets of exceptional degrees of magnetic permanence. 
In a great variety of magnetic instruments it is essential that 
the magnets used shall have the greatest possible power of re­ 
sisting the effects of wear and tear, as well as of atmospheric 
agencies, and that the result shall be secured at the least possi­ 
ble sacrifice in the amount of magnetization. Thus the practi­ 
cal construction of exceptionally permanent, highly magnetized 
magnets is an outcome of this research.

The authors also discussed a scheme for the physical classi­ 
fication of the iron-carbon products. This classification is 
based on the important observation that the difference between 
the electrical constants for the soft state and the hard state of 
a given iron-carbide increases with the number of states of 
mechanical hardness in which the sample is capable of exist­ 
ing. Thus, for wrought iron, which can not be tempered, 
the difference in question is nearly zero, and for cast iron it is 
smaller than for steel. This difference, however, would not 
necessarily imply the changes of mechanical properties which 
are observed in passing from iron through steel into cast iron, 
even in the soft states; and the electrical expression for this dif­ 
ference is also a continuous increase of the constants. Hence 
the ratios of the electrical constants for the hard and the soft 
states of any given iron carbide were selected as a basis of clas­ 
sification. Experiments then proved that on passing without 
break of continuity from pure iron to cast iron a unique iron 
carbide is always encountered in which the ratio of the elec­ 
trical constants is a maximum. This singular iron carbide is 
characterized by the notable property of existing in the greatest 
possible number of mechanical states of hardness. The metal 
thus definable with almost mathematical precision is steel.

In a series of subsequent researches Dr. Barus and Dr. 
Strouhal developed the practical side of the inquiry with much 
greater fullness.1 Thus the density of steel in its relation to

'Bull. No. 27 (pp. 30-61, 1886), Bull. No. 35 (pp. 1-62, 1886), and Bull. No. 42 (pp. 
98-131).

14 GEOL   10
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temper and internal physical structure was discussed in detail. 
Moreover, the oxide films by which the temper of steel is 
usually estimated were made the subjects of direct measurement, 
and their growth was interpreted as a phenomenon of solid 
diffusion. Finally, an independent line of evidence was brought 
to bear on the question of temper by examining the singular 
strain existing in suddenly cooled glass. The distribution of 
density which characterizes this strain, as well as its relations 
to temperature, were accurately determined, and the results 
were corroborated by aid of the polariscope.

Having in this way obtained some definite information con­ 
cerning temper and the laws of its variation, it was found that 
the study of viscosity could be entered upon with advantage. 
This part of the work was carried out by Dr. Barus. 1 The 
researches begin with a study of the effect of temper on tor- 
sional viscosity, and among other results the extraordinary 
fact was revealed that steel is more viscous in proportion as it 
is harder and less viscous in proportion as it is softer; in other 
words, steel so hard that it easily scratches glass is nearer the 
liquid state than is soft and malleable steel. It follows that any 
theory designed to account for viscosity must suggest inde­ 
pendent mechanisms for viscosity and for hardness. At about 
200° C., however, steel is less viscous and much more suscepti­ 
ble to changes of temperature in proportion as it is harder, so 
long as a certain limiting value of stress is not exceeded. Be­ 
yond this, steel is less viscous and more susceptible to tem­ 
perature in proportion as it is softer, thus indicating a complete 
inversion of the strength of the viscous resistances encountered.

With these data in hand the subject was ripe for theoretic 
treatment, and some method of coordinating the mass of facts 
seemed essential. Many of the phenomena obtained had al­ 
ready been found to be interpretable by a method similar to 
Clausius's theory of electrolysis, and hence in preference to 
other theories Maxwell's views on viscosity were made the 
basis of discussion. All the data were therefore marshaled with 
reference to Maxwell's views, and the test to which the theory 
was subjected was as satisfactory as it was severe, the effect of

'Bull. No. 73 (pp. 1-139, 1891) and Bull. No. 94 (pp. 1-138, 1892).
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each agency (heat, stress, magnetism, time, etc.) being considered 
in detail. The work showed it to be necessary to distinguish 
two species of molecular break-up, viz, that in which the mole­ 
cules pass from configurations of less to configurations of greater 
stability, apparently without loss of their individuality, and that 
in which the transfer is accompanied by a disintegration of the 
molecules. The last of these cases is exemplified by the changes 
of temper in steel, whether brought about by change of tem­ 
perature or by time. Thus glass-hard steel is always spontane­ 
ously softening, even at ordinary temperatures. This is proved 
by the changes of the electric constants of steel in the lapse of 
years. The other case of configurational break-up, namely, that 
in which the configurations are of a physical character, is appar­ 
ently the more common. Examples properly belonging here 
were obtained in abundance by subjecting metals to intense 
tensile, compressional, flexural, torsional, and other strains, the 
presence of each of which in the metal was accompanied by 
marked decrease of viscosity. In spite of the fact, therefore, 
that the hardness and tensile strength of steel are notably in­ 
creased by stresses or strains, the metal itself is none the less 
brought nearer the liquid state, because the strains introduce 
a greater number of instabilities than were present before 
stress was applied. On the other hand, slight mechanical 
strains (twisting, for instance) increase the viscosity, because 
the instability thereby broken down exceed the number 
evoked. This effect is therefore analogous to thermal anneal­ 
ing, which is always accompanied by increased viscosity.

At this stage of progress much time was spent in the en­ 
deavor to obtain concrete knowledge of the mechanism of 
viscosity. Thus the effect of mechanical strain on the carbu- 
ration of steel and on the rate of solution of the metal was 
considered. The hydroelectric effect of permanent changes 
of molecular arrangement was measured, and also the amount 
of energy potentialized by such strains. The most interest­ 
ing results obtained came from a study of the electrical re­ 
sistance of glass under stress at temperatures above 100° 
C. Here stress produced a greater decrease of resistance 
than could be accounted for by change of dimensions, and
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an increased molecular break-up induced by (dilatational) 
stress was therefore inferred. The results of stress and of 
increased temperature are similar. In view of the geologic 
bearing of the effect of stress on the chemical equilibrium 
of mixed silicates, the question was again attacked by a 
new method. Glass submerged in hydrocarbon oil was sub­ 
jected to great pressure and the changes of electrolytic resist­ 
ance were compared with the corresponding changes of pres­ 
sure. This experiment confirms the above inference for strained 
glass. Compression increases the specific resistance and hence 
decreases the amount of molecular break-up. Researches of 
the kind here mentioned are exceedingly difficult because of 
the many sources of error to be avoided. Hence the question 
whether the permanent retention of strain by a body is accom­ 
panied by the formation of a new arrangement of molecules 
is still open, although the electro-chemical difference between 
unstrained and strained or even, magnetized metal gives addi­ 
tional evidence in favor of the positive answer.

Notwithstanding the geologic importance of the relation of 
viscosity to pressure and temperature, the first systematic treat­ 
ment of the subject by the artificial production of high pres­ 
sures was that undertaken in the physical laboratory. A 
highly viscous liquid of pitch-like consistency was selected for 
study, with the object of defining the lines of equal tempera­ 
ture and the lines of equal pressure within a range of one or 
two thousand atmospheres. From these results the isometrics, 
or lines of constant viscosity, could be computed and some 
knowledge gained of the rate at which pressure must increase 
relatively to temperature in order that the viscosity of the 
body may remain unchanged. Supposing, therefore, that an 
aperture of fixed dimensions is given, the isometrics of vis­ 
cosity express the condition of equal flow for all pressures and 
temperatures.

The body used in these experiments, however tenacious, 
must retain the properties of a liquid throughout, i. e., under 
constant conditions of pressure, temperature, and stress it must 
show constant viscosity as to time. In solids, however, vis­ 
cosity under the same circumstances increases markedly with
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the time during whicli stress is brought to bear. In a solid, 
therefore, the instabilities are used up in promoting viscous 
deformation. The point of essential concern in these defini­ 
tions is the constancy of stress. For instance, if a solid stress 
be increased at the small rate necessary to constantly intro­ 
duce instabilities, the solid viscosity will also be constant. On 
the other hand, stress may be conceived to increase so fast 
that even a liquid fails to present instabilities enough for truly 
viscous motion. The experiments were made by forcing ma­ 
rine glue through steel tubes at definite temperatures and un­ 
der very high pressures. The cylinders exuding from the 
tubes, after being cut off and left free from pressure, experi­ 
enced a very curious change of shape in the lapse of time- 
Surfaces which were planes before straining tended to become 
planes after stress had ceased with the result that the cylin­ 
ders gradually changed to reentrant conoids.

Observations on the variations of viscosity with pressure 
under conditions of constant temperature brought out this im­ 
portant result: The rate at which viscosity increases with 
pressure at any temperature is proportional to the initial vis­ 
cosity; for a given initial viscosity (pressure zero), viscosity 
varies linearly with pressure. Hence the isothermals are a 
series of straight lines, the slope of which increases rapidly 
with temperature; and if the increment of viscosity be ex­ 
pressed relatively to the initial viscosity, its value is at all 
temperatures 0'0057 times the pressure under which the flow 
takes place. If pressure remains constant while temperature 
varies, the lines of flow (isopiestics) present a similarly definite 
case. Within the range of observation, viscosities were found 
to decrease in geometric progression when the temperatures 
increased in arithmetic progression.

Reference may finally be made to the results obtained for 
the absolute viscosities of the three states of aggregation. Re­ 
sults for gases and liquids being available in great number, it 
was deemed sufficient to extend the work so as to include 
viscous fluids and solids. The results show an astounding 
variation of viscosity, passing from one-ten-thousandth in 
gases to over 100 million million millions in solids. Through-
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out this enormous interval, viscosity nowhere fails to appeal 
to the senses. It is therefore to some extent the chief variable 
of our material environment.

At the conclusion of the work systematic preparations were 
in progress for measuring the absolute viscosity of solids gen­ 
erally. Moreover, rigidity, which thus far had been studied 
only with reference to certain interesting magnetic variations, 
was to be directly attacked through long ranges of tempera­ 
ture and pressure. In its geologic bearing rigidity is equal in 
importance to viscosity, and the treatment would have been 
conducted in a way similar to the above.

COHESION AND CHEMIC ACTION.

During the summer of 1885 Dr. Hallock, through the kind­ 
ness of the Ordnance Department, made a series of experi­ 
ments with the great testing machine at Watertown Arsenal. 
The tests were made to learn whether solids could be converted 
into liquids by pressure and whether powdered solids could 
be fused without heat. Although the results were inconclu­ 
sive, still many interesting facts were developed in regard to 
the behavior of powdered solids and substances like wax, par­ 
affin, etc., under pressures of 100,000 pounds per square inch. 
- These results led to a study of the so-called chemical action 
between solids. All the tests indicated an absence of action 
between solids and showed rather that action took place with­ 
out contact, and even at a distance, and was hence due to 
vapor. In this connection it was discovered that metal filings 
mixed together will ultimately fuse when heated slightly above 
the melting point of the resulting alloy, although not heated 
nearly to the melting point of the most fusible constituent.

PYKOMETKY.

In addition to its importance in problems connected with 
physical geology, the measurement of furnace temperatures 
has a twofold practical bearing.

In most metallurgic and technologic operations, wherein re­ 
actions are produced by heat, a better knowledge of the tern-
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peratures used would be of great economic value. Indeed, 
without such knowledge improvements of metallurgic processes 
must be slow, uncertain, and expensive, and must result often­ 
times from chance. In many metallurgic processes a nice ad­ 
justment of temperature is essential to success. But until quite 
recently pyrometers have found small favor with practical 
men, chiefly because efficient instruments were not easily 
available.

In short, pyrometry is in touch with the industrial arts at 
many points, and an investigation more detailed than needful 
for purely geologic work seemed warranted. When the work 
was begun, 1 about twelve years ago, almost no practical method 
of pyrometry was in use or satisfactorily vouched for. True, 
the great researches of Pouillet, Becquerel, and Deville and 
Troost were already published; but, unfortunately, the results 
were so frequently discordant that the methods were looked 
upon with distrust. This was especially true with thermoelec­ 
tric pyrometry, and it is a pleasure to note that our laboratory 
was the first to revive this invaluable method.

A full account of the work done in pyrometry is given in 
the publications of the Survey.2 These books begin with a de­ 
tailed historical review of the subject so arranged as to best 
meet the needs of the practical investigator. The experiments 
begun by Drs. Barus and Hallock were planned on a broad 
scale, and, following Deville and Troost, the general scheme 
was to thermally experiment with large masses of substance. 
But as it became necessary to change the quarters of the labo­ 
ratory, the original plan had to be abandoned, and the subse­ 
quent researches of Dr. Barus took a new point of departure. 
The chief aim of the work was to standardize the thermocouple 
for high temperatures. The problem required that this couple 
should consist of platinum combined with some equally refrac­ 
tory and thermoelectrically invariable alloy of platinum. Pla- 
tinum-iridium was the metal principally used. Methods of cal­ 
ibration based on known boiling points and convenient forms

'Annual reports of the director of the Geological Survey, 1881-'82, p. 9; ibid, 1883- 
'84, p. 62; ibid, 1886-'87, p. 192. Bull. No. 54, U. S. Geological Survey, 1889, preface, 
pp. 17-21.

 -Bull. No. 54 and 103, U. S. Geol. Survey.
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of small apparatus were first investigated. A cursory experi­ 
mental review was taken of the electrical properties of some 
fifty-two different alloj^s of platinum. This review, besides 
showing the relative pyrometric availability of the platinum al­ 
loys, revealed an interesting relation between the conductivity 
of an alloy and its temperature. Conductivity and temperature 
were found to be linear functions of each other, a result which 
was also established for steel and other alloys. The chief prob­ 
lem at issue, i. e., the calibration of the thermocouple by direct 
comparison with the porcelain air thermometer, was next taken 
up. It involved a detailed study of high temperature air ther- 
mometry, and the invention of special forms of bulbs adapted 
to the purpose with a variety of apparatus for soldering porce­ 
lain, for insulating the couples, and for shaping capillary metal­ 
lic connection tubes. In the furnace used, constancy of high 
temperature was secured by a horizontally revolving muffle, 
dipping into a vertical vortex of flame. Two methods of air 
thermometry, viz, measurements at constant volume and at con­ 
stant pressure, were carried out in detail, with results strongly 
in favor of the former. Next, the details of a standard air ther­ 
mometer for high temperatures were investigated. Filially a 
new principle of high-temperature air thermometry was pro­ 
posed and experimentally tested. Temperature in this case is 
measured in terms of the viscosity of a gas, transpiring through 
platinum capillary tubes. The data obtained both for hydro­ 
gen and for air were of a satisfactory character.

In subsequent work a torsion galvanometer was specially 
adapted for thermoelectric high temperature work, and so con­ 
structed as to measure all temperatures, high or low, while the 
constants of the apparatus are fixed. With this instrument the 
pressure variations of high-temperature boiling points, viz, of 
mercury, sulphur, cadmium, zinc, and bismuth, under pressures 
ranging from a few millimeters of mercury to one atmosphere, 
were mapped out. A thermoelectric comparison between the 
platinum-iridium and the platinum-rhodium thermocouples, 
carried as far as the melting point of platinum, showed that, 
up to 1,200° C. at least, the relation between the two couples 
is linear, whereas above this limit the divergence is no larger
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than a value to be referred to the conduction of furnace gases 
and insulators.

PIEZOMETRY.

The manipulation and measurement of high pressures, known 
as piezometry, is scarcely less important in its bearing on phys­ 
ical geology than high temperature researches. In the earth 
all fusion and change of volume take place under enormous 
pressure, and the two elements of change are equally impor­ 
tant, The economic demand for high-pressure data (referring 
to pressures of the order of hundreds or thousands of atmos­ 
pheres) is not as yet very marked; for practical men as a rule 
prefer to avoid high pressures whenever possible. For this 
very reason, however, it would appear that an investigation of 
methods by which high pressures can be safely used and 
measured is not a superfluous undertaking. This is especially 
true in high-pressure chemistry, where methods good in them­ 
selves are unused because of the risks involved. In the pres­ 
ent investigation, for instance, a trial was incidentally made to 
test the efficiency of high-pressure retorts and digesters, con­ 
structed for other purposes, by attempting to dissolve vulcan­ 
ized rubber in a volatile solvent. The results were successful 
at once, leading to a solution of waste rubber, or at least to a 
conversion of the same into a soluble gum possessing interest­ 
ing properties.

The earlier experiments on high pressures were made with 
the aid of Caillettet's well known force pump and were measured 
in the usual way by the Bourdon gauge. But the pressures at­ 
tainable in this way fall short of 1,000 atmospheres, and the 
apparatus was not powerful enough for required results. A 
special machine capable of resisting a pressure of 3,000 atmos­ 
pheres and adapted to the measurements to be made was there­ 
fore invented. This machine consists essentially of a steel screw 
fitting1 into a stout barrel, the whole machine being filled with 
oil by which pressure is transmitted. The greatest difficulty 
encountered was the avoidance of leakage. For its avoidance 
two methods were devised; the first being a jacket of marine 
glue, or other highly viscous liquid which, while it could be
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shaped to fit any stuffing box tightly, was nevertheless too 
viscous to flow through capillary tubes and crevices. The other 
device was a tinned screw by which appurtenances could be 
attached to the barrel and screwed in place expeditiously and 
in a way to withstand all pressures.

The piezometers were usually tubular in form and slender, so 
that uniform temperatures as high as 400° C. could be brought 
to bear on the contents with a great degree of certainty. The 
piezometer tubes, moreover, were thoroughly insulated from 
the barrel, whereby changes of volume, resistance, etc., could 
be measured by various electrical methods. This apparatus, 
tested repeatedly in a great variety of experiments, was inva­ 
riably found efficient.

For the earlier measurements of high pressures a special 
steel Bourdon gauge was constructed. This was subject to 
serious errors, due to permanent set. Another gauge was then 
devised, in which pressure was measured in terms of the ex­ 
pansion of a long straight steel tube, into the interior of which 
oil under pressure was forced. Within 2,000 atmospheres this 
instrument gave very trustworthy results. Appliances were 
provided for measuring higher pressures by a gauge of this 
kind after the pressures had been reduced by a special "piston 
libre." The final apparatus for pressure measurement was 
Amagat's "Manome'tre a pistons libres," in which the pressure 
is enormously reduced and then measured by an open mercury 
manometer. All the gauges used were finally calibrated in 
terms of Amagat's manometer, which reads in absolute pres­
sures.1

COMPRESSIBILITY AND THERMAL EXPANSION.

Volume considered in its relations to temperature and pres­ 
sure is among the chief concerns of thermodynamics, but it is 
only in gases for which the elementary laws are approximately 
known that the theoretic treatment approaches anything like 
completeness. For information as to the volume relations of 
liquids and solids the geologist must depend largely on experi-

'The work on piezometry conducted by Dr. Barus will be found described in Bull. 
No. 92, 1892, pp. 68-76,88-95, and, chiefly, in Bull. No. 96, 1892, pp. 17-31, 63-69
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ments and empirical data, and rest content if from time to time 
a thermodynamic principle becomes available for the coordina­ 
tion of results. Throughout all the physical work of the Geo­ 
logical Survey this consideration was kept in mind, and the 
experiments were so conducted as to be interpretable by ther­ 
modynamics.

Furthermore the volume problems take on a quite different 
aspect according as a change of the physical state of aggre­ 
gation (from solid to liquid) is or is not included. The latter 
and simpler case is the one to which reference may appropri­ 
ately be made at the outset. 1 Comprehensive studies of com­ 
pressibility and thermal expansion were made witli a view to 
mapping out the isothermals, isopiestics, and isometrics of vol­ 
ume, the latter curves being the more interesting at present 
since their nature probably admits of being denned.

Compressibility has rarely been so studied that relatively 
high temperatures and pressures are brought to bear simulta­ 
neously. Yet this is the only case of interest to the geologist. 
Under these conditions, however, the problem is formidable, 
and it seemed inexpedient to begin the measurements of com­ 
pressibility with rock magmas. A series of interesting organic 
bodies was, therefore, selected, and compressibility was meas­ 
ured within a range of about 500 atmospheres and 300° C. In 
discussing the large body of results obtained the rate at which 
compressibility varies with pressure at a given temperature 
was kept in view and two equations were investigated to ex­ 
press its limiting values. Continuing these results with the 
observed thermal expansion the isometrics or lines of equal 
volume were deduced and found to be straight lines. This is 
the chief result of the research.

With the view of further establishing the generality of these 
observations in relation to liquids and perhaps to solids the 
subject was attacked directly. Applying the powerful screw 
compressor described above, the isometrics of five suitable 
bodies were measured within a range of about 2,000 atmos­ 
pheres and about 200° C. The new data, obtained in great

1 The results obtained by Dr. Barns are described in Bull. No. 92, pp. 1-96, and in 
Bull. No. 96, pp. 33-62.
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number and with every precaution, corroborated the infer­ 
ences. They show with high probability that a mean increase 
of about 13 atmospheres pressure for each rise of temperature 
of 1 ° C. is the condition of no change of volume a conclusion 
of great geologic value.

The remaining results on compressibility were obtained with 
mercury and with water. The results for mercury are of in­ 
terest because compressibility can here be expressed in terms 
of electric resistance, and it thus affords a means of measuring 
very high pressures, the importance of which has already been 
pointed out.

CONTINUITY OF SOLID AND LIQUID STATES.

There can be little doubt that the classic demonstration by 
Andrews of the continuous passage of a liquid into the gaseous 
state will have a counterpart in a demonstration of the passage 
from a solid into the liquid state. Present indications are 
that a critical point, solid-liquid, corresponding to Andrews's 
critical point, liquid gas, cannot long elude research. The 
geologic bearing of everything relative to solid-liquid volume 
changes being so important and the lack of detailed investiga­ 
tions so great, an investigation of the question was undertaken 
by Dr. Barus1 . For reasons already given organic bodies were 
used for the experiments. Naphthalene was selected and stud­ 
ied within a range of 2,000 atmospheres of pressure and 130° 
C. of temperature. The method used enabled the observer to 
map out the isothermals at 63°, 83°, 90°, 100°, 117°, and 130°, 
in all of which cases, except the first, the body passed from 
the liquid to the solid state from increasing pressure only. A 
graphic exhibit of the results showed that change of physical 
state always takes place in accordance with a cyclic law. In 
other words, a larger pressure is necessary to change the body 
from liquid to solid at a given temperature than the pressure 
at which the body at the same temperature again melts. 
Freezing almost always takes place at once; the correspond­ 
ing fusion, however, proceeds gradually.

'Bull. No. 96, pp. 71-96.
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IGNEOUS FUSION AS RELATED TO PRESSURE.

The direct method pursued in determining the relation of 
melting point to pressure is not available for silicates. When 
fusion occurs at white heat, the prolonged action of intense and 
measured pressures upon the molten mass furnishes a problem 
beset by insuperable difficulties, for there are no known vessels 
which can withstand high pressures at white heat. Fortunately, 
however, a thermodynamic principle is available, in which the 
datum in question is given in terms of volume, temperature, and 
heat of fusion, and hence the problem, though difficult, is yet 
within the scope of laboratory treatment. 1

According to James Thomson and to Clausius the rate at 
which the melting point of a body increases with the pressure 
under which fusion takes place is expressible as a product of 
four terms. Two of these, viz, the melting temperature and 
the difference between the volumes per unit of mass of the solid 
and the liguid at that temperature, are taken directly; the other 
two, viz, the latent heat of fusion and the mechanical equiva­ 
lent of heat, are to be taken inversely. This result, based wholly 
on the first and second laws of thermodynamics, is generally 
true of all bodies.

The measurements called for were carried through for dia­ 
base. To find the first two of the quantities named (melting 
point and difference of specific volumes) the body was allowed 
to pass from a liquid to a solid state in a platinum tube, and 
the expansion of the rock as well as of the tube were measured 
simultaneously. Given a furnace thoroughly under control, 
the cooling was made to take place so slowly that the platinum 
remained rigid and under these circumstances the contraction 
was actually followed into the solid state. All precautions were 
taken to secure constancy of temperature and the measurement 
of this datum at different points along the column of molten 
rock. The linear expansion of the tube was measured directly 
and the expansion of the rock by aid of an electric micrometer 
probe invented for the purpose. Trustworthy results for the 
difference of specific volumes were obtained, and the tempera-

'The work as undertaken by Dr. Barus is given in Bull. No. 103, now in press.
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ture at which the marked change of volume occurs is the 
melting point.

To find the latent heat of fusion, the thermal capacity (i. e., 
the quantity of heat given out by the rock, solid or liquid, on 
cooling from a stated temperature to zero) was measured 
through a certain range of temperature on either side of the 
melting point. A special furnace was also invented, coming 
apart in halves, by which the rock could be suddenly transferred 
with its platinum envelope from the high temperature of the 
furnace into the water of a special calorimeter. The temper­ 
ature of the rock was measured at three points just before 
submerging it. Ths results showed a sudden increase of ther­ 
mal capacity on melting, and this is nothing more than the 
latent heat of fusion required.

The rate at which the melting point increases with pressure, 
computed by the aid of these data, showed that the meltingpoint 
of a silicate is raised about 0'025° C. for each atmosphere of pres­ 
sure. But this datum falls within the margin ('020 to '036) of 
corresponding data for organic bodies (wax, spermaceti, paraf­ 
fin, naphthalene, thymol). It was therefore argued, that if the 
relation of melting point to pressure is so nearly constant on 
passing from the silicates to the very different class of organic 
bodies, the rate would all the more probably be nearly constant 
in one and the same body changed only as to temperature and 
pressure. In other words, the relation of melting point to pres­ 
sure is expressible by a straight line an important result which 
had already been verified for naphthalene.

GEYSERS AND HOT SPRINGS.

During the summers of 1883, '84, and '86, systematic obser­ 
vations were made by Dr. Hallock on the geysers .and hot 
springs of the Yellowstone National park, and a large part of 
the observations were reduced during the following winters 
and supplemented by experiments in the laboratory.

Having in mind Bunsen's classic work on the geysers of Ice­ 
land, most of the time was devoted to determinations of tem­ 
perature in the tubes of various geysers and hot springs. A 
long series of measurements of temperature in five or six of
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the largest and most typical geysers was made, using specially 
constructed maximum thermometers. These were finally sup­ 
plemented by measurements made with a thermo-element on 
one of the geysers. In general the depth obtainable was too 
slight (20 to 4.0 feet) to afford important results; still in one 
case, "the Giantess," a depth of over 60 feet afforded very 
valuable data, suggesting a slight modification of Bunsen's 
theory, although in general tending to confirm it. Laboratory 
experiments rendered possible the construction of artificial 
geysers of any length of period and almost any character of 
eruption. These model geysers have proved very instructive. 
The hot springs were especially studied as to their depth, tem­ 
perature, outflow, and evaporation, in order to obtain an idea 
of the amount of heat brought to the surface in this region.

The phenomena thus presented, of water in an open basin 
heated above its theoretical boiling point, were thoroughly in­ 
vestigated as throwing light upon the problems of geysers. 
During this investigation complete observations were taken of 
the "period" of the largest geysers, some six hundred values 
being at hand for "Old Faithful."

A short series of observations on rainfall and evaporation 
were made in an attempt to supplement the other meteorolog­ 
ical data.

ISOGEOTHERMS.

In the spring of 1891 Dr. Hallock commenced extensive 
observations on a remarkable well at Wheeling, West Vir­ 
ginia, which is 4,500 deep and dry. A very valuable series of 
temperature observations were obtained. In this connection 
temperatures were studied in a mine at Wheeling, and the 
whole subject of isogeotherms was taken up with a view to 
shedding new light upon an obscure subject.

The rates of increase in temperature with depth in feet per 
degree Fahrenheit were:
Top and greatest depth....................................................... 74'3
Mean of lower 3,000 feet...................................................... 75-9
Mean of above two ........................................................... 74'4

The increase of 0'0133° F. per foot of depth, found under
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exceptionally favorably circumstances, is smaller than any rate 
hitherto observed.

The abnormally rapid increase of temperature with depth 
on the Comstock Lode, Nevada, was computed, from observa­ 
tions made by the officers of the mines, by Messrs. Becker, 
Reade, and Barus. 1 The results taken at three shafts within a 
depth of something over 2,000 feet showed a surprising degree 
of accordance, the mean rate being 0'033° F. per foot of depth, 
or one degree Fahrenheit per 30 feet of depth. Thus the rate 
is above twice as large as the normal rate, indicating that 
water would boil in the Comstock at a depth of only 5,200 feet. 
Similar deductions were made from the temperatures of the 
Sutro tunnel.

HIGH-PRESSURE CHEMISTRY (KAOLINIZATION).

In the early days of the laboratory Mr. Gr. F. Becker had 
appreciated the importance of the thermal effect of the action 
of water on rock, and a series of elaborate experiments were 
carried out by Becker and Barus. A huge mass of granulated 
rock was acted on by steam under conditions insuring great 
constancy of temperature in the surrounding medium (at 
100° C.). The difference of temperature between the outside 
and the center of the mass of rock was then studied for months 
with reference to its variation in the lapse of time. Notwith­ 
standing the sensitiveness of the therm-ocouples used, no rise of 
temperature of the interior of the rock could be detected.2

Since that time an exceedingly suggestive series of results 
were incidentally obtained by Barus on studying the compres­ 
sibility of water in capillary glass tubes at temperatures exceed­ 
ing ISO0 .3 These showed that the compressibility of water 
modified by the action of hot water on glass increased at a 
very rapid rate with the time of action, until eventually the 
observed compressibility was fully three times its value at the 
inception of the experiment, the interval of time being about 
one hour. A still more remarkable result was the continued

1 Monograph III, II. S. Geological Survey, 1882, chapter VIH.
2 Ibid.
3 Bull. No. 92, U. S. Geological Survey, 1892, pp. 78-84.
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decrease of the length of the column, which at the end of the 
experiment amounted to as much as 13 per cent for forty-two 
minutes of exposure, or nearly 18 per cent per hour. Clearly, 
therefore, the combined volume of glass and pure water must 
have undergone contraction in forming silicated water. The 
increase of compressibility was thus due to the increasing quan­ 
tity of silicate in solution. Now, in nearly all cases, the effect 
of solution of a salt is a decided decrease of compressibility. 
Hence the increased compressibility observed is to be referred 
to a precipitation of the dissolved silicate, as a result of the 
action of pressure, and this conclusion was borne out by the 
appearance of the tube while the experiment was in progress. 
Subsequently, moreover, similarly increased (apparent) com­ 
pressibilities were found for concentrated solutions of naphtha­ 
lene in toluol and for zinc sulphate in water, whenever the condi­ 
tions were such that precipitation was possible. In so far as the 
solvent action of hot water is accompanied by a contraction of 
the original bulk of silicate and pure water it is presumably 
accompanied by the evolution of heat. Hence, if water at a 
temperature above 200° and under a pressure sufficient to keep 
it liquid be so circumstanced that the heat produced can not 
easily escape, the arrangement in question is virtually a furnace; 
and since such conditions are necessarily met with in the upper 
layers of the earth's crust, there is here given a possible clue 
to the origin of heat phenomena localized within the first 5 
miles of the earth's crust.

Finally, a variety of attempts were made to bring about an 
aqueo-igneous fusion of silicates and a digester was devised and 
tested capable of withstanding the vapor tension of water as 
far as incipient red heat. These digesters were small, stout 
steel tubes about one-fourth inch internal diameter with the 
ends closed by coppered screws in the places of the tinned or 
leaded screws used in piezometry. After half an hour's heating 
as far as 600° the retorts usually exploded. Many experiments 
were made, but no evidences of fusion were obtained. The work 
was therefore abandoned, having shown merely that aqueo- 
igneous fusion takes place under conditions which can not be 

14 GBOL  11
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reached in the laboratory, probably somewhere between 800° 
and 1,000°.

SEDIMENTATION.

The conditions of subsidence of very small solid particles 
in liquids as introduced by Prof. William H. Brewer in 1883, 
led to a number of interesting suggestions, and the endeavor 
was made by Dr. Barus to elucidate some of these.1 The sub­ 
ject was first treated with the aid of the equation for the 
descent of a small solid spherule suspended in a liquid of given 
viscosity, by postulating a simple law relative to the distribu­ 
tion of size among the particles. The results reproduced the 
phenomenon only in a general way, and a detailed experi­ 
mental study of the subject showed that sedimentation is in a 
manner exceptional, and that the frictional resistances encoun­ 
tered are apparently different from the viscosities of the liquids 
in which subsidence takes place. Many of the occurrences 
observed are strikingly analogous to the electrolytic and cap­ 
illary properties of the liquid. The first question to be dis­ 
posed of was that of the possibility of a change of volume of 
clay and other particles suspended in water. This was decided 
by direct density tests, which gave a negative result. Parti­ 
cles suspended in water and in ether have the same density, 
while their rates of subsidence are enormously different. 
Further experiments then showed that the differences in the 
rates of descent were due to a tendency of the individual 
particles to cohere (or flocculate, as long since recognized by 
Dr. E. W. Hilgard), and form larger masses, the dimensions of 
which are different in different liquids, though specifically fixed 
for the same liquid. In the case of pure water the particles 
remain incoherent or granular, and hence the marked suspen­ 
sion observed in this case. Even traces of impurities promote 
subsidence, and the speed of descent increases at an acceler­ 
ated rate with the amount of impurity present. An attempt 
was made to show that the effect of the impurities of water in 
promoting subsidence by inducing a growth of the particles

'Bulletin No. 36, U. S. Geol. Survey, pp. 1-54,1886.
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up to a stated dimension is probably very similar to the effect 
of impurities in modifying the structure of metals, thus eluci­ 
dating an unusually important metallurgical observation. In 
a concluding series of experiments the rate of subsidence was 
shown to be materially dependent on the turbidity of the 
mixture, the rate decreasing with the quantity of sediment 
suspended in water. The laws applicable to this case are 
therefore essentially different from the conditions of subsidence 
of a single spherule in a liquid, probably because the liquid is 
nowhere at rest, in a hydraulic sense.

The close relation which obviously exists between ordinary 
mechanical suspension of clay in water and colloidal solution 
was taken up in certain experiments by Drs. Barus and E. A. 
Schneider, and developed in the first instance, in close accord 
with the sedimentation work. The effect of temperature, of 
foreign admixtures (acids, alkalies, salts), etc., is to increase 
subsidence at an accelerated pace in both cases; and thus the 
difference between them is accounted for by supposing the 
particles to be very much smaller for the colloid than for the 
clay suspensions, without reaching the molecular dimensions in 
either case. The colloid chiefly tested was Carey Lea's solu­ 
ble silver, a substance possessing special value for the present 
experiments, because of the unique electrical and optical prop­ 
erties of the normal metal. The data showed that colloidal 
silver both in the dissolved and in the solid state (speculum) is 
a nearly perfect insulator. Hence, in view of the law of Auer- 
bach on the electrical conduction of pulverulent bodies, the 
above inferences relative to colloids are sustained. Barus 
and Schneider therefore recognize the occurrence of apparent 
solutions in which the solid particles, however small, have not 
quite reached the molecular order of fineness, and discuss the 
nature of processes of segregation and of disaggregation in 
virtue of which the dimensions of the particles are increased or 
diminished, until a permanent size for the given conditions of 
suspension is reached. If, therefore, the suspension of clay in 
water be regarded as representing incipient solution, the colloid 
is a more advanced stage and the true solution the final stage.
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HEAT CONDUCTION.

The heat conduction of rocks has been investigated in a 
great number of cases. What is chiefly of interest at present 
is the change of conductivity which accompanies change of 
physical state, whether induced by temperature or by pressure. 
Measurements of heat conduction are complicated even in 
favorable cases. They would become formidable were the 
measurements to be made at white heat, conditions which the 
geologic problems actually imply. But even at ordinary tem­ 
peratures a change of state without change of temperature can 
be brought about only by change of pressure. At the outset 
Dr. Barus endeavored to obtain some notion of the relative 
conductivities of a body respectively solid and liquid at a given 
temperature, by selecting such substances as can be cooled 
below their freezing-points without solidifying. There are a 
number of organic bodies of this kind, thymol being among 
the more remarkable. This body is capable of being kept in 
the liquid state more than 50° C. below its normal melting point; 
it was therefore chosen for experiment.

Experiments in heat conduction usually presuppose a 
knowledge of the specific heat of the body acted on. The 
measurements were made for thymol with the aid of an appa­ 
ratus specially devised for work with bodies cooled below the 
point of solidification. Experiments, varied in a number of 
ways, showed that the increment of the absolute conductivity 
encountered on passing from the liquid to the solid state at 
the same temperature (13°), when referred to solid conductivity, 
was about 13 per cent, and when referred to the liquid conduc 
tivity about 15 per cent. Similarly the increment of thermo- 
metric conductivity was, under analogous conditions, 36 and 
56 per cent. Now, since in all questions relative to thermal 
flux it is the thermometric conductivity which enters funda­ 
mentally into consideration, the geologic importance of the effect 
probably produced, when any part of a substance changes state, 
is obvious. Throughout the work the results obtained were 
clear cut and trustworthy.
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ELECTRICAL ACTIVITY OF OEE BODIES.

During the early years of the laboratory extended attempts 
were made to find whether an ore body in the earth was 
accompanied by appreciable electrical action. The method 
pursued consisted in mapping out the earth's potential through 
a sufficient area of the surface of the earth overlying the lode. 
Similar work was also done in mines in accessible tunnels.

The measurements made by Dr. Barus, both on the Corn- 
stock lode and at Eureka, Nevada, relative to ore bodies of 
precious metal liable to be found there, showed no results 
sufficiently marked to be useful in further exploitation. Lo­ 
cal variations of earth potential were, however, by no means 
absent.
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REPORT OF MR. HENRY GANNETT.

IT. S. GEOLOGICAL SURVEY,
EASTERN DIVISION OF TOPOGRAPHY,

Washington, D. C., July 1,1893.
SIR : During the past fiscal year, work in the Eastern Division of 

Topography has been carried on in fifteen states, namely, Maine, New 
Hampshire, Vermont, New York, Pennsylvania, Virginia, North Caro­ 
lina, Florida, Tennessee, Wisconsin, North Dakota, South Dakota, 
Nebraska, Kansas, and Oklahoma.

The area surveyed is 16,071 square miles. All this work is upon a 
scale of 1:62500, with contour intervals of 20 feet, with the exception 
of the work in Florida, where the contour interval is 10 feet. Besides 
this, an area of 4,000 square miles, comprising four atlas sheets upon a 
scale of 1:125000 in the Appalachian region has been thoroughly re­ 
vised. The lateness of the adjournment of Congress made necessary 
the holding back of field work of most of the parties last summer until 
the season was well advanced, and the fact that all the work has been 
done upon a scale of 1:62500 has necessarily increased the expense and 
reduced the rate of progress.

The number of atlas sheets completed by the season's work is sixty- 
seven. The area surveyed is distributed as showu in the following 
table and on the map which constitutes Plate i of this report:

State.

New York... ................................................

Total ..................................................

Scale of field 
work.

1

1

1 
] 
1 
1 
1 
1 
1

45000 

45000 

45000 

45000 

45000 

62500 

62500 

62500 

31680 

31680 

31680 

31680 

31680 

31680

Contour in­ 
terval .

20 
20 
20 
20 
20 
20 
20 
10 
20 
20 
20 
20 
20 
20

Area sur­ 
veyed.

Sq. miles. 
225 
430 
340 

1,89] 
450 
710 
600 

1,200 
675 
900 
900 

2,000 
4,000 
1, 750

16, 071
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ORGANIZATION.

During" the season the organization of this division has remained 
substantially the same as during the preceding year. The field work 
has been organized in'three sections, designated, respectively, the 
Northeastern, Southeastern and Central sections.

The Northeastern section lias included all work done in the states 
north of the Mason and Dixon line and east of Ohio ; the Southeastern 
section, all work executed south of the Mason and Dixon line and the 
Ohio river and east of the Mississippi river ; the Central section, all 
work in the Mississippi valley east of the one hundredth meridian.

The sundry civil act, making an appropriation for the support of 
the Geological Survey, contained a provision requiring that at least 
$60,000 of the appropriation for topographic work be expended between 
the ninety-seventh and one hundred and third meridians in North 
and South Dakota, Nebraska, Kansas, and Oklahoma. In its appli­ 
cation to the work of this division, half of this amount, $30,000, has 
been allotted to the region lying between the ninety-seventh and one 
hundredth meridians in the states above mentioned, and this work has 
constituted, during the past season, the field work of the Central 
section.

Besides these field sections, there has been maintained under control 
of this division a party for making astronomical observations in the 
field and for office computations.

During the field season an average of 75 men were in the employ 
of this division, of whom 60 were engaged in professional work, consist­ 
ing of topographers, assistant topographers, and field assistants, the 
remainder consisting of the laboring force, such as cooks, drivers, and 
signal men. During the winter there were employed in the office, on 
an average, 52 men.

NORTHEASTERN SECTION.

This section remained throughout the year in the charge of Mr. H. 
M. Wilson, geographer. It has surveyed 3,336 square miles, com­ 
pleting fourteen atlas sheets, all on a publication scale of 1:62500, with 
a contour interval of 20 feet. The field of work lay in southwestern 
Maine, the White mountains of New Hampshire, western Vermont, 
eastern New York, and the anthracite coal regions of Pennsylvania.

The rate of work has ranged between 2-93 and 5 square miles per day. 
The rate on traverse work has varied between 3-12 and 13-40 miles of 
traverse per day, and the percentage of control lias varied as follows : 
Triangulation, locations per square mile, from 0-46 to 2-37 ; miles trav­ 
ersed per square mile, 0-66 to 3-09 ; elevations per square mile, 7-50 to 
17-44.

The state of New York having made a small appropriation of $3,000 
for cooperation with the U. S. Geological Survey in preparing a topo-
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graphic map of its area, field work was commenced in that state in 
May and June. Work was commenced in other states in July.

The work iu Maine was resumed by one party under the charge of 
Mr. Win. M. Bearnan, who, with one assistant, took the field early in 
July and completed the Sebago lake sheet in the southwestern part of 
the state. Upon its completion in October, Mr. Beaman was trans­ 
ferred to New York to assist in the completion of the Coxsackie sheet, 
upon which he worked until the close of the season at the end of October.

Work in the White mountains of New Hampshire was resumed in 
July by Mr. W. II. Lovell, with two assistants. His field of work lay 
south of that of last season and consisted of the North Conway and 
Crawford Notch sheets. The latter was completed and the former very 
nearly so.

Mr. Gr. E. Hyde, with one assistant, resumed work early in July in 
Vermont, and during the season surveyed the Wardsboro sheet entire, 
and that part of the Westport sheet which lies in Vermont, the re­ 
mainder of the sheet being completed by Mr. E. C. Barnard.

In New York there were four parties at work throughout the season, 
in charge, respectively, of Messrs. E. C. Barnard, Prank Button, J. H. 
Jeuniugs, and E. B. Clark, and during the season nine sheets were sur­ 
veyed in this state. Mr. Barnard's party was assigned to work in the 
Adirondacks, first to complete the Mount Marcy sheet and then the 
eountry lying east therefrom to Lake Champlain, including the Eliza- 
bethtown sheet and the part of the Westport sheet lying in the state 
of New York. With the aid of two assistants, Mr. Barnard succeeded 
in completing this work. To Mr. Button, with one assistant, was 
assigned the survey of the Schenectady and Cohoes sheet. He took 
the field early in May and by the end of October the work was finished.

To Mr. Jeunings, at first with one assistant and afterward with two, 
were assigned three sheets in the Catskill mountains, the Durham, 
Kaatcrskill, and Coxsackie sheets. With some assistance from other 
parties, Mr. Jennings succeeded in completing these sheets during the 
season.

To Mr. Clark, with one assistant, was assigned the completion of the 
Poughkeepsie sheet and the survey of the Salem sheet. The first 
named was early completed, but when the Salem sheet was half done, 
it was found necessary to withdraw Mr. dark's party from this sheet 
in order to have its assistance in completing the Coxsackio sheet, which 
was done, and the Salem sheet was left in an unfinished condition.

Considerable revision was found necessary upon the Shickshimry and 
Wilkesbarre sheets of Pennsylvania, and early in May Mr. Lambert was 
detailed for the purpose of making the necessary revisions, to which he 
devoted the months of May and Jiine, at which time he resigned.

In Jiily Mr. R. I). Cummin took the field in Pennsylvania under 
instructions to examine and to siipply the requisite control for surveys 
made upon the Allentown and Heading sheets in eastern Pennsylvania



172 ADMINISTRATIVE REPORTS BY

by the state geological survey. This was done in order that these 
sheets might be compiled. This work was completed early in the fall, 
after which time Mr. Cumrnin rendered material assistance in the com­ 
pletion of the sheets in New York state.

SOUTHEASTERN SECTION.

This section has remained in charge of Mr. Gilbert Thompson. Dur­ 
ing the past season an area of 2,510 square miles has been surveyed, all 
on a scale of 1:62500, with contour intervals of 10 or 20 feet. The work 
has been done in the states of Virginia, North Carolina, and Florida, 
and in addition revision surveys have been carried on over an area of 
about 4,000 square miles.

A small party, consisting of Mr. Merrill Hackett and one assistant, 
was detailed for the survey of three sheets, including Richmond and 
Petersburg, Virginia, and the country lying between those cities. Mr. 
Hackett took the field in the latter part of August and in order to finish 
the work it was found necessary to retain him in the field until early in 
January.

The field of work in North Carolina lay toward the western part of 
the state, east of the Blue Kidge and among its broken foothills. This 
work was assigned to Mr. L. C. Fletcher, with three assistants, and the 
party was provided with camping facilities. Mr. Fletcher took the field 
in the latter part of August, surveyed two sheets and parts of two 
other sheets of the area in question, and completed work in November.

REVISION.

On June 12 Mr. Hersey Monroe commenced the revision of the Cran­ 
berry sheet in North Carolina. The entire season was devoted to this 
and to small areas upon adjoining sheets.

From the latter part of July until the end of November Mr. C. G. 
Van Hook was engaged upon the revision of the Maynardville sheet in 
eastern Tennessee, lying north of Knoxville, and during the season he 
completed the revision of about two-thirds of it.

Between the middle of July and the middle of November Mr. A. E. 
Murlin was engaged in completely revising the Pocahontas sheet in 
West Virginia.

On July 9 Mr. Charles E. Cooke began the revision of the Murphy 
sheet in southeastern Tennessee and southwestern North Carolina, and 
finished it, together with about 170 square miles in the Nantahalah 
sheet lying east of it.

FLORIDA WORK.

The work in Florida was continued during the past winter and was 
placed in charge of Mr. H. L. Baldwin, jr. The organization of parties 
commenced early in December. Three parties were organized in charge, 
respectively, of Messrs. C. W. Goodlove, W. H. Griffin, and W. L. Miller.
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They were supplied with camping outfits, and these, with the animals, 
were shipped to Florida from points in the Appalachian region. The 
work was done upon a scale of 1:62500 and the contour interval was 
but 10 feet, and in order to secure measurements of elevation of suffi­ 
cient accuracy for this contour interval it was necessary, in all travers­ 
ing, to employ rodmen, which necessitated large parties. Each party 
comprised three surveyors and an equal number of rodmen, besides 
the necessary camp hands. Work was continued until the end of 
March, when five atlas sheets, comprising an area of about 1,200 square 
miles, had been completed.

Besides superintending the operations of the surveying parties, Mr. 
Baldwin executed 160 miles of primary traverse for the control of this 
area, besides obtaining profiles with Y-level of the same lines.

CENTRAL SECTION.

This section has remained in charge of Mr. J. H. Reushawe. The 
work has been prosecuted in Wisconsin, North and South Dakota, 
Nebraska, Kansas and Oklahoma. An area of 10,225 square miles 
has been surveyed on a scale of 1:62500 with contours of 20 feet, and 
the number of atlas sheets completed by this section is forty-three.

Work was resumed in Wisconsin by Mr. Yan H. Manning on July 
1 and prosecuted until the latter part of August, when Mr. Manning 
was detailed to North Dakota. At the close of the season lie returned 
to this field and worked there for a few days for the purpose of com­ 
pleting the atlas sheet known as the Portage sheet upon which he 
had been engaged.

The adjoining sheet had been surveyed by Mr. I. M. Buell, but re­ 
quired certain revision of the elevations before completion. This was 
made by Mr. D. 0. Harrison, who devoted a few days to it at the close 
of the season.

In the latter part of August, work was begun in the southern part 
of North Dakota, by Mr. Yan H. Manning, with one assistant, and con­ 
tinued until the latter part of October, when four sheets had been sur­ 
veyed.

Work was commenced in the northern part of South Dakota in the 
James river valley by Mr. D. 0. Harrison in the latter part of August, 
and, with one assistant, four sheets were completed by the latter part 
of October.

Work was commenced in Nebraska on the 1st of September by Mr. 
W. J. Peters, with two assistants, for the purpose of surveying a tier 
of sheets including the valley of Platte river from the neighborhood of 
Grand Island westward to the 100th meridian. Work was continued 
until the latter part of November, when nine sheets, embracing nearly 
all of this area had been completed.

At the beginning of the season there remained unsurveyed in that 
part of Kansas lying east of the one-hundredth meridian two areas,
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comprising 5,000 square miles, 4,000 of which lay iu a compact body in 
the northern part of the state, and 1,000 near its southern boundary. 
To the first of these areas was assigned Mr. B. M. Towsoii, with two 
assistants. He began work iu the middle of August aud continued 
until the middle of December, when twelve sheets, comprising about 
three-quarters of the area, had been completed, while levels had been 
carried over the remainder of the area, leaving unfinished the comple­ 
tion of its details. To the southern area was assigned Mr. F. II. Seely. 
He commenced work early in August and completed the area during 
that mouth and the following one. After its completion Mr. Seely 
reported to Mr. Blair, in Oklahoma, and assisted him in the completion 
of the work in that area.

OKLAHOMA.

The work in Oklahoma was placed iu charge of Mr. Herbert B. 
Blair, who was assigned first one assistant, and later a second, Mr. 
Seely. Work was commenced the last of August and finished in the 
early part of December, seven sheets having been surveyed.

For the control of the work of the central section, it was decided to 
use traverse lines run upon railroads and check them as far as practi­ 
cable by astronomical determinations of position. To this work was 
assigned Mr. G. T. Hawkins, with three assistants. He began work 
in Jamestown, North Dakota, January 17, and ran 170 miles of rail­ 
road southward to Eedfield in South Dakota, finishing this piece of 
work on September 8. For the control of the Nebraska work, a line 
was run from Omaha west over the Union Pacific railroad to North 
Platte, checking at each end upon astronomical positions. This line 
was begun on September 12 and finished on October 11, the party hav­ 
ing in the interval run 280 miles.

For the control of the work in Oklahoma, a line was run from Lowrie 
southward through Guthrie 70 miles to Norman. This was commenced 
on October 20 and completed November 1.

ASTRONOMICAL AND COMPUTING SECTION.

From June 1 until the end of August Mr. S. S. Gannett, with one 
assistant, was engaged in extending triangulation in New Hampshire, 
New York, and Pennsylvania. Daring this time twenty-seven primary 
stations were occupied and thirty-five points were located, controlling 
thereby nineteen atlas sheets. Between October 1 and the latter part 
of November Mr. Gannett was occupied in determining by astronom­ 
ical means the positions of the stations at Jamestown, North Dakota, 
and Gnthrie, Oklahoma. The base station for both these determina­ 
tions was, through the courtesy of Prof. Pritchett, the Director, estab­ 
lished at the Washington Observatory at St. Louis, where the observa­ 
tions were taken by Mr. B. C. Washington.
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During the remainder of the year Mr. Gannett and Mr. Washington 
have been employed in reducing the observations and triangnlatiou 
made earlier in the season, and assisting in the reduction of primary 
traverse lines in the Dakotas, Nebraska, Oklahoma, and Florida. 

Very respectfully submitted.
HENRY GANNETT,

Chief Topographer.

Hon. J. W. POWELL,
Director U. 8. Geological Survey.

REPORT OF MR. A. H. THOMPSON.

IT. S. GEOLOGICAL, SURVEY, 
TOPOGRAPHIC DIVISION WEST OP THE 100TH MERIDIAN,

Washington, D. C., July 1, 1893.
SIR : I have the honor to submit the following report of the work of 

this division for the fiscal year ending yesterday:

LOCATION OP WOBK.

Ill accordance with plans submitted to and approved by you, field 
work was prosecuted during the fiscal year in the states of California, 
Colorado, Idaho, Kansas, Montana, Nebraska, Texas, Washington, and 
Wyoming, and the territory of New Mexico; and office work in the 
general office in this city, and iu field offices established at San Fran­ 
cisco and Los Angeles, California; Boise City, Idaho; Portland, Ore­ 
gon, and Seattle, Washington.

GENERAL ORGANIZATION.

For convenience of supervision and administrative management, the 
topographic work of this .division was organized into eight sections  
the central section of California constituting the first; the southern 
section of California, the second; Colorado, Montana, Nebraska, and 
South Dakota, the third; Idaho and Oregon, the fourth; Kansas, New 
Mexico, and Texas, the fifth; Washington, the sixth; Wyoming, the 
seventh, and the mining district of Aspen, in Colorado, the eighth. 
Each of these sections was placed under the direction of a chief, who^, 
in addition to general supervision and direction of the work, had as­ 
signed him a certain definite part in the construction of the maps.

A hydrographic section was also organized for the purpose of meas­ 
uring the flow of streams in the arid region west of the one hundredth 
meridian, and making such special topographic maps as might be 
needed in the work.
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PERSONNEL OF SECTIONS.

California,, Central. Mr. Willard D. Johnson, topographer, -was as­ 
signed to the charge of this section, assisted by Messrs. E. II. McKee, 
E. B. Marshall, and E. H. Chapman, topographers; H. E. 0. Feusier, 
Paul Holman, and W. H. Otis, assistant topographers, in charge of 
parties and independent parts of the work. In September, 1892, Mr. 
McKee was assigned to the charge of the Washington section, and in 
April, 1893, Mr. R. H. Chapman was transferred to the Eastern Divi­ 
sion of Topography, the others continuing during the entire year.

California, Southern. Mr. A. P. Davis, topographer, was assigned 
to the charge of this section, assisted by Mr. H. S. Wallace, topographer, 
in charge of party.

Colorado, Montana, Nebraska, South Dakota. Mr. E. M. Douglas, 
topographer, was assigned to the charge of this section, assisted by 
Messrs. 0. H. Pitch, E. 0. McKiuney, W. S. Post, topographers, E. H. 
Farmer and A. 0. Barclay, assistant topographers, in charge of par­ 
ties. The only change occurring in this section during the year was 
the detail of Mr. 0. H. Pitch, June 1, 1893, for special duty in the 
General Land Office.

Idaho, Oregon. Mr. W. T. Griswold, topographer, was assigned to 
the charge of this section, assisted by Messrs. E. T. Perkins, topo­ 
grapher, andL. B. Kendall, assistant topographer, in charge of parties. 
Mr. Kendall resigned May 28,1893.

Kansas, Texas, New Mexico. Mr. E. U. Goode, geographer, was as­ 
signed to the charge of this section, assisted by Messrs. E. O. Gordon, 
W. H. Herrou, C. P. Urquhart, topographers, W. B. Corse, 0. B. Green, 
and E. McL. Long, assistant topographers, in charge of parties and on 
special work. No change occurred during the year.

Washington. Mr. E. H. McKee was assigned to the charge of this 
section in September, 1892, and continued during the year.

Wyoming. Mr. Prank Tweedy, topographer, was assigned to the 
charge of this section, assisted by Messrs. 0. C. Bassett, topographer, 
and S. P. Johnson, assistant topographer, in charge of parties. No 
change occurred during the year.

Aspen mining district. Mr. Morris Bien, topographer, was assigned 
to the charge of this work, assisted by Mr. C. P. Stone, assistant topo­ 
grapher. S"o change occurred during the year.

Hydrographic section. This section was placed under charge of Mr. 
P. H. Sewell, assisted by Messrs. Cyrus Bahb, W. P. Trowbridge, and 
T. M. Bannon, assisted topographers.

ORGANIZATION FOR FIELD WORK.

Parties for the prosecution of field work were organized in the various 
sections as the exigencies of the work demanded. The work being 
generally on thinly settled regions, it was usually necessary to subsist
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them in camps. The party organizations were nearly the same in the 
different localities, and generally consisted, besides the person in charge, 
of one to three field assistants or rodmen, one cook, and one teamster, 
and the necessary animals and wagons.

AEEA SUEVEYED.

In all sections the work was carried on by atlas sheet areas, accord­ 
ing to the general plan adopted by the U. S. Geological Survey, the 
methods being the same as described in ray previous reports, the field 
work being usually done on a larger scale than that intended for publi­ 
cation. 10,130 square miles were surveyed.

The following table shows the locality, the scale of field work, the 
contour interval, and the area surveyed during the year:

Locality. Scale of field work. Contour 
interval.

Feet. 
25
25

100

50

50

50

100

Area 
surveyed.

Sq. Miles.

450

2. 200
1 2*>0

GOO

910

70;)

5

FIELD WOBK OP SECTION.

California, Central. The work of this section consisted in the survey, 
on the scale of 2 inches to 1 mile, of the southern part of the San Fran­ 
cisco peninsula, and an area east of the bay and north of Oakland, and 
the extension of triangulation south of the mapped area in the Gold 
Belt region. A large amount of work was also done in compiling from 
various sources, but chiefly from the U. S. Coast and Geodetic Survey 
and the surveys of the U. S. Army Engineers, a map of the northern 
part of the San Francisco peninsula, and adjusting it to the atlas sheet 
areas adopted by the U. S. Geological Survey.

One triangulation and three topographic parties were organized for 
this work. Mr. Feusier was placed in charge of the triangulation and 
continued until the middle of October, when he was compelled by 
stormy weather to disband his party and commence the reduction of 
his observations in the field office at San Francisco. 

14 GEOL   12
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Messrs. McKee, Marshall, and Otis were placed in charge of the 
topographic parties. To Mr. McKee was assigned the survey of roads 
and the collection of data in regard to culture on the San Francisco 
peninsula. He continued in this work until the first of October, when 
he was assigned to the charge of the Washington section.

To Mr. Marshall was given charge of the topographic party working 
in the southern part of the peninsula. This party continued work until 
the middle of December, when, having completed two atlas sheets, the 
party was disbanded and Mr. Marshall directed to commence office work.

To Mr. Otis was given charge of the party working on the main land 
east of San Francisco bay. Mr. Otis continued field work through the 
winter until April 15, when his party was disbanded and Mr. Otis 
commenced office work.

Mr. Chapman was placed in charge of the compilation of the map of 
the northern portion of the peninsula, his labor being partly in the 
office and partly in the field. He finished the work assigned to him 
in April, and was then transferred to the eastern division of topog­ 
raphy.

During the first part of the season Mr. Holman was engaged in the 
field procuring data regarding culture. He finished this work in Oc­ 
tober, and was then assigned to office work.

California, Southern. The work of this section was located in the 
eastern part of the San Bernardino valley and in the vicinity of Los 
Angeles. One triangulatiou and one topographic party were organ­ 
ized, the former under charge of Mr. Davis and the latter under charge 
of Mr. Wallace. Owing to the large amount of office work necessary 
to be completed before taking the field, these parties did not begin 
field work until the middle of August. Mr. Davis's party continued 
work through the winter uutil April 1 and Mr. Wallace's until April 
30, when their parties were disbanded and the preparation of the final 
drawings of the maps for the engraver was commenced.

Colorado, Montana, Nebraska, and /South Dakota. The work of this 
section consisted in the resurvey of the Pike's peak sheet in Colorado, 
the completion of unfinished atlas sheets in Montana and South Dakota, 
and the survey of the Hermosa sheet in the latter state, and of two atlas 
sheets in the vicinity of North Platte, Nebraska. Five topographic 
parties were organized for the work, one each being assigned to Colo­ 
rado, Montana, and Nebraska, and two to South Dakota. In Colorado 
the party was placed under charge of Mr. Post, in Montana under Mr. 
Barclay, in Nebraska under Mr. McKinney, and in South Dakota under 
Mr. Fitch and Mr. Farmer, respectively.

These parties completed the work assigned them early in November, 
and the persons in charge were directed to proceed to Washington, 
District of Columbia, for office work.

Base line. During the month of September Mr. Douglas measured a 
base line along the railroad west of North Platte, Nebraska. This line
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was measured with a 300-foot steel tape, which was tested by com­ 
parison Avith the standard of the U. S. Coast and Geodetic Survey both 
before and after use. The measurement was made at night, with a 
resulting length of base, after all corrections were made, of 82,443-593 
meters. The measured line was transferred by offsets to permanent 
stone posts set firmly in the ground 90 feet from the track, the station 
points being marked on copper bolts set in the stones, and the line 
between these stations, after azimuth determinations were made, used 
as a base for work in Nebraska.

Idaho, Oregon. The work of this section consisted in the survey of 
the Silver City, Boise basin, and part of the Eound valley atlas sheets, 
lying adjacent to the present inapped area in Idaho. One triangula- 
tion and two topographic parties were organized for this work, Mr. 
Griswold taking charge of the former, and Messrs. Perkins and Ken- 
dall of the latter. The work was continued until November 1, when, 
having finished the area assigned them, the parties were disbanded, 
Mr. Griswold going to Portland, Oregon, and Messrs. Perkins and 
Kendall to Boiso, Idaho, for office work.

Kansas, New Mexico, Texas. The work of this section in Kansas 
consisted in extending the surveys westward of the present mapped 
area in the valley of the Arkansas river, the survey of one atlas sheet 
in the vicinity of Doming, New Mexico, and one atlas sheet in the 
Trans-Pecos region of Texas. One triangulation and three topographic 
parties were organized, the former under charge of Mr. Urquhart, the 
latter under Messrs. Ilerron, Gordon and Corse, respectively. These 
parties were late in beginning work, owing to the fact that the animals 
and camp equipage used had to be transported from Kansas and 
eastern Texas to the field of operations after July 1, but by Novem­ 
ber 15 the w"ork assigned was completed. The parties then disbanded, 
and the persons having office work were directed to proceed to Wash­ 
ington, District of Columbia, and prepare their maps for the engraver.

Wyoming. The work of this section consisted in the survey of three 
atlas sheets on the Lararnie plains, and in the extension of the trian­ 
gulation southward from the Fort Steelc sheet inapped in the previous 
year. One triangulation and two topographic parties were organized 
for this work, the former being placed under charge of Mr. Tweedy 
and the latter under Messrs. Bassett and Johnson. Owing to the fact 
that the animals and camp equipage used by this section had to be 
brought from Montana, work could not be commenced until about 
August 1. The work in this section was still further embarrassed by 
the dangerous illness of both Mr. Tweedy and Mr. Johnson, but by 
November 20 three atlas sheets had been completed, and as heavy 
snows had already fallen the parties were disbanded and Messrs. 
Tweedy, Bassett and Johnson directed to proceed to Washington for 
office work.
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Base line. Before commencing topographic work Mr. Tweedy 
measured a base line along the railroad north of Laramie. This line 
was measured with a 300-foot steel tape, which was compared with the 
standard of the U. S. Coast and Geodetic Survey both before and 
after use. Two measurements were made, with a resulting average 
length of line, after all corrections were made, of 13,035-81 feet. The 
line was connected by triangulation with the U. S. Coast and Geodetic 
Survey station at Sherman, Wyoming, and the resulting positions used, 
after azimuth determinations had been made, as a base for the work in 
Wyoming.

Aspen mining district. The work assigned this section was extend­ 
ing the detailed survey commenced the previous year for a special 
map on the scale of 800 feet to 1 inch. One topographic party was or­ 
ganized for this work and placed under charge of Mr. Bien, with Mr. 
Stone as assistant. Owing to the very unusually early fall of heavy 
snows this party was forced to discontinue work about October 15. 
Messrs. Bien and Stone proceeded to Washington, l>istrict of Colum­ 
bia, for office work.

Hydrographic section. The work of this section consisted in the 
measuring of the flow of streams west of the one hundredth meridian, 
and in the making of special maps connected therewith. It will be 
reported upon in detail by Mr. Newell, who was in immediate charge.

OFFICE WORK.

Immediately upon the close of the field season in each section, the 
chiefs of parties with their permanent assistants were directed to pro­ 
ceed with the preparation of final maps of their surveys for the engra­ 
ver. The members of the California central section were directed to 
report at the field office established at Berkeley, California for this pur­ 
pose. Those of the southern section of California reported at Los 
Angeles, the Idaho section at Boise, the Washington section at 
Seattle, and the Oregon section at Portland. All the remaining sec­ 
tions reported at the main office in Washington, District of Columbia. 
The office work of each section was placed under the immediate 
charge of the chief of that section, and the person who did the field 
work was assigned to the construction of the maps of that area, thus 
securing to the final maps all the personal knowledge obtained in the 
field.

The following table shows the locality of each afclas sheet prepared 
for the engraver, the name of sheet, contour interval, scale of final 
drawing, and scale of publication :
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State.

Kansas ............................

New Mexico. ......................

Name of sheet.

San Bernardino. . . 
Eedlands .........

Garden eity ......

St. Xavier ........

North Platte...... 
Doming.. .........

Contour 
interval.

Feet. 
25 and 50 

25 
25 and 50 
25 and 50 

100 
50 

100 
20 
20 
20
y>
20 

50 

50 

50 

20 

20 

50 

50 

50 

25 

25 

25 

50

Scale of drawing.

2 inches =

1£ inches = 
1^ inches = 
1 inch  

1 inch = 
1 inch = 
1 inch =

1 inch = 
1 inch   
1 inch  
1 inch  

1 inch ^=

1 inch = 
1 inch = 
1 inch ±=

1 inch =

1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
IJmile.... 
1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
11 mile. . . . 
]£ mile. . . . 
1J mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
li mile.... 
1 mile.... 
1 mile.... 
1 mile.... 
IJmile....

Scale of 
publica­ 

tion.

1: 31,250 

1: 31,250 

1 : 62, 500 

1: 62,500 

1 :125, 000 

1:125,000 

1 :125, 000 

1: 62,500 

1: 02, 500 

1: 02, 500 

1: 62,500 

1: 62,500 

1 :125, 000 

1 :125, 000 

1 :125, 000 

1: 62,500 

1 : 62, 500 

1 -125, 000 

1 :125, 000 

1:125,000 

1 : 62, 500 

1: 62,500 

1: 62,500 

1 :125, 000

In addition to the preparation of maps showing the results of the 
surveys made during the Held season, this division commenced the 
compilation and construction of separate maps of each state and ter­ 
ritory west of the one-hundredth meridian upon the uniform scale of 
six miles to the inch. The need for such uniform maps has each year 
become more and more imperative, not only for office use as base maps 
upon which to represent a series of data relating to these states, but 
for the field use of the parties engaged in geologic and topographic work 
when maps of larger areas than the regular atlas sheets are necessary.

It is designed to represent on these maps not only the areas mapped 
by the Geological Survey but by the surveys of the General Land Office 
and other government organizations, railroad and wagon road lines, and 
all other surveys that are deemed accurate within the limits of the 
scale adopted; in short, to have these maps represent all that is actu­ 
ally known at the present time of the topography of these states and 
territories.

For this purpose projections of most of the states and territories west 
of the one-hundredth meridian have been constructed during the past 
year, and a large amount of topography reduced from' the U. 8. Geo­ 
logical Survey maps placed upon these sheets. In addition a large 
amount of data, such as state, county, and town maps, plats, surveys 
of mineral districts and claims, surveys of irrigation districts, canals, 
and reservoirs, and miscellaneous surveys, have been collected and, so
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far as time has permitted, reduced and utilized. Great interest has 
been manifested by the people in the construction of these maps, and 
contributions of information are constantly coining in to both the field 
and general offices.

DISBURSEMENTS OP MONEY.

The disbursement of money for this division has been under the im­ 
mediate charge of Mr. James W. Spencer during the entire year, the 
duties being performed from the general office at Washington, D. C., 
and from a field office established during the field season at Colorado 
Springs, Colorado.

I am very respectfully, your obedient servant,
A. H. THOMPSON,

Geographer in charge. 
Hon. J. W. POWELL,

Director U. S. Geological Survey.

REPORT OF MR. G. K. GILBERT.

U. S. GEOLOGICAL SURVEY. 
DIVISION OP GEOLOGIC CORRELATION,

Washington, D. C., July 1, 1893.
SIR: I have the honor to submit the following report on the work of 

the Division of Geologic Correlation for the fiscal year ending yesterday:
During several preceding fiscal years my administrative duties per­ 

tained to the entire geologic branch, and my official designation was 
chief geologist. On the 5th day of August, 1892, my status was changed 
to that of geologist, and my administrative responsibility was narrowed 
so as to include only the work of the Division of Geologic Correlation 
and certain temporary researches. As the more comprehensive func­ 
tion continued for but a small portion of the year, and as reports of 
the work of the geologic branch during that period can be advantage­ 
ously included with the reports by others for the work of the branch 
during the remainder of the year, I have received your consent to omit 
from my report all reference to the work of other divisions than the one 
now in my charge.

In order to secure the time necessary to prosecute certain private 
researches and other work of personal rather than official nature, I re­ 
quested and received in January last a furlough without pay for a 
period of three months, so that from January 10 to April 9, inclusive, 
my connection with the Survey was nominal. One of the private re­ 
searches carried on during that period, although not strictly geologic, 
was so related to certain geologic problems, and also to certain work 
of the Survey, that it may properly be mentioned in this connection;
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and the account of my individual work below does not distinguish 
sharply between the personal portion and that performed under the 
auspices of the Survey.

CORRELATION ESSAYS.

During the preceding year four of the correlation papers were com­ 
pleted, submitted, and published. In the year just ended three others 
have been issued, constituting Bulletins 84, 85, and 86.

When the discussion of the Neocene formations of the country was 
assigned to Dr. William H. Dall, lie was already engaged in a general 
review of the marine Tertiary faunas of the Altantic coast, and in con­ 
nection with that work he was making a series of excursions to various 
parts of the coastal plain, and especially to Florida. His workin Flor­ 
ida developed so large a body of new material that, although the forma­ 
tions of that state are not exclusively Neocene, it seemed best to include 
in his correlation paper a summary of existing knowledge as to the 
geology of that State. His essay on the Neocene accordingly departs 
from the general plan to that extent, but it is otherwise coordinate with 
its companions in the series. Dr.Dall was assisted in the work of liter­ 
ary compilation and in many other ways by Mr. Gilbert D. Harris, and 
this assistance proved of such importance to the successful prosecution 
of the work that lie deemed it a matter of justice to associate Mr. 
Harris's name with his own on the title-page of the book. In sum­ 
marizing existing knowledge of the Neocene formations Messrs. Dall 
and Harris follow a geographic order, treating successively the Atlan­ 
tic, Gulf, and Pacific coasts, and subdividing the coastal provinces by 
states. Under each state the several formations are individually 
treated, and under each of the coastal divisions there is a summation 
of the general considerations affecting the relations of the several 
formations to the progress of geologic history.   Special consideration 
is also given to the principles on which the American Cenozoic may 
best be classified, and to the possibilities, as well as the difficulties, of 
correlating the faunas found in the different coastal provinces.

The paper on the Newark system, by Prof. I. C. Russell, constituting 
Bulletin No. 85, differs from the preceding numbers of the series in the 
narrowness of its field, which practically includes but a single forma­ 
tion, and also in certain peculiarities of treatment naturally springing 
from the character of the Newark system. The rocks of that system 
occupy a chain of separate areas or districts stretching from the Caro­ 
tin as to Nova Scotia, and, fossils being rare, the rocks of the different 
areas have been correlated with one another chiefly by means of phys­ 
ical characters and relations. Mr. Eussell has thus been led to discuss 
more fully than the essayists who have preceded him the utility of cer­ 
tain classes of physical features for purposes of correlation. His enu­ 
meration of local details is comparatively brief; and he devotes a chap­ 
ter each to the stratigraphy, paleontology, diastrophism, and degrada-
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tion of the formation. Two hundred pages of the Arolume are given to 
the bibliography of the subject, comprising not merely a list of papers 
but a subject index.

In Bulletin No. 86, on the Archean and Algonkian. Prof. C. E. Van 
Hise presents an elaborate compendium of a broad and complex sub­ 
ject. The study of the pre-Cambrian rocks is rendered difficult, not 
only by their lack of fossils, but by their great variety and by the varied 
metamorphism to which many of them have been subjected. Never­ 
theless it has been steadily pursued from the time of the earliest geo­ 
logic work on the continent, attention being continually turned in that 
direction by valuable mineral deposits. Thus there has naturally 
sprung up a great literature, involving many tentative results, and, 
unfortunately, many controversies. This literature Prof. Van Hise has 
patiently analyzed, digesting each paper so far as it pertains to the 
history of opinion on classification, correlation, and nomenclature. For 
each great geologic province he first abstracts the literature in chrono­ 
logic order, and then traverses this treatment by a discussion arranged 
according to subjects. A closing chapter summarizes the Avhole body 
of facts and discusses the principles of classification applicable to non- 
fossiliferous formations.

The series of essays pertaining to individual periods will be closed 
by one on the correlation of the Pleistocene formations, to be prepared 
by Prof. T. C. Chamberlin. It has been a matter of regret that other 
demands on Prof. Chamberlin's time have prevented the earlier ac­ 
complishment of this Avork, so that it could appear in close connection 
with the other numbers of the series; but the delay has not been Avithout 
its advantages, for not only is specific knowledge iu regard to Pleisto­ 
cene formations rapidly accumulating, but the work of the past few 
years has attacked problems of such complexity and difficulty that the 
methods of Pleistocene correlation are being rapidly developed.

One of the projected general results of the work of the division was 
a thesaurus of American geologic names. Much progress had pre­ 
viously been made in this direction by Mr. W. J. McGee, but other 
duties have prevented him from giving it a large amount of time dur­ 
ing the year just closed. Some work has been done upon a list of for­ 
mation names, which will constitute a portion of the thesaurus, and 
the incomplete manuscript list, arranged on cards, has been of service 
in connection with the stratigraphic and arcalAvork of the Survey. By 
its aid geologists have been able to ascertain in numerous instances 
that names suggested for newly described formations had been pre­ 
viously used in other places.

WORK IN WESTERN TENNESSEE.

At the close of the last fiscal year it was believed that Prof. James 
M. Safford's repoit 011 the geology of the Wells creek basin would be 
completed and submitted within a few weeks, but there have been un-
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expected causes for delay. It has not been found practicable for the 
paleontologists to whom his fossil collections were submitted to give 
to them the study necessary for a final report; and in the elaboration 
of his material on the structural characters of the basin Prof. Safford 
encountered a number of problems which seemed to require additional 
observation in the field. He has as yet been able to perform only a 
portion of this supplementary work, but it is anticipated that all occa­ 
sion for delay will soon be removed and the results of the investigation 
published.

WORK IN CONNECTICUT.

The lield work on the boundaries and structure of the Triassic rocks 
of Connecticut, in charge of Prof. William M. Davis, has been com­ 
pleted during the year, and much progress has been made in preparing 
the results for publication. The condition of the work is more fully 
set forth in the subjoined extracts from Prof. Davis's report:

The chief results gained during the year July 1, 1892, to June 30, 1893, in my 
work on the Triassic area of Connecticut are as follows:

The eastern boundary of the formation has been carefully mapped by Mr. Griswold, 
thus completing the work on which he was engaged at the close of the preceding 
year.

As the field work is now essentially completed, I have given much attention during 
the winter to the restoration of the original structure of the formation, in order 
to be assured that our suppositions as to its dislocation and tilting did not involve 
any unlikely conditions of original deposition. The graphic discussion of this 
problem has been carried out by Mr. Griswold, who has prepared four cross- 
sections, on true scale, from the western to the eastern crystalline plateau, across 
the whole width of the Triassic valley. The sections have been extended downward 
so as best to indicate the position of the foundation of crystalline rocks on which 
the sandstones rest; and upward, so as to restore the strata that have been worn 
away in the two periods of denudation to which they have been exposed. At the 
same time the numerous faults by which the formation is intersected are represented 
in proper position and dimensions. Thus completed, we have sections that illustrate 
the attitude and volume which the formation would have had if its faulting and 
tilting had not boon accompanied and followed by erosion. Next, by "unfaulting" 
the sections, if I may use the expression, andreversing their tilting into ahorizontal 
position, we restore the dislocated blocks to their original attitudes, and thus deter­ 
mine an approximate measure of theentire formation as it stood when the beginning 
of deformation caused the ending of deposition.

In order to hasten the publication of our results, Mr. Griswold has lately been 
engaged in preparing the Meriden and Middletown sheets for appearance as folios 
in the Geologic Atlas of the United States; while I have prepared a text giving a 
general account of the region, designed to accompany all the folios in which the 
Triassic formation is represented.

INTERNATIONAL BIBLIOGRAPHY OP GEOLOGY.

At the geologic congress, in Washington in 1891, a committee 
was appointed on the subject of international cooperation for the bibli­ 
ography of geologic literature. This committee was constituted by the 
appointment of persons representing the countries which have pro­ 
duced the largest bodies of geologic literature, and I was selected to
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represent North America. With your consent I accepted the appoint­ 
ment, and from time to time have given whatever attention was neces­ 
sary to the work of the committee. The committee undertook initially 
to prepare for publication a list of existing bibliographies of geology, 
and that work has now reached such a stage that report can be made 
of important progress. Mr. Emm. de Margerie, of Paris, the secretary 
of the committee, prepared a plan for this bibliography of bibliogra­ 
phies, which was submitted to various members of the committee and 
finally adopted. In accordance with that plan each member of the 
committee gathered the necessary data from his own country, and in 
some instances from a larger area. My district, as already indicated, 
was North America, and I entered into correspondence, by means of 
printed circulars and otherwise, with all of the geologists of the con­ 
tinent. The results of the correspondence were revised and arranged, 
and were finally forwarded to Mr. de Margerie. I have recently been 
informed by him that nearly all the other contributions have been re­ 
ceived and that he has completed his work as editor, so that the mate­ 
rial is now ready to go to press. The list of bibliographies includes 
about 2,500 entries, and its preparation can but be regarded as a most 
important step toward the formulation and institution of a plan by 
which the entire body of geologic literature shall be treated biblio- 
graphically. What plan will finally be recommended by the committee 
can not be foretold, but it is probable that in each country a national 
institution will be appealed to to take up the work. In the large amount 
of bibliographic work which the various divisions of the Geological 
Survey have heretofore found it necessary to perform, formidable diffi­ 
culties have arisen in connection with tho literature of foreign coun­ 
tries, and especially the literature of foreign languages. If a plan of 
international cooperation shall be instituted and executed, with the 
U. S. Geological Survey as a participant, the Survey will not need to 
devote more attention to bibliography in the future than it has in the 
past, but its ability to utilize the geologic literature of the world will 
be vastly increased.

PERSONAL WORK.

So far as it has been possible to give personal attention to research 
work, I have been chiefly occupied with a study of the principles of 
geologic correlation, with certain problems of volcanic geology and 
planetary geology, suggested by field work in 1891, and with prepara­ 
tion, through the study of pertinent literature, for geologic field work 
to be presently undertaken in a new district. The work on the subject 
of geologic correlation has consisted of a study of facts and principles 
developed by my colleagues of the correlation division and of the 
examination of the principles applied by many writers (either with or 
without enunciation), and of a tentative analysis of the subject, the
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whole being preliminary to the preparation of a paper on the general 
principles of correlation.

The field investigation of the Arizona crater, known as Coon butte, 
described in my last report, involved the discussion of two hypotheses 
for the origin of the crater, and led naturally, though incidentally, to 
the pursuit of two extensive lines of inquiry corresponding severally 
to the two hypotheses. Under one hypothesis the crater, although 
exhibiting no volcanic rock, is essentially volcanic, having been pro­ 
duced by an explosion of steam generated by some subterranean vol­ 
canic intrusion; under the other it was produced by the fall of a very 
large mass of meteoric iron and was thus essentially an astronomic 
phenomenon. In one case it represents a factor of volcanism not else­ 
where known to be isolated, and therefore instructive in its contribu­ 
tion to the physical history of volcanoes; in the other, it is of important 
practical value as indicating the presence beneath its hollow of many 
thousands of tons of nickeliferous iron, and it is of scientific impor­ 
tance as illustrating a method of planetary aggregation by the falling 
together of smaller masses. I was thus led to search the literature of 
volcanoes for the purpose of learning the peculiar characteristics of 
convulsions wrought by the explosion of steam, and I was led to give 
attention to the crateriform hollows of the moon, which have been 
ascribed by some writers to the impact of meteoric masses falling to 
its surface. In the pursuit of the latter inquiry, which was conducted 
chiefly as a private study, I received valuable assistance from the 
Superintendent and officers of the U. S. Naval Observatory, who per­ 
mitted me to use freely the instruments and library of that Bureau; 
from the Secretary of the Sinithsonian Institution, and from the 
director of the Kenwood Physical Laboratory, of Chicago, who placed 
at my service valuable series of photographs and photographic nega­ 
tives of the moon; from the officers of Columbia College, New York, 
who afforded facilities for experimentation in the physical laboratory 
of that institution; from Prof. E. S. Woodward, of the U. S. Coast and 
Geodetic Survey, who solved for me certain mathematical problems; 
and from the Philosophical Society of Washington, which undertook 
the publication of the astronomic results. A report of conclusions as 
to the structure and origin of Coon butte has been partially prepared, 
but has not yet received final form for publication. 

Very respectfully, your obedient servant,
G-. K. GILBERT, 

Geologist in charge.
Hon. J. W. POWELL,

Director U. 8. Geological Purvey.
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REPORT OF MR. ARNOLD HAGUE.

TJ. S. GEOLOGICAL SURVEY, 
YELLOW STONE NATIONAL PARK DIVISION,

Washington, D. C., July 1, 1893.
SIR: I have the honor to transmit herewith the following report 

of field and office work conducted under my charge during the year 
ending June 30, 1893.

FIELD WORK.

During the past year only one field party was organized, and work 
was confined to the central portion of the state of Montana. Mr. 
Walter H. Weed left Washington late in May of last year for Bozeman, 
montana, to equip a party for a long season of field work in the Crazy 
mountains and Little Belt mountains. Both of these ranges are in­ 
cluded within the area covered by the Crazy mountains atlas sheet 
which lies between the parallels of 46° and 47° north latitude and the 
meridian of 110° and 111° west longitude. This atlas sheet lies di­ 
rectly north of the Livingston sheet. Much work had already been 
accomplished in the region of the Crazy mountains proper, and it had 
been planned to complete during the past season the areal surveys cov­ 
ered by this sheet. At that time there was every reason to suppose 
that Mr. Weed would be able by August 1 to finish that portion of 
the country lying south of the parallel of 46° 30', with the possible ex­ 
ception of a small area in the northwest corner, known as the Elk 
mountains. The southern half of the sheet includes the eastern slopes 
of the Bridger range, the Crazy mountains, and the long, gently in­ 
clined slopes to the valleys of the Yellowstone and Missouri.

The month of June, 1892, and the greater part of July were mainly 
devoted to studying and mapping the Laramie and overlying formations, 
which everywhere encircle the central core of eruptive rocks of the 
Crazy mountains and from the foothills of the adjoining ranges. It is 
these sedimentary beds that the eruptive rocks have broken through 
to occur as massive cores, intruded sheets, and dikes. After the com­ 
pletion of this work midsummer and autumn were to be given to the 
northern half of the country, mainly occupied by the Little Belt moun­ 
tains. Work upon the southern half of the sheet would have been 
finished at the time named had Mr. Weed been allowed to remain in the 
field, but owing to the lack of funds to carry on the surveys it was nec­ 
essary to recall him, and his party was disbanded late in July. It is to 
be hoped that the northern half of the sheet may soon be completed.

Areal work, however, in connection with the Crazy mountains was 
satisfactorily finished, and it is expected that the results obtained will 
soon be ready for publication as a separate bulletin.
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After disbanding his camp at Bozeman, Mr. Weed visited Living- 
ston in order to make a section of the post-Laramie beds north of that 
town. He also visited the Mammoth springs to study the present 
condition of the hot springs. Returning to Bozeman he made a re­ 
connaissance of the coal fields which had been recently opened up by 
the completion of the Great Northern railway, stopping at Havre and 
examining the lignite seams found there. Other stops were made at 
various points westward before reaching the Eocky mountains. From 
Columbia Falls he visited the coals outcropping on Coal creek, about 
25 miles from the town. He found six seams of excellent coal opened. 
From here he visited the coal seams found on the middle fork of the 
Flathead river, arid made a geological section of Bad rock canyon. 
As this region had never been visited by any member of the Geological 
Survey, it is of much interest, and adds much to our previous knowl­ 
edge of Montana coal areas. Mr. Weed returned to Washington early 
in the month of September.

OFFICE WORK.

Office work in this division during the past year may be classed 
under two heads: First, that which pertains to the preparation of geo­ 
logical maps; second, the preparation of a monograph, two or three 
bulletins, and such other publications as may be found necessary to 
bring out the results of field work.

Three maps have been under way during the year:
First, a geological map of the Yellowstone National park, which will 

appear in four sheets drawn on a scale of 1:125000, with contour inter­ 
vals of 100 feet. The four sheets include the country lying between 
the parallels of 44° and 45° north latitude, and the meridians of 110° 
and 111° west longitude. Areal work is nearly completed, and there 
remains only one or two points to be examined during the coming sea­ 
son with reference to investigations that have been made since the 
localities were studied. Lithological distinctions among the volcanic 
rocks have all been determined and their outlines in great part platted 
on the maps.

Second, the Livingston atlas sheet. This map is drawn on a scale of 
1:250000. It lies directly north of the Yellowstone National Park and 
covers an area equal in size to the four sheets of the Yellowstone map. 
The areal geology was mainly laid down in 1891 by Mr. Iddings and 
Mr. Weed, and completed by Mr. Weed during his short field season 
of 1892. All members of the division were occupied during the 
greater part of the autumn and early winter in the preparation of atlas 
plates of this region, including those for areal geology, economic geol­ 
ogy, and both structure and columnar sections. Accompanying this 
series of maps is an explanatory text giving an account of the physical 
geography and geology of the region, with a detailed description of all 
sedimentary beds represented from the base of the Cambrian to the
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top of the Cretaceous. It may be regarded as an epitome of the geol­ 
ogy of this portion of Montana. All known mines, workable coal 
seams, and valuable stone quarries are located on the economic map. 
All the sheets for this atlas are now in the hands of the engravers and 
lithographers and should be issued before many months.

Third, the Crazy mountains atlas sheet. This is drawn on the same 
scale as the Livingston sheet. The condition of areal surveys for this 
sheet has already been pointed out in speaking of the field work of the 
past season. The southern half of the sheet is completed, which includes 
all the Crazy mountains. Three or four months, with conditions favor­ 
able for field work, would complete the areal geology as far as the par­ 
allel of 47°, north latitude. When the northern half of this sheet is 
finished we shall then have the geology completed from the parallel of 
44°, beyond the southern boundary of the Yellowstone park, north to 
the parallel of 47°.

Much of my time has been given to the preparation of the monograph 
on the Yellowstone National park. This region offers many geologic 
problems, and the aim is to treat them all in such a way as to present 
a sequence of geological events that will show the development of this 
most remarkable country from the earliest Archean time to the late 
Pleistocene. The volcanic activity which began in late Cretaceous time 
and lasted through the greater part of the Tertiary, formed oue of the 
most important periods in the geological history of the park. Closely 
connected with this activity are the marvelous hydrother'mal manifes­ 
tations which are of still greater interest, owing to the exceptionally 
grand scale on which the phenomena are displayed. It is these later 
events in the history of the park to which the greater part of the vol­ 
ume will be devoted. Both Mr. Iddings and Mr. Weed have been occu­ 
pied during a portion of the time upon chapters to accompany this 
volume.

There is also in course of preparation a report upon the geology of 
the Crazy mountains. The investigation of the igneous rocks of this 
region was begun several years ago by Dr. J. E. Wolff, who revisited 
the region in 1889. Since then the work has been expanded and a large 
amount of valuable material has been added by Mr. Weed's inves­ 
tigations of the Laramie, Livingston, and overlying formations. The 
Crazy mountains stand out as a distinct topographical mass and a 
sharply defined geological problem. The report upon this region will 
be the joint work of Dr. Wolff and Mr. Weed.

In my last annual letter I mentioned that my monograph upon the 
geology of the Eureka district, Nevada, was going through the press 
and was nearly completed. I have now to report that the volume was 
issued last autumn and appears as Volume xx of the Monographs of 
the Geological Survey.

Just before Mr. Weed left for Montana last season he presented two 
bulletins for publication by the Survey, entitled: (1) Glaciation of
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the Yellowstone Valley North of the National Park, and (2) The Lar- 
amie and Overlying Livingston Formation in Montana. During his 
field work last July he obtained a large amount of new material bear­ 
ing upon the relation between the Laramie coal rocks conformable with 
the underlying marine Cretaceous, and the great thickness of sand­ 
stones, shales, and agglomerates unconformably overlying the former 
sandstones. He has, therefore, practically rewritten his bulletin on 
the Laramie and overlying Livingston formation and broadened its 
scope by some comparative studies with a somewhat similar series of 
beds in Canada, and with others in Colorado described by Mr. Whit­ 
man Cross. Both these bulletins are now going through the press.

As a part of the exhibit of the Geological Survey at the World's Pair 
in Chicago, a choice selection was made from the Yellowstone park 
collections to illustrate the geological and geographical features of the 
park. The exhibit was a comprehensive one, including carefully chosen 
specimens of all varieties of crystalline and igneous rocks found in the 
region. Typical granites, diorites, andesites, dacites, rhyolites, and 
basalts were selected. Obsidian cliff was represented by a full suite 
of red and black obsidians, pumices, and pearlites, illustrating all the 
early products in the development of crystallization from volcanic 
glasses by rapid cooling. Indurated muds and ash flows with inter- 
bedded plant remains were shown, together with a large collection of 
silicifled wood representing nearly every part of the tree and forest 
growth of that period. The hot spring sediments were carefully pre­ 
pared and illustrate all possible modes of deposition of travertine and 
siliceous sinter, and the mineral products deposited from hot waters. 
The entire suite embraces more than 300 objects, each accompanied by 
a special label giving the precise locality at which it occurs, with a 
short descriptive text. This work required some time, but the result 
was a satisfactory collection illustrating the volcanic products and 
hydrothermal phenomena of the region, and is well worth the time 
spent upon it.

Mr. Joseph P. Iddings sent in his resignation as a member of the 
Geological Survey, December 31, 1892. Mr. Tddings joined the Geo­ 
logical Survey in the spring of 1881 and has been attached to the 
Bureau from that time until the date of his resignation. During the 
eleven years that he has been a member of the Survey he has been 
connected with this division of the work, both in Nevada, while en­ 
gaged on the geology of the Eureka district, and as a member of the 
Yellowstone park survey engaged in field work in Montana and 
Wyoming. The Survey suffers a great loss in the resignation of Mr. 
Iddings.

Very respectfully, your obedient servant,
ARNOLD HAGUE,

Geologist in charge.
Hon. J. W. POWELL,

Director U. 8. Geological Survey.
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REPORT OF MR. G. F. BECKER.

U. S. GEOLOGICAL SURVEY,
CALIFORNIA DIVISION, 

Washington, D. G., July 1, 1893.
SIR : I have the honor to submit the following report on the work 

of the California Division for the fiscal year ended June 30,1893.
During the month of July, 1892, Mr. Lindgren took the field with a 

pack train outfit on the Truckee sheet, and Professor Lawson made a 
good beginning in field work on the peninsula of San Francisco. I was 
inspecting the last area when you directed me to recall all field parties 
and return to Washington. Mr. Lindgren remained in California doing 
field work in the Ophir district, largely at his own expense, and com­ 
pleted a valuable piece of mining geology.

During the remainder of the year Messrs. Turner and Lindgren have 
been chiefly occupied in coloring and describing the following sheets of 
the Gold Belt area: Sacramento, Placerville, Jackson, Smartsville, 
Marysville.

Of these the first is printed and the others are entirely ready for pub­ 
lication. In connection with this work the collections have been thor­ 
oughly examined and many thin sections have been studied.

In the revision and description of the sheets I have taken part, but 
more of my time has been employed in working up and experimenting 
upon the problems of structure which have determined the formation 
of schists, faults, and ore-bearing veins in the Gold Belt.

During the fiscal year the following papers have been published by. 
Mr. Turner:

Glacial Pot-holes in California; Lavas of Mount Ingalls, California; 
Recent Contributions to the Geology of California.

Mr. Lindgren has published :
The Gold Deposit at Pine Hill, California; A Sodalite Syenite and 

other Eocks of Montana.
] have issued papers on Finite Homogeneous Strain, Flow and Eup- 

ture of Eocks; The Earth's Interior.
Messrs. Turner and Lindgren each contribute a paper to this Annual, 

and I have a chapter in Dr. Day's forthcoming report on Mineral Ee- 
sources.

Very respectfully, your obedient servant,
G. F. BECKER,

Geologist in charge.
Hon. J. W. POWELL,

Director TJ. 8. Geological Survey.
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REPORT OF PROF. T. C. CHAMBERLIN.

U. S. GEOLOGICAL SURVEY,
GLACIAL DIVISION, 

Chicago , III., June 30,1893.
SIR: I have the honor to submit herewith a report of the work of 

the Glacial Division of the Survey for the fiscal year ending this day.
Owing to lack of sufficient appropriations, the geologists connected 

with this division have been in the actual employ of the Survey for 
only a part of the year, in most instances but a small part. For the 
same reason field work has been practically suspended, and the time of 
the members of the division, so far as engaged by the Survey, has been 
devoted to organizing and reducing to maps and manuscript the ma­ 
terial previously gathered.

Mr. Warren Upharn has completed and submitted his monograph on 
ancient Lake Agassiz, consisting of 862 pages of manuscript, accom­ 
panied by 41 plates and 35 figures.

Prof. George H. Stone has completed the revision of his monograph 
on the Glacial Gravels of Maine and their associated deposits, consist­ 
ing of 1,034 pages of manuscript, accompanied by 81 illustrations for the 
text and an atlas of maps.

Mr. Prank Leverett was occupied from July 1 to September 30,1892, 
in preparing manuscript relating chiefly to the Maumee-Miami glacier 
of western Ohio and eastern Indiana. During the following three 
months he was employed by the Illinois board of World's Fair com­ 
missioners in doing such field work as was necessary, in addition to his 
previous observations, to prepare a map of the soils and subsoils of Illi­ 
nois for the World's Columbian Exposition, it being understood that 
he would be at liberty to use the data so gathered for the purposes of 
the Survey in consideration of the use of data previously gained under 
the Survey. All the results of this work will therefore be at the com­ 
mand of the Survey without expense to it.

The winter months, so far as he was engaged in the employ of the 
Survey, Mr. Leverett gave to the preparation of manuscript, especially 
that relating to the Illinois material. During April and May he made 
a few short trips to the field to gather special data. On May 24 he 
resumed field work, and has continued it without interruption to the 
close of the year. This field work was rendered possible by his gener­ 
ous acceptance of a compensation which would little more than cover 
his expenses. This work was given chiefly to examinations in the 
northwestern quarter of Illinois, particularly in the valley of Rock 
river, with a view to working out certain questions relating to glacial 
succession and changes of drainage due to the ice incursion.

Mr. I. M. Buell has completed and submitted a report upon Bowlder 
14 GEOL  13
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Trains from the Crystalline Knobs of Central Wisconsin, consisting of 
171 pages, accompanied by 49 illustrations.

Prof. B. D. Salisbury had charge daring the year of the Pleistocene 
work of the New Jersey geological survey, in accordance with the plan 
of coordination of the work of that survey and of the national Survey. 
He has therefore done only a very small amount of work under the 
auspices of the TJ. S. Geological Survey, and this on the formations of 
the Delaware basin outside of New Jersey.

My own time, so far as employed upon the Survey, has been given to 
general direction and the revision of manuscript submitted for publica­ 
tion.

Very respectfully submitted.
T. C. CHAMBERLIN,

Geologist in charge.
Hon. J. W. POWELL,

Director V. 8. Geological Survey.

REPORT OF PROF. N. S. SHALER.

II. S. GEOLOGICAL SURVEY, 
ATLANTIC COAST DIVISION, 

Cambridge, Mass., June 30, 1893.
SIR : I have the honor to submit the following report on the work 

done in the division under my charge for the year ending June 30,1893:
On July 1,1 began with the aid of assistants mapping the-glacial and 

other surface deposits in the areas where topographic maps had been 
prepared by the Survey during the previous season, this work being a 
continuation of the task assigned to my division in previous years. 
Mr. G. E. Ladd was detailed to the Wiscasset and JSTorridgewock atlas 
sheets in Maine, and Mr. J. E. Spurr to the Wallingford sheet in Ver­ 
mont ; at the same time Mr. B. E. Dodge was employed on the Boston 
bay and Dedhaui sheets in Massachusetts. The work thus undertaken 
was stopped by the reduction in the allotment for my division, which 
made it necessary to cease field work and to dispense with the services 
of these assistants.

The work on drumlins, or lenticular hills of glacial till, in Massachu­ 
setts has been advanced by Mr. George H. Barton during the year to a 
point where the field work is nearly complete. His survey includes the 
examination of about sixteen hundred elevations of this nature, lying 
almost altogether east of the Berkshire hills. It is expected that the 
field work in Massachusetts on these deposits will be completed early 
in the coming fiscal year.

The completion of my studies on the coal field of southeastern Massa­ 
chusetts and Bhode Island has been deferred by reason of the reduc­ 
tion in allotment before mentioned, and the work in that field has been



THE HEADS OF DIVISIONS. 195

indefinitely postponed. At the beginning of the season Mr. J. B. 
Woodworth entered the field, continuing the investigation of the struc­ 
ture of the beds in the northern portion of that area, lie found identi­ 
fiable casts of calamites in greenish black slates immediately north of 
Canton Junction, Massachusetts, thus confirming the conclusion of 
Messrs. Orosby and Barton, based on their discovery of imperfect fos­ 
sils several years ago near Poudville, Massachusetts, that the stratified 
rocks in the narrow basin between Wrentham and Braiutr.ee include 
Carboniferous strata. The dynamic inetamorphism of the graywacke 
or conglomerates so characteristic of the southern and western borders 
of the coal field was found to exist locally in a schistose and sericitic 
conglomerate as far north as the vicinity of Morrill's station, near Nor­ 
wood, Massachusetts, and a comparison of the beds along the southern 
border of this narrow northern area with the bods of the main basin in 
the region of Brockton and Mansfield gave evidence of an original con­ 
tinuity of the Carboniferous rocks over the intervening area of granite 
exposures. The field work further sufficed to show an aggregate down- 
faulting of a portion of the northern basin, amounting to several thou­ 
sand feet.

Upon the discontinuance of field work in the Carboniferous area, Mr. 
Woodworth was retained in the office in preparing the maps of the sur­ 
face geology for publication and in the preparation of reports accom­ 
panying the atlas sheets. A few days of field work were done in order 
to bring to completion atlas sheets which could thereby be made ready 
for the printer. Advance has also been made in collating material, 
brought together on the sheets, which has a bearing on the distribution 
of moraines and glacial sands and gravels in southern New England, 
these last named deposits being of particular interest on account of 
their relation to the water supply and sewage of the larger towns and 
cities. Incidentally, Mr. Woodworth has continued researches in the 
obscure fossils of the Cambridge formation in this vicinity, and has 
nearly ready for publication a report embodying his results, in the 
preparation of which he has had the advice of Mr. C. D. Walcott.

The following named atlas sheets in the New England states have 
been surveyed since the inception of the work with reference to the 
stratified and unstratified deposits of glacial drift and the areas of rock 
uncovered by detritus, as well as to the swamps and other alluvial 
deposits:

Maine:
Portland.
Newfield.
Bidrteford.
Kermebunk.
Freeport.
Augusta.
Buxtoii.
Waterville,

Maine and New Hampshire:
York.
Dover.
Berwick. 

New Hampshire and Vermont:
Brattleboro. 

Vermont:
Wilmington.
Walliugford.
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Massachusetts and Now Hampshire:
Newburyport.
Haverhill.
Lawrence.
Lowell.
Groton.
Fitchbnrg.
Winchendon. 

Massachusetts and Vermont:
Greylock. 

Massachusetts, Vermont, and New York:
Berliu (area in Massachusetts). 

Massachusetts and New York:
Tittsfleld (area in Massachusetts). 

Massachusetts:
Gloucester.
Salem.
Boston bay.
Boston.
Framingham.
Marlboi'o.
Worcester.
Barre.
Becket.
Provincetown.
Duxbury.
Abington.
Dedham.
Wellfleet.
Plymouth.
Middleboro.
Tauntou.
Chatham.
Yarmouth.
Barnstable.
Falmouth.

Massachusetts Continued.
New Bedford.
Nan tucket.
Muskeget
Marthas Vineyard.
Gay Head. 

Massachusetts and Connecticut:
Webster. 

  Brookfield.
Sandisfield.

Massachusetts, Connecticut, and 
York:

Sheffield. 
Massachusetts and Rhode Island:

Franklin.
Blackstone.
Providence. 

Rhode Island:
Burrillville.
Charlestown.

Rhode Island, Connecticut, and 
York:

Stonington. 
Connecticut:

New Milford.
New Haven.
Derby.
Danbury.
Winsted.
New London.
Tollaiid.
Woodstock.
Norwich.
Gilead.
Waterbury.
Cornwall.

New

New

Each atlas sheet is to be accompanied by a special description in ac­ 
cordance with the plan proposed by you. This description embodies an 
account of the following features, where present in the area described:

The glacial period: 
Glaciation: 

Amount. 
Direction. 

Glacial deposits:
Unstratified drift or till: 

Drnmlins. 
Bowlder deposits. 

Stratified drift: 
Kames. 
Eskers. 
Sand plains. 

Moraines. 
Glacial lakes.
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Postglacial changes:
Marine deposits.
River deposits.
Swainps and marshes.
Soils. 

Geography and topography.

During the year I have published with your permission a paper en­ 
titled, "The conditions of erosion beneath deep glaciers, based upon a 
study of the bowlder train from Iron Hill, Cumberland, Rhode Island," 
in Yol. xvi, No. 11 of the Bulletin of the Museum of Comparative 
Zoology, pp. 185-225, with 1 map and 4 plates. I have also at your 
request undertaken the preparation of a report on the geology of high­ 
ways, the matter of which I expect to submit to you early in the next 
fiscal year.

I have the honor to be, very respectfully yours,
K S. SHALMR,

Geologist in charge. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF PROF. C. R. VAN HISE.

U. S. GEOLOGICAL SURVEY, 
LAKE SUPERIOR DIVISION,

Madison, Wis., June 30, 1893.
SIR: I beg to submit the following report of the operations of the 

division of the survey uuder my charge for the fiscal year ending to­ 
day:

FIELD WORK.

The following persons aside from myself have had charge of parties 
in the field: W. S. Bayley, W. N. Merriam, and II. L. Smyth.

A party in charge of W. S. Bayley, with E. B. Mathews and H. F. 
Phillips as geologic assistants, was iu the field July 1. The work 
assigned to the party was the detailed mapping of the Marquette iron- 
bearing district, this being a direct continuation of that of the past 
year. I, with George E. Luther as an assistant, with the detailed maps 
which had been prepared as guides, engaged iu tracing the boundary 
lines of the various formations, and investigating the general prob­ 
lems of the district. Before the end of July, on account of lack of 
funds, this work was stopped, but it will be resumed to-morrow. James 
K. Thompson continued his studies of the structural relations of the 
ore deposits of the district. This study he has completed and turned 
in his results. He has made maps of many of the mines, and taking 
advantage of all underground work he has constructed complete sec­ 
tions across the Ishpheming-JsTegaunee basin.
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The party in charge of W. IS". Merriam had as a geologic assistant 
E. K. Maurer, and for parts of the season other ineu. It was at work 
in the Micliigamme iron district, along the belt of country running 
northwest from Mansfield and Crystal Palls to Amasa. Before it was 
necessary to stop work, the party had supplemented by detailed map­ 
ping the general work of the previous year, for an area about 20 miles 
long by 3 or 4 miles wide, in all 70 square miles. In this district is 
extensively developed a great series of volcanics, including lava flows 
and t'ragmentals. The boundaries of the iron-bearing formations, of 
the associated slates, of the greenstone-conglomerates, agglomerates, 
amygdaloids, and of the newer greenstones were accurately located.

The party in charge of H. L. Sinyth had as a geologic field assistant 
S. Sanford. His work was an area east of that assigned to Mr. Mer­ 
riam. Before the close of the field season he had mapped in accurate 
detail a belt running north and south from Michigamine mountain for 
18 miles and about 3 miles wide; also an area west of Republic and 
Witbeck, in T. 45, 46, and 47 1ST., B. 30 and 31 W., about 12 miles 
long north and south, and about 6 miles wide; altogether about 120 
square miles. The various formations ranging from the Archean to 
the Upper Huronian, including the iron-bearing belts, were carefully 
outlined.

In order to do the above work it was necessary for both parties 
to make detailed magnetic surveys with the dial compass and dip 
needle, to bind together the detached exposures. Although the coun­ 
try is very heavily drift covered, by thus taking advantage of all 
sources of information, Mr. Sinyth and Mr. Merriam were able to work 
out the geology with considerable certainty.

Aside from the field work done in the Marquette district, my own 
work consisted in the supervision of the field parties of Mr. Sinyth and 
Mr. Merriam, and in a week's trip in the crystalline area of central 
Missouri with Arthur Winslow, state geologist of Missouri, and Prof. 
W. D. Potter, Prank L. Nason, and Prof. Erasmus Haworth, of the 
state corps. This party was organized by Mr. Winslow, and I was in­ 
vited to join it.

OFFICE WORK.

In the office a very large part of my own time, and that of George 
E. Luther, until January 1, was given to the final corrections of Bulletin 
86 and Monograph xix. Aside from proof-reading and the routine 
work of the office, I have been engaged in a study of the Marquette 
district material, it being the intention of the division to present a 
monograph upon this important iron-bearing district as soon as 
possible.

Prof. 0. W. Hall has continued to give a small amount of time to the 
survey toward the completion of his bulletin on the Minnesota valley 
crystalline rocks.
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After W. S. Bayley left the field he returned to Waterville, Maine, 
and, after platting the work of the field season, so far as he could find 
time aside from his other duties, he has continued his work upon 
the Lake Superior gabbros.

The clerical and stenographic work of the office until January 1 was 
done by George E. Luther, who resigned at that time. Since January 1 
this part of the work of the office has been done by G. K. Leith. The 
numbering, arranging, and cataloguing of the specimens has been done 
by H. F. Phillips, and tlie drawing by P. F. Joyce.

PUBLICATIONS.

During the year there have appeared from the division the follow­ 
ing works:

Correlation Papers Algonkian and Archean, by C. E. Van Hise. 
Bulletin 86, U. S. Geological Survey, 549 pages and 12 plates.

The Penokee Iron-bearing Series of Northern Michigan and Wiscon­ 
sin, by E. D. Irving and C. E. Van Hise. Monograph xix, TJ. S. 
Geological Survey, 550 pages, 37 plates, and 12 figures.

Unofficially there has been published by your permission, A Histor­ 
ical Sketch of the Lake Superior Eegion to Cambrian Time.

In the hands of the Public Printer is a paper on the Eruptive and 
Sedimentary Eocks of Pigeon Point, Minnesota, and Their Contact 
Phenomena, by W. S. Bayley. Bulletin 109, U. S. Geological Survey.

In preparation are the following:
Monograph on the Marquette Iron District, by C. E. Van Hise and 

W. S. Bayley.
Monograph on the Michigamnie Iron District, by C. E. Van Hise, 

H. L. Smyth, and W. K. Merriam.
Bulletin 011 the Minnesota Valley Gneisses and Granites, by C. W. 

Hall.
Very respectfully,

C. E. VAN HISE.
Geologist in charge. 

Hon. J. W. POWELL,
Director U. 8. Geological Survey.

REPORT OF MR. BAILEY WILLIS.

U. S. GEOLOGICAL SURVEY,
APPALACHIAN DIVISION, 

Washington, D. C., June 30, 1893.
SIB: I have the honor to submit the annual report of progress cov­ 

ering the operations of the Appalachian Division of geology for the 
fiscal year now closed. This is the last annual report to be made for 
this division as an organization, since each geologist is to work hide-
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pendeutly under the new arrangements of the Survey, and it is there­ 
fore appropriate briefly to review the history of the work for the past 
eight years.

PERSONNEL.

The division was organized under Mr. G. K. G-ilbert in 1885 by placing 
under his direction parties already at work in the field and by calling 
in geologists from other fields. When fully organized, in April, 1885, 
the division consisted of Mr. Gilbert, geologist in charge, and Messrs. 
Ira Sayles, II. E. Geiger, I. 0. White, I. 0. Russell, and Bailey Willis, 
assistant geologists. Mr. N. H. Darton joined the division in July, 
1886. Through resignations, assignments to other duties, and new 
appointments the organization changed, so that in 1888, the last year 
of Mr. Gilbert's direct control, he was assisted by Messrs. Russell, White, 
Geiger, Darton, and Willis. From among a number of scientific field 
assistants with field parties Messrs. C. W. Hayes and Arthur Keith 
had been retained as permanent members of the force.

Mr. Gilbert, burdened with the administrative direction of several 
divisions, withdrew from the Appalachian Division in 1888, and in 
March, 1889, it was placed in charge of Mr. Willis. Messrs. Keith, 
Hayes, and Geiger remained as assistant geologists and Messrs. Eussell 
and Darton were transferred to other divisions. Thus the division 
was completely reorganized in the spring of 1889, and with the excep­ 
tion of the appointment of Mr. M. R. Campbell in July, 1889, and of 
the resignation of Mr. Geiger in December, 1890, it has remained un­ 
changed to the present time. During the first period, from 1885 to 
1889, the force consisted chiefly of geologists trained in other fields, 
whose duty it was to discover the nature of the broad geologic facts to 
be studied and to determine the lines which the work should follow. 
This was accomplished under Mr. Gilbert; and the second period, from 
1889 to the present, was entered upon by men trained in the province, 
with methods devised to meet the conditions of the work and with the 
greater questions outlined by the labor of their predecessors.

NATURE OP THE WORK.

For more than fifty years prior to the begining of these surveys the Ap­ 
palachian province had been studied by geologists and a vast amount 
of work had been done, often with inadequate means and at great per­ 
sonal hardship. Insufficient observation had led the best geologists to 
diverse opinions, and the copious literature contained many contradic­ 
tions. Yet this pioneer work embodied the ripest conclusions of Amer­ 
ica's most eminent geologists, and the Geological Surveyin entering the 
field could do no less than to make a complete record of observed facts 
and arrange them in the best possible manner for discussion in theoretic 
and applied science.

Such was the regard in which geologists of this Survey held the ob-
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servations of pioneers like Safford, W.B. Rogers, and H. D. Bogers, that 
it was at first thought possible to use their results, and, supplementing 
them by surveys to conneet and verify them, to prepare a geologic map 
without a resurvey of the whole field. In Mr. Gilbert's report for 1885, 
referring to the literature of the province, he says: "It is proposed to 
utilize this literature to the fullest extent and to do no unnecessary field 
work." This proposal has not been found practicable in practice, but 
it is no reflection upon the earlier work that it has not proved possible 
to embody it in the recent maps; it is only another proof of the well-es­ 
tablished fact that geologic surveys without accurate base maps are no 
better for map-making than reconnaissance, no matter how thorough 
and trustworthy the geologic observations may be.

The facts to be recorded by geologists in the Appalachian province 
relate to the stratigraphy and structure of the Paleozoic formations and 
to the post-Carboniferous degradation of the region. The character, se­ 
quence, and distribution of the strata in horizontal and vertical relations 
are to be determined, and the facts ascertained are to be presented in 
such manner that they may best illustrate the results of geologic pro­ 
cesses and the occurrence of useful minerals.

DEVELOPMENT OF METHODS.

These surveys in their beginnings were governed by the impression 
that pioneer results could be platted on the topographic base maps and 
by the recognized need of standard sections by which to correct and 
correlate the work of the earlier and later observers. Mr. Gilbert said 
in his report, dated July], 1889:

The work of my division has been planned to develop tho structure of the Appa­ 
lachian luoiiiitains in the states southwest of Pennsylvania. It is proposed to sur­ 
vey and measure with great oaro four sections crossing tho belt at right angles. As 
tho rocks to be studied are much disturbed, being in many places faulted and else­ 
where crushed, a simple linear section does not afford sufficient guarantee of accu­ 
racy, and it lias beeu decided to substitute for it tho complete structural survey of a 
strip of country 20 miles broad. Four lines have been selected for such work: The 
most northerly lies within the basin of the Potomac, in Maryland and tho Virginias; 
tho next includes portions of the valleys of the Greenbrier and New rivers, in West 
Virginia and Virginia; tho third lies in eastern Tennessee, crossing the Holston river 
and including a portion of the French Broad; the fourth in Alabama, crosses the 
Coosa valley in latitude 34.

Only three of these proposed sections were surveyed, that of the 
Green brier having been deferred until the results obtained in the others 
proved the necessity of general areal work. But the three were car­ 
ried out with instrumental measurements by stadia for distances and 
by vertical angles for elevations, or in the Potomae section with the 
odometer substituted for the stadia. These methods compared with 
those then in use in topographic work and they resulted in geology as 
in topography in a mass of numerical data, which had to be reduced to 
graphic form by laborious calculations and drafting. In topographic
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surveys the development of the use of the plane table has effected a 
revolution in methods and results, and similarly in geologic field work 
in the Appalachians, areal surveys have superseded section surveys to 
the great advantage of the geologists and with the production of better 
results.

In 1888 Mr. Gilbert thus summed up the results of the surveys of 
the three sections:

The detailed section work, to which so much attention has been given in the Appa­ 
lachian division during the past two years, \vas intended to pave the way for the 
mapping of formations, by indicating in advance tbe nature of the problems which 
"would arise and by solving as many of them as possible. This summer the areal 
"work is directly undertaken, the atlas sheet being the unit of survey. * * * A 
comparison of the columnar sections already determined in Maryland, Tennessee, and 
Alabama shows that it will be possible to recognize but a small number of formation 
boundaries in all parts of the Appalachian region. Not only arc the more south­ 
erly columns shorter than tlio northerly, but they include a much smaller number of 
distinguishable subdivisions.

In 1889 the geologis'ts of the Survey, assembled in conference to con­ 
sider methods of areal geologic work, decided that the maps should 
present the distribution of lithologically different formations as ob­ 
served in each locality, not arbitrary horizons correlated over wide 
areas. But in the preceding year Mr. Gilbert, in his instructions for 
the field work of 1888, had anticipated this conclusion and embodied it, 
as follows:

The lines to be drawn on the geologic map are those separating certain strati- 
graphic units, and the selection of those units demands careful consideration. For­ 
mations rather than names should be mapped; that is to say, the actual distinctions 
afforded by the stratigraphy of the given area are to be represented on the map in 
preference to distinctions belonging to the stratigraphic classification of other 
areas and not well recognized in the given area. The series of stratigraphic units 
represented on this atlas sheet will ordinarily coincide in the main with the series of 
distinctions represented on each adjacent sheet, but it will also ordinarily differ in 
a few particulars. It is not desired to mark hypothetic lines of separation merely 
for the sake of consistency of nomenclature.

A broad foundation was thus laid upon which the work grew by the 
assemblage of definite facts. But the fruition of Mr. Gilbert's well- 
conceived plans did not come during his administration. His succes­ 
sor has had the satisfaction of developing the surveys for which he 
prepared, and Messrs. Keith, Hayes, and Campbell have been pecu­ 
liarly fortunate in the opportunity afforded them to carry out work in 
the light of Mr. Gilbert's experience. Their appreciation of this oppor­ 
tunity is apparent in the great mass of geologic facts accumulated since 
1888 by their zealous and accurate work.

The development of methods of field and office work for the produc­ 
tion of geologic maps has not ceased up to the present time. By the 
cordial cooperation of each member of the division with all the others 
there has been steady improvement in the quality, efficiency, and econ­ 
omy of the work. Numerical records of field observations have been
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abandoned and all notes are now recorded either on sketch maps de­ 
veloped by the geologist in course of his observations or on the topo­ 
graphic base. With most atlas sheets the office work now consists 
only of drafting the final copy of the map for the engraver, compiling 
the structure sections and columnar sections, and writing the descrip­ 
tive text for the atlas folios.

COST OF GEOLOGIC WORK.

The results of field and office work in the Appalachian division may 
conveniently be grouped under three heads: (1) The geologic map; 
(2) contributions to science; and (3) contributions to applied geology. 
Were it possible, it would be desirable to charge each of these groups 
with its appropriate share of the total expenditure, but they are inte­ 
gral parts of the whole product and neither can be considered alone. 
Their relative importance varies with the point of view. Increase 
of knowledge may be considered incidental to construction of the 
map, or the map may be said to be but one way of stating our knowl­ 
edge; and, if the latter, the scientist may demand that it shall promi­ 
nently display facts of scientific interest, while the economist may re­ 
quire that mineral resources should be made conspicuous. According 
to the point of view, that result which is considered most important 
might be charged with the burden of the cost. But in the folios of the 
geologic atlas facts are presented in different ways to meet different 
needs, and therefore the total cost of field and office work, including 
supervision, office supplies, and camp outfit, may be charged against 
the geologic map. When so charged, what is the cost per square mile?

During three field seasons from 1885 to 1887, inclusive, the work of 
the division was of the nature of preparation, which need not be re­ 
peated; yet there resulted a considerable area of map work, which was 
the preliminary reconnaissance for the areal surveys conducted during 
the four seasons of 1888, 1889, 1890, and 1891. There are now in hand 
manuscript geologic maps covering 24,500 square miles of the province, 
of which 5,500 square miles represent unfinished and 19,000 square 
miles finished work. The unfinished work may be balanced against 
that done before 1888, and the finished may be charged with the total 
allotments to this division for the years 1888, 1889, 1890, and 1891, 
which were expended in mapping; these allotments amounted to 
$44,750, equivalent to $2.35 per square mile of finished work. This 
figure covers the cost of inexperienced and experienced work and of 
gaining experience. If the present trained force be continued at this 
work, the cost per square mile should not rise above $2 and may fall 
below that sum.

THE GEOLOGIC MAP.

The rock formations indicated upon the geologic maps of this prov­ 
ince are beds of sandstone, shale, and limestone; each one is a record
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of a phase of physical geography in past time and has scientific interest; 
certain ones contain valuable mineral resources and are of special eco­ 
nomic interest. Properly to present both phases of the geologic results, 
the distribution of formations is delineated on two sets of maps. In 
the one (areal geology) the formations are grouped in the great time 
divisions recognized by all geologists, and ,the emphasis of color­ 
ing in printed maps is used to bring out the features of structural 
geology. In the other (economic geology) these facts are subordinated 
to deep coloring, which indicates the distribution of mineral resources. 
In this second sheet there are also special symbols to indicate the posi­ 
tions of mines, quarries, etc.

Another result of geologic study is a more or less definite inference of 
the underground relations of strata, and these have interest both in pure 
and applied science. In order that these facts in structural geology may 
be clearly presented, a special edition of the map (Structure Sections) 
is prepared, and sections are printed across it in such way that the un­ 
derground structure appears in its proper relation to the surface distri­ 
bution of the rocks.

Whatever other features there may be of sufficient importance are 
brought out with due effect in the series which represents the geology 
of each district, and the varied results of geologic surveys are thus given 
a clear, detailed, and accurate expression. As has already been stated, 
maps are now finished covering 19,000 square miles and maps partly 
finished covering 5,500 square miles.

CONTRIBUTIONS TO SCIENCE.

The Appalachian is unique among geologic provinces in the unity and 
magnitude of the phenomena which represent three groat processes of 
continental growth: (1) sedimentary deposition, (2) folding with fault­ 
ing of strata, and (3) uplift with erosion. We have studied the results 
of these processes, gathered the existing facts, and tried to reason back 
to the causes.

In the southern Appalachian region descriptions of geology were 
confined to Safford's "Geology of Tennessee" and reports of occasional 
work in Georgia and Alabama by the state surveys. Mr. Hayes of 
this division has published, in cooperation with the geological survey of 
Alabama, an account of the geology of parts of that state and Georgia, 
covering 6,000 square miles. The author purposely prepared this de­ 
scription for the popular audience, but it is none the less scientifically 
accurate.

Surveys by Mr. Keith have been carried on in eastern Tennessee, ad­ 
joining Mr. Hayes's work on the north. They also cover an area of 6,000 
square miles. A report on stratigraphy and structure in thj^ region is 
being prepared by Mr. Keith and the manuscript is approaching com­ 
pletion. In this area occurs the "Ohilhowee" series, the age of which 
has long been a vexed question in Appalachian geology. Through
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fossils, found by Mr. Walcott and Mr. Curtice of the paleontological 
division, the strata are known to be lower Cambrian, and, from this 
basis of fact, Mr. Keith has traced out evidence of unconformities in 
Cambrian strata and deduced interesting relations in structural geology. 
Intimately related to the Chilhoweo problem are questions as to the age 
and structure of certain strata of the Blue ridgo in Virginia and Mary- 
laud. Mr. Keith's interpretations of the relations of these strata to 
those of known age were modified by the recent discovery of fossils in 
these rocks by Mr. Walcott.

Mr. Barton made a survey of the Staunton, Virginia, sheet after 
extended reconnaissance work in Virginia and West Virginia.

These results have appeared in articles by my associates which pre­ 
sent, with reasonable promptness, accounts of the facts which they 
have observed and their deductions therefrom. In writing of geologic 
problems in a broader discussion than theirs, I have drawn freely from 
their store of facts, and conclusions have constantly been discussed 
among us.

In considering problems of stratigraphy, the origin, transportation, 
and distribution of sediments have been studied. The meaning of 
sediments in relation to the physical geography of past ages has been 
thought out and the conclusions are stated in popular terms, without 
discussion, in the "Outline of Appalachian History" which accom­ 
panies the atlas sheets of the province.

Structural geology has been studied in the field and by experiments 
in the office. I have reason to believe that new ideas have been devel­ 
oped and that the results have both scientific and practical interest.

The third class of geologic phenomena illustrated in this province, 
uplifts and erosion, has been studied with regard to the development 
of synclinal mountains and anticlinal valleys, the relative ages of 
river systems, and the base levels of the province. Two short articles 
have been published, and within a few months Messrs. Hayes and. 
Campbell have made extensive studies in the geomorphy of the Appa­ 
lachians with most interesting results.

CONTRIBUTIONS TO APPLIED GEOLOGY.

The Appalachian province has long been prospected. If search for 
minerals were the geologist's purpose, his work in this region would 
be done before it was begun. But, though the fields are well known 
locally, and to most people vaguely, there is available to any one inter­ 
ested no source of reliable information concerning the mineral deposits 
of four-fifths of the region. To supply this is the work of this division, 
and it is to be done in maps and verbal descriptions.

Coal. Prof. I. C. White published in bulletin 65 of the Survey a 
statement of a large number of detailed sections of the Coal-measures 
of the "Bituminous coal field in Pennsylvania, Virginia and West 
Virginia." The article discusses thoroughly the relations of the
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coal beds of the upper and lower productive measures and is a guide 
from which the engineer may infer the number and character of coal 
beds and their depth beneath the surface of a given area. It is the 
authority for the region of which it treats the better-known half of 
the coal field.

The southern portion of the Appalachian coal field is not generally 
penetrated by lines of transportation, is only locally mined, and has 
never been accurately described. The current edition of the Chatta­ 
nooga, Kingston, and Binggold sheets describes the distribution of 
the Coal-measures, and gives comparative sections showing the posi­ 
tions of the workable coals for southern Tennessee and Georgia.

A bulletin on the Big Stone Gap coal field of Virginia and Ken­ 
tucky has been prepared by M. E. Campbell. In this field Mr. Camp­ 
bell has begun the survey of the southern Coal-measures, which if 
carried out on the present plan, will give more definite information 
concerning their extent, and coal content, than we now have of any 
other except the anthracite region of Pennsylvania. When the 
study of this district was begun the work in the Chattanooga and 
Kingston sheets had already been finished, and the Coal-measures 
there had been subdivided into two formations, the Lookout sandstone 
below and the Walden sandstone above. But in the Big Stone Gap 
field it was found that more refined subdivision was necessary prop­ 
erly to express the facts of distribution, and five formations were dis­ 
tinguished in a mass of strata 5,000 feet thick. These formations are 
delineated upon the map, and each indicates, within narrow limits, the 
line of outcrop of its coal beds. Furthermore, every known coal pros­ 
pect was located on the map and in vertical section by appropriate 
observations, and the changes in thickness and quality of coal were 
traced out for each bed with such approach to certainty as the more 
or less numerous data permitted. Again, the mass of observations 
.was analyzed for facts to show the underground undulations of the 
coal beds undulations too gentle to be detected in the dip of strata, 
but of much importance in planning mining operations or explorations 
for oil or gas. The results have been tested and platted, and they 
furnish a tentative contour map of the bottom of the coal beds under­ 
ground in advance of mining.

Iron. The iron ores of the Paleozoic rocks are of two principal 
varieties: The bedded red ores of the Eockwood, or dye-stone forma­ 
tion and the irregular bodies of brown hematite which occur in a num­ 
ber of formations. The economic maps of the Kingston, Chattanooga, 
and Einggold sheets show the distribution of these ores, and on the 
last named sheet manganese ores are indicated with the iron.

Building and road stone, lime, flux, etc. On the three published atlas 
sheets already named the localities at which these substances are ob­ 
tained are marked by crossed hammers with the appropriate word to 
indicate the material there quarried or mined.
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UNFINISHED WORK IN THE APPALACHIAN PROVINCE.

The geologic map. The area of the province south of Pennsylvania, 
as defined by the extent of the Paleozoic rocks from the Blue ridge 
westward to the Ohio river and the lower Tennessee is 140,000 square 
miles. One-seventh of this area has been mapped in four years, prac­ 
tically by two assistant geologists, with one scientific field assistant 
each, under the direction of a geologist in charge. With these trained 
men Avorking on the same map scale, the rate of progress can at least 
be maintained at a probable total cost per square mile already stated 
at f 2. Thus on this basis the map would be finished in twenty-four 
years at a cost of $240,000. But this estimate is based on our expe­ 
rience in the eastern zone of the province, where progress has been 
impeded by difficult problems in both stratigraphy and structure. The 
western half of the province is much simpler in all respeets, and 
progress should be more rapid. Therefore, the time and cost given 
above may be considered a maximum for the work of mapping under 
existing conditions.

Contributions to science. The geologic map is but one statement, and 
not a complete one, of the facts the geologists must gather. Other 
records and discussions of the results will take such form and im­ 
portance as are determined by the ability of the men employed. The 
publications can not be planned in advance, since they must be the in­ 
tellectual product of future study.

Contributions to applied geology. It is otherwise with the study of 
economic geology. The mineral resources of the region present two 
classes of facts of industrial interest: (1) those which are of constant 
character distribution, mode of occurrence, origin of deposit, quality 
of raw product, and uses thereof; and (2) those which vary from year 
to year condition of development, relation to lines of transportation, 
quantity of product, and value under competitive conditions. The 
former are all within the scope of economic or applied geology but the 
latter belong to the commercial and statistical side of the subject; 
therefore the former may be studied by the geologist of the National 
Survey while the latter form the subject of reports on mineral statistics 
or of the expert in private life. The presentation of the distribution 
of mineral resources is part of the purpose of the geologic map and is 
accomplished by that publication. But the occurrence and origin of 
the deposits require special studies, which are in themselves sufficient 
to occupy the attention of a geologist. Hitherto in this division the 
geologists have all been engaged directly or indirectly in areal work. 
The assistant geologists have continuously made maps, and the geolo­ 
gist in charge has steadily reviewed their work, considered new meth­ 
ods or investigated especially difficult problems. It was expected 
that, with experienced assistants and improvement in methods, the 
geologist in charge would be relieved of most of that work which has
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hitherto occupied him, and could turn his attention to the studies in 
economic geology. He proposed to investigate in the areas of finished 
maps the forms and origin of deposits of iron, to secure commercial 
samples of the ores for analyses, and make reports which would give 
authentic information concerning the unchanging facts of occurrence. 
Similar reports were to have been made upon the coals, when neces­ 
sary, upon the marbles and upon any other resources of more than 
local interest. But the change of organization leaves these questions 
to the individual geologists in charge of parties, and transfers to 
other fields the activity of the geologist in charge of the division.

THE SEASON OF 1892.

Plans for the field season of 1892 were prepared during the spring 
on the basis of an allotment which it was supposed would not differ 
materially from that of other years and in continuation of the work 
already accomplished. To Mr. Keith was assigned the continuation of 
the study of shore deposits on the northwestern slope of the Blue 
ridge, with the general geology of the Roan mountain sheet, Tennes­ 
see, and the Harrisonburg sheet, Virginia. The former sheet includes 
the Cranberry iron mine and the associated ranges of magnetic ore. 
To Mr. Hayes was given the renewal of his surveys in Georgia and 
Alabama, which had been interrupted by his absence in Alaska in 
1891. Mr. Campbell was directed to survey the Pocahontas sheet, in­ 
cluding part of the Grreat Flat Top coal field of southwestern Virginia 
and Kentucky, and to conclude the survey of the Bristol sheet, Ten­ 
nessee. The character of Mr. Campbell's work in the coal fields of the 
Estillville sheet in 1891 gave promise of very valuable results from 
his surveys. My own work was to have included a further investi­ 
gation of the marbles of Tennessee and Georgia with a view to a com­ 
plete report on their origin, occurrence and quality, and, if time per­ 
mitted, a survey of the Winchester sheet, Virginia, to supply details 
required to finish the work done there by Mr. Geiger before 1890.

The parties took the field July 1, and were energetically pushing 
forward the work assigned, when it became necessary to stop all field 
work because of failure of appropriations. July 15 orders were tele­ 
graphed to suspend operations and shortly after, stock was sold, outfit 
stored and the geologists were recalled. The energies of the division 
have since been devoted to bringing the records of the division up 
to date, to the study of geologic problems related to the work, and to 
writing reports for publication. The following is the present status of 
the atlas sheets surveyed and under survey:
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Atlas sheets printed in folios of the Geologic Atlas of the United States.

Sheet. State. Surveyed by 

Kingston ........................... Tennessee ............................ C. W. Haves.
Chattanooga.............................. do ............................... Do.
Kinggold ........................... Georgia .............................. Do.

Atlas sheets engraved or drawn for engraving.

Sheet. State. Surveyed by 

Harpers Ferry...................... Virginia.............................. Arthur Keith.
Stanton............................. ...... do ............................... X. H. D-artou.
Estillville .......................... Virginia-Kentucky................... M. K. Campbell.
Greenville.......................... Tennessee ............................ Arthur Keith.
Morristown ........................ ..... -do ................. .............. Bo.
Knoxville .......................... Tennessee-North Carolina............ Do.
Loudon............................. Tennessee............................ Do.
Cleveland ............................... -do ............................... C. W. Hayes.
Stevenson .......................... Alabama ............................. Do.
Gadsden.................................. do ............................... Do.

Atlas sheets in process of geologic survey.

Sheet. State. Surveyed by 

"Winchester....................-..:. Virginia .............................. H. R. Geiger.
"Warren ton ............................... do ............................... Arthur Keith.
Luray .............................. ...... do ............................... H. K. Geiger and Arthur

	Keith. 
"Woodstock......................... ......do ............................... H. E. Geiger.
Harrisonburg........ .............. ......do ............................... Do.
Bristol........-..-.....--.......-.-. Tennessee-Virginia ...... ............I M. R. Campbell.
Roan Mountain..--................. Tennessee-North Carolina...-........ Arthur Keith.
Haynardville....................... Tennessee ............................ Do.
Briceville ........................... ------ do ....._..___.................... M. R. Campbell.
Asheville........................... North Carolina-Tennessee......_..__. Arthur Keith.
Mount Guyot....................... ..... -do ............................... Do.
Murphy.... ...... .................. ...... do _.......__........._........... C. ~\V. Hayes and Arthur

	Keith. 
Dalton .............................. Georgia............................... Do.
Scottsboro .......................... Alabama.............................. Do.
Cartersville......................... Georgia............................... Do.
Rome ............................... ...... do ............................... Do.
Port Payne ......................... Alabama.............................. Do.
Tallapoosa.....--..-.--.........-... Georgia-Alabama .... ................ Do,
Anniston ........................... Alabama.............................. Do.

EDITORIAL WORK ON GEOLOGIC MAPS.

On September 20, 1892, I received your instructions to act as editor 
of geologic maps. The duties prescribed in the letter of that date are 
" to regulate the preparation of geologic maps for engraving, to con- 

14 GEOL  14



210 ADMINISTRATIVE REPORTS BY

sider in conjunction with the map authors and the chief of the engrav­ 
ing division the application in detail of the scheme adopted for map 
publication, to edit the manuscript geologic maps before transmitting 
them to the engraver, to aid authors in proof-reading of engraved geo­ 
logic maps, and in general to assume with reference to geologic maps 
the duties assumed by the editorial corps of the Survey with reference 
to textual publications." I am further instructed to act " as custodian 
of manuscript geologic maps and of engraved geologic maps."

Obeying your wish, I had given much time to the consideration of 
map-printing prior to the date of these instructions, and since their 
receipt the greater part of my time has been occupied with the adapta­ 
tion of technical processes to the expression of geologic facts. During 
the winter of 1892-'93 six folios of the Geologic Atlas of the United 
States were issued in small editions of 150 to 200 each. They were 
thoseof Hawley, Massachusetts; Kingston and Chattanooga, Tennessee; 
Einggold, Georgia; Sacramento and Lassen peak, California. These 
editions were in a certain sense experimental, and their distribution 
among those most competent to estimate their value and to criticise 
the presentation of facts has been productive of much useful comment. 
Careful consideration has been given to suggestions tending to im­ 
prove the maps, and the.flrst folios to be issued in the adopted form of 
the Geologic Atlas and according to the latest modifications of the 
color scheme set forth in the Tenth Annual Eeport are now in process 
of proof-reading.

Eespectfully submitted,
BAILEY WILLIS. 

Geologist in charge.
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF MR. W J McGEE.

U. S. GEOLOGICAL SURVEY,
POTOJIAC DIVISION, 

Washington, 1). C., June 30, 1893.
SIR : I have the honor to submit the following report of operations 

in the Potomac Division during the fiscal year ending to-day, and to 
append to it a summary of rny work during the past eleven years as a 
member of the Geological Survey a connection now terminated.

PLAN OP WORK.

The field of the division was described and the general plan of work 
therein was set forth in some detail in my last report. 

During the past year work has been carried forward in accordance
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with the general plan, except in so far as changed conditions have led 
to minor modifications. The chief modification was curtailment of 
field work rendered necessary by reduced appropriations; another 
modification, which was rendered feasible by the state of progress in 
researches and surveys in this division and also by the completion of 
topographic atlas sheets through the work of the geographic divisions, 
was material increase in the amount of mapping.

The detailed mapping was executed chiefly by collaborators; in the 
main the more general mapping represents personal work.

PERSONAL WORK.

Field operations. As set forth in preceding reports, correlation is 
effected in the Potomac Division chiefly through physical means; for 
it is beleived that by su«h means the geologic development of the 
province and thereby the history of the southeastern part of the con­ 
tinent, and so the origin and relations of the various formations, may 
be determined with a high degree of accuracy, and that afterward the 
history so interpreted will give a basis for ascertaining the distribution 
in time and space of extinct and passing organisms. Accordingly, the 
physical features and relations of the formations are studied primarily, 
their fossil contents secondarily.

Now the formations of the coastal plain extend in age from Pleisto­ 
cene to middle Mesozoic, and it has been supposed by different inves­ 
tigators that the later deposits, particularly in the northern part of 
the province, contain relics of early man. It seemed fitting that such 
relics should be treated as fossils and that the general plan of inves­ 
tigating the past distribution of organisms by the aid of physical 
means should be extended also to these vestiges of the past; accord­ 
ingly much attention has been given to the association, essential or 
adventitious, of human relics with coastal plain deposits. During the 
past year some time was spent in work of this character. In July last 
I spent several days in field work about Trenton, New Jersey, and 
Morristown and Point Pleasant, Pennsylvania, in company with Prof. 
W. H. Holmes, of the Bureau of Ethnology, and Prof. E. D. Salisbury, 
of the state geological survey of New Jersey, for the purpose of making 
a comparative study of the later deposits of the coastal plain and 
associated objects of art in the Delaware valley. The material col­ 
lected was turned over to Prof. Holmes for preservation in the Bureau 
of Ethnology; the records of the work were filed for the use of this 
division.

Though the environs of the national capital have been under exami­ 
nation and survey for a number of years, the relations of the formations 
are frequently obscure, and repeated observations, particularly as grad­ 
ing and other artificial works yield new exposures, have been found 
highly advantageous. During the year observations have been con­ 
tinued from time to time; in September and October several days were
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occupied in field work in the vicinity of Washington, and during May 
and the present mouth the examinations have been continued and the 
records thereof have been placed on file.

The principal reconnaissance Avork of the year was performed in the 
latter part of February and the earlier days of March in the course of 
a trip through parts of Georgia and Florida. It was the purpose of 
this reconnaissance to ascertain more exactly the iulaud extension of 
the Columbia formation in Georgia and to trace the Columbia and 
Lafayette formations into Florida, and especially to ascertain whether 
certain resources of late coming into prominence in Florida (e. g., silice­ 
ous clays locally known as "kaolin," ocher beds, and beds of ferruginous 
saud locally used as paving material and road metal) belong to the 
Lafayette formation. The trip was successful and yielded valuable 
results in knowledge of the distribution of both formations and iu the 
identification of the useful products mentioned among the resources of 
the Lafayette formation.

In connection with the compilation and engraving of the geologic 
map of New York, described in a later paragraph, visits to Albany 
were made in December and again in February.

By reason of reduced appropriations, a considerable part of the field 
operations of the year were conducted without cost to the Survey.

General office work. In addition to the routine work of the division, 
considerable time was occupied under your immediate direction iu the 
preparation of reports and summaries of the work of the Geological 
Survey during the last fiscal year, and also since its institution; and in 
this connection the accompanying summary statement of my own Avork 
as an employee of the Geological Survey and the principal scientific 
and economic results thereof was prepared during December. A gen­ 
eral description of the coastal plain and piedmont provinces was also 
prepared to accompany the Baltimore atlas folio.

Sometime was occupied during the year in the revision of proofs of 
chromolithographs illustrating papers published in the EleATenth and 
Twelfth Annual Eeports; the maps illustrating the paper entitled "The 
Pleistocene History of Northeastern Iowa" in the former report being 
especially elaborate and requiring unusual pains in correction.

Geologic map of the United States. There was prepared in 1884 and 
published iu the Fifth Annual Report of the Survey a general map show­ 
ing the area! distribution of the geologic groups of the United States so 
far as knoAvn at that time. During the past year this map has been re 
vised, and the results of later surveys have been added, and an essen­ 
tially new geologic map of the United States is thus herewith presented. 
A copy of the map was executed on the nine-sheet base map of the 
United States on a scale of 40 miles to the inch. This map was com­ 
pleted in December, and after extended office use was transmitted to 
the Engraving DiArisiou to be engraved on copper.

In the preparation of this map the various published geologic maps
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issued by the federal surveys, by state surveys, by professional aud 
other geologists, aud by trade publishers, were utilized as sources of 
information; in addition to which the manuscript atlas folios and other 
maps representing the recent work of the TJ. S. Geological Survey were 
freely drawn upon; and finally the notes and other information in pos- 
possessiou of the officers of the Bureau were fully utilized, many geol­ 
ogists platting, for the first time, for incorporation in this map, the 
results of reconnaissance work and isolated observations in many parts 
of the country.

By reason of the variety in sources of information, the map is not of 
equal value throughout. lu those regions covered by the final surveys 
of the Bureau it is a reduction of carefully executed atlas folios and is 
consequently as accurate as the scale permits, and may be considered 
final; in areas covered only by more general maps it is a substantially 
accurate reproduction, though sometimes generalized to scale, and may 
be accepted as final or not, according to the character of the classifi­ 
cation employed by the original surveyors; while, in regions covered 
only by reconnaissance, the map can be regarded as general only, and 
liable to modification as researches and surveys progress. The map is 
believed to represent fairly the present state of knowledge concerning 
the distribution of American rock systems, and it is believed that prac­ 
tically all trustworthy reconnaissance surveys have been incorporated.

It is a pleasure to express obligations to the many geologists of the 
Bureau who by their courteous assistance and important contributions 
have done so much to give value to the map. Especial credit is due to 
Mr. John B. Torbert for the care and skill exercised in reducing origi­ 
nal maps and for intelligent aid in incorporating the reconnaissance 
maps and notes of the various contributors to the sheet.

A reduced copy of tlie map has been prepared for publication in the 
Fourteenth Annual Eeport (PL n, in pocket of part 2); and two sets 
of sheets, on the reduced scale, colored separately by systems, have 
been prepared, one for office use and one for exhibition at the World's 
Fair. The reduced map is drawn on the standard double-folio atlas- 
sheet of the survey, 17J by 28 J inches (within neat lines), on the scale 
of about 1: 7,000,000, or 112 miles to the inch. The classification is 
essentially that employed in the map published in the Fifth Annual 
Eeport with the addition of the Algonkiau system; and the conven­ 
tions employed are essentially those described in the Tenth Annual 
Eeport as the basis for the cartographic system of the Geological Sur­ 
vey. (The classification is set forth in the report of the Director.)

Geologic map of Neiv \ork. For some years past there has been 
in course of preparation in this division a general geologic map of 
the state of ]STew York. Completion of the work has been delayed by 
a variety of causes, but during the past year especial attention has 
been given to the map which is now on the point of completion. The
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map has been engraved on six sets of copper plates, each 28 by 38 
inches, giving a map 65 by 69 inches (inside neat lines), represent­ 
ing the state with some contiguous territory on a scale of five miles to 
an inch. The base, which was engraved on copper by Evans & Bartle, 
of Washington, under contract with the state of New York, has been 
completed and delivered; the geology, including conventions, bounda­ 
ries, and letter-symbols, all engraved on zinc, is now being executed in 
this office.

The base for the map was compiled from various sources, including 
the Gardiner and Oolvin surveys executed under the auspices of the 
state, the triaugnlatiou and other surveys of the United States Coast 
and Geodetic Survey, and the topographic surveys of this Bureau. By 
reason of the dearth of data, no attempt has been made to represent 
the hypsograpliy; the hydrography is represented in considerable de­ 
tail and in general, it is believed, with considerable accuracy; the cul­ 
ture mapped comprises railways, canals, country roads, cities, towns, 
villages and post offices, all represented with a degree of accuracy 
depending on the reliability of the best available local maps, which 
were used in the compilation. Judging from the coincidence between 
this mapping and that of atlas sheets subsequently executed by the 
geographic divisions, it is believed that the base will be found sufficiently 
accurate to admit of the addition of hypsograpliy and the necessary 
corrections in culture and hydrography, so that it will serve as a per­ 
manent general map of the state after the completion of the detailed 
topographic surveys. The engraving has been executed with a view to 
this use. The hydrography is engraved on separate plates for printing 
in blue, and the culture, projection, lettering, etc., are engraved on 
another set of plates for printing in black, leaving the hypsograpliy to be 
engraved after the surveys are finished, and then printed in brown as 
in the general map of Massachusetts recently engraved in this office.

The geology represents compilation from a variety of sources. Fore­ 
most among these are the extended notes and observations of the 
venerable state geologist, Prof. James Hall, who has been actively 
engaged in geologic and paleontologic researches in the state for con­ 
siderably more than half a century, and in cooperation with whom the 
work has been conducted. The mapping executed by Mr. K H. Dartoii, 
of this division, during the fiscal year has also proved an important 
source of information; and the results of my personal work recorded in 
preceding reports have been incorporated. The coloring of the sheet is 
incomplete, since it has not been deemed wise to extend geologic con­ 
ventions over unsurveyed areas; about one-fifth of the area of the state 
remains uncolored though it is probable that this proportion will be 
somewhat reduced before the preliminary edition is printed. In gen­ 
eral the classification used is that made classic through the pioneer 
state survey of New York, commenced nearly sixty years ago; and it 
is believed that the distribution of the formations is fairly shown and
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that the map will be found trustworthy and accurate to scale under this 
system of classification.

Thesaurus of American formations. This work, commenced several 
years ago and carried forward as other duties permitted, has received 
attention at intervals during the year and some material has been 
added to that already gathered and described in earlier reports. One 
of the parts of the work is a dictionary and synonymy of American form­ 
ation names and to this part a number of additions have been made. 
This dictionary is arranged on cards and has been found of considera­ 
ble use in division work and is frequently consulted by other officers of 
the Geological Survey. Another part of the work as originally planned 
is a geologic map, and the general geologic map described in preced­ 
ing paragraphs may be regarded as representing this feature.

Work on potable waters. A part of the present month has been oc­ 
cupied in the preparation of a paper on the potable waters of eastern 
United States, designed for publication in the Fourteenth Annual 
Eeport. In the preparation of this paper it has constantly been borne in 
mind that the conditions affecting potable waters are subject to change 
with increasing settlement, and that certain classes of waters habit­ 
ually consumed by pioneers and early settlers are contaminated through 
human activities in such manner as to exclude them from the category 
of potable waters of the present time. Special attention is given to 
cistern waters, and also to the waters of surface wells, which should 
be carefully guarded or entirely abandoned; considerable attention is 
given also to phreatic waters, including not only those giving origin 
to deep-seated springs but those flowing from artesian wells, both of 
which are in general trustworthy sources of supply. Only incidental 
attention is given to the water supply taken from running streams, 
which is commonly controlled and regulated by municipalities and 
other corporations; to therrno-mineral springs, which are fully dis­ 
cussed in other publications of the Bureau; to artesian wells and the 
laws and conditions pertaining thereto, all of which have been treated 
in a recent report; or to storm-water reservoirs, which pertain to arid 
regions and have recently been discussed in detail by other officers of 
the Bureau; but the natural and artificial conditions affecting all of 
these sources of supply receive consideration.

Special investigations. Prom time to time special requests for tech­ 
nical information concerning questions of public importance reach this 
division either through your hands or directly; and all such questions 
receive careful attention. Among the special investigations and re­ 
ports made in response to requests from public institutions during the 
year are the following:

1. Early in September a special examination was made of the U. S. 
Soldiers' Home Reservation in the District of Columbia at the request 
of Brigadier-General J. C. Kelton, governor of the institution, with 
the view of determining the feasibility of artesian boring as a source
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of local water supply; and on the 9th of that month a detailed report 
on the subject of water supply for the reservation was submitted.

2. During last autumn a special study was made of the conditions 
of local water supply for tlie Reform School of the District of Colum­ 
bia at the request of Hon. A. J. Falls, the superintendent of the 
institution, and detailed information was supplied orally and through 
correspondence, which led to the discovery of a strong flow of phreatic 
water rising far in the boring at the predicted depth of about 375 feet.

3. In March last another examination was made of the TJ. S. Sol­ 
diers' Home Reservation at Gen. Kelton's request, with the object of 
ascertaining whether gravel suitable for road-making and guttering 
can be obtained within the limits of the public grounds, thereby saving 
the institution a considerable tax for the purchase of such material; 
and a favorable report on this subject, in which several localities for 
obtaining suitable materials were indicated, was rendered on March 24.

4. The Calholic University of America, located in the central part 
of the District of Columbia, is beyond the present reach of the city 
mains, and the question of water supply has become important. Some 
examination of the vicinity was made at the request of the Right Rev­ 
erend John J. Keane, rector of the university, and the requisite geo­ 
logic information touching the subject was conveyed to him.

5. During the year a special examination was made of the plastic 
clays of the Potomac formation in and near the District of Columbia 
for the purpose of determining their availability as a source of material 
to be used in a proposed technico-educational institution of public 
character, and detailed information on the subject was conveyed to the 
prospective founders.

6. On several occasions, information concerning possible sources of 
water supply for the military station at Fort Meyer was communicated to 
the officers of the garrison orally and through a special report. This in­ 
formation has already served to indicate certain dangers growing out 
of contaminated waters, and has thereby been productive of important 
results in increased attention to the water used at the station and con­ 
sequent improvement in health in the garrison.

7. During the summer of 1892 the National Sanitary League of Wash­ 
ington instituted an examination of the local water supply, and a part 
of the work was, with your approval, intrusted to me; and in carrying 
out the examination, the public wells of the District have been mapped 
and an inspection of the waters has been commenced. This investiga­ 
tion is not yet completed.

8. At different periods requests for information concerning the prob­ 
able feasibility of artesian water supply at Fortress Monroe have been 
received from officers of the TJ. S. Army. Detailed information on this 
subject (obtained largely through the surveys and researches of Mr. 
E". H. Darton) was communicated to Messrs. J. P. Duncklee and Charles 
E. L. B. Davis of the Corps of Engineers for the use of the corps and
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for incorporation in the report of the Chief of Engineers, a special 
report being submitted April 13 last.

Information on various other subjects has been freely conveyed to 
public institutions and officers from time to time during this as during 
preceding years.

Geologic taxonomy. Before and throughout the period of reconnais­ 
sance and surveys in the coastal plain, constant attention has been 
given to the general relations of the phenomena investigated; and 
latterly (largely during the past year) the relations have been com­ 
bined in a general classification of geology by genesis. It is believed 
that the commonly accepted geologic classification, which is essen­ 
tially empiric, trammels the science and at the same time holds it apart 
from other branches of knowledge and reduces its points of contact 
with human interests and benefits; while the genetic classification not 
only facilitates interpretation and correlation of phenomena, and thus 
materially aids investigation, but also brings the science of geology at 
once into harmony with the entire body of science and into direct re­ 
lation with arts, industries and economic interests. Accordingly this 
classification of the phenomena of geology is regarded as one of the 
most important contributions to science which has thus far emanated 
from the division.

WORK OF MB. N. H. BARTON.

During the greater part of the year Mr. N. H. Darton was occupied 
in the immediate work of the division either (1) in detailed surveys in 
the middle Atlantic slope or (2) in office work growing out of these 
surveys. During a shorter period he was occupied in reconnaissance 
surveys in Jfew York under the immediate direction of, and in coopera­ 
tion with, Prof. James Hall, state geologist, and in preparing a report 
on this work.

Work in the coastal plain. About one month and a half were spent 
in the field in eastern Maryland and Virginia. The principal trip, 
made in July, extended from Washington through Baltimore to the 
region about the head of Chesapeake bay, and in its course the sedi­ 
mentary formations of the area covered by the Gunpowder atlas sheet 
were mapped, while many data for the mapping of the area on both 
sides of the estuary were obtained; the examination extending as far 
northward as Newark, Delaware, and southward to Chestertown, Mary­ 
land. This trip was followed by ten days of field work on the eastern 
shore of Maryland for the purpose of ascertaining the relations of 
soils to the distribution of "peach yellows; "the investigation being 
made at the request of the Agricultural Department. Data relating 
to the distribution of the formations of Maryland and Delaware were 
incidentally collected. During the spring and early summer a number 
of trips were made to various parts of eastern Maryland and Virginia 
for the purpose of elaborating details in areas already surveyed and for 
the review of doubtful points, as well as to collect additional notes 
and illustrations for incorporation in final reports.
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Office work in connection with the coastal plain surveys resulted 
in the preparation of a number of atlas sheets and the descriptive 
text for several of these sheets, together with considerable progress in 
the preparation of final reports on the formations and general geology 
of the region. Special attention was given to the discrimination and 
clear definition of the Magothy formation, the phenomena of which 
were studied in the field during the trip first mentioned, and detailed 
attention was given also to the different phases of the Columbia forma­ 
tion and to their interpretation in terms of geologic history.

The preparation of atlas sheets in form for engraving was pushed 
forward with energy; and detailed surveys of the areas of forty-one 
sheets are now practically completed as follows:

LIST OF GEOLOGIC ATLAS SHKKTS, BY N. H. DARTON.

I. Sheds forwMcJt iopographic surveys are completed.

1.
9. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22.
'23.
24.

Scale.
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B2"500 

TZTiHTU 

SYs"TTO 

F?5¥<7

FJ57JU 

E25TTTT 

F2507J 

"575 0"TJ 

^YSTTtf 

B7SLHJ

"SY5C7TT

EYsira
FsiTTD 

 BJsoS

tfiiinr
TZjVoTT 

Fjiou 

^ziuiT 

Tf^sTTu 

EfiTTff 
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East Washington, Md., D. C. '..........
West Washington, Md., D. C., Va ......

Relay, Md. 1 .................. ..........

North point, Md .......................

Preliminary edition printed 
as a " Washington sheet."

  Geology engraved in part.

> Geologic MSS. ready for en­ 
graver.

Topographic base now being 
engraved.

25.
26.
27.
28.
29. 
SO.
31.
32.

1 Crystalline rocks Ijy Dr. Or. H. Williams.
2 Crystallines liy Dr. G. H. Williams; not quite finished.

Scale.

II. Sheets for wMcK Topographical Surveys are not yet made.

Scale. 
Still pond, Md.

' 35. 
30.

s*it> 
,~i

Cambridge, Md. 
Easton, Md. 
Williamsburg, Va. 
Charles city, Va. 
Yorktown, Va. 
James city, Va. 
Fort Monroe, Va.

37.
38.
39.

trrhnrtrr

King William, Va. 
Both\vell, Va. 
Dunkirk, Va. 
Rappahannock, Va. 
Warsaw, Va. 
Urbana, Va. 
Heathsville, Va. 
Kilmarn ick Va.
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The distribution of this mapping, together with the distribution of 
reconnaissance work performed during the past and preceding years, 
is shown in the accompanying Plate i.

During the year Mr. N. H. Barton was able to convey useful infor­ 
mation concerning the artesian water problem to the authorities at 
Crisfield, Summit county, Maryland, and in return was supplied, 
through the kindness of Mr. J. P. Baxter, the president of the Cris­ 
field Water Company, with a series of carefully labeled borings taken 
at frequent intervals from the surface to a depth of 700 feet. This 
record has already proved valuable in determining the succession of 
coastal plain deposits, and its value is destined to increase as the need 
for improved modes of water supply comes to be recognized in other 
portions of the coastal plain.

Worli in New York. For some months during the summer and au­ 
tumn of 1892 Mr. Darton was occupied in field surveys, generally of 
the character of detailed reconaissance, in critical areas in southern 
and central New York, made in order to permit the coloring of that 
part of the geologic map of the state representing the region. Ex­ 
tended observations were made in the puzzling tract centering about 
Oneonta, and a large area, in which the formations were previously 
known to Prof. Hall only in a general way, was mapped in sufficient 
detail for publication on the 5-mile scale. The examinations were 
also extended eastward to the Catskill escarpment and northeastward 
to the Helderberg escarpment and thence westward nearly to the 
western boundary of the state. These surveys, made partly in com­ 
pany with Prof. Hall and partly alone, gave data sufficiently accurate 
to permit the mapping of the entire Catskill-Helderberg escarpment 
on the 5-mile scale, and for the detailed mapping of the Albany atlas 
sheet and the greater portiou of several other atlas sheets in New 
York OTI the 1-inile scale.

In connection with the field mapping, attention was constantly given 
to structural relations; and in the report OTI the work subsequently 
prepared for incorporation in the annual report of the state geologist, 
Mr. Darton was able to introduce a number of striking stereograrns 
illustrating the structure of the Catskill and neighboring regions and 
displaying clearly the connection between geologic structure and topo 
graphic convention and the industrial values dependent tliereou.

Miscellaneous work. In addition to the detailed surveys in the coastal 
plain and the reconnaissance work in New York, Mr. Darton made ex­ 
tended observations on the geologic formations of northern New Jersey, 
the environs of New York city, and portions of the piedmont zone in 
Virginia; and during the year he revised the mapping of the Staunton 
atlas sheet originally executed in connection with the Appalachian 
division. The distribution of all of this work is shown on Plate i.
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WORK OP DR. GEORGE H. WILLIAMS.

Dr. Williams's researches and surveys in the piedmont zone have 
thus far been conducted in the Potomac Division partly for adminis­ 
trative reasons, partly because of the intimate connection between this 
zone and the contiguous coastal plain. The work of the year comprised 
field studies in Maryland, Virginia, the District of Columbia, Pennsyl­ 
vania, and North Carolina, together with detailed mapping chiefly in 
Maryland; also extended laboratory work required for the elucidation 
of the complex relations of the greatly altered piedmont crystallines. 
Dr. Williams submits the following detailed report of his operations 
during the year:

HEPOKT OF WORK DONE ON THE CRYSTALLINE ROCKS OP MARYLAND, PENNSYLVANIA, 

AND NORTH CAROLINA DURING THE FISCAL YEAR 1892-'93.

Owing to the great reduction in funds available for this work it lias "been necessa­ 
rily curtailed during the past year.

At the end of the preceding fiscal year the mapping and study of the field relations 
of extensive areas of ancient (pre-Canibriau) volcanic rocks in South mountain had 
been commenced, and this was continued uutil the end of July. During this time 
175 square miles of these rocks were mapped in Pennsylvania and Maryland and their 
two prevailing types (rhyolite and basalt) distinguished. A preliminary notice of 
the results of this work was published in the American Journal of Science of Decem­ 
ber, 1892.

During tlie fall, work was carried on in the detailed mapping of the areas of the 
Ellicott and Laurel atlas sheets.

In the spring a reconnaissance \vas made of the crystalline rocks of Cecil county, 
Maryland, and two areas were assigned to Messrs. A. G. Leonard and A. P. Grimsley 
for detailed work.

During May considerable progress was made toward the completion of the West 
Washington atlas sheet for publication. The crystalline area north of the Potomuc 
was finished and about half of that south of the river.

In June an extended trip was taken, with the cooperation of the geological survey 
of North Carolina, for the purpose of examining the volcanic rocks in the center of 
the state and the corundum-bearing chrysolite belts of the western portion.

During the winter chemical, mineralogical, and petrographical investigations 
were made of the piedmontite and scheelite found in the rhyolite of South moun­ 
tain, and of the various crystalline rocks collected during the previous summer.

The Baltimore atlas sheet was also entirely prepared for publication and is now 
in press.

Respectfully,
G. H. WILLIAMS,

Assistant Geologist.

WORK OF DR. WILLIAM B. CLARK.

By reason of diminished appropriations, the detailed surveys in New 
Jersey conducted by Dr. W. B. Clark in cooperation between the fed­ 
eral survey and the survey of New Jersey were limited in extent. 
During the year he continued his reconnaissance of the Tertiary and 
Cretaceous formations of New Jersey for the purpose of further develop­ 
ing and testing the classification previously formulated and also made
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detailed surveys of the area occupied by two atlas sheets (Saiidy Hook 
and New Bruiiswick). These detailed surveys were completed and at 
the same time data wore collected for the preparation of descriptive 
text with special reference to the more important economic resources. 
The two atlas sheets are awaiting piiblication; and in accordance with 
the terms of cooperation, copies of the sheets have also been com­ 
municated to Dr. Smock, state geologist of New Jersey, for nse, prob­ 
ably in condensed and generalized form, in his next annual report. In 
addition to his field surveys, Dr. Clark gave detailed attention in field 
and laboratory to the glauconite-beariug deposits of Now Jersey, 
including certain Neocene, Eocene, and Cretaceous formations; and on 
comparing his observations and inferences with those recorded in the 
Challenger reports, he was able to deduce a definite theory for the 
origin of the greensaud, which has already thrown much light on the 
genesis and relations of the coastal plain formations. Under this theory 
the glaucouitic grains were produced through the action of infusorial 
organisms which subsisted in part on mineral substances derived from 
the decomposition of rocks, particularly potash-bearing crystallines; 
the organisms flourishing best in rather shallow waters and near the 
shores from which the crystalline rock debris was collected by storms 
and streams. The theory is in accord with the results of all earlier 
researches on the coastal plain deposits conducted in the division; and 
the presentation of the phenomena and relations in the form of a 
definite theory by Dr. Clark, is to be regarded as one of the most im­ 
portant contributions thus far made to systematic knowledge of coastal 
plain geology. A preliminary statement of the researches has been 
submitted to Prof. Smock for publication in his annual report; and the 
detailed statement is in course of preparation for the use of this 
division and for publication by the Geological Survey.

ACKNOWLEDGMENTS.

The preparation of this report closes my connection with the Geolog­ 
ical Survey, a connection which has extended over a decade; accord­ 
ingly it would seem officially fitting, as it is personally agreeable, for me to 
express acknowledgments to the several gentlemen with whom I have 
been most directly associated in the work of the Potornac division.

To Prof. Joseph A. Holmes, who has for some years been connected 
with the division (though the relation was suspended during the past 
year), I am indebted for much valuable information which, although 
of preliminary character and hardly ready for publication in formal 
reports, has been of great value to the division; and to Dr. Eugene A. 
Smith, whose affiliation with the division has been nearly as extended, 
similar and equal obligations are due. Dr. George H. Williams, whose 
connection with the division has continued for several years, has made 
many and important contributions to knowledge of the complex and 
difficult subject to which he has at once been led by personal choice and
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aptitude and assigned through official requirements, thereby promoting 
science and greatly strengthening the division in a manner no less sat­ 
isfactory scientifically than agreeable personally. The association with 
Mr. X. H. Darton has also continued for several years, and lias through­ 
out been productive of excellent scientific and economic results: and it 
is a source of satisfaction to pay even so slight a tribute to this officer's 
untiring energy and zeal. For many years Mr. Lawrence C. John­ 
son was affiliated with the division and contributed largely to the suc­ 
cess of the work, and the association throughout proved eminently agree­ 
able and satisfactory. Dr. W. B. Clark has been connected with the 
work for a shorter period than some other collaborators, yet, as already 
noted, he has made important contributions to its success, and the per­ 
sonal association has been a constant source of pleasure. The able 
pioneer of southern geology, Dr. E. W. Hilgard, was for a time a col­ 
laborator of the division, and it is a pleasure to acknowledge the value 
of his contributions and to express the satisfaction growing out of the 
agreeable personal relations existing between us. To Dr. II. H. Lough- 
ridge, who conducted certain special investigations for the division some 
years ago, is due a special acknowledgment for unfailing courtesy and the 
energy and enthusiasm witn which his work was conducted. Mr. Robert 
Hay, who was also attached to the division for special work, constantly 
performed the duties assigned to him and conducted his researches with 
acumen, and therelatious with him have always been pleasant. A special 
acknowledgment is due also to Mr. John B. Torbert, who has grown up 
with the division and become a trustworthy coadjutor, whose willing 
hands and kindly disposition have done much to make smooth the run­ 
ning of the official machinery.

The preparation of the geologic map of New York has broiight me 
into intimate association with Prof. James Hall, the venerable state 
geologist, of New York, and Nestor of American geologists; and it is a 
source of especial gratification to note this association, which has been 
a constant pleasure, both personally and as a means of scientific accom­ 
plishment, and which has always been esteemed an honor.

In so far as it has been the fortune of the division so long under my 
charge to achieve useful scientific and economic results, I am indebted 
to these able and kindly -collaborators.

It gives me satisfaction also to express acknowledgment to my official 
associates. It has been recognized that they stand among the world's 
leaders in the branch of science to which their energies are devoted, and 
from them numberless useful suggestions have been obtained, and these 
suggestions and the more extended information which they have fur­ 
nished from time to time have enriched the results of the work of my 
division. It is a gratification also to note the uniform courtesy and 
amity of these official associates by which I am placed under lasting, 
yet most agreeable, obligations.

In closing my connection with the Bureau under your administration^
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it seems especially fitting, as it is, I assure you, an especial pleasure, 
to express acknowledgment to you for opportunities for scientific work. 
During the period of my connection witli the Geological Survey geo­ 
logic science has progressed further, both as a subject of knowledge 
and as a means of promoting human welfare, than during any preced­ 
ing decade perhaps further than during its preceding history. The 
contributors to this progress have been many and scattered among 
many lands, but several are numbered among your collaborators, and 
I appreciate profoundly the opportunity of contributing to the prog­ 
ress of the science during this notable period of activity. I beg per­ 
mission to record the opinion that this activity, particularly in our 
own country, is to be ascribed largely to your own genius and wise 
administration as the head of the Geological Survey.

SUMMARY OF WORK FROM JULY 1, 1882, TO JUNE 30, 1893.

WORK IN THE GREAT BASIN*.

The season beginning July 1,1882, was spent in the field in the region 
of the ancient Lake Lahontan, in the western part of the Great Basin, 
chiefly in Nevada and California; and the ensuing winter was occupied 
iu office work growing out of the field surveys and researches. The 
work was performed under the immediate direction of Prof. I. C. Bus- 
sell, then of the Great Basin Division, in charge of Mr. G. K. Gilbert. 
The principal results are published in Prof. Russell's monograph on 
Lake Lahoutan and in his memoir ou the ancient Lake Mono, printed 
in the Eighth Annual Report. Mauy of the stratigraphic sections 
illustrating these reports were observed and drawn by myself. No 
official reports on this work were personally submitted for publica­ 
tion.

In the progress of the surveys, opportunities for collateral observa­ 
tion were seized; and some portions of the results of this collateral 
work were not completely utilized by Prof. Russell and Mr. Gilbert. 
A part of the scientific results have been published iu different papers, 
while another part have been incorporated among the resnlts of subse­ 
quent researches.

Among the collateral studies of which the resnlts have been pub­ 
lished extra-officially may be mentioned (1) a comparative examination 
of the relations between geology and agriculture in the Mississippi 
valley and in the Great Basin, published in the transactions of the 
Iowa State Horticultural Society for 1882; (2) a somewhat extended 
consideration of faulting, normal and reversed, out of which grew a 
paper on "The Origin and Hade of Normal Faults," published in the 
American Journal of Science; (3) a study of the eccentricity theory of 
glacial climate, partly summarized im a paper on that subject in the 
journal above mentioned, and (4) an analysis of the peculiar cnrva-
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ture of lateral moraines issuing upon broad valley bottoms from con­ 
stricted gorges, which is summarized in part in a paper on "The 
Meridional Deflection of Ice Streams," in the same journal.

Among the results of collateral studies, either incorporated in later 
publications or remaining unpublished, may be noted, (1) an analytic 
discussion of glacial erosion, designed to explain (a) the inequality in 
ice erosion, (6) the formation of (J- snaPe<l canyons, (c) the development 
of lateral cascades falling into glacial canyons, (d) the scooping out of 
rock basins, and (e) the formation of cirques, etc.; (2) a discussion of 
volcanisrn, based on the phenomena of the miniature extinct volcanoes 
now represented by the Soda lakes of Nevada, in which moderately 
active volcanism appears to have been twice engendered in a gener­ 
ally stable tract through changes in vertical pressure accompanying the 
oscillations of Lake Lahoutau; (3) an analytic examination of the 
relations of climate and land-sculpture, showing that uniform precipita­ 
tion tends to develop gen tie slopes and soft contours, variable precipita­ 
tion (particularly in the form of rare storms), steep slopes, and rugged 
contours, and (4) an analysis of certain topographic forms and the 
process by which they are produced, leading to the development of u the 
law of foothills , ;; in accordance with which certain pseudo-terraces 
and a variety of mountain-shoulders, subordinate cusps, and other 
foothill types are explained.

WORK IN NORTHEASTERN IOWA.

During the years 1876-'82, before becoming connected with this Bu­ 
reau, I made a detailed survey of the superficial deposits of an area of 
16,500 square miles in northeastern Iowa, the work being done at pri­ 
vate expense. After becoming connected with the Bureau a season 
was spent in the field in reviewing this survey, and several months 
were spent in office work in revising a report relating thereto. This 
report has been published as a paper of 450 pages, accompanying the 
Eleventh Annual Report of the Geological Survey. The direct economic 
results flowing from this work are practically confined to detailed map­ 
ping of the several distinctive soil-making formations. Among the 
scientific results the following may be enumerated:

(1) A hypsometric survey of an area of 10,500 square miles of suffi­ 
cient accuracy for mapping on a scale of 10 miles to the inch.

(2) A survey of the rock formations of the same area in correspond­ 
ing detail.

(3) A survey of the superficial formations of the same area in corre­ 
sponding detail.

(4) A contribution to the knowledge of the origin and relations of 
glacial formations. The surveys showed that over an area of some 
13,000 square miles there are two generally distinct drift sheets, some­ 
times separated by an ancient soil and forest bed. Taken in connection



THE HEADS OF DIVISIONS. 225

with well-known phenomena outside the region surveyed this proves 
the occurrence of at least three distinct ice invasions, ^separated by 
considerable time intervals. The character of the deposits studied 
shows that over this large area the ice was not an eroding agent, but 
a depositing agent that the ice sheet commonly rode over unconsoli- 
dated materials, and that nearly all of the material of the drift was 
brought in from far to the northward and northwestward; in no other 
region thus far studied is the drift so universally erratic and far-trav­ 
eled and so distinct from the underlying formations.

(5) The hypsographic survey showed that the region is one of topo­ 
graphic anomalies, that over a considerable part of it the rivers do not 
flow in the direction of slope, and that they frequently avoid low-lying 
lands and occupy canyons carved in ridges, knolls, and plateaus. The 
survey of surperficial deposits showed that in a considerable part of 
the area the loess is a high-level deposit, commonly confined to the 
ridges, knolls, and plateaus sought by the waterways, and to lesser 
eminences of like character. These loess-crowned elevations are so far 
different from phenomena hitherto described as to warrant distinct ge­ 
neric characterization; they are called paha, a term taken from the ab­ 
original language of the region. The general survey indicates that the 
paha were formed by deposition of glacier-formed material in channels 
and lakes on, or confined by, the ice sheet of the later invasion. Thus 
the survey demonstated the origin of this peculiar and puzzling deposit; 
for the relations are not only such as to suggest the hypothesis stated, 
but to exclude all other current hypotheses of the origin of the loess.

(6) The hypsographic survey and the survey of superficial deposits, 
in connection with the inferences concerning the origin of the loess, in­ 
dicate an intimate relation between topography and the direction of 
ice motion. Thus the survey resulted in a means of determining the 
direction of ice flow independently of glacial strise; and by this means 
the ice flow was mapped over the entire area without the aid of the 
markings hitherto employed for that purpose. The use of this result 
is best illustrated in the region surveyed; for throughout the area of 
14,000 glaciated square miles stria3 have been found in only a single 
spot, and that after the survey was completed.

(7) A portion of the tract, commonly known as the " Wisconsin drift- 
less area," is included in the district surveyed ; and the studies of this 
area yielded an important generalization with respect to topography, 
which is expressed as " the law of land profiles." This generalization 
is a contribution of some importance to geomorphy, or the New Geology.

(8) The surveys of waterways in the district brought to light a tend­ 
ency in the rivers to depart from the normal gradient and, within cer­ 
tain limits, to break up into alternate stretches of unequal declivity; 
and this tendency was worked out in some detail and formulated as 
" the law of varigradation.'' 

14 GEOL   15
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WORK IN CARTOGRAPHY.

General mapping. A map showing the state of knowledge concerning 
the distribution of American rock systems was compiled in 1884 and 
published in the Fifth Annual Report of the Director. This map, either 
directly or through an impression from the same stones (with certain 
minor alterations), published by Prof. C. H. Hitchcock in the Transac­ 
tions of the American Institute of Mining Engineers, has since that 
date formed the standard general geologic map of the United States, 
and has been largely copied and republished in school and other 
atlases in this and other countries.

Within the past year this map has been entirely revised and en­ 
larged, and is now ready for publication in a new edition. Although 
the areal work of the present Geological Survey was incorporated in 
the 1884 map, this work was of so limited extent that the map may be 
regarded as representing essentially the work of state and other federal 
surveys prosecuted during the past half century. The recent map rep­ 
resents the area! work of the present Geological Survey both in survey­ 
ing previously unexplored regions and in revising the earlier work. 
The area colored is about 2,250,000 square miles, of which about two- 
thirds or 1,500,000 square miles, represents the various state and fed­ 
eral surveys during the last half century, while the remaining third, or 
750,000 square miles, represents the work of the present Survey.

It maybe added that 20,000 square miles of this area represents my 
own field work in Iowa, conducted at private cost but published by the 
Geological Survey; that 325,000 square miles represents field recon­ 
naissance made by me and detailed surveys made under my direction 
(the latter reaching about 16,000 square miles) in the coastal plain, 
and that about 30,000 square miles represents field work and compila­ 
tion by me and under my direction in the state of New York the ag­ 
gregate of this personal work being 375,000 square miles, or one-sixth 
of the aggregate area colored.

The map of New York. In 1884 the preparation of a geologic map of 
the state of New York was commenced under the supervision of Prof. 
James Hall, state geologist. The work has progressed more or less 
continuously ever since. During the present year a base map con­ 
structed in this office under my direction has been engraved on copper 
and the geology is now being transferred to zinc plates, the copper 
work being done at the cost of the state and the geology by the Geo­ 
logical Survey. The published map will be 5 miles to an inch in 
scale, forming a sheet about 6 feet square. While a large part of the 
data are compiled from various sources, including notably the material 
collected by Prof. Hall during the past sixty years, a considerable 
portion represents field surveys made by myself or under my direction, 
the latter chiefly by Mr. N. H, Darton.

Miscellaneous cartographic work. For several years much attention 
was given to the development of a system for publishing the geologic
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map of the United States provided for in tlie organic law of the Sur­ 
vey. The results of this work are largely incorporated in the present 
scheme for preparing aud publishing atlas folios representing sections 
of the great geologic map of the United States. A part of the results 
of the work appear in various publications on the subject, notably a 
preliminary statement of the scheme published in the Compte Eendu 
of the Berlin session of the International Geologic Congress.

WORK ON HYDROCARBONS.

During the years 1884-'87 Dr. A. J. Phihney, of Muncie, Indiana, 
made a survey of the rock gas and petroleum fields of Indiana, and 
under my supervision prepared a report thereon for publication. This 
document forms part of the Eleventh Annual Report of the Director. I 
revised the entire document in manuscript, and prepared an introduc­ 
tion thereto, in which the laws of origin, distribution, and accumulation 
of rock gas are set forth. While this statement is based in large meas­ 
ure on the laboratory and field work of others, notably Prof. I. C. 
White, Prof. Edward Orton, and Dr. Phiniiey, it represents original 
study, and is believed to be a satisfactory summary of the branch of 
geologic science to which it pertains. It may be observer! that the field 
of science relating to the hydrocarbons is essentially and distinctively 
American, and that it has been developed within a decade.

A report on the rock gas and other hydrocarbons of Ohio and con­ 
tiguous territory, by Prof. Edward Orton, was also prepared and pub­ 
lished in the Eighth Annual .Report under my general direction.

SURVEYS AND RESEARCHES IN THE COASTAL PLAIN.

Preliminary study. In 1882 an investigation was commenced in the 
middle Atlantic slope in the vicinity of Washington, and in subsequent 
years was extended northward and southward, eventually over the en­ 
tire area of the coastal plain of the Atlantic and Gulf slopes and into 
contiguous territory. The preliminary studies were projected with a 
view to ascertaining the conditions of deposition of the formations of 
the province, and thereby the history of the development of this por­ 
tion of the continent; and by reason of the exceptional nature of the 
phenomena in the area first examined, new methods of research were 
devised, new criteria for classification were developed, and new prin­ 
ciples were gradually established.

The Potomac formatimi. An early result of the study was the, dis­ 
crimination of the Potomac formation, the basal deposit of the coastal 
plain, which has now been traced with no considerable breaks in 
continuity from New Jersey to Texas, although pending the tracing 
other investigators recognized the deposits in Alabama and Arkansas 
and Texas, and gave-them acceptable local names. The formation yields 
a highly interesting flora, and thus affords a record of general geologic
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evolution nowhere else given with anything like equal fullness; and 
moreover the deposits have been correlated with the rock-masses from 
which they were derived, and also with topographic forms, in such 
manner as to make clear a previously obscure chapter in world-growth.

The Columbia formation. A later result was the discrimination of 
an early Pleistocene deposit designated by this name, and the correla­ 
tion thereof with the earliest glacial deposits of the northern United 
States. Subsequently the Columbia formation was traced throughout 
a considerable portion of the coastal plain, over an area of fully 
150,000 square miles, in which it is the prevailing superficial formation, 
and in which it sometimes reaches thicknesses of several hundred 
feet. This deposit is unfossiliferous, but, like the Potomac formation, 
it has been correlated with topographic forms in contiguous provinces, 
and its materials have been traced to their sources in such manner as 
to yield a definite picture of the physiography of the continent during 
a period not previously discriminated.

The Lafayette formation. Still later a deposit first called the Appo- 
mattox formation was discriminated in the middle Atlantic slope, and 
afterward traced throughout the entire coastal plain, except in the 
estuaries and through tracts from which it has been eroded; in round 
numbers it has an outcrop of 100,000 square miles, and is overlain 
by a moderate thickness of Columbia deposits throughout an addi­ 
tional area of 100,000 square miles, while it has been completely de­ 
graded or deeply buried throughout an area of 100,000 square miles. 
It is thus one of the most extensive formations of the continent. 
While it is only poorly fossiliferous, and while the fossils are of such 
character as to throw little light on the question of its age, this for­ 
mation, like the Potomac and the Columbia, has been correlated with 
topographic forms and with the terranes whence its materials were de­ 
rived so definitely as to indicate clearly the continental movements 
accompanying its deposition nnd subsequent erosion. Thus the forma­ 
tion records with wonderful distinctness a previously unrecognized 
chapter in the development of the continent. Furthermore, the coin­ 
cidence of this record with that derived from the associated Columbia 
and Potomac formations indicates the law of continental growth in 
accordance with which the eastern continental axis (the Appalachian 
region) has been rising ever since the close of the Paleozoic, not 
uniformly but by successive stages in each of which there were up­ 
ward and downward oscillations and in each of which the continental 
periphery was tilted seaward.

Eecently the name of this formation was changed by the revival of 
the designation applied to a partly equivalent series of deposits recog­ 
nized by Hilgard thirty-five years ago. A preliminary monograph on 
this formation was published in the Twelfth Annual Eeport of the Di­ 
rector; and the introductory chapter comprises a general account of 
the Columbia and associated formations.
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General stratigraphy. In addition to the foregoing formations, a 
number of deposits previously or contemporaneously discriminated by 
others, chiefly on paleontologic grounds, have been studied, and the 
unconformities by which most of them are separated have been exam­ 
ined, and thus the general structure of the entire coastal plain has 
been fairly made out. In each case the deposits themselves and also 
the unconformities have been, so far as possible, correlated with topo­ 
graphic forms in contiguous provinces, and thus the significance of 
both deposits and unconformities as records of continental growth has 
been ascertained with exceptional fullness. Several of the formations 
thus studied were discriminated and defined largely by assistants, 
chiefly Mr. N. H. Darton.

Isostasy. Among the more important American contributions to 
geology is Button's law of isostasy, or static equilibrium of earth mat­ 
ter, which was at first supposed to be competent to explain continental 
growth and the building of mountains. This law has been investigated 
with care, chiefly as exemplified in the Atlantic and Gulf slopes, and 
a fairly definite measure of its competence has been obtained; and it 
has been shown that while isostatic adjustment suffices to explain 
minor continental oscillations and certain mountain-making move­ 
ments, it is nevertheless of secondary importance and incompetent to 
explain the greater crustal movements of the earth. Incidentally these 
studies have yielded data for discriminating two primary classes of 
earth movement viz, antecedent and consequent which discrimination 
seems to form a legitimate basis for logical discussion of the broader 
problems of dynamic geology.

The subject is touched upon in the paper in the Twelfth Annual 
Report; th,e competence of isostasy is discussed in detail in a paper 
published in the American Journal of Science in 1892, while the pri­ 
mary classes of earth movement are discussed in papers in the Geo­ 
logical Magazine of London, the Bulletin of the Minnesota Academy 
of Natural Sciences, and the National Geographic Magazine.

Geomorphy. During recent years it has come to be recognized that 
in certain cases and within certain limits geologic history may be read 
from topographic forms even more clearly than from coeval deposits. 
This subject has been studied in much detail, and it is believed that 
some of the more important contributions thus far made to knowledge 
thereon have grown out of the work in the middle Atlantic slope. In 
1886 a special investigation of the geology of the tract about the head 
of Chesapeake bay was undertaken for the purpose of determining the 
feasibility of artesian boring; and the methods of geomorphy were 
employed in the work, and for the first time were rendered so tangible 
as to afford a basis for prevision concerning subterranean structure 
and artesian flow. Subsequently the greater part of the coastal plain 
and much of the contiguous provinces were studied geomorphically, 
and the present knowledge concerning the evolution of the southeast-
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eru fifth of the continent has resulted largely therefrom. The work 
ill this direction is summarized in contributions to the Compte Rendu 
of the International Geologic Congress held in Washington in 1891.

Homogeny. In the course of the surveys in the coastal plain it was 
found that several of the formations are so poor in fossils that they can 
not be correlated paleontologically; it was also found that when any 
deposit was adequately studied, the sources of its materials and the 
conditions of their deposition could be ascertained in such manner as to 
yield a definite and tangible picture of the local geography at the time 
of deposition. It was subsequently found that these definite pictures of 
the local geography overlapped from place to place throughout the 
province in such manner as to give a composite picture of the geog­ 
raphy of the entire province during that particular period; and it was 
finally found that this method of interpreting geographic and physio­ 
graphic conditions affords a more trustworthy means of correlation 
of the deposits than any other method thus far devised. This is the 
method of correlation by identity of genesis, or by homogeny, which is 
now pursued generally in the coastal-plain work.

The principles of homogenic correlation are set forth in the mono­ 
graph on the Lafayette formation, in the Twelfth Annual Report, and 
also in papers in the American Journal of Science and in the Compte 
Eendu of the International Geologic Congress.

Paleontologic relation. Since correlation is effected by means of 
homogeny, paleontology has been found of little immediate use in the 
identification and classification of the formations; but paleontology is 
by no means neglected. It is believed that no other province in the 
world gives such opportunities for the study of the geographic distri­ 
bution of littoral and other organisms during past ages as are found in 
the coastal plain. In most provinces the history is read from the fos­ 
sils alone; but in this province the stages in continental development 
are ascertained from the deposits alone, and the organic remains of 
each stage thus represent geographic distribution of animals and plants 
at a number of successive periods, essentially and tangibly distinct, 
throughout a vast area covering 15° of latitude and 25° of longitude. 
Thus the province affords a means of placing paleontologic geology on 
a higher and more definite plane than is attainable in any other part of 
the world. This line of investigation, however, is not completed.

Artesian water. In consequence of the stratigraphic studies of the 
coastal plain, it has been found practicable to determine the obtainability 
of artesian water throughout the greater part of the province; i. e., over 
an area of about 300,000 square miles. A special paper on this subject 
for a part of the province was printed in the Seventh Annual Eeport of 
the Director; and information concerning the subject in other portions 
of the province has been widely disseminated orally, by correspondence 
and through the newspaper press.
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Natural fertilizers. The greensaud marls of New Jersey, Maryland, 
and Virginia have been studied in some detail, and attention has been 
given also to the phosphates of South Carolina and Florida; informa­ 
tion concerning the first area lias been disseminated by correspondence 
and otherwise, while the data relating to the phosphates were turned 
over to Dr. George H. Eldridge.

Brick and pottery clays, ochers, gold, etc. In connection with the 
general reconnaissance and more detailed surveys of the coastal plain, 
attention has constantly been given to the material resources of the 
province. Among these are the brick clays, gravels, sands, etc., of the 
Columbia formation; the gravels and sands of the Lafayette formation 
of the Atlantic slope, and the sands and the remarkably abundant and 
pure siliceous clays of the same formation in the Mississippi cmbayment 
and in Florida; the gravels, brick materials, pottery clays, terra-cotta 
clays, and iron ores of the Potomac formation; and tlie vein-quartz 
and gold of contiguous portions of the Piedmont zone.

The economic value of the brick clay of the Columbia formation may 
be appreciated from the fact that a large part of the bricks used for 
ordinary constructional purposes in Trenton and elsewhere in northern 
New Jersey (whence bricks are shipped largely to New York and 
Brooklyn), in Philadelphia (where the upper part of the formation is 
known as "the Philadelphia brick clay"), Chester, Wilmuigton, 
Havre de Grace, Baltimore, Washington, Fredericksbnrg, Richmond, 
and Petersburg are manufactured from the clay or loam forming the 
upper portion of the deposit; while local deposits of the same formation 
are extensively used for brick-making in Columbia and Aiken, South 
Carolina; Augusta, Macon, and Columbus, Georgia; Montgomery, 
Selma, and Tuscaloosa, Alabama; Meridian, Vicksburg, and Natchez, 
Mississippi; Memphis, Jackson, and Union City, Tennessee; Little Bock 
and Arkadelphia, Arkansas; Texarkana, Dallas, Fort Worth, Austin, 
and San Antonio, Texas; Baton Rouge and Natchitoches, Louisiana, 
and many other southern cities.

In the middle Atlantic slope, and toward its inland border in the 
southern Atlantic and Gulf states, the Lafayette formation contains 
much gravel which forms a most excellent road metal, for which 
purpose it is already employed (e .g., in the admirable roadbeds and 
guttering in the Soldiers' Home reservation in the District of Colum­ 
bia), and will unquestionably come into still more extended use as its 
superiority gets to be fully recognized. Near the coast the Lafay­ 
ette formation contains occasional beds of iron oxides intermixed 
with clay, forming useful ocher deposits; in parts of Florida some 
of these deposits have already been exploited, and others of large 
prospective value have been discovered in Georgia and Alabama. 
The same formation comprises beds of white siliceous clay, locally 
known as "kaolin;" in western Kentucky and Tennessee and in 
northern Mississippi these are of vast extent and thickness and of
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high grade, and are destined at no distant day to be utilized largely 
in the manufacture of terra cotta and a variety of fictile wares, this 
being perhaps the richest locality in such material in the country, if 
not in the world; and in Florida and elsewhere in southeastern United 
States related beds of the same formation have already been exploited 
and their contents put on the market under the name of " kaolin." 
Throughout much of Florida the surface is composed of friable sands 
belonging to the Columbia formation, which are ill adapted for road­ 
ways and streets; but recent experiments have shown that the fer­ 
ruginous sands of the Lafayette formation, which occur locally a 
few feet beneath the surface, form an admirable road metal and paving 
material when spread over the roadway to a thickness of a few inches; 
and this material is already in large and constantly increasing use for 
this purpose.

The gravels and cobblestones of the Potomac formation form an 
excellent road metal; the fire clays and pottery clays of the same for­ 
mation are in extensive use in central New Jersey, whence a consid­ 
erable part of the country is supplied with fire brick and fictile ware; 
and about Baltimore and Washington, and to some extent elsewhere, 
the clay beds of the same formation are largely extracted as a material 
for pressed brick and terra cotta, and, moreover, they yield an excep­ 
tionally rich iron ore in the form of carbonate nodules. One of the 
principal ocher deposits of the country that of Bermuda Hundred  
occurs in the same formation.

The eastern portion of the piedmont zone, and in some measure its 
entire width, is intersected by veins of quartz, which is readily ex­ 
tracted for road metal that has largely superseded, and ought completely 
to replace, the inferior material taken from less obdurate rocks. The 
same veins yield a variety of useful minerals, including mica, bauxite 
(aluminum ore), gold, etc. The gold is sometimes accumulated also in 
placers. In general this precious metal is hardly so abundant as to pay 
for exploitation under existing commercial conditions; but some work­ 
ings are fairly profitable, and there is promise that with improved 
methods of mining and reducing, and with slightly modified commer­ 
cial relations, this region may become a valuable gold field.

Information concerning all of these subjects has been incorporated 
in reports from time to time, and has been disseminated orally, through 
correspondence, by means of public lectures, and in the newspaper 
press.

WORK IN MISSOURI.

In 1887 a local study of the conditions of artesian water supply was 
made in northern-central Missouri, in response to a request by citi­ 
zens of that section, chiefly the municipal authorities of Macon. At­ 
tention was given incidentally also to the coal fields of the region, 
which are of great importance. The results of the investigation were 
communicated to the public orally and through the press; and a more
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extended and formal report was prepared and, with a view to the 
widest possible dissemination among the people of the state, was pub­ 
lished in a local medium.'

EARTHQUAKE STUDIES.

Immediately after the Charleston earthquake, in 1886, I visited that 
locality and collected a considerable body of data relating to the at­ 
tendant phenomena and results of this characteristic seismic disturb­ 
ance. Moreover, I made arrangements for the collection of additional 
data through the efforts of local observers, notably Dr. 0. E. Manigault 
and Messrs. Earle Sloan and Thomas J. Fisher. All of these data 
were afterward turned over to Capt. (now Maj.) 0. E. Dutton and 
elaborated in a memoir on the subject published in the Ninth Annual 
Keport of the Survey. Some minor publications on the Charleston 
earthquake were made by me unofficially, notably a general account of 
the disturbance, published in Science; and information on the subject 
was diffused by me through public lectures, as well as by correspond­ 
ence.

Some years later a detailed study was made of the epicentral tract 
of the New Madrid earthquake of 1811-'13. Accounts of this remark­ 
able seismic disturbance, probably one of the most extensive and 
most violent ever recorded, were published by contemporaries; but, by 
reason of the remarkable character of the phenomena recounted, most 
of the contemporary records have been distrusted, perhaps the most 
incredible of the statements being those relating to the reversal of the 
flow of the Mississippi river for many hours. In the course of a local 
study in 1890 it was found from examination of the attitude of the 
land surface, the distribution of waterways and water bodies, the oc­ 
currence of "drowned" streams and "dry bayous,'' the ages of trees in 
the "dry bayous," and other phenomena, (1) that there was an exten­ 
sive deformation of the land in that region seventy five or eighty years 
ago; (2) that the deformation was of such character as (a) to depress 
the lowlands toward the bases of the bluffs, thereby forming Keelfoot 
lake on the east and the " Sunk country" on the west, and (&) to ele­ 
vate the central part of the lowland, forming a "lifted country" (not 
hitherto recognized), including Lake county, Tennessee, and a considera­ 
ble area in Missouri; (3) that this deformation occurred suddenly; (4) 
that one of its consequences must have been the reversal of the flow of 
the Mississippi river for hours or days; and (5) that this deformation 
of the land and attendant phenomena could have been produced only 
by an earthquake of great violence. Thus the local study not only 
corroborated the little known and frequently distrusted historical ac­ 
counts, but brought out certain little known or hitherto unknown geo­ 
logic agencies and processes. The general results of these researches

1 Transactions of the Academy of Science of St. Louis (vol. V, pp. 305-336.)
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have not been published in detail, but have been made known in part 
through public addresses on "A Fossil Earthquake;" and a part of 
the observations were incidentally incorporated in the monograph on 
the Lafayette formation already noted.

RESEARCHES IN DEFORMATION.

In the course of the surveys in northeastern Iowa a series of gentle 
and inconspicuous anticlines and synclines was worked out and found to 
fall into a widespread system extending into contiguous territory and 
was apparently connected with the more pronounced corrugation of the 
Appalachian and Ozark regions. This system of corrugations is sug­ 
gestive of an essential relation between continental nuclei and per­ 
ipheries, and thus throws light on the general question of continental 
development. Moreover, the surveys in the same region, particularly 
those relating to an abandoned channel of the Mississippi occupied 
during one of the closing episodes in glacial action, give a rude meas­ 
ure of the deformation of the land beneath the Pleistocene ice sheet. 
This subject is touched upon, and the former subject is dwelt upon, in 
the monograph on the Pleistocene history of northeastern Iowa pub­ 
lished in the Eleventh Annual Eeport.

The researches and surveys in the middle Atlantic slope have brought 
to light a notable displacement marking approximately the common 
boundary of the coastal plain and tlie piedmont zone. The displace­ 
ment would appear to be either a fracture or a localized flexure along 
which the piedmont region is heaved and the coastal plain thrown. 
The movement appears to be so rapid that the active corrasion of the 
piedmont streams is incompetent to reduce their channels to base level, 
while at the same time the active deposition of the same streams on the 
thrown side falls so far short of the sinking that the abundant debris 
carried by the swift-flowing streams is insufficient to fill the estuaries. 
The cause for this displacement has been sought and is supposed to 
have been found in the hydric transfer of materials from the degrada­ 
tion tract of the Appalachian and Piedmont zones to the deposition 
tract comprising the submerged portion of the contiguous coastal plain. 
This subject was treated in some detail in a paper on the geology of the 
head of Chesapeake bay, published in the Seventh Annual Eeport of 
the Survey.

From personal observations as well as from published records it has 
been ascertained that certain of our coasts are sinking, and that in con­ 
sequence the Atlantic ocean and the Gulf of Mexico are in certain 
stretches encroaching on the land at such rate as annually to destroy 
many hundred thousand dollars worth of property. The subject has 
been considered in detail and discussed at some length in various 
reports; and, with the approval of the Director, a paper on the sub­ 
ject was published in the Fonirn for June, 1890. The cause of this
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terrestrial movement has been sought, and has been discussed in con­ 
nection with isostasy, as elsewhere noted.

In connection with the study of unconformities in the coastal plain 
and their extensions in the form of topographic configuration in con­ 
tiguous provinces fairly definite information concerning the continent 
movements of southeastern United States has been obtained. These 
movements, which are of wonderful simplicity, harmony, and rhythm, 
may be summarized as follows: (1) In general the post-Jurassic his­ 
tory of the sub-continent represented by southeastern United States 
was one of progressive uplift along the Appalachian axis, progressive 
downthrow about the periphery (extending from the Atlantic coast 
through the Gulf of Mexico and some distance northward in the Mis­ 
sissippi valley), with concomitant seaward tilting of the piedmont areas. 
(2) The movement was not uniform, but spasmodic. (3) Each throe was 
complex, including an initial warping and a series of oscillations. (4) 
The first movement in each throe was (a) relative uplift of the Appa­ 
lachian axis and downthrow of the periphery, coupled with (b) depres­ 
sion of the entire area perhaps to such an extent as to counterbalance 
the axial uplift, thereby (c) submerging a considerable part of the sub­ 
continent and (d) stimulating degradation over the interior. (5) The 
second movement in each throe was general elevation, without recog­ 
nized tilting, followed by gradual subsidence, and in some cases at 
least a diminishing series of minor oscillations. (6) The subsidence and 
elevation of each throe were coordinate, profound subsidence being fol­ 
lowed by high elevation, limited subsidence by slight elevation. This 
subject received attention in the paper on the Lafayette formation in 
the Twelfth Annual Eeport, and is discussed also in the Compte Rendu 
of the International Geologic Congress noted above in connection 
with the work on homogenic correlation.

EXAMINATION OF SOILS.

In the progress of the surveys and researches in northeastern Iowa 
and in the Great Basin, constant attention was given to the relation 
between geology and soils, and in some cases a definite and economically 
important connection was brought out between the geologic origin and 
the fruitfulness of soils. Throughout the work in the coastal plain the 
same relation received constant attention, and the classification of for­ 
mations adopted for the province was specifically designed to subserve 
agricultural as well as geologic purposes. This subject is touched upon 
in various official and extra-official publications.

In the course of the reconnoissance in the Gulf states, particularly 
in Mississippi, it was ascertained that the double transformation, first. 
from the natural wooded condition to the condition of cultivation; and 
second, from the condition of cultivation to that of the abandonment of 
fields due to the social revolution of a quarter century ago, has so dis­ 
turbed the adjustment between topographic configuration and vegetal
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covering that the lands are extensively invaded by modern erosion. 
This "old-field" erosion is of appalling extent; hundreds of thousands 
of acres have already been destroyed for agricultural purposes and can 
not again be made serviceable without expensive reclamation, and the 
rate of destruction is annually increasing. Means of staying that de­ 
struction have been sought and certain remedies have been devised and 
promulgated orally, through correspondence and through the press. 
The destruction of soils in this way is incidentally illustrated and 
described in the Twelfth Annual Report of fclie Survey.

OBSERVATIONS ON FLOODS AND FLOOD PLAINS.

While engaged in surveys in the coastal plain, particularly in the 
lower Mississippi region, I gave special attention to floods, with the 
view of devising means of avoiding at least some part of the destruc­ 
tion which they annually work; moreover, since the efficiency of rivers 
as geologic agents culminates at flood stage, detailed studies of other 
rivers were made in connection with the general investigation of geologi c 
processes and products. The unprecedented flood of the Potomac, June 
1 and 2, 1889, was studied with care; the discharge was ascertained to 
be not less than 600,000 cubic feet per second, or nearly 600 times the 
low-water discharge, or very nearly the mean annual discharge of the 
Mississippi river ; and the corradiug and transporting capacity of the 
river was probably fully double that reached during any previous flood 
within the period of history. The observations personally undertaken 
at this time were subsequently continued under my general direction 
by Mr. Cyrus 0. Babb, of the Irrigation Division of the Geological 
Survey; and to Mr. Babb, as well as to Mr. P. H. Newell, the chief of the 
Irrigation Division, obligations are due for important contributions to 
knowledge concerning the regimen of the Potomac river, and par­ 
ticularly concerning its transporting power. Some observations were 
also made on the great flood in theSusquehanna river contemporaneous 
with the tremendous flood of the Potomac in 1889.

One of the results of the study of floods was detailed corroboration 
of the fact known to working geologists that most rivers build alluvial 
flood plains which mark approximately the height of great floods, such 
as occur perhaps but once in a decade, or even no more frequently than 
once in a generation. These flood plains are, accordingly, natural flood 
marks; and efforts have been made to indicate to the people of the 
country the danger of fixing habitations on these plains within reach 
of occasional floods. This subject has been incidentally treated in dif­ 
ferent official reports and also, under the authority of the Director, in 
a popular article in the Forum for April, 1891. Some of the results 
of the observations on the memorable flood of the Potomac are incor­ 
porated in the Tenth Annual Eeport of the Geological Survey (pp. 
150-152).
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RESEARCHES CONCERNING WATER SUPPLY.

The subject of water supply, not only in the coastal plain but in other 
parts of the country, has received much attention. It has been ascer­ 
tained that, as settlement and cultivation of the soil increase, rivers are 
polluted and springs are dried up, while wells are frequently contami­ 
nated, so that the water supply of the country is deteriorating at a 
rapid and indeed alarming rate. Various researches have been made 
with the view of ascertaining the different sources of contamination 
and with the view of either purifying the water used for drinking or 
securing supplies from more trustworthy sources. Some of the results 
of this work are incorporated in a paper recently submitted for publi­ 
cation in the Fourteenth Annual Report of the Survey. Other results 
appear in an article published (with authority) in the first volume of 
the Popular Health Monthly. Much information on the same subject 
has been conveyed orally and through correspondence to public offi­ 
cers, especially within the District of Columbia, though to some extent 
iu various parts of the country.

RESEARCHES IN AKCIIBOLOGY.

Throughout the entire period of the work in the different districts 
constant attention has been given to the relation between geologic phe­ 
nomena and phenomena pertaining to mankind, and the lines of re­ 
search pursued, the modes of investigation formulated and followed, 
and the systems of classification adopted have been based essentially 
on human interests and requirements. Largely by reason of this gen­ 
eral cast of the work the question of the geologic antiquity of man 
has constantly been kept in view, and all opportunities for observation 
relating to this subject have been seized, and a number of discoveries 
of greater or less significance have been made.

In the course of the surveys in northeastern Iowa charcoal and frag­ 
ments of wood resembling chips, together with a section of a small 
log penetrated by an aperture suggesting artificial boring, were found 
in the forest bed separating the lower till from the upper till i. e., be­ 
tween the oldest drift sheet and that next in age, which itself long 
antedated the moraine-fringed drift sheet. In addition, there came 
into my hands a "discoid stone" of artificial aspect, credibly alleged 
to have been taken from the same horizon.

While at work in the Great Basin an obsidian arrow-point or spear­ 
head was found associated with bones of an extinct fauna in the strati­ 
fied silts of the ancient Lake Lahontau, in thelower canyon of Walker river 
in western Nevada; and a broken fragment of an arrow-head or spear- 
point, also of obsidian, was found in an artificial dump-heap near Mono 
lake, California, under such association as strongly to indicate that it 
was derived from contemporaneous deposits. The first of these ob­ 
jects was figured and described bjr Prof. Eussell in his monograph
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on Lake Lahontau, and various publications relating to it have been 
made by different individuals in a number of scientific journals.

A rudely chipped arrowpoint was afterward found apparently im­ 
bedded in the upper loam or clay bed of the Columbia formation on 
Spesutiaisland, at the head of Chesapeake bay; and it was my fortune 
to be present when Mr. Hilborne T. Cresson and Professor W. H. 
Holmes found an irregularly fractured block of quartz of such form as 
to suggest artificial flaking, in the Columbia formation near Claymont, 
Delaware. Moreover, extended observations have repeatedly been 
made in the well-known gravel deposits about Trenton, New Jersey, 
and evidently artificial objects have been taken from the talus in this 
vicinity, the association being such as to suggest that the objects 
were originally imbedded in the late Pleistocene gravels. Somewhat 
extended studies have been made also, chiefly in connection with 
Professor Holmes, among the remains in the aboriginal workshops in 
the District of Columbia. Various preliminary publications have grown 
out of these observations, chiefly in the transactions of the Anthro­ 
pological Society of Washington, in the American Anthropologist, and 
in the Popular Science Monthly.

The dubious character of the foregoing evidence led to prolonged 
consideration of the nature of such testimony; and one of the results 
of this consideration was the formulation of a body of principles relat­ 
ing to the geologic evidence of human antiquity. These principles 
were published at some length in the American Anthropologist, with 
the specific object of preventing students from attaching undue im­ 
portance to the discovery of the obsidian implements in Walker river 
canyon; and the discussion was elaborated in a paper read before the 
American Association for the Advancement of Science and published in 
abstract in the proceedings of that body, and also in full in the Ameri­ 
can Antiquarian. Tested in accordance with these principles, it ap­ 
pears that the supposed evidence noted above is inconclusive for vari­ 
ous reasons when used as proof of great human antiquity, although 
the evidence might be accepted as indicating culture stages, in case the 
geologic antiquity of man were demonstrated by less dubious testi­ 
mony. Accordingly, while it has been my fortune to make a consid­ 
erable number of discoveries suggesting high human antiquity, and 
while it is a legitimate presumption, based on European work, that 
human existence antedated at least the latest ice invasions of the 
Pleistocene, it must be said that the evidence collected by me is incom­ 
petent to demonstrate the verity of the suggested relation.

WORK IN GEOLOGIC TAXONOMY.

Among the more general results of researches in northeastern Iowa, 
the Great Basin, the coastal plain, and other regions there may be 
enumerated a general classiflation of geologic phenomena by genesis.
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The current classification has grown up in the empiric way, and is 
largely based on extrinsic and frequently trivial or fortuitous relations, 
while the genetic classification is based on intrinsic and inherent rela­ 
tions. Thus the old classification is adventive; the new, essential; and 
it is believed that the adventive classification trammels the science 
and holds it apart from other branches of knowledge, arid that the gen­ 
etic classification not only facilitates interpretation and correlation, 
and thus greatly aids research, but also brings the science of geology 
at once into harmony with the entire body of knowledge. The two 
methods of classification are briefly indicated in the following scheme:

The adventive classification.

Physiographic geology. 
Historic geology. 
Paleontology. 
Stratigraphic geology. 
Lithologic geology. 
Petrography. 
Dynamic geology. 
Chemic geology. 
Etc.

The genetic taxonomy.
Class. Characteristic agency. 

Biotic geology. Vital action. 
Metallactic geology. Molecular alteration. 
Hyclric geology. Mechanical work of water. 
Krystic (including glacial) Ice and frost.

geology.
Eolic geology. Winds. 
Cosmic geology. Extra-terrestrial. 
Plutonic (including vol- Heat, pressure, etc.

canic) geology. 
Diastrophic geology. Crnstal movements.

This method of classification has been adopted for guidance in the re­ 
searches and surveys above outlined, with advantage. Its principles 
have been made public in various reports and minor publications, as 
well as in public addresses, and have been summarized in form for 
printing, though not yet published.

The genetic classification has been applied specifically to the Pleis­ 
tocene phenomena of the country, which have been studied personally 
in various regions, extending from the Atlantic to the Pacific and from 
the Gulf to the Great Lakes; and it has been found a highly useful ad­ 
junct in field observation and generalization. The application of the 
genetic classification to Pleistocene phenomena was set forth, under 
authority of the Director, before the International Geologic Congress 
at Washington in 1891, and is published in some detail in the Compte 
Kendu of the Congress.

THE WORK OF COLLABORATORS.

Organization. The following scientific assistants and collaborators 
have pursued investigations and surveys in the coastal plain and con­ 
tiguous territory, via: Prof. Joseph A. Holmes, Dr. George H. Williams, 
Dr. Eugene A. Smith, Dr. E. H. Loughridge, Mr. L. C. Johnson, Mr. N. 
H. Darton, Dr. W. B. Clark, and Dr. E. W. Hilgard. Prof. Holmes was 
employed in the work for a small part of each year during the years 
1886-'92, his principal field of work being North Carolina; Dr. George H. 
Williams was employed in the piedmont region, chiefly in the vicinity of 
Baltimore, a part of the time during the years 1887-'93; Dr. Eugene A. 
Smith was employed in the coastal plain of Alabama a part of the
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years 1888-'92; Dr. E. H. Loughridge was employed for a short time 
in South Carolina in 1888; Mr. L. C. Johnson was employed contin­ 
uously from the later part of 1887 to the earlier part of 1891 (when he was 
transferred to the Florida division), his field of work being the eastern 
Gulf slope; Mr. N. H. Durton has been employed continuously since the 
middle of 1889, chiefly in the middle Atlantic slope; Dr. Clark was 
temporarily employed during portions of 1891,1892, and 1893, chiefly in 
New Jersey; and Dr. Hilgard was employed in the Mississippi embay- 
meut for a time in 1891. Highly deserved acknowledgements to these 
geologists are inadequately expressed elsewhere, (pp. 221-223.)

Reconnaissance in the Carolines. Prof. Joseph A. Holmes has extend­ 
ed reconnaissance along the various lines throughout eastern North. 
Carolina, and has examined a large number of localities and lines in 
South Carolina. When his work began, practically nothing was known 
of the structure of the lowland portion of these states, except in so far 
as the structure was inferred from the finding of fossils at a few widely 
separated localities. Accepting the methods of investigation pursued 
in other portions of the coastal plain, including the principle of correla­ 
tion by homogeny, Prof. Holmes has so far completed a reconnaissance 
of the coastal plain in the Caroliuas as to warrant the commencement 
of mapping as soon as topographic maps can be furnished; and the 
classification is now so complete that arealf-rnappiug can be carried for­ 
ward with accuracy and expedition. His work has been somewhat 
aided and the general correlations have been greatly facilitated by a 
section through the San tee river region, constructed by Dr. Loughridge.

Work in the piedmont region. When Dr. George H. Williams began 
detailed petrographlc and geologic studies in the vicinity of Baltimore, 
little was known concerning the origin, age, and relations of the broad 
belt of crystalline rocks lying between Baltimore and the Blue ridge. 
For some years his studies were confined chiefly to petrography with 
the view of developing criteria for the classification of the crystalline 
rocks. At a later stage he entered upon a reconnaissance of a large 
tract in the piedmont region with the view of applying the results 
of his petographic work to the development of a classification of the 
crystalline rock masses; and after classing these rocks geologically, 
he proceeded to detailed mapping and has completed the areal surveys 
for three atlas folios and nearly completed the surveys for as many 
more, his detailed surveys covering an area of about 3,000 square 
miles.

It is just to say that these researches and surveys in an area of 
crystalline rocks have been carried forward under my direction largely 
through reasons of administrative convenience. It is also just to say 
that Dr. Williams's work and the results thereof are of the highest char­ 
acter, and have added materially not only to our knowledge of the dis­ 
tribution of various crystalline rocks in Maryland, Virginia, and Penn­ 
sylvania, but have yielded important and valuable contributions to 
science.
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Surveys in Alabama. For many years the formations of central 
Alabama eluded the efforts of geologists who sought to classify them, 
and deposits of widely different ages were sometimes combined. Fur­ 
thermore, in the dearth of systemic knowledge concerning the relations 
of the deposits, agricultural and other industries were not properly ad­ 
justed to the natural conditions, and thus the area in question came to 
be known as the "poor man's belt." By means of the method of 
study developed in the Potomac Division, these formations were dis­ 
criminated and classified, and Dr. Smith has successfully extended 
this classification over a considerable portion of lowland Alabama, his 
detailed reconnaissance being now so complete that areal mapping can 
be commenced and carried forward expeditiously as soon as the topo­ 
graphic bases are provided. A part of Dr. Smith's results have been 
published in Bulletin 43, and other results are uow in course of prepa­ 
ration.

Special work in South Carolina. Early in the history of the reconnais­ 
sance of the coastal plain it was found especially needful to construct a 
section across this province in South Carolina along the line of the 
Santee river, and the task was delegated to Dr. R. H. Loughridge. 
The section was constructed with success, and the general structure of 
a considerable zone transecting the province was obtained. A detailed 
report 011 the subject forms part of the archives of the Potomac 
division.

Reconnaissance in the eastern Gulf slope. One of the requisites in 
the reconnaissance of the coastal plan was the correlation of the for­ 
mations of two somewhat dissimilar portions of the province. The 
prevailing formations of the Atlantic slope are littoral and marine 
deposits of great horizontal extent but limited thickness, while the 
prevailing formations of the Gulf slope are more or less completely 
estuarine and of considerable thickness, though sometimes of limited 
horizontal extent; and, moreover, the deposits, being made up of the 
debris of dissimilar rocks, are measurably unlike. Since the first step 
in correlation by homogeny is local study of conditions of genesis, it 
thereby became necessary to make detailed examinations of the forma­ 
tions in the Mississippi embayment and thence eastward along the 
Gulf coast to Florida, where the Gulf facies gives place to the ocean 
facies. To meet this need, Mr. L. C. Johnson made extended observa­ 
tions on the several estuarine, littoral, and estuaro-marine formations 
of the Mississippi embayment and traced them eastward to the Floridian 
peninsula, recording the progressive changes in composition, struc­ 
ture, and volume. In connection with this stratigraphic work he made 
also detailed observations on the iron ores, ochers, pottery and brick 
clays and other resources of the region. Some of Mr. Johnson's results 
have been published in the reports of the Survey, and others remain 
in the archives of the division. 

14 GEOL  16
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Detailed surveys in the Middle Atlantic slope. The reconnaissance of 
the coastal plain was begun in the Middle Atlantic slope; and as the 
preliminary work began to yield definite results, detailed surveys were 
instituted in the same area. The greater part of this work has been 
executed by Mr. N. H. Barton, who has made areal surveys for about 
thirty atlas sheets and detailed reconnaissance in contiguous areas not 
yet surveyed topographically, covering an area equal to about ten addi­ 
tional sheets. The aggregate of the final mapping is abont 15,000 
square miles, and of the surveys ready for transfer to topographic bases 
as soon as done, 5,000 square miles or more, or about 20,000 square 
miles, of which some 5,000, however, represents water surface. Mr. 
Darton's work has been conducted with great energy and zeal. The 
total cost of the surveys (excluding water surface) has not exceeded 
$10,000, or less than 70 cents per square mile.

In addition to the areal surveys, Mr. Darton has given attention to 
various economic resources, principally the greensand marls, infusorial 
earths, brick clays, road material, pottery clays, and iron ores. More- 
ever he has made considerable reconnaissances and some detailed sur­ 
veys in New Jersey and New York; and all such work has been con­ 
ducted with energy and economy, and has yielded large and useful re­ 
sults.

Surveys in New Jersey. During two seasons and a part of a third 
Dr. William B. Clark was employed in detailed surveys in central New 
Jersey. In earlier years the geologic structure of New Jersey was 
made out roughly by paleontologic methods; but with the development 
of more refined methods of study in the coastal plain it was found that 
the earlier determinations were unsatisfactory, and it was for this 
reason that a detailed survey was commenced, in accordance with the 
new method. The first season was spent chiefly in reconnaissance with 
a view to the classification of the formations; during the second and 
third seasons Dr. Clark proceeded to areal mapping, coloring two atlas 
sheets of nearly 500 square miles by detailed surveys, including exam­ 
ination of the economic resources. He also made eminently important 
and fruitful researches into the origin of the greensands of the coastal 
plain. The results of these researches are so definite and tangible as to 
permit genetic classification not only of the glauconite itself but of the 
glauconitic formations, to the extent that for the first time these for­ 
mations may be classified and correlated by homogeny.

Special researches in the Mississippi embayment. Several formations 
of the coastal plain are composed of materials derived from the same 
land area and deposited by similar agencies; they are accordingly ex­ 
ceptionally difficult to discriminate and classify by physical characters, 
and those of closest physical similarity are devoid of fossils. To aid in 
the discrimination of these formations, microscopic and chemic re­ 
searches are sometimes required. Such researches, covering the Col­ 
umbia, Lafayette, and associated formations in the Mississippi embay-



THE HEADS OF DIVISIONS. 243

ment, were commenced by Dr. E. W. Hilgard in the summer of 1891, 
and materials were collected and carried to Dr. Hilgard's laboratory at 
Berkeley, California. The results of this work, although not yet com­ 
plete, have been found highly useful.

Miscellaneous surveys and reconnaissances.   in addition to the forego­ 
ing work relating to the coastal plain, certain special reconnaissances 
and researches have been directed. One of these was a reconnaissance 
of southwestern Kansas, executed by Mr. Eobert Hay, the results of 
which were published in a bulletin of the Survey. Another was a 
special study and areal survey of the formations and material resources 
of the Fort Riley military reservation in central Kansas. This work 
also was executed by Mr. Hay, and the immediate results thereof were 
communicated to the military authorities at Fort Riley ; the more general 
results are awaiting publication. Studies of the rock gas and petro­ 
leum fields of Indiana and Ohio, with the preparation of reports 
thereon, were also conducted under my general direction.

For the purpose of tracing the materials of the coastal plain depos­ 
its to their sources and extending the correlation between the products 
of degradation and those of deposition, a trip was made in 1885 up the 
Potomac to the head of the southern branch, across the mountain di­ 
vide and down the further slope as far as Pittsburg aiid Wheeling; 
and in 1887 a similar trip was made up the Susquehanna (whose lower 
reaches display the effects of an anomalous law of river work, whereby 
lateral corrasiou is greatly in excess in the upper layers of the flowing 
water at flood stages) as far as Berwick, down the Lehigh to its mouth 
and down the Delaware from Belvidere to Wilmington. Both trips 
were made on foot, and both yielded valuable data, which are in part 
incorporated in various reports.

Scientific results.   The principal scientific results of the work, includ­ 
ing researches executed at personal cost and contributed to the Bureau 
may briefly be enumerated as (1) the demonstration of the origin 
of the loess in a specific area; (2) the elucidation of certain prin­ 
ciples of glacial action; (3) the discrimination and classification of a 
wide variety of topographic forms resulting both from ice action and 
water action; (4) the development of the "law of land profiles," the 
"law of varigradation," and the "law of foothills;" (5) reconnaissance 
mapping of the rock formations and superficial deposits over an area 
of 16,500 square miles in Iowa, together with reconnaissance in con­ 
tiguous portions of the state, amounting to fully 3,500 square miles 
additional; (6) the reconnaissance of an area of 325,000 square miles 
in the coastal plain and immediately contiguous territory in south­ 
eastern United States; (7) general mapping of the geologic systems of 
the United States in 1884 and 1893; (8) the discrimination and founding 
of three formations of wide extent and great significance in the history



244 ADMINISTRATIVE REPORTS BY

of the continent; (9) the elucidation of a considerable part of the Neo­ 
zoic continental history of the southeastern United States; (10) the 
development of a new means of geologic research and correlation, i. e., 
homogeny, and the employment thereof in obtaining results more defi­ 
nite than could be obtained in any other way; (11) substantial contri­ 
butions to the science of geoinorphy and the direct application thereof 
for the first time in structural and economic studies; (12) the approxi­ 
mate determination of the extent and limitations of isostasy; (13) con­ 
tributions to knowledge of general deformation in the terrestrial crust; 
(14) a study of the origin and distribution of the hydrocarbons; (15) 
the formulation of the principles of evidence concerning the geologic 
antiquity of man; (16) the development of a genetic taxonomy of geol­ 
ogy, by which the science is at once simplified and brought into bar 
mony with other branches of knowledge; together with numerous 
collateral and ancillary results.

Economic results. Since most of the researches and surveys thus 
far undertaken have not yet been so far completed as to yield final 
data, the economic results of the work are not equal to the scientific 
results; yet economic results of considerable value have been obtained. 
Among these may be mentioned (1) the areal mapping of the soil--nak- 
ing deposits over an area of 16,500 square miles in northeastern Iowa; 
(2) the reconnaissance mapping of the soil-making deposits over an 
area of 325,000 square miles in the coastal plain and contiguous terri­ 
tory; (3) a study of "old-field" erosion, particularly in the southern 
states (in one of which the annual loss by this cause is estimated to 
exceed the aggregate revenues of the state from all sources), with the 
view of devising means of prevention, and the publication of partial 
means for staying the destruction; (4) a study of the subsidence of 
the Atlantic and Gulf coasts (which is now proceeding at such rate as 
to involve an annual loss of hundreds of thousands if not millions of 
dollars), with a view of devising means for reducing the destruction 
wrought thereby; (5) an examination of drinking waters, with the 
view of guarding against the evil of contamination; (6) researches oji 
floods and floodplains, to the end that an enormous annual tax, in the 
form of destruction of life and property, may be saved; (7) the de­ 
tailed mapping, chiefly by collaborators, of an area of about 16,000 
square miles in Maryland, Virginia, and Few Jersey; together with (8) 
investigations of greensand marls, phosphates, hydrocarbons, ochers 
and iron ores, brick and pottery clays, road material, gold, building 
sand, artesian water, and other resources of a large region of con­ 
stantly increasing industrial activity and material wealth.

I have the honor to be, with great respect, your obedient servant,
W J McGEE, 
Geologist in charge.

Hon. J. W. POWELL,
Director U. 8. Geological Survey.
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REPORT OF MR. S. F. EMMONS.

U. S. GEOLOGICAL SURVEY,
COLORADO DIVISION, 

Washington, D. (7., June 30,1893.
SIE : During the month of July, 1892, the members of the division 

under iny charge were employed in office work, which was mainly the 
preparation for the press of the material for the various reports in 
progress. Preliminary work was also done towards preparing for the 
summer's field work of 1892. lip to within a short time before the 
close of the previous fiscal year it had been expected that the geologi­ 
cal field work for a study of the ore deposits of the Aspen mining dis­ 
trict, for which a topographical basis had already been prepared dur­ 
ing the previous summer, would be actively prosecuted this summer, 
and that an additional geological assistant would be assigned to the 
division for this work. It had been found by you impracticable to 
carry out this plan, and I then submitted to you a scheme for making 
reconnaissance surveys of the new mining districts of Cripple creek 
and Creede, in Colorado, in the former of which gold ores and in the 
latter silver ores in considerable quantity, and in a somewhat unusual 
manner of occurrence, had been developed during the preceding year. 
It was my idea that a reconnaissance survey, though not of final scien­ 
tific value, might yet lead to valuable generalizations for the industry, 
and would probably prove of considerable value to the respective min­ 
ing communities in facilitating a more intelligent and systematic devel­ 
opment of their mineral wealth. This scheme met your preliminary 
approval, but had to be abandoned after the final passage of the an­ 
nual appropriation bill. My official connection with the Survey ceased 
on the 5th of August with the passage of the appropriation bills, but 
with your approval I have continued my work on the Survey without 
salary in order to make available to the public as rapidly as possible 
the material gathered by myself and assistants. My own work on 
the Ten Mile and Denver basin reports was temporarily laid aside 
in order to secure more prompt publication of the Crested butte 
and Anthracite sheets of the Geological Atlas of the United States, 
which, with their corresponding economic and structural sheets and 
explanatory texts, were completed during the winter and are now in 
the hands of the printer. In the early part of the calendar year I pre­ 
pared a paper on the " Geological Distribution of the Useful Metals in 
the United States," to be read before the international Congress of min­ 
ing engineers at the Columbian Exposition at Chicago during the present 
summer, which, though not strictly a Survey work, is based on infor­ 
mation gathered during my connection with the Survey, and tends to 
promote the objects for which the Survey was organized. This work,
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together with editorial labor on the Compte Rendu of the Fifth Inter­ 
national Congress of Geologists, and a certain amount of time unavoid­ 
ably taken up by private affairs, has somewhat delayed the prepara­ 
tion of the reports above mentioned and some other unpublished Sur­ 
vey material, which, however, I hope to have completed and ready for 
publication during the ensuing year.

Very respectfully, your obedient servant,
S. P. EMMONS,

Geologist in charge. 
Hon. J. W. POWELL,

Director U. S. Geological Survey.

REPORT OF MR. J. S. DILLER.

U. S. GEOLOGICAL SURVEY,
CASCADE DIVISION, 

Washington, I). G., June 30,1893.
SIR : I have the honor to submit the following report of work done 

in the Cascade Division during the year ending June 30,1893:

FIELD WORK.

July 1, 1892, I arrived at Taylorville, California, and organized a 
party consisting, beside myself, of a cook and a teamster, with a com­ 
plete outfit for camping. The immediate object of the field work was 
to complete the mapping of the northern end of the Sierra Nevada 
lying within the Honey lake sheet on a scale of 4 miles to an inch, 
and the special Indian valley sheet, including the mining region about 
Greenvillei, on a scale of 2 miles to an inch.

The party proceeded by way of Genesee valley to Chase's and thence 
eastward across the broad platform about the upper portion of Bed 
Clover, Last Chance, and Indian creeks along the eastern escarpment 
of the range, outlining the areas of diorite, lava, and auriferous gravels 
of that region.

July 24 the party returned to Taylorville on its way to Greenville 
to complete the Indian valley sheet, but receiving dispatches which, 
on account of diminished appropriations, contained instructions to 
close field work, the party at once disbanded. The only other field 
work carried on since then has been by James Storrs. He made two 
collections of fossils, which will be referred to later.

OFFICE WORK.

Returning to Washington, D. C., early in August, I at once began the 
preparation of the Lassen peak atlas sheet for publication and an ad­ 
ditional series of maps illustrating the areas surveyed within the Honey
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lake, Bed bluft', Mount Shasta, and Modoc sheets in California, arid 
the Ashlaud and Kirby sheets in Oregon.

A preliminary edition of the Lasseu peak sheet was printed in 
November, 1892. The folio contains, beside the topographic map, five 
sheets, (1) explanatory text, (2) descriptive text, (3) areal geology, (4) 
economic geology, (5) illustrations of the cinder cone. The descrip­ 
tive text gives briefly the geologic history of the region and an account 
of its economic interests. Upon the sheet showing the areal geology 
all the formations are printed with equal distinctness, but upon the 
economic sheet the auriferous slates, the auriferous gravels, mines, 
prospects, and other features of economic importance are printed in 
stronger colors to call special attention to their distribution. The cin­ 
der cone is the youngest volcano in that region, and its history illus­ 
trates the most important features of all the others.

As a result of work carried on at intervals for a number of years I 
was led to the conclusion that the Ohico and Horsetowu beds of the 
later Cretaceous formations were both stratigraphically and faunally a 
continuous series. The paleontologic evidence was not complete, and 
in September I sent James Storrs to Horsetown and Texas springs 
to make the collections necessary to settle the question. The fossils 
collected by Mr. Storrs, as well as a large number collected by myself, 
J. Stanley Brown, and Will Q. Browne, were studied by Mr. T. W. 
Stauton, who has demonstrated the faunal continuity of these beds. 
This result, with others concerning the Cretaceous and early Tertiary 
rocks of northern California and Oregon, were communicated to the 
Geological Society of America and published in its bulletin (Vol. 4, pp. 
205-224, April, 1893).

Although the Knoxville and Horsetowu beds of the Shasta group 
are regarded as having been deposited as a continuous series of sedi­ 
ments, the evidence of faunal continuity was not wholly satisfactory. 
To get the needed fossils, Mr. Storrs was sent to make collections near 
Paskeuta, in Tehama county. His collections have been received and 
studied by Mr. Stantou. A number of new species have been discov­ 
ered, but the relation of the Knoxville and Horsetown beds has not 
yet been fully established.

In the course of the field work in northern California there have 
been discovered at many points traces of earlier topographic features 
in strong contrast with those of to-day. These features are associated 
with the auriferous gravels and have an important bearing on their 
origin. The results of a study of these features and the subsequent 
development of the present mountain ranges are given in this volume 
in a paper entitled " The Tertiary Revolution in the Topography of 
the Pacific coast."

Mr. I. C. Russell, who made a reconnaissance of central Washing­ 
ton last season, and has since been appointed professor of geology in 
the University at Ann Arbor, Michigan, submitted his report in De-
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cember. It is a valuable contribution, not only on account of its im­ 
portant bearing upon the artesian resources of the country, but also 
on account of the light it throws upon the later geological history of 
Washington. The report will appear as Bulletin No. 108. It is now 
in press aud will soon be issued.

PETROGRAPHIC LABORATORY.

On account of the reduced appropriations, it became necessary at 
the beginning of the year to curtail the working force in the petro- 
graphic laboratory and stop all work upon the educational series of 
rocks. Mr. Paul, who was temporarily employed, was dropped from 
the rolls, but on account of the pressing need of his services I retained 
him for three mouths at my own expense. Mr. W. S. Hunnell was 
transferred to the Patent Office October 1,1893.

Mr. Hermann Ohm, who since 1884 has been connected with the 
laboratory, was taken ill about January 1 and died March 28. He 
was the best preparator of thin sections of rocks in this country, and 
in his death the Survey sustains a serious loss. Mr. E. G. Paul has 
been again employed temporarily since March 6, and during my ab­ 
sence will have charge of the laboratory. Since April 1, by special 
arrangement, only half his time is devoted to the laboratory; the other 
half, under the direction of Mr. Willis, is devoted to proof reading geo­ 
logic maps.

Mr. Fred C. Ohm has been at work continuously in the petrographic 
laboratory throughout the year. About 3,300 thin sections have been 
made during the year, and over 450 specimens sawed and polished or 
otherwise specially prepared for study.

Before closing this report I desire to express my grateful acknowl­ 
edgments to the paleontologists, C. D. Walcott, Alpheus Hyatt, W. 
H. Dall, and T. W. Stantou, as well as the paleobotanists, Lester F. 
Ward and F. H. Knowlton, who have so promptly and courteously re­ 
sponded in every case to my requests for information. 

Very respectfully, your obedient servant,
J. S. DlLLEK,

Geologist in charge. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF MR. WHITMAN CROSS.

U. S. GEOLOGICAL SURVEY,
Washington, D. C., June 30,1893.

SiE: I have the honor to submit herewith a report of progress of the 
work under my charge during the year ending June 30, 1893.

Until August 5 I was engaged, as heretofore, as assistant to Mr. 
S. F. Einmons in the completion of various monographs of districts in
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Colorado. After that date I was engaged for several weeks in the 
continuation of my work upon these monographs. I then devoted some 
time to the study of the materials collected by myself in Middle park, 
Colorado, in the summer of 1891, and prepared an article embracing 
the results of my work in that district, which was published in the 
proceedings of the Colorado Scientific Society in October, 1892.

I then examined the metainorphic rocks of the interesting section 
exposed near Salida, Colorado, a district visited also in the summer of 
1891. The results of this study were presented to the Colorado 
Scientific Society at the January meeting, 1893, and have since been 
published in the proceedings of that society. During the winter 
months a considerable part of my time was occupied in the final prep­ 
aration, proof-reading, etc., incidental to the publication of the 
Anthracite and Crested Butte atlas sheets, Colorado, in which dis 
trict the geology of the eruptive rocks had been worked out by myself 
under Mr. S. F. Einmons. The preparation of my portion of the 
descriptive text to accompany these atlas sheets also occupied consid­ 
erable time.

Since January 1 1 have been principally engaged in preparing a 
comprehensive article upon the occurrence and characteristics of the 
laccolitic rocks of Colorado and adjacent territories for the Fourteenth 
Annual Eeport. The preparation of this article was rendered desir­ 
able from the fact that the West Elk mountains of Colorado, a part of 
which are included in the Anthracite and Crested butte sheets, are the 
first of the important areas of laccolitic rocks to be reexamined in 
detail, and the interesting results of the study led to the comparison 
with the classic locality of the Henry mountains and with similar 
groups of the plateau country.

In the months of May and June I spent some time in the study of 
materials already in my possession from the Pike's peak district, iu 
Colorado, which is to be my field of work for the coming season.

The following is a list of the scientific articles published by me 
during the past year:

Post-Laramie Deposits of Colorado. Am. Jour. Sci. July, 1892. 
A New Occurrence of Ptilolite (with L. G. Eakins). Am. Jour. Sci., August, 1892. 
Post-Laramie Beds of Middle Park, Colorado. Proc. Colo. Sci. Soc., October, 1892. 
On a series of peculiar Schists near Salida, Colorado. Proc. Colo. Sci. Soc., 

January, 1893.

Very respectfully, your obedient servant,
WHITMAN CROSS,

Hon. J. W. POWELL, Geologist. 
Director U. 8. Geological Survey.
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REPORT OF MR. GEORGE H. ELDRIDGE.

TJ. S. GEOLOGICAL SURVEY,
FLORIDA DIVISION, 

Washington, D. G., June 30,1893.
SIR : I have the honor to submit the following report of the Florida 

Division for the fiscal year 1892-'93:
With the exception of a few days at the beginning of the year, occu­ 

pied by Mr. A. Buford, prior to his discharge, in securing the results of 
the preceding field season, work has been wholly confined to the office, 
and embraces a study of the collections made, consideration of field 
notes taken, and the acquisition, by mail, of certain details of the 
phosphate industry.

Instructions issued by you at the beginning of the year authorized 
me to direct my efforts toward completing the reports upon the eco­ 
nomic and general geology of the Elk mountains, Colorado, and upon 
the geology of the Denver basin, embracing its coals, building stones, 
and artesian waters. Both reports, including numerous maps and 
structure sections, are now ready for the printer, awaiting only the 
approval of Mr. S. F. Einmons, under whose direction the work was 
done.

Very respectfully, your obedient servant,
GEO. H. ELDRIDGE,

Geologist in charge. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF PROF. B. K. EMERSON.

U. S. GEOLOGICAL SURVEY,
Washington, D. C., June 30, 1893.

SIR : I have the honor to submit the following report of work ex­ 
ecuted by me for the Geological Survey during the fiscal year ended 
this day.

My field work comprised the geologic mapping of the Fitchburg, 
Groton, and Brookfield atlas sheets, all in Massachusetts. The three 
sheets were well advanced toward completion.

My office work consisted in (1) the revision of, and preparation of 
legends for, nine sheets of surface geology and nine sheets of solid ge­ 
ology, which had been previously mapped, and (2) the preparation of 
nine special descriptive texts for this series of nine sheets and of three 
general texts to accompany the same series. The three general texts
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here mentioned relate to the Green mouatain area in Massachusetts, 
to the Triassic area of the Connecticut river, and to the Pleistocene 
deposits of the Connecticut river valley. In addition to the above I 
made preliminary drafts of several sheets in Worcester county, Massa­ 
chusetts, in which work I was very efficiently assisted by Mr. Joseph 
H. Perry; and I also found time to revise the text of my monograph on 
the Connecticut river region.

The mineralogic and microscopic study in the laboratory of ma­ 
terials gathered in the course of field work also received a share of at­ 
tention during the year.

Eespectfully submitted.
BEN. K. EMERSON.

Hon. J. W. POWELL,
Director U. 8. Geological Survey.

REPORT OF MR. T. NELSON DALE.

U. S. GEOLOGICAL SURVEY,
Williamstown, Mass., July 1, 1893.

SIR: I have the honor to submit the following report of the work in 
my charge for the fiscal year ending June 30, 1893.

FIELD WORK.

The first few days of July were spent in completing the specimen 
structural Berlin sheet, with one section, which was forwarded to Mr. 
Bailey Willis. From July 5 to July 211 was at work with an assistant, 
Mr. L. M. Prindle, on the Clove sheet in eastern New York, and com­ 
pleted the areal geology of about 14 square miles near Poughquag, 
tracing a fault between the pre-Cambrian and the Lower Silurian for 7 
miles, and finding fossils in the Cambrian quartzite near its contact 
with the older gneisses. Three days of this time however were spent 
in visiting Washington at your order to confer with the head of the 
Division of Illustrations as to my report on the Eensselaer Plateau. 
During my absence Mr. Prindle continued the field work, but it was 
summarily stopped on July 21.

During July and August I spent some days at headquarters in New­ 
port, Ehode Island, entering the Clove sheet work, indexing note books, 
and labelling specimens to preserve the results for future use.

OFFICE WORK.

In the autumn, I completed and forwarded to you for publication 
papers on "The Structure of Monument Mountain in South Berkshire" 
and " The Structure of the Eidge between the Taconic and Green Moun­ 
tain Eanges in Vermont"; and I also made a lengthy report to you
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on the state of the work of the Archean Division and the force required 
to complete it.

From early in January to the end of March only one-half of my time 
was devoted to Survey work. During April and May I devoted only 
three days to Survey work. 

Very respectfully,
T. NELSON DALE,

Geologist. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF MR. C. D. WALCOTT.

TJ, S. GEOLOGICAL SURVEY, 
DIVISION OP PALEONTOLOGY, 

Washington, D. C., July 1, 1893.
SIK: I have the honor to present the following report of the opera­ 

tions conducted under my charge for the fiscal year ended June 30,1893.
At the beginning of the year the organization of the Paleontologic 

Branch was as follows: The Division of Paleozoic Invertebrates, in my 
charge; the Division of Mesozoic Invertebrates, in charge of Dr. C. A. 
White; the Division of Lower Mesozoic Invertebrates, in charge of Prof 
Alpheus Hyatt; the Division of Cenozoic Invertebrates, in charge of 
Dr. W. H. Dall; the Division of Paleobotany, in charge of Prof. Lester 
F. Ward; the Division of Vertebrate Paleontology, in charge of Prof. 
O. C. Marsh, and the Division of Fossil Insects, in charge of Prof. S. 
H. Scudder. This organization was continued until August 5, when 
by reason of the large reduction in the appropriation it became neces­ 
sary to reorganize upon a new basis. The several divisions above men­ 
tioned were merged into the Division of Paleontology, under the charge 
of the chief paleontologist, the division of the work and the personnel 
being as follows: Dr. W. H. Dall was placed in charge of the work on 
the Cenozoic invertebrates, with Mr. F. Burns as assistant; Prof. Les­ 
ter F. Ward in charge of paleobotany, assisted by Mr. David White; 
Mr. T. W. Stanton in charge of Mesozoic paleontology, with Mr. T. E. 
Williard as assistant. Prof. O. C. Marsh volunteered to continue the 
work in vertebrate paleontology, with the aid of his former assistants, 
Messrs. Hermann and Bostwick, who had been given honorary appoint­ 
ments with that endin view; Prof. Alpheus Hyatt also gave his services 
in the identification of fossils from the Lower Mesozoic rocks of Cali­ 
fornia; and Mr. C. D. Walcott was placed in general charge of the inves­ 
tigations in Paleozoic paleontology, with Mr. J. W. Gentry as assistant.

FIELD WOKK.

Owing to the reduction of appropriations very little field work was 
done after the 5th of August. Prior to that date Mr. T. W. Stanton was
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studying the strata and collecting fossils from the Mesozoic rocks of 
southern Utah, and Prof. Marsh was having collections made of verte­ 
brate fossils in Wyoming. Prof. Ward made numerous expeditions in 
the vicinity of Washington for the purpose of obtaining collectionsfrom 
the Potomac terrane. He also spent a week in investigating the deposits 
along the James and Appomattox rivers, a full account of which will 
be found iii his report. No field work was attempted by Dr. Dall. My 
field work was in connection with geologic work, for the purpose of ob­ 
taining data to remove the uncertainty relating to the geologic age of 
certain formations within a geologic atlas sheet embracing a portion of 
the Blue ridge in Maryland. As the geologic structure was complex 
it was decided to begin the investigation in a less disturbed area in 
Pennsylvania and from this to carry the correlation of formations south- 
westward to the Potomac. The first sections examined were on South 
mountain, Pennsylvania. Very little success having been met there the 
section along the Susquehanna river in York county, Pennsylvania, was 
next studied and the paleontologic key to the geologic succession of the 
lower portion of the Paleozoic formations was discovered. By the use 
of this the succession of the formations on South mountain was deter­ 
mined and the correlation continued to the Potomac. Numerous local­ 
ities of fossils were found in both Pennsylvania and Maryland, and 
satisfactory data were obtained for the correction of the geologic map. 
This work was finished in August. At intervals, during the year, collec­ 
tions of middle Cambrian fossils were made by Mr. Henry Bufford in 
northern Alabama.

OFFICE WOKK.

As Chief Paleontologist I attended to the various administrative 
duties connected with the Division of Paleontology. The several 
monthly administrative reports were received and a summary thereof 
was embodied in my monthly report. The details of the work of the 
division are given in the reports of the persons having the various 
divisions of the work in charge.

Except when in the field, during July and August, I was engaged, 
under your direction, in attending to matters relating to the Division 
of Paleontology. In September nearly all of my time was taken up in 
the preparation of a paper upon the results of the field work of the 
previous month in Pennsylvania and Maryland. In October I 
began the assembling of data to serve as the basis of a statement of 
the paleontologic work accomplished by the Geological Survey from 
its organization in 1879 to July 1, 1892. This was continued, with 
more or less interruption, through November and December. In this 
connection each of the former chiefs of divisions prepared a statement 
of the work done under his charge while connected with the Survey. 
In January I also took charge, under your direction, of a part of the 
administrative work relating to geology and continued it to the close 
of the fiscal year.
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Throughout the year I gave attention at various times to the prepa­ 
ration of a collection of rocks and fossils illustrating the stratigraphic 
succession from the Archean to the Pleistocene, inclusive, for exhibi­ 
tion at the World's Columbian Exposition. Dr. Dall prepared the 
Eocene and Neocene portion of the exhibit; Mr. Stantou, the Creta­ 
ceous; Prof. Hyatt, the Jura-Trias. A considerable portion of the 
Devonian and Carboniferous material was selected by Prof. H. S. Wil­ 
liams; the greater part of the Archean and Algonkian specimens by 
Prof. C. R. Van Hise, and the final arrangement of the upper Pa­ 
leozoic specimens and the proof reading of all the labels were attended 
to by Mr. Stanton, who was engaged in the work for several months. 
My personal attention was given to a general supervision of the work 
and to the Cambrian, Ordovician, and Silurean series of rocks and 
fossils and to the filling out of the Devonian, Carboniferous, Archean, 
and Algonkian portions of the exhibit. In April Mr. Stanton went 
to Chicago and installed the entire collection in the exhibition cases. 
The collection includes over 2,500 species of fossils represented by 
upwards of 7,500 specimens, and the rock series numbers between 1,500 
and 1,800 specimens. A number of large specimens were forwarded 
for exhibition in special cases, and Prof. Marsh sent a beautiful series 
of large drawings of resorations of several of the great vertebrates 
from the Jurassic, Cretaceous, and Tertiary formations.

As opportunity offered, I continued the preparation of material for 
a review of the middle Cambrian fauna. The collections from Alabama 
were all examined and a preliminary classification was made of the 
genera and species.

Prof. Henry S. Williams transferred from Ithaca, New York, to New 
Haven, Connecticut the Devonian and Carboniferous fossils in his charge 
with the exception of a large number of duplicate specimens which were 
sent on to Washington, District of Columbia. Prof. Williams continued 
to give such time as he could command while at New Haven to the 
study of the Devonian faunas.

Mr. Charles Schuchert was employed during May and June to work 
on the collections of middle Cambrian and upper Cambrian fossils of 
the upper Mississippi valley. The collection, which fills about one 
hundred unit drawers, will be used in the preparation of memoirs on 
the Cambrian faunas.

Mr. Gentry remained in charge of the clerical work of the office dur­ 
ing the year.

The authorities of the National Museum gave me every facility for 
conducting laboratory work, and furnished one assistant to attend to 
the miscellaneous work in connection with the handling and recording 
of the collections.

During the year three papers were published, as follows:
Notes on the Cambrian Rocks of Virginia and the Southern Appalachians, by 

Chas. D. Walcott. Am. Jour. Sci., vol. 44, July 1892, pp. 52-57.
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The North American Continent during Cambrian Time, by Cluis. D. Walcott. 
Twelfth Ann. Rep. U. S. Geol. Survey for 1890-'91, published 1892, pp. 523-568, three 
maps, one page of sections and figs. 73-78.

Notes on the Cambrian Rocks of Pennsylvania and Maryland, from the Susque- 
hanna to the Potomac, by Chas. D. Walcott. Am. Jour. Sci., vol. 44, 1892. pp. 
469-482.

Yours, with respect,
CHAS. D. WALCOTT,

Geologist in charge. 
Hon. J. W. POWBLL,

Director U. S. Geological Survey.

REPORT OF MR. T. W. STANTON.

U. S. GEOLOGICAL SURVEY,
Washington, D. C., June 30, 1893.

SIR : I have the honor to submit the following report of work done 
on invertebrate Mesozoic fossils during the fiscal year ended June 
30, 1893.

FIELD WORK.

At the beginning of the fiscal year I was in the field at Castle Gate, 
Utah, continuing the work that had been begun in May under instruc­ 
tions from Dr. C. A. White, chief of the division. The objects of 
the season's work were to study and collect fossils from the Mesozoic 
strata at a number of localities in southern Utah; to examine the 
Laramie and Eocene strata in San Pete and Price river valleys with 
special reference to the blending of their faunas; to continue the study 
of the Coalville Cretaceous section, and of the neighboring exposures 
in Weber valley and on Bast canyon creek. In all these examinations 
special attention was given to the study of the Colorado formation 
and to the search for the fauna of the Bear River formation.

Much interesting paleontologic material was added to the collec­ 
tions, and the Cretaceous sections of different parts of Utah were cor­ 
related with each other. The Bear river fauna was not found, and it 
probably does not now exist south of the original localities in south­ 
ern Wyoming. I was recalled from the field on July 23.

OFFICE WORK.

During July and until August 6, when his resignation was ac­ 
cepted by the director, Dr. C. A. White continued writing a series of 
essays on "The Relation of Biology to Geological Investigation," which 
were prepared in connection with the study of the nonmarine Creta­ 
ceous formations of North America.

After *my return from the field I revised and completed the manu­ 
script for a bulletin on " The Colorado Formation and its Invertebrate 
Fauna," and it was submitted for publication.
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In October I was directed by Mr. 0. B. Walcott to assist in select­ 
ing and preparing a series of invertebrate fossils for exhibition at the 
World's Columbian Exposition. This work was continued at intervals 
until May 10, occupying my time for about four and a-half months 
the last month of which was spent in Chicago in the installation of 
the exhibit of invertebrate fossils and rock specimens.

Several small collections of fossils sent in by other members of the 
Survey have been examined and reported on during the year. The 
most important of these was obtained by Mr. J. S. Diller from the 
Cretaceous (Horsetown) beds in northern California. It showed an in­ 
timate blending of the Horsetown (upper Shasta) and Chico faunas, 
and thus completed the proof of the fact that there is no great strati- 
graphic break between the Horsetown beds and the Chico formation. 
The data obtained from the study of these fossils are embodied in 
papers by Mr. Diller on "Cretaceous and early Tertiary of northern 
California" l and by myself on "The Faunas of the Shasta and Chico 
Formations". 2

Considerable time has been spent in the study of other accumulated 
collections of Cretaceous fossils, particularly those from the Pacific 
coast, and a large part of the proof of Dr. 0. B. Boyle's Bibliography 
and Catalogue of Mesozoic Invertebrates has been read.

The most of the survey collections studied during the year have 
been entered in the catalogue of the National Museum. The number 
of specimens thus transferred is 5,392, belonging to 160 species. This 
includes much of the new material treated in "The Colorado Forma­ 
tion and its Invertebrate Fossils," with the types of thirty-eight spe­ 
cies there described as new.

Mr. T. E. Williard has rendered efficient service throughout the year 
in the clerical and other routine work of the office, such as unpacking 
and recording fossils, preparing them for study, cataloguing, label­ 
ing, etc.

Very respectfully,
T. W. STANTON,

Hon. J. W. POWELL, Assistant Paleontologist. 
Director U. 8. Geological Survey.

REPORT OF MR. W. H. DALL.

U. S. GEOLOGICAL SURVEY,
Washington, D. 0., July 1, 1893.

I have the honor to submit the following report on the work in Ce- 
iiozoic paleontology during the year ending June 30,1893:

I have been assisted by Mr. Frank Burns, who has faithfully attended 
to the duties assigned to him, chiefly comprising the cleaning, assort­ 
ing, and arrangement of specimens on hand.

1 Bull. Geol. Soc. Am., vol 4, pp. 205-224. 2 Op. cit, pp. 225 et. seq.
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[ have gratefully to acknowledge the volunteer aid afforded on sev­ 
eral occasions by Mr. Joseph Willeox and Mr. Charles W. Johnson, of 
the Wagner Institute of Science, Philadelphia; Mr. T. H. Aldrich, of 
Alabama; Mr. H. A. Pilsbry, of the Academy of Natural Sciences in 
Philadelphia, and other correspondents who have given assistance in 
various ways, both personal and official, beside the use of specimens for 
comparison which could not otherwise have been consulted. To 
the authorities of the National Museum I am indebted for clerical assis­ 
tance at various times. To Prof. Heilprin arid the authorities of the 
Academy of Natural Sciences, Philadelphia; Prof. Alex. Agassiz, of 
the Museum of Comparative Zoology, Cambridge, Mass., and to Prof. 
E. P. Whitfield, of the American Museum of Natural History, New 
York,I am indebted for the opportunity of consulting books and typi­ 
cal specimens necessary to the proper prosecution of the work upon 
which I have been engaged.

OFFICE \VORK.

The routine work has consisted, as in previous years, largely in 
the cleaning, assorting, classifying, recording, naming, labeling, cata­ 
loguing, and arranging in order for easy reference and study the fossils 
of Ceiiozoic age and their later related forms. Next to this in amount 
of labor comes the reporting upon collections made by members of the 
Survey in order to determine the age of the beds in which they are 
found. Similar reports are frequently requested by private students 
of geology to assist them in studies of local geology, and by directors 
of state surveys, who find themselves limited in means of identification, 
literature, and specimens for comparison in regions without large libra­ 
ries or museums. Many such applications are made yearly, and, when­ 
ever possible, the requests have been complied with. In 1891-'92 the 
number of communications requesting information which were received 
by me was 208 from 114 different people. In 1892-'93 there were 330 
communications from 96 different people, the response to which in­ 
volved the writing of over GOO pages of manuscript. For want of 
clerical assistance, and by reason of being so busily engaged, no record 
has been kept by me of the number of specimens identified either for 
members of tlio Survey or others.

A series of 21(5 characteristic Tertiary species, properly selected and 
labeled, were sent to the World's Columbian Exposition as part of the 
general exhibit of the Survey.

The report on the Arkansas Tertiary fossils for the state survey was 
finished by Mr. Harris before lie left Washington, forwarded to Little 
Rock, and, I am informed, will shortly be printed.

The report on the fossils of the phosphate region of Florida, under 
the title of "Contributions to the Tertiary Fauna of Florida," was pub­ 
lished in December, 1892, by the Wagner Free Institute of Science, 
Philadelphia, forming part '2 of the work, which it is hoped to com- 

14 GEOL  17
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plete in three parts, the bivalves and general summary remaining to be 
finished. This report not merely enumerates, describes, and illustrates 
the fauna referred to, but contains a general discussion of many of the 
groups, together with other information useful to students of the 
Southern Tertiary fauna, bringing a much neglected subject nearly 
up to date. The illustration and printing of this work have been done 
without cost to the Survey, which is entitled to the use of the illustra­ 
tions in any future publication if they are desired. So far this report 
comprises 474 pages quarto and 22 plates.

The registrations of specimens during the past year amount to 4,800, 
of which 280 were of duplicate material, the whole work representing 
administration upon about 14,500 specimens. This work is nearly 
double what was accomplished in the same line last year, but was pro­ 
moted by clerical assistance received from the National Museum, and 
much of the preliminary work had been done in 1891-'92, leaving only 
the clerical duty of registration on part of the material.

COLLECTIONS.

Besides the collections already in hand, there were received from the 
Parisian Eocene through the International Exchange Bureau of the 
Smithsonian Institution a series of about 700 named species, authenti­ 
cated by Mr. Maurice Cossmann, of Paris, the chief authority on these 
fossils, which are very similar to those of Alabama.

A large series of fresh-water fossils from Austria, donated by the 
Austrian Museum of Geology, and most important for comparison, were 
delivered to me through Mr. Walcott. 

Very respectfully,
WM. H. DALL,

Paleontologist 
Hon. J. W. POWBLL,

Director U. S. Geological Survey,

REPORT OF MR. LESTER F. WARD.

TJ. S. GEOLOGICAL SURVEY,
Washington, D. C., June 30, 1893.

SIB : I have the honor to submit the following report of the paleo- 
botanical work done during the fiscal year closed June 30, 1893:

FIELD WORK.

Field work has been mainly confined to the vicinity of Washington 
and to Virginia. The local field work accomplished has been very 
successful, many new exposures having been investigated in and 
near this city, where excavations are in progress for the improve-
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ment of streets, etc., especially on Sixteenth street extended and 
Kansas avenue, which have furnished some of the best sections of the 
Potomac formation thus far made. Photographic views of the more 
important of these have been taken, and a careful study made of the 
structure and nature of the material. Imperfect plant remains, lig­ 
nite, and some fine specimens of silicified wood were collected. On 
September 18 I discovered an important plant-bearing layer within 
the excavation for the "new reservoir," yielding the older forms of the 
Virginia Potoinac, and have made a considerable collection of these 
plants. This locality is on the east side of the reservoir excavation; 
and I also found one on the west side, which, though less promising, 
has furnished interesting plants.

In the early part of October I found it necessary to proceed to Rich­ 
mond and spend a week in reinvestigating the deposits along the 
James and Appomattox rivers. Three days were given to the region 
about Richmond and the remainder to an excursion, by boat, down the 
James to Bermuda Hundred, and thence up the Appomattox to Peters­ 
burg. My special object in wishing to revisit these localities was to 
interpret the facts there presented in the light of all the information 
which I had been gathering during the two seasons that I have been 
studying the formation throughout its entire extent. The result of 
this expedition has been to furnish data for a section of the James 
river and another of the Appomattox.

The region to which the largest amount of attention has been paid 
during the year is that of the portion of the formation lying on the 
right bank of the Potomac between Washington and the Occoquan. 
In this region I have made many excursions, covering nearly every part 
of it. The interest has centered specially in the bluffs of the Potomac 
in the vicinity of Mount Vernon, and between Doag creek and Guns- 
ston's cove. These bluffs are very prominent and display the Potomac 
formation to good advantage. They also contain numerous plant beds. 
One of these latter was known to Prof. Foutaine and described by him 
under the name of "White House bluff." On October 16, I was so 
fortunate as to discover a much more valuable deposit a short distance 
below Mount Vernon, from which I have now made three fine collec­ 
tions, greatly increasing our knowledge of the flora of the Potomac 
formation. I have also discovered a second plant bed in the White 
House bluff, furnishing many forms not obtained at Prof. Fontaine's 
locality. These excursions were continued as late in the fall as the 
weather would permit and were resumed in April. On the ICth of 
that month a plant-bearing horizon was found in an entirely new 
locality, near Alexandria, on the Leesburg pike, half a mile from Fair­ 
fax seminary, in a small ravine known as Chinkapin hollow. This 
locality seems to be very close to the Archean margin and the forms 
are among the most ancient that are known from the formation. On 
May 14 a very successful collecting tour was made to the Mount
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Vernon and White House bluff localities, and a large amount of ma­ 
terial was obtained.

In much of this local h'eld work I have been assisted by the volun­ 
tary services of several persons interested in the result, especially Mr. 
Victor Mason and Mr. William Hunter, to whom I wish to express 
my thanks.

OFFICE AVOKK.

Prof. F. H. Knowltoii and Mr. Charles S. Prosscr resigned their po­ 
sitions as assistant paleontologists on July 10. Prof. Kuowlton was 
appointed assistant curator of the U. S. National Museum, in the de­ 
partment of fossil plants, and he has continued to cooperate with this 
division. As you are aware, the National Museum, on my recommen­ 
dation, has accepted the gift by Mr. R. D. Lacoe of his great collection 
of Paleozoic plants, with practically no conditions except that the In­ 
stitution put the collection in order before it is removed to Washington. 
Upon investigation it is found that this involves a great amount of 
labor, a large part of the collection consisting of unnamed duplicates, 
which must be identified and named before Mr. Lacoe is willing to have 
them shipped. As the National Museum has no expert skilled in this 
class of work, appli cation was made to the Geological Survey and I recom­ 
mended that Mr. David White be assigned to this duty, and that in 
exchange for his services thus rendered the National Museum permit 
Prof. Knowlton to continue the work that ho had begun on Laramie 
and post-Laramie plants, as already reported. This arrangement was 
accepted on the part of both the National Museum and the Geological 
Survey, and Mr. White has spent the greater part of the year at Pitts- 
ton, Pennsylvania, engaged in this work. It is still unfinished, and it 
is difficult to say how much time it will require.

Original research. I have devoted the greater part of my own time 
to the collections that have been made by myself and assistants in the 
lower Cretaceous formation during the past two years. These have 
now become very large. They include material from five different local­ 
ities in Alabama; Mr. White's collections from Marthas Vineyard and 
Long Island; considerable collections from Grove point at the mouth 
of the Sassafras river on the eastern shore of the Chesapeake bay, 
from Bodkin point below the mouth of the Patapsco, from Bound bay 
on the Severn river, and from a deposit on the abandoned Drum point 
railroad near the head of the Severn; large collections from near Bright- 
seat, Maryland, 10 miles east of Washington, from Pennsylvania av­ 
enue extended, the new reservoir, and Sixteenth street extended within 
the District of Columbia, from the point mentioned near Alexandria 
known as Chinkapin hollow, from Fort Foote on the Maryland side, 
and from Mount Vernon and the White House bluff, in Virginia. To 
these have been added a collection of seven boxes made by Mr. Charles 
H. Mead, of Sayrevillo, New Jersey, chiefly from a clay pit in the vicin­ 
ity of Milltowu, in the same State.
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This last locality was found by Mr. White and myself during the 
expedition which we made in June to the clay districts of New Jersey, 
mentioned iu my last administrative- report (Thirteenth Annual Re­ 
port U. S. Geological Survey, p. 150), but, owing to lack of time and 
facilities very few specimens were collected by us. I subsequently 
learned that Mr. Mead, residing at Sayreville and engaged in the clay 
pits, was willing to make a collection in exchange for documents which 
the Smithsonian Institution and Geological Survey were able to furnish 
him. I therefore negotiated with him to this end with result stated.

Putting all these collections together they till, alter having been 
worked out and carefully arranged for study, one hundred and twelve 
standard drawers of the U. S. National Museum, and represent as 
complete as fossil flora as we possess for any horizon in the geological 
series.

In the identification of this mass of material, however, I have labored 
under very great difficulties. As the present purpose is that of corre­ 
lating the deposits from which these collections were made with plant- 
bearing horizons already known, I have made little attempt to describe 
new species, or indicate those features which differ markedly from any 
known fossil flora, and have confined myself almost exclusively to iden­ 
tifying the forms in my collections with those described and illustrated 
in published works. All of these localities undoubtedly belong to the 
lower Cretaceous formation, and arc therefore more or less closely 
related geologically to the Potomac flora of Virginia and Maryland, as 
described by Prof. Foutaine, or to the flora of the Amboy clays, upon 
which Dr. Newberry had been engaged for many years prior to his 
death, and of which lie had prepared a monograph, giving many descrip­ 
tions and figures, that was nearly ready for publication when his work 
ceased. In my last administrative report (pp. 152-153) I referred to 
the difficulty under which I labored in not having access to this work 
of Dr. ISTewberry's, and to the necessity I was under of visiting Colum­ 
bia College for the purpose of examining his types. Since liis death 
his manuscript and drawings have been turned over to that institu­ 
tion, and Dr. Arthur Ilollick has been intrusted with the work of re­ 
vising and editing his posthumous works relating to fossil plants. On 
October 22 Dr. Low, president of Columbia College, called upon me 
in relation to Dr. Newberry's connection with the Geological Survey, 
the character and amount of Government material that was in his 
hands, and the proper course to pursue with regard to the publication 
of bis manuscripts based upon Geological Survey material. A satis­ 
factory arrangement was entered into, and it was agreed that these 
manuscripts be brought out by the Geological Survey as fast as Dr. 
Hollick could put them in order, and that the work of editing and pub­ 
lication should be conducted under the joint cooperation of Columbia 
College and the Geological Survey.

In conformity with this arrangement Dr. Rollick visited Washington
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on September 29, bringing with him Dr. dewberry's manuscript and 
plates of the flora of the Amboy clays in an unfinished condition, and 
the question of editing and perfecting the work was fully discussed at 
that time. He then returned with the manuscript, and by February 1 
had practically completed the revision of it. At my request, and with 
the consent of President Low, Dr. Hollick brought the manuscript to 
Washington and spent a week assisting me in identifying the forms I 
had collected with those of the Amboy clay flora. As he had drawn 
the greater part of the figures of that flora and was thoroughly familiar 
with the forms, he was able to recognize them among the new material 
wherever they occurred. The result was of the greatest possible advan­ 
tage to me in my studies, and has put me in position to go on and practi­ 
cally complete the correlation of the numerous florulas above named.

I have, however, extended this work of correlation to the Potomac 
flora of Virginia, as worked out by Prof. Fontaine, and Avith the flora 
of the Dakota group as published by Prof. Lesquereux in several mon­ 
ographs, especially in the large posthumous work on the Flora of the 
Dakota Group, edited by Prof. Knowlton, and recently published by 
the Geological Survey as Monograph No. XVII. I have now completed 
the preparation of an extensive table of distribution of all the species 
known from the loAver Cretaceous formation in North America. I have 
not only made this table to include the Potomac formation, the Amboy 
clays, the Tuscaloosa formation, and the intermediate localities which 
I have mentioned, but I have extended it so as to comprise the Trinity 
formation of Texas, so far as known, and the Kootanie formation in 
Montana and in the adjacent provinces in British America, as described 
by Dr. G. M. Dawson and the other Canadian geologists, the flora of 
which has been elaborated in numerous papers by Sir William Dawson. 
As belonging also to the lower Cretaceous I haA7e included a feAv vege­ 
table forms from the Queen Charlotte group and from the Shasta group, 
also from a deposit at Cape Lisbourne in Alaska, Avhich has been cor­ 
related Avith the Neocomian of European geologists, in which a consid­ 
erable collection has been made and sent to the National Museum.

The total number of species or distinct forms recognized in all these 
collections is 738, and the table which I have prepared brings out in a 
clear manner the geological relations subsisting among them so far 
as the fossil plants indicate. I have the data at hand for extending 
this distribution to foreign countries, and this feature Avill be intro­ 
duced in the chapter of my correlation essay on the lower Creta­ 
ceous.

In addition to the field Avork, special study of collections, and com­ 
pilation of paleobotanical data thus indicated, I have devoted consid 
erable time to gathering the literature of the lower Cretaceous, reading 
it, and making the necessary notes to be used in my essay. Among 
other things, I have taken the pains to read for the second time with 
great care the still unpublished report of Prof. Fontaine on the Geology
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of the Potomao Formation in Virginia, which is of special importance 
in connection with my own field investigations. The numerous points 
in which Prof. Fontaine's statements do not seem to harmonize with 
my observations at the same localities will require that these localities 
be revisited if possible by both of us in conjunction, with a view to 
arriving at an agreement upon these points, and I have accordingly 
arranged with him to visit Washington during July of the present 
year and to cooperate with me in this work.

Prof. Knowlton has rapidly advanced with the work upon, which he 
is engaged, and is able to report at the end of the year four hundred 
and thirty-six pages of rough manuscript, in which two hundred and 
thirty-five species are investigated, described, or definitively settled. 
The lower forms (all the material except dicotyledons) were completed 
by him at the end of the calendar year, and he has since devoted 
himself to this class of plants. This work is of very great impor­ 
tance, as Prof. Knowlton is making a thorough revision of all the 
material deposited in the Museum and comparison of it with the 
large collections that have recently been made by the Geological Sur­ 
vey. When completed on this basis the proposed work of this division 
on the Laramie and post-Lararnie floras will, it is hoped, furnish an 
excellent working basis on the paleoutological side for the future geo­ 
logical study of the great areas in which these plants occur.

Prof. Knowlton has also prepared a considerable number of reports 
during the year, among which may be mentioned: reexamination of the 
fossil plants from Silver Cliff, Colorado; list of the plants of post-Lara- 
mie beds of Middle park, Colorado; report on a collection of fossil 
plants from Ellensburg, Washington; report on fossil plants obtained 
by J. S. Diller in western Washington; report on two species of fossil 
plants from Oregon; identification of collection of fossil plants from the 
auriferous gravels of California, collected by H. W. Turner; report on 
the bearing of the fossil plants of the auriferous gravels on the ques­ 
tions of the temperature and elevation at the time of their deposition; 
determination of fossil plants collected by Mr. W. II. Weed in the Crazy 
mountains, on Big Timber creek, Park county, Montana. Two of 
these have already been published.

During the first half of October Mr. White was at Springfield, Illi­ 
nois, under instructions from the Director to examine the Carboniferous 
plants of that state in the office of the state geologist and to prepare 
an exhibit of the same for the World's Columbian Exposition at Chicago. 
The fossil plant collections in the Illinois Museum of Natural History 
were classified by him, and the greater part, embracing nearly four 
thousand specimens, were revised, identified, and labeled, while two 
boxes of undetermined material were sent to Washington for study at 
the National Museum.

A valuable collection, consisting of six large fossil cycadean trunks, 
was recently purchased on my recommendation by the IT. S. National
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Museum and has arrived at Washiugtou. These trunks have an 
especial interest from a geological point of view. Though much 
resembling those long known from the Portland beds of England and 
other parts of Europe, as well as those obtained by Tyson many years 
ago from the iron-ore deposits of Maryland (Potomac formation), now in 
the Maryland Academy of Sciences at Baltimore, and described as 
Tysoniu marylandica by Prof. Fontuine in his monograph of the flora of 
the Potomac formation, they are, nevertheless, much larger, more 
branching and irregular in their character, and they seem to represent 
age in which this type of life was predominant in the flora. The geo­ 
logical horizon at which they were found is not definitely known, the 
locality being near the Hot Springs of South Dakota; the first oppor­ 
tunity will be taken to visit it and investigate its geological position. 
1 hope to accomplish this during the present season.

Publication. Prof. William M. Fontaiiie, in the report submitted 
to me and incorporated in my last administrative report (p. 155), 
mentions the fact that during that year he had determined two collec­ 
tions of fossil plants from the Great Palls group of Montana and 
prepared a paper describing them; also that he had determined a 
collection of fossil plants made near Glen Eose, Texas, from the Trinity 
beds and prepared a report upon it. This last is the collection made 
by Mr. J. W. Harvey, of Glen Eose, Texas, since deceased, mentioned 
by me in the same report, p. 152.

As all these collections belong to the lower Cretaceous, upon which 
I am engaged, it was desirable to secure prompt publication of these 
papers. They were therefore offered for publication in the Proceedings 
of the TJ. S. National Museum, and the proof has already passed through 
my hands. The drawings of the Glen Eose plants were made from 
Prof. Fontaiue's sketches by Mr. von Dachenhausen in December and 
January.

Early in the year Mr. David White submitted for publication as a 
bulletin of the U. S. Geological Survey a paper entitled " Flora of the 
Outlying Coal Basins of Southwestern Missouri," which was the result, 
in part, of his investigations heretofore reported of the fossil plants of 
Missouri collected by Prof. Jenney and others. On December 24 the 
proof of this paper began to arrive, and Mr. White was called from 
Pittson to Washington to attend to the correction of it. It will form 
Bulletin No. 98 of the U. S. Geological Survey.

One of several papers that were prepared by Prof. Knowlton during 
the preceding year is published during the present year, viz, a bulletin 
entitled "The Laramie and Livingston Formations in Montana," by 
W. H. Weed and F. II. Knowlton, Bulletin No. 105, U. S. Geological 
Survey.

Wjrk on the Compendium. Under this head are properly included 
bibliographic work, cataloguing, aud synonymy. Owing to Mr. White's 
absence during the greater part of the year he was able to accomplish 
very little bibliographic work. The most that could be done has been
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to attend to the new publications as they have arrived. The cataloguing 
of these new publications has been intrusted, as heretofore, to Miss L. 
M. Schmidt, and she lias succeeded in keeping fairly abreast of the work.

As I stated in my last report, an important part of the synonymy work, 
viz, the revision of the species index and the selection of what are 
called the " type slips,''was in an advanced .state at the beginning of the 
year, the letter T having been completed. During the remainder of 
the time that Mr. Prosser was in this office he carried this work to 
the end of the letter Y; it may, therefore, be regarded as practically 
completed. The compendium work was now in condition to admit of 
the preparation of a complete alphabetical list of all known species 
and synonymys of fossil plants. Such a list is an indispensable pre­ 
liminary to any further progress in this \vork, and it was therefore 
decided to have it begun as early as possible. The plan was to 
have this list written upon the typewriter with considerable interval 
after each name to admit of the introduction of new species; the 
names to be written exclusively from the slips marked as types by Mr. 
Prosser; that is to say, those slips which represent the first occurrence 
of the name in the literature, which fixes, under the law of priority, its 
future orthography, etc.

This work, which it wa estimated would occupy between one and 
two years was placed in charge of Miss L. M. Schmidt, whose skill in 
typewriting and great familiarity with the names of fossil plants espe­ 
cially qualify her to do it. It was commenced on the 8th of August, 
and the progress made has considerably exceeded our estimates. The 
species index now occupies twenty-eight of the standard drawers of the 
National Museum; of these, twenty-five were completed at the end of 
the year, or nearly to the end of the letter S. The value of this list, 
even in its present unfinished condition, is very great, as it is referred 
to many times each day by all who are working in the office a great 
economy of time formerly devoted to literary research. 

Very respectfully, your obedient servant,
LESTER F. WAKD,

Paleontologist.
Hon. J. W. POWELL,

Director U. S. Geological 8urvey.

REPORT OF PROF. O. C. MARSH.

U. S. GEOLOGICAL, SURVEY, 
New Haven, Conn., June 30, 1893.

SIR : I have the honor to submit the following report of the work in 
vertebrate paleontology during the past year:

The collection of vertebrate fossils was continued and investigations 
were made of those of special importance to science. This work was 
pursued systematically, and fair progress has resulted.
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The field work was confined mainly to the Laramie formation with 
a view of supplementing the explorations of the last three years. In­ 
vestigations were continued in the same region in Wyoming that 
has yielded such good results in previous seasons, but no discoveries 
of importance were made. The same horizon was then explored further 
north, especially near the Missouri river, in Montana, where collections 
of much interest were made in 1889, and here some specimens of con­ 
siderable value were secured.

One object kept prominently in view during f,hese later explorations 
has been the exact determination of the horizon of the Ccrutqps beds, 
with special reference to its relations to the deposits above and below. 
One of the most characteristic regions of this horizon, and the one 
hitherto most carefully explored, is in Converse county, Wyoming. 
This region has furnished more vertebrate fossils than all the rest of 
the Laramie deposits, and 1 therefore requested my assistant, Mr. J. B. 
Hatcher, to make a careful examination of it. This he has done in a 
satisfactory manner, and an abstract of his results was published in 
the American Journal of Science for February, 1893. All the important 
localities of vertebrate fossils obtained by this division from the Cera- 
tops beds of Wyoming have also been recorded on a map, and thus are 
permanently secured for comparison with those of other regions in the 
same or adjoining horizons.

The Laramie formation has in the past been variously regarded as 
Jurassic and Tertiary, as well as Cretaceous. Our recent explorations 
have established its position in the Cretaceous beyond reasonable doubt. 
The Geratops beds in their upper portion are now known to constitute one 
of the best marked horizons ever determined, and the vertebrate fauna 
they contain is unsurpassed in interest by that of any other yet dis­ 
covered.

The importance of the discoveries in the Geratops beds was such 
that prompt publication was most desirable, and the main facts relat­ 
ing to the gigantic horned dinosaurs secured I have already placed on 
record. These preliminary publications will be followed in accordance 
with your instructions by an illustrated monograph on the subject. 
Considerable progress has already been made in its preparation. This 
is true, also, of the memoir I am preparing on the Mesozoic mammalia. 
The monographs previously ordered have not been neglected and their 
early publication is now assured.

The large number of nearly complete skeletons now known has made 
it possible to prepare restorations of some of the most interesting of 
American vertebrate fossils, especially of the gigantic forms, and to 
this work I have given considerable time during the past year, as here­ 
tofore. Careful restorations have now been made of the skeletons of 
the gigantic dinosaurs, Brontosaurus, Ceratosanrvs, and Stegosfiurns, 
from the Jurassic; and Claosaurus and Triceratopx, from the Cretaee 
ous; also of the huge mammals, Tinoceras, from the Eocene; Vrotitops,
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from the Miocene; and Mastodon, from more recent deposits. These 
restorations and some others of equal importance 1 have already pub­ 
lished in various sizes, but all have been made of natural size, also, 
with the intention of representing accurately what is known of the 
most remarkable extinct forms of North America. A series of six of 
these restorations, natural size, were prepared with great care, and 
sent March last to Chicago as part of the exhibit of the U. S. Geo­ 
logical Survey. These and other restorations now in preparation will, 
it is expected, find a permanent place in the National Museum in the 
room with the fossils they represent.

The following articles on vertebrate paleontology have been published 
by me during the past year:

Notes on Mesozoic Vertebrate Fossils. With four plates. Amer. Jour, of Science, 
vol. XLIV, pp. 171-176, August, 1892.

Restorations of Claosaurits and Ceratosaurus. With two plates. Amer. Jonr. of 
Science, vol. XLIV, pp. 343-349, October, 1892.

Restoration of Mastodon Americanus Cnvier. With plate. Amer. Jonr. of Science, 
vol. XLIV, p. 350, October, 1892.

A New Cretaceous Bird allied to Hesperornis. Ainer. Jonr. of Science, vol. XLV, 
pp. 81-82, January, 1893.

The Sknll and Brain of Claosaurus. With two plates. Amer. Jour, of Science, 
vol. XLV, pp. 83-86, January, 1893.

Restoration of Anchisaurus. With plate. Amer. Jour, of Science, vol. XLV, pp. 
169-170, February, 1893.

Very respectfully,
O. C. MARSH,

Paleontologist. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF MR. F. W. CLARKE.

U. S. GEOLOGICAL SUEVBY,
DIVISION OP CHEMISTRY, 

Washington, D. C., June 30, 1893.
SIR: I have the honor to submit the following report relative to the 

work of the Division of Chemistry and Physics during the fiscal year 
1892-'93:

At the beginning of the year, July 1, 1892, the division consisted of 
twelve members, namely, three chemists, four assistant chemists, one 
physicist, three laborers, and myself as chief chemist. Early in August, 
on account of a reduction in appropriations, the force was reduced to 
four members, namely, Dr. W. P. Hillebraud, chemist; GeorgeSteiger, 
assistant chemist; one laborer, and myself. Of the former force, Dr. 
Carl Barns became physicist of the Weather Bureau; Dr. W. H. Mel­ 
ville was appointed chemist of the Texas geological survey; Assistant
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Chemists H. N. Stokes and B. A. Schneider accepted assistant profes­ 
sorships in the University of Chicago; Assistant Chemist L. Or. Eakins 
went to the Colorado Fuel Company; and Dr. T. M. Chatard, chemist, 
opened a private office as consulting expert. The ease with which 
these gentlemen found positions in many cases unsought is a grati­ 
fying tribute to the scientific standing of the workers upon the Survey; 
and the additional fact that in most instances the change was accompa­ 
nied by notable increase of compensation proves that this division has 
not been extravagant in the matter of salaries.

Inconsequence of this great reduction in our resources, it became 
impracticable to retain the use of the rooms which the division had 
occupied during the nine years of its existencein the National Museum. 
Accordingly they were surrendered, the physical investigations were 
discontinued, and a new chemical laboratory of three rooms was 
fitted up on the fifth floor of the Survey building on F street. This 
removal and refitting necessarily delayed the regular work of the divi­ 
sion, and naturally the output in analyses and other scientific results 
is comparatively small. Only 107 analyses have been reported during 
the year, and our purely scientific researches have been for the most 
part temporarily interrupted. The analyses made have mostly been 
of rocks collected in California and the Rocky mountains, and of these 
Dr. Hillebrand is to be credited with by far the larger number. He 
also analyzed a remarkable piedmontite from Maryland; and Mr. 
Eakins, before leaving the Survey, completed the investigation of an 
interesting meteorite from Hamblen county, Tennessee, the property 
of Prof. J. M. Saff'ord. A fine fragment of it was presented by Prof. 
Safford to the national-collection. Some work has also been done by 
])r. Hillebraud upon a troublesome analytical problem the determi­ 
nation of ferrous oxide in rocks and minerals; but at the date of writing 
the investigation is still unfinished.

For my own part, I have done a little work upon the structural for­ 
mula? of the natural silicates; but a large part of my time has been 
occupied with the preparation and installation of the exhibits of the 
Survey at the World's Columbian Exposition in Chicago. From March 
16 to May 15 I was at Chicago, arranging the collections, which oc­ 
cupy space in the Government Building aggregating 6,550 square feet 
of floor. The display consists of minerals, rocks, fossils, maps, publi­ 
cations, life-size and relief models, photographs, transparencies, and 
instruments, and presents a favorable appearance. It is admirably 
placed as regards light, and it shows the work of this Bureau in nearly 
all its phases.

Very respectfully,
F. W. CLAEKE,

Chief chemist. 
Hon. J. W. POWELL,

Director IT. S. Geological Survey.
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REPORT OF MR. F. H. NEWELL.

U. S. GEOLOGICAL SURVEY, 
DIVISION OF HYDROGRAPHY, 

Washington, D. G., June 30, 1893.
SIR: I have the honor to submit tlte following report of the Division 

of Hydrography for the fiscal year ending June 30, 1893:
The greater part of the work of this division has of necessity been 

done at the office in Washington, being a continuation of the compila­ 
tion and study of data relating to the fluctuations of certain rivers, 
principally those gauged by this Survey during past years. The 
results of a great part of this work are shown in a concise form in the 
paper accompanying this report, entitled "Results of Stream Measure­ 
ments." A considerable portion of my time was spent in completing 
for the Census Office the report upon irrigation mentioned in the ad­ 
ministrative report of last year. This somewhat detailed discussion of 
the condition of irrigation has afforded a means of utilizing and pre­ 
senting to the public in systematic form a large amount of the informa­ 
tion which is contained in the flies of this division, and for which calls 
are made from time to time.

In the fall of 1892 some field work of a topographic character was 
done in the western parts of the states of Nebraska and Kansas, and 
later a number of the more important gauging stations was inspected. 
The work in Nebraska was done by Mr. William P. Trowbridge, 
assisted by Mr. Cyrus C. Babb. Topographic surveys and measure­ 
ments of water were made along the Platte river in the vicinity of 
Gothenburg, the South Platte in the vicinity of Ogallala, and at 
various places along the North Platte, the principal area being from 
the Wyoming line eastward to Cedar creek. The maps thus made 
will ultimately be used to form portions of the systematic publications 
designated as atlas sheets. The water measurements made while 
these surveys were in progress serve to give data concerning the 
water supply of the region. Near the close of the field season Mr. 
Trowbridge returned to Boise, Mr. Babb completing tlie field work 
and measuring the discharge of Republican river in the vicinity of 
Culbertson. During the spring of 1893 Mr. Trowbridge, while in 
winter quarters at Boise, completed the drafting on the maps made 
in western Nebraska, and also reported from time to time such facts 
as could be obtained concerning the water supply of that region and 
the projects on foot for its utilization.

The field work in western Kansas was done by Mr. T. M. Bannon, 
who made detailed maps of portions of the valley and adjacent bluffs 
near Ingalls and at points farther west. These maps exhibit the con­ 
figuration of the lowlands along the river and show the physical sur-
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roundings of many of the so-called " underflow " canals, upon which 
gi eat expectations of obtaining a permanent Avater supply have been 
based. The maps thus obtained are intended ultimately to become a 
portion of the general scheme, as in the case of those mentioned above. 
At the end of the active field season Mr. Bannou inspected the gauging 
stations on the Arkansas and Eio Grande, making check gangings at 
various points.

The examination of all data available concerning the rivers and their 
fluctuations is yielding information of value, and no inconsiderable 
portion of the time of this division is employed in replying to inquiries 
for information of n more detailed character than that which can be 
given in the annual reports. Information is sought by persons in all 
parts of the country concerning matters Avhich have been under inves­ 
tigation for a number of years, and in general it may be said that it is 
possible to satisfactorily reply to most of the correspondence.

I have the honor to be, your obedient servant,
P. H. NEWELL,

Topographer in charge.
Hon. J. W. POWELL,

Director U. 8. Geological Survey.

REPORT OF MR. DE LANCEY W. GILL.

TJ. S. GEOLOGICAL SURVEY, 
DIVISION OP ILLUSTRATIONS, 

Washington, D. G., June 30, 1893.
SIR: I have the honor to submit the following report of work done 

in the division under my charge during the fiscal year ending to-day:
On account of the reduced appropriation made by Congress for pre­ 

paring illustrations for the publications of the Survey it became neces­ 
sary to cut doAvn the salaries of all the draftsmen on August 1.

On November 1 the money appropriated having been nearly used 
up, the following men Avere furloughed: Daniel W. Croniu, II. Hobart 
Mchols, H. A. C. Hunter. F. W. von Dachcnhausen, Daniel P. O'Hare, 
and Wellb M. Sawyer. Messrs. M. A. Cudlipp, H. S. Selden, and H- 
A. C. Hunter resigned their positions.

On January 1 the pay of myself and assistant, Mr. John L. Eidg­ 
way, was stopped.

On March 14 a deficiency bill having passed Congress, the following 
furloughed men, in addition to myself, Avere recalled: Eidgway, O'Hare, 
Cronin, von Dachenhausen, Mchols, arid SaAvyer. These men now 
constitute the working force of the division.

Mr. Eidgway has been employed in miscellaneous office Avork and, 
as my assistant, has had general supervision of the drafting.



THE HEADS OF DIVISIONS. 271

Messrs. O'Hare, Selden, Cronin, Hunter, and Cudlipp were employed 
in the preparation of maps, diagrams, and sections. Mr. Mchols's 
work has been the preparation of geologic landscapes and the retouch­ 
ing of photographs. Mr. von Dachenkausen has been engaged in 
drawing paleobotanic specimens and in map work. Mr. Sawyer has 
been engaged in the preparation of drawings of miscellaneous geologic 
specimens and the retouching of photographs.

Drawings to the number of 465 were produced in this division during 
the year, and are classified as follows:

Paleontologic......................................................... 176
Geologic and topographic sections and diagrams....................... 135
Geologic and topographic landscapes .................. .....-..__-.-... 12
Maps ............^... -----.--............--...---.--.-.--.-.....---.- 20
Miscellaneous.................................. ..................... 122

The illustrations for one annual report, one monograph, and eight 
bulletins were transmitted to the Public Printer during the year. The 
illustrations for these publications were classified as follows:

Chromo-Iithography ................................................... 65
Half-tone..... ....................................................... 133
Photo-engraving...................................................... 305

A number of drawings have already been completed, which will be 
used as illustrations for this, your fourteenth, annual report.

One thousand and sixty-eight engraved proofs have been received 
from the Public Printer during the year, all of which required careful 
reading, and many, as is the case with the majority of our chromo- 
lithographic plates, were so complicated that a number of proofs of 
each plate were required before a satisfactory result was obtained. 
Besides the reading of proofs, all the printed editions of chromo-litho- 
grapli plates used in the publications of the survey during the year 
were examined by me at the Government Printing Office after their 
delivery by the contractor, and the imperfect work was rejected. The 
system of office work adopted several years ago has proved eminently 
satisfactory and the output of work has been as large as could be ex­ 
pected. No field work has been attempted by me or my assistants 
during the year.

Mr. J. K. Hillers remains in charge of the photographic laboratory. 
He is assisted by 0. 0. Jones, assistant photographer, and John Erbach 
and Edward Block, photographic printers. It became necessary in 
August to cut down all salaries and dispense with the services of one 
printer on account of the reduced appropriation. Mr. Hillers made a 
most successful field trip during the latter part of 1892, obtaining about 
eighty-five negatives in the Yosemite valley and the Kings river re­ 
gion, California.
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The following statement shows the number of negatives and prints 
made during the year:

Size.

28 by 34
22 by 28
20 by 24
14 by 17
11 by 14

8 by 10
5 by 8
4 by 5

Total ....

Negatives.

233
63

373

116

281

82

1
C

1,155

Prints.

943
271

2,902

598

1, 092

3,666

1,461

1,992

12, 925

Very respectfully, your obedient servant,
DE LANOBY W. GILL,

In charge. 
Hon. J. W. POWELL,

Director U. S. Geological Survey.

REPORT OF MR. S. J. KCJBEL.

TJ. S. GEOLOGICAL SURVEY, 
DIVISION OF ENGBAVING AND PRINTING,

Washington^ D. C., June 30, 1893.
SIB: The following report of the work done by the Engraving Divi 

siou during the fiscal year ending to-day is respectfully submitted.

HISTORY OP WORK.

During the early part of the year much time was given to the pro­ 
duction of geologic folios. This work at first made fair progress, but 
was much impeded toward January, 1893, when a reduction of force 
was made necessary by exhaustion of appropriation. The number of 
employees was somewhat reduced prior to January. Several of the 
men secured employment elsewhere, owing to uncertainty respecting 
continuance of the government work. By these voluntary furloughs 
and some necessary discharges the force on March 1 had been reduced 
to twelve persons, whose services were continuous throughout the year. 
The passage by Congress early in March of a deficiency bill for en­ 
graving and printing topographic maps enabled the work of the divi­ 
sion to be restored to its normal basis. The amount of the appropria­ 
tion was $10,000. Reorganization was promptly effected after the 
passage of this bill, and as many as possible of thefurloughed and dis­ 
charged employees were reinstated. At the beginning of the year the 
number of employees in the division was 24; on March 1 it was 12, and 
and at present it is 24.



THE HEADS 'OF DIVISIONS. 273 

WORK DONE.

The most important item of work done was the production of a num­ 
ber of geologic atlas folios. Of these, six were completed and small 
editions printed. The following are the six completed folios:

1. Chattanooga, Tennessee.
2. Hawley, Massachusetts.
3. Kingston, Tennessee.
4. Lassen peak, California.
5. Ringgold, Tennessee-Georgia.
6. Sacramento, California.

These folios, the first produced, are the result of much study and ex­ 
perimentation. Numerous questions of detail were involved in their 
production questions which could not be settled by precedent,but were 
each to be answered for the individual case presented and for all sim­ 
ilar cases. These questions relate largely to the scheme of colors and 
patterns. In addition to these completed folios more or less preparatory 
work was done on about fifty others. These are in various stages of 
progress and can be pushed forward in the order of their importance. 
They cover areas widely scattered throughout the country and are 
correspondingly varied in their treatment.

The copperplate engravers have been chiefly occupied in engraving 
geologic base plates and in revising the plates of the topographic atlas 
sheets. Some new work on five topographic sheets of New York state 
was also done and a plate of conventional signs made. Of this last a 
small edition was printed.

There are now in the possession of the office 708 sets of plates of top­ 
ographic atlas sheets. To about CO of these, the geologic base plates 
have been added. In some cases there are two plates of geologic bases, 
one for the surface and one for the under geology.

No new contracts for engraving atlas sheets were awarded during 
the year.

The number of topographic maps printed during the year is about 
60,000. These are made up of editions of nearly 500 each of 125 atlas 
sheets. In addition to these, there has been the usual amount of mis­ 
cellaneous map printing, proving, etc.

The rapid growth of the work in this division has produced crowd­ 
ing and resulting inconvenience in the rooms assigned to it. While 
this report is in preparation, however, arrangements are being per­ 
fected for removing into new and commodious quarters in an adjacent 
building, whereby it is expected that the efficiency of the division 
will be greatly increased.

Very respectfully, yours,
B. J. KtiBEL,

In charge. 
Hon. J. W. POWELL,

Director U. 8. Geological Survey. 
14 GKEOL  18
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REPORT OF MR. CHAS. C. DARWIN.

U. S. GEOLOGICAL SURVEY, 
DIVISION or LIBRARY AND DOCUMENTS,

Washington, T>. 0., June 30, 1893.

SIR: I have the honor to submit the report of the work of this divis­ 
ion for the fiscal year ending to-day.

LIBRARY.

The library contains 103,874 books, pamphlets, and maps, of which 
4,470 were added during the year just closed, 3,942 by exchange, and 
534 by purchase.

The card catalogue of books and pamphlets under author-entry is 
complete to date, and comprises more than 78,000 cards.

The circulation shows quite an increase over that of last year, and has 
at times exceeded 1,500 per month. The number of books consulted in 
the library, which is especially one of reference, is quite as large.

The following table exhibits some details of the library's condition 
and growth:

Contents of the library, June 30, 1893.

BOOKS. 
On hand June 30, 1892:

Received by exchange ................................ 21, 917
Received by purchase................................. 9, 267

      31,184 
Received during the past year:

By exchange.......................................... 864
By purchase.--.....-....-.-----....--.-........-.-... 294

      1,158
      32,342

PAMPHLETS.

On hand June 30, 1892:
Received by exchange. --...----. ...... ......... ....... 38, 640
Received by purchase................................. 4, 737

      43,377 
Received during the past year:

By exchange ......................................... 2, 100
By purchase...............-...----..----..-.-.-...--. 240

      2,340
      45,717 

MAPS. 
Geologic and topographic maps:

On hand June 30, 1892 ........................................ 24, 837
Received during the year.. ..................................... 978

      25,815

Total number of books, pamphlets, and maps........................ 103, 874

PUBLICATIONS.

Bulletins 84, 85, 86, 90, 92, 93, 94, 95, 96, 98, and 99; Monographs 
XVII, XVIII, and XX; Part 2 of the Twelfth Annual Eeport and 
Part 1 of the Thirteenth; and "Mineral Eesources of the United 
States" for 1889-'90 and 189 L have been published during the year. 
The list of publications of the Survey corrected to June 30, 1893, is
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given in the advertisement to this report. The distribution of publi­ 
cations during the year has been as follows:

Exchanges. Fifteen thousand one hundred and seventy-seven books 
and 4,950 map sheets were sent out during the year to correspondents, 
from whom in return the library received 2,964 books and pamphlets 
and 978 map sheets.

Sales. Three thousand three hundred and fifty five copies of the 
Survey's publications were sold during the year, yielding a return of 
$1,987.15.

Free distribution. During the year 33,141 books and 14,593 map 
sheets have been distributed gratuitously.

The summary of distribution is therefore:
Boohs distributed gratuitously............................................. 33,141
Books sent out in exchange ....---.-_-...--......._.................__. .... 15, 177
Books sold. .--------.---.----.-.-.----.--.-..-.......--..--.....-.......... 3, 355
Atlas sheets sent gratuitously ----------...-...-......-....-......-......... 4, 950
Atlas sheets sent in exchange .............................................. 14, 593

Total number of books and maps distributed ... 

CORRESPONDENCE.

71, 216

The correspondence of this division has amounted to 14,649 letters 
sent and 18,740 letters received, a daily average of 49 letters seat and 
62 letters received. The flies and indexes of these letters and the 
records of publications distributed are complete to date.

The Division of Library and Documents has completed the first year 
of its second decade. The results accomplished and the expenses in­ 
curred from 1S82-'S3 to 1892-'93 are shown in yearly detail in the fol­ 
lowing table:

Year ending  

June 30, 1S83..- ..... 
1884.-..-.--.

1 ftS7

1888.-.------

1889.-.-.---.

1890
1891......---

1892.. ....... 

1893.....---.

Total ..........

Contents.

Books.

8,714 

11, 515 

14,712 
17, 235 

10, 501 

21, 463 
24, 300 

27, 515 

29, 635 

31,184 
32.342

32, 342

Pam­ 
phlets.

6,400 

6, »00 
11, 200 

19, 600 

26, 100 
30, 100 

34, 100 

37, 957 

41, 217 

43, 377 

45,717

45, 717

Maps.

1,000 
2,000 
4, 000 

10, 000 

12. 000 
14, 000 

17, 000 

20, 000 

22, 337 

24, 837 

25,815

25,815

Total.

18, 114
20, 415 

29, 912 
46, 855 
57, 601 

()5, 563 

75, 400 

85, 472 

03. 189 

09, 398 
103, 874

103,874

Expenditures.

For books, 
pamphlets, 
and maps.

$3, 198. 09 
2,940.93 

4, 722. 89 
3, 725. 89 

2, 161. 26 
1, 666. 79 

1, 142. 64 

3, 892. 17 

2, 795. 19 

1, 370. 01 

1, 849. 13

32, 464. 99

Transpor­ 
tation of 

exchanges.

$920. 05 
032. 51 

604. 15

669. 60 

896. 15 

1,811.78 

1, 041. 07 

150. 87

7, 035. 18

Supplies.

$338. 95 

727. 49 
832. 96 

350. 88 

274. 68 

212. 30 

211. 65 

253. 25 

87.77 

73.93

3, 363. 86

Receipts 
from sale 
of publi­ 
cations.

$611. 70 

340. 32 
767.32 

917.67 

1, 692. 25 
1, 046. 36 

943. 88 

1, 505. 22 

1, 392. 50 

1, 987. 15

11, 204. 37

I am, sir, yours, most respectfully,

Hon. J. W. POWELL,
Director U. S. Geological Survey.

CHAS. O. DARWIN,
Librarian.
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REPORT OF MR. W. F. MORSELL.

U. S. GEOLOGICAL SURVEY,
MISCELLANEOUS DIVISION, 

Washington, D. G., June 30, 1893.
SIR: The work of the past fiscal year in the division under my 

charge followed, in the main, the same lines as that of the previous 
year. At no time did the force comprise more than three persons, Mr. 
Walsh, Miss Leary, and myself.

The number of letters received, briefed, and recorded was about 2,400. 
The number of outgoing letters recorded in, and sent from the division, 
and in most cases written in the division, was about the same as the num­ 
ber received. As in previous years, a general report of the operations 
of the Survey in all branches was each mouth prepared for the infor­ 
mation of the Secretary of the Interior, as was also a monthly roster of 
the force. In addition to this a number of special reports and state­ 
ments were drafted from time to time, as called for. Considerable 
time was given also to miscellaneous tasks, including the ordering of 
official printing and binding, the special photographic business, the 
answering of informal calls for information, etc.

The "appointment "record shows fewer original secretarial appoint­ 
ments and fewer actual promotions than were made in any previous 
year save one, viz, 11 of the former and 1 of the latter. On the other hand, 
the number of resignations and other separations was proportionately 
large, reaching 73, and of reductions of pay there were 30. Of the 
persons who suffered reduction one-half were restored to their salaries 
before the close of the year.

The keeping of the records of attendance and "time" demanded a 
large share of attention during the year.

Respectfully submitted.
W. F. MORSELL,

In charge.
Hon. J. W. POWELL,

Director If. S. Geological, Survey.

REPORT OF MR. W. A. CROFFOT.

U. S. GEOLOGICAL SURVEY,
EDITORIAL DIVISION, 

Washington, I).  ., July 1, 1893.

SIR: During the fiscal year which terminated yesterday the work 
of the Editorial Division has been the same in kind as that assigned 
to it hitherto the revision of manuscripts and the reading of proofs
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of the publications of the Survey. As in previous years, Mr. George 
M. Wood has been a faithful and effective auxiliary. Mr. W. M. 
McDevitt remained with the division till June 27, but Mr. 0. S". Hoi- 
ford was transferred to the Pension Office in September last, and his 
place has not been filled. This leaves me with one assistant only, while 
the output of this division has been far greater than in any previous 
year.

The following table indicates, in brief outline, the work done:

Manuscript anil proof read.

Manuscript road.

Thirteenth Annual Koport (in part). 

Fourteenth Annual Hoport. 

Monographs XXII, XXIII. 

Bulletins 100, 102, 103, 104, 105, 106, 

107, 108, 109, 110.

Proof read.

Thirteenth Annual lleport. 

Monographs XIX, XXI, XXII. 

Bulletins 86 (in part), !)0, 92, 93, 94, 

95, 90, 97,98, 99,100,101,102 (in part), 
104, 105, 106, 1(18.

The aggregate of this work may be stated in another form, as 
follows:

Pages of manuscript road.. ........................................ 10,172
Galleys received from Public Printer............................... 1, 890
Galleys corrected and returned..................................... 1,925
Pages received from Public Printer................................. 10, 462
Pages corrected and returned....................................... 10,274

During the year this division has received from the Public Printer:

Eleventh Annual Report, Part 1.
Twelfth Anuual Report, Part 2.
Thirteenth Annual Report, Part 1.
Mineral Resources for 1889-'90 and 1891.
Monographs XVII, XVIII and XX.
Bulletins 84, 85, 86, 90, 92, 93, 94, 95, 96, 98, 99 and 100.

It is not considered necessary to enumerate the many letters that 
have been written every day to authors and the Public Printer.

I take this opportunity to make cordial acknowledgments to the 
expert and skilful corps of printers who have exhibited great ingenuity 
and no little learning in putting accurately into type the abstruse 
manuscripts contributed by this Survey. 

Respectfully yours,
W. A. CEOFFUT,

Editor. 
Hon. J. W. POWBLL,

Director IT, 8. Geological Survey.
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REPORT OF MR. JNO. D. M'CHESNEY.

U. S. GEOLOGICAL SURVEY,
Washington, D. (7., July 1, 1893.

SIR : I have the honor to submit herewith a statement of the ex­ 
penditures from the appropriation for the U. S. Geological Survey for 
the fiscal year ending June 30, 1893, amounting to $423,021.91. 

Very respectfully,
JNO. D. MCGHESNEY,

Chief Disbursing Clerk. 
Hon. J. W. POWELL,

Director, U. 8. Geological Survey.

ANALYSIS OF DISBURSEMENTS.

Under the following heads appear the total expenditures under the various 
appropriations for the United States Geological Survey:

1. Salaries, office of the Director        --_-   -   .--   --  _     -_. $35,430.44
2. Salaries of scientific assistants..      _.    __-_--_._   .----  33,278.99
3. Skilled laborers, and various temporary employes _-_-   --       9, 996.64
4. Topography  --_  -_.-------------   ------__----- ----- 237,386.60
5. Geology---------.---------------------------------.-------- 47,767.32
6. Paleontology.    --   _-   ------_-------__--   --   --   _---_---  9,949.64
7. Chemical and physical researches_  . .-.._---_____---...-----.. 4,674.37
8. Preparation of illustrations -----   ---------_-----_--   --_---     9,550. 81
9. Mineral resources of the United States--.         - -------------- 9, 869, 82

10. Booksfor library---.---.------------------------------------ 1,158.90
11. Kent of office rooms -_-     -   -     _-             --_   -   -  4,199.88
12. Geological maps of the United States ---       -     ---   -   --_  19, 758.50

Total -.----------_----- ----   ------------- 423,021.91

RECAPITULATION.

Appropriation fiscal year ending June 30, 1893 ..__

Expended as per detailed statement herewith. _ ... 

Bonded railroad accounts settled at U. S . Treasury

Geologi­ 
cal Sur­ 

vey.

374,532.88

365, 423. 23 

2, 409. 74

Salaries, 
Office ol 

Geological 
Survey.

35, 540. 00

35, 430. 44

Geological 
maps of 

the United 
States.

20, 000. 00

19,758.50

241.50

Total.

430, 072. 88

420,612.17 

2, 409. 74

7, 050. 97
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Abstract of disbursements made by John JO. McCliesney, chief disbursing clerk, U. 8. 
Geological iSurvey, during the fiscal year 1893.

SALARIES, OFFICE OF DIRECTOR.

Date 
of pay­ 
ment.

1893. 
July 31 
Aug. 31

31
Sept. 15 

30

31

1893. 
Jan. 31 

31

28
Mar. 31
Apr. 15 

29

30

No. of 
voucher.

1

2
1
2

1
2

2

1

1
2

To whom paid.

Payroll of employes... _ ....

William D. Crossman .-   ...-- 
Payroll of employes ..........

   do... .......................

.--... do. .........................
Lachlan H. Mclntosh ___.____--

Lachlan H. Mclntosh

Lacalan H. Mclntosh . . __ ...-

Lachlan H. Mclntosh ... .
Pay roll o£ employes . _ ......

For what paid.

Services, July, 1892 ................

Services, Sept. 1-15,1892........... 
Services. September, 1892 .-._.....

Services, J anuary, 1 893 ........... 
Services, January, 1893- ..___. -----

Services, March, 1883. .............

Services, Juno, 1893 ..........__..._

Amount.

13.952.80 
32. 61

2, 921. 37
48.91 

2, 849. 70 
11.74

2, 993. 20

2, 973. 67

2, 982. 80 
77. 50 

2, 694. 40
70. 00

2, 982. 80
77. 50 

2, 855. 15
3,004.14

74. 20
3,923.35

35, 430. 44

A')xtruct qf disbursements made by John I). McGlienney, chief disbursing clerk', U. S.
'Geological Survey.

JULY, 1892.

Date 
ol pay­ 
ment.

July 8
2'^

28
28
29
31 
30
30

No. of 
voucher.

1
2

5
6
7

9

To whom paid.

David T. Day.. __ .. __ .. ....

Z. D. Gilman. ............ ......
.--...do .............-------__-,.

Louvenia Russell --------------

T. W. Stautou .--...---.......-

For what paid.

Traveling expenses. .---_.--      

--- --do_ --_ ----- ..-

Services, Julyl-31, 189:3 ----------

Amount.

$16.60 
5.50

70. 35
2.40
2.24

37.50 
38.70
93.87

273. 54

AUGUST, 1892.

July 31
31
31
31
31
31
31
31

Aug. 3
3

3
9
12
12
12
12
17
26
26
31
31
31
31
31

1
2
3
4
5
6
7
8
9
10

11
12
13
14
15
16
17
18
19
20
21
22
23
24

Pay roll of employes. .... ...-

......do.... ............ ..........
-.----do.............. ..- ......--
-....do...... .
-....do...... .-.-.. --_ ----- ..

......do ............. ............

.-.. -.do.. --...-. ---------
Charles G. Stott & Co
C. C. Wlllard. ...................

James G. Bowen. .. __ 
R.L.Packard.---....-... ._.. 
Robert Beall ....................
Margaret Latimer. _ __ .-- ...

William C. Day
Henry Pahl 
E. J, Pullman. 
C. C. Willard -------------
......do ... .
Pay roll of employes. ..........

...... do ......

Services, July, 1892.--- ..........

......do. _ .........
-.---.do-.........----....- .........

...do.. . ... - -.
......do.......... .--... --------
.. .do.._.....----....-.. ---.
......do.- ...  . _ .---.-

Rent of oitlce rooms, July. 1 892 _ . . 
Care and forage of public ani­ 

mals. 
Services, July 1-20, 1892 _ ------- 
Publications ................    .. 
Services, August 1-10, 1892 .......

Odometer boxes __ - _ ....    .. 
Geologic supplies- _ . _     - 
Rent ofofficerooms, August, 1892

Services, August, 1892 ............

......do.............................

11,154.00
1,228.00

969, 80
  1,208.90

1,130.80
1,216.20

69. 33
266. 6S 
40.10

75.00
as. so
16.12

33.75
60. 00

8 75 
11.88 

266.66
166.66
698. 92 

1,133 48
942.90
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Abstract of disburseme.nts made by John 1). McCkcsney, chief disbursing clerk, V. S. 
Geological Survey Continued.

AUGUST, 1892 Continued.

Date 
of pay­ 
ment.

Aug. 31 
3! 
31 
31 
31

Sept,. 23

22 

22

23 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
28 
23 
23

24 
24 
24 
23 
23 
23 
23 
24 
26 
26

26 
26 
26 
26 
26

26 
27 
30

30 
30 
30 
30 
30 
30

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30

No. of 
voucher.

25 
26 
27 
28 
29

1
2
;i

4 
5 
6

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21

22 
23 
24 
25 
26 
27 
28 
29 
30 
31

33 
33 
34 
35 
36

37 
38 
39

40 
41 
42 
43 
44 
45

46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
56 
57 i 
58

To whom paid.

-.   . do___ ...... ................
..do ..

...... do............ ..

For what paid.

..  do..........   .___._. .........

SEPTEMBER, 1892.

James G. Bowen __ __ .. ...... 
Denver and Rio Grancle K;iiL- 

way Co. 
John M. Williams
..--.do.....------..-.-..--....
Z. D. Gillmun ..................
Samuel H, Seudder .. _ _ _ . 
C. Kirchoff ....
R. L. Packard.     .    .   
Alpheus Hyatt...
Washington G as-Light Co .. . .

O.C. Marsh...... ..    ... .....

Pennsylvania R. R. Co
E. E.Jackson & Co . _ __ __ __ __
John C. Parker 
William D. Clark & Co
Peoples' Dispatch and Trans­ 

fer Co, 
M. W. Beveridge ..............

U. S Express Co

Boston and Maine R. R. Co.__. 
Burlington and Missouri 

Eiver R. R. in Nebraska, 
Chesapeake and Ohio R. R. Co.

George W. Knox's Express _. 
Pennsylvania R. R. Co __ .
Chicago and Northwestern 

E. R. Co. 
Baltimore and Ohio R. R. Co. 
Charles D. Walcott
Richmond and Danville Rwy. 

Co. 
Chesapeake and Ohio R. R. Co .

John Birkinbine. 
WilliamC. Day................ 
Atchison, Topeka and hantJ, 

Fe R. R. 
C. N. Halford .................. 
Henry S. Selden....... . _

-....do.   -.--. .-.-... ....
..- do................. .. ....

......do.........................
---...do.....---..... .-...-..--

C. C. Willard ................

Services July 16-Aug. 10, 1892 ... _ 
Care and forage of public animals

Services, July, 1892.... . ..........

Services, August, 1892 . - - - _-__-..

Laboratory supplies . _.....-...._

Transportation of assistants 
Laboratory supplies.....    .. .. 
Supplies. -. _ ... _ __   ..  ---.

Paleontologic supplies.. ... .. _ .

......do      ..._     .......
   do      .        

Transportation of assistants ... .

 ...do........   ........ .........
do

Transportation of properly .. _ . 
Transportation of assistants ....

Traveling expenses. - _. ....
Transportation of assistants.-... 

......do............  ..............

Services, July 1-Aug. 3, 1892. .... 
Services, Aug. 11-Sept, 15, 1892... 
Transportation of assistant. .... .

Services, Sept. 1-15, 1892 .. 
Services. Sept. 1-20, 1892 .__._._...

-do.
...... do...            .......
..  do... ..         .   -   .

...do             .... 
......do-. ..........................

..do .........

Amount.

$956. 70 
682.80 
448. 00 

1,068.14 
623.30

116, 464. 68

$100.00 
51.50 

1.25

.93 

.50 
128. 25 
210. CO 
400.00 

75. OJ 
Iti8. 5!) 
2i 25 
2.0J 

151.6,1 
190.24 
84.20 
84.20 
78.50 
13. 77 
22.40 
25.00 
9.62

2.40 
99.00 
18.2) 

108. 70 
21.05 
13.15 
7.90 

190, 90 
2.5J 
8.82

11.2'>
4.62 
6.74 

338. 02 
27.59

172. 50 
89.60 

104.30

105. 30 
14.67 

244. OJ 
250.00 
100. 00 
24.97

48.91 
48.91 
81.6x1 

570.60 
1,010.10 

874. 20 
934. 80 
664.40 
238.20 
833. 20 
603. 40 
2«6. 6t> 
63,33

10,016.85
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Abstract of (Hslntmemrnts made by John J). McChesney, chief disbursing clerk, II. S. 
Geological Survey Continued.

OCTOBER. 1892.

Date 
of pay­ 
ment.

Oct. 7 
7
7

7
7

7
7

8

8

10
10

11
12
13

14 

17

17
18
18 
18
18
18
19

21

21
21
26

31
31
31
31 
31 
31
31
31
31
31
31
31
31
31
31
31
31 

31

31

No. of 
voucher.

1

3

5
6
7
8
II

11
JO

]3
14

15
16

18

20
21

23
24 

25
26
27
28
29
30 
31
32

34
35

37
38

39 
40
41

43
44 
45 
46

48
49
50

52
53
54
55
56
57 

58

59

To whom paid.

E. W. Parker............ ......

George W. Knox's Express . . _

E.H.Klng...... _.   _    .  
Washington Gas-Light Co. _

Baltimore and Ohio R. R. Co. .

R. R. Co.

H. R. Co.

Quincy R. R.

William D. Clark & Co ........
Kansas City, St. Joseph and 

Council 13 luff sR. R.
S T TVTi-_»lr«

James W. Queen & Co _ . _ .

Co.

Atchison, Topeka and Santa 
Fe K. R. 

David T. Day.... ..............

......do.   -----...     

.T. P. Sabin. ....................
Charles C. Wilson .... 
William A. Raborg ...........

do .... _ ..... .. . .
......do.-........   . ...... . 

..  do.         . ...-.-. 
  ...do. .      .... ........

St. Louis and San Francisco 
R. R. Co.

Co.

For what paid.

Traveling expenses. _ . __ .. _ . 
Rent of phonographs
Freight charges and hauling .... 
Supplies... ....
Topographic tield material ....
Laboratory supplies .__._. __ _.-. 
Geologic supplies.. ... _   .. _ .

Transportation of assistants ._-.

......do.   .....................
do

......do...    ......................
.. ..do ...

Topographic field material . .....
Care and forage of public ani­

mals, etc.

Rubber stamps, etc....... ...  

Transportation of assistants _ .

. do ........ . ........... ..
Supplies-. _           __... ....

do         
Moving laboratory furniture, etc
Laboratory supplies.. ........ ....

Transportation of assistants. _ .

Traveling expenses. .......... _ .
do. _ _ _ _ _ . _ ...
do .. . ..

Services, Aug. 9-27, 1892..........
...... do..... ....... ..    .........
Publications ........ ._...__... __
Services, Oct. 1-16, 1892. .......... 
Services, October, 1892 __ .

..do..-.-...-.    . .......... .
..   do. ............... .............

.do
..do......... .......    ........

do
do. .............. ______    ....
do _.___ _ ........

Transportation of assistants ___. 

...do...   ......................

Amount.

$17. 80 
42.50
6.92

29. 50
18.00 
1.50
3.00

563.40

27.30

25.50

4.30
48.26

5.50
11.39
15.93
26. 95
12.94
25.20 

88.00
.25

326.28
22.20
6.50
1.58

74.65
17.50
4.54

33.95

8.62
78.75

7.55 
55.64

28 50

4.00 
60.87 

117. 90
589. 70
988. 90
902.90

632.80
245. 90
861. 90
521.72
349.99

8.50
12.45 

22.40

41.90

8, 104. 51
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Abstract of disbursements made by John D. McClietine//, chief disbursing clerk, U. S. 
Geological Survey Continued.

NOVEMBER. 1892,

Date 
of pay­ 
ment.

Nov. 3

11

11 
11
11 
11
11 
11

12

15

15

15 
17
17

21 

21

25

28 

30

30

30
:»

30
30

No.Ot 
voucher.

1 
2
3
4

6

8 
9

10 
11

12 
13
14 
15

16

18
19
ao
si
22
23

24
25
26
27
28
29 

30

32

34
35
36
37
38

To whom paid.

Robert, Beall ...- .. _. _ 
.... -do... ....._ ............ ...
Smithsoiiian Institution,, __

U. S. Army. 
Fred A. Schmidt,,, _____ __

Eimer & Amend _______ ....

Ohio and Mississippi R. R. Co,

River R. R. in Nebraska. 
United States Express Co.__

Southern California R. R. Co.

Fe Rwy.

George W.Knox's Express __ 
Louvenla Russell _ . __ .
H. L. Prince ...................

Chicago, Milwaukee and St. 
Paul Rwy.

George W. Knox's Express 
William C. Dav

Gulf, Colorado and Santa Fe 
Rwy. 

C. C. Willard. __________

.-...-do.... .............. ...

.. .do........-   ..._...... ...

......do........... .........
  do..........................
......do............   ...... ...
......do..........................

For what paid.

Publications ....       .   .-   .

Transportation of exchanges __

Topographic supplies.........   - 
... ...do _.._......._... _______
Laboratory supplies ..............

Transportation of assistants, __

Transportation of property _ ....

Transportation of assistants, ....

. .....do.. ................ ______

Freight charges and hauling .... 
Services, Sept. 26-Nov. 15, 1892 ...
Publications ..___,_,__..   

Transportation of assistants. ....

Freight charges and hauling, . ...

Transportation of assistants. ....

......do ...... .-_ --..- _   .

......do.  .-- .  ---- -  
__.___do._     -.--------------   -

..... -do. ______________

......do ..................... ..... 

Amount.

3565. 70 
18.75

106. 80 
20. 8(1
73. 8(1

21.60 
10. 25
2.80 

16.00
20. 25 
60.45

25.90 
81. 35
10.86 
9.65

82.00
101.42

;{9. 00
34.75
00.75
1.50
4.38

29.00 

29.07
24.00
8.01 

50. 00
28.00
21.30 

349. 99
570. 60
961.20

1, 056. 80
637.00
614.40
238. 20
343. 60
521.80

3,351.73

DECEMBER, 1892.

Dec. ,.

7
7

7

7

10
10

10
12
13 
13

15 
16
16
20

1
9

3
4 
5
6
7

11
12

14

16

18 
19

- 21
22
23
24

W. H. Morrison's Son _____ 
Robert Beall _______ .....

Washington Gaslight Co..

Northern Pacific R. R. Co. ....

Saratoga Telegraph Co.

Colorado Midland R. R. Co ....

Quincy R. R.

Missoxiri Pacific K. R. Co._.._

Pennsylvania R. R. Co ,,, 
......do.. .-...-._.. ............

Atchison, Topeka and Santa 
Fe Kwy.

Publications ...   .... ...      . 
......do. _______ ....... .........

Laboratory supplies _____..._.,

Transportation of assistant ......

Transportation of assistants.....

Freight charges and hauling. ....
......do...-.-....-----. _____
Transportation of assistants.....

Transportation of assistant, _,_

Transportation of assistants, ,,_

$64.00 
16.00
14.00
6.25 

112.88
7.00

28. 34 
20. 25

.51

1.26
18.18
2.00

18 00
49.70 
27.00

2.06
37.10
40.35 
2.00
1.50

18. 00 
8.81

98.10
69.48
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Abstract of disbursement* made by John D. McChesney, chief disbursing clerk, U. 8. 
Geological Survey Continued.

DECEMBER, 1892 Continued.

Date 
of pay­ 
ment.

Dec. 20
!'3 
23 
23 
23

27 
27

27 
29 
30 
31 
31

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31

No. of 
voucher.

25 
28 
27 
28 
29 
30 
31 
32 
33

34 
35 
36 
37 
88

39 
 10 
41
42 
43 
44 
45 
46 
47 
48 
49

To whom paid.

Wy ckott, Heamans & Hunedict

The New York History Co....

Burlington and Missouri 
River R. R. in Nebraska.

People's Dispatch Co. ---------
Pennsylvania Co'-....- __ -...

C. C. Willard. ------ ...   .._..

Columbia Phonograph Co .... 
Pav roll of employes.. _._.....

..._..do..--.------.------------.-

......do..------ -------..........

......do. ............. ........ ..-

......do..........................

For what paid.

Publications ...   -.    ._....-   
......do.........-   ..-.-- _   .
Transportation of assistants. -... 

Services November, 1892-    ....
Freight charges.. .......    .. .... 
Transportation of assistants... .

Rent of office rooms, December,
1892.

Transportation of property -..__.

Services December, 1892 _._. . . 
......do ........................
..  .do........   ----------------
..... .do.... .......   ........ ......
..  do.... ... .-----------.--- 
......do .__.____._._....-_..-- .
......do.  .,..     ..............
......do.....................--.- 

Amount.

1242. 65 
20.00 
5.00 
3.75
r.oo

10.50 
17.00 

161.23 
8.50

100. 00 
2.29 

35.00 
39.00 

349. 99

7.18 
10.24 
42.50 

589. 70 
986. 90 

T , 091. 60 
704. 00 
642. 80 
245. 90 
303. 20 
539. 10

6, 868. 80

JANUARY, 1893.

Jan. 9 1 Victoria Essex ................
9 2 Mary C. Mahon.------.----...-

10 3 R. R. Bowker-..----_.--..-....
10 4 .TohnC. Parker ................
10 5 Northern Pacific Kwy.Co.--.-
10 6 Southern California Rwy. Co
10 7 Chicago. Milwaukee and St. 

	Paul Rwy.
11 8 Chesapeake and Ohio R. R. Co. 
11 9 Chicago. Rock Island and Pa­ 

	cific Rwy. 
11 10 Henry Stevens& Co. __ .....
11 11 Felix L. Dames-.-_----------
11 !2 MorlentPreres ...... ........
11 13 Citizens'National Bank---...
12 14 Premont, Elkhorn and Mis­ 

	souri Valley R. R. 
12 15 .._-..do --............  .......
12 16 Southern Pacific Company ...
13 17 William D. Clark & Co.--..-..
13 18 Thomas Somervllle & Sons...
13 19 Baltimore and Ohio ii. R. Co .
13 20 Pennsylvania R. K.Co.........
14 21 James M. Swank ......________
21 22 B. M. Morsell
23 23 CyrusC. Babb................
23 24 Newman & Son
23 25 E. E. Jackson & Co............
23 | 26 C.Kirchhoff-----...-.....-..-..
23 27 Chicago, Milwaukee and St.

	Paul Rwy. 
23 28 Missouri Pacific Rwy Co......
23 29 Vandalia Line.-..  ---...  
20 30 Jos. D. Weeks.--... ...........

31 Cleveland, Cincinnati. Chica­ 
	go and St. Louis liwy.

32 Burlington and Missouri
	River K. R. in Nebraska. 

2(i 33 John M. Williams.-....  -..-

34 ---_..do --.....-......-...--.....

Services, Dec. 20-31, 1892.......... 115.00
Services. Dec. 6-31, 1892...-...--.. 31.00
Publications     .-.-.----.-   . 5.00
Topographic supplies .-------__._ 42. 20
Transportation of assistants ._-. 76.25

......do ...-----.............-. 2.55
-----do.......------ ----------- 33.04

.. do ...--  ...    ..   28.50
......do-----...----------   -------- 161.40

Publications -...__.----...__.....- 24.31
.--...do....... ------------------.-.. 4.40
Laboratory supplies...._____-.- 43.81
Bills of exchange......-.   .   ..... 1.4!
Transportation of property ..._. 4.88

.   ..do -. ...-------.--......---. 5.58
.-----do-.-...---------------------- 210.78
Topographic supplies ....._._._._ 14.86
Laboratory supplies--...____..._. 17.18
Transportation of assistants _. 15.20

do -.--.. ...--....  ---. 78.15
Services, Nor. 1-Dec. 15, 1892.-.-- 100.00
Services, Dec. 15-1892. Jan. 14,1893. 35.00
Cash paid for services. ........... 20.00
Repairs and supplies .....   .... 1.7.')
Supplies- --------..-....-....--- 108.92
Services, Sept. 16-Dec. 31, 1892 ... 400.00
Transportation of assistants .... 35.54

--....do ...... .     .   6.15
.--...do ........ ....--------------. 40.50
Servii-.es. Jan. 3-21, 1893---.-...... 150.00
Transportation of assistants .... 20.25

.- do-....---------------------- 34.50

Hauling specimens, September, .50
189'i

Hauling specimens. November, .25
1892.

Hauling specimens, December .50
1892.
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Abstract of disbursements made by John D. McChesncy, chief disbursing clerk, U. 8. 
Geological Survey Continued.

JANUARY, 1893 Continued.

Date 
of pay­ 
ment.

Jan. 31
31 

31

31 
31 
31

31
31
31
31
31

No. of 
voucher.

38
37

38

39 
40

43
44
45
48
47

To "whom paid.

Atchison, Topeka and Santa 
Fe Rwy. 

C.C.Wlllard ...................

Louvenia Russell........ __ .. 
L. E. Brown.. _ . __ __ . _ ..

......do...      .     -

......do...... ....................

......do..........................

..... do..........................
-do

For what paid.

Transportation of assistants ....

Rent of office rooms, January, 
1893. 

Services, Jan. 3-31, 1893. ...........
Services, Jan. 1-18, 1883............

..... do.............................

......do................... .........

......do ... ........................

. ... do.!.. ........... .....---...-..

......do.... .........................

Amount.

$20. 01)
40.00 

349.99

33.00 
29.03 

602.70
969. 61

1,116.10
716. 20
695. SO
251. 40
551. 10

7, 144. 04

FEBRUARY, 1893.

Feb. 6 
6 
6
7 

8
10
10
10
10

10 
13
13 
13
13 
16
16 
17

17
18 
18
18
18

24

24 

25

27
27
28
28
28
28
28

28
28

1
2
3
4 

5
6
7
8
9

10

12 
13
14

16
17

18
19
20

22
23
24

26

27
28

30
31
32
33
34
35
38
37
38

Mary C. Malion _ _ _ ..... 
Victoria Essex.. __ ... __ ....

Chicago, Burlington and 
Quincy Rwy.

N D C Hodges

Co. 
Smithsonian Institution...... 
John C. Parker.... .... .... ....
...... do..---. ------------- ---. 
Julius Bien& Co. ...... ........
Richmond and DanvilleR.R.Co

James D. and E. S. Dana.. ....

River R. R. in Nebraska.

Mary A. Bryan. _ _ .----.--.

Atchison, Topeka and Santa 
Fe Rwy.

0. C. Willard..   . .............

......do .........................

......do ..---..................--

......do ...... ......... .......

......do .........................

...... do .........................

Services, Jan. 3-21, 1893. .......... 
Services, Jan. 3-31, 1893. _ ... _ _

Transportation of assistants. ....

. ...do............. ..............

......do--.....-..........--....-...
do.. ..... ...... ....

Transportation of exchanges _ -

Supplies and repairs. ..    ... ....

Transport i tion of assistants.

Publication. --_---._   ._. __ __ ....

Services, Dec. 16-31, 1892.   .-   ,

Hauling and freight charges.....

Transportation of assistants. .... 

...  do..... ...... ...... ..   .-- 

...... do..... .... ....... ..   .- 

. .....do.. ........ ....... ........ ---.

......do.........  .................
. ....do.. ...... ____.   ._.-    ----

...... do..................... ....   -

$32.00 
25.50 
46.50
44.90

7.00
25.00
22.75
8.50

11.72

51.35

259. 55

6.00

70.00
20.0(1 
25.00
3.61

31. 35
18.00
1.55

176.72
71.00 

54.50
188.80

10.75
21.02

349.99

868.80
1,007.80

662.60
639.00
227. 20
49 r. 80

6, 620. 38

MARCH. 1893.

Mar. 3
3
3 

6

3 

4

......do .-.-.... ................
Chicago, Milwaukee and St. 

Paul Rwy. 
Daniel Spriggs. .     ___ ._-.

Laboratory supplies and hauling .

Transportation of assistants. 

Services, Mar. 1-5, 1893. .....--.. ..

$1.00
147.66
11.50 

8.33
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Abstract of disbursements made by John D. McChesney, chief disbursing clerk, U. 8. 
Geological Survey Continued.

MARCH, 1893 Continued.

Date 
of pay­ 
ment.

Mar. 14 
14 
14 
14 
17 
20 
20 
20 
20 
31 
21

21 
22 
24 
27 
30 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31

No. of 
voucher.

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15

16 
17
18 
19 
20
21 
2i 
23 
24 
25 
26 
27 
28 
29 
30

To whom paid.

The New York History Co... _

The Cassfno Art Company . .

William D. Clark & Co ........

Burlington and Missouri 
Kiver R. R. la Nebraska.

C. C. White....................

......do ....... .................

......do .................. ...--..

......do .........................

......do .........................

......do .........................

For what paid.

Publications .......... _ ...
......do ...........................

Freight charges... .... __ ..
publications ...
......do............... ... .

Stamp and repairs . . . . .

Transportation of assistants.....

......do. ............................

Services, Jan. 3-31, 1893...... ...
Rent of office rooms, March, 1893.

......do......----...-.-------.......

......do.--. ........................

......do.............................

......do.............................

Amount.

J8.50 
4.75 
2.09 

65.00 
77.80 
16.00 
3.50 

13.69 
1.00 
3.40 
5.10

70.00 
14.49 
5.45 
2.73 

20.00 
349. 99 
120. CO 
602.70 
394. 40 

1,182.50 
892. 17 
574. 90 
303. 10 
437. 43 
551. 10

5, 880. 88

APRIL, 1893.

pr. 6
7
7
7
7

8

11

IS
13

17

20 
20

24
24
24

24
24
25
25
2b
25

23
29 
29
30 
30
30
30
30
30
30
30
30

1
2
3
4 
5

6

8 
9

10
11

13
14

16 
17
18

20
21
22
23
24
25
26
27
28
29

" 30
31 
32
33 
34
35
36
37
38
39
49
41

Mary C. Mahon. ._-...--.----.

.....do .........................
James T. White & Co . ........ 
Oregon Short Line and Utah 
Northern Rwy.

Charles a. Stott & Co .........

Co.

James S. Topham.... ..... .... 
Smithsonian Institution-. ....

A. K. Hurrell ........ .........
L.Cook.... ....................

H. Hoffa-. ....... ..............

William D. Clark & Co........

George W. Knox's Express __

Pay-roll of employes .--_._---.

.. .do .........................

......do ........................
......do .........................
......do ........................
... do ................. .....
......do .........................
C. C. Willard.. .................

Services, March. 1893 ... _ .... ... 
Traveling expenses ....... _ ...
......do.............................
Publications- .......... ---__---.
Transportation of assistants ...-

Supplies-.-... __ __ _ .. __ ....

Services. Mar. 27-Apr. 8, 1893
Newspaper clippings.-. ...

Supplies........................... 
Transportation of exchaiigts .... 
Services, July, 1892

. do .................

...... do.... .........................
Supplies.... ........._.....-._. .

do...   _ ..._...._...._._.--.

......do...................... .......
. .-...do............................
Freight charges and hauling ....

Services, April, 1893...............

.-.---do..---.---.----... -..-.--.----

...... do..    .-   - --   -.-

.. ....do-. .......................... .
-..-.do.............................

834.00 
22.90
61.05
16.00 
23.98

5.00
7.00

43.73 
26. 75

280. 22
61.80
33.3a
24.00
14.80

5.63
6.00 

32.35 
250. 00
80.00
55. 0!)
55. 00
60.  0
65. 00
57.70
42.00
35.58
4.50

17.64
22. 95""5

15.09 
48.00

576.85 
379. 50

1,067.80
939. 70
560.45
290.10
799. 40
527. 45
349. 99

7, 002. 01
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Abstract of disbursements made by John D. McChesney, chief disbursing clerk, U. S 
Geological Survey Continued.

MAY, 1893.

Date 
of pay­ 
ment.

May 2
6

10 
10
10

10
10

10
10
10
10
20 
20
20
20

29
29 
29
29
29

31
31
31
31
31
31
31

31
31

No. of 
voucher.

1

3
4 
5

8
9

10

18
13
14
15 
16
17
18

20 
81
2- 
23
24
25

26
27
28

30
31
32
33
34
35

To whom paid.

United States Express Co....

Northern Pacific Company .
Fred A. Schmidt _-----_-._. 
Wash B. Williams ...........

William C. Day................
B. W. Parker..................

Mary C. Mahon----...... ......

U. S. Army. 
C. C. Willard ..............

......do.... ............

......do............... .........

......do.........................

......do ...... ..................

......do.........................

For what paid.

Expressage.. ___________ . __ .... 
Supplies ... .....

.... .do....................... . .

......do..... . .....

......do. ... ........... ..........

......do.............................

......do..... .. ...................

Transportation of property ______
Supplies ... . .------.,----....-- 
......do ............ -----
......do. ...... ..._..-----.----------

Traveling expenses. ..... ---------

Services. April, 1893--.-...--......

Rent of office rooms, May, 1893 ....

......do.......-- ...................

......do..... ..................

......do... .........................

......do.............................

......do............ ................

Amount.

$120. 03

96.25
5. 4o 

62.43
54.00

82.80
11.00
13.06
6.40
6.00

45.00
21.45 
2.55
1.90

46.00
75. 00
17.20 

100. 50
25. 00 

1.25
20. (JO
73.80

349. 99
255. 50
598. 30
391.00
912.20

1,101.80
579. 10
299. 80
8i6. 20
289.60

3,531.11

8

8
8

13

13
13 
13

16

16
16 
16
17

20 
20

20

26
26
26
30 
30
30
30
30
30
30

1
2
3
4

6
7
8
9 

10 
11
18

13
14 
15

18

20
21

23
24

26
27

2fl
30
31
32

JUNE,

Wyckoff, Seamans& Benedict

Grace Cauldwell -... ---------- 
Pennsylvania R. R.Co._ ....

List and New York Price 
Current.

Clias. G. Stott & Co........... 
J. E. Hurley . ...

Z. D. Gilman ......----....____

K. C. Hills ....
Southern Pacific Co
C. C. Willard . ........ ....

C. D. White . ....... .......

.....do --

1893.

......do.---- . ...................

... do . .. ..... ...
.. ....do..... ........................

do. ..... ...

Services. Apr. 1-May 15, 1893 ..... 
Transportation of assistants.....

. ....do..... ........ ....... ...

Supplies..................... . ... 
Repairs.... . .....

Illustration supplies.... ...........

......do... ... .....

Transportation of a sistants.....
Rent ot offices, June, 1893 ...... _ .

......do...................--....   .

. .....do ................ ...---... 

$67.00

379. 25
137.71

4.00
25. 00
3.50

25.00 
15. 96 
5.40

4.80
21.00 
4. 55

58') 3ft 
55. 25

20.70

119.00
25. 00
15.05

349. 99 
75 00

247. 25
1 15. 10
f>7(j 85
641.60
88B. -<0
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Abstract of disbursements made by John D. McC/iesney, chief disbursing clerk, U. S. 
Geological Survey Continued.

JUNE, 1893 Continued.

Date 
of pay­ 
ment.

30
30
30
30
30
30
30 
30

No. of 
voucher.

33

35
36
37

aw
40 
41

To whom paid.

   do....    . -.-..   .
......do.....---.....-..---.....

Columbia Phonograph Co ....

For what paid.

---___ do.   -_   ..-      ..._  
-.-...do-..........-.......-.---.....
......do...........-------..  ......
.--...do.........-....-...-.-.---.-..

Services, April 13-June 30, 1893 ..

Amount.

$809. 00

799. 40

36. 70 
21.00

7,351.91

Abstract of disbursements made by C. D, Davis, special disbursing ayent, U.
Geological Survey.

JULY, 1892.

Date of 
pay­ 
ment.

14
20 
20
20
20
20
20
20
26
27
27
27
27

No. of 
voucher

1

3 
4
6
6
7
8
9

10
11
12
13
14

To whom paid.

C. Willard Hayes... . ...   ....
G. F. Becker. ..................
Aug. F. Foerste ...........

C. Willard Hayes .........
W. C. Mendenhall. ............
Frank Hallister .......

N. H. Darton .............. .
Barker & Starbird ........ .

D. K. Fisher ... __ .. _ ...

For what paid.

Traveling expenses. .---.-.--. ,_

......do........................... .
do .... .

......do..............................

..   .do..... ......................

......do ............................

Amount.

$42. 25
88.61
30. 50 
34.82

13.15

27.50

16.82

34. 40
14. 00
10. 50

464. 84

AUGUST, 1892.

Aug. 1

2
July 29

29
29

Aug. 1
1
9
9
ii
9
9
9
9
9 
9
9
9

10
11
11
11
11
11
11
11

3
4
6
6

8
9

10
11
JO

13
14
15
16
17 
18 
19
20
2t
22
23
24
25
26
27
28
29

G. F. Seeker..-.-.--...........

W. H. Weed.......... ..........
Payroll of employes--...-.

Arthur P. Bryant .... ...

William North Kice. ......
...... do .....................
J. B.Jolley... ..................
W. W. Clendeuin ..... ... 
......do .........................

N. O.Misley.. ..................
James Storrs ........ . .

S. W. Alston.......
C. K. VanHise. ... ........
Raphael Pumpelly
R. S. Tarr ... ....

William H. Hobb3.

Services Jul 189?

......do ........... .....---..._.....

......do ..... ...
-...-.do..............................
...... -do..... ......... ..... -.... .

......do.......................... .
-....do. .. .. ....

......do....................... ....

Traveling expenses _..   ... .......
Services, July 1-24, 1892 ...........

......do ........................ ....

......do.. _   ..   _...._ ._._. 

117.90

202. 20

758. 20
2, 087. 20

13.07

26.61
28.01

14. 25 
38.71 

168. 50

71.60

27.10
387. 01)
380 48
10". 00

74.19
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Abstract of disbursements made by 0. D. Davis, special disbursing agent, V. 8. 
Geological Survey Continued.

AUGUST, 1892- Continued,

Date 
of pay­ 
ment.

Aug. 11

11

12
12
12
29
29 
29
29
29 
12
12
16
16
16
16 
16

16
16 
16
16
16
16
16
16

16
16
16
16 
16
16

16
16
16
16
16
16
16

16 
16
16
16
16
16
16

16
16
16
16
16
16
19 
16
16 
16 
16
16 
16

16

16
18 
18 
19
19
19
19
19
19 
16

No. of 
voucher.

30

32
33
34
35
36 
37
38 
39
40
41 
42
43
44
45
46
47

49
50
51
52
53
54
55
56
57
58
59
60
61
62 
63
64

66
67
68
69
70
71
72
73
74 
75
76
77
78
79
80 
81
82
83
84
85 
8«
87
88 
89
90 
91
92
93 
94
95
96
97
98
99 

100 
101
102
103
101

100 
107

To whom paid.

.....do...-----...-....--.......

William North Kioe ...........

E.L. Rice ......................

M. B. Campbell................

George E. Luther ...... .... _ _

L. S. Griswold ................ 
H. S. Phillins...... ...........

J. E. Wolff .....................

J. E. Spurr.. _ .... _ . . _ ....

W. S. Bayley. ..................
J. S. Diller ....................

C. L. Whittle ..................

W. H. Hobbs. ..................
J. E. Wolff-.--.- - ..........

L.. S. Griswold..... ...........

Georie K. Todd__._ . __ ......

Ben K. Emerson

Haynes Bros...................

D. K. Fisher...................

J. Cramton & Co.. _ ......... 
M. Delany ....... _ .... ........

J. E. Gentry ....................

Pay roll of employes.. ... 
..---do......... . ....... ..... 
J. C. YounK...... ...... ........

...... do .... ................... 
C. L. Whittle ...... ..... .....

For what paid.

. do.... . .... ...... .......

.....do ............................

. .. do.... .....................
Traveling expenses.     ........ 
Services, July, 1692...... ..........
Services, Aug. 1-13. 1892... ........

Services, Aug. 2-11, 1892 ..........

Services, July 1-Aug. 4, 1892......

Services, July 1-11, 1892. ..........
Services, July, 1892... .............

...do.... ...... ..................
Services, July 1-25, 1892... .......
Services, July. 1882.. .............. 
Services, July 1-23, 1892... .......

Services, July 1-24, 1892.. .........

Services, July 1-22, 1892... .......

Services, July 1-1 1, 1892. ..........

. do..... ... . ..... .......
Services, July 1-22, 1892. ..........

Services, July 1-27, 1892. ..........

.. ...do........ ....................

......ao.... .........................
...do.... .. .....................
. do.. ..... ........ .......

. .. do..... .......................

. ....do.... .... .. .... .......

. ... do...... .....................
. do.... ... ...... .. ....... 

.. ...do.................. ...........

. ...do.... .......................
.....do................. ...........
....do.... ............. ...........

.... do........ ... ...............

......do.... .........................

. ...do...... ....._.__....._...-  
Supplies ...........................

.....do.... .......................
Forage, etc .._--------.----.----.-.

Supplies ........ __ ............... 
Boarding, etc.... ...... ...... ......

Pasturage ............-......   ..

Services, August. 1892. ........... 
Services, July, 1892. ..............

Services, July, 1892.... ............

. ..do................ ..... .......

Traveling expenses. ...--..-- -- 
Field expenses .. _ ...   .........

Amount.

$40.00
100.00
135. 25
24.80

163. 02
75.00
48.25 

151.43
13.31
42.57
12.09
6.77 

101. 99
52. 32

228.29
52.84
15,96

J01.10 
28.00

100.00
48.39
31.45 
44. hi
53. 22
46.45
15. 96
44.51
42.58
42.58
15.96

151. 60
50.00
35,48 
50. 00

112.50
46.05
31.62

107. 32
23.20

135. 46
22. 02
47.86
24.05

. 17. 79
16.96 
50.13
15.75
17.36
17.09
27.31
22.09 
15.58
6.60
1.84
6.2C

135.78 
15.70
34.65
13.75 
9.00

18.20 
10.25 
27.30
15.08 
43 25
43. 75
10.00
20.86
8.35

47.73 
185.00 
70. 54
38. 70
22. 50
32,25

191.28
55. 75 
25.80
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Abstract of disbursements made by C. D. Davis, special disbursing agent, U. 8. 
Geological Survey  Continued.

AUGUST, 1892 Continued.

Date 
of pay­ 
ment.

Aug. 22 
29 
29 
29 
29 
29 
29 
31 
31 
29 
29 
29 
31 
31 
31 
31 
31 
31 
31 
31

No. of 
voucher.

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
132 
123 
124 
125 
126 
127

To whom paid.

......do .........   -....--......

William B. Clark. .............

......do.........................

Frank Leverett ------ __ ... ... 
J. B. Jolley. ...................

J. S. Uiller. ....................

Goldberg, Bowen & Leben- 
baume.

For what paid.

_ do.............. .
.. .do... .................. ..
Services, July, 1898... ..........

Traveling expenses -.-----.-_.

Services, July 1-24, 1892 . . _

......do... . ... .. ...
Services, July 1-Aug. 6, 1892 ......

Amount.

f3?.00 
168.50 
185. 30 
151. 60 
40.00 

100. 00 
115. 65 
100.00 
100. 00 

2, 406. 50 
1, 044. 82 

43.48 
101. 10 
130.00 
15.19 
68.50 
24.55 
30.12 
14.17 
22.45

15, 197. 43

SEPTEMBER, 1892.

Sept. 5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
7 
7 
9 

10 
10 
12 
12 
12 
13 
14

14 
14 
14 
14 
19 
22 
22 
27 
87 
27 
27 
27 
27 
27 
27 
27 
27 
28

1 
2 
3
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3« 
37 
38

J. E. Wolff .-.....---.........-.

M. M. J. Vea....... ............
W. S. Bayley ..................

William H. Hobbs. ............

W. H. Weed........ ............

Pay roll of employe's. _ ......

New York and Boston Dis­ 
patch Express Co. 

William Andrews- .... __ ....

A. Buford .----. ...............
M. M. J. Vea--..-.--..---...-..

L,. S. Griswold. ................
do

.. .-..do. --...----.--...-..--..-.... .
--...-do...........................
......do---.---.....-......--..-....
Services, July 1-Aug. 12, 1892 ....

. .....do. ......---.--....---...-- ....

...-.do...........................

Services, Aug. 5-29, 1892 ..........

Services, August, 1892 ........ 
......do.   ._...,....-..  ........

......do.........................
Services, Aug. 1-6, 1892 .. _ .
Services, Aug. 1-15, 1892__ __ ..
Services, Aug. 7-Sept. 10, 1892 
Services, July 24-Aug.ll, 1892.... 
Care of horse ._...._. ___ ....
Services, Aug. 1-Sept. 12 1892 
Services, September, 1892 ..... 
Services, Aug. 1-Sept. 16, 1892.. .. 
Traveling expenses.. .. __ .

Elliot P. Hough.......-....--.
William M Kirkland

Services, September, 1892 ........
(In

......do......... ............... ....

......do............................

$85. 00 
80.65 
50.00 
40.00 

163. 55 
43.75 
14.94 
27.96 

116.81 
24.36 
9.25 

126.00 
151.60 
121.00 
26.09 
4.52 

22.20 
35.60 

122. 40 
5.55

6.50
65.22 
65.22 

150.00 
67.42 
15.00 
70.00 

146.80 
115.00 
80.96 
28.07 

179.40 
43.48 
97.80 
81.60 

1, 116. 80 
2,099.60 

163.00

5, 862. 50

-19
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Abstract of disbursements made by C. D. Davis, special disbursing agent, U. S. 
Geological Survey Continued.

OCTOBER, 1892.

Date 
of pay­ 
ment.

Oct. 1

1
1
1 
1

24

25
25
25
26

26
26
27
29 
29
29
31

No. of 
voucher.

3

5 
6
7
8
9

10

12
13

15
16

18 
19
20

To whom paid.

WilliamB. Clark...   ........
Walter H. Weed     .........

Johns. Mendenhall.... ....... 
C. R. VanHise.... .---.-  -

S. Ward Soper ....... .    ....

G. F. Becker. .......   -...-...

For what paid.

Traveling expenses ----.-._-.-..__

Field supplies _ ... __ ............

.. ....do ........... .......... ......

......do...... . . ..........

Services, Aug. 10-Sept. 30, 1892 . . .

Amount.

829. 35

28.90

31.85

97.80

10.00
3.05

37.09

15.00

112. 90
450.00

91.30

5, 034. 04

NOVEMBER, 1892.

Nov. 3 
3
3

7
1
8

11

11
17 
17

25
25
30
28
28

1 
2
3 
4
5
6

8

10
11 
12
13
14

16
17
18

N. H. Darton.. ................

Walter H. Weed. ...... .  .... 
C. R. Van Hise. ...... ..........

W. Lindgren ___..-.   .    ....

George H. Barton. ..--.....-.. 
E. R. Maurer... _ ... _ ... ....

Services, Oct. 7-31, 1892............

Field expenses.. .._.__ __ . _ ....

......do......................
Field expenses. ... ...

Traveling expenses. . .............

Services, Aug. 16-Nov. 30, 1892.... 
Services ........ . .......

......do ...........................

......do.......... ........

8108. 70 
50.00
6.74 

100. 00

43.48
37.90 
2.00

90.00 
28.85
85.00

28.90

4, 289. 27

DECEMBER, 1892.

Dec. 6 
6
6

12 
12
14
14 
21 
21 
21
22 
22
22
23

23
28

28 
28
28
28

1 
2
3
4 
5
6
7 
8 
9 

10 
11 
12
13
14

15
16
17
18 
19
20
21

J. B. Wooflworth __ __ .. .... 
C. R. Van Hise. ......       
George E. Luther.. _ __ . ...
Rogan, Nice & Smith..........

Arthur Keith ... __ .-.. ....
W. P. Jenney... _ ..     ... 
P. F. Joyce..... .... .. .......
C. Kenneth Leith. .. __ ... ... 
R. Macallister. __ __ . _ .... 
I. C. Russell . ............ 
A. C. Peale.. __ .............

riage and Harness Co.

Olsen &Saye __ .....   ....
T. Nelson Dale......   .......

Services, November, 1898 . 
.  do ...
  ...do ...................
Supplies .... __ __ __ __ _. __ .

Field expenses. . ..
Services, Nov. 1-Dec. 4, 1832 ..... 
Services, Nov. 5-Dec. 7, 1892 .. - 
Services, Nov. 23-Dec. 10, 1892.... 
Services, Oct. 7-Dec. 7, 1892 
Services, Nov. 9-Nov. 12, 1892... .

Boxes, etc. .. _
Services, December, 1892 . . . 

...do...... ..
.. ..do......... .......
......do.... .................. ......

J50.00

97.80
20.13 

100.00
12.92

263. 10 
18.00 
16.50 
8.55 

28.00 
30.00

147. 56
17.45

1 00
34.00
27.60

168. f 0 
50.00

2, 369. 90
1, 154. 10

4,715.01
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Abstract of disbursements made by C. I). Davis, special disbursing agent, 
Geological Survey Continued.

JANUARY, 1893.

Date 
of pay­ 
ment.

Jan. 3
5
6

7 
7 

17
17
17

17
17
18
19
25
28
28
28
31

31
31 
31
31
31
31

No. of 
voucher.

1
2
3

6
7 
8
g

10
u
12
13
14
15
16

18
19
20
21
22
23 
24
25
26
27

To whom paid.

George H. Williams . ........

BeuG. Palmer....... .......... 
Richard Stein...- ..............

. ... do .........................

J. E. Wolfl. ....................

G. K.Gilbert...................

C. R. Van Hise.. ............... 
......do .........................

......do ........................

For what paid.

Services, December, 1892
Services, Nov. 28-Dec. 16, 1892
Services, Oct. 1-Dec. 31, 1892 ......

Services, September, 1892 ........ 
Care of horse .--------.............

Services, Aug. 1-Sept. 9, 1892 .
Services, December, 1892 .. ..

......do.............................

Services, January. 1893...........

Amount

14.40
100.00

43.75
40.00 
5.00 
8.00

75. 00
97. 50
90.00

156. OL
12.61
15.00
24.89
3.75

2, 249. 30

111.10

83. 33

120. 00

26.74
40. 65
5.00

4, 717. 28

FEBRUARY, 1893.

Feb. 4
6 
6
6
6

15
16
27
25
25
27

1
2 
3
4 
5
6
7
8
9

10
11

C. M. Harlau.. .................
Frank Leverett.... ............

Herman Krauss . _ . . _ ..

W. J. McGee. ..................

Services, Dec. 8, 1892-Jan. 31, 1893 .

Services, Jan. 20, 1893..... ...... 
......do............................

......do ............................

......do.............................

$30. 25
220.00 
100.00

2.00 
2.00

33.45
37.00
77.78

1,065.80

3, 654. 68

MARCH, 1893.

Mar. 3
9
9
9
9
9
9 

11

17

31
31
29
29

1
2
3
4
5
6
7 
8

9
10
11
12
13
14
15

H. F. Phillips.. ................

tionery Co.

....do .............................
......do .............................

Services, Jan. 26-Feb. 28, 1893.....

Services, Dec. 1-19,1892............
Services, Mar. 1-4,1893...........

....do .............................
. .....do... ............. ............ .

85.00
110.00

50.00

30.00
34.00 
15.00

61.96

2.00
50.00
83.33

1,179.60

4,013.19
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Abstract of disbursements made by C. I). Davis, special disbursing agent, 77. 8. 
Geological Survey Continued.

APKIL, 1893.

Date 
ol pay­ 
ment.

Apr. 1

5
6
6
6
6
6
8

10
13
19 
27
27
27
27 
28
29
28
15

No. of 
voucher.

1 
2
3

5
6

8
9

10
11
12
13
14 
15
16
17
18 
19
20

22

To whom paid.

Kichard Stein. .................

Williams. Clark ....... ...... .
A. C. Peale ............. ........

C. K. Van Htse. ................
H. F. Phillips.. ......---....-..
C. K. Leith...   .._...  ..---.

C. M. Harlan          

James Storrs __ _ ...........

......do..........................
  .do..                
T. Nelson Dale.... ..   ........

For what paid.

Pasturage .__.-..__ __.....___._ ..

......do... ... ................. ......

Services, March, 1893... .. ...
..... .do      ........ ....     .
......ao.. ...... .......... ....... ....
   do  ........ .   ...... ........

Services, Mar. 9-Apr. 8, 1893 ......

..--..do-.-.....-. _ .. _ _ .. _ .

Services, April, 1893....... _ .....

......do ............. ...............

   do... ..........................

Amount.

$5.00 
135.00
50.00
63.00
10.60

120.00
26.00
24.00
46.68
15.00
61.50
50.00

1.66
50.00 
43.73
31.91
5.33
5.49 

170.00
82.40

2, 183. 20
1, 129. 15

4, 309. 65

MAY. 189i

May 3
3
3
3

5
8

23
23
23
31
31
31
29

29
29

3
4
5
6

8
9

10
11

13
14
15
16
17

19

C. B. Van Hise. ................

H.F. Phillips. ..... ...........
A. C. Peale....... ........... 

G. K. Gilbert.. ............ ....

......do......... ....................

...... do................... ..........

...... do................. ............

...... do..... ...... ...... ............

......do.........  ......... ........

.-...-do........ ............ ...... 

Services, Jan. 1-Apr. 30, 1893.....

......do   .........................

Services, May l,-7, 1893.............

$18. 16
120.00
27.77

50.00

36.00

100.00
40.25

300.00
200.00

10.99
60.00
60.00

210.00
2, 433. 80
1, 166. 70

4,994.05

JUNE, 1893.

7
5
6
6
6
6
6
6 

16
16
16
16
21

28

30
30

1
2
3
4
5
6

8
9

10 
11
12
13
14
15 
16
17
18
19
20

J.V.Lewis....   ..............

O.K. Van Hise........ .........

H.N.Phtllips ................
C. K. Leith. ....................
Edward Dithman.. ............

L. S. Griswold. ................
......do...... ....................
W. H. Snyder ...... .... ...... 
J. E. Wolfl.. ....................

.. _ .do..........................

Livery of public animals.........

Services, Dec.27, 1892-May 10,1893.

..... do................   ..........

......do............. ...............

... ..do _.    _.      ..   .......
Services, April and May, 1893 .....

Services, April, 1893 ...............

Services, June, 1893 ... __ ........

......do............................
  ...do            ..... ..   
......do................ ...... .......

$25.00
6.50
3.90

131.20
100.00
110.00
11.10
34.00
32.00
11.65 
45.68
14.00
47.10
63.58
5.00 
1.70

82.40
170.00

2, 191. 64
1, 129. 15

4, 215. 60



THE HEADS OF DIVISIONS. 293

Abstract of disbursements made by James W. Spencer, special disbursing agent, U. S.
Geological Survey.

JULY, 1892.

Date 
of pay­ 
ment.

July 20

22
22
22
22
28 
28
28

28
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

30
30
30
30

No. of 
voucher.

3

5
6
7 
8
g

10

12

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

30
31
32
33
34
35
36

38
39

41
42
43

To whom paid.

......do.... ............ ........
W. andL. E. Gurloy ..........

Edward Denny & Co -.-..-....

Kedick H. McKee.. .... ........

William H. Otis... ............

J. M. Witmer...... ............

house Co.

William H. Herron ...........

For what paid.

......do.............................

Office supplies.. _ .. _ ..... .....

......do.............................

......do....-.--.....-.-.-.-.........

......ao........  ....... ...........

......do.............................

......Ao. ............................

..... .do.. ...........................

..... .do..... ........................

......do.............................

......do............................

......do.............................

......do............................

......do............................

......do....----.....--.---......,..

......Ao.. ...........................

..... .do.. .............. ............

......do.............................

......do...   ..   ..................

Amount.

15.75
63.30

16.00
100.55
10.25 
26.10
26.05
32.00
21.00
11.00
8.45

36.14
106. 06

71.15
29.00
16.85

19.35

49.00
101. 10
50.00

101. 10
70.80

499. 43
233. 70
412. 70
294.62
194.20

2, 232 30
238 32

56.00
54.00

20.00

5.00
117.90

50.00

5, 788. 12

AUGUST. 1892.

15
15
15

16

16
16
18
18
18

18
18
19
18
20
20

20
20
20
20
20

45 
46

48
49
50

51
52
53
54
55
56

58
59
60
61
62
63
64
65
66
67
68

M. Belli&Co ..................
R. H. Chapman. _ ........ ....

G. W. Brans. ..................

baum.

....do .......................

......do.........................

Hale & Co.... ..................

Iseli& Milne. ..................

K. M. Boggs & Co. .............

...... do .............. .........

Services, July... .....-_-...._.....

......do.............................

. .....do.. .......................... .

......do.. ...........................

.......do..-.------.-..---   ---....

112. 96
134. 80 
40.00
24.93
32.74
43.50

126.72

6.20
13.55
24.00
64.40
24.10

137. 92
8.30

13.50

14.95
63.25
84.19
31.60
38.45
17.35
71.05

107.05
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U. S. 
Geological Survey Continued.

AUGUST, 1892 Continued.

Date 
of pay­ 
ment.

Aug. 20
"2
22
22
24
25
25
25
25
25
25
25
26
27
27
27
o 

27
23
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29 
29
29
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31 
31

31
31
31
31
31
31
31
31
31
31
31
31

31
31
31
31
31
31

No. of 
voucher.

69
70
71
72
73

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

95
96
97
98
99

100
101
102
103 
104
105
106
107
108
109
110
111
112
113
114

116
117
118
119
120
121
122
133
124 
125

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
HI
142
143
144

To whom paid.

W. T. Griswold ................

F. H. Newell....... ...   -   .

C. H. Fitch............-------..

W.J.Lloyd.. .........---------

W. B. Corse...--. ...----......

......do.........................

......do........................

W. P. Powell ..................

......do .........................

Stephen B. Pratt.. ............

Warehouse Co.

.. ....do .........................

Pay roll (Davis) ....

C. H. Stone....................
E. U. Goode ............... ....

......do.......... .........

H. E. Clermont Feusier --._-.

For what paid.

Subsistence ........... _ .........

Services. July.
Field expenses ....................
Services, July
Traveling expenses. ..............

......do.............................

......do.............................

......do ..... . ....

......do.............................

......do. ............

Subsistence ...-._----- --_----._..

Field expenses . ._.--.----,....--

......do...... ......................

--.   do...-..-..-..........-.---.-.

...--do...-..-.....-........-....--.

......do .... . . . ...

......do.............................

......do.............-..........   ...

......do.............................

Transportation .-----------_--_-..
Traveling expenses.. __ .........

......do............    .............

......do........................   ..

..-.-do........     ..-. ........

......do.............................

......do.............................

...... do.... ... .___   . ..   -

..... do

......do. ............................

. - do
.....do.............................

...... do ...... .. ........... ....

...... do.. _...._..-..---.-....--_._..

......do-    ...... ..................

Pasturage .........................

.. ....do. ........................ ....

......do.............................

.. ....do. ............................
Field expenses. .. ..---____-.......

. do ..... ......................

.....do. .............. ...........
..-..do-    .        ...--     -

Field supplies. --..---__...---. ..__

... ...do.. ...........................

Amount.

$20. 20

75.80
47.55

146. 70
18.60
18.85
16.75
35.75
18.50
18.50
12.25
75.00
11.00
26.53
30.00
34.18
50.75
35.25
4.50

31.48
68.65
64.25
40.75
37. U2

38.20
135. 41
11.15
63. 25
32.00

268. 40
24.50
12.00
6.00 

64.40
15.00
35.50

1.873.79
1, 353. 32

168.50
151.60
25.80
75.80
23. 2S
38.71
89.03
27.17
60.00

290.00
132. 38
79.97
60.96

376. 89
183. 00
15.78 
20.00

37.45
54.90

117. 90
254. 2C
313. 50
233. 70
79.00
54.06

145. 61
21.50
22.00
56.55

227. 35
25.25
30.75
24.51
15.00
22.30
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U. 8. 
Geological Survey Continued.

AUGUST, 1892 Continued.

Date 
of pay­ 
ment.

31
31
31
31
31
31
31
31
31

31

31

31
31 
31
31

31

No. of 
voucher.

145

147
H8
H9
150

153
154

156

158
159
16tt
161 
162
163

165

To whom paid.

W. T. Griswold. ...............

Trablng Commercial Co ......

Peter Centto. . _.-----. ........

For what paid.

......do.............................

......do. ........... ...............

......do........... .................

Field supplies --......____ ______.

Services, August............ __._..

... ...do.. ...........................

Amount.

833. 00
59.98
50.00
77.55
40.62
19.25
21.46

57.85
141. 59
38.60
79.21

268.20
16.85
13.75
67.28 
54.25
4.84

25.80

10, 984. 66

SEPTEMBER, 1892.

Sept. 5 
5

6
6 
6
6
6
6

7 
8
7
7
7
8
8
9

10
10
10
10
10
10
10
10
10
10

10
10
12
15
17

17
17

20
20 
20
20
20
20
20
20
20
20
20

166 
167

169
170 
171
172
173

175
176 
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

194
195
196
197
198
199
200
201 
202
203
204 
205
206
207
208
209
210
211
212
213

J. A. Himebaugh ...... .... .... 
G. Wormser & Co .............

R. B. Marshall. ................
P. H. Maryott& Co......... ..

Stephen H. Baker.. __ ... ..

S. E. McNulty... ..............
M. P. Henderson & Son... _ . 
Willard D. Johnson........

S. M. Robertson .--.--.___.
S. S. Mitchell _._.-. ........ ..
Bruce Williamson. ... _ .

H. S. Wallace . ..........

George W. Tindal ........

Austin Bros .. ..:...

J. T. Oldham & Son ..

baum. 
R.B.Marshall ..........

P.H. Newell................ ..

H. E. Clermont Feusier..
H. T. O'Brien. .............. ..
H. R. Crocker ........
J. A. Clausen.. ....... _ .. 
......do...................... ..

Coffin & Seeton 
W. &L,. E.Gurley ... ....

W.J.Lloyd................. .
H.S.Wallace............... .

H. H Chumlea. ................

Subsistence ._.,..........._.......
Field supplies.... ........ _ . _

......do............ ................
Field supplies...... .._............

Services, August ....

Field supplies. _ ...... _ .... ....

......do. ...........................

......do .... ..... ........ ... ....

......do............ .................

......do... .......... ...............

......do.............................

......do... ..........................

Subsistence ...... _ .. _ .. _ ... 
......do... ..........................
......do. ....................... ....
Forage. ..       ....    ......   .

......do.... .........................

......do.............................

......do.............................

......ao. ....... ......  ............

824.35 
79.08 
57.80

10.73 
66.75
29.67

31.25

60.90 
54.10
21,. 65
6.66
8.00

12.90
36.50

207.76
51.25
13.50
38.00
23.44
11.75

17.70
29. 50

809.00

42.00
13.50
68.84
64.65
69.15

24.00
31.57 
25 19
50.25
65.45 
8.00

24.48
37.63

56.00
24.00
21.00
39.95
64.95
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Abstract of disbursements made by James W. Spencer, special disbursing af/ent, U. S. 
Geological survey Continued.

SEPTEMBER, 1893 Continued.

Date 
ol pay­ 
ment.

20
20
20
20
20
20

20
20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20 
20
20
20
20
20
20
20
20
21

21
22
23
23
23
23
23
23
24
24
24
24
24
24
27
27
27
27
27
27
27
27 
27
27
27
27
27

27
30
30
30
30 
30
30
30
30
30
30
30

No. ol 
voucher.

214

216
217

219
220
221

223
224
225
226
227

228
229
230
231
232
233
234

236
237
238
339
240 
241
242
243
244
245
246
247
248
249

251
252
253
254
255
256
257

259

262
263
264

266

368
269
270
271
272 
273
274
275
276
277
278

280
281
282
283 
284

287
288
289
290

To whom paid.

E. T. Perkins, jr ..............

William S. Post........... ....

William P. Trowbridge. ......

C. H. Fitch.........-.....-.---.

Co. 
......do........--...-.   -------

W. J. Lloyd....................
H. J. Miller ....................

--.-.-do.-...-...--.----------.-..

---.-.do.........-.----.----- ...
.....do............. .--   .-...

William H. Herron.. ..........

Prank Tweedy .---.......

L.B.Kendall ............. ....

P.A.Ruhl ......................

W.G. Barr.. ............ ....... .

...... do. .__.___........   --. 

William P. Trowbridge .......

WilliamS. Post ...............

J. H. Madan. ............... ....
......do........ .................

R.C.McKinney ................
Robert Plormann.. __ .... ....

William Willis FogK ..........
William P. Trowbridge ..-...-

For what paid.

  .do.....   .   .   .    
_ ...do..... ......... -.......-. -
.-...do ........ ....................
--..-do......... ....................
.....do..........-.--...--...-.--.-.
......do..-. .-...,............-----.
. ....do.. ............... ......----..
.... ..do. ...........................
.....Ao.. ...........................
.--.-do..... .....    ....--.-...-

......do. . ......... .................

Field supplies ......... .. ._---.

......do......... ....._......... 
-....do   ..........   ..........
....do .. . ...................

.--...do ........ -----.---....----.-
Services, August- .... ------

...... do.............   .... . .... ...

......do........ .........   .....,..

......do..     ........  

...... do-.........-.-----.-   ......
Services, July .--.....---.-..------

.... do..- ......    ......    ....
Traveling expenses. ... .......

..... .&o. ............................

......do. ......... ---....-.....-----

do . ...
...... do..... .-....   .        
......do-.........---.---... .........

Storage _ ....

......do.... . ........ .......

......do.. _______ _.......-..._-  

...... do,-.. .. ....... ..............
Field expenses ................ ....

.-  .do...........    .........  

...... do...... .....--.   ..-.-..

Storage---..-. ......   ..   -------

.... -do ...........-  ....... -----
.---.do............. ............ ....

......do ....    .....    .....-.....

...... do ...... .......................

Amov

9

I

1

1

1

1

1
1

846. 25
84 92
47.14

184. 65
46.58
31.25
46.50
60.00
3.45

17.50
36.50

130.00
88.04
5.25

7.07
92.55

135.66
26.45
64.27

116.03
32.25
20.96
8.06

75.00
7.68

40.00
12.80
89.68
24.20

168.50
53.65
27.60
47.00
50.90
32.75
35.51

170. 52
124.15
55.45
18.00
57.94
40.30
58.90
75.27
19.50
84.95
38.19
19.18
29.15
11.00
84.00
91.15
34.55
79.37
94.86
6.75

55.08
38.00
53.96
19.75

83.80
86.73
10.62
27.15
42.00
42.00
91.90
80.58
52.55
19.00
60.00
11.25
24.00
28.50
40.00
21.66

100.00
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Abstract of disbursements made by JamesW. Spencer, special disbursing agent, U. S. 
Geological Survey Continued.

SEPTEMBER, 1892 Continued.

Date 
of pay­ 
ment.

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

No. of 
voucher.

291
292
293
294

29fi
297
398
299
300
301
302
303
304
305
306
307
308
309
310

To whom paid.

Pay roll (McKee) ..............

For what paid.

.. __ uo -.___.-----_.___ .

......do-.......--.---.... .....

......do.............................

......do.................. .

......do.................. ......

......do.----.---   .................

......do.............................
......Ao.. ...........................

......do.............................

......do..--...-.-...--.............

......Ao. .......................... ..

......Ao. ............................

......Ao..... ........................

......do-.....-.   ..................

......Ao. ............................

Amount. 
\

$40.00
183.00

330.40
831.60
898.00
407. 80

197.80
138.3g
175. 40
283.80
231. 60
268.46
629.40
827.60
378.40
211.60
297. 53
50.00

11,868.29

OCTOBER, 1892.

Oct. ,
9,
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17 
18
19
20
"1
m
S»
94
ff,
an
87
ffl
29
30
31
32
33
34
35
36
37
38
39
40
41
4?
43
44
45
46
47
48
49
50

M. Belli & Co .----  ...--..

Williams. Post ..............

Payroll (Davis). ------ __ .... 
R.B.Marshall... ... .........

P. H. Boggs. ...................

P. E. Her.......................

C. H. Fitch. .... .............

H.R.Crocker ... .. __ __ ..
A. P. Davis ....................
William H.Otis...... ..........
H. S. Wallace..................

William P. Trowbridge. ......

H.R.Crocker .................
George W. Tindal. ............

.....do..... ..........
......do.................. ........
Forage .._..----... _. .

......Ao... ................ .... ....

......do.... ....-.-.--..... --.......

......do.............. ...............

...... do........-----.--.. ........

.. .do.............................

Services, September _ ... __ ....

...... do..... _.--.- .    .__.____   .

......do................... ........

......Ao... ..........................

...... do...... ..-----....... ........

......Ao....... .................. ....

..... .do. ............................

......Ao..... ........................

......do..... ............ ........

.--...do ............................

......Ao... ..........................

Field supplies. ................ ....

$244.20
303.45
179.40

19.42
24.75
6.15

11.41
74.05

136.27
45.00
8.50

209.34
80.85
43.55
93.60

158.93
568.07
102.66
131.76
17.00

236.60
108.02
57.25

117.85
156.80
42.00
27.50
76.70
15.00
19.70
8.40

105. 32
24.45
B7.90
16.25
26.00
38.95

364.35
58.80
28.70
71.10
27.50
47.85
40.76
96.55
40.70
26.30
7.50

10.00
28.15
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U. 8. 
Geological Survey Continued.

OCTOBER, 1892 Continued.

Date 
of pay­ 
ment.

Oct. 20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20
20
20 
20
20

20
20
20
20
21
21
21
21
21
21
24
24
24
24

24

26
26
28

28
OQ

28
28

28
29
PQ
29

29
2 K

O1

31
01

31
31
31

31
31
31
31
31
31
31
31

31
31
O1

31
31

No. of 
voucher.

51
52
53
54
65
56
57

59'60
61
62
63
64 
65
66
67
68
69 
70

72
73

75

79

81
82
83

85
86

87

89
on
91
92
93
94
95
98 
97
QQ

99

101

102
103
104
105 
106
107
108
109
110

112
113
114

116
117
1 10

1 19
120
121
122
123
124

To whom paid.

E T Perkins 1r

......do   ..     .   -    
   do-                
William H. Herron. -_   -__  

D.B.Kendall ........ --------
O. C. Bassett .    .,-- .   
F.H.Newell ...................

.. ....&o. ........................

......Ao .........................

Warehouse Co.

P. H. Boggs              

Williams. Post-. ------------

Williams. Post-    ------

William P. Trowbridge -_.___

baum.

J. W, Powell-.-  -------
C. H. Fitch.-......   .      .

BediekH. McKee..-   -..  

Thomas S. dark ..-     -  

baum.

E. U. Goode. --------------
Bedick H. McKee      --   
  _. .do....     .........    

B. U. Goode      .     .-  

Payroll (Pitch) ...... ........

Pay roll (W. D. J.) ....... ....

Payroll (Otis) .......... ......

For what paid.

Field supplies .          
.. do.-  ..... ................. ..
.-...do ---. -. .
.. .do-...........   ..   - ..
......Ao. ............................

......Ao... ...................... . .

...... do. ........................ ....

...... do............   ...... .. - .
    do      ________   ._    
-..-.do     ___       ...... ....
...... do... ..         ------
   .do... .    . .  -  -

--..do    -------- ......
......do...--..--------. ..........
Services, September. --------- --_-

......do.    ._         __...    _
Field expenses -------  __       

______ do                .

.-.-.. do. ............   .   .     

....-do... ...... --------------

-_ __ do. . __ . . ....._ __ .. ....

......do. ___            ..   . 

.. do....-.  - .    .. 
Traveling expenses ........   . 
Subsistence and transportation ..

Services, October                  
... ...do ....................... ------
..... .do    ...... -.......     
. ...-.do-. ------ .................
    do--    ...... ... ... .... ......
.   do-.           ........  
.--..do--..--.--   .............
-. do.     .......  ....... 
.--.. do-..........   .  ...  . 
......do.--   .             
.-.. .do.-..-....---.---------..--..
.---.-do---....-   . ---------- --.-
   ..do...     .. .       
......do.  -..     ...    .
... ...do . .     .......    ..   .
    do         ...       
--..do ...    --------------

. ...-do........ _ .___..._....  

Amount.

$113.82
77.80
34.03

17.32

80.54
41.61
77.37
81.29

101.40
23.75
65. 95

127.04 
61.90
45. 45
23. J 3
64.95
73.40 
38.40
20.00

59. 15
10.00
11.00

123. 10
96.65

123. 30
213.34

17.70
39.85
14.30
95.26
19.66
93.80
39.30
43.75

47.25
132. 24
34.82

179. 35
132. 51
57.00
21.70
50.95
38.15
65. 00 
82.60

121.16
47.25
22.50
26.90

108. 17
81.35
28.50

134. 80 
42.00

185. 30
307.90
478. 21
326.60
290.60
364. 82
894. 30
234. 20
179.80
214. 20
816.30
277.90
244.20
239.20
423. 30
207. 80
356. 10
160.00
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U. S. 
Geological Survey Continued.

OCTOBER, 1892 Continued.

Date 
of pay­ 
ment.

Oct. 31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31 
31
31 
31
31

No. of 
voucher.

125

127
128
129

131
132
133
134
136
138
137
138

1*0

142 
143
144

To whom paid.

Pay roll (Holman) .. .

William P. Trowbridge
Payroll (Post) . ...... ...

W. T. Griswold ......

L. B. Kenaall ..................

Robert Marsh. . .. .

Morris Bien. -.... -_._.--... 
Hahn&Bruch. ................
Southworth, Grattan & Co ...

P. H. Boggs.. ..................

For what paid.

.. ....do. ...................... ......

......do............................

......do . ........ . .....

..... .(Jo.......... ...................

......do....... ................

Traveling expenses -._--_--.-----

Field supplies _-___.-.---,---.-----

Pasturage.     ......   ._...---.

Amount.

J165. 80
633. 30
84.20

100.00
271.10

18.00
76.62
27.35
73.75

227 82
46.32
28. 50
28.80

247. 90
49.75 
6.25
5.70 

20.00
115. BO

16, 363. 53

NOVEMBER, 1892.

Nov. 3
3 
3
3
4
4
4
6
5
5
5

  5
7

7
8
9 

14
17
17
21
21
21
21
21
21
21

21
21
21
21
O1

21 
21
21

21
21
22
22
22
22
22
22
22
22
22
22

145
146 
147
148
149
150
151

153
154
155

151
158

160
161

163
164
165
166
167
168
169
170

172
173
174
175
176 
177 
178 
179
180

181
182
183
184
185
186
187
188
189
190
191
192

H. E. Clermont Feusier. .. ... 
.. ....do. ........................

do .....

KedickH. McKee..............
H. S. Wallace.. .

A. H. Thompson .
K. 0. McKinney- ..............
Robert A. Farmer

William B. Lane

William S.Post .. .

E. S. Yeomans.

William H. Herron _ .

E. McL. Long., 
E. T. Perkins, jr .... 
E. A. Stuart &Co-... ----------

house Co.

J.W.Maxwell ................

John R. Brennan

W.M.Owen...- ...............
Samuel McDowell -----
Samuel Storrow

Hedick H. McKee .. .........

Field expenses ._-_---... .....

...... do.. ............. ......... ... 

......ao. ...................... ......

...... do. ...._--------.........__....

Field expenses ....................

......do... . ....... .. ....

.. --..do....................   ......

......do.. ......._-_-...............

......do ......................... ....

.. ....do. ........................ .-.-

......do...-..--..-...---   ---------

......ao. ............................

......ao. ............................

.. ....ao. ........................ ....

......do ............................. 
Field supplies....... ..............

.... do.. .. . ............ ...

..... .do ........ _ ...... _ .........

19.90 
27.90

47.30
42.43
80.55
63.34

56.55

31.50
16.20
34.67
77.36

222. 35
134. 90 
75.02
BO. 95
18. 75
13.97
68.65
9.75

148. 77
150. 25

322. 89
69.30
85.90
68.50
33.50 

141.90 
70.90

20.00

11.00

26.66

17.50

13.50
180.00
30.00
62.32

20.95
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U.S. 
Geological Survey Continued.

NOVEMBER, 1892 Continued.

Bate 
of pay­ 
ment.

Nov. 22
22
22
22
22
22
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
28
30
30
30
30
30
30
30
30
30
30
30
30
30
30

No. of 
voucher.

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

To whom paid.

E. T. Perkins, jr .....
W. T. Griswold ... . ..........
......do..........................
Joseph Macf arland ......

Mrs. W. C. Priest .... ...
......do............

......do........... . ......
A. P. Da vis ..

...... do. .............. ..........

R. B. Marshall
Paul Holman ... .....
......do............... ..........
M. P. Henderson & Son .....
......do . ....
......do ...... . ... .
J. C. Johnson & Co .

John Mulholland
Mrs. W.C. Williams... .....
......do.........................

Diedrich Rohlfs
Alex. C. Barclay ..
R. B. Marshall .............. .
J. W. Bobbins. .. . .. ..

L. B. Kendall....
T. M. Bannon..
P. C. Hahn...... .....
John Mulholland

Frank Tweedy...

E. McL. Long
Payroll (Otis)
Pay roll (Thompson)

Pay roll (Post) .

William P. Trowbridge ... ...

For what paid.

......do...........................

......do.. ...........................

......do-..   .......................

......do....... .....................

......do........................... .

.... do.-.. ..................... ....

...... do. -............---.._.........

......do.............................

......do.............................

......do.............................

......do...................... ......

..   .do-------------...-----......

..... do--.......-.... ...........

. ....do. .............. ...... ........ .

.....do........... ...................

.....do .............................

. ....do. ........................... ..

.....do----.  .---...-..--..---..

. ....do. ........................... ..

.....do . .......... ........ ......... .

.    do.    .........................

.....do.   .. ....... --  - .-  

.....do.-..---...........---...-....

.....do....-......--.-...--.....-...

. ....do. ........ .................. ...

.... .do.. ....................... .....

..__. do.-.            .........

..... do. ...... ...... .............. ...

.....do. .............................

Amount.

$87.64
14.37
21.00
23.00
30.04
54.38
26.85
23.50
52. 85

174. 86
46.40
22.75
78.50

101.00
34.50

170. 53
35.45

202. 40
237. 40

6.00
81.99
42.00
33.00
42.00

120.00
17.50
22.00

104. 89
60.80
70.97
48.01
51.15
31.50
36.00
24.25
85.10

109. 16
130.40
73.40

160.00
929.60
322.80
395.12
172. 42
304.20
157.40
236.60
283.80
618. 40
100.00

9, 578. 95

DECEMBER. 1892.

3
3

3
3
3
3
3

3
3
5

5

5
5

243
244
245
246
247

249
250
251
252
253
254
255
256
257
258
259
260

R. U. Goode.. ..................

-....do.   ......... ............

R. U. Goode....................

......do....... ..................

Charles W. Howell ............

......do-.---..   ...... ...--.. ....
-....do-.--.----.........  ... .-..
.. ....do ... ..........................
......do  . .   .....--      
. . .do... .......................
......do  .......................

......do .............................

.. ...do. .......-.---. ...............

..... .do ................ .............

J472. 00
211.60
213.00
122.80
179.40
50.00
81.60

53.25
128.10
67.95
40.05
44.00
77.45
53.25
30.00
60.00
60.00
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Abstract of disbursements -made by James W. Spencer, special disbursing agent, V. S. 
Geological Survey Continued.

DECEMBER, 1892 Continued.

Date 
of pay­ 
ment.

5

5

6
8

8
8

8
8
8

8
8
8

10
10

10
g

10

10
12
12
12
12
12
12
12
12
12
12
12
ir.
 Jo

13
13
14
16
16

17
17
22
22
27
27
27
27
27
27
27
28
28
as
28
28
28
qj

qi

01

q*

32
31
°.1

31

No. of 
voucher.

261
262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
9*7S

279
280
281
282
283
284
285
286
287
288
289
oqn

291
292
293
294
295
296
297
298

Ofifl

O/lJ

302
303
304
O/lC

306
Q/V7

q/iQ

*>| i

0]O

313
314
315
Q1ft

317
318
319
320
321
322
323
324
325
326
00*7

OQQ

329
oqfi

331
000

334
335
336

To whom paid.

L. 13. Kendall.. ................

C. H. Fitch. ....................

J. W. Dobbins .................
P. H. Boggs...... ..............

baum.

H Q "Wallapp

.... do -...-.-------.--..---..
.....do .........................

Bedick H. McKee.. ............

William S.Post . ..............

.....do .........................
K. B. Marshall.................

......do.........................
William S. Post...............

......do .....--........---. .....

Warehouse Co.

W. P. Powell.... ..............

A. P. Davis ....................

For what paid.

Services, November. . . _
.....do.............................
.....do.............. .............
.....do.......   ...................
Tra veling expenses . . _ .
Services, October ..... _ . _ ....

. ....do. ...................... ......

.... .do               
...... do  -- - --.   .... ~  
.....do.. ..   ......... .........
. ....do. ............................
.. .do....... ......................
Traveling expenses.. _ . .....
...... do..  ................ ....... .
...... do..  ...... .-   ....... .
......do. ...........................
Field expenses- ------ _ .. __ -...

..... .do--  ..       .   ......

. .---.do..--- -.......   ....... ....

......do......  .......  .........
  do-.            
..... .do- .... .......  ...... .
......do......   ...... ......... .
..... .do..  ........... ............ .
..... do..  -. -.......   .......

Services, November. .... _ ......
.. do.    .  .       

.. _ _do __ _ . __ ....    __ .....

..  do _   -    ..-    --  
    do         --  .- - 
......do-------------.--..  ......
..----do....--------.---   -. ........

Services (December).. _ . _ .

Traveling expenses. _ ..._ _ _

.. .do -- . . ---------- ---

...... do............. ...   ... .....
-----do......    -----------------
......do  ....-   .    ..... 
Traveling expenses. . -------------

..... do  .   -     -.. 

.   do..    .... -.--------.... -----

... ...do. .......... ...    ...... -----

......do-  .... .......  ....  ..

......Oio................ .............

Amount.

J130. 40
81.60

549. 79
146.80
20.00
16.80
5. 80

22.95
133.00
14.07
39.15

85.50
47.85
83.53
26.20
49.60
32.85
22.90
20.83

107. 02
81.55
62.35
31.75

113. 90
112. 00
32.65
35.65
82.21
42.35
32.50
11.00
69.45
62.25
11.75
14.00
30.65
42.40
10.45
21.00

107.50
112.00
12.00

163.00
244. 20
16.00

160. 52
298. 92
109. 30
202.46

9.67
119.48
68.79
29.83
25.80
65. 38
43.75

102. IB
195.90
109.30
100. 25
45.50
68.05
50.80
44.75
28.88
22.58
22.95
30.00

13,50
83.90

128.05
25.00

165.58
25.60
37.50

139.95
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Abstract of disbursements made by James W. Spencer, special disbursing agent. U. S. 
Geological Survey Continued.

DECEMBER, 1892 Continued.

Date 
of pay­ 
ment.

Dec. 31
31
31
31
31
31
31
31
31
31
31
31
31
31 
31
31
SI
31
31
31
31
31
31
31

No. ol 
voucher.

337
338
339
340
341
342
343
344
345
346
347
348
349
350 
351
352
353
354
355
356
357
358
359
360

To whom paid.

HedickH. McKee... .........
Charles W. HowelL---.. --....
Pay roll (Davis) - .. .......

Pay roll (Otis) ................

E.M.Douglas-.--..---.... . 
William H. Otis ...............
......do.........................
P.H. Boggs.... ................

H.S.Dawsoa ....... ... -----

K. O. Gordon __.- .-_...

For what paid.

Services, Decernber. -...._.
------do.---------------....-----....
... do..--.------------...... .

-----do.--   .......................
.- do.--------_ - -. -

------do----.....---------------.....
......&o. ...... ......................
------do. ........................... .
......do,..--.------------------.....
......do.   ----   .   -........_..-
......AQ............ .................
...---do-----.....--.......------....
.-----do ............ .... ...........
Field expenses.--------, _ .... ... 

.. ...do ............ . -----

.. ----do. ................. ..........

Transportation. .... ...

--....do-...--..--..------- ----------

Amount.

134. 80

179.20
307.90

1,809.50
14.88 
19.75
15. 00

134. 48

6 00
25. 50

134.80

207. 14

13, 543. 05

JANUARY, ]

6
6

7

7
7
7

7
o

11
14
14
16
16
16
16
16
16
16
16
16
16
16
16
19
19
19
in

26
oe

25
25
25
31
31
31
31
qi

31
31
31
31

2
3
4

6

9
10
11
12
13
14
15

17

19
20
21
22
23
24
25
26
27
28
29
30
Ol

32
33
34
35
36
37
38
39
40
41
42

45

46

W.B. Corse ... ................
F.H.Newall ...................

W. G. Griswold ................
------do.....---............-.--.

......do.------..................

J.C.Elliott. _     ..      ---

W.J.Lloyd -----..........-...-

J. W.Dobbins.. .......... ......

H. S.Wallace. ................ -

P. H. Boggs ............ ........

--....do .........................
jRedick H McKee

J.W.Poweil ...................

C. H.Jones ....................

H. S.Wallace..................
WillardD. Johnson...........

......do,.. .................. ........
---..do.............................

.. ....do. ................ ............

......do.--.... .....-----------.....

......Ao. ............................

......do. ....... ................. ....

......Ao. .......... ..................

......&o. ............................

----.-do..  ...----.------..........

. .....do...... ................... ....
-- -...do.. ....................... ----
.. ....do...... ................... ....
_-.  do......   . _   -.-------.--- -
--___ _do......-...   -__. - -----.-. -
    do......------    -----------

--....do-.-----.--..-. .......---.-

..... do----.... ...... ......---------

......do.... ...... ...-.--.- ..--

$3
34
20
12

16
13,

a
5

8

1
I

6

1
6

6

4

8
2

1

If
2

20
23

6
13
17

93.40 
169.90 
133.20 
42.00 
29.25 
55.00 
44.00
;6.40 

54.90 
54.90 
10.00 
17.25
8.50 

60.74 
52.10 
15.00 
68.75 
13.00
9.00 

30.50
8.39
7.10 

60.00 
119.10 
49.25 
29.75
4.75 

85.50 
28.25
4.00 

19. 52
6.75 

40.00 
44.25 
18.00 
22.00
7.43 

!05 54 
!35.26 
64.40
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Abstract of disbursements made fy/ James W. Spencer, special disbursing agent, U. 8. 
Geological Survey Continued.

JANUARY, 1893 Continued.

Date 
ol pay­ 
ment.

Jan. 31

31
31
31
31

No. ol 
voucher.

47
48
49
50
51
52

To whom paid.

Payroll (Barclay) . .. _ . ....

For what paid.

......do.............................

......do--..  . -   -...... ........
-..do .............

.. ....do... ................. .........

Amount.

$64 50
19.35

556. 10

2,990.50

6. 958. 44

FEBRUARY, 1893.

Feb. 6
6
6
6
6
6
6
6

7

16

16
16

17
18
24

24

24

24
24
24
24
24

28
28
28

28
28
28
28
28
38

63
54
55

  56
57
58
59
60
61
62
63
64

66
67
68
69
70

72
73
74
75
76
77
78
*7Q

80
81
82
83
84

86
87
88
89
90
91
92
93
94
95

Redick H. McKee.      ____

E. T. Perkins, jr __   __ _ .

J. K. Killers ....-.   .........
W. T. Grlswold.... ............

H. S. Wallace.... ............. .
James Clifford. _ _ ._

Humphris & Co .---.   _    

......do ....... ..................

William H. Otis .--..   ......

J. K. Killers.. .................
A. P. Davis ......  ...........
.. ....do. ........................

E. S. Eltchie & Sons ________

Worthing & Vining . _ ....

Payroll (Perkins)... __ .. ...

...... do.......------.....   .......

.---..do..........---..    ...... .

......do...    ..................... .

-. ---do... .......   .......... ......

-  do_._._._     __.__. ___ -_.

.....do. .

......do ... .   ..........    ......

......do.          ..............

......do.. ................... ........

......do..........  ................

. . -..do..... ........................
   ..do.........  .... .. .......   
.. do... ..........................
-.  .do__              ....

327.20
205. 00

5.00
40.50
QQ <7Q

981 ^.Q
21 00

56.72

58. 90
76.30
27.50
o cri

20.00

93.75
19 15
13.85
51 25
19.25

28.40

13.55
5.00

33.10
31.20

3, 042. 89

435. 00
205. 00
59.25
54.00

18. BO

7.519.50

MARCH, 1893.

Mar
3

13
18
18
18
18
18
18
at
20

96
97
98
99

100
101
102
103
104 
105

107

Edward KubeL . _ _ . .
W. C. Griswold. ......-...  

F. H. Newell. ..... . ...

H. S. Wallace. ......... ........

Q. Wormser & Co __ __ .. ....

J. K. Stewart.... ..............

..--do....... ......................
 ..do         .  _________

Storage       ..       .   .. ____

...... do.. _    ..--...   ..   .   .

yQ QQ

12.15
13.50

13.50

2.50 
12.50

60.77
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Abstract of disbursements made by James W. Spencer, special disbursing agent, U. S. 
Geological Survey Continued.

MARCH, 1893 Continued.

Date 
of pay­ 
ment.

TVTnr 20

20
20
20
21
21
22
22
qi
qi
qi
q-i

q-i

qi

qi

31
q j
qi
qi
qi

31
qi
qi
qi
qi
qi
q-t

No. of 
voucher.

108
109
110

112
113
114
115
116
117
118
119
120
121
182

124
125
126
127
128
129
130

132
133
134
4 qc

136

To whom paid.

William H. Otis.--.. ..........

......do........... ............. .

F. S. Wnitney.. ................

Warehouse Co.

Payroll (Davis).. ..-.-.---   . 
Payroll (Otls). ............. 

Redick H. McKee.. ............

For what paid.

Field expenses ...... __ ... ......
Pasturage ....... _._--.-

Repairs.. _ ... _ ....... _ . _ .

......do............... ....... .....

......do.............................

Forage. __ .. __ __ __ __ .....
. .....do.. ....... ................... .
....-do. ............................

......do.............. _ ..... _ ....

......do. ............................
Storage.. _ ..... __ .... __ __ -. 
......do...__.. ...._..._-  __... ....

.. ...do.. .......... .............

......do... ..........................

. ...do. ..... ..................

......do..... ............. ...........

......do. .. .-----................--

Services, March. ...... __ __ .... 
.. ....do.. ....................... ....

...do. ............... __ ... ....
.--.-do.............................
......do............. ...............
......do............ .................
.... ..do.. ............. ..............

Amount.

25.00

8.12
24 00
82.00
67.00
40 00
29.80

56.80

6.00
13.50
30.00

9.00

36.00

6.00
67.95

470.00 
219.35
551. 10
383. 90

3, 386. 60
30.00

137.80

6,344.23

APRIL, 1893.

17
17
17
17
17
17

17
17 
17
17
17
17
17

17
1 ft

1 ft

10

21
21
22
22
25
97
97

28
29
90

29
29
29
9Q

29
29

g
3
4
5
6
7

9
10 
11
12

14
15
16
17
18
19
20
21
99

23
9 i

25
26
27
9ft
90
on
q-i

qo
qo

34
35 
36
qw

38

H. S. Wallace......   .... ....

Elllott&Co. _ __ --     ....
G. Wormser & Co.. ---.... ....

W. C. Prescott ................

...... do -------- ................

A. C. Harvey-.... ... ...........

Payroll (Johnson)-------. ....

Payroll (Otls) ................
Payroll (Perkins) ............

Field expenses __ . _ __ . . ....
...... do.-..................    .....
-.-..do
...... do. ....... ....... ............. .
......do. ..........................
...... do........-........  .----....

...... do.-.. __ --.. ................
Storage......-------....... __ ....

......do.......... ...................

..   .do.......... ...................

......do.. ..-- ... ---.-...- 

......do--..-----.---.    .   . .

......do.......--....  .. ...... .....

..... .do...... ..-...    .      

......do.... .....    ....... .........

......do-...-.------.-----.  .... .

Services, April .   _____.._____   -

...... do. ...... ---.....---....---  

......do........-............   -

on -fa

25.15

8.50 
50.40
37.50

201.00

90 (U~!

13.60
198.00

126.53

35.10
34.00

46.75
1C9.44
51.10
26.15
71.60
16.00
O1 (-iQ

20.00
13.50

12.00
506. 80 

3, 012. 25
142.50
374.30
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Abstract of disbursements made hy James W. Spencer, special disbursing agent, U. S- 
Geological Survey Continued.

APRIL, 1893 Continued.

Date 
of pay­ 
ment.

Apr. 29

29
W
29
29

No. of 
voucher.

39
40
41
42
43

To whom paid.

George Longhead. . . ...
W. C. Griswold.. ..............
W. T. Griawold. ...............

For what paid. Amount.

131 90
90.50

164.80

7, 191. 68

MAY, 1893.

19
19 
19

19
19
19
20
31
31 
31
31
31
31
31
31
31
31
31

45

47 
48

50
51
52
53
54
55

57

59
60
61
63
63
64

Cyrus C. Babb ................

RedickH. MoKee. ....... .. .

L. M. LasellCo. .. .. ...
Georgo Longhead .............

Pay roll (Feusier) ...........

RedickH. McKee. .............

Field expenses .--....-.._-.-. ...

......do. ...................._......

......do.......................... ..
--..--do.............................

Pasturage-..------..-.--.....-..-.

......do......................... ...

......do.............................

....-do.............................
. ...do...... .....................

......do.............................

. ..do.............................

J22. 00

29.00 
68.00

845. 97
37.70
13.50
29.00

95.27
80.50 
24.00

233.80

3, 088. 10

170. 40

4,799.05

JUNE, 1893.

June 5
10
10

13

30 
30
30
30 
30
30
30
30
30
30
30 
30
30

65 
66
67

70

73

75
76
77
78
79
80
81
82
83
84
85

H. S. Wallace..-.........---.-.

Pay roll (Thompson) .........

Willard D. Johnson .... . 
Redick H. McKee..............

Robert Flormann -. ....

......do.........................

Services, May ...   .....   ......

Services, June. ._.,..... ..- 
.. .do.......-...----...-.-.......
......do.......-.-..-...-..--...-.-..
Services, May ........._-.--..---..

Services, June ....................
......do.............................
......do. ............................

S136. 20 
52. 05
12.00
21 00
90.00
55. 50

107.00

3,003.37 
164. 80

170. 40

13.50

9.00
7.50

164. 80

4,644.31

14 GKEOI
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Abstract of disbursement*; made by P. H. Christie, special disbursing agent, V. 8.
Geological Survey.

JULY, 1892.

Date 
of pay­ 
ment.

July 21
°1

21
21
21
21
21
23
23
25
28
29 
29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

No. of 
voucher.

2

4
5

8

10

13
14
15

17

19
20

23
24
25
28
27

30
31

33

35
30
37
38
39
40

42
43
44

To whom paid.

G.E.Hyde......................

J. M. Whitman, jr. ......   ....

.. ....do-. ........................

......do.... .....................

......do..........................
..do. . ......................

IS. B. Clark. .....................

G.E.Hyde......................

J. W. Thorn ......

W.O. Bsall .._..__.--_...... ...

For \vhat paid.

......do..............................

......do..-.--. -----._... ..

......do..............................

......do..-.--...-..--..-- -. ---.....

......do ................ _

Traveling expenses . .___ .... ______

......do--....----....................

......do .............................

......do----...--.... ................

......do..............................

......do..-...----...... .............

......do.................... .........

......do.... .........................

-....-do --.--................_---....
-....-do...... ................ ......

.. do ...........-----....-- ......
....--do ...... .....................
......do................ ..............
......do.............   -----.--.-....
......do ..    -     .-_.._  . 
......do..............................

Amount.

$17. 50
27.37
27 1-3
27.12

12. 00
16. 50
35. 00
12. 73
15.39

51!. 44
14.14 
25.65
19.25
12.30
10.75
11.50
65.35

4,392.80
261. 10
224. 47
210. 60

134.80

117.90

81.30
101. 10
101.10
84. 20
70.80
60.00
70. 8.)
75.80
75.80

134. 80
33.87
10.32
38.71

113.33
4.52

42.00

7, 447. 32

_*ug. 4

4
5
5
6
6
6
6
6
8
8
8
8

11
11

11
15
15
15
15
15
IS
16
23

q

5
6
7
8
9

11
13
13
14
15
16
17
18
19
20
21

24

26

AUGUST

......do .........................

J. H. Hagerty ..................

G. E. Hyde.....................

J. C. Griggs...... ..............

C. G. VauHook-. ..............

, 1892.

Field expenses ......
do

..do.. .......
...... do    ..   ...  ...... . ......

..   .do   ..........................
Traveling expenses-
Field expenses..-. _ . .....

do
.....do........... ....
......do........  ..................
...... do  -.      .      

   .do   ---   .   .---      
.___.. do-.. ----.. --------------- ----
    do     -   -  .  ~
_   .do -       --.    .-  
......do..    .- -       .  

   do    - -- ---     - 

82.92
108. 85
154. 37
332. 48

13. 00

5. 25
119.03
50. 00

157. 03
101. 10
116. 14
43. 00

111.20
122. 16
21.50
37. 50
35. 05

151.00
21.19

129.02
121.65
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

AUGUST, 1893 Continued.

Date 
of pay­ 
ment.

Aug. 33
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
24
24
24
24
24
24
25
25
25 
25
26
26
26
26
27
27
27
27 
27
31
31
31
31
31
31
31
31
31
31
81
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

31
31
31
31
31
31
31
31 
31

No. Of 
voucher.

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
4S
49
BO 
51
52 
53
54
55
56
57
58
59
60
61 
62
63
64
65
66
67
68
69
70
71
72
73
74

f6

78
79
80
81
82
83
84
85
86' 87
88
89
90
91
92
93
94

96
97
98
99

102
103 
104

To whom paid.

. ...do.. .........

..do ...   ._   . . ..
S. S. Gannett . _ ._ _._.._. ....
M. B. Lambert. .

. ..do .. ......... ...........

W. L. Miller...................

Louis Nell.   _.____.._.    

A. E. Murlin .......... ........

James McCormick

W C Frye

Henry Ulke, jr................

Van H. Manning, jr .... _ _ .

. ....do......... ..............._

......do .........................

D. C. Fletcher...... ......... 
E.G. Wills.....................

..do .........................
.do . .._...-. .. .

..do............. ..........
......do .....------............

.do. ......... ....... .

J. H. Wheat...................

.do.. ......

.do. ........

James C. Cook.. ____._.___._-_ 
D. C. Pletcher .--... ..........

For what paid.

......do ............... .............

......do... ..........................

......do................... .........

......do... .........................

.....do.............................

......do................... ..........

.. ....do... ..........................

Services. Aug. 1-Aug. 6, 1892......

Field expenses.   .... _   ..._ _ .

Field expenses .--______...-.....__

Services, August, 1892 ........ ....
.....do ........... ....... -..--......
.....do-..-----------.-.-..----.- ....
.....do-.....--..-....-.-.-.........
. ....do-. .......... ..-   .-......-- .
. ....do-.. ..-...--........--. .....
-..--do-..-...------.. ....----......

.. ...do..... -------------------- --.

.. ...do- ------------------------ --.-

.....do-.----------..----.-----.-...

.....do.     .         ..- 

.....do---------------.-----------..

.....do-.--------------.-----.......

. ....do .............................

.....Ao ........ ...... ...............

.....Ao. ............................
--...do-.----------------.--......-.
_.  do..   -   -      --    -
_  do -_-   - ------------- --
.....do ..---...--------..-- --------

.....do...-------------------------.

.....do._..--...---.......----.._...

._  do    .     ..     -.-    

. ....do __ ...   -......- . ------

.. ...do .   -.    -    .    . .---

.....do.-.......--.---....--.--.   .

.._._. do..... .        .     -
-....do.-......-.--.-.-.-.------.-.

.....do-... ........ ......... -.... 

Services .......---.....-.---.... ... 
Field expenses ................ ....

Amount.

$34. 70
21.00
26.46
17.09

12.37
62.80
19.00
61.80
25.00
24.12

166 40
14.82
77.15

32.33

34.00

11.61

1C8. 98

52.90

92.85

60.50
8.30

79.30 
11.93

2,031.68

220. 09
117.90

117.90
101. 10
60.00
84.20

134. 80

84.00
117.90
70.80

282. 40

210. 60

176. 90
270.60

84.20
75.80

15.48

50.00

101. 10

16.45
75. 80

134.80
75.80

234. 80
319.46
71.85
59.90

153. 86
35.00
12.90 
18.36
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

AUGUST, 1892 Continued.

Sept. 5

5
5
5
5
5
5
5
6

105 
106 
107

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118

H. B. Blair..... ................
--....do .-.........-..-..--.-.--
Atchison, Tor>eka and Sante 

Fe R. K. Co.

.. _ -do ............ .. . ------

_ .do . ------
.do

...-- -do --..----..--..---...-..----..

. .....do .............................

S40. 20 
68.70 

111.00

64.80 
854.55 
33.80 

135.33 
37.20 
92.73 
34.24 

101.10 
16.30 

151.60 
11.29

11,906.00

SEPTEMBER, 1892.

1
2
3 
 t 
5 
6 
7 
8 
9 

10 
1! 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55

William J. Peters. .............
C.G. Van Hook ................

F.H.Seely .....................

W T Walker

Glenn S. Smith ................

H.M. Wilson...-...   .........

S. A. Aplln ......         

John H. Renshawe ............

Field expenses -_ ... .. ..... _

-...-do-.--  .._ .................
... do................ ........ -.
..... .do.....-..     .... --.-.....

Field expenses . . . . . . . .
......do.    .-.._..   .       ...
......do..---.-...-..----....--.---..
......do.----....-....--.......-.....
......do.---...- ------- . . --. -.
......do...-.--...--- ...............
...... do.....   ...   ......   ......
..... do..---.-......-....   .. .....
......do-.---.-.---....--.-..-------.
......do..       ....    .   -  

Forage of stock -------- -_ -----

......do    -....   ....  .. 

......do.  .   .... ............. ....

......do.....   ............. ..... 

......do........--.-....-.....-...-..

.--... do--. ....-......---.. ---------- 

......do.-   ...... .......    ._  
   do....   .    ...... .   

Field expenses ____.- .........

......do..--...-.....---.....----....

. .....do _.    .._    .......... -.--

--....do.............................
...... do.............................

......do..................... .....

......do...... ....... .........   -.-

......do. ...........................

......do............. .......... -.. 

...... do........ ...... .-.   -   . 

. ....-do -----------------------------
Services, September, 1892. ........

843. 70 
28.50 

101.10 
117.90 
20.00 
20.00 
54.56 
5.64 

22. 50 
37.10 
4*. 26 

259. 19 
256. 05 

31.90 
129. 71 
149. 63 
50.05 

232.50 
63.50 
70.80 
42.00 
15.00 
48.97 
55.20 
5.20 

15.00 
8.02 
7.30 

20. 75 
28.91 
3.62 
4.15 

63.05 
334. 37 
104. 96 
67.25 

111.06 
113. 34 
104. 00 
28.50 
95.44 
22.90 
17.75 
17. 75 
7.35 

89.80 
52.20 
27.90 

116. 60 
64.12 
61.05 

149. 70 
46.50 
76.95 

179.40
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

SEPTEMBER, 1892 Continued.

Date 
of pay­ 
ment.

30
30
30

30
30

JO
30
30
30
30

30
30
30
30
30
30
30
30

30
30
30
30
30

30
30
30
30
30
30

No. of 
voucher.

56

58

60

62
63

65
66
67
68
69
70
71
72
73

75
76

78
79
80
81
82
83
84
85
86
87
88
89
90

To whom paid.

C. G. Van Hook.... ............

. .....do. ..................... ....
......do.............. ...........
......do.... ........_ _..._.---..
P. H. Seely.. ...................

M. B. Lambert. ................
F. H. Seely. ....................

......do..........................

J.W.Thom..-. .................
E.B. Clark .....................
Payroll ........................

......do..........................

......do..........................

WHliam H. Griffin- .----

For what paid.

......do............................
......do.................. ..........
......do............................
.. ....do.. ....... ........... .........
......do........... ........ ......
......do.............................
... ...do.. ...........................
......do............. _._............

......do.  ....... ..................

......do. ................. ...........

..-.-.do.............................

......do...... .... .................

... ...do. .......................... ..

......do._...... ................. ....

......do..... ...................... .

. .....do.. ...................... .....

......do...... ..................... .
-   .do..   ...... .--      ----

......do..  ........ ...............

...... do..  ----------. 

......do..---- ...................

Amount.

$97. 80
287. 00
219. 36
155.00
230. 40

97.80
81.60
40.75

29.89
171.20
277.56
361.00
124.22
130.40
114. 20
196.80
138.00
50.00
68.40

114.20
203.80
215. 20
203.80
263.80
343. 80
60.70
23.00
93. 29
16.27
82.23

103. 90
139. 08

10,725.93

Oct.

OCTOBER, 1892.

1
2
a
5
«
g

10
11
12
13
14
15
16

18

20
P1
Ri>
23
?4
25 
?6
27
i>8
29
30
31
32
33
34
35

Clifford Arrick ... _ .     ....

O. E.Hyde...... ...............

"William J Peters
P. E. Seely........... ..........

A. E. Murlln ...................

Clifford Arrick .................

Henkel, Craig & Co............
W. A. Brlnt ....................
G. W. Shuler. ..................

K. C. Hemphill.. ...............

N. B. Dunn. ....................

L. C. Pletoher... ...............

Traveling expenses .. __ .... __ .

......do.........  .................

......do..... .......................

......do....... .....................
..... do.. ..................... ......
......do...  ........ ...............
......do....... ................ ------

......do. ..................... ......

......do. ............................

......do.............................

.. ....do... ...................... ..--

. .....rto.. .......................... .
---...do.................... -------
......do.----  .........__      

Services ..    ..   ...   .   -   

......do...   ....... .....   .. 

......do...   ............... ........

    do..               -----

Field expenses ... _ . _ _ .......

$37.81
155.00
308. 24
438.00
19.25
9.41
13.15
11.89
65.75
57.30

255. 64
33.00
33.40

272.75
210. 44
206. 93
108. 27
128.92
94.70
19. a5

285. 25
109.00
29.25
34.50
13.04
9.03

45.00
42.00
6.00
9.00
9.00
17.00
27.50
5.00
53.40
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

OCTOBER, 1892 Continued.

Date 
ot pay­ 
ment.

Oct. 17

17
17
19
19 
21
21
31
21
21
22
22
22
22
31

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31 
31
31
31
31
31
31
31
31
31
31
31
31 
31
31
31
31
31 
31
31

NO. or
voucher.

39

41

43

47
48
49
50
51
52
53
54
55
56

58
59
60
61

63
64

66
67
68
69

71

73

75
76

78
79
80
81
82
83 
84
85
86
87
88 
89
90

To whom paid.

J. W. Thorn.... ................

W. H. Lovell.   _-..  ------

L. C. Matcher. ------ -----------

E. B. Clark ....................

Pay roll ---------------------

C. G. Van Hook.. ...... ........
Payroll-... .......... ----------

. .....do--. ............ ----------

Payroll--- -------------------

......do -------...-------------.

......do _.       _._.    .. 

......do .........................

......do .......-..-....---------.
do.......................

H. M. Wilson ..................

Coyle & Smith-,-.-.. ..........

Payroll-- -..  ._..._-.-----.

C. G. Van Hook. __..-.   
G. E. Hyde--.--.....-. --------

For what paid.

.--...do- ...

Services _.

Field expens&s -. -------

--..-.do- -------------- _ ------
......do.... ........ ...

do.
do.... . ......

-....-do.................. ......
..-..do.........   _...............
Hire of horse and wagon

....--do.....   ............ . ......
do. .

......do................... ......
do ... .

......do  .-.. .........

......do............................

...... do.,.. .... ........ _
-do

......do-.-- .............. .........
.- do... ..--...

do
.-do.... .......

- do
......do-... ........... .........  
-.   -do....-------......-.-.-,....

- do. _ . ...... .. _ . ...
...--do.. . ............. .........

do. _-
Traveling expenses-   -----------

...... do .......    .......   .. ------

...... do.-........   __   .    --

...... do..... .         .-   ......

...... do---..---..----   ... ....

...... do.    .-- ---.   - 

..   do...--.....------    --------
Services, October, 1892.. .......... 

...do.......      .--   -    

....--do---..-.-----.-- .   .   _...

Traveling expenses. .-.. ......._ 

...... do.......   .        -----

Amount.

142.50

6.66
6.00

142. 82

48.82
37.70

121.15
47.10
10.00
59.00
60.00
49.13

1,873.40

101. 10
222. 73
295. 61
270. 60
210. 60
134.80
11/1.10
117.90
70.80
50.00

222. 40
201.00
176.90
193. 70
488. 50
369.80
369. 50
418.20
126. 77 
47.44
19.10
75. 70

183. 50
104. 50
100. 30
211.26
49.00
86.57
40.50
83.85

400. 60 
234.80
25. 00
99.20
77.10
31.38 
16.15
5.25

12, 142. 51

NOVEMBER, 1892.

3
4

4
5 
5
5
7
9
9

2
3

5
6

8
9

10

12
13

15

Henry Gannett __ ............

......do. ........................

JohnH. Renshawe ......     .

G. E. Hyde...........-.     

W. H. Lovell. ..................
D. C. Harrison _ ...... ......

Traveling expenses. ... ----------

do .. ........... ........
.. do.............  .............

...... do......... ... .   ...........-
...do... ------ .........

Traveling expenses.. ...... . ....

..   do--........-.-.--  .... .--.

... ... do...     ...        ... -
  ...do-....  .....................

$49. 80
232. 87
102. 77 
18.54

12.27
249. 18
253. 41
249. 63
159.90 
145.09
221. 28
96.20

162. 38
213. 30
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Abstract of disbursements made by J'. II. Christie, special disbursing agent, U. 8. 
Geological /Survey Continued.

NOVEMBER. 1892 Continued.

Date 
of pay­ 
ment.

9
9
9

9
9

9
10
10

10
10
10
11
H
11
11
U
14
14
16
16
17

17
19

21
21
21
21
22
22

25
25

25
25
25
25
25
30 
30
30
80 
30
30
30
30 
30
30 
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

No. of 
voucher

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

' 48
49
50
51
52
53
54

56

58
59
60
61
62
63
64
65
66
67
68 
69
70 
71
72

74

76
77
78

80
81
82
83
84
85
86
87
88
89
90

To whom paid.

J. W. Thorn ... ..............

W. H.Lovell. ..................
W. A. Brent ....... ...........

George H. McKeelian . ....

Henkel, Craig & Co
G. E. Hyde.....................
L,. C. Fletoher

Hersey Munroe.

George T. Hawldus

N. B. llunri..... ...............
L,. C. Fletcher _ .

F. P. Metzger... ...
J. H. Wheat.... ............

Payroll   .    .   ..........

......do .............. ...
John H. Renshawe .... ....... 
E. B. Clark.
W. L. Miller................. .
S. S. Gannett . .
E. B. Clark. ............... . .. 
K. M. Towson
Payroll _ ........ ..........
C. G. Van Hook. ...............

......do. ........................
......do.................

do.....

W. H. Lovell. .............

.....do. .......................

.....do........................
......do. .......................

For what paid.

......do. .......... ............

......do...... ......... ...........

......do.............................

......do........................ ....

......do............ ................

..... do.............................

......do.............................
......do.............................
lavery. .........^. ....

......do.............................

......do.............................

......do . ....... ...

......do........ .........

Held expenses --.-.. ....

......do..................... ........

...... do........ ....._...........___.

......do.............................

..... do..... ......................

Services, November, 1892...... 
......do.............................
..... do.............................
Traveling expenses. ...... ........ 
......do............................
......do.............................
...... do....... __ ......... .
Field expenses ..... _ ............
......do.............................
Services, November, 1892. ........ 
......do.......................... ..
......do....... ____..........._..._..
......do.............................
......do.............................
...... do. ............................

......do... ..........................

... . do............. ...............

......do.............................

...... do.. ...........................

......do...................... ......

Amount.

S10. 50
73.22
44.82
31.39
40. 33
16.09
15. 00
12.00
23.75
83.90

110.87
159. 00
78.50

27.75

36.00
49.85
34.00
7.60

40.40
16.50
78.99
31.10

127.37
12.35
17.60
33.05
26.35
20.00
34.00
21.25
40.65

166. 00
27.50
29.75

111.25
38. 42
27.87
21.01
6.95

22.19
B6. 94
58.45

179. 25
1, 813. 20 
1,436.20

685. 00
102. 79 
23. 34
20.10
26. 75

102. 12 
137.00
393. 80 
97.80
12.83

196. 80
218. 40

361.00
335.20
130.40

122. 44
177.21
26.97
30.30
48.00
19.44
34.30
10.50
69.79

127. 25
54.80

11,693.40
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Abstract of disbursements made by P. It. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

DECEMBER, 1892.

Date 
of pay­ 
ment.

Dec. 5

5
5
6
6
6
6
6
6
6
6

10
10
12
12
13
IS
13
IS
13
13
1 ^
13
1 ^

15
15
15
15
15
16
16

16

17
17

17
19
19
19
19
21
21
31
31
21
23
22
On

S3
f>O

26
362~
31
31
31
O-)

31
qi
Ol

31
31
31
31
31
31
31
31

No. of 
voucher.

2

4

6
7
8
9

10
11
12

14
15
16
17
18
19
20
21
22
23
24
25
36
27
28
29
30
31
32
33
34
35
36
37
38 
39
40
41

43

45
46

48
49
50

53
53

55
56
57

59

61
63
63

65
66

68
69
70
71
72
73
74
75
76
77

To whom paid.

......do .........................

William J.Peters. .............
H. B. Blair. ...... ..............
......do .........................

H. L. Baldwin, jr..............
A. M. Walker..................

N^jt Tvlcr ir
H. B. Blair.....................

H. L. Baldwin, jr.... ..........
C. G. Van Hook...... ..........

J. N. Whitman, jr.............

W.H. Lovell. ..................

......do..........................

C. G. Van Hook.... ............
H. L, Baldwin, jr..............
......do..........................

...I. do...... ....................
. do..........................

......do..........................

......do.. .................... ....

......do..........................

H. L,. Baldwin. Ir ..............

For what paid.

......do.............................

......do............-..---..--.----..

......do..............-....---..---..

......do.............................

...... do. ............................

......do...... .........   .    -   -

......do.-.-------------.-----------.

......do.......................... -.

.. ....do.... ........................ .

......do..............................

......do............-.-   - --------

......do.-....-.....  ---.------...

......do... ..........................
Traveling expenses ...............

.. ....do. ...... ..................... .

..... .do ----------.-------------- ....
.... .do.. ......................... ..

. .....do.. ...........................

......do........ .....................

Traveling expenses . . _ .........

......do.............................

......do..............---   .........

......do.................  ......  

......do. ............................

Field expenses ..__...__......_....

Traveling expenses .. ..._.___.._.

...... do. ........................... .

...... do.. ....................... ....

...... do. ........................... .

......do.............................

...... do.............. .............

. .....do.. .......................... .

..... do..... .-...   .-..- . .......

..... .do.. ...........................

. . ..do. ........................ ....

...... do.. ....... __ ........ __ ....

. .....do.. ................ ...........

...... do....... ......     .  ......

......do.................. ...........

Services, December, 1892 .... ._...
...... do........ ....................
...... do.. .............. ..........  
. .....do.... ............... ..........
......do...... ..... ..................
. .....do.. ...... ....... ....... ...... .
......do. .................. .........
.. ...do.. ...... ............ ....... ..

......do........... .................

......do..  ....... .................

...... do.. ...........................
Fielfl expenses _ ...   . .      .

Amount.

$130. 40
114. 20
27.20
79.31
49.35
59.78
47.00
49.99

214. 30
42.12
20.77
17.00
9.50

16.20
23. 00
20.99
23.40
90.30

226. 12
17.75
18.00
34.47
37.75
77.07

179.89
37.99
46.50
36.00
6.00
7.74

21.70
124. 55
37.25

169.60
38.25
87.25
50.54
23.25 
4.00
5.00

49.50
16.15
14.37
13.06
8.70

22.75
29.07
30.35
30.25
33.45
29.35
17.15
36.60
11.15

113.75
53.25
13.22

108.52
23.75
86.25
80.55
13. 13

692.13
201.60
328. 58
825.50

1,093.40
1,390.90

75.80
1,487.00

101.10
28.90
97.38
61.04

201.60
109.99
201.29
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

DECEMBER. 1892 Continued.

Date 
of pay­ 
ment.

Dec. 31 
31 
31

No. ot 
voucher.

78 
79 
80

To whom paid. For what paid.

Field «

Trave

Amount.

172. 70 
9.00 

12.05

10, 143. 66

JANUARY. 1893.

7

7

10

11
12
26
26

26
26
27
27
27
27
27
31
31
31

31
31
31

31 
31
31
31
31
31
31
31
31 
31
31
31

2

3

5

8
9

11
12
13

15
16
17
18
19
20
21
22
23

25

27
28

29 
30
31
32

34
35
36
37 
38
39
40

lar R. R. Co.

W. A. Brent........ ............

G. W. Shuler ................

Co.

C. W. Goodlove. ...............

......do . ...............

. .....do. ........................

......do. . ----.--.---.--....

lar R. R. Co. 
H. L. Baldwin, jr..............

......do ....................

......do............ ............

.. ....do. ............ ...........

A. But ord... ........... ........

......do ........-..------.-.-.--.

...... do       ....-          

-...do..............---..--..--...

......do......... .. .............. ....

......do..- -     --   -   -   . 

.    -do   -  ..-..     .
- ....do.. ..................... ---...

.-.--.do.......----......--------.-..
- ....do.. ...................... .....
......do      .   .   .-.....
......do............-----...--..---..

Field expenses       ...   ----. 

......do .....-..-..--....-.....-....

... ...do......... ................... .

...... do    .-....        -   . 
. -....do.. ...... ............. ........
Traveling expenses. .   _----__._._

$15.48
210. 80

36.00
6.33

5.00

15.00
49.20
8.20

16.75
14 51
67.85

269.91
74.75

121.02
10.00
27.87
24.72
48.00
26.00

843.90
1,461.47
1,562.10
1,152.10

30.00
40.00

86.25 
182. 97
145.05

9.50
870. 90
367. 25
27.09
20.45 
36.00
55.20
35.15

8. 686. 26

Feb. 17 
17 
17
17
18
18
18
18
18
18
18
23
23
28
28
28

FEBRUARY, 1893.

2
3
4
5
6

8
9

10

12
13

15
16

J.W. Thorn. ....... ............
......do .........................
H. L. Baldwin, jr..............
......do..............- ... .

. ..do ................ ..
-....do.......-   ....-..-.-.

......do..... ...................

......&o. ........................

...... do ...................

Traveling expenses ------------

. .....do. ........................... .
-    do....   ...   ... ........ .
..  do.   .......  ..- .........
......do..  ---------------- .....

-.--..do.............. ...... ....... .

  do.......       .  -......

...... do  .................. ------

$72.30
68.60

18.75

94.59
124.07
30.75
4.50

60.00

118.51
170.29

537. 80
275, 40
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Abstract of disbursements made by P. II. Christie, special disbursing agent, U. S. 
Geological Survey Continued.

FEBRUARY, 1893 Continued.

Date 
of pay­ 
ment.

Feb. 28
as
28
28
28
28
28
28
28 
28
28
28
28

No. of 
voucher.

18

20

22
23
24
as
26
27
28
29
30

To whom paid.

H. M. Wilson..................
J. J. Fawbush . . ..... .... ...

......do........................

......do. ............... ...
W. A. Brent.... ................
H. L. Baldwin, Jr. .._.__- ......

......do .........................

......do.........................

......do ............... .........

For what paid.

Forage of stock........ .... .......

...... do. .....---. ............ ..... ...

......do....................... . ....

......do.....--------------... ------

Field expenses........ ............

.....do..........   .--... ---------
...... do. ............................
......do...................... .---..

Amount.

830. 70
40.00
7.25

202. 40
762. 20

1,410.80
1,389.80

36.00
113.90 
39.10

129. 70
40.60

114.20

7. 584. 91

MARCH, 1893.

8

13
15
15
28

23
31
31
31

31

31

31

31
31

2
3
4

6

9
10
11
12

14

16

19

21

......do.................... .....

......do.. . __............. ...

J. W. Currier .................

.. ....do.. ................ ........
--....do.... .................. ....
......do..........................
.. ....do...... ................ ....
... do... .......................

......do......-..-......_ .........

. .....do.. ............ ...... .........

. do. .............. .....
......do.............................

83.71
,0.00
8.71

111.70
123. 06
54.55
80. 70

112.9.5
89.44

127. 00
60.00
40.00
10.00
11.61

870. 90
843. 90

1,152.10
1,563.10
1,532.60

362. ll

7,183.43

APRIL, 1893.

10

10
10
10
10

10
11
11
12
12
12
13
26
26
28

28
28
28

2 
3

5
6
7

9
10

13

15
16
17
18 
19
20
21

22
23
24

Georgia R. K. Co. 
Norman Scott .._._.. ..........

......do ............... .........

W.L.Miller . ...........

...... do... ...    .  .._. 
.....do-.........    ............

Co.

James S.Topliam. ........ ...

Traveling expenses ...............

......do........ ... .................

......do.............................

......do.................... . -----

......do..............---.- ------

......do . . ............. ..._.

......do. .................. --....-.-

......do................ . ..........

......do......     -----....   --
do .. ........... . .....

......do. ........................

......do..... ......................
Traveling expenses...... ........

......do........ .. ...-....._.-.- .

......do.............................
do. .-... -.....- .... ..

Field material ...... ...... ......

836. 14

29.70 
33. 25
18.00
93. 25

39.25
38. 55
12. 05
31.80

36.25
71. 43

121.60
145. 80
61.45 
29.61
15.00

5 00

6.00
15 00
35.00
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Abstract of disbursements made by P. JT. Christie, special disbursing agent, U.  *?. 
Geological Survey Continued.

APRIL,, 1893 Continued.

Date 
of pay­ 
ment.

Apr. 28

29
30
30
30
30

30

30
30 
30 
30
30
30

No. of 
voucher.

9~

26
27
28
29
30
31
32
33
34
35
36 
37 
38
39
40

To whom paid.

J.H. Hagerty.... ...... .........

W.A. Brent ...........__.......

.. __ do. _ .. __ .. _ ........ ... 

......do...........-..-----...   .

N.B.Dunn .....................

For what paid.

    do.   .    ....  -.     -  

..... .do.......   - ...--   -   ------

. .....do. ............ ................

Services, Gannett, April, 1893 .__.
Services, Wilson, April, 1893 ..... 
Services, Kenshawe, April, 1893 __

Amount.

$232. 81
9. 00

13.00
40.00
60.00
43.25
7.43

15.70
58. 95
18.00

807. 65
1,495.10 
1,750.30 
1,662.70

135. 00
29.87

7, 332. 64

MAY; 1893.

May 6
6

6
15

15 
31 
31
31
31
31
31
31
31
31
31
31
31 
31
31
31
31
31

2

3
4

5 
6

8

10
11
13
13
14

16
17 
18
19
20

2°

Co. 
J. W. Thorn. .-    .... . ......

Georgia K. R. 
A.Buford ...................
Payroll........ ....____.._.__
..... do . . . ......

......do .... ....................
do . . . .......

......do ......... ._  ... .....
do .. ..........

H.M.^ilsou. ................ .
G.E Hyde .. -...---.........
William Olarke ................

J. J.FLuvbush-... .......... __ _

..  do ......................
Frank Sutton ....._..._..
J.H. Wheat ..................

Traveling expenses. _._.. ._-..___. 
Services, May, 1893................

   do...   -     -     --.  
.. do.... ------------------------
--.-.do......--...---.-..---........
-. . do     ------------- -~ -  
......do............ ................
......do.........------.... --......
......do......... ....-.--...-...---.

--..do-..---....     --------
Forage of stock -------------------
Services, May, 1893. .-.. .. .....

...... do..... __..._            

$22. 57
64.66

213.85

35.37 
1,876.00 
1,369.80

834. 70

161.80
213. 60
272.80
213.00
102. 20
50.00
71.60
40.00 

195. 80
285. 00
196. 20
136. 20
76. CO

6, 638. 72

JUNE, 1893.

June 5

9
10

15

15 
15
15

15

15

17

1
g
3
4

6

8

10

13
14
15
16

19
20
21
22

H. Ralston Conuell .. ._..
Edmund P. Phelps.. ..........
W. A. Brent.... .............

H. L. Baldwin, jr.... .........

William H. Covle.... ..........

H. li. Blair. .......... . .

D. 0. Harrisou... _ ....... -

Van H. Manning- ...........

T. S. Clark . . .

Alix Brown
F. H. Seely.  _...._    .....
William J. Peters
W. C. Frye. ............ ....... -

......do.-...--.-.----- --..-......

......'10 ........ ......... ..-...-.- -
do - ... ---...
do ....... .............. ...

   <lo_...    ..-_.      ___.
..   do        --..      -
-  do....-.......  ------------

.   .do    .    .-   .   -.--  

Traveling expenses. __ .......    .

$50.00

18.00

25. 50

41.35

56. 90
106. 34 
53 84
71.00
20. 25
18.25

16. 65
67.88
63. H
19.00
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Abstract of disbursements made by P. H. Christie, special disbursing agent, U. 8. 
Geological Survey Continued.

JUNE, 1893 Continued.

Date 
of pay­ 
ment.

June 17
26
26
26
26
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

30
30
30
30
30
30
30 
30
30
30

No. of 
voucher.

23
24
2S
26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59
60
61
62
63
64
65 
66
67
68

To whom paid.

...... do... ...... .............. ...

......do.... ......................

......do..........................

......do..........................

......do . . .............

......do...... ..... .............

......do..........................
.....do...... ............
......do ................. .......
......do .........................
......do ..........................
......do .____..____._-   -...___ 
......do .........................
J. W. Thorn....................

F. H. Seely.........   . .......
G. E. Hyde ....................
William C. Clarke ............

R. R. Skees& Son. ............

Co.

F. J. Kincaide .................

R. M. Towson. _ ............. 
F. H. Seely ...... ..---.....----
William J. Peters. ............

For what paid.

Forage of stock. . _ ..... .. .

Services, June, 1893 .. _ .. _ .
......do........... .................
......do.............................
......do........ ....................
......do.............................
......do ............................
.....do.............................
......do.............................
......do........................... .
......do.............................
......do........... _.._......... ..
. .....do... ......................... .
......do.............................
......do.............................
......do..---.-.............---.....
......do. ........................ ....

......do.............................

. .-...do. ........................ ....

......do .............................

. .....do... ..........................

...... do..... ...................... ..

...... do _.____...__._........._.._...

......do.............................

._ _ .do __ ................ __ .....

......do.............................

. .....do. .......................... ..

......do.............................

......do.............................

Field expenses ......_....---.....

.....do ... .....................

Amount.

$22.25
56.13
16.00
56.79
74.00

156.60
266.10

1,250.98
1,013.65
1,090.00

231. 90
340.76
277.50
189.60
189.60
241.90
68.33

134. 16

221.26
69.20
4.35

131. 90
74.20
50.00
74.20
98.90
50.00
50.00
35.00
30.00
15.00

126. 00
15.00
9.00
5.00

3.00
12.00
15.00
26.55
18.50
20.55
77.30 
35.80
78.10
63.40

8. 246. 96

Abstract of disbursements made by John D. McCliesney, chief disbursing clerk, U. S. 
(ifeological Survey, during the fiscal year 1893.

GEOLOGICAL MAPS OF THE UNITED STATES, 1893.

Date 
of pay­ 
ment.

1892. 
July 29

30
31 

Aug. 12

13
19
31

22
22 
23
23

No. of 
voucher.

2
1 
2 
3
4

6

2
3

5

To whom paid.

Pay roll of employes   ...   . 
U. S. Electric Lighting Co....

H. Hoffa. ................ .......

Pay roll of employes -.-...-..

U. S. Electric Lighting Co....

L. H. Schneider's Son.. .......

For what paid.

Services, July, 1892................ 
Use of 4-horse-power current .....

...... do. __.-.__.._. __ __ .........

Services. August, 1892........   . 
Moving lithographic stones ......

Use of current, August, 1892,...-.

..... .do.. ...... .....................

Amount.

$12.10
11.70

1, 953. 57 
25.00 
8.55

60.80
5.10

1,512.35 
4.00
4.00

25.00 
11.28
6.50
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Abstract of disbursements made bij John D. McChesney, chief disbursing clerk, U. S- 
Geological Survey, during the,fiscal year 1893 Continued.

GEOLOGICAL MAPS OP THE UNITED STATES, 1893 Continued.

Date 
of pay­ 
ment.

1892.

23
26
30
30
15

Oct. 7

14
17
18
18

31

11 
11
14
15
82
82
30

Dec. 7

20
23
30

1893. 
Jan. 10 

U
13
31

Feb. 6 
24
85

21
S3

Apr. 7 
11
11

26
29 
29

May 2
10
g

10
10
10
10

10

10

20
30
20

29

8
8

13
16

No. of 
voucher.

6
7

9
10
11
12

1
2
3
4
5
6
7
8 
1
2 
3
4
5
6
7
8
1
2
3
4
5

1 
2

1
2

1

3
4
1
2

5
6

8
g

10

1
2

5
6

8
9

10
11
12

14
15

16
17
18

4
5
8

To whom paid.

S. J. Kttbei.........

Charles W. F. Garcia ....
U. S. .Electric Lighting Co.-..

U. S. Electric Lighting Co.... 
Ernest Kiibel . .................
George Ryneal, jr __ . __ ....

U. S. Electric Lighting Co. ...

U. S. Electric Lighting Co... .

U. S. Electric Lighting Co....

S. J. Kttbel.. ...................
Pay-roll of employes . ....

S. J. Kiibel. ....................
Pay roll of employes
U. S. Electric Lighting Co....

Printing.

George W. Knox's Express. ..

U. S. Express Co . ..

Fred A. Schmidt .

C. T. Klakriug...

George Meier & Co

facturiug Co.

Ernest Kiibel __ . ... .. . ...
William D. Clark & Co. .......
J. E. Hurley... _ ....... ......

For what paid.

Services, Sept. 1-15, 1892 __ .. _ .
Use of current, September, 1892..

.... __<Jo ---.-.. .................   -

......do.............................

Use of current, October, 1892. ....

Engravers' supplies . ............

__ ..do. _ ....... . ...... _ .
......do............ .... ...........

Services, November, 1892... . .
Use of current, November, 1892 ..

Use of current, December, 1892 ..

Material and repairs . .. .....

Use of current, Jan. 1-23, 1893. ....

Freight charges..
Services, February, 1893-. _ ... .
Services, January and Feb., 1893-.

Services, March, 1893 . ----- __ -
Use of current. Mar. 18-31,1893-.

......do.............................

......do............. ...............

Lithographic stone planer knife
Rubber stamp .

Freight charges and hauling... .. 
Services, April, 1893 _ . .- . _ ...

Freight charges.. . . ..........

Engravers' supplies . .........

---. ..do.. .--.--.-...........--.. ....
----..do.. .......................... -

Services, May, 1893 .... _ .

Resurfacing copper plates .......

Attachment for press _ -----  

Amount.

J35. 75
9.50
1.40

66.00
28.60

1,046.86
24.46
25.00 
86.96
4.50
I. 00

82.91
3.50

1,065.03
25.00 

107.24
75 

15.30
40

15.56
6.05
2.25

1,042.82
25.00 
6.00

25
30.00

977. 36

25.00 
37.35
20.25

802.10
18.55 
5.50

50
171.20
384.94
150.00
43.55

1,193.76
11.29 
12.25

22
30.15

195.48
15.50
30.00

50
107.50

4.02 
1,721.54

7.25
1.40
1.75

25.00
2.10
4.05

12.95
235.24

3.00
4.00

14.35
10.00
3.33

110.00
21.75

82.50
601.05

1,877.42
25.00
17.00
60.04
15.62
39.00

1.35
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Abstract of disbursements made by John D. McGhesney, chief (Kslnirsim/ clerk, U. 8. 
Geological Survey, during the fiscal year 'l803 Con tinned.

GEOLOGICAL MAPS OF THE UNITED STATES, 1893 Continued.

Date 
of pay­ 
ment.

1893.

16
16
20
20

20
20

26
26
26

28
28
28
30
30

No. of 
voucher.

7
8
9 

10
11

12
J3
14
15
16
17

18
19
20
21
2'^

To whom paid.

Robert Mayer & Co
Charles G. Stott & Co .........
Z. D. Oilman . .
The Fuchs ana Lang Manu­

facturing Co.

facturing Co.

Ernest Kttbel.. ................

For what paid.

Lithographic stories
Engravers' supplies ....... ____

......do............ .................

.. ....do-... .........................
do  --

......do.............................

._.__.clo_. _______ _ .. ........

......ao... ............... ...........
Lithographic stones .... _ ....

Engravers' supplies _ ....

Blectrotyping bassos of plates. ._
Services, June, 1893

Amount.

$232. 80
455. 06

2.80
.85

15.72

6.23

.75
1.00
2.50

681.70

7.50
3.75

312.27
1,650.72

25. 00

19,758.50

Amount expended as per abstracts. . .  ..........  ......   ..  ..  .  ...  $120,612.17
Bonded railroad accounts settled at United States Treasury._. ...._..._...__..._.. 2,409.74

Total. 423,021.91
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