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ADVERTISEMENT.

{Ninth Annpual Report.]

The publications of the United States Geological Sarvey are 1esued in aescordance with the statnte
approved March 3, 1879, which declares that—

“Thepubheationsof the Geological Survey shall consist of the annnal report of operations, geological
and economic maps illustrating the resources and classification of the lands. and reports upon geuneral
and economic geology and paleontology. ‘The annual report of operations ot the Geological Survey
shall accompany the annuat report of the Secretary of the Interior. All special memoirs aud reports
of said Survey shall he 19sued 10 nmitorm quarto series 1if dcemed necessary by the Director, but other-
wisein ordinary octavos. Three thousand copies of each shall be pnblished tor scientitic exchanges
and for salo at the price of pubhication, and atl literary and cartographo materials received 1n exchunge
shall be the property ot the Umted States and torm a part of the library ot the orgamsation And the
woney resulting from the sale of such publications shall be covered mto the Treasury ot the United
Statcs.”

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

*That whenever any docament or Teport shall be ordered printed by Congress, thereshall be printed,
in addition to the namber 1 each case stated, the *usual namber’ (1 900) of copies for Lindmg «nd
distribution among those entitled to receive them."”

Exceptin those cases 1n which an extra number ot any publication has been snpphed to the Survey
uy special Tesolution of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratmitous distribution

ANNUAL REPORTS.

I. Fuest Annunal Report of the United States Geological Survey, by Clarence King. 1880, 8°. 79 pp.
1 map —A prelimmury report describing plan of organization and publications

IT. Second Annual Repore of the United States Geological Survey, 1880-'81, by J. W. Powell 1882,
82, lv, 588 pp. 6l pl. 1map.

III Thurd Annaal Report of the United States Lrenlogical Survay., 1881-'82, by J. W Powell 1883.
80 xvin, 564 pp. 67 pl. and maps

IV Fourth Annnal Report ot the United States Geological Survey, 1882- 83, by J. W. Powell. 1884.
80, =xxx11, 473 pp. 85 pl and maps.

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. . Powell. 1885.
0. xxXxv1, 469 pp. 58 pl and maps

VI. Sixth Annuzal Report ot the Unmted States Goologieal Survey, 1884-'83, by J, W Powell. 1886.
8° xxix, 570 pp. 65 pi. and maps.

VII. Seventh Annual Reportof the United States Geological Survey, 1885-'86, by J. W, Powell. 1888,
80, xx,656 pp. 72 pl and maps

VIII Eighth Annaal Report of the United States Geological Survey, 1886-'87, by J. W, Powell. 1889.
g2, 2v. xx, 1063 pp. 76 pl. and maps. .

IX, Ninth Annual Report of the Unmited States Geological Survey, 1887-'88, by J. W. Powell. 1889,
80, xu, 717 pp. 88 pl and maps.

The Tenth Annual Repott is 1n press,

MONOGRAPHS.

Monograph I 1s 1n press.

II. Tertiary History of the Grand Cafion Distiict, wrth atlas, by Clarence E. Dutton, Capt. U. S. A.
i882. 4°. x1v,264 pp 42 pl. and atlas of 24 sheets folio. Price $10.12.

ITT. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882,
49, xv,422 pp. 7 pl. andatlas ot 21 sheets tolio  Price $11.00.

1V. Comstock Mimng and Miners, by Eltot Lord. 1883 4°. xiv, 451 pp. 3 pl. Price $1 50,

V. The Copper-Bearing Rocks ot Lake Superior, by Roland Duer Irving., 1833. 4°. xvi, 464 pp.
151 29 pl. and maps Price $1.85.

I



11 ADVERTISEMENT.

VI Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by Wilham Morris
Fontaine. 1883, 4°. x1, l44pp. 541 54 pl. Price $1.05.
VII Sudver-Lead Deposits ot Enteka, Nevada, by Joseph Story Cuitis 1884, 4°, xm, 200 pp 16
pl Price $1.20.
VIII Paleontology of the Eureka Distrct, by Charles Doolittle Walcott. 1884 40, xiiz, 208 pp.
241, 24 pl. Price $110
IX. Brachwpoda und Lumelhbranchiata of the Rantan Clays and Greensand Marls of New Jorsey,
by Robert P Wlutbficld 1885 4¢. xx,338pp 35pl 1map. Price$l.15
X. Dinocerata. A Monograph of an Extinct Order of Gagantic Mawmrmals, by Othniel Charles Marsh.,
1886. 4°. xvu 243 pp 561 56 pl  Price $2.70
XI. Geological History of Lake Luhontan, » Quaternuty Lake of Northwestern Nevada, by Tsrael
Cook Russell. 1885. 4°, xiv,288pp 46 pl and maps. Price $1.75
XII Geology and Mimng Industry of Leadville, Colorado, with atlas, by Samuel Frankhn Emmons
1886 4° xxix, 770 pp 45 pl and atlus ot 35 sheets toliw  rice $8 40
XIII. Geology of the Quicksilver Deposits of the Pacific Stope, with atlas, by George . Becker.
1883. 4°. x1x, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2 00
XTIV. Fosail Fishes and Fossil Plants of the Triassic Rocks ot New Jersey and the Connecticat Val-
loy, by Jobn 8 Nowberty. 1888, 4°. xiv, 152pp 26 pl Price $1 00
XV. The Potomac or Younger Mesozoic Flora, by William Morrs Fontaine 1889 4° xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2 50.
XVI The I'aleczoi¢ Fishes of North America, by John Strong Newherry., 1889. 4°, 340pp. 53 pl.
Price $1.00,
In press:
I Lake Bouneville, by Grove Karl Grlbert.
In preparation
— Description of New Fossil Plants from the Dakota Group, by Leo Lesquerenx.
— Gasteropoda of the New Jersey Crotaceons and Focene Marls, by R, . Wintfield.
— (3eology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague.
— Sauropeda, by O, C. Marsh
— Stegosauna, by O € Mursh
— Brontothendw, by O C. Marsh
— The Penokeo Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D Trving and
C R Van Hise.
— Repott on the Denver Coal Basin, by S, F, Emmons
— Report on Silver Chiff and Ten-Mile Mining Districts, Colorado, by 8. F Emmons
— Flora of the Dakota Group, by J. 8 Newberty,
— The Glacial Lake Agassiz, by Warren Upham
— Geology of the Potomac Formation in Vugima, by W, M. Fontaine

BULLETINS

1 On Hypersthene- Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geological Sketch of Butfalo Pealks, Colorado, by S F Emmons 18383, 8° 42pp 2pl. Price 10 cents

2 Gold and Silver Conversion Tables, g1ving the coining values of troy ounces of fine metal, etc , com-
puted by Albvert Williams j1. 1883, 8°. 8 pp Pnce 5 cents.

3 On the Fossil Faunasof the Upper Devonian, along the mendian of 76° 307, from Tompkins County
N Y, to Biadford County, Pa, by Henry S. Wilhams 1834 82 36pp Price b cents

4 On Mesozoic Fossils, by Chailes A White 1884. 89 36pp 9pl. Price 5 cents

5 A Dictiovary vi Alfitidos 1n the Umted States, compiled by Heury Gannett 1884, 80 325 pp.
Price 20 vents

6. Elovations in the Dominion of Canada, by I W Spencer, 188¢ 80, 43 pp. Price 5 cents,

7 Mayoteca Geologica Americana A Cafalogne of Geological Maps of Aunerica (North and South),
1752-1881, in geographic and chionologis order, by Jules Marcou and John Belknap Marcon, 1884
8o, 181 pp. Piice 10 cents

8 On Secoundaty Enlarcoments of Mineral Fragtents in Cortain Rocks, by R, D Living and C. R.
Van Hise 1884 8° 56pp 6 pl TPrice 10 cents

9. ATXepori of work denein the Wushimgton Laboratory during the fisval year 188384, ¥, W. Clarke,
chief chemast T M Chatard assistant chemast. 1884 8°. 40 pp  Price 5 conts.

16 On the Cambrian Fapnas ot North America Preltminary studies, by Charles Doolittle Walcott.
1884. 8° 74 pp. 10 pl. Prwe 5 cents

11. On theQuaternuty and Recent Mollusca of the Great Basin, with Deseriptions of Now Forms, by
R. Ellsworth Call Iutroduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K
Galbert 1884. 8% 66pp. 6 pl. I’r1ice 5 cents

12 A Crvstallographic 8tudy ot the Thinolite of Lake Lahontan, by Edward S. Dana. 18384. 8°.
24pp. 3pl Price b ecnts ,

13. Boundates of the United States and ot the several States and Territories, with a Historical
Sketelt of the Territorial Changes, by Heury Gannett, 1835, 8°. 135 pp. Price 10 cents
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14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent
Stroubial, 1885. 8°, 238 pp. Price 15 cents.

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

16. On the Higher Devonian Faunas of Ontario Connty, New York, by John M. Clarke. 1885, 8°.
86pp. 3plL Price5 cents..

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

18. On Marine Eocene, ¥resh-water Miocene, and other Fossil Mollusea of Western North America,
by Charles A. White. 1885. 8°. 26 pp. 3 pl. Price 5 cents.

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

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. TF. Hille-
brand. 1885. 8°. 114 pp. 1pl. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Reporton the Region between the Grand and Mo-
reau Rivers, Dakota, by Bailoy Willis. 1885. 8. 16pp. 5pl. Price 5 ceuts.

22, On New Cretaceous Fossils from California, by Charles A. White. 1885. §0. 25pp. 5pl. Price
5 cents.

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

24, List of Marine Mollusca, comuprising the Quaternary fossils and reeent forms from Ameriean
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall
1885. 8°. 336 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Baines.
1885. 8£°. B85 pp. Price 10 cents,

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

27. Report of work done in the Division of Chemistry and Physies, mainly daring the fiscal year
1884-'85. 1886. 89. 80 pp. Price 10 cents.

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

29, On the Fresh-water Invertebrates of the North American Jurassic, by Charles A, White. 1886,
82, 41 pp. 4pl. Priee 5 cents.

20. Second Contribution to the Studies on the Cambrian Faunas of North Amerieca, by Chailes Doo-
little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents.

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

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

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

34. On therelation of the Laramie Mollusean Fauna to that of the succeeding TFiesh-water Eocene
and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents.

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

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

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

38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1pl. Price 5 centa.

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

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

41. On the Fossil FFaunas of the Upper Devonian —tho Genesee Section, NeW York, by Henry 8.
Williams, 1887. 8°. 121pp. 4 pl. Price 15 cents.

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

43. Tertiary and Cretaceous Strata of the I'uscaloosa, ‘Lombigbee, and Alabama Rivers, by Eugene
A. Smith and Lawrenece C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents,

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

45. The Present Condition of Knowledge of the Geology of Texas, by Robert 'L. Hill. 1887. g8°. 94
pp. Price 10 cents.

46, Natuare and Origin of Deposits of Phosphate of Lime, by R. A.F. Penrose, jr., with an Introdue-
tion by N. S. Shaler. 1888. 8°, 143 pp. Price 15 cents,

" 47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of Anal-
ysis employed, by Frank Austin Gooch and James Edward Whitfield. 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,
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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 np. Price 15 cents.

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

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

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

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

55, Report of work done in the Division of Chemistry aud Physics, mainly during the fiscal year
1886-'87. Frank Wiggleasworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents.

56. Fossil Wood and Lignite of the Potumac Formation, by Frank Hall Knowlton. 1889 8o, 72 pp.
7 vl. Price 10 cents.

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

59, The Gabbros and Associated Rocks in Declaware, by Frederick D Chester, 18%). 8°. 45 pp.
1pl. Price 10 cents.

In press:

58. On the Glacial Boundary, by G. F. Wright.

60. Report of woirk done in the Division of Chemistry and Physics, mainly during the fiscal year
1887-'88.

61, Mincralogy of the Pacific Coast, by W. H. Melville and Waldemar Lindgren.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan, by George
H. Williams; with an Introduction by R. D. Irving.

Tn preparation:

— Bibliography of the Paleozoic Crustacca, by A, W. Vogdes.

— The Viacosity of Solids, by Carl Barus.

— On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the oceurrence
of Primary Quartz in certain Busalts, by J. P. Iddings.

— On the relations of the Traps of the Jura-Trias of New Jersey, by N. H. Dartou.

— Altitndes between Lake Superior and the Rocky Mountains, by Warren Upham.
. — Mesoroic Fossils in the Permian of Texas, by C. A, White.

— Natural Gas Districts in Indiana, by Arthur John Phinney.

— A Late Voleanic Ernption in Northern California and its Peculiar Lava, by J. 8. Diller.

— Report of work done in the Division of Chemistry and Physics, mainly during the fiscal ycar
1888-'89.

— Comparative Stratigraphy of the Bituminous Coal Rocks of the Northern Half of the Appala-
chian Field, by I. C. White.

STATISTICAL TAYERS.

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- Price60 cents, ’

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1888,
80, wvii, 576 pp. Price 40 cents.

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

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

In press:

Mineral Resources of the United States, 1888, by David T. Day.

'he money reccived from the sale of these publications is Geposited in the Treasury, and the Secre-
tary of that Department declines to receive bank checks, drafts, or postage stamps; all remittances,
therefore, must be by POSTAL NOTE or MONEY ORDER, made payable to the Librarian of the U. 8. Geo-
logical Survey, or in CURRENCY, for the exact amount. Correspondence relating to the publications of
the Survey should be addressed

To THE DIRECTOR OF TIUE
UNITED STATES GEOLOGICAL SURVEY,

WasHINGgTON, D, C.
WasHINGTOR, D. C., April, 1890,
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NINTH ANNUAL REPORT OF THE UNITED STATES
GEOLOGICAL SURVEY.

By J. W, PowELL, DIRECTOR.

PROGRESS IN TOPOGRAPHIC WORK.

During the past year topographic surveys have been car-
ried forward under the charge of Mr. Henry Gannett in accord-
ance with the general plan developed in previous reports, and
satisfactory progress has been made. The area surveyed was
52,062 square miles. The distribution of the work done is
shown graphically in PL I, in the pocket at the end of the
volume. The following table exhibits in detail, by States, the
present condition of the work, together Wlth that executed
during the past fiscal year:

Table showing the present condition of topographic surveys and the areas
surveyed in 188788, by States and Territories.

State, areaof | surveyed _sux:?ed Scale. | COploutin-
State. to date, | in 1887-'8, ‘
L Sq. miles. | 8q. miles.| Sq. males, Feet,

Alabama ... ........ 52, 250 9,320 3,000 1:125, 000 100
Ar1ZOnQ caveeeoe ...oo.| 113,020 41,000 |, ... .a... 1:250,000 | 200 and 250
Arkansas..........__. 53, 8560 4, 000 4,000 1:125, 000 50
California.... ......-. 158, 360 23,000 1,436 1:250,000 | 100 and 200
Colorado ..co...on oo 103, 925 2,500 | ... 1: 125,000 100
Conneeticut ....o. ... 4,990 150 {.eeerneaee. 1: 62,500 20
District of Columbia.. 70 70 70 1: 62,500 20
Georgia voueoeuann.oo. 59, 475 .9,030 2,100 1:125, 000 100
Towa coveeoaao oo 56, 025 950 950 1: 62,500 20
Kapsas............ _..| 82,080 | 28000 1,000 | 1:125,000 50
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Table showing the present condition of topographic surveys and the areas
surveyed in 1887-'88, etc.—Continued.

State, aggata(}f 311rA:Z§ed suf-&\:‘:;ed Scale. Cmtl(fl?‘?;lin'
State. to date., | in 1887-8. -
Sq. miles. | 8q. miles, | 8q. miles. Feet,
Kentueky ... ........ 40, 400 6,270 1,400 1: 125,000 100
Maryland ... ..oe ... 12,210 3, 030 900 |  1:125,000 | 20, 50, 100
Massachusetts.... -... 8,315 8, 315 2, 350 1: 62,500 20
MisSouri .een cvee-woon| 69,415 26, 000 7,900 1: 125,000 50
Montana ............. 146,00 6,000 3,010 1: 250,000 200
Nevada ..o oo oeel o 110,700 14,000 | ... .. ... 1:250,000 | 200 and 250
New Hampshire ...... 9,305 100 | oot 1: 62,500 . (.........
New Jersey -c....c---. 7,815 7,815 oo “1: 62,500 | 10 and 20
New Mexico.......... 122, 580 15, 000 7, 200 1: 250, 000 200
North Caroling ... ... 52, 250 9, 900 1,300 | 1:125,000 100
Oregon..........-.... V6, 030 8, 000 3, 327 1:250, 000 200
Rhode Island......... 1,250 250 144 1: 62,500 20
Sonth Carolina ...... -l 30,570 2,700 | oo .o... 1: 125,000 100
Tennessee ........ mees| 42,050 12,615 |.io.o. - ... 1: 125,000 100
Texas oo ereecaaraan- 265, 780 20, 000 4,650 1: 125,000 -60
15£7.) P 84, 970 6,000 |.ooeenoaenn. 1: 250, 000 250
Vermont . ... ceeenaes 9,565 100 [ooooeninna-. 1: 62,500 20
.. - . nox 1:125, 000 50 and 100
Virginia.............. ‘ 42, 450 22,225 6, 025 g 1: 62,500 90
West Virginia .... .... T 24,780 | 15,150 1,800 | 1:125,000 100
Wisconsin .. .. ........ 56, 040 |, 1, 000 136 1: 62,500 20
Wyoming, iucluding
Yellowstone Na-
tional Park......... 97, 890 4,000 |ioaaneaaan, 1: 125,000 100
Tobal ceeeeoeeeei ot aes 306,140 |.. i i e

The survey of Massachusetts, which was undertaken in 1884
in cooperation with the State authorities, has been completed,
and the work has met with the approval of the commissioners

representing the State.

The maps have been drawn and a
number of them have been engraved. The small map of Massa-
chusetts, upon a scale of 1: 300,000, reduced from the atlas
sheets in 100 feet contours, has been substantially completed.
In Maryland an atlas-shéet area, embracing Baltimore and its
suburbs, has been surveyed on the mile scale for publication.
In the southern Appalachian region work has been extended

-\
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both in the mountains and in the comparatively level country
upon the east and south. Work has been commenced in Arkan-
sas, lowa, and Wisconsin, and has been extended northward in
Texas. In the Far West the survey of the plateau region of
New Mexico, of the Sierra Nevada in California, of the Cascade
Range in -Oregon, and of the Rocky Mountains of Montana,
has been considerably extended.

The improvements in instruments and methods of work have
kept pace with the extension of surveys. The recognized ob-
ject of: the work being the production of a topographic-map
solely, it has been found that graphic methods of work are not
only the most economical and rapid, but that they yield the
best results in quality ; hence the development of method has
tended in the direction of the use of the plane table for all sur-
veying processes, and this has been carried out as rapidly and
as far as the instruments could be adapted to the required pur-
poses.

The engraving of the maps has gone forward during the
year with a fair degree of rapidity, but not as rapidly as is re-
quired to keep pace with their preparation. At the date of my
last report 120 sheets had been engraved, and a small edition
(250 copies) of each sheet had been printed for the use of the
office and to supply pressing demands. During the year con-
tracts for engraving 100 sheets have been made by the Public
Printer with Messrs. Bien & Co., of New York. The following
table shows the numbers, distribution, and areas of the 46 sheets
thus far engraved under the contract:

Table showing number, distribution, etc., of the atlas sheets engraved to the
30th of June, 1888.

; . Contour |Approximate

State or Territory. iﬁ‘ Sht(;lég'_ -ul: g;gg; Scale, i?}ﬁg;’fl are;; i(]ZCS]I)I-aI‘e
‘Alabama . .coeseeneennns : 3 3| 1:125,000 100 4,200
Arizona ... voeieninisanan 14 2 1:250,000 |200and?250 58, 000
California .ccoemceeneanao. 8 1 1:125,000 [100and?200 26, 000
District of Columbia...coof.couen-. 21 1: 62,500 . 20 70
Georgia coee covmvn v amnn 1 4 | 1:125,000 100 3, 800
KANBAS e ees s eemamevaneanns 10 41 1:125,000 50 13, 000:
Kentucky cceuveeaavinnnn. 1 6] 1:125,000 100 4, 300
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Table showing number, distribution, elc., of the atlas sheets engraved to the
30th of June, 1888—Continued. -

State or Territory. inVshgtl;Z_ ifgglt{;. Scale. g]c;gi(\)rgf [}L{)elz); .c();((;g];r‘f
(teet). miles),
Maryland ...ccovveeiiia e ann. 4 g L 62,500 % 20 and 100 800
1:125,000 )

Massachusetts...... ceeeas 6 1] 1: 62,500 20 and 40 1,500
Misgouri..coiooannnnn oo 16 4| 1:125,000 50 17,000
Montana .cooo e oo L N 1 : 250, 000 200 13, 300
Nevada oo ooieavoaan .. 4 3 1: 250, 000 200 23,500
New Jersey. .ocuee caue vee- 1 2 I 1: 62,500 10 and 20 5, 000
New Mexico...oow.euee.... 22 I 1: 250, 000 200 8, 000
North Carolina .......... 1 7 1:125,000 100 3,800
Rhode Island......... . |........ 11 1: 62,500 20 30
South Carolina...._......l........ 1| 1:125,000 100 200
Tennessee .ooceneevoenn. -t 5 121 1:125,000 100 10, 600
TeXa8 oovene comccacmacannn P 1: 125,000 50 12, 000
L B 7 | 17 1| 1:250,000 250 65, 000
Virginia.eoe oo oo ool 14 | 1 ;125,000 100 5,700
West Virginia............ 3 7 1:125,000 100 6, 600
Wyoming .ceoeeooinionan|eanaaaas 2| 1:125,000 100 600
Yellowstono National Park 2 21 1:125,000 100 | 3, 000
Total ... oo e e rme e [ 285,000

As these tables indicate, the maps are drawn on different
scales in different regions, being apbroximately one mile to the
inch in Massachusetts, Wisconsin, and Ohio; two miles to the
inch in the southern Appalachians, in Missowri, Kansas, Texas,
and California, and four miles to the inch in New Mexico,
Oregon, and Montana. : _

In the earlier work of the Geological Survey it was contem-
plated that a large part of the general topographic map should
be projected upon a scale of four miles to the inch. This was
believed to be the smallest scale which could be used with ad-
vantage and to be the least costly. The last two years, how-
ever, have brought great improvements in the methods of
work in the instruments and appliances, and, above all, in the
skill and efficiency gained by the topographers through expe-
rience and zealous emulation. The cost of the work per unit
of area upon any given scale has greatly diminished, the qual-
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ity and accuracy of the work have been much improved, and
the rapidity with which a given grade of work may be accom-
plished has increased. At the same time the demand for maps
of greater detail and upon a larger scale than four miles to the
inch has been rapidly growing, not merely for scientific pur-
poses, but far more for economic purposes.

The general utility of a map two miles to the inch is for all
purposes many times greater than that of a map four miles to
the inch, and a further increase of utility follows from increas-
ing the scale to one mile to the inch. In those regions which
are more thickly settled or capable of supporting a denser pop-
ulation, and in those which are undergoing a rapid develop-
ment of their material resources, it has become manifest that
the scale of four miles to the inch is too small for the utilita-
rian demands which are made of a map. Such regions are
diversified by relatively smaller topographic features and
smaller differences of altitude than the mountain regions,
which can not sustain large and dense populations It has,
therefore, become practically imperative to enlarge the scale
in some regions, while the original four-mile scale is still ad-
hered to in the regions of high mountains and arid plains and
plateaus. The increased cost which (other things equal)
necessarily attends the production of larger scale and more
accurate and elaborate maps, has in a great measure been off-
set by more economic and more efficient service resulting
from constantly growing experience and skill in field and
office work.

PROGRESS IN GEOLOGIC WORK

ATLANTIC COAST D1VISION.

The examination of the swamp and marsh lands which has
been described in preceding annual reports has been continued
during the past year under the charge of Prof. N. 8. Shaler.
The large area of such lands along the Atlantic coast south of
New York and their situation upon the coast line make them
especially important, and even a subject of solicitude, in rela-
tion to the future development of the country.
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Deleterious to health in their natural condition, an obstacle
in the way of approach to the sea, vepellant to the settler, to
agriculture, and to manufactures, they yet hold out the hope
of highly productive utilization through the judicious applica-
tion of capital. Wherever they are susceptible of effective
drainage they are generally among the most valuable lands for
agricultural purposes, and their unhealthful condition can be
ameliorated or even wholly remedied. There are over 100,000
square miles of such lands in the United States, a large pro-
portion ot which by good engineering can be rendered highly
productive. Much of it abounds in peat and iron ores, and in
Soutlt Carolina and Georgia it contains deposits of phosphates
which are collected and treated in chemical works in steadily
-increasing quantities. The swamps and overflowed lands of
the interior present analogous conditions. Professor Shaler
has visited the everglade region of southern Florida along the
coast to ascertain the facts with reference to the possibility of
drainage, and has met with highly encouragiug results. He
has investigated such evidences as were accessible bearing
upon the origin of the topographic features of the southern
part of the peninsula, and especially those which are indica-
tive of elevation or subsidence of the land in recent geologic
time. He has also made a preliminary study of the phosphate
deposits of South Carolina, and the results have been put in
form to be published as a bulletin of the Survey.

Progress has been made in mapping the swamp districts of’
Massachusetts, and Professor Shaler has completed the map-
ping of those occurring in the vicinity of Abington and New-
buryport. A large amount of special geologic work bearing
upon particular questions now under investigation has also
been done by Professor Shaler, and the details are set forth in
his report.

DIVISION OF ARCHEAN GEOLOGY.

In many parts of the United States extensive exposures of
very ancient strata occur, embracing in some cases formations
which are older than the oldest fossiliferous rocks of assignable-
age, in other cases formations of the same ages as some of the
fossiliferous beds, but in a condition which indicates that they
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have undergone great changes since their deposition. Not
only have their component beds been tilted, bent, folded, dis-
located, and distorted to extreme degrees, but their mineralogic
contents and their textures have been more or less altered.
One effect of this- metamorphism has been the obliteration of
ziny fossils they may originally have contained, and upon these
the geologist mainly relies in determining the ages and rela-
tions of strata. 'The confusion into which these masses have
been thrown by the forces which have fractured and distorted
them has further increased the difficulty. The present state
of knowledge concerning the origin, relative ages, and former
condition of these strata, the nature of the processes which
have wrought these profound changes in their constitution,
and their relations with one another is very unsatisfactory,
although no rocks have been more earnestly studied. While
the knowledge which has been gained is vast in amount and
Lighly useful in its way, it has not been of such a character
that it could be grouped and generalized into broad induections,

~and it has thrown comparatively little light upon the most

important questions.

There are large areas within the United States where these
rocks are exposed. The most extensive are the New England
States, the southern Appalachians, the vicinity of Lake Supe-
rior, and many parts of the great mountain region of the
West, and especially the ranges npon and near the Pacific
coast. It is deemed of importance to the interests of geologic
science in general, both of systematic and economic geology,
to take up this subject and prosecute investigations of the
older crystalline rocks with vigor. The two fields which are
regarded as offering the best opportunities and prospects for
these investigations are the New England States and the Lake:
Superior region. In the former field Prof. R. Pumpelly has.
been diligently at work with several assistants. Convinced
that the Green Mountains of Vermont and Massachusetts are
more likely to yield desired resultsand to clear up the broader
questions relating to the geology of New England, he has
divided the country into zones across those mountains, and is
prosecuting the investigation of their structure in great detail.

=
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He has already ascertained the components of the Green
Mountain series of strata, has gained considerable knowledge
of their lithology and relations, and has made much progress
towards unraveling their complicated structure and learning
the processes by which their metamorphism was effected.

LAKE SUPERIOR DIVISION.

The investigation of corresponding horizons in the Lake
Superior region has been conducted by Prof. Roland D. Irving,
and his assistant, Prof. C. R. Van Hise. They have made
much progress towards a final separation of these older rocks
and their proper classification. Through their careful re-
searches in the field they have brought to light strong evidence
that below the oldest fossiliferous rocks thus far systematized
(the Cambrian system), and above the most ancient crystalline
rocks of so-called Archean age (the Laurentian), there exists
in the Lake Superior region a vast mass of matter resolvable
into several subdivisions. This great group they find to con-
sist chiefly of fragmental material of the same general nature
and origin as the sedimentary sandstones, conglomerates, and
shales of the later group, but usually much altered by meta-
morphic action. These fragments have not hitherto yielded
any fossils whose forms are distinctly preserved or which can
be specifically determined, but they present much other evi-
dence that organic life was abundant during their deposition.
The laboratory work has led to results equally significant. In
studying the composition and textures of these rocks several
new facts have been brought out which go far towards ex-
plaining the nature of the processes which have altered the
strata, and which constitute some of the most important addi-
tions that have been made iu recent years to our knowledge
of the metamorphism of rocks. It is in these strata that the
valuable ore beds and copper of the Lake Superior region
occur, and the geological investigation is now so far advanced,
that. the material is ready for a large -portion of the final
mapping of these highly complicated and disturbed strata
whenever the topographic sheets are finished. The untimely
death of Professor Irving, on May 27, 1888, which was cer-

-
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tainly hastened by his excessive zeal and devotion to the work
in his charge, if not entirely due to it, has deprived the Geo-
logical Survey of one of its ablest and most energetic geolo-
aists and American science of one of its brightest ornaments.
The charge of his division falls upon Professor Van Hise, who
has fully proved his fitness to carry forward the work in this
difficult field.

GLACIAL DIVISION.

Study of the vestiges of glaciation has been conducted by
Prof. T. C. Chamberlin. The New England States, New York,
a large portion of Pennsylvania, and in-general the States
north of the Obio River and east and north of the Missouri,
constitute a region whose superficial deposits and soils, whose
lakes and minor topographic features, have been profoundly
modified and in great part made what they now are by the
action of glaciers. This region, as well as the basins of the
Great Lakes and the Canadian provinces indefinitely north-
ward, was doubtless during a recent geologic period sheeted
over with ice in a manner which finds a counterpart in the
present condition of Greenland. This conclusion—and a sim-
ilar one has been reached with respect to certain portions of
Europe—rests upon a vast mass of circumstantial evidence so
clear and convincing when fu]lv urderstood, that it may be
regarded as one of the most wonderful and pleasing examples
of inductive reasoning, and one of the best established that
the whole range of modern science affords.

Professor Chamberlin’s work has been the investigation of
the extent of this former field of ice and its boundaries, the
nature of its action in shaping surface features, the chief inci-
dents of its history, and the geologic and climatic changes
which were associated with it as causes or effects.

Near the close of the Glacial Period there existed in the
region now embraced in the valley of the Red River of the
North and that of the Saskatchewan a great lake, to which the
name “Lake Agassiz” has been given. Its former existence
was first clearly shown and its approximate limits roughly
defined by the late General G. K. Warren, of the Engineers.
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A considerable arm or bay of this lake extended up the Red
River Valley into Dakota and Minnesota. Its ancient beaches
are still easily discernible. Its bottom recéived the deposits of
sediment ground from the rocks by the great continental gla-
cier upon whose western margin the lake was situated, and
these deposits constitute those soils of the Red River Valley
which have become so famous for their fertility.

In cooperation with the Canadian Geological Survey, in
whose territory the greater part of Lake Agassiz was situated,
Professor Chamberlin’s assistant, Mr. Warren Upham, has
made a study of the portions of this lake basin and of its
beaches which lie within the United States. This work has
already occupied Mr. Upham several seasons, is still in prog-
ress, and has brought to light many instructive and important
facts. Examinations have also been made of glacial deposits
in the Cotean du Plateau du Missouri of Dakota by Prof. J.
E. Todd; in northern Illinois and adjacent parts of Indiana
and Michigan by Mr. Frank Leverett; in Wisconsin by Mr. L.
M. Buell; in Indiana by Prof. L. C. Wooster; and in Maine
by Prof. George H. Stone. Large and important additions
have thus been made to our knowledge of the distribution and
action of the ancientice-sheet and of the history of the conti-
nent during the Glacial Period.

APPALACHIAN DIVISION,

'I'he work of this division is in charge of Mr. G. K. Gilbert.
It chiefly consists of the investigation of the general geology
of that portion of the Appalachian region in which the mount-
ains and ridges are composed of flxzed and faulted rocks ot
Paleozoic age. Ior the purpose of ascertaining in detail aud
with precision the character and sequence of these rocks in dif-
ferent parts of the region, and the general character of the dis-
placements by which their order is disturbed, the geologists of
the division have surveyed with thoroughness certain selected
belts of country crossing the great belt from side to side.

The preliminary work is now completed, and the assistants
have this year begun the areal work proper, marking on the
topographic map the areas covered by the several formations.
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The unit for areal work is the atlas sheet, one-half degree
square; each party is initially assigned a unit area, and when
its survey has been completed is.assigned another. The atlas
sheet will also be the unit of publication. ‘

The soils of the region are derived from the rocks. In part
they are constituted by disintegrated rock not otherwise dis-
turbed and holding its original position, but in part also they
result from the transportation and sorting of disintegrated rock
by streams, waves, glaciers, or winds. The complete mapping
of the geologic features thus shows the distribution of the soils,
and it has been determined to separate the data concerning
soils and prepare a soil map to accompany each geological map.
The field parties gather data for both at the same time.

An essay on the comparative stratigraphy of bituminous coal
districts, in preparation by Prof. I C. White and mentioned in
previous reports, is nearly ready, and will shortly go to press.

PACIFIC COAST DIVISION.

The economic work of the survey is carried on in two divis-
jons—that of the Pacific Slope under Mr. G- F. Becker, and that
of the Rocky Mountains under Mr. 8. F. Emmons,

The ultimate object of this is to arrive at a more complete
understanding than we now possess of the methods of deposi-
tion of the ores of metals-and of the laws which govern them.
Incidental to the attainment of this object much information is
collected with regard to all the economic resources of the re-
gions examined, and their development in those regions is ma-
terially facilitated and advanced.

No attempt has yet been made to complete a systematic study
and survey of all the deposits of the Great West, but the course
pursued has been to select for research a typical mining district,
or a series of such districts, illustrating a particular type of de-
posits or the mode of deposition of a particular metal or metal-
lic combination. Of these an exhaustive study is made, illus-
trated by maps and diagrams, and after thorough chemical and
petrographical study of the material gathered the results are
published in the form of a monograph.
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GALIFORNIA DIVISION.

In this division, towards the close of the last fiscal year, Mr.
Becker had completed a study of the quicksilver deposits of
the western United States, the occurrence of these ores being
so limited in extent that his monograph embraces all known
deposits of this metal in the country, and a supplemental study
of some European deposits has enabled hin1 to gather complete
data with regard to all known deposits of the world. During
the current year he has been detained at Washington attending
to the printing of this monograph, which is now nearly com-
pleted. In the mean time his assistants in California have been
occupied in preliminary field studies of the Gold Belt of Cali-
fornia, which will form the subject of his next monograph.

In the Rocky Mountain region the ores of the metals consist
of such a variety of mineral combinations that they do not so
readily admit of a segregation into classes based on their metal-
lic contents alone. For the final generalizations they must, to
a certain extent, be treated as a whole, but at the present rate
of progress it will be many years before all the many mining
districts of the region can be examined, owing to the unusual
expenditure of time and money required as compared with
other geological investigations involved. Inresearches for gold
and silver ores the object is not the direct determination of the
metallic wealth of a region,.as yet comparatively unexplored
or undeveloped. but the determination of certain general laws
governing the occurrence of these ores in the most completely.
explored regions, which the miner or prospector himself may
apply to the development of the less known areas. Owing to
the delays necessarily attendant upon the publication of the
monographs, the practice has been adopted of publishing the
more important facts in advance of the final publication in the
form of short articles iun scientific periodicals or of abstracts in
the annual reports. Thus, although Mr. Emmons’s monograph
on the Geology of Leadville, Colo., was issued from the press
only during the current year, an abstract of it was published
in 1882 in the Second Annual Report, and according to the
testimony of those engaged in mining there it has been a very
great aid in the economic development of the district,
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The geological survey of the Gold Belt of California, under
Dr. G. I. Becker, has made steady progress during the last year,
and a map showing the larger geologic divisions will be ready
for publication almost as soon as the topography of the area is
completed. The transition from placer and hydraulic mining
to lode mining, which has taken place in California, with a
steady increase in the output by the latter method, renders this
survey an important one, and Dr. Becker and his assistants have
already discovered many facts which must ultimately be of
great utility to that industry.

In connection with this division a large amount of labora-
tory work has been accomplished, and many facts bearing on
processes of ore deposition and of the alteration of rocks have

been éstablished.
COLORADO DIVISION.

During the current year field work has been done in the
area already mapped in Gunnison County, Colo., which com-
bines great metallic wealth with valuable deposits both of an-
thracite and bituminous coals. Further than this, Mr. Em-
mons has made preliminary examinations of other mining dis-
tricts which may in the future be the field of detailed work.
The preparation of the two monographs on.the Ten Mile and
Silver ChLiff Mining districts, and on the Denver Basin, has
been continued during the year, and abstracts and short papers
have been published embodying some of the more important
generalizations derived therefrom.

YELLOWSTONE PARK DIVISION.

Under the charge of Dr. Arnold Hague the survey of the
National Park has made much progress. A topographic map
of Mammoth Hot Springs Basin has been made by Mr. Anton
Karl, of the topographic corps, and maps of the other geyser
basins have been completed. Dr. Hague’s geologic work has
been prosecuted in the eastern portion of the Park in the com-
paratively little-known area around the northern part of the
Wind River Range and the Absaroka Range, which constitute
some of the grandest features of the region. His inquiries
have thrown much light on the geologic history of the features
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of the Park and of the volcanic processes which produced such
wonderful results. Many instructive studies have been made
of the action of the geysers and hot springs,.and of the min-
eral deposits to which they have given rise.

Dr. Hague’s attention has been forcibly drawn to the im-
portance of this reservation as a storage area for the head-
waters of some of the largest upper tributaries of the Missouri
and also of the Snake River. Yellowstone Lake is the largest
natural reservoir of the Rocky Mountain region, and may be
an important factor in the prosperity of future populations of
the country adjoining the lower cowrses of the Yellowstone
who will be dependent upon its waters for irrigation,

Dr. Hague has devoted much time to the investigation of
this important subject, and has obtained information which can
not fail to be of great value in the future deliberations of Con-
gress upon questions relating to its policy towards the public
lands upon this broad water-shed of the continent. ‘

CORRELATION OF FORMATIONS.

In order to develop the geological history of the United
States as a consistent whole, it is necessary to correlate the
various local elements. The events of one district—the suc-
cession of eruptions, sedimentary deposits, and erosions—must
be connected with the synclironous events of other regions.
It is especially important to determine the synchrony of de-
posits. So far as the outcrops of strata can be continuously
traced, or can be observed at short intervals, correlation can
be effected by the study of stratigraphy alone. The correla-
tion of strata separated by wide intervals of discontinuity can
be effected only through the study of their contained fossils.
"T'his is not always easy, and it is now generally recognized
that it is possible only within restricted limits. As distance
increases the refinement in detail of correlation diminishes.

Recent discussions in eonnection with the work of the Inter-
national Congress of Geologists have shown that' different stu-
dents assign different limits to the possibilities of correlation,
and give different weights to the various kinds of paleontologic
evidence employed.
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The study of the data and principles of correlation is thus
seen to be a necessary part of the work of the Geological Sur-
vey, and by making the study at the present time it can offer
a timely contribution to general geologic philosophy. It has
therefore been determined to wudertake the preparation of a
series of essays summarizing existing knowledge bearing on
the correlation of American strata. It is proposed to have a
treatise prepared by a competent specialist on each of the fol-
lowing systems: The Quaternary, the Newer Tertiary, the
Older Tertiary, the Cretaceous, the Jura-Trias, the Carbon-
iferous, the Devonian, the Silurian. the Cambrian, the Epar-
chean, and the Archean.

Each essay will consider the several geographic provinces
of the system it treats, the stratigraphic divisious that have
been made in the several provinces, the extent to which these
divisions can be correlated with one another, the degree of
precision with which the upper and lower limits of the system
can be correlated with the limits of the corresponding Euro-
pean system, and the extent to which the American subdi-
visions can be correlated with the European. It is proposed
to treat separately the evidence from vertebrate fossils and the
evidence from fossil plants as to all the systems in which they
are found; and there will. be prepared in connection with the
work a thesaurus of North American stratigraphic terminology.

The work has been placed under the general charge of Mr.
G. K. Gilbert, and a number of specialists to assist him have .
already been selected from the various divisions to the Survey.

DIVISION OF VOLCANIC GEOLOGY.

Large areas in the western portion of the United States
disclose eruptive rocks and strata consisting of fragmental
matter ernpted from volcanic vents. In past periods of geo-
logic time the activity of the volcanic forces in the western
part of the continent was upon a scale of magnitude which
may have surpassed anything-of the kind which has been wit-
nessed in historic times in any part of the world. In the
northwestern parts-—in Washington Territory, in Idaho, and
in Oregon —also.in the northern parts of California and Nevada,

9 GEOL——2 '



18 REPORT OF THE DIRECTOR

it may be said that the surface rocks are chiefly voleanie.
The great mountains of the Cascade Range—Baker, Ranier, St.
Helens, Adams, Hood, Jefferson, Pitt, Shasta, and Lassen—
are all extinct voleanoes. 'The spaces between these mountaing
are covered by accumulations of lava which issued from hun-
dreds of vents, and some of which are thousands of feet in
thickness. Although volecanic action seems to have produced
its greatest effect in those regions, there are other portions of
the West where the scale of activity was not generally inferior.
In the history of the evolution of the continent, especially in
its latter periods, volcanic action has played one of the most
important parts.

The investigation of the volcanic fields has engaged Capt.
C E. Dutton for several years, but owing to the general dis-
tribution of eruptive rocks over the western half of the conti-
nent, his labors have necessarily been limited to special areas.

During the last three years his principal field has been the
Cascade Range in northern California and Oregon. The topo-
graphic work in this field has begnn and made progress north of
the fortieth parallel and west of the one hundred and twentieth
meridian as far as the Pacific, and is rapidly extending in south-
ern Oregon. Captain Dutton has made preliminary reconnais-
sances in the Cascade Range from the north end of the Sierra
Nevada as far as the Columbia River, and has already grasped
the broader and most obvious features of the structure, extent,
and constitution of this great range, and its relations to the west-
ward coast ranges bordering upon the Pacific. During the past -
season his assistant, Mr. J. 8. Diller, has completed the mapping
of the geologic formation upon two of the completed atlas
sheets in the vicinity of Lassen Peak and the northern part
of the Sacramento Valley. The results of this investigation
~ have already thrown great light upon the history and structure
of the region thus mapped, and solved some of the most im-
portant questions relating to its structure and stratigraphy.

One of the essential processes in the study of the volcanic
eruptions is a careful examination of the constitution of the
lavas and their associated minerals. For this purpose the
microscope is one of the most important instruments, enabling
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the investigator to determine the minerals by their optical
properties. 'The preparation of the rock specimens in the
form of thin sections is one of the chief functions of the petro-
avaphic laboratory. The rock specimens which have been
collected by all divisions of the Survey and which require
microscopic examinations are sent here for cutting, grinding,
and mounting in a suitable manner. Under the immediate
charge of Mr. J. 8. Diller this most useful adjunct of the
Survey has performed a large amount of work in a highly
satisfactory way.

For nearly two years Captain Dutton has been also occu-
pied in the investigation of the Charleston earthquake and in
preparing a monographic report upon it. In many respects
the best observed earthquake which has ever occurred, and
perhaps the most carefully studied, it has yielded results which
undoubtedly add to our knowledge of such phenomena. But.
Captain Dutton, after two years of most laborious investiga-
tion, is still of the opinion that the result adds but little to our
knowledge of the ultimate causes which produce such catas-
trophes. His work upon this earthquake constitutes the most
extensive contribution to the scientific papers embodied in this

volume.
POTOMAC DIVISION.

Along the border of the Piedmont region of the Atlantic
slope, extending from northern New Jersey as far south as
Alabama, there occur certain formations which have attracted
the inquiries of geologists ever since the year 1835. Their
relations to adjoining strata and their ages were very imper-
fectly understood until two or three years ago. As these for-
mations are an important factor in the stratigraphy of the
Atlantic region, it seemed desirable that they should be thor-
oughly investigated. The subject was assigned to Mr. W J -
McGee, who began the examination in the Distriet of Colum-
bia, where these formations are well exposed. The result of
his field work has been gratifying. Kxtending his researches
both north and south along the margin of the Piedmont region,
he has examined many exposures, and has discovered localities
within it which have yielded fossil plants and vertebrates.
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The vertebrate fossils have been examined by Prof. O. C.
Marsh, who has been able to fix their age as Upper Jurassic.
The plant remains have been examined by Prof W. M. Fon-
taine, and are found to be in the main new types which
combine the features that characterize the floras of the Lower
Cretaceous and early Jurassic systems.

Thus the primary point regarding these formations may be
considered to be established, and it remains only to trace them
out upon the ground in their full extent. When this is accom-
plished, a considerable gap in our knowledge of the distriba-
tion of the geologic formations of the Atlantic slope will be
in great part closed. The name of the Potomac formation
has been given to this series of strata, in conformity with the
usual practice of naming formations after the typical localities
which first yield the data requisite for assigning them to their
true positions. .

East of the belt in which the Potomac formation is disclosed
and adjoining it there are found other formations of later age,
which have also been a subject of equal uncertainty. Mr.
MecGee has studied them with much care, and has succeeded
in resolving them into subdivisions and in ascertaining some
of their most iinportant relations to one another and to the
subjacent formations and in assigning to them approximately
their respective ages. They are of late Cenozoic and recent
deposition. They have important relations to the later stages
of the development of the continental border, and throw light
upon the origin and changes of its topography and drainage
system. The investigation of these formations in their wider
distribution during the. past year has made progress and will
be continued.

Much uncertainty has existed regarding the age and rela-
tions of certain Cenozoic strata in the State of Mississippi.
Much had been done by the earlier work of Prof. E. W.
Hilgard upon early Cenozoic formations of that State, but
numerous important questions still require investigation. Mr.
Lawrence C Johnson has been engaged during the year in
further field work upon these problews, especially with a view
of ascertaining the relations of what is termed the Grand Gulf
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series of beds. He has succeeded in finding them lying with
apparent conformity upon the beds of Eocene age, which
have been named the Vicksburg and Jackson beds by Pro-
fessor Hilgard. He has also made progress in tracing the dis-
tribution of all thesc formations and distinguishing them from
one another throughout the State, preparatory to the comple-
tion of the topographic work and the mapping.

MONTANA DIVISION.

Since the death of Dr. F. V. Hayden the geological work
of this division has devolved upon Dr. A. C. Peale.

The ficld is an important one, on account of the greater
fullness with which the Paleozoic strata of the West are rep-
resented and the greater facility with which their correlations
with strata of corresponding age in the East and in the Upper
Mississippi Valley can be traced. In some sense they may
be said to form a connecting link between the eastern and
western Paleozoic systems. Strata of Mesozoic age are also
well represented. Dr. Peale’s field work has been chiefly in
the valleys of the Gallatin and the Madison and Jefferson
forks of the Missouri, and although the region is considerably
disturbed and complicated by the flexing and faulting of the
strata, he has accomplislied much in the way of ascertaining
their true relations and providing material for the geological
mapping of a large section of the country.

In addition to this work Dr. Peale has been engaged in the
office in the collocation -of statistics relating to the mineral

waters of the United States, which will be pubhshed in a vol-
ume of Mineral Resoulces

PROGRESS IN PALEONTOLOGIC WORK.

The amount of work accomplished in the collection and
study of fossils during the year has been large  Although no
new discoveries of cxceptional importance have been made,
the large amount of useful information collected in this field
and the thoroughly effective manner in which it has been
handled and systematized have made the total result highly
gratifying.
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TENDENCY TO SPECIALIZE.

In no field of science is the tendency to subdivide itself into
highly specialized branches more strongly marked than in pa-
leontology. It arises from the vast and ever-increasing number
of new species which are added yearly to those already known,
until it transcends the capacity of the human mind to becomse
familiar with more than a very limited group. To extend the
group and control the investigator as mnch as possible, it is
necessary to devise methods by which he may be able with
the least possible expenditure of time and labor to avail him-
self of the discoveries, figures, and dimensions which have
been recorded by previous investigators.

It is obviously impossible for the paleontologist to become
familiar by personal examination of the fossils with the myriads
of species within his chosen subdivision of the branch, far less
could he study and retain the distinctive characters of each.
The most he can do is to become acquainted with the leading
types and their broader characters, and he must have recourse,
as occasion arises, to the literature of the subject for further
details. For this purpose various devices are necessary, such
as bibliographies, card-catalogues, species-indexes. Thus a
large portion of the work of the paleontologist must be de-
voted to the elaboration of a system which will enable him to
obtain and keep command of his subject.

METHODS OF COLLECTION AND CLASSIFICATION.

Another important portion of his work is the maintenance,
enlargement, and thorough classification of the collections of
fossils which have been gathered by many students during
many years and brought together in the National Museum,
These fossils are not, as might be supposed, for the wonder
and entertainment of the curiosity-seeking visitor, but are ’
chiefly for the use of the paleontologist, who resorts to them
for purposes of comparison and for establishing the specific
identity or nearest relationship of the fossils which from day
to-day reach his hands. To facilitate his command of the
resources of these collections he is, whenever practicable, made
an honorary curator of the Museum in the department of that
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institution embracing his special field. For this work he
receives no additional compensation. He is also called upon
every year to perform more or less field work Since the
ages and relations of strata in the stratigraphic system are
assigned chiefly upon the testimony of the fossils which they
contain, and since many formations are undetermined in these
respects through imperfect knowledge of their fossil contents,
1t frequently becomes necessary for the paleontologist to visit
doubtful or little-known! localities, to gather with his own hands
the required evidence, and, after careful examination of typical
localities, decide, if possible, the disputed or unsettled ques-
tions And, finally, the fossils collected throughout the coun-
try by the geologists are referred to him for determination.

VERTEBRATE PALEONTOLOGY.

In the past year, in the branch of vertebrate paleontology,
Prof. O. C Marsh has made further collections in the Miocene
formations of Dakota and in the Jurassic deposits of Wyo-
ming and southern Colorado. One of the most important of
‘his_discoveries has been. the finding of a considerable number
of vertebrate fossils in the outerops of the Potomac formations
between Baltimore and Washington. These fossils serve to
settle the long-contested problem as to the age of this forma-
tion, and to place it in the Upper Jurassic. Professor Marsh
has also made progress upon his monographs of several orders
of the fossil vertebrates, which constitute a series of high
importance to general geology and paleontology.

The subject of invertebrate paleontology has been subdi-
vided into three divisions, embracing respectively fossils of
Paleozoic, Mesozoic, and Cenozoic ages. In the Paleozoic
division Mr. C. D. Walcott has devoted most of his field work
to the investigation of the Cambrian and Lower Silurian strata
of the Hudson River Valley and of Vermont and western Mas-
sachusetts. He has had great success in discovering fossils
which have been the means of clearing up mnch of the doubt and
uncertainty regarding the ages and relations of the strata in
those localities. His work has also had special reference to
the long-disputed questions as to tlie true position, extent, and

/
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significance of the Taconic system of Dr. Emmons in the local-
ities where that eminent geologist originally studied it and in
the Green Mountains to the northward. Mr. Walcott has
done much towards the final solution and settlement of those
difficult problems.

INVERTEBRATE PALEONTOLOGY.

Dr. C. A. White, whose principal field is the study of Meso-
zoic invertebrate paleontology, has carried forward his exam-
inations of the Lower Cretaceous formations of Texas, whose
age he succeeded in establishing last year, and he has made
much progress in further correlating them with formations to
the eastward in-the Lower Mississippi Valley, and in ascer-
taining their extent and distribution. He has pushed his in-
quiries upon the southward extension of the Laramie group
to the early marine Cenozoic formations in Texas with impor-
tant results. Ile has also made examinations of the extent of
the Cretaceous formations of Mississippi and Alabama, to
obtain some much-desired data contributory to a work he is
preparing on the subject of the Cretaceous strata in the United
States. During the year he has prepared a considerable num-
ber of papers on the Mesozoic fossils of the country.

CENOZOIC INVERTEBRATE FOSSILS.

Dr. W. H. Dall, whose work is chiefly in Cenozoic inverte-
brate paleontology, has directed and conducted a large amount
of field work in worthern California, in Florida, and in New
Jersey—the work in Florida being especially noteworthy.
Through the cooperation of Mr. Joseplh Willcox, the examina-
tion in that State has shown the extension of the Miocene for-
mations farther south and of the Pliocene farther north than
had been formerly recognized. In the northern part of the
everglades coral limestone has been discovered similar to that
described by Agassiz in the Florida keys. As a large num-
ber of private individuals are engaged in various parts of the
country in the study of the Cenozoic strata and fossils, Dr.
Dall has given much time and attention to methods of coopera-
tion with such work and to the encouragement of it, furnish-

-
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ing such information aud assistance as the Government col-
" lections afforded.

FOSSIL PLANTS AND .FISHES.

During the year Mr. Lester F. Ward has diligently prose-
cuted the study of fossil plants. He has made extensive col-
lections in the coal-bearing strata in the vicinity of Bozeman,
Mont., and in the celebrated fossil forests of the Yellowstone,
in the vicinity of Amethyst Mountain, and within or necar the
National Park. In the office a considerable amount of work
has also been accomplished preparatory to a general bibliog-
raphy of fossil plants, and in completing a species-index,
illustrated by a large number of drawings.

During the fiscal year Dr. J. S. Newberry has completed
and forwarded to this office a monograph upon “T'he Fossil
Fishes and Plants of the Triassic Rocks of New Jersey and
the Connecticut Valley.” It contains figures and descriptions
of all the species of fishes and plants found up to the present
time in the Triassic areas of the North Atlantic States, and
constitutes a most valuable contribution to our knowledge of
paleontology. He has also finished and submitted a mono-
graph on “The Paleozoic Fishes of North America,” a work
of even greater importance, which he was requested by this
office to undertake. In the month of September, 1887, he
made special studies of the Laramie group in Colorado, tribu-
_ tary to a memoir he is preparing upon “‘The Cretaceous and
Tertiary Floras of Western America,” upon which great prog-
ress has been made. Aunother memoir which he is preparing
for the Survey upon “'I'he Flora of the Amboy Clays of New
Jersey” is also in an advanced stage of progress. These
works of this distinguished geologist and paleontologist will
all possess a high value and form important additions to the
science. :

Prof. W. M. Fontaine has made numerous studies of fossil
plants. He has obtained and examined extensive collections
from the Tuscaloosa formations in Alabama, and the result of
his inquiry appears to be that these beds are nearly, if not
quite, of the same age as the upper members of the Potomac

-1
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formation, which is adverted to in the accounts of the re-
scarches of Professor Marsh and Mr. McGee. The fossil
plants of the Potomac formation in Maryland and Virginia
have been studied by Professor Fontaine and reported upon.

FOSSIL INSECTS.

Prof. H. 8. Scudder has been long engaged in the study of
the fossil insects of North America, and has made special
examination of a remarkable group of such fossils obtained
from Florissant, in Colorado, and of a group obtained from the
carboniferous coal fields of Rhode Island. The literature of
this highly specialized branch of paleoutology being scattered
throughout a wide range of periodical publication, Dr. Seud-
der has undertaken the compilation of a reference index in a
systematic form, which will make that literature readily avail-
able for future research. The preparation of a preliminary
card-catalogue has occupied a considerable portion of his time.

MISCELLANEOUS.
MINING STATISTICS AND TECHNOLOGY.

It has been the custom of this Swrvey to prepare annually
a report of the statistics showing the production during each
year of the metals and minerdl products of the country. This
annual report is received with high favor by thousands of per
sons engaged in production and trade, to whom the informa-
tion is of mercantile value. It contemplates the collocation
of the output of all metals, minerals, stones, coal, petroleum,
natural gas, and in general all inorganic substances taken
directly from the earth for industrial and commercial purposes,
together with an estimate of their money values.

Dr David T. Day, in charge of this division, estimates that
for the calendar year 1887 the total value of such products
was $542,331,796, being larger than for any preceding year
in .the United States, and the largest totul for one year ever
reached by the mineral production of any country.

This grand aggregate is due both to an increase in the
quantity of material produced and to an increase in the aver-
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age of prices. With every year'’s experience this division has
gained facilities for procuring information concerning the
amount and value of these products and of their relations to
the various industries in which they are employed. It has
won the confidence of producers and consumers alike, and
finds ready cooperation on the part of many experts and well-
informed persons throughout the country who are in positions
where they can gather and veturn trustworthy information.

In the course of this work the corps of correspondents from
whom returns of production were received was mereased to
about forty thousand. A tabulated statement of the results is
given below. A separate investigation was s also begun under
Mr. Albert Williams, jr.,, which is intended to show geographic-
~ally the position of all the known mineral deposits of com-
mercial value, whether at present mined or not.

Metallic products of the United States in 1887,

Quantity. Value,

Pig-iron, spot value..._.. e ecee e long tons..| 6,417,148 | $121, 925,800
Silver, coining value ..__..._ .ccec.. ... ....troy ounces..| 41,269,240 63, 441, 300
Gold, coining valle ... ....c.oooieeeeeraans eene. do....| 1,596,500 | 33,100,000
Copper, value at New York City .. ... ...t pounds..|185,227, 331 21,115,916
Lead, value at New York City............... short tons.. 160, 700 14, 463, 000
Zine, value at New York City.............. (... do.... 50,340 4,782,300
Quicksilver, value at San Franeisco.... .......... flasks.. 33, 825 1,429, 000
Nickel, value at Philadelpha_ ... ... ... .. pounds.. 205, 566 133,200
Aluminum contained mn alloys ... ... .. ... do.... 1%, 000 59, 000
Antimony, value at San Francisco...........short tons.. 75 15,500
Platinum, value (crude) at New Yor1k City..troyouneces.. 448 1,838

Total ................ B T LT Ty reemaetann- 250, 466, 854

" Non-metallic mineral products of the United States in 1887 (spot values).

Quantity. Value,
- T 1
Bituminous coal ... .il. v--.-loug tons..) 78,470,857 | §98, 004, 656
Pennsylvania anthracite...oo. oo o ooeeiaiiaeiann, do....) 37,578,747 84, 552, 181
Bullding stone. .- .e oot iian com i e verenn R -t 25,000,000
3 11 A S barrels..| 46, 7‘30 000 23,375,000
Petroleum. oo ieeens tonicnieicaconcnn cmevevenn--.do....| 28,249,597 18, 856, 606
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Non-metallic products of the United States, etc.—Continued,

. Quantity. Value.
Natural gas. ....... Seeesaaen Y [T 15, 838, 500
Cement.... ... .ccciciiiii il aaiaaiea oo oo barrels. | 6,692,744 5,186,877
S e e e et e araane e aaae e o] B, 003,962 4,003, 346
Limestone for wron flux ... coeeiiieaoaa ooo long Tous-., 5,377, 000 3, 2206, 200
South Carohina phosphate rock...... .o ..o do... 480, 558 1,836, 818

" Zinc-white.... .. e e e short tons. . 13, 000 1, 440, 000
Minoral waters.......-.. e eevameeeeetoman gallous sold..; 8,259,609 1,261, 473
Borax oot i e it e pounds....| 11,000,000 560, 000
GYPSIM _. ... eier cceiciaecaasaens aone wao-Short tons.. 95, 600 425, 000
Mangancese oro. cvoeee cvmicien i long tons.. 34,524 333, 844
Mineral pamts ... o .o iieiic i e oo do....q, 20, 000 310, 000
New Jersey marls......._... ... ..short tons.. 600, 000 300, 000
Pyrites ...... femema e a.s T cvemaeas manas long tons.. 52,500 210, 000
Flint ... o e e do.... 32,000 185, 600
Mica .....ooca et g pounds.. 70,500 142,250
Corundum ..ot it i itaarn caan . short tons.. 600 108, 000
1007 ¢ 11 1) SN DU do.... 3,000 100, 000
Precious stones. .oeeeoeea coais .. S 83, 600
Crudo barytes ... covceee oo ool oLl long tobs.. 15, 000 75, 000
Gold quartz, souvenirs, jewelry, ete . ... ... oooioi il cimiiiiiin, 75,000
Bromine. ... covmi i e e e pounds.. 199, 087 61,717
FOMBPUT - v oeeeee eeeees e aeeeamee e long tons. . 10, 200 56,100
CRIrOme irON OTe ..o covvenriinme veieceaassavenmenn do-... 3,000 40, 0u0
Graphite «ooeiemerioameace iivmeecae e canans pounds.. 416, 000 34, 000
Fluorspar. ..oceuiemenmmie i at short tons.. 5, 000 20, 000
Slate, gronnd as pigment .. ............ ... long tons.. 2, 000 20, 000
Cobalt oxide. ... ccovvvainenvienenas ceeas caee. pounds.. 18,340 | 18,774
Novaculite «ocverecer coienr iomecceceancanans PP do....; 1,200,000 16, 000
Asplhialtum ... ooee ol il el aiaia i short tons.. 4, 000 16, 0600
g 1 L DY | SO 150 4,500
Rutile coeoe i e el pounds.. 1,000 3,000

7 S N B 25, 864, 942

Résumé of the values of the metallic and non-metallic mineral substances
produced in the United States in 1887,

Metals coceoe v nnea. .. e fee et eeeaeeaaeeeecasana. $250, 466, 854

Mineral substauces named in the foregoing table

Estimated value of mineral prodncts unspecified.-... ... _......._......

Grand total................

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

280, 864, 942

536, 331,796
6, 000, 000

542, 331,796
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CHEMISTRY AND PHYSICS.

This division, under the charge of Prof. F. W. Clarke, is
engaged in the investigation of chemical and physical prob-
lems which are constantly arising in the course of geological
field or office work. The chemical laboratory is now well
equipped, and during the past year has accomplished four
hundred and twenty-six assays and analyses of rocks, ores,
and minerals. Very many requests for the identification of
mineral substances coming from all parts of the country are
referred to this division. . From other bureaus of the Govern-
ment requests for analyses are also received. Numerous
original investigutions have been made in the laboratory of
problems in mineralogy and lithology, bearing more or less
directly upon the geological investigations of other divisions
and of quebtions in technical chemistry having special refer-
ence to economic geology.

Prominent among these is a research as yet unfinished on
the origin and utilization of the vast stores of alkali salts con-
tained in certain lakes in western and southern Nevada and
eastern California. While questions of scientific value have
received deserved attention in connection with this subject,
the problém has been treated mainly from an economic stand-
point, with a view to facilitate the development of the soda
industry of that region. The investigation has excited favor-
able comment among those best qualified to, judge of the com-
mercial results that would follow a satisfactory solution of the
problem mentioned.

Work upon the rocks and deposits of the Yellowstone
National Park has been continued, likewise upon the oceur-
rences of minerals containing the rarer elements, many of
which are from year to year more sought for use in the indus-.
trial arts.

In the course of laboratory researches it is sometimes found
that the methods of analysis in vogue are faulty or not
adapted to the peculiar exigencies of the case in hand. In
such cases it may become advisable to institute a collateral
line of inquiry directed towards the imorovement of existing
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methods or the discovery of new ones. The value of work
" of this kind already accomplished is attested by the reception
accorded by the scientific world to methods which originated in
this laboratory in previous yecars and which are now being
widely adopted.

Researches in the physical laboratory have resulted in a
development of the methods of high temperature, air ther-
mometry, and electrical pyrometry, and the addition of a new
instrument of research, the transpiration pyrometer. Reliable
methods for the measurement of high temperatures are among
the most important desiderata of the day, and as their practical
application has been constantly kept in mind, the work has
‘economic importance apart from its geologic value. These
investigations, together with that on solid viscosity, are pre-
liminary to broader inquiries which involve pressure consider-
ations. .

The investigation of the co-efficient of thermal expansion of
rocks recently undertaken is expected to fuinish data very
necessary to the satisfactory study and solution of some im-
.portant questions in dynamic geology. At the same time, by
the examination of various important building stones it is hoped
that information will be obtained of considerable economic
value to engineers and constructors.

ILLUSTRATIONS DIVISION.

The work of the illustrations division covers the preparation
of all illustrations for the Survey publications and all photog-
raphy. A wide range of skill is required to conduct this work
with success. : . .

In the photographic laboratory, which is in charge of Mr. J.
K. Hillers, the accurate reproduction of the maps and charts
of the topographic corps, the photographing of geologic and
paleontologic specimens, and the preparation of large trans-
parencies of varied pictorial subjects call for skilled manipu-
lation.

The preparation of illustrations for the various publications
of the Survey, of which Mr. W. II. Holmes has charge, is a
work of considerable magnitude. Certain branches of this
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work require superior skill. The drawing of paleontologic
specimens for the various specialists is perhaps the most ex-
acting branch, and but few draughtsmen succeed in it. Mr.
John L. Ridgway stands at the front in this class of work. -
Another branch worthy of especial mention is the preparation
of illustrations of all classes for the engraver, the selection of
nethods of reproduction for these, and the criticism of proofs.

During the prolonged absence of Mr. Holmes in the field
e work of this division was intrusted to Mr. De Lancey W.
Gill, who acquitted himself with credit.

DIVISION OF LIBRARY AND DOCUMENTS.

The work in this division has progressed in a satisfactory -
manner. More than six thousand titles have been added to the
library, so that it now contains 51,563 books and pamphlets.
Twelve thousand volumes have been in use outside of the
library hall, as that number have been charged and returned
during the year. Twenty thousand titles of the catalogue of the
literature of North American geology have now been prepared,
and of these 8,000 have been arranged with a view of issuing a
catalogue of the literature’ of official geological exploration in
North America as a section of the general work. T'wenty thou-
sand ‘volumes of the publications of the Survey have been re-
ceived from the Public Printer, and 48,815 volumes have been
distributed. Of these, 8,277 were sold. The amount received
from these sales and turned into the Treasury is $1,692.25.

NECROLOGY.

FERDINAND VANDIVEER HAYDEN.

Ferdinand Vandiveer Hayden was born at Westfield, Mass.,
September 7, 1829. Ile was the son of Asa Hayden and
Melinda Hawley. DBoth his maternal and paternal grandfa- -
thers were soldiers in the Continental Army during the Revo-
lution, and each lived to be nearly one hundred years old.

Wlhen Ferdinand was about ten years of age he lost his
father, and two years later he went to live with an uncle who
owned a farm at Rochester, Oliio. With him he remained six
years, working on the farm and teaching school during his
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sixteenth and seventeenth years. When he was about eighteen
he refused his uncle's offer of adoption as a son, saying that
he was going either to learn a trade, and become a master in
it, or to study a profession. Without a cent in his pocket he
walked to Oberlin, and stated his condition and desires to
President Finney, of Oberlin College, who became interested
in him and encouraged him to begin his zollege course.

He was the youngest member of his class, which he joined
after one or two terms of classical study had becn completed.
Hie not only overtook it but maintained a fair standing iu it,
and he studied French besides. Like many of the students at
Oberlin at that time, he had to meet his expenses solely by
his own labors, farming and teaching. He was not given to
sport, but when not at work was occupied with books He
was particularly fond of poetry, and was well read in general
literature. He is remembered by bhis classmates as a very
industrious young man, diffident in demeanor, but enthusiastic
in whatever he undertook, imbued with the determination to
make use of all the means in his power to make something of
himself. His class historian at a rpunion some tweuty years
after graduation wrote of him as follows:

“Ferdinand Hayden was the boy of the class. Ie was
the youngest, and was peculiarly boyish in feelings and man-
ners; susceptible, open to all impressions, frank, unconcealing;
with all the trials of poverty and hard study, and a misunder-
stood .nature, he yet pushed on, showing an amonnt of will
and persistency that now looks remarkable in the distance.
He was a good student, not always thoroughly prepared, vet
knowing more always than he could tell. He was enthusi-
astic, easily carried away, and early showed the bent of his
nature in the direction of the natural sciences. Ferdinand was
little understood; to most of his teachers and classmates he
was an enigma. They prophesied no success for him; they
decmed him an enthusiastic dreimer, who would never con-
quer in practical life.” ‘

He graduated in 1850, the subject of his address being “The
benefits of a refined taste.” At that time the medical profes-
sion was the common road to geology and natural history, and
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the fact that he soon began to study medicine is an indication
of the drift of his mind. He graduated Doctor of Medicine at
the Medical College at Albany, N. Y., in the early part of
1853. While thus engaged he first met the veteran geologist
and paleontologist, Prof. James Hall. )

The collections of Dr. John Evans in the Mauvais Terres of
White River, made in 1849, had been described in the final
report of Dr. D. D. Owen in 1852 and had attracted attention,
and Dr. Hayden was employed by Professor Iall, in the
spring of the year of his gradnation, to visit the Bad Lands and
make a collection of the Cretaceous and Tertiarv fossils of that
region, so that he did not undertake the regular practice of
medicine, '

His explovations of the West, thus begun, continued with
little interruption for more than thirty years. Tlis first expe-
dition resulted in much interesting and important knowledge
relating to the geological structure of the Missouri Region
from Fort Pierre to Council Bluffs, and large collections were
made. The mammalian fossils were studied by Prof. Joseph
Leidy, and the new species of cretaceous invertebrates were
described by Professor Hall and Prof. F. B. Meek, in a paper
which contained also a brief vertical section of the beds from
which the fossils were obtained, this being probably the first
of Dr. Hayden’s scientific writings, although it was not pub-
lished under his name,

In the spring of 1834 Dr. Hayden returned to the Upper
Missouri region, and spent two years in exploring it, mainly at
his own expense. During these two years, mainly on foot, he
followed the Missouri River from Fort Plerre to Fort Benton
and the Yellowstone to the mouth of the Big Horn, and ex-
plored also considerable portions of the Bad Lands. The col-
lections of fossils resulting from these explorations embraced
a larger number of species than all those previously known
from that locality, and many of them were of new and re-
markable genera. These collections and researches mark an
epoch in the geologic investigation of the Great West.

Dr. Hayden returned to St. Louis early in 1856, and in

February received a proposition from Lieunt. G. K. Warren, of
Y GEOL——3
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the U. 8. Topographical Iingineers, to make a feport upon the
Sioux Country, its topography, facilities for campaigning, etc.
This proposition was accepted, so that the results of his labors
during the three preceding years were utilized by the Govern-
ment. In May he was appointed by Lieutenant Warren one
of his assistants on an expedition to obtain information of the
Missouri River. This expedition began its field-work on June
28, and the party returned to Washington in November.

In May, 1857, Lieutenant Warren was intrusted with the
command of an expedition to tbe Black Hills of Nebraska, and
he appointed Dr. Hayden geologist to the expedition. The
party assembled at the rendezvous at the mouth of the Loup
Fork in the latter part of June, and early in July the explora-
tions were begun. This expedition returned to Fort Leaven-
worth December 4, whence Dr. Hayden proceeded to Wash-
ington.

During the summer of 1858, with Professor Meek, he made
an exploring tour into what was then the Territory of Kansas.
This was unusually successful, and the geological results were
published in the Proceedings of the Academy of Natural Sci-
ences at Philadelphia in January, 1859.

Dr. Hayden continued with Lieutenant Warren until 1859,
and on April 22 was appointed naturalist and surgeon to the
expedition for the exploration of the Yellowstone River. The
expedition started in June, and reached the Yellowstone River,
near the mouth of the Big Horn, about the middie of August.
From this point it turned southward, and skirting the east side
of the Big Horn Mountains went into winter quarters on Deep
Creek, near the North Platte. In May, 1860, explorations
were resumed, the expedition reaching Fort Benton about the
middle of July, from which point the party proceeded via Fort
Union, on the Missouri River, to Omaha, where the field party
disbanded, October 4; and from this place Dr. Hayden pro-
ceeded to Washington. The breaking out of the civil war
interfered with the publication of the geological results of the
expedition, and it was not until 1869 that the “Geological
Report of the Exploration of the Yellowstone and Missourl
Rivers” issued from the Government Printing Office at Wash-
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ington. While the expedition was in winter quarters during
the winter of 1859~60 Dr. Hayden occupied a part of the
time in making notes upon the langnages and customs of the
Indian tribes with which he had come in contact. These notes
were embodied in various publications.

In October, 1862, Dr. Hayden was appointed acting assist-
ant surgeon of volunteers, and served until his resignation in
June, 1865. Later in the same year he was brevetted lieu-
tenant-colonel for meritorious services during the war. Dur.
Hayden’s services through that period were given largely to
the superintendence of hospitals.

In the fall of 1865 he was elected professor of geology
and mineralogy in the University of Pennsylvania, a position
held until 1872, when the increased lahors in the management
of the Geological Survey of the Territories induced him to
resign it. In the summer of 1866 he undertook another expe-
dition to the Bad Lands of Dakota. The trip occupied fifty-
two days, during which a circuit of 650 miles was made, and
resulted in large and valuable collections of vertebrate fossils.

FFrom 1867 to 1879 tlie history of Dr. Hayden is coincident
with that of the organization which, beginning as the Geolog-
ical Survey of Nebraska, became the Geological Survey of the
Territories, and was finally known as the Geological and Geo-
graphical Survey of the Territories. In 1867 Congress set
aside the unexpended balance of the appropriation for legis-
lative expenses of the Territory of Nebraska, amounting to
$5,000, for a geological survey of the new State. Dr. Hayden
was designated to make this survey, and thus began the work
to the success of which he devoted all his energies during
twelve years.  In April, 1869, he was appointed United States
geologist, and thenceforward the work was conducted under
the direction of the Secretary of the Interior.

One of the results of the expedition of 1871, and the one in
which he took the greatest interest and pride, was the setting
aside by Congress of the Yellowstone National Park. The
idea of reserving this region as a park or pleasure ground for
the people originated with Dr. Hayden, and the law setting it
apart was written in great part by himself, and it was due to
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his personal efforts that it was passed.” From 1873 to 1876,
inclusive, Colorado was the field of his operations, and his work
had its consummation in the Atlas of Colorado, which largely
increased our knowledge of the topegraphical and geological
features of ‘one of the most interesting portions of the West.
In 1879 Dr. Hayden received an appointment as geologist from
the U. 8. Geological Survey.

For four years he was occupied in bompletmo* the publica-
tions of the (Geological and Greograplical Survey of the Terri-
tories. In 1883 hLe undertook field-work with the hope that
his health might be benefited, and the three following field
seasons he spent in Montana. He gradually became worse,
and by the latter part of 1886 hLe was mostly.confined to his
bed. On December 31, 1886, he resigned his position as
geologist, closing an honorable connection with the Govern-
ment that included twenty-eight years of actual serviee as
naturalist, surgeon, and geologist.

He died in Philadelphia December.22, 1887, leaving a
widow but no children.

In 1876 the degree of LL.D. was conferred upon him by the
University of Rochester, and in June, 1886, the same degree
was awarded to him by the University of Peunsylvania.

He was a member of mauy of the American scientific socie-
ties, and he was also honorary and corresponding member of
seventy foreign societies.

Dr. Hayden was one of the pioneers in the geological in-
vestigations of the West, and his labors extended over a vast
territory which had hitherto beeu a terra incognita. He opened
the region to detailed exploration, examining it topographie-
ally, geologically, and botanically with a view to the devel-
opnent of its natural history and its mining and agricultural
" resources. He popularized geology, and to the general interest
excited by his enthusiastic labors is due in a large degree the
existence and continuance of the present Geological Survey.

Althougli one of the main objects of the earlier expeditions
with which Dr. Hayden was connected was the collection of
fossils, still American geological science owes much to him,
and he had reason to be gratified with the results of his scien-
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tific labors. The first complete section of the Cretaceous and
Tertiary formations of the West was made by Hayden and
Meek, and the names the former applied to them have long
been widely known.

Dr Hayden was the first to demonstrate the fact that the
Rocky Mountain region and the country adjacent were cov-
ered during the Tertiary period with lakes, the waters of which
as the period progressed gradually changed from brackish to
fresh, until late in the Tertiary there were numerous fresh-
water lakes scattered all over the West from tlhe Mississippi
Valley to the Pacific coast.

He also demonstrated the fact that a large portion of the
sedimment found in those lakes was due to showers of volcanic
ashes thrown into their waters and deposited in the stratified
condition which they now present. He also drew the conclu-
sion that the elevation of the Rocky Mountains began in
Laramie {ime and continued throughout the Tertiary period,
and suggested that even at the present time it is going on;
and to this gradual and long-continued rise he attributed the
formation of chasms and cafions

As to Dr. Hayden’s personal character, those who were
closely associated with him knew best how sincere, unpreten-
tious, and enthusiastic was his desire to forward the cause of
science. The diffidence, approaching even to timidity, which
impressed his fellow students at Oberlin characterized him
throughout his life, and made it sometimes difficnlt to under-
stand the reasons for his success. It was undoubtedly due to
his energy and perseverance, qualities equally characteristic
of him as a youth and in mature life. For energy in work he
probably had no saperior, and this, with his enthusiastic frank-
ness, was the secret of his success Although ever eager to
defend what he believed to be right, he was always ready to
modify his views upon the presentation of evidence Intensely
nervous and excitable and frequently impulsive in action, he
was generous to a fault. His subordinates and coworkers all
recognized that each one stood upon his own merits, and that
eacli would Le treated with friendly justice, and that due credit
would be awarded successful effort. The same spirit actuated
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him in respect to those not immediately connected with him.
His views are expressed as follows in one of his earliest reports,
when speaking of those who had preceded him: “Any man
who regards the permanency or endurance of his own reputa-
tion will not ignore any of these frontiermen who made their
early explorations under circumstances of great danger and
hardship.” His work for the Goverument and for science was
a labor of love.
ROLAND DUER TRVING.

The boyhood and youth of Roland Duer Irving were not
marked by any event out of the ordinary course, yet to those
who knew him from his earliest days it is of interest to look
back to see how by degrees a nature always modest, simple,
and deferential to the feelings and wishes of others became
also firm and self-reliant.

He was born in the city of New York, on the 29th of Aypril,
1847, and had but little passed his fmty -first birthday when
his promising career was cut short by death. IHis father was
,the Rev. Pleue P. Irving, a nephew of Washington Irving and
a clergyman of the Episcopal Church. He was remarkable
for simple, earnest piety, and himself possessed more than
usual literary taste and ability. His mother was a daughter
of the IHon. John Duer, afterwards chief justice of the supreme
court of New York, and eminent as a lawyer, orator, and jurist.
On both sides, therefore, Roland Irving may be said to have
inherited a taste for literature and a faculty of expression, while
from his glandfathel seems to have come also the power of
analysis, of reasoning, and of judgment, which is as important
to the man of science as to the lawyer.

In 1849 his father removed to New Brighton, Staten Island
and there young Roland’s youth was passed. Although to
appearance robust and large for his age, he never had a strong
constitution, but was subject to frequent and alarming attacks
of illness, also to a weakness of sight, which proved his greatest
obstacle through life. Tor these and other reasons his early
education was at home, his sisters and his father being his
instructors, and it was not until his twelfth year that he was
sent to a classical school.
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His teacher was in the habit of taking long rambles on
holidays and Saturday afternoons with his favorite pupils, and
on these occasions Roland was interested in collecting speci-
mens of the rocks and minerals, especially the ores and
asbestus, of which he found several deposits on the island.
These he brought home and arranged according to their
classes, giving to each its proper designation, and the time,
place, and circumstances of its finding. He thus, even while
a lad, became somewhat familiar with the geologic character-
istics of Staten Island.

Although it seemed from this that he had a strong natural
bent toward geological study, it was thought that he should
have the advantage of a full collegiate course; and in the
autumn of 1863 he entered the freshman class at Columbia
College. But he was obliged to give up study altogether in
his sophomore year, and he took a trip to England. He
remained there six months, and on his return, in 1866, im-
proved in health, he at once began to prepare for a course in
the school of mines of Columbia College. The optical malady
was still a serious obstacle, and to spare his sight, his text-book,
for the greater part of his course, was read to him by his sis-
ters and the diagrams described. This method of study was
slow and tedious, but it probably served to strengthen a mem-
ory which was naturally retentive.

For two summers he found employment and practical expe-
rience at the coal mines of Wiconisco, Pennsylvania, and soon
after his graduation he was made superintendent of smelt-
ing works at Greenville, N. J. While thus employed in the
summer of 1870, President Chadbourne, of the University of
Wisconsin, at the recommendation of Professors Newberry
and Eggleston, entered into communication with him, which
resulted in an invitation to the chair of geology and mineral-
ogy in that university. _

In 1872 he was married to Abby S. Mc¢Culloly, a daughter of
John 8. McCulloh, of Glencoe, Md., who survives him with
three children, two boys and one girl.

Professor Irving published more than forty scientific treatises,
long and short, aggregating several large volumes.
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Professor Irving had had abundant preparation as a techni-
cal expert when he turned aside from mining engineering and
entered upon original research. Of Lis work as a member of
the University of Wisconsin President Chamberlin says:

“His thoroughness, his mastery of the subjects he taught,
his facile grasp of difficult problems, his graplhic and humorous
exposition, his clearness of presentation, his perfect candor and
sincerity, his earnestness, devotion, aud indefatigabls industry
combined to make him an effective instructor and a worthy
lIeader not only in the mere intellectual work of his professor-
ship, but in those moral and manly influences which belong to
the true teacher.

“Immediately upon coming to Wisconsin he began to search
for problems within the reach of his individual and unaided
efforts, and first fell upon the relationship of the Baraboo
quartzites to the adjacent strata Thongh but an amateur in
original work, his native insight and sound habits of inspec-
tion and induction led him directly to the truth and to its
demonstration. He proved beyond question that the forma-
tion of the quartzite greatly antedated that of the surrounding
strata, and that what are now the quartzite hills stood as isl-
ands in the adjacent seas throughout the ages during which the
adjacent formations werc gathering as sediments about them.
This was the firm foundation upon which his springing repu-
tation was based. It commanded not only his own confidence,
but that of other young scientists, who afterwards became his.
colleagues in official investigation, and who, upon a searching
reexamination of this little work of his, found it good, and
based oun it their good opinion of him.

“ Appointed in 1873 to a position upon the State geological
survey, his first work called forth one of his marked personal
characteristics. The metalliferous formation to which he was.
assigned had given rise to Lopes of inexhaustible riches, and
these had been fostered by flattering opinions given by incau-
tious and inexpert, though probably sincere, explorers. With
the single desire to ascertain the preeise truth he applied exact
methods, and soon ascertained that the metalliferous content
presented a tantalizing approach wo the percentage of richness.
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requisite to give market value, but fell so far short of it as to
be but a lure to useless expenditure. To dash down high
hopes, to disappoint invested interests, to interfere with specu-
lative enterprises is, for a young man without an established
reputation, a seemingly hazardous course. To tell the truth
was to put his position and the survey in jeopardy. His
report was entirely characteristic—perfectly clear, frank, and
nnhesitating. It was even unnecessarily blunt, and the storm
which followed might easily bave overthrown one less firmly
grounded in the evidence of the correctness of his position.
The ultimate outcome, in all essential- features, justified his
conclusions.

“The most important original work of Professor Irving re-
lates to the geological strueture of the Lake Superior Region.
He was the first competent geologist to trace out in any-
thing like its entirety the great copper-bearing series, which
occupies a tract of 40,000 square miles, embracing, hesides a
large area in our own State, portions of Michigan, Minnesota,
and Canada. ‘

““A second great work was the tracing out more fully and
the bringing into more close and consistent correlation the
iron-bearing formations of Wisconsin, Michigan, and Minne-
sota, and their coordination with the Canadian formations on
the north shore-of Lake Huron, whence the term Huronian,
applied to these formations, has been derived.

“Professor Irving was one of the first to discover that grains
of sandstone, formed by the rounding of fragments of quartz,
build themselves up again into crystals by the addition of
material to their exteriors, and, what is especially significant,
that this added material arranges itself in crystalline form in
perfect molecular harmony with the nucleus about which it
is gathered.

“Perhaps the most important single determination by Pro-
fessor Irving, and one of the latest, was the demonstration of
the origin of the iron ores of the Lake Superior region. By
a series of admirable investigations he has traced step by step
the transformation of the ores from the original earthy carbon-
ates of iron to their present form. He has made it altogether
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clear that originally they were deposited as sediments in a
manner almost precisely identical with that of the iron ores of
the coal fields of Pennsylvania. This has given great signifi-
cance to the association of these ores with carbonaceous shales,
and has led to the recognition, on the part of those who are
alive to these important determinations, of the fact that as far
back in the history of the world as the times which were for-
merly known as Azoic there existed carbon-depositing agencies
competent to produce all the essential phenomena of the coal
. period. This prolongs in no insignificant way the vast back-
ward reach of known geologic time.

“These solid contributions to knowledge will remain as Pro-
fessor Irving’s greatest monument. Believing that in their
essentials they are firm truth, we rest in the conviction that
they must ever form an essential part of knowledge, and that
their influence will not cease until the knowledge of these
things shall cease to be sought.”

JAMES STEVENSON,

In the death of its executive officer, Mr. James Stevenson,
during this year, the Survey has suffered a great loss. He was
a man to whom this Survey owed much, to whom the old sur-
veys of the Territories owed more. Mr. Stevenson was born
in Maysville, Ky., on the 24th of December, 1840. When but
a boy of sixteen he became associated with Professor Hayden,
and accompanied him upon the expeditions of Warren and of
Raynolds into the region of the Upper Missouri and Yellow-
stone Rivers. His tastes led him rather to the observation 6f
the customs and dialects of the Indians than to geology, and
the facilities for such study granted him by the winters spent
among the Blackfoot and Sioux Indians laid a sure foundation
for that ethnologic bent to which he gave the greater part of
his life, and confirmed him in it. An interruption came with
civil war, during the whole of which Mr. Stevenson served,
first as a private and afterwards as a subaltern of the Thir-
teenth New York Regiment. Resuming interrupted studies in
1866, he accompanied Professor Hayden to the Bad Lands of
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Dakota, and from this expedition brought back that added
enthusiasm which interested General John A. Logan in the
subject of the exploration and development of our Territories,
and inspired him with the idea of a survey which should do
this as an arm of the General Government. In the Congress
of 186667 he proposed, in an amendment to the sundry civil
bill, the appropriation of $5,000 for such a survey, under
the direction of Professor Hayden, and, throungh the warm
debate the matter aroused, pushed the amendment to its adop-
tion.

From that beginning sprang the Hayden Survey, and during
its existence Mr. Stevenson was its executive officer. That it
lived to achieve such important results is due to his careful
management. Its history from 1868 to 1878 is his history.
With it he explored Nebraska, Colorado, and- New Mexico;
Montana, Idaho, Wyoming, and Utah. With it he made the
first governmental survey of Yellowstone Park, which became a
national reservation largely through his influence. He traced
to their sources the Columbia and Snake Rivers. He climbed
the Great Teton, and is the first white man known to have
reached the ancient Indian altar on its summit. He discovered
a new pass across the Rocky Mountains: Against his protest
the largest island in the wonderful Yellowstone Lake bears his
name, and the loftiest peak that overlooks it is called “Mount
Stevenson.”

In 1879 the Hayden Survey was ended, the Bureau of
Ethnology of the Smithsonian Institution was organized, and
the U. 8. Geological Survey was established. Mr. Stevenson,
by virtue of his eminent fitness, became the executive officer
of the new Survey, and was detailed for research in connection
with the Bureau of Ethnology. In the years since then he
has devoted the winters —from the incoming of the field parties
to their outgoing in the spring—with rare tact to the emergen-
cies and business of the survey; his summers to his favorite
researches. He explored the cliff and cave dwellings of Ari-
zona and New Mexico; he unearthed in the Canon de Chelly
two perfect skeletons of its prehistoric inhabitants; he investi-
gated the religious mythology of the Zunis, and secured a
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complete collection of fetich-gods, never before allowed out of
their possession; he studied the history and religions of the
Navajos and the Moquis, and made an invaluable collection of
pottery, costumes, and ceremonial objects. In the liigch mesas
in which his explorations lay in 1885 he was attacked by the
‘“mountain-fever” in its worst form. It was his first serious
illness, and his regular and temperate life saved him for the
time.. But a visit to the same region during the last year
brought on a second attack of this peculiar and distressing
disease, from which he did not rally so easily. He came home
thoroughly prostrated, with signs of serious heart failure.
From December, 1887, to July, 1888, the struggle for life
continued with the best assistance under different climates, but
the fight was plainly a failing one. With Mrs. Stevenson, he
was returning from Gloucester, Mass., to Washington, that he
might rest amid familiar faces when the end came with little
warning. He died at the Gilsey House, in New York City,
on the 25th of July. He is buried in the cemetery of Rock
Creek Church near Washington.

Mr. Stevenson left few manuscripts behind him; but of these
some are of great interest. He was too busy to write much.
He was emphatically-a man of deeds, not of words. On the
one hand this might seem to be a fact to be regretted; but, on
the other hand, if he had spent more time in recording there
would have been less to chronicle. Splendid records he has left
behind him at the National Museum in the complete groups of
specimens of geyser phenomena, in the exhaustive collections
of pottery, costumes, and ceremonial objects of the Pueblo
Indians. These have made his fame as an original investi-
gator. It must be left to others to chronicle how great it is.

- THOMAS HAMPSON.

Thomas Hampson, Chief of the Editorial Division of the
U. 8. Geological Survey, died of typhoid fever, at his home at
Lanier Heights, near Washington, April 23, 1888,

He was born in New York City September 29, 1849, but
spent liis boyhood and youth in the town of Newburgh, N. Y.
where le learned the trade of a printer. He carly showed
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unusual studiousness and quickness, and his ability was rec-
ognized by'a clergyman of the town, who gave him evening
lessons and prepared him to enter Cornell University, which
‘he did in 1869. Here he had the double task of keeping up
with the course of studies and providing for his own main-
tenance. He at once took high rank in his class, and soon won
not only the esteem but the admiration of the college authori-

" ties. At the end of his third year, however, the strain told even
upon his unusual powers of endurance, and President White
strongly urged him to rest from college work for a year, dur-
ing which time he could earn the means to take him through
the remainder of the course without the neccessity for outside
work. The kind interest which prompted this adviece took
practical form, and, through President White’s influence, Mr.
Hampson obtained a place as compositor in the Government
Printing Office in Washington. At the end of a year he re-
sumed his studies. He graduated in 1874 and veturned-to
Washington, where he was re-employed in the same establish-
ment. In 1875 he became editor of the publications of the
Bureau of Education. While Mr. Hampson gave conscientious
attention to every detail of the onerous duties of his position,
his labors did not stop there. In 1882 he .entered the law
department of Georgetown University, where he took the pre-
scribed course with his accustomed thoroughness, graduating
as bachelor of laws in 1884. '

In 1885 he left the Bureau of Education to accept a posi-
tion in this Survey, where he discharged with signal ability a
higher order of duties of the same general character. He was
not only charged with the typographic accuracy and tasteful
presentation of all the publications of the Survey and of the
Bureau of Ethnology, but with the corrections and emenda-
tions of the submitted manuscript. In this work his thorough

knowledge of grammar, his keen literary tastes, and accurate
acquaintance with Latin and modern languages-gave his criti-
cisms great value. Contrary to the general rule, by which
authors are supposed to adhere tenaciously to their own formu-
lation, the cases were rare in which Mr. Hampson’s suggested
emendations were not adopted.
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Mr. Hampson married in 1878, and his widow and two
young sons, to whom he was singularly devoted, survive him.

He had been for several years a member of the Cosmos
Club in this eity, and also belonged to the Philosophical and
Anthropological Societies of Washington. At the time of his
death he was adding to his official work the duties of editor of
the American Anthropologist.
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REPORT OF MR, HENRY GANNETT.

D1visioN oF GEOGRAPHY,
Washangton, July 1, 1888,

S1r: I have the honor to submit the following report upon the
operations of the Division of Geography during the fiscal year
ending June 80, 1888, i

Geographic work was prosecuted during the year in the following-
named regions, in most cases being an extension of the work of pre-
vious years: Massachusetts, the survey of which was finished; New
Jersey, where the work consisted of primary leveling, the estab-
lishment of bench-marks, and revision of earlier surveys; the Ap-
palachian region and the Atlantic plain south of Mason and Dix-
ow’s line; Kansas, Missour:, Texas, New Mexico, Cahfornia, Oregon,
and Montana. In addition to these areas the atlas sheet comprising
Baltimore and its suburbs was surveyed, work was commenced in
Arkansas and Iowa, and surveys begun under the direction of Prof.
T. Q. Chamberlin, in Wisconsin, were continued. The total area
surveyed during the year is 52,062 square miles, which is distributed
as shown in the following table, and in the map which constitutes
Plate I. [Pocket at the end of this volume.]

Scale of field | Scale of pub-| Area sur-
Region, work heation. veyed

' Square muleas,

Massachusetts and adjacent States 1. 30,000 1: 62, 500 . 2,850
Baltimore and vicinty 1+ 40,000 1 82,500 178
Appalachian region 11126,720 | 1:1R5,000 16, 525
Migsouri 1: 63, 360 1 125,000 7,900
Kansas 1- 63, 360 1: 185,000 1,000
Arkansas 1 63,3860 1 125,000 4,000
Wisconsin 1 31,180 1-62,500 136
Jowa 131,180 1.62,500 950
Texas 1, 63, 360 1-125, 000 4,050
New Mexico 1+ 126, 720 1: 250, 000 7,200
Cahforma 1. 63,360 1,125,000 1,436
Oregon 1- 186 720 1+250, 000 3,3
Montana 1126,720 1 250,000 3,010
Total . 52,062
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The survey of this area completes seven;oy-four sheets of the Gen-
eral Topographic Atlas.

ORGANIZATION.

No material changes in organization, excepting such as were inci-
dental to the inauguration of the new work mentioned above, have
been made.., The changes in personnel are mentioned in their appro-
priate places.

NORTHEASTERN SECTION.

This section has remained in charge of Mr. Marcus Baker, geog-
rapher.

Massachusetts subsection.—The organization of work in Magsachu-
setts was in most respects similar to that of the previous year. The
work prosecuted by the intersection method with the plane table has
remained under the immediate charge of Mr. Willard D. Johnson,
topographer, and has been carried on mainly in the western part of
the State. Mr. Natter, using the plane table, with a number of
assistants engaged in traversing, has worked east of the central part
of the State. Cape Cod and the islands of Nantucket, Martha’s
Vineyard, etc., have been surveyed by the traverse method. ,

At the beginning of the fiscal year field work was in active prog-
ress. Mr. Natter, with his assistants, Messrs. J. H. Jennings and
William Kramér, was at work completing the Framingham sheet.
In July Messrs. D, J. Howell, Clifford Arrick, and Robert Robertson,
with rodmen, were added to his party. Besides completing the Fram-
ingham sheet, this party surveyed during the season the whole of the
Groton and Fitchburg sheets, and completed the unfinished parts of
the Palmer, Brookfield, and Providence sheets, an estimated area of
916 square miles. The field work of this party was completed and
the men returned to Washington in the latter part of November.

Mr. Johnson’s plane tablers were in the field and at work prior to
the commencement of the fiscal year, Mr. R. D. Cummin being en-
gaged upon the Marlborough sheet, Mr. W, H. Lovell upon the
Greenfield sheet, Mr. Laurence Thompson upon the Belchertown
sheet, and Mr. C. C. Bassett upon the Springfield sheet. Immedi-
ately after the 1st of July Mr. Johnson took the ficld to survey the
Winchendon sheet personally. All of these sheets, together with
the Warwick and the Barre sheets and the unfinished portion of the
Webster sheet, were completed during the season, an area altogether
of 1,362 square miles. The areas surveyocd by the men individually
are given below: Mr. Johnson, 211 square miles; Mr. Bassett, 241;
Mr. Cummin, 323; Mr. Lovell, 339; Mr. Thompson, 248. Tt is to be
noted that Mr. Johnson commenced work late in the season and
that much of his time was taken up with supervision.

The survey of Cape Cod, Nantucket, Martha’s Vineyard and the
Elizabeth Islands was entrusted to Mr. E. B. Clark, who reported



s

GANNETT.] THE HEADS OF DIVISIONS. 51

directly to Mr. Baker. Mr. Clark commeunced work early in the
spring and completed the survey, reporting in Washington in the
latter part of November.

During the winter the men were actively engaged in completing
plane-table sheets, platting and adjusting traverses, and drawing
their maps. It gives me pleasure to state that at this date the sur-
vey of the State, together with considerable areas of the adjoining

. States of New Hampshire, Vermont, New York, Connecticut, and

Rhode Island, has been completed, the maps have been drawn and
made ready for the engraver.

During the months of May and June, as the men engaged in the
work of this subsection completed their office work, they resumed
field work. In accordance with the agreement made with the
commissioners of the State of Rhode Island, work was cominenced
in that State in the latter part of May. Mr. R. U. Goode, topog-
rapher, was temporarily detached from the western section for
the purpose of extending triangulation over Rhode Island, from
bases furnished by the U. S. Coast and .Geodetic Survey. He has
found great difficulty in executing this work owing to the fact that
in late years the timber growth in the State has increased largely,
requiring the building of high platforms for observing. He has
pushed the work, however, with his usual energy and efficiency, and
will complete it during the month of July:

For the purpose of establishing datum points for heights through-
out the State, Mr. Frank Sutton was ordered there, with instructions
to run lines with the Y level over the railroads and certain wagon

" roads. This work has been satisfactorily accomplished, Mr. Sutton

having run in thirty working days 183 miles of level, establishing
bench-marks at every road crossing, and giving a primary basis for
the vertical element of the survey.

During the month of June Messrs. E. B. Clark, J. H. Jennings,
and William Kramer were ordered to Rhode Island for the purpose
of surveying the topographic details. In this work the plane table
is.being used as far as possible, making locations by intersection,
while most of the details of the topography are obtained by stadia
traverses. These parties report excellent progress.

About the middle of June Mr. W. H. Lovell resumed work in the
portions of the Newburyport and *Haverhill sheets which project
from Massachusetts into New Hampshire, and Mr. C. C. Bassett com-
menced the survey of the parts of the Berlin and Pittsfield sheets
which project from Massachusetts into New York.

Upon the completion of their office work Messrs. D. J. Howell and
Laurence Thompson resigned from the Survey.

The survey of New Jersey leaves unfinished a number of sheets
upon the northern and western borders projecting into New York
and Pennsylvania. Mr. R. D. Cummin was detailed early in June
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for the survey of certain of these sheets projecting into the Catskill
plateau region of New York, where he is at work, while Mr. E. W.
. Natter, with Messrs. Jere. Ahern and W. R. Atkinson, who had
been detached from the Appalachian section for the purpose, was
assigned to the completion of such shests as project into eastern
Pennsylvania. Upon these he has recently commenced work.

New Jersey subsection.—Upon the nominal completion of the sur-
vey of New Jersey last spring, there remained an area of about 400
square miles, lying in the middle eastern part of the State, the maps
of which had been compiled from existing county maps as far as
horizontal location was concerned. The vertical element had been
added to this by the State survey. It was deemed best to replace
this horizontal element by our own surveys, and with this in view
traverse work was carried on under Mr. Vermeule until its comple-
" tion early in the autumn. In addition to this it was found desirable
to establish certain bench-marks for levels. This also was comnpleted,
and the organization in New Jersey was broken up last November.
At the end of May Mr. Vermeule himself severed his connection
with the Survey.

Baltimore subsection.—During the past year an area having the
dimensions of an atlas sheet and comprised between the meridians
of 76° 15’ and 76° 30" and the parallels of 39° 05" and 39° 20’, including
Baltimore and its suburbs, was surveyed, the work being in charge
of Mr. S. H. Bodfish, topographer, who was assisted temporarily by
Mr, J. H. Jennings, assistant topographer. The scaleof field work
was 1:40,000 and the contour interval 20 feet. The map is designed
for publication upon a scale of 1:62,500. A part of this area was
obtained from the Coast and Geodetic Survey, the portion surveyed
by Mr. Bodfish comprising 178 square miles. The work was done
with the plane table by intersections, but was supplemented largely
by traverses of roads with the stadia.

The entire area surveyed by the northeastern section during the
fiscal year is 2,528 square miles, no account being made of the revis-
ion work done in New Jersey.

APPALACHIAN SECTION.

This section has, as heretofore, remained in charge of Mr. Gilbert
Thompson, geographer. Its orfanization has comprised six topo-
graphic parties, and one party for furnishing control, while a num-
ber of topographers have been engaged uponindependent work, dis-
connected from the regular parties.

Mr. Griswold was entrusted with the work of establishing pri-
mary control for the topography in the level country east of the
Blue Ridge in Virginia. He attempted this by means of traverses
of railway lines, connecting them at the ends to the triangulation of
the Coast and Geodetic Survey. He obtained within the area be-
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tween the Potomac and James Rivers lying east of the Blue Ridge
the data for alignment from recent resurveys of nearly all the rail-
roads. Such as were wanting he supplied, running the lines with a
six-inch transit and a three-hundred-foot steel tape. This material
when put together was found to meet the requirements, and the to-
pographic work carried over part of the area above indicated rests
upon it.

Mzr. E. C. Barnard was placed in charge of a topographic party
for the survey of that part of the Piedmont region lying south
and west of the Potomac to latitude 38°, and extending westward
to the line of previous work. Being a country of low relief, the
contour interval was reduced from one hundred feet, the custom-
ary interval in the Appalachian region, to fifty feet, and the work
was necessarily done entirely by traverse, using the compass and
odometer. It was platted in the field by the traverse men. As as-
sistants Mr. Barnard had Messrs. C. (. Van Hook, R. L. Lincoln, and
R. L. Mitchell. Work was commenced on July 8 and closed about
the middle of November. The party surveyed an area of 2,600
square miles, covering the region above indicated, with some over-
lapping areas, and completing four atlas sheets, with the exception
of the parts lying upon the eastern shore of the Potomac in Mary-
land.

To Mr. Morris Bien was assigned the completion of the atlassheets
comprised in the degree between latitudes 37° and 38° and meridians
80° and 81°, As assistants he had Messrs. R. C. Mc¢Kinney, C. E.
Cooke, B. H. Monroe, Desha Breckenridge, Robert Breckenridge,
and A. B. Searle. In addition to these, Mr. D. C. Harrison was de-
tailed temporarily to this party. They commenced work July 8.
On September 2 Mr. Harrison left the party, and on September 20
Mr. McKinney loft it, to engage in independent work. The latter
returned to this party on November 7 and remained until the close
of the field work, on November 22. The party completed the area
assigned it, mapping in all 2,500 square miles.

Mr. L. C. Fletcher was du‘ected to complete the unsurveyed por-
tions of the degrees between latitudes 38° and 39° and meridians 78°
and 80°, lying partly in Virginia and partly in West Virginia. He left
for the field July 1, outfitting at Staunton, Va., having as assistants
Messrs. R. O. Gordon, W. J. O’Connell, C. H. De Butts, and H. W.
Carpenter. Mr. Gordon left this party September % to prosecute in-
dependent work. Mr. Fletcher commenced work on July 6, and
prosecuted it continuously until October 31, when he disbanded his
party and returned to Washington, having mapped 2,500 square
miles,

To Mr. Merrill Hackett was assigned the completion of the degree
lying between latitudes 34° and 35° and longitude 84° and 85°, in north-
ern (teorgia, besides certain small outlying areas. He had as assist-
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ants Messrs, A. E. Murlin, C. W, Goodlove, and S. H. Dent. The lat-
ter resigned on September 30, and Mr. James Graham took his place
on the following day. Mr. Hackett commenced work on July 12, and
between that date and the end of October surveyed an area of 2,100
square miles.

To Mr. Louis Nell was assigned an area in northern Alabama,
comprising the completion of atlds sheets 33° 30"-85°, 33° 30'-85° 30/,
together with as large a part as possible of the square degree lying
between latitudes 33° and 34° and longitudes 86° and 87°. To him
were assigned Messrs Jere. Ahern, W. R. Atkinson, W. L. Miller, F.
P. Gulliver, and L. J. Battle. He commenced work early in July
and worked continuously until the close of the season, disbanding on
November 15. An area of 3,000 square miles was surveyed by this
party.

To Mr. Charles M. Yeates was assigned an area in eastern Ken-
tucky comprising the unsurveyed portion of atlas sheet 36° 30’-84°,
together with atlas sheets 37°-83° and 37°-83° 30’. He was directed
also to carry on such triangulation as was needed for the control of
this area. As assistants there were detailed to his party Messrs.
R. M. Towson, L. D. Brent, R. McC. Michler, A. E. Wilson, R. B.
Cameron, and C. B. Buckstone. Work was commenced on July 12
and prosecuted until November 3, when the party was disbanded at
London, Ky. Mr. Yeates, however, remained in the field with two
assistants to attempt triangulation until December 10. During the
season this party mapped about 2,000 square miles. The topographic
work ‘was moderately successful, but owing to the difficulties of the
country and the prevalent bad weather, the triangulation is left in a
weak condition. so that only a portion of this work can be completed
at present.

To Mr, J. W. Hays was assigned the completion of the atlas
sheets 36°-80° 30" and 36°-81°, lying on the eastern slope of the Blue
Ridge in North Carolinaand Virginia. It was considered practicable
to do this work without a party organization. He began work on
July 5 and worked continuously until September 20, when, before
completing the area, it was found necessary to assign him to other
work. The area surveyed by him is estimated at 750 square miles.

On commencing work in the Appalachian region it was the inten-
tion that the maps should be published on a scale of 1:250,000, with
contour intervals of 200 feet. After prosecuting the work for two
years and before engraving any of the maps, it was found desirable
to enlarge the secale to 1:125,000 and diminish the contour interval to
100feet. The areas which had been previously surveyed were pub-
lished upon thisscale. Subsequent examination has shown the ne-
cessity for revising much of this early work in order to bring it up
to the requirements of the scale. This revision was commenced
during the past season and prosecuted as far as the means at hand
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would permit, To this work were assigned a number of the best as-
sistant topographers of the section. Messrs R C McKimney. R O.
Gordon, R. L. Longstreet, D. C, Harrison, and J W Hays. Parts
of the Abingdon, Bristol, Taylorsville, Roan Mountain and Asheville
sheets were revised, and other large areas were examined with a view
to revision if necessary.

Base barometric stations were maintained during the season at
Lexmgton, Va, Richmond, Ky., Warrenton, Va., and Avondale,
Ala. The observations taken by the Signal Service observers at
Kuoxville, Tenn., Lynchburgh, Va, Montgomery, Ala., and At-
lanta, Ga , have been furmshed through the courtesy of the Chief
Signal Officer of the Army and used 1n the reduction of barometric
altitudes

In Aprml, 1888, the work of surveying tne great Dismal Swamp of
eastern Virgimia and the adjacent region was commenced. To this
work were assigned Messrs. W. R Atkinson, R. M. Towson, and
E G. Keunedy. It 1s proposed to publish the topographic work
upon the scale of 1.125,000. and owing to the extremely low relief, the
contour interval was set at five feet. Owing to the fact that great
accuracy 1s required 1n the vertical element of the survey. 1t seemed
desirable to have this surveyed by a separate operation and by means
of the Y level. Mr. Towson was, therefore, furnished with a plane
table and an odometer for traversing, for surveying the plan only,
and his plane-table sheets were subsequently turned over to Mr. At-
kinson, who ran lines with the Y level over them and put in the con-
tours  This work was prosecuted continuously on this plan until
the end of June, when the men were ordered to Washington, the sea-
son having become too far advanced for work to be prosecuted farther
in this region  The area surveyed is estimated at 625 square miles.

Early in May Messrs. D. C. Harrison and R. McC. Michler were
sent to survey that part of Maryland included in the Spottsylvama
and Mount Vernon atlas sheets This was surveyed with the p'ane
table, using 1t as atraverse instrument, and was completed about the
mrddle of June.

During May Messrs Gordon and Hays were sent to the field for
the purpose of continuing revision work, Mr Hays upon the Mount
Mitchell (N. C ) sheet, and Mr. (Yordon upon the Greeneville (Tenn.)
sheet. '

In June Mr. A. E. Murhn was detailed for similar work npon the
Estillville sheet. These men are making excellent progress,

During the month of June Messrs M. Hackett, E. P Gulliver, C.
W. Goodlove, and R B. Cameron were sent to the field in Maryland
for the purpose of completing atlas sheet 39,76, where the close of the
fiseal year finds them at work.

The entire area surveyed by the Appalachian section during the
fiscal year 1s 16,525 square mules. exclusive of the areas revised.
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CENTRAL SECTION.

This section has remained in charge of Mr. John H. Renshawe,
geographer

Work was continued in Missour: and Kansas and was commenced
i Jowa, Arkansas, and Wisconsin, As in previous years, the work
1n Massour: has been carried on by Mr. H L. Baldwin, topographer,
to whom were assigned as asststants Messrs. W, H Herron and
C. W. Hawkms., They commenced work early in July. The area
assigned them for survey consisted m the completion of the atlas
sheets 39°-94° 307, 39°-94°, 39°-93° 30, 89°-93°, 39°-92° 30/, togethoer
with the entire area of atlas sheels 39°-92°, 89°-91° 30/, 39°-91°,
38°307-91° 307, and 88° 30’-91°. Thig area, which mcludes a belt of va-
riable width across the whole State, was completed by the middle of
October. The party orgamzation was then broken up, Mr. Hawkins
was ordered to Washington, and Messrs. Baldwin and Herron were
directed to proceed to southern Kansas and survey the atlas sheet
39°-9%°  This was soon finished, and Messrs Baldwin and Herron
returned to Washington the latter part of October. The total arca
surveyed by this party during the season was 8,900 square miles.

The work in Arkansas was put 1n charge of Mr. 8.8 Gannett, to-
pographer, who was detailed from the Appalachian section for that
purpose. A triangulation party was organized under his immediate
direction, and a topographic party was organized under Mr. H. B.
Blair, who was detailed from the Appalachian section. Mr. Gan-
nett was given as assistant Mr G. T. Hawkins, and to Mr. Blair were
assigned Mr. Van H. Manning, Jr, detailed from the northeasiern
section, B. W. Duke, and W. E Lackland, the latter detarled from
the Appalachian section. To this subsection was assigned the sur-
vey of the square degree limited between latitudes 34° 30" and 35° 30
and longitndes 93° 30" and 94° 30’, an area of about 4.000 square miles.
The work was designed for publication on the scale of 1 125,000,
with contours fifty feet apart. Operations were commenced carly in
July. A base line about three miles long was measured on a tan-
gent of the 8t, Louis and San Francisco Railway, 1n the eastern bor-
der of Indian Territory. The measurement was made with a three-
hundred-foot steel tape, under a constant tension of twenty pounds,
the tape being laid along the rarlroad ties and contacts being marked
by a knife edge. The measurements were made on four successive
nights. and the results, both as regards the total Tength and the
three-hundred-foot sections, indicated that the measurement was am-
ply good for the purpose for which it was made, An expansion was
effected m the Ozark hills and triangulation carried over thc area
under survey, as shown upon the accompanying duagram, Pl II,
Connection was made with the astronomical station at Kort Smith,
Ark. Fourteen stations were occupred and signals were erected upon
two others, which were located but not occupied. Topographic
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work was carried forward through the season with great energy and
good judgment, and the assigned area was completed early in Novem-
ber, when both parties disbanded and returned to Waghington.

For the prosecution of workin lowa Mr W. J. Peters was selected,
with Mr ¢ T Rewd as assistant. The area selected for survey com-
prised 30 minutes of latitude by 30 of longitude, lymg between the
parallels of 41° 30" and 42° and the meridians of 91° 15" and 91° 45’.
The work was designed for publication upon the scale of 1 62,500,
with contours twenty feet apart The field sheets were made upon a
scale of two mches to a mile, the scale of the township plats. Work
was commenced early in July, utilizing the locations of township
and section corners, roads, etc., as given by the land survey upon
the ground. Heights were carried by the vertical circle of the ali-
dade, sighting at natural objects, a method wlhich was found to be
very successful, both as regards accuracy and economy. Mr. Peters
surveyed the area assigned him, comprising about 950 square males,
completing 1t early in November. For the control of this area a
t1averse hime was run by him from the astronomical location at
Rock Island, Il , along the Chicago and Rock Island Railroad, to
aud across tlie area surveyed, measuring distances with a steel tape
under a constant tension and directions by means of a ten-second
theodolite. He adopted the azimuth determined at Rock Island
and observed for azimuth at Towa City, near the west end of the
work.

During the past two years Prof T C. Chamberlin has had an as-
sistant, Mr. T. M. Buell, engaged 1 topographic work in southern
Wiscousin, mapipng the glacial deposits of that region. Toward
the close of the season, at his request, Mr. Renshawe personally
undertook the extension of this survey to the westward, with a
view to completing sheets {or publication, the publication scale tobe
1 62,500, 1. e., the one-mile scale, and with twenty-foot contours.
M. Renshawe was engaged upon this work unttl the latier part of
November, and surveyed 136 square muiles.

WESTERN SECTION

This section has remaimed under the charge of Prof. A. H. Thomp-
son, chief geographer.

The only change 1n fields of work in this section consisted in the
transfer of the force in Arizona to New Mexico.

Texas subsection —The orgamzation of this subsection has ve-
mained the same as in previous years. Mr R. U. Goode, topogra-
pher, has remained 1n charge and has personally carried on the tri-
angulation, winle the two topographic parties have been 1n charge
of Messrs. C. H. Fitch and H. 8. Wallace, topographers. The parties
took the field in July. No haste was employed in getting them at
work, owing to the extreme heat, and 1t was not untal the 1st of
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August that work actually commenced. Mr. Goode, with his assist-
ant, Mr. C. F. Urquhart, selected, built, and occupied during the
season nineteen new stations m the primary triangulation, besides
reoccupying three of the yvear before The triangulation of this
subsection is shown 1 the accompanying diagram, P1 11T,

Mr. Fitch, with Messrs, F H. Thorpe, Robert Muldrow, and J. T.
Jones, as assistants, surveyed an area of 2,000 square miles, complet-
g the Brownwood and Coleinan atlas sheets,

Mr. Wallace, with Messrs. Frank E. Giove, Lincoln Martin, and
K. M. Hasbrouck, as assistants, surveyed 2,050 square miles, com-
pleting the Stevensville and Granbury atlas sheets, together with a
part of the Glenrose sheet The parties closed work and disbanded
at the end of October and returned to Washington.

New Mexico subsection.—The party under Mr. A. P. Davis, which
had formerly been at work in Arizona, was assigned to the survey
of the following areas, lying 1n northwestern and central New Mex-
1co, Viz, the square degree 35°-106° and the area between the parallels
of 36 and 36° 45’ and the meridians of 107° and 109°, consisting of the
southern three-quarters of two atlas sheets, the northern quarter of
which had been surveyed by the Hayden Survey in 1874-75. Mr.
Dawvis took the field early in July, with Messrs R. H Chapman,
James K. Shelley, F. D Ermentrout, and W. W, Davis as assistants,
Durmg most of the season this force was divided into three small
parties, Mr. Davis himself carrying on primary triangulation, while
a small party under Mr. Chahman undertook the southern area and
another under Mr. W. W, Davis was assigned to the northern area.
The latter was completed during the season., The work of the for-
mer party and of the triangulation was greatly interfered with by
1llness of the men. While the plans for the triangulation were car-
ried out, only a small portion of the southern area, comprising per-
haps a third of a square degree, was surveyed. The total area sur-
veyed by this subsection was 7,200 square miles, and the parties
disbanded at the close of October. The triangulation 1s shown on~
the accompanying duagram, P1. IV.

California subsection.—The beginning of the year found Messrs.
H. M. Wilson, A. F. Dunnugton, and R. H. McKee in the field,
engaged in carrying forward the triangulation over the area to be
mapped during the season This was completed during the favora-
ble weather of the early summer Three topographic paities were
then orgamuzed, respectively under Messrs. Wilson, Dunnington, and
McKee, the first of which was employed in surveying the unsur-
veyed area on the east of sheet 39°~120° 30”. The othertwo parties sur-
veyed sheet 38° 30-120° 30/, and a part of 38° 30’-121°. They closed
work in the latter part of October The total area surveyed by this
subsection during the season 1s 1,436 square miles. The triangula-
tion 18 shown on the accompanying diagram, PL. V.,
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On the 1st of May of the present year Messrs. Wilson, Dunning-
ton, and McKee were ordered again to the field for the purpose of
extending the triangulation during the early part of the season while
the atmospheric conditions were favorable. Reports received indi-
cate the successful completion of the work.

Oregon subsection —At the beginming of the fiscal year, Messrs.
F. J. Knight and Eugene Ricksecker were in the field engaged in
executing triangulation in advance of the topographic work. This
having been completed, two topographic parties were organized un-
der the charge of these two gentlemen. To Mr. Knight wasassigned
the survey of the atlas sheets 42°-123° and 42°-124°, and to Mr. Rick-
secker the completion of sheets 42°-121° and 42°-122°. Work was car-
ried on in this rugged mountain region until the middle of October,
when the parties disbanded, having completed an area of 3,327 square
miles. The accompanying diagram, PlL. VI, shows the progress of
the triangulation.

Early in May of ‘the present year work was resumed in this area
for th{e purpose of extending the triangulation over the area to be
surveyed durmg the current field season. Mr. W. T. Griswold, to-
pographer, who was transferred from the Appalachian section, was
placed m charge of the work and one of the parties, while the second
party, owing to the resignation of Mr. Eugene Ricksecker, was put
1 charge of Mr. E. T. Perkins, assistant topographer. Mr. H, M.
Wilson was also ordered up from the California subsection to assist
temporarily in the work of the triangulation. Favorable atmos-
pheric conditions have aided the work, and at the present date the
triangulation has been extended sufficiently to control the area which
will be surveyed tlhis season.

Montana subsection.—The organization of this subsection has re-
mained the same as during the previous year, being i charge of Mr.
E. M. Douglas, topographer, and consisting of two topographic par-
ties, respectively 1in charge of Messrs Douglas and Frank Tweedy,
topographers. To Mr. Douglas was assigned the work of carrying
forward the trangulation for the entire area surveyed and the topo-
graphic survey of the unfinished portions of atlas sheets 46°-109°
aud 47°-110°, Mr. Tweedy was assigned to the survey of the unfin-
ished portions of sheet 45°~110° and so much of 45°-112° as practica-
ble. Work was commenced about the middle of July and carried
on until the middle of October, when the parties disbanded. The
area surveyed was 3,010 square miles.

Early in May of the present year Messrs Douglas and Tweedy
were ordered to the field, the former for the purpose of extending
the triangulation over the area to be surveyed during the present
season, and the latter for the prosecution of topographic work. At
this date Mr. Douglas Las practically completed the triangulation
which will be required for the control of the season’s work, and Mr.

Tweedy has surveyed 1,000 square miles.
i
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Yellowstone Park.—In connection with the geological work being )
prosecuted 1 the Yellowstone Park, 1t was found necessary to have
some special maps made of the Hot Springs areas, and this work was
assigned to Mr. Anton Karl, topographer, with Mr. J. R. Bien as
agsistant and the requistte number of rodmen. During the short
field -season Mr. Karl mapped the Upper and Lower Geyser Basins,
the Norris Basin, and the group known as the Mammoth Hot
Springs. During the winter Mr. Karl drew from these surveys eight
maps, including, in addition to the maps of the geyser basins, certain
st1ll more special maps of parts of these basins.

During the winter months the topographers and their assistants
were engaged 1n reducing the triangulation and completing the maps,
and at the present date the work of the season of 1887 has been entirely
completed and the maps have been prepared for the engraver.

In my last report a summmary was presented of the control of the
work of last year, together with some explanatory remarks, Simi-
lar data concerning the work of the past fiscal year are herewith pre-
sented in tabular form. It will be noted that the portion relating to
the Massachusetts and New Jersey work covers the entire survey of
those States.
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work nules tion t1on8
Massachusetts
Intersection work 1 3,400 | 1 62,500 | 3,13
Traverse work! 2,500 ) 1 62,500
Mixedwork! 3,000 | 1 62,500 900
New Jersey 2 7,000 | 7,900 | 1 62,5 458
Appalachian
Party No 1 240 | 2,100 | 1 125,000
No 2 7 286 | 2,500 | 1 185,000 132
No 8 Q208 | 2,500 | 1 125,000 98
No 4 264 2,100 | 1 125,000 10
No b 487 3,000 ; 1 125,000 48
No 6 963 | 2,000 | 1 125,000 0
Arkansas 9 201 4,000} 1 125,000 %
Missourt 3 204 7,900 | 1 125,000
Kanpsas 4 10| 1,000 1 125,000
Texas
Party No 1 252 | 2,050 | 1 125,000 43
No 2 177 | 2,000 ] 1 125,000 42
New Mexico® 261 | 7,200 | 1 250,000 | | 103
Califorma
Party No 18 72 465 [ 1 125,000 48
No 2 159 570 | 1 125,000 48
No 3 190 401 1 1 125,000 55
Qregon
Party No 1 101 1,680 | 1 250,000 56
No 2 44 | 1,647 | 1 250,000 68
Montana
Party No 165 48 1,360 | 1 250,000 7
No 2 33| 1,650 | 1250,000| 28

Pomts
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section
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6,095 | 11,596 19 67 28 59 30 98 11,741 60
427 583 14 58 87 . 24| 1000 R0 583 23
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1 Entire experience 1n Massachusetts
3 Entire experience 11 New Jersey

3 Many secondary locations furmished by land surveys

4 All secondary locations made by land surveys
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The table is presented not as a comparison of men, although
doubtless the personal element has influence upon the results, but as a
comparison of the effect upon output and amount of control exerted
by the scale, the character of the country, and the methods employed.
The intersection method has been used in preference to the traverse
method wherever possible. Pure intersection work was possible
over a large portion of the area of Massachusetts; a mixed system
over a smaller area, in which there was much level or rolling tim-
bered country; while over astill smaller proportion it was, owing tothe
low relief and the presence of woods, uneconomical to use it at all.
The traverse method has been used throughout in the New Jersey
survey. The hill country, where the intersection method might
profitably have beenemployed, was surveyed before the U. S. Geo-
logical Survey assumed the conduct of the work. In the Appala-
chian region the relief of the country under survey ranges from the
high mountains of Virginia down to the low plain near the estuary
of the Potomac, all being well forested. Accordingly one sees in
the work of the various parties differing proportions of intersection
and traverse work. 1In Arkansas and Missouri, and particularly in
Kansas, a considerable proportion of the secondary locations have
been made by the surveys of the General Land Office, which, being
properly utilized, reduce the amount of work necessary to be exe-
cuted by the topographer.

The Texas country is rolling or broken with minor details, and
partially timbered, with few natural points and comparatively few
cultural features, New Mexico is mainly a broad desert plain, with
few features, either natural or artificial. The California area con-
sists of the western slope of the Sierra Nevada, a rugged mountain
region, covered with forests, but fairly well settled. The Oregon re-
gion is also mountainous and forested, but sparsely settled. Party
No. 1 of the Montana subsection was engaged in completing sheets
upon the Great Plains, while No. 2 was in a region of high and rugged
mountains. '

These facts explain the differences in the methods used, the great
variationin the amountsofintersection and of traverse work, and also,
in a measure, the differences 1n the amount of control, as measured
by the number of locations per square imch of map surface; it being
borne in mind, as explamed 1n my last report, that traverse loca-
tions are for various reasons of much less value for control than in-
tersection locations, not only for horizontal but for vertical location
as well. The second column of the table contains the number of
days’ work of one man, counting only those days actually spent in
work by those engaged in surveying. The time of rodmen, ba-
rometer observers, and other similar assistants is not counted. A
study of the columns relating to traverse work shows great varia-
tion 1n the number of stations per linear mile and of miles per day,
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the two bemg to a great extent complementary, and indicating
rudely the relative straightness of the roads along which mostof the
traverses are run.

The column of square 1nches of map surveyed per day per man 1s
interesting, as showing the average output under varying condi-
tions of country, of method, and of scale. The output is greater
with the larger scales, showing the effect of transportation in re-
ducing the rate of work upon the smaller scales. The close ap-
proach to equality of output of the various parties of the Appala-
chian section 1s worthy of remark. Inthe Arkansas, Missouri, and
Kansas areas, especially the last, the output 1s mcreased greatly by
the assistance rendered by the locations of the land surveys.

SECTION OF TOPOGRAPHIC DRAWING.

During the year ten draughtsmen on the average have been 1n the
employ of the Survey, under the direction of Mr. Harry King, chief
draughtsman. Their work has been of a varied character, including
as particular items the compilation of a map of the United States,
the compilation of a map of New York, a map of Alabama, the
preparation of a physical map of Massachusetts i one hundred
feet contours, and the preparation of manuscript illustrations of
various sorts,

SECTION FOR THE REPAIR AND MANUFACTURE OF INSTRUMENTS.

The mechanician, Mr., Edward Kubel, with two assistants, has
been engaged almost entirely throughout the year upon current
repairs and the adjustment of the large number of instruments in
use by the Survey. Indeed, lis time has been so nearly taken up |
with this important work, that it has been found necessary to pur-
chase nearly all new mstruments. He has found time, however, to
make six first-class telescopic ahdades and twenty-four traverse
plane tables with ruler alidades. .

ENGRAVING.

In my last annual report it was stated that contracts for engraving
one hundred and twenty sheets of the General Topographic Atlas
had been executed with Julius Bien & Co., of New York, and that
a small edation of each sheet (260) had been printed. At the present
date additional contracts have been made with the same firm for
engraving one hundred sheets; and under these contracts forty-six
sheets have been engraved, the plates delivered, and a similar small
edition has been printed.

The following 15 a list of the sheets thus far emgraved, which
cover an area of about 285,000 square miles.
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Last of atlas sheets engraved, July 1, 1888.
’ EE
State or Terrtory. Name of sheet Dﬁi‘%}?ggéon Arggegm- Scale ‘EE
. _|8F
Lat | Lony Feet
o / o ’
Massachusetts Greylock 42 80 | 73 00 | £ degree 1 62,500 40
Boston Bay 42 15 | 50 45 do 1 02,500 20
Boston 42 15| 7100 do 1 68,500 20
Worcester 4215 | 41 45 do 1 62,300 20
Northampton 42 15| 72 30 do 1 62,500 20
Duxbury 42 00 | %0 30 do 1 G2,500 20
Massachusetts and Rhode Island Fall River 41 80 | 7100 do 1 62,500 20
New Jersey Frankhin 41 00| 74 30 do 1 02,500 20
Paterson 40 45| T4 00 do 1 62,500 20
Moriistown 045 7415 do 1 62,500 20
Lake Hopatcong 40 45 | 74 30 do 1 62,500 20
Hackettstown 4045 7445 do 1 62,500 20
Plamfleld 40 30 | T4 15 do 1 0,500 20
Sandy Hook 40 15| 74 GO do 1 62,500 10
Now Brunswick 4015} 7416 do 1 62,500 10
Princeton 40 15 | 74 30 do 1 62,500 10
Asbury Park 40 00 | 74 00 do 1 02,500 10
(assville 40 00 | 74 15 do 1 62,500 10
Bordentown 40 00} 7130 do 1 062,500 10
Barnegat, 3945 | 4 00 do 1 62,500 10
) Whitings 345 415 do 1 62 500 10
Pemberton 45| 7430 do 1 62,500 10
Mount ITolly 3945 7145 do 1 62,500 10
Long Beach 3930 | 7400 do 1 62,500 10
Little Fgg Harbor{ 39 80| 74 15 do 1 62,500 10
Atlantic Caty 15| 715 do 1 62,500 10
Sea Isle 39 00 | 74 30 do 1, 62,500 10
Denmsviile 39 00 [ 74 45 do 162,500 | - 10
Cape May 45| 7445 do 1 62,500 10
Maryland District of Colummia, | East Washington | 38 45 | 76 45 do 1 62,500 20
and Virginia West Washington | 38 45 | 77 00 do 1 62,500 20
West Virgmma St George 39 00| 79 30| 1 degree 1 125,000 100
Raleigh 37 30| 81 00 do 1 125,000 100
.| Oceana 37 30 8130 do 1 125,000 100
Maryland, Virgmma,and West Vir- | Romney 3000 7830 do 1 125,000 100
Z1ma
Maryland and West Virgma Predmont 33 00| 79 00 do 1 125,000 160
West Virgimia and Virgimia Winchester 3900 %8 00 do 1 125, 000 100
Pocabhontas 3700 8100 do 1 125,000 100
Tazewell 37 00| 8180 do 1 125,000 100
West Virginma, Virginia, and Ken- | Warfield 3730 | 8200 do 1 125,000 100
tucky
Kentucky Piestonburgh 37 30 8230 do 1 125,000 100
Virgimma and Kentueky ‘Whitesburgh 37 00| 8230 do 1 125,000 100
Grundy 3700 8200 do 1 125,000 100
Kentucky, Virgima, and Tennessee | Jonesville 36 30 | 8300 do 1 125,000 100
Cumbelland Gap ( 36 30 | 83 30 do 1 125,000 100
Estillniile 36 30 | 82 30 do 1 125,000 100
Virgima and Tennessee Bristol 36 30 | 82 00 do 1 125,000 100
Virgima, Tennessee, and North | Abmgdon 36 30 | 81 30 do 1 125,000 106
Carohna
North Carolhina Cowee 3Ho0| 8300 do 1 125,000 100
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Last of atlas sheets engraved, July 1, 1886—Continued.

=3

State or Territory Name of sheet Dgflgﬁl:g’éon Arggegov- Scale 4;3 3

38
Lat | Long Feet,

[+ 4 o 14

North Carolina and Tennessee Roan Mountain 36 00 | 8200 4 degree 1 125,000 100
Greeneville 36 00| 8230 do 1 125,000 100
Ashewlle 8530 8230| . do 1 125,000 100
Mount Guyot 85 30| B3 00 do 1 125,000 100
Knoxville 85 30| 8330 do 1 125,000 100
Nantahalah 85 00| B3 30 do 1 125,000 100
Murphy 85 00| 84 00 do 1 125,000 100
Tennessee Morristown 36 00| 8300 do 1, 125, 000 100
Maynardwville 36 00 | 83 30 do 1 125,000 100
Loudon .-« 8580 & 00 do 1, 125,000 100
Kingston 3530 84 30 do 1 125 000 100
Cleveland 3500} 8 30 do 1 125,000 100
South Carolina and Georgia Walhalla 84 30| 800 do 1 125,000 100
Georgia Dahlonega 3130 [ 8 30 do 1 125,600 100
Georgia and Alabama Ringgold 84 30| 8 00 do 1 125,000 100
Rome 3400} 8 00 do 1 125,000 100
Stevenson 3130 | 8 30 do 1 125,000 100
Alabama Fort Payne 3400 8 30 do 1 185,000 100
Scottsborough 3430 86 00 do 1 125,000 100
Huntsville 3430 | 8 30| ...do 1 125,000 100
Missou Boonville 38 30| 92 30 do 1 125,000 50
Versailles 38 00| 9230 do 1 125 000 50
Jefferson City 3830 9200 do 1 125,000 50
Tuscumbia 38 00| 9200 do 1 125,000 50
Sedalia 38 30| 9300 do 1 125,000 50
Warrensburgh 3830} 93 30 do 1 125,000 50
Harrsonville 38 30| 9400 do 1 125,000 50
Warsaw 38 00| 9300 do 1 125,000 50
Clinton 3800 | 9330 do 1 125,000 50
Butler . 98 00| 94 00 do 1 125,000 50
Bolivar 37 301 93 00 do 1 125,000 50
Stockton 37 30| 98 30 do 1 125,000 50
Nevada 8780 9400 do 1 125,000 50
Springfield 87 00| 9300 do 1 125,000 50
Greenfield | sroo| 9830 do 1 125,000 50
Carthage 37 00| 9400 do 1 125,000 50
Missour: and Kansas ..., Olathe 3830 | 9430 do 1 125,000 50
Mound City 3800 9430 do 1 125,000 50
. Fort Scott 37 30| 9130 do 1 125,000 50
Jopln 8700 9430 do 1 125,000 50
Kansas Tola 3730 9500 do 1 125,000 50
y Fredoma 37 30| 9530 do 1 125,000 50
Independence 3700 9530 do 1 125,000 50
Parsons 37 00| 9500 do 1 125,000 50
Oskaloosa 33 00| 95 00 do 1 125,000 50
Empona 38 00| 96 00 do 1 125,000 50
Garnett 3800 9500 do 1 125,000 50
Eureka 3730 ] 9600 do 1 125,000 50
El Dorado 37 30| 9630 do 1 125,000 | /50
Hiawatha 39 30| 9530 do 1 125,000 50
Texas San Saba 3100} 98 30 do 1 125,000 50
Lampasas 3100 98 00 do 1° 125,000 50

9 GEOL——5
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v

=1

State or Territory. Name of sheet. Dg;lgstﬁzlggn Arg&g‘_’v' Scale %g

S8
Lat | Long. Feet.

o ¢ o I

TeXAS cevvrvarvrrnss «en . Taylor. .... ..| 8080 97 00| %degree. | 1:125,000 50
Georgetown ..... 3030 | 97 30! ..do. 1: 125,000 50
Burnet ........ 8030 98 00 do .. 1. 125,000 50
Llano ... ..... 3030 | 98 80 do 1- 125,000 50
Mason ....... .. 4 8030 | 9900 do 1. 125,000 50
Bastrop ... 8000 | 97 00| do 1:125,000 | 50
Austin ...... ....| 3000 97 80 do 1: 125,000 50
Blanco . .| 3000 9800 do 1 125,000 50
Fredericksburgh .| 30 00 [ 98 30 do 1; 125,000 50
Kerrville .. . 2000} 9900 . do 1: 125,000 50
Yellowstone National Park and | Gallatin . ... . 44 30 § 110 80 do..... 1: 125,000 100
Wyomng. Cafion . 44 80 § 110 60 | . do... 1: 125,000 100
Shoshone .... . 400[11080 /| .. do . 1: 125,000 160
Lake . ... 44 00 | 110 00 do.... | 1,125,000 100
Cabfornia..... Cere rereaes e ees Marysville 39 00 | 121 80 do 1: 125,000 100
Nevada City 30 (12M0|. do. .| 1:125,000 100
Alturas . . 41 00 | 120 00 | Degree. 1 250,000 200
Modoec LavaBed..| 41 00 { 121 00 |.. do 1: 250,000 200
Shasta 41 00 | 122 60 ;. .do . 1: 250, 000 200
Red Bluff. . 4000 | 12260 | . do . .| 1:250,000 | 200
Lassen Peak 4000 (12100 (.. do.. 1: 250, 000 200
Honey Lake . 4000 | 12000 | .. do . 1: 250 000 | - 200
Montana. I «...| Great Falis .. 47001111 60| ...do ... 1: 250,000 2060
Fort Logan 46 00 | 111 00| .do 1.250,000 | 200
Lattle Belt Mount | 46 00 | 110 00 do. 1. 250,000 200
Three Forks,.,.. .| 4500 { 111 00 .do 1: 250, 000 200
J (=3 727 F: T, .| Paradise........ 4100 [ 11700 | . do 1+ 250,000 200
Disaster. . .....| 4100 | 11800} . do... 1. 250,000 200
Long Valley . . .| 4100|119 00]. do . .| 1-250,000 200
Gramte Range 40 00 | 119 00 |.. do. 1.250,000 200
Ttah . . ciiiiiitiriiiine vaanens Tooele Valley 40 00 | 112 00 [....do 1 250 000 250
Salt Lake . 400011100 | . do 1: 250, 000 250
Umta ... ..... 4000 [ 110 00 | .. do . 1 250,000 250
Ashley ... . . ..| 4000 | 109 00 do. . 1- 250,000 250
Sevier Desert 3900 | 112 00 | .. do. . 1: 250,000 250
Manti. 3000 [111 00| . do... 1:250,000 ] 250
Price River 3900 {110 00 (... do .. 1: 250,000 50
East Tavaputs 39005108 00| .. do 1- 250,000 250
Beaver .. . .. ...| 38800} 112 00| .. do 1: 250, 000 250
- Fish Lake.. 38 00 t 111 00 |....do 1. 250,000 250
San Rafael 3800 | 110 00 |....do.... { 1:250,000 250
Sierra La Sal.....| 3800|109 00{. ..do..... 1:250,000 | 250
St. George.. . ...] 87 00| 113 00 .. do. ..] 1 250,000 250
Kanab . 37 00 | 112 00 do.. . | 1:250,000 250
Escalante . .| o700i111 00| .. do 1,250,000 " 250
Henry Mountain, { 37 00 {110 00 | .. do. 1: 250, 000 250
Abajo 370010200 (. . do 1: 250, 000 250
NewMexicO - .. ccvevivrnnnn. Mount Taylor 35 00 | 107 00 do .. | 1.250,000 200
‘Wingate 300110800 (.. do.. .| I"250,000 00
Utah and Nevada .. . . Pioche 870011400 |. . do.... | 1:250,000 250
Arizona and Nevada ... St, Thomas.. 3600|114 00 |....do.... | 1-250,000 250
Arizona, Nevada, and California Camp Mojave. 3500 | 11400 | ..do.. 1- 250,000 280
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State or Territory Name of sheet D g?‘gsﬂgggn mg&ﬁf’v' Scale. E E

88

Lat Long.

. o 7 o s Feet
Arzona .......... Mount Trumbull 36 00 | 113 00 | Degree 1: 250, 000 250
Kaihab 36 00 | 112 00 do . 1: 250, 000 250
Fcho Chffs 36 00 | 111 00 do, 1: 250, 000 250
Marsh Pass 36 00 | 110 00 do 1 250, 000 200
Inhamond Creek, 35 00 | 113 00 do 1+ 250, 000 250
Chuno 35 00 | 112 00 do . 11250, 000 2350
San Francisco| 8500 (111 00¢ . do. 1: 250, 000 250

Mountain

Tusayan 35 00 | 110 00 do.. 1: 250, 000 200
Prescott 34 00 ) 112 00 do . 1 250,000 R00
Verde 84 00 | 111 00 do 1: 250, 000 200
Holbrook 34 00 | 110 00 do. 1+ 250,000 200
Arizona and New Mexico Cafion de Chelly 36 00 | 109 00 do 1:230, 000 200
Fort Defiance 35 00 | 109 00 do . 1. 250,000 200
St Johns 34 00 | 109 00 do 1: 250, 000 200

There are in the office ready for the engraver one hundred and
forty-one sheets, including those now under contract, but not yet en-

graved. These sheets cover an area of 108,000 square miles,
four of these sheets areunder contract for engraving.

ing eighty-seven await contract.
sheets are distributed as follows:

New Jersey ..... ...covvt v viennnn 12
Massachusetts e e e 43
Maryland e e e el 1
Appalachian region 36
Wisconsin ............ e 2
Missouri ........ et e e e 10
Kansas .. .......... ...... . 15

I have the honor to transmit

Fifty-
The remain-
These one hundred and forty-one

Arkansas ..... ... . ienniaa.. . 4
Texas ..... ........... e eaaa 8
Colorado ....... . ... veiiiiiiiinn. 2
New Mexico....oovr i iinennne. 2
California..... ....... Cer et eeeaen 2
Oregon........... ......... R |
Montana ... .. .. ......... .. 3

herewith the report of Mr, R.'S.

Woodward, geographer, in charge of the astronomic and computing

section.
Very respectfully submitted

Hon. J. W, PowELL,

HenNrRY (GANNETT,
Geologist wn Charge.

Director U. 8. Geological Survey Washington, D. C.
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REPORT oF MR. R. S. WOoODWARD TO CHIEF OF DIVISION OF GEOGRAPHY.

Sir: In compliance with the instruetions of the Director of the
Survey, I have the honor to submit the following report on work
done during the year ending June 30, 1888:

The work done for your division during the year may be briefly
designated under three heads, namely: (@) That involved in numeri-
cal computations; (b) That involved in the collection, collation, and
arrangement of geographical positions for ready reference; and (c)
That involved in agsistance rendered to the geographers and topog--
raphers of the Survey in the technical details of their work.

(@) Of the numerous computations made it will suflice to mention
some of the more important.

During the month of July, 1887, the net results of the secondary
system of triangulation in Massachusetts, measured by Mr. R, U.
Goode during May and June of that year, were computed. This
work embraced a complete reduction from the field notes, an approx-
imate adjustment of the triangles, and the derivation of the latitudes
and longitudes of the sixteen points of the system,

Two numerical tables for determining altitudes from telemetel
measures were computed and printed for the use of topographers in
the field.

In order to meet the frequent requests of geographers and topog-
raphers for information relative to the determination of azimuth,
certain practical memoranda were prepared for their use; and tables
giving the local mean fimes of culmination and elongation and the
azimuths at elongation of Polaris, for intervals of a degree in latitude
between 30° and 45° and for the field season, were computed. Such
tables will be kept available hereafter in manuscript, so that the
data for any special locality can be speedily supplied.

The desirability of publishing our tables of co-ordinates for map
projections, now in manuscript, was made apparent by their constant
use during the year. At your suggestion, therefore, they were re-
vised and enlarged, and are now nearly ready for the press. With
the accompanying explanatory text, they will embrace about one
hundred octavo pages.

(b) Attention was constantly paid to keeping the list of geo-
graphical positions of points within the United States as complete as
possible and always available for use. Upwards of three thousand
new positions were added to the list during the year. These were
obtained chiefly from the reports of the U. S. Coast and Geodstic
Survey and the New York State survey. The list now embraces
over ten thousand entries.

{(¢) A considerable portion of my time, especially during the winter
season, is now occupied either in consultation with members of the
division concerning the methods and formulas most advantageous -
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for computations, the mathematical theory of instruments, observa- ~
tions, etc , or in supplying them with data for their work. To meet
this demand for information, such collections of technical works,
notes, and investigations as I have made previous to and during my
connection with the Survey are kept at the office, accessible to any
member of the Survey.

I was assisted continuously during the year by Mr. B. C. Wash-
ington, jr., who made the greater portion of the current computa-
tions and discharged all the clerical duties in my work.

During the months of May and June Mr. 8. 8. Gannett was
assigned to my assistance. He made the bulk of the computations
required in the revision and extension of the tables of co-ordinates
for map projections mentioned under a, ahove.

Very respectfully, your obedient servant,
R. S. W0ODWARD,

Geographer.
Mr. HENRY GANNETT,

Geologist vn Charge of Geography.

REPORT OF MR. R S WOODWARD.

MATHEMATICAL DIVISION,
Washington, D. C., July 1, 1883.

Sir: I have the honor to submit the following report concerning
investigations of geological problems made by me during the year
ending June 30, 1888:

As stated 1n my report for the year ending June 80, 1887, much of
the work assigned to me is directly contributory to the work of the
Division of Geography. For an account of work done for this di-
vision during the present year reference may be made here to the
report of Mr. H. Gannett, geologist in charge of geography. N

Many of the questions involving mathematical or physical con-
siderations referred to me during the year were such as required
only temporary examination or brief applications of principles
already established. Although the aggregate amount of work done
on these questions was not inconsiderable, it will suffice here to
mention those only on which formal papers were prepared. At the
request of Mr. G. XK. Gilbert, two brief appendices to his memoir on
Lake Bonneville were written. The first of these refers to the form
and position of equipotential or level surfaces 1n a lake basin, and is
based on my investigations given in Bulletin 48 of the Survey pub-
lications The second paper deals with the volumetric expansion of
the earth’s crust, due to the diffusion of heat by conduction from ,
the surface downward, and depends on the researches concerning
the laws and effects of terrestmal heat mentioned below.
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Of the questions requiring more elaborate treatment which were
under investigation during the year the following three occupied
my attention, chiefly in such intervals of time as were available,
namely: (a) The laws of diffusion of heat by conduction in homo-
geneous spherical masses and the resulting mechanical effects; (b)
The laws of diffusion of heat by conduction in homogeneous rectan-
gular masses of any dimensions; (¢) The possible laws of arrange-
ment of density in the earth’s mass under the assumption that the
density mecreases continually from the surface towards the center.

(a) The problem of acooling sphere 1s not new. It was very thor-
oughly discussed in its purely mathematical features by Fourier and
Poisson, the pioneers in the theory of heat, and has been much
studied by mathematicians of Iater date. Able and elaborate as
their work is, however, it is not well adapted to the needs of prac-
tical applications; it does not enable one to trace readily and accu-
rately all the phenomena of cooling throughout their entire history.
My investigations of this problem were necessarily made partly witha
view to supplying the defect just named. As a result two papers
were published, by your permission, during the year." These deal
chiefly with purely technical considerations, and an account of their
contents would be out of place here. It will suffice to state that
they furnish a satisfactory basis for the study of the phenomena
attending the secular cooling of the earth.

In the study just mentioned considerable progress was made
during the year, and a paper comprising the results attained is now
nearly ready for publication. A brief summary of the contents of
this paper is the following:

The data necessary for calculation of the secular cooling of the
earth; the age of the earth, derivable from those data; the distribu-
tion of the isogeotherms; the rate of increase of under-ground tem-
perature and its variation with the time; the radial and cubical con-
traction; the rational theory of crumpling in the crust; the stratum
of no strain; the volumetric amount of crumpling and 1ts depend-
ence on the initial temperature and elapsed time.

(b) The consideration of many physical questions requires an
intimate knowledge of the laws of diffusion of heat in rectangular
masses; and since the publication of the above-named papers on a
cooling sphere I have received anumber of requests for a similar
practical treatment of a cooling bar or rectangular mass. My studies
of this subject, from the experimental as well as the theoretical side,
began fifteen years ago, when engaged in comparing standards of
length on the U. S. Lake Survey. Recently I have revised and ex-
tended my theoretical investigations, and have now ready for pub-

10n the Free Cooling of a Homogeneous Sphere, Annals of Mathematics, vol
3, No. 3, pp. 75-88. On the Conditioned Cooling and Cubical Contraction of a Ho-
mogenous Sphere; Annals of Mathematics, vol. 8, No. §, pp. 129-144.
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lication a paper embodying the practical results. It is believed that
these will be useful in enabling us to determine the.thermal conduc-
tivities of rocks, either from such experiments as have been made or
from such as may be easily devised.

(¢) Oneof themostinteresting and obscare questions of geophysics
is the'law of arrangement of density within the earth’s crust. If
we assume that the density increases continuously from the surface
downwards, the law of increase is subject to certain rather narrow
limitations, dependent on the known properties of the earth, namely,
its surface shape, its surface density, its mean density, and its con-
stant of precession. I have begun an investigation whose object is
to determine what those limitations are, and it is expected that the
work will be completed during the coming year.

Very respectfully, your obedient servant,
R. S. WoopwARD,
Geographer in C harge.

Hon. J. W. PowELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF PROF. N. §. SHALER.

ATrAaNTIC COoAST DIVISION,
Cambridge, Mass., July 1, 1888,

Sik: I have the honor to submit the following administrative
report concerning the operations of the Survey under my charge
during the fiscal year ending June 30, 1888:

The month of July was devoted to the task of completing certain
details of the work on the island of Mount Desert, Maine, a memoir
on which formed a part of the Eighth Annual Report of the Director.

I then spent some time in searching for evidence of elevated sea
marging in Massachusetts and eastern New York, similar to those
described in the above-named memoir, selecting first for these studies
the peak of Wachusett, in Worcester County, Mass. Iexamined the
slopes of this mountain for evidences of wave action. At heights
of from 1,500 to 2,000 feet on the eastern, southern, and western ver-
sants of the mountains the cliffs exhibit some indications of what
may prove on further study to be marine erosion.

From Wachusett I proceeded to the Catskill district in New York,
and made a reconnaissance of the eastern face of those elevations
for a distance of about twenty miles south of the town of Palen-
ville. On this escarpment I found at several points, at a height of
from 2,000 to 2,300 feet above the sea, phenomena which I can notat
present explain save by the hypothesis that the ocean waves acted
against the face of the cliff since the close of the glacial period.
At about 2,200 feet above the sea there are some cavities having the
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general form of marine caves which are evidently not due to the
ordinary decay of the rock. At heights of from 1,600 to 2,000 feet
there are accumulations of shingly material apparently worn and
arranged in a stratified manner by wave action.

In August and September I made an extended journey through the
swamp districts of Michigan, Wisconsin, Minnesota, and Dakota.
The substantial results of this journey were to afford a basis for the
classification of the swamps in the Northwest and a foundation on
which to rest an approximate estimate as to the total area. It ap-
pears that the inundated lands of this region cover a surface of at
least 20,000 square miles ; that these lands are in the main drainable
without excessive cost; and furthermore, as is shown by some small
experiments in winning such lands to agriculture, that the soils
which they yield are of excellent quality.

My time for the remainder of the autumn was devoted to certain
studies 1n eastern Massachusetts and Rhode Island. With the help
of Mr. R. S. Tarr, field assistant, I had begun in June of the pre-
ceding fiscal year a study of the island of Cape Ann and the adja-
cent portions of the main-land of Massachusetts, The aim of the
inquiry was in the main to ascertain the geological conditions of
the hornblendic gramte of that district, together with the circum- |
stances connected with the dikes which are extensively intruded in
the mass of that rock. The region affords peculiar advantages for
the study of the phenomena of jointing and rifting, questions which
are of great interest to quarrymen. The results of this inquiry are
presented in a memoir published in this volume.

‘With the help of Mr. August F. Foerste, field assistant, I have
worked up the details of my discoveries of certain fossiliferous
localities in the Middle Cambrian slates of North Attleborough,
Mass. Twenty-three species of fossils have already been obtained
from these beds, and identified, described, and figured.

Asis noted in my memoir “On the Geology of Martha’s Vine-
yard,” in the Seventh Annual Report of the Director, I found on
that island an interesting locality of apparently Cretaceous fossils.
With the assistance of Mr. Foerste I made a collection of the fossils
from this point. The result has been to establish the existence of
lower Cretaceous rocks in this field.

‘With the axd of Messrs. T. W, Harris, W. Beals, and G. T. Quinby,
volunteer assistants in the Survey, I have been able to continue the
inquiries on the Narragansett Basin. It appears that rocks appar-
ently of Carboniferous age, situated between Point Judith and Prov-
idence, R. 1., representing a thickness ot section of some thousands
of feet, have undergone much metamorphism. Elsewhere in the
Narragansett field these Carboniferous deposits have been very
slightly altered since the time of their formation.

On the 26th of December, 1887, I started on an expedition to Flor-
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ida. I was engaged in this journey until the 5th of February of the
present year. I was accompanied by Messrs. W. Beals and G. T.
Qumnby, volunteer aids. My first object was to review the conclu-
sions [ had come to, along with Dr. R. A. F. Penrose, Jr., concerning
the lnstory of the South Carolina phosphates, which are set forth in
the report on phosphate deposits 1n Bulletin No. 46 of the Survey,
now in press. From the neighborhood of Charleston 1 went fo St.
Augustine, in order to obtain the materials secured in boring a well
to the depth of 1,300 feet at that point. Through the kindness of
Mr. Flagler, the owner, and of Mr. Kennish, the engineer of the
Ponce de Leon Hotel, I had the good fortune to secure the material
for the collections of the Survey.

From St. Augustine I proceeded to the lake district of Florida
in order to determine the origin of the singular topography in that
region. It appears probable that the sharp undulations of the sandy
deposits in the lake district of Florida are due to the recent move-
ment of marine currents over this part of the peninsula.

From the lake district I went by way of Tampa to Key West.
From that island I made my way by sail-boat and on foot up the
eastern coast of Florida to Titusville, near the head of Indian River,
a distance of about 360 miles. From Key West to Virginia Key the
route was devious in ifs course, as the object was to examine the
mterior and exterior portions of the Key district. From Virginia
Key to Lake Worth the journey proved one of great difficulty, on
account of the low stage of water during the dry season, which
made it impossible to traverse the lagoons in a boat. After several
efforts to cruise northward along the shore our boat was capsized in
the mght time at a considerable distance from.shore and it was with
some difficulty that our party recovered the land. From Lauderdale
Government House of Refuge for Mariners to Lake Worth we were
compelled to make our way on foot over the beach. From that
point to Titusville the journey was made in the lagoons known as
Jupiter River, St. Lucie Sound, and Indian River.

Approximate proofs of two distinet periods of elevation and sub-
sidence which have affected the peninsula were obtained. It appears
from my inquiries that the swamp region of the Everglades, 1nclud-
1mng the greater part of Monroe and Dade Counties, owes its existence
to the growth of the mangrove swamps, which bar the land waters
from the sea, and 1n part to the existence of an old coral reef, now
elevated to a height of about twenty feet above high tide, which
forms a barrier extending from near Lake Worth to a point about
thirty miles northeast of Cape Sable.

Traversing this reef from Cocoanut Grove Bay to the margin of
the Everglades I found that, as determined by two Casella barometers
with daplicate observations, in the time of lowest waters in the
Everglades, the surface of the morass is sixteen feet above the sur-
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face of high-tide mark, the distance between the two points being
more than three miles. 1t thus appears probable that the drainage
of this area may best be accomplished by canals cut through the
reef.

It appears that the swamp districts of Florida, containing an area
of not far. from 25,000 square miles, are generally of a drainable
nature and that they will yield land valuable for agriculture.

Since the opening of the field season of 1883 with the help of my
temporary field assistant, Mr. George K. Ladd, I have begun work on
the great section of stratified though highly metamorphosed rocks
lying to the west and geologically below the Cambrian of Attlebor-
ough. Although this field presents great difficulties, we have so far
succeeded in effecting & preliminary division of the beds into two series
of schists and an intermediate division of limestones. The latter
group of rocks are white crystalline deposits, having a total thick-
ness of about a hundred foet, and closely resembling in their general
nature, as well as in the nature of their surroundings, the limestones
which occur in Bolton, Stowe, and Chelmsford, Mass., and at Rock-
land, Me,

Dr. Alfred Church Lane, by recent appointment an assistant in
the Survey, has during the past year, under my direction, prepared
a report on the geology of the peninsula of Nahant, Mass. This
memoir will be transmitted to your office.

The following papers have been prepared for the press and com-
municated to your office, or with your permission given for publica-
tion to scientific journals: '

A Report on the Geology of the Island of Cape Ann, Mass. (for the Ninth Annual
Report of the Director).

On the Origin of the Divisions between the Layers of Stratified Rocks.

The Crenitic Hypothesis and Mountain Building.

On the Geology of the Cambrian District of Bristol County. Mass.

On the Occurrence of Fossils of Cretaceous Age on the Island of Martha’s Vine-
vard, Mass.

My division is indebted to the authoritios of the Old Colony Rail-
way for valuable help in the prosecution of field work; to Messrs.
George B. Leighton and John L. Gardner, jr., for photographic
work on Cape Ann and elsewhere, the results of which have been
embodied in my reports: to Messrs. William Beals and George T.
Quinby for their efficient services as aids in my Florida work, in
which journey they paid their own expenses; and to Messrs. T. W,
Harris, George E. Ladd, and F. B. Lund for assistance in the Nar-
ragansett field. g

Very respectfully, your obedient servant,
) N. S. SHALER,

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

Director U. S. Geological Survey, Washington, D. C.
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REPORT OF PROF. RAPHAEL PUMPELLY.

D1visioN OF ARCHEAN (GEOLOGY,
) Dublwn, N. H., July 1, 1888.

Sik: I'have the honor to submit the following report upon the
distribution of my work during the past year:

The work of my division has necessarily been concentrated upon
the geology of western New England. The Green Mountains con-
tain not only the key to the geology of New England, but, in the un-
raveling of their structure, also the settlement of other much dis-
puted points, especiallyan regard to metamorpmsm. It is for these
reasons that I have continued to concentrate our efforts upon the
study of these mountains, feeling fully assured that the essential key
hies 1n their structure, and that without it the geology of New Eng-
land can not be known.

The important question of the conformable continnity or non-con-
tinuity of the Green Mountain series from top to bottom 18 not yet
definitely settled.

Our contact observations give corroborative proof of theconform-
ity of the quartzite with the overlying Stockbridge limestone, and
Mr. Walcott has shown, from the fossils discovered by him in the
quartzite, that this is of Middle Cambrian age. . A considerable part
of the rocks forming the Green Mountains proper lie below the top
of this quartzite, in a series of quartzites, conglomerates, gneisses,
and mica-schists, which undergo frequent transitions- from one into
another. In the process of mountamn bwlding these have been so
compressed by lateral thrust, and often so contorted, that the evi-
dence furnished at contacts, as to conformity, is not yet conclusive;
and yet the importance of the question is such, that I shall continue
to devote much attention to1t. -

Following my plan of working out the structure of broad
zones across the mountarn ranges, we have finished a map of the
northern half of Berkshire County, Mass., based upon an immense
number of observations, The work on the Hoosac Mountain, or
eastern part of this map, was during the past year carried out by
Mr. J. E. Wolff, assisted by Mr. C. L. Whittle, and that on the
Greylock, or westoern half, was done by Mr. T. N. Dale, except a
small area by Mr. W. H. Hobbs. This study has given us a very
full knowledge of the various components of the Green Mountain
series from the top of the Tacomic schists down, together with an
extensive insight mto their lithology and phenomena of transition.
It has also furnished a great amount of material illustrative of the
structure of these mountains, and of mountain building in general,

East and south of this belt Professor Emerson has continued his

-~
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study of the strata flanking the Green Mountains on the east, and
connecting his former work with the belt across the mountains.
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