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ADVERTISEMIINDT,

[Eighth Annual Report ]

The publications of the Unifed States Geological Survey are 1ssued 1n accordance with the statute
approved March 3, 1879, which declares that—

“Thepublcations of the Geological Survey shall consist of the annual repo1t of operations, geological
and economic maps 1llustrating the resources and classification ot the lands, and reports upon general
and economic geology and palcontology ‘Lhe annual report ot operations ot the Geological Suivey
shall accompany the annual report ot the Secietary of the Interior All special memoirs und reports
of sail Survey shall be 138ued 1n uniformn quarto series 1f deemed necessary by the Duectol, bat other-
wise 1n ordinary octavos Three thousand coples ot each shall bo published for scientihic excnanges
and for sale at tho price of pubhication, and all literary and cartographic materials received 1n exchange
shall be the property of the United States and forn a part of the library ot the organization And the
money 1esulting frow the sale ot such publications shall be covered into the Treasuiy of the Umted
States

On July 7, 1882, the following jownt resolution, referring to ali Government publications, was passed
by Congress

*That whenover any document or reportshall boordered printed by Congress, there shall be printed,
m addation to the number 1n each case stated, the ‘ usual number’ (1,900) ot copies for binding and
distribution among those entitied to receive them’

Exceptin those casos in which an extra number ot any pnblication has been sepplied to the Survey
by special resolntion ot Congress or has been ordered by the Secrctary of the Interior, this ofhee has
1o copies for gratnitous distribution

ANNUAL REPORTS

I Tirst Annual Reporé of the Umted States Geological Survey, by Clarence King 1880 8° 179 pp
1map —A preliminary report deseribing plan of organization and publications

II Second Annual Report of the United States Greological Survey, 1880-'81, hy J. W Powell 1882,
8% Ir,588pp olpl 1 map

III Third Annual Repott of the United States Geological Survey, 1881-'82, by J W Powell 1883
80 xvua, 564 pp 67 pl and maps

IV Fourth Annual Report ot the United States Greological Survey, 1882- 83, by J W Powell 1884,
80, xxxn,473 pp 85pl and maps,

V Fitth Annual Report of the United States Geological Survey, 1883-'84, by J W, Powsell 1885
80, xxxv1, 469 pp 58 pl and maps

VI Sixth Annual Report of the Umted States Geological Survey, 1884-'85, by J 'W Towell 1886
8° xxix, 570 pp 63 pi and maps

VII Seveuth Annual Report of the United States Geological Survey, 1885-'86, by J W Powell 1888
8°, xx,656 pp 72 pl and maps

VIIT Eighth Annual Report of the United States Geological Survey, 1886-'87, by J W. Powsll. 1889
8 2v xx, 1063pp 76pl and maps

The Ninth Annual Report 18 1n press,

MONOGRAPHS

Monograph T1s in press .

II Tertiary Iistory of the Giand Cafion District, with atlas, by Clarence E Dufton, Capt U S A,
1882 4° xuv,264 pp 42 pl and atlas of 24 sheets folio  Price $10 12

TII Geology of the Comstock Lode and the Washoe Distiict, with atlas, by Geoige ¥ Becker 1882
4° xv,422pp 7 pl and atlas ot 21 sheets tohio  Price $11

IV Comstock Mimug and Miners, by Eliot Lord 1883 4°¢ =xv, 4561 pp 3pl Prce 150

V The Copper Bearing Rocks ot Lake Superiol, by Roland Duer Irving 1883, 4° xvi, 464 pp
151 29pl and maps Prnce$l 85

V1 Contributions to the Knowledge of the Older Mesozolc Flora of Virgmia, by Willam Morns

Fontaine. 1883 49, x1, 144pp 541 54pl. Price $105
I



II ADVERTISEMENT,

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

VIIIL. Paleontology of the Eureka District, by Charles Doolittle Waloott, 1884. 40, xiii, 298 pp.
241. 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield. 1885, 40, xx,338pp. 35pl. 1map. Price $L15.

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

XT1. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israet
Cook Russcll. 1885, 4°. <xiv,288 pp. 46 pl. and maps. Price $1.75.

XII, Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel I'ranklin Emmons.
1888, 4°. =xxix, 770 pp. 45 pl. and atlas of 35 sheots folio. Price $8.40.

XIII. Geology of the Qnicksilver Deposits of the Pacific Siope, with atlas, by George F. Becker.
1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2,00.

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

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889, 40, xiv, 377
pp- 180 pl. Text and plates bound separately. Price $3.25. .

In press:

X V1. Paleozoic Fishes of North America, by J. 8. Newberry.

I. Lake Bonneville, by G. K. Gilbert. .

To preparation:

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

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

— Geology of the Eurcka Mining Distriet, Nevada, with atlas, by Arnold ilague.

— Sauropoda, by O. C. Marsh.

— Stegosauria, by 0. C. Marsh.

— Brontothéride, by O. C. Marsh.

-~ The Penokee-Gogobic Lron-Bearing Serics of Vorth Wisconsin and Michigan, by Roland D. Trving,

— Report on the Denver Coal Basin, by S. F. Emmons.

— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by 5. F. Emmons.

-~ Flora of the Dakota Group, by J. S. Newberry.

— The Glacial Lake Agassiz, by Warren Upbam.

— Geology of the Potomac Formation in Virginia, by W. M. Fontaine.

BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Crogs, with a
Goologieal Sketeh of Buifalo Peaks, Colorado, by 8. F. Emmons. 1883, 8. 42pp. 2pl. Price 10 cents.

2. Gold and Silver Conversior Tables, giving the coining valuesof troy ounces of fine metal, ete., com-
puted by Albert Williams, jr. 1883, 8°. 8 pp. Price 5 cents.

3. On the Fossil Faunasol the Upper Devonian, along the meridian of 76° 30, from Tompkins County,
N. Y., to Bradford Coanty, Pa., by Heory S. Wiiliams 1884, 8°. 36 pp. Price 5 cents.

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

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8o. 395 PD.
Price 20 cents.

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

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcou. 1884.
go, 181 pp. Price 10 cents.

8. On Sccondary Enlargements of Miuveral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 8°, 56 pp. 6 pl. Price 10 cents.

9. AReport of work donein the Washington Laboratory during the fiscal yoar 1883-'84. F. W, Clarke,
chief chemist; T. M. Chatard, asgistant chemist. 1884, 89. 40 pp. Price 5 cents.

10. On the Cambrian Faunas ot North America, Preliminary studies, by Charleq Doolittle Walcott.
1884. 8°. 74 pp. 10 pl. Price 5 cents.

11.-On the Quaternary and Recent Mollnsca of the Great Basin; with Descriptions of New Forms, by
R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884. 8°. 66 pp. 6pl. Price 5conts, '

12. A.Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°.
34 pp. 3pl. Price 5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Histerical
Skotch of the Territorial Changes, by Henry Gannett. 1883, 8. 135 pp. Price 10 cents.

14. The Klectrical and Magnetic Propertics of the Iron-Catburets, by Carl Barns and Vincent
Strouhal. 1885. 8°. 23Bpp. Price 15 cents.

13. Ou the Mesozoic' and Cenozoic Paleontology of California, by Charlcs A. White. 1885, 89.
33 pp. Price 5 centa.



. ADVERTISEMENT. II1

16 On the Hicher Devonian Faunas of Ountario County, New York, by John M Clarke 1885 8°
g6pp 23pl Price 5 cents

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

18 On Maiine Eocene, Fresh water Miocene, and other Fossil Mollusea ot Western North Amerioa,
by Charles A White 1885 8° 26pp 3pl Priee5 cents

19 Notes on the Stratigraphy of Cahforma, by GGeorge F Beoker 1885 8° 28pp Price 5 cents

20 Contributions to the Mineralogy of the Recky Mountaing, by Whitman Cross and W F Hille-
brand 1885 8° 114pp 1pl Price 10 cents

21 The Ligmites of the Great Sionx Roservation A Report on the Region between the Grand and Mo-
reau Rivers, Dakota, by Bailey Willis 1885 8° 16pp 5pl DPice 5 cents

22 On New Cretaceous Fossils fiom Californa, by Charles A White 1885 8° 25pp 5pl Pnice
5 cents

23. Observations on the Junction between the Eastein Sandstone and the Keweenaw Series on
Keweenaw Point, Lake Sapertor, by R D Irvingand T C Chamberhn 1885 8° 124 pp 17 pl
P1ice 15 cents

24 List of Marine Mollusca, comprising the Quaternary fossils and receut forms from American
Loocahties between Cape Iatteras and Cape Roque, mmolading the Bermudag, by William Healey Dall
1885 82 336pp Price 25cents

25 The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes
1885 8° 85pp Price 10 cents

26 Copper Smelting, by Henry M Howe 1885 89 107pp Piicel0 cents

27 Report of work done in the Division of Chemistry and Physies, mamly during the fiscal year
1884’85 1886 8° B80pp Price 10 cents

28 The Gablhiosand Associated Hornblende Rocks occurring In the Neighborhood of Baltimore, Md ,
by George Hontington Willhams 1886 8° 78pp 4pl Price 10 conts

29 On the Fresh-water Invertebrates ot the North Ameiican Jurassic, by Charles A White. 1886
8> 41pp 4pl DPrice5cents

30 Second Contribution to the Studies on the Cambrian Faunas of North Amet:ica, by Charles Doo
little Waloott 1886 8° 3G9pp 33 pl Price 25 cents

31 Systematio Review ot our Present Knowledge ot Fossil Insects, mncluding Myrapods and Arach
mds, by Samuel Hubbard Scndder 1886 8° 128pp TPuce 15 cents

32 Iasts and Analyses of the Mineral Spiings of the United States, aPreliminary Study, by Albert
C Peale 1886 8° 235pp Price 20 cents

33 Notes on the Geology of Northern California, by J S Diller 1836 8° 23pp Price 5 cents.

34 On the relation ot the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene
and othel groups, by Charles A White 1886 8° 54pp 5pl Price 10 cents

35. Physical Properties of the Iron Carbnrets, by Carl Baius and Vincent Strouhal 1886, 8° 82
pr Price 10 cents

36 Snbsidence of Fine Sohd Particles in Liguids, by Carl Barus 1886 8% 58 pp Price 10 cents

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

38 Pernidotite of Elliott County, Kentucky, by J S Diller 1887 8 31pp 1pl Price5 cents

39 The Upper Boaohes and Deltas of the Glacial Lake Agassiz, by Warren Upbam 1887 8° 84
pp 1p! Pricel0 cents

40 Changes in River Courses 1n Washington Territory due to Glaciation, by Bailey Willis, 1887 89,
10pp 4pl Price 5 cents

41 On the Fossil Fannas of the Upper Devoman—the Genesee Section, New York, by Henry S
Williams 1887 8°. 121 pp 4 pl Price 15 cents

42 Report of work done in the Division ot Chemistry and Physics wainly duting the flscal year
1885-'86 I W Clarke, cluef chermst 1887, 8° 152pp 1pl Price 15 cents

43 Tertiary and Cretaceous Strata ot the ‘Tuscalvosa, Tombighee, and Alabama Ravers, by Eugene
A Smith and Lawrence C, Johnson 1887 8° 189pp 21pl Price 15 cents

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

45 The Present Condition of Knowledge of the Geelogy of Texas, by Robert T Hill 1887 8° %M
pp Price 10 cents

46 Natuare and Orgin of Deposits of Phosphatc of Lime, by R A T Penrose, jr, with an Intreduc-
tion by N' S Shaler 1888, 8° 143pp Price 15 cents

47 Analyses of Waters ot the Yollowstone National Park, with an Account of the Methods of Anal
ys18 employed, by Prank Austin Gooch and Jameg Edward Whitfield 1888. 8°, 84 pp. Price 10
cents

48 On the Form and Position of the Sea Level, by Robert Simpson Woodward 1888 80, 88 pp
Prioe 10 cents

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

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



IV ADVERTISEMENT.

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

52. Subagrial Decay of Rocks and Orwm of the Red Color of Certain Formations, by Israel Cook
Rusgell. 1889. 80, 65pp. ‘5pl. Price 10 cents,

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

In press:

54. On the Thermo-Electrical Measurement of High Temperatures, by Carl Barus.

55. Report of work done in the Division of Chemistry and Physies, mainly during the fiscal year
1886-81.

56. Foasil Wood and Lignite of the Potomae Formation, by F. H. Knowlton.

57, Notes on the Geology of Southwestern Kansas, by Robert Hay.

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

In preparation:

— The Gabbros and Associated Rocks in Delaware, by F. D. Chester.

— Mineralogy of the Pacitic Coast, by W. H. Melville and Waldemar Lindgren.

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

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

— The Viscosity of Solids, by Carl Barus.

— On a Group of Voleanic Rocks from the Tewan Mountaing, New Mexico, and on the occurrence
of Primary Quartz in certain Basalts, by J. P, Iddings.

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

— Altitudes between Lalce Superior and the Rocky Mountains, by Warren Upham.

— Mecsozoic Fossils in the Permian of Texas, by C. A. White.

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

— A Late Volcanic Eruption in Northern California and its Peeuliar Lava, by J. S. Diller.

— A General Account of the Fresh-Water Morasses of the United States, with a description of the
Dismal Swawmp District of Virginia, by N. S. Shaler,

STATISTICAL PAPERS.

Mineral Resources of the United States [1882}, by Albert Willinms, 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. Priee 60 conts.

Mineral Resourees of the United States, 1885. . Division of Mining Stat;lsmcs and Technology 1886
80, vii, 576 pp. Price 40 cents.

Mineral Resources of the United States, 1886, by David T. Day. 1887, 8°. viii, 813 pp. Price 50
cents.
Mineral Resources of the United States, 1887, by David T. Da,y 1888. 89, vii, 832 pp. Price 50
cents, ’ -

In presa:

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

The money roceived from the sale of these publications is deposited 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, S. Geo-
logical Survey, or in CURRENCY, for the exact. amonnt. Correspondence relating to the publications of
the Survey should be addressed .
' To THE DIRECTOR OF THE

UNITED STATES (GEOLOGICAL SURVEY,
WasHINGTOX, D. C.
WASHINGTON, D. C., October 1, 1889,
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EIGHTH ANNUAL REPORT OF THE UNITED STATES
GEOLOGICAL SURVEY. ‘

By J. W. PowELL, DIRECTOR.

BUSINESS ORGANIZATION OF THE SURVEY.
INTRODUCTORY REMARKS,

The Geological Survey was organized, with Mr. Clarence
King as Director, in March, 1879. In March, 1881, Mr. King
resigned and the present Director was appointed. From its
organization to the present time the Survey has steadily grown
as Congress has enlarged its functions and increased its appro-
priations. During this time the scientific organization has
gradually developed to the condition set forth in the last annual
report. It seems advisable now to describe fully the business
organization and methods of the Survey, which has heretofore
been done only in part. ,

Under the act of July 7, 1884, a joint commission was cre-
ated to consider the organization of certain scientific bureaus.
In the volume of testimony prepared by that commission the
business operations of the Geological Survey were in part set
forth; but this partial presentation was unsystematic, the facts
recorded being elicited in irregular order by interrogatories
arising in the course of a long investigation. It is designed
here to make a more thorough exposition of the subject.

The business system of the Geological Survey is subordi-
nate to the scientific organization and its character is depend-
ent thereon. The development of the divisions of the Survey
whose function is the transaction of business has therefore fol-
lowed the development of the purely scientific divisions, and
every modification of plan for the scientific work may carry
with it some modification of the business organization.
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GENERAL PLAN OF THE SURVEY.

The function of the Geological Survey, as defined by its
organic law, is “the geological survey and the classification
of the public lands, and examination of the geological struct-
ure, mineral resources, and products of the national domain,”
and it is directed “to continue the preparation of a geological
map of the United States.”” This involves original research in
many distinct lines, all intimately related and together covering
a considerable field. For the prosecution of these researches in
a systematic manner there has been organized in the Survey,
as set forth in earlier reports, a number of scientific divisions:
a division of geography, several divisions of geology and
paleontology, a division of chemistry and physics, a division
of forestry, a division of statistics, &c.

In the consideration of this subject certain characters of a
geological survey should be kept in view.

In the prosecution of a land parceling survey, it is generally
the case that the plan of the work is developed in all its details
before the survey is initiated ; and the work is thus one of ap-
plied science, in which no original research is required and a
fair degree of training, intelligence, mechanical skill, and ex-
perience in the work suffices for its satisfactory prosecution.
In cadastral surveys, also, the plan is generally completed
before the work is begun, and the prosecution of the survey
is therefore a work of applied science; but intelligence and
judgment ave frequently required.

The work of making a topographic survey is largely orfe of
applied science after the plan is elaborated. But in the pros-
ecution of a complete topographic survey of a state or coun-
try upon a large scale a great variety of features must be rec-
ognized and conventions suitable for representing them upon
the plane surface of the map must be invented or selected,

« these conventions requiring modification with the local varia-
tions in topographic conficuration, amount of culture, &ec. in
different parts of the area; and it has been found by experi-
ence that artistic skill, ingenuity, and creative ability on the
part of the topographic surveyor are essential to the best work.
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Thus an elaborate topographic survey must involve not only
such mechanical skill and experience as are required in the
land parceling survey, but also Orlglnahty, 1ntelhgence and
judgrent of a high order.

From the nature of the work a geologic survey of a state
or country cannot be made in accordance with definite plans
formulated in advance, for such a survey involves the discrim-
ination and classification of widely varied and sometimes
obscure phenomena in accordance with principles which have
to be developed as the work progresses. The work of a geo-
ologic survey therefore requires originality, intelligence, and
judgment of the highest order, as well as long training and
experience. The geologist must be a student and must ac-
quaint himself with the writings of other students in various
languages; in order to do the best work he must be familiar
with the progress of science in general, and must be particu-
larly well informed concerning the developments of geologic
science in all portions of the globe. He must also possess
sufficient literary and artistic skill to set forth, both verbally
and graphically, the results of his investigations, and a large
part of his work must be original and creative.

In the Geological Survey it is recognized that talents of a
high order must be secured to prosecute the surveys and re-
searches which it is its function to perform and that every
geologist must be an author, actual or prospective.

This important difference between surveys involving only
applied science and those involving original research cannot
be too strongly emphasized: in the one case the process is one
of the application of known principles, and nothing is added
to general human knowledge or to intellectual progress; while
in the other case the process is one of the evolution of prin-
ciples themselves, in which every cycle multiplies humnan
knowledge. There is set before the surveyor by applied sci-
ence-a definite task, and a definite time is allowed in which to
accomplish it; all of the conditions and elements are known;
the factors and the results are alike susceptible of quantitative
measurement; and at the appointed time, if the estimate has
been carefully made, the task is completed. The surveyor
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whose methods involve original research, on the other hand,
sees but dimly the task laid before him; the conditions and
elements are unknown; neither the factors nor the results can
be quantitatively measured; and while the end of a specified
period of work may bring tangible results-—in the shape of
final geologic coloring of a certain area upon the map, in the
shape of the discovery and definition of important mineral de-
posits, or in the shape of new principles affecting materially
the industries related to his field of work—it may bring nothing
more than new problems, which must be solved before the prac-
tical results of his labors can be secured.

The scientific work of the Greological Survey is in part topo-
graphic and in part geologic. The topographic work, together
with that performed in certain of the accessory divisions of
the Survey, is, at least in a measure, work of applied science,
and 1s capable of prosecution in accordance with prearranged
plans, but it is in part original and creative; while the geologic
work is almost wholly original and creative, involves in only a
minor degree the application of known principles, and can-
not therefore be definitely prearranged. The principal work
of the Survey is geologic; its plans are modified from time to
time with its progress and with the growth of geologic science;
and there is concurrent modification of the work of the acces-
sory divisions.

There is a third class of work performed in the Survey. In
the various scientific divisions money is necessarily expended
for salaries, traveling expenses, wages of temporary assistaits,
field subsistence, and in other ways; and it has been neces-
sary to devise a comprehensive system of regulating and ac-
counting for these expenditures and to organize a clerical and
accounting force for that purpose. Moreover, property is ac-
quired by the Survey from time to time in the form of instru-
ments, animals and vehicles, camp equipage, stationery, lab-
oratory apparatus and materials, office equipments, &c.; this
property is of exceedingly diverse character, is generally of
only limited value in any particular locality, and is acquired
and held in all parts of the country, and it has been neces-
sary to devise a comprehensive plan for regulating the cus-
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tody and use of such property. Again, property is created
in the form of maps, sketches, photographs, manuseripts, col-
lections of minerals and fossils, &c., and the custody, use, and
disposition of such property also require regulation. Finally,
the published maps and printed reports &c. of the Survey con-
stitute property the disposition of which is regulated by law,
and it has been necessary to provide for the distribution of
this property to the public in accordance with law and to
organize a force to effect such distribution.

To meet these various requirements there has been devel-
oped within the Geological Survey a general plan for the con-
duct of its business affairs, comprehending (1) a fiscal system,
(2) a custodial system, (3) a museum system; (4) an illustra~
tion system, (5) an editorial system, (6) a document system,
(7) a library system, (8) a stationery system, and (9) a cor-
respondence system.

The organization in the business branch of the Survey is neces-
sarily less complete than the differentiation of function. There
is a definitely organized division of disbursements and accounts;
but all business transacted in this division is carried on under
the immediate and constant supervision of the Director, and
the division is thus a part of the executive machinery of the
Survey. Moreover, there are several disbursing agents not
immediately connected with this division, most of whom are
geologists or topographers. In the same division there is an
officer who is the general custodian of the public property in
the possession of the Survey and who accounts for all such prop-
erty not specifically charged to the other custodians, most of
whom are heads of scientific divisions and their assistants,
There is a division by which the distribution of the publica-
tions of the Survey is effected, in which the custody of the
library is vested, and by which that part of the correspondence
of the Survey relating to publications and to the purchase and
exchange of books, maps, &ec. is carried on. There is also a
division of illustrations, which has charge of the drawings,
sketches, photographs, and photographic apparatus and ma-
terials, and by which the illustrations (other than maps) re-
quired for the publications of the Survey are prepared; but the
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collection and elaboration of the material for maps, the prep-
aration of this material for the engraver, and the revision of
map proofs &c. are performed in the division of geography,
in which the custody of map material is vested. There is an
editorial and miscellaneous division, in which the manuseripts
designed for publication by the Survey are put in-condition
for the press, the proofs revised, &c.; the general correspond-
ence of the office is also in charge of this division. Property
acquired and produced by the Survey in the form of collec-
tions, minerals, fossils, &ec. remains in the custody of the
division by which the material is acquired or produced until
its investigation is completed, when it is transferred to the
National Museum, generally through the petrographic division,
the chemic division, or the paleontologic divisions, the heads
of which are honorary curators of the Museum.

There is thus a combination of functions running through
not only the non-scientific branch of the Survey, but extend-
ing also to the scientific branch, and, in so far as is practicable
without loss of efficiency on the part of the heads of the differ-
ent scientific divisions, it is the policy of the Survey to charge
them with the disbursement of funds in their divisions and
with the custody of the property used, acquired, and produced
therein. This arrangement has been found expedient partly
because it is economical and partly because it tends to promote
harmony and unity throughout the organization by keeping
the different officers of the Survey familiar with the operations
of divisions other than their own.

Thus the operations of the Geological Survey belong to
three branches, in each of which the grade of work is distinct.
The principal branch of work is original research, or work of
pure science, which cannot be antecedently planned except in
general terms and in which the results are seldom susceptible-
of quantitative measurement. There is a collateral branch of
work—that involved in the topographic survey growing out
of the want of maps of the country suitable for geologic pur-
poses—which is partly a work of applied science, but in which
originality and creative ability are involved in large measure.
And there is a third branch of the work of the Survey, com--



REPORT OF THE DIRECTOR. 9

prehending its business operations, depending upon the others.
and modified by their requirements from time to time, which
cccupies the same plane as that of commercial and financial
institutions and administrative departments generally, in which
the work may be antecedently planned and systematically con-
trolled at every stage and in which the results are susceptible
of quantitative measurement in commonly recognized units.

The operations of this subordinate branch of the Survey are
carried onin accordance with a comprehensive plan, to the de-
velopment of which much thought has been given. Itsorgan-
1zation will be described in detail, and for the sake of clearness
its operations will be presented under the systems or depart-
ments to which they logically belong rather than under the
administrative divisions in which for economic reasons they
are grouped.

THE FISCAL SYSTEM.

PRINCIPLES CONTROLLING THE SYSTEM.

There are four fundamerntal considerations involved in the
disbursement of the money appropriated for the Geological
Survey. They are as follows:

(1) Every facility should be afforded to the secientific work
of the Survey, as that is the purpose for which the money is
appropriated; (2) there should be no unnecessary or extrava-
gant expenditures; (3) the public money should be protected
against depredation; and (4) every Government agent should
be required to establish the integrity of his transactions.

It is evident that exclusive attention to the expedition of
the work might lead to extravagance, while a parsimonious
policy might impede the work by depriving it of necessary
facilities. Proper administration demands the exercise of dis-
criminating judgment in each individual case.

Every restrictive regulation to prevent extravagance adds
to the labor of those engaged in research, adds to the amount
of clerical work to be performed, and to some extent obstructs
and delays the performance of scientific work. It is quite
possible so to complicate the fiscal and castodial systems of a
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scientific bureau that carrying them on shall consume a large
- part of its energy and correspondingly diminish its results.

It is, moreover, a familiar fact that regulations for the pre-
vention of dishonest practices, while they are designed to con-
serve the means for the conduct of the proper work of the
Bureau, are in themselves a source of expense. Protection
from depredation costs money.

The relation of the disbursing agent to the Government
differs in an important respect from the relation between a
private business agent and his employer. In the latter case,
the employer is an individual, having a personal interest in
the business transacted and a personal acquaintance with his
agents. In the former case the employer is impersonal and
cannot directly supervise the transactions of the agent. The
disbursing agent is, therefore, essentially a trustee and the
funds in his charge are trust funds; so that it is not without
reason that he is required to submit to a system of restrictive
regulations which in ordinary commercial business might be
regarded as onerous. The private employer presumes the
integrity of his agent until the contrary is proved; the Gov-
ernment requires its agents to establish the integrity of all
their transactions. :

APPROPRIATIONS.

- The funds for carrying on the work of the United States
Geological Survey are appropriated by Congress in three
portions: The first, in the legislative act, for the payment of
stated salaries of the individuals composing the permanent
force of the Survey; the second, in the sundry ecivil act, for
the payment of stated salaries of the permanent scientific
assistants; and the third, also in the sundry civil act, for the
payment of the temporary employees in the field and office
and for the various other necessary expenses of the Survey.
As shown in the financial statement appended hereto, the
appropriations for the past year were under the legislative act
$35,540 and under the sundry civil bill $67,700 for scientific
assistants and $400,000 for other necessary expenses. The.
funds required iu the transaction of the current business of the
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Survey are drawn from the Treasury on requisition of the
Secretary of the Interior and on the books of the Treasury
Department are placed to the credit of the chief disbursing
clerk or one of the disbursing agents. All the disbursing offi-
cers of the Survey are bonded.

METHOD OF ALLOTMENT.

As stated at length in the last repor},, the Survey is organ-
ized into divisions, which are sometimes further divided into
sections and subsections, and each division, section, or sub-
gection is charged with certain work in a certain field.

Before the close of each fiscal year the plan for the ensuing
year is formulated by the Director, after conference with the
heads of the various divisions and sections in the Survey, and
a stated sum is allotted to the chief of each for use in carry-
ing forward the work of which he has charge during the fiscal
year for which the new appropriation is made. The chief of
division or section thus assumes charge of a special subject
of investigation or a certain field of work; he is responsible
to the Director, through the fiscal branch of the Survey, for
confining the cost of the investigation to the sum allotted and
for the propriety and economy of his expenditures; he is
also responsible to the Director for the quality and quantity of
the work performed; and, since all reports or maps made by ,
him are published under his name, the incentive to do all that
can be done with the money allotted is of the highest nature.
In large measure he is an independent investigator engaged
in his ideal work, in the course of which he in part devises his
own plans and develops his own problems, executing his plans
and solving his problems in his own way; but his work is
under the general supervision and control of the Director and
his operations are limited by his allotment and by the business
regulations of the Survey.

It is believed that this method of allotment in the scientific
branch of the Survey is productive of good results. The chiefs
of the scientific divisions are scientific men, selected for their
eminence and ability and for their proficiency in the special
lines of work to which they are severally assigned ; and it is
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not only a reasonable presumption, but it is found by experi-
ence to be true, that investigations are pursued as economically
as possible in order that results of the greatest value may be
secured by the means provided.

The plan for the year’s work thus developed within the Sur-
vey is submitted to the Secretary of the Interior for examina-
tion and approval at the commencement of each fiscal year,

METHODS OF MAKING PURCHASES,

There are three methods of making purchases: (1) Many
articles are obtained through the Interior Department under its
standing contracts, and the amount of the cost of such articles
is transferred from the appropriations of the Geological Survey
to the contingent fund of the Interior Department by certifi-
cate of the Treasurer; (2) articles are purchasedfrom the low-
est bidder under the competitive system; (3) when it is inex-
pedient, by reason of great delay or the cost of transporta-
tion from the general office to the field, to obtain the articles
by these methods, provision is made to purchase articles in
any part of the country at current retail rates under the au-
thority of section 3709 of the Revised Statutes, viz: * When
immediate delivery or performance is required by the public
exigency, the articles or service required may be procured by
open purchase or contract, at the place and in the manner in
which such articles are usually bought and sold or such serv-
ice engaged between individuals” In such case the following

certificate is placed upon the voucher:

No advertisement. Puablie exigency required the 1mmediate delivery of the
articles [or performance of the services]

Purchases are made on requisitions, generally by chiefs of
division, countersigned by the chief clerk, and sometimes form-
ally approved by the Director. Inorder to facilitate the keep-
ing of accounts purchases are made so far as may be desirable in
the city of Washington, and provision has been made for keep-
ing a record thereof in a simple and uniform manner. Com-
monly the order is made upon a blank, on which the article
or property ordered is clearly described and the allotment
against which the price is to be charged also specified. This
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order is made out in duplicate: the original is transmitted to
the dealer and returned with the bill and is finally filed with
the purchase voucher, and the duplicate is preserved by the
property clerk, whose special functions are described in another
paragraph. In certain cases letters are substituted for the or-
ders made out upon the printed forms, but these are press-
copied and the method of procedure remains the same.

VOUCHERS.

Three classes of vouchers are used, namely, salary vouchers,
traveling expense vouchers, and purchase vouchers.

The employees of the Survey fall into three classes: The
first appointed by the Secretary of the Interior, upon the
recommendation of the Director, as scientific specialists; the
second appointed by the Secretary of the Interior, in accord-
ance with the civil service law; and the third, comprising
temporary field assistants, employed by the day or month for
special duty by the Director or other officers of the Survey.

The salary of each employes is paid upon a voucher, which
consists of a bill for the serviee, a certificate that the service
has been rendered, and a receipt for the amnount specified; and
before paymént is made the account is certified by the chief
of division or section and the receipt is signed by the payee.
In certain cases payrolls are substituted for the separate
vouchers, simply for convenience; but the payroll, like the
voucher, consists of bill, certificate, and receipt, and is certified
by the officer in charge. As in other governmental organiza-
tions, the necessary traveling and living expenses of employees
engaged in the performance of field duty are paid upon pre-
sentation of suitable vouchers. In the Geological Survey
actual expenses only are paid; there are no allowances, no ex-
penditures are commuted, and the living expenses of employees
at stations are at their own cost.

The traveling expense voucher in like manner consists of a
bill, a certificate, and a receipt, which must be duly signed
before the amount is paid. Kach traveling expense voucher is
moreover accompanied byean order authorizing the journey.
At the beginning of each fiscal year chiefs of division are
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authorized to undertake and order such journeys as may be
required in the prosecution of the work under their charge,
and stch authority covers their journeys for the year, the
original order or a suitable extract from it accompanying each
voucher. Other officers and employees of the Survey make
journeys only under special orders, which are appended to the
traveling expense voucher, and each voucher is certified by the
officer ordering the journey. The regulations of the Treasury
Department also require that the correctness of the expense
account covered by the voucher shall be certified under oath.
In addition every item of the traveling expense voucher (ex-
cept charges for transportation by rail, steamboat, or stage at
current rates or single meals en route) must be attested by a
subvoucher signed by the person to whom payment was made.

Each purchase voucher likewise consists of bill, certificate,
and receipt. The bill and receipt are signed by the party from
whom the purchase is made, and the certificate, setting forth
that the account is correct and just, that the purchase was
necessary, and that the articles have been received and applied
to the use of the Survey,is signed by the officer in charge.
Each purchase voucher bears in addition the certificate of a
duly authorized custodian that the property purchased has
been transferred to his custody.

Vouchers properly signed and certified are paid upon pres-
entation to the disbursing officer for the division. They are
then audited in the office of the chief dishursing clerk and
finally examined, approved, and certified by the Director, after
which they are transmitted through the Secretary of the Inte-
rior to the Treasury Department for final settlement. It is
the plan of the Director to have the accounts of the disburs-
ing officer substantially audited in his own office, where all
the circumstances affecting their integrity and propriety are
known, and to have every expenditure so fully explained on
the voucher or accompanying papers that the accounting offi-
cers of the Treasury may have all necessary pertinent facts
submitted to them. Thus far in the history of the Survey
every voucher which has been accapted by the chief disburs-
ing clerk and approved by the Director has been found satis-

1
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.factory to the Comptroller of the Treasury and has been
allowed in full.

All vouchers are made in duplicate. The original set is
forwarded by the chief disbursing clerk, through the Secre-
tary of the Interior, to the Auditor of the Treasury, and is used
in making settlements, and the duplicate set is retained by the
officer making the disbursement,

It will be observed that the voucher system appears some-
what cumbrous, particularly in the case of vouchers for trav-
eling expenses; but the plan upon which they are framed is
simple and some detail is unavoidable in carrying out the
principles (1) that the documentary authority and responsi-
bility for every transaction shall coincide with the actual
authority and responsibility, and (2) that every agent of the
Grovernment shall be required to establish the integrity of his
transactions. '

Administrative authority is necessarily delegated to sub-
ordinates in many cases; but in such cases it is not the method
of the Survey to permit the documentary authority to remain
by conventional fiction with the chief. Accordingly, no per-
son is required to certify to the correctness of a voucher unless
the expenditure was made under his immediate supervision
or he has every means of knowing the facts concerning it.
In the practice of the Survey the chief of a division or party
authorizes a journey by a subordinate; the “subordinate per-
forms the journey, taking receipts from outside parties for all
expenditures except those concerning which the superior ofticer
is informed or may readily inform himself (regular fares, meal
rates, &c.), thereby establishing the integrity of each transaction
by collateral evidence; and, being perfectly familiar with the
circumstances of the entire journey, he makes oath to the cor-
rectness of his account so far as the details of the voucher are
concerned. The chief of division or party who authorized the
journey is then only required to satisfy himself and to certify
that the routes of travel coincide with the instructions, that
the time occupied was not excessive, that the rates charged
are current, and in a general way that the account is correct
and just; but, since he is responsible for the journey, he is re-
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quired to certify that it was necessary. The proper disbursing
officer, after finding that all regulations have been complied
with, indorses and pays the account, thus assuming responsi-
 bility for its technical aceuracy; and finally the Director scru-
tinizes the voucher, and, if his judgment confirms that of the
disbursing officer as to its accuracy and that of the chief of the
division or party as to its necessity, certifies it, thus assuming
general responsibility to the Federal Treasury for the entire
transaction. But the actual responsibility at every stage is
fixed by documentary evidence: the Director is protected by
the indorsements of the disbursing officer and chief of division,
one of whom is bonded and the other as effectively bound by
his scientific reputation and desire to accomplish maximum
results with the money at his disposal, as already set forth;
the disbursing officer is protected by the various persons
whose signatures are affixed to the document; the chief of
division is protected in turn by the certificate and oath of the
subordinate; and the subordinate is protected by the parties
with whom his business was transacted and whose signatures
are affixed to the subvouchers.

TRANSPORTATION OVER BONDED RAILROADS,

The special laws and departmental regulations relating to
transportation of Grovernment agents and property over rail-
roads which have received subsidies and land grants are com-
plex and are modified from time to time as the status of each
subsidy or grant changes. Accordingly, provision has been
made for securing transportation for members of the Survey
force over bonded railroads by means of transportation re-
quests issued by the Department of the Interior. These re-
quests are accepted by railroad companies in lieu of cash and
are transmitted by railroad agents through the Secretary of
the Interior to the chief disbursing clerk, by whom they are
recorded and approved and finally transmitted to the United
States Treasury for settlement. Moreover, it is sometimes de-
sirable to reduce to a minimum the sums advanced by assist-
ants for necessary traveling expenses, for which they niay not
be reimbursed for weeks or even months, and provision has
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accordingly been made for securing transportation upon sim-
ilar requests directed to railroads that are not bonded. Such
requests are transmitted through the Interior Department to
the central office of the Survey, where they are settled.

Transportation requests are made upon forms signed in
blank by the Secretary of the Interior and countersigned by the
Director. They are numbered in a continuous series and are
charged against the officers to whom they are issued in a book
kept for that purpose by the chief dishursing clerk. When such
a request is used a certificate that transportation has been fur-
nished upon it is filled out by the person receiving the trans-
portation, and at the same time a coupon certificate of like
tenor is mailed to the Secretary of the Interior and finally
transmitted to the central office of the Survey, where it is re-
corded and filed. In addition, the employee receiving trans-
portation on such requests is required to communicate the fact
of such transportation and the value thereof to the disbursing
officer for the division, by whom all such transactions are
reported in the account with the allotment for the division.

Provision is also made for the transportation of property
under the system established by the Quartermaster General
of the Army. When an officer of the Survey desires to trans-
port bulky property he either turns it over to a quartermaster,
after properly addressing the parcels, and requests him to
forward it, or, if there is no quartermaster at the point of ship-
ment, he writes to the one nearest that point, describes the
shipment, and requests him to send duplicate bills of lading,
on the receipt of which the freight is shipped, and the bills of
lading, after signature by the agent of the railway, are returned
to the quartermaster. The accounts for the transportation of
property are transmitted by quartermasters to the War Depart-
ment and thence to the chief disbursing clerk of the Survey,
by whom they are approved and recorded, when they are finally
transmitted to the Treasury for settlement.

DISBURSING OFFICERS AND THEIR SPECIFIC DUTIES,

The fiscal operations of the Survey are in charge of a chief

disbursing clerk; but it has also been found expedient to ap-
S GEOL——2
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point a number of disbursing agents for field duty. Inaddition
to the Director and chief clerk there are at present ten disbursing
agents in the Survey: three of these are employed exclusively
in the work pertaining to the fiscal branch of the Survey; four
are geologists, two are topographers, and one is a geographer,
who merely add the labor of disbursing to their other duties.
The chief disbursing clerk and the disbursing agents have
independent accounts with the Treasury; but all requisitions
for funds and all quarterly statements accompanied by vouchers
pass through the office of the chief disbursing clerk, who keeps
an account with the annual appropriations and with each
disbursing agent. The following books are used in keeping
a record of the office transactions and indicate the character
of the business in the office of the chief disbursing clerk and
the methods of recording it, viz: (1) A book of letters sent and
received, comprising all correspondence relating to the fiscal
operations of the Survey; (2) a ledger, in which are kept the
accounts with the annual appropriations and with the disburs-
ing agents; (3) a book of requisitions for advances of money
from the Treasury; (4) an allotment book, containing an ac-
count with each chief of division, in which he is debited with
the amount allotted to him and credited with his expenditures;
(5) a record of vouchers paid, into which are copied in detail
all vouchers paid by the disbursing agents, and which accord-
ingly contains a complete record of each financial transaction of
the Survey; (6) arecord of bonded railroad accounts, in which
ave kept the accounts rendercd by railroads for transportation
of persons and property in accordance with section 5260 of
the Revised Statutes; (7) a record of transportation requests
issued, in which are recorded the requisitions for transportation
of persons and property traveling on public duty over bonded
railroads in accordance with the statute last mentioned; (8) a
classification of expenditures, in which the various expenditures
of the Survey are arranged in schedules; (9) a balance book,
in which are kept the quarterly accounts of disbursing officers
of the Survey ; and (10) a series of books of property received
and shipped, containing a record of all collections, specimens,
instruments, and other property received and transmitted.
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The chief disbursing clerk and the disbursing agents report
to the Director weekly their total disbursements, the balance
of funds in their personal possession, and the balance in United
States depositories. These officers also render quarterly ac-
counts to the Treasury, accompanied by the vouchers paid
during the quarter, and a, ledger, or abstract, containing a de-
tailed statement of all payments made on the vouchers.

The chief disbursing clerk of the Survey is Mr. John D,
McChesney. IIe has an office in the building occupied by the
Survey and employs eight assistants. The disbursing agents,
the divisions or sections for which they disburse, and their
headquarters are given in the accompaunying table:

Disbursing agents of the Survey.

Name Position. D;éi];;ﬁ‘or Headquarters.
Powell, J W .._.... Director........--.. Geueral ..._... Waslington, D.C
Pilling, James C....{ Chief clerle....._... General ..._... Washington, D. C.
Chnistie, P.H ...... Topographer .... ... Appalachian | Not fixed.

section of to-
pography
Davis, C.D ........ Assistant geologist .y ........... ... Washington, D. C.
Gilbert, G. K ...... Geologgt...o.uu ... Appalachian | Washington, D. C.
division of
geology.
Hague, Amold ..... Geologst........... Yellowstone | Mammoth Hot Springs,
Park division. Wyeo.
Hawlang, R. R ..... Geologist-..........| California 4i |} San Francisco, Cal
vision of geol-
ogy.
Karl, Anton ........ Topographer ....... Northeastern | Washwagton, D. C.
section.
Keir, Mark B ......| Disbursing agent ...l Westein divis- | Not fixed.
10D
Renshawe, John H..| Geographer...._.... Centralsection | Not fixed.
of topography
Rogers, Alfred M .. ..| Disbnrsing agent .. .| Rocky Mount- [ Deuver, Colo.
aint division. b
Taylor, A. O'D ,jr..{ Special disburaing { Diviston Ar- | Newport, R. L.
agent, _ chean geology.

The fiscal system of the Survey was described at consider-
able length in the testimony of the Director before the joint
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commission to inquire into the organization of certain scientific
bureaus of the Government, published in 1886. All the blank
forms used in it are there given.

THE CUSTODIAL SYSTEM.

PRINCIPLES OF THE SYSTEM.

The fundamental principles out of which the custodial sys-
tem of the Survey has grown are related to those underlying
the fiscal system. They are as follows: (1) Means should be
adopted to prevent extravagance and reckless use of the prop-
erty of the Survey; (2) every agent of the Survey should be
required to account for all property in his custody; and (3)
responsibility should not be merely documentary, but actual.

As already set forth, the chiefs of scientific divisions have
every incentive to secure economical administration of the
business affairs of their divisions; they are responsible for the
property under their control and their subordinates are re-
sponsible to them. But, in order to fix definitely the respon-
sibility for every article in the possession of the Survey,
there is a class of agents, made up mainly of chiefs of division
and their scientific assistants, who are designated ‘‘custodians
of property” and who are charged with the custody of and
are held responsible for all property owned by the Survey;
and this class of agents is made so large that each individual
may have personal knowledge of every article with which he
s charged. In order to avoid dual responsibility on the part of
the same individual in different roles, the two classes of busi-
ness officers—disbursing agents and custodians of property —
are made up so far as practicable of different individuals.

METHODS EMPLCOYED.

All property acquired by the Survey is placed in the hands
of the custodians of property, who are held responsible therefor.
The custodians incur responsibility through the certificates on
the purchase vouchers, as already noted, and there is a system
of records by which the responsibility is constantly fixed and
by which accounts relating to all property in the possession of
the Survey are kept in convenient form.
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Property is classed as expendible and non-expendible. The
first class comprises articles which are consumed (food and
forage), quickly worn out in service (certain tools), or per-
ishable (certain laboratory apparatus). The second class
comprises articles which, with ordinary care, last for consider-
able periods. The various articles required in the prosecution
of the work of the Survey have been classified under these
two heads in the printed Regulations issued in 1882. The
two classes are treated alike in the records, save in their ulti-
mate disposition.

Both classes of Survey property are sometimes transferred
from district to district and from one custodian to another.
This is done by means of invoices and receipts, in which the
property is so described that every article may be readily iden-
tified and which are numbered in definite series; and record
of the transactions is entered in the returns of the custodians,
and these returns are compared and verified quarterly by the
property clerk, who has general oversight of custodial matters.
When non-expendible property is transferred by an employee
of the Survey who is not a custodian, a receipt therefor is taken
and such employee becomes responsible to the custodian for
the property.

As property is consumed, worn out, lost, or otherwise ren-
dered unserviceable, it becomes necessary to make a record of
the fact, and it is to facilitate this that the classification of prop-
erty has been devised. When expendible property has been
consumed or destroyed, the custodian to whom it is charged
is authorized to drop it from his record, either with the simple
statement that it has been expended or, if the expenditure is
in any way unusual, with an explanation as to the manner in
which it has been expended. But when non-expendible prop-
erty is worn out or otherwise rendered nnserviceable, the cus-
todian reports the fact to the Director and requests to be re-
lieved of responsibility ; and the Director, after having satisfied
himself of its propriety by personal inspection-or by other means,
grants the desired reliefin writing. It sometimes happens that
property (for example, animals and vehicles) becomes unsuit-
able for the purposes of the Survey and yet retains some value,
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and statutory provision has been made for the condemnation
and sale by auction of such property. It sometimes happens,
too, that non-expendible property used in the field is lost or de-
stroyed through accident, and provision is made for relieving
the custodian of responsibility in such cases; but itis required
that affidavit be made detailing the circumstances attending the
loss or destrnction of the property. Where non-expendible
property is disposed of by any of these methods an explana-
tory statement is entered in the record of the custodian and
transmitted by him to the property clerk, when the custodian’s
responsibility ceases.

CAMP EQUIPAGE AND RATIONS.

An important part of the work of the Survey is carried on
in 1'egi6ns in which it is either inexpedient or impossible to
find suitable lodgings and subsistence in hotels. Accordingly,
provision is made for the purchase and use of camp equipage
and rations ; but the regulations governing the purchase of such
property differ in principle from those relating to the acquisi-
tion of property used for other purposes. There are valid rea-
sons for the distinction.

As already set forth, economy in the administration of the
business affairs of the scientific divisions of the Survey is
secured by the method of allotment, under which chiefs of
division have the highest incentives to reduce expenses. Such
officers are accordingly given large discretion in the purchase
of the property required in their divisions. But camp life
may be made either simple or very expensive; long experience
is required to secure a frugal and successful management of a
camp, and it cannot be assumed that the heads of all scientific
parties and divisions have had such experience. In order,
therefore, that the inexperienced may profit by the knowl-
edge of others, lists of articles and rations required in camp
life have been prepared with great care, and such lists, having
been approved by the Secretary of the Interior, are promul-
gated for the guidance and use of camp parties. These lists
comprise (1) a schedule of field supplies, including 46 articles;
(2) a schedule of field material, including 35 articles; and (8)
a ration list, including 29 articles.
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Thus the chiefs of divisions and parties living in camp are
subjected to certain special regulations relating to the acqui-
sition of property required by their mode of life which do not
apply under other circumstances; and by these regulations
they are in a measure relieved of responsibility in making
purchases, the Director assuming a limited responsibility in
that the decision as to articles and amounts for the ration is
made by him. But after such property is acquired it is held
and accounted for in accordance with the principles and regu-
lations of the custodial system. _

An account of property is rendered quarterly by each cus-
todian and is recorded in the office of the property clerk, and
copies of all receipts and invoices for transferred property
relating thereto are filed with it. In this account every article
the acquisition of which is shown by a purchase voucher is
entered upon the return of some custodian, and the entry is
perpetuated from quarter to quarter until the article is finally
disposed of. 'Thus the records of the property clerk tally with
the records of the disbursing clerk. Every purchase is repre-
sented in the records of the latter by a purchase voucher and
every article purchased is represented in the records of some
custodian of property, whose signature appears in the voucher,
and also of the property clerk, until some final disposition has
been made of it. It will be seen that the custodian incurs respon-
sibility either through the certificates upon puvchase vouchers
or through his receipts for property transferred to him, and
that he is relieved of responsibility (1) by invoice of property
transferred to and receipted for by other custodians, (2) by
expenditure, (3) by written authority of the Director in the
case of property abandoned, (4) by condemnation and sale of
property at auction, or (5) by affidavit to the accidental loss of
property. Complete documentary evidence is thus preserved
of the custody and disposition of every article purchased by
the Survey.

CUSTODIANS OF PROPERTY.

¢

It has not been found expedient to assign employees of the
Survey to exclusive duty as custodians of property.
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The property clerk, who has general charge of the property
in the possession of the Survey,is Mr.J. E. Allen; his work
is performed under the supervision of the chief disbursing clerk.
The other custodians of property, their official positions, the
divisions and sections in which they are employed, and their
headquarters are shown in the accompanying list:

Name Position. Division or section. Headquarters.
Bodfish, S. H..__... Topographer ..| Northeastern section of | Not fixed,
topography.
Chnstie, P. H._._... Topographer ..{ Appalachian section of | Not fixed.
topoglaphy
Gilbert, G. K ... .... Geologist...__. Appalachhan division | Washington, D. C.
of geology.
Hague, Arnold ...... Geologist ..... Yellowstone Park di- | Mammoth Hot
vision. Springs, Wyo
Hawkms, R. R ...... Geologist...._. California division ....| San Francisco, Cal
Irving, R D......... Geologisb..._.. Lake Superior division.| Madison, Wis
Karl, Anton ........ Topographer ..| Northeastern section of | Washington, D C.
topography.
Kerr, M. B...... .... Disbursing | Western section of to- | Not fixed.
agent. pography.
Maher, J. A . ........ Topographber _.| Division of geography | Washington, D C.
general ).
Peale, A C.......... Geologist...... Montana division...... Bozeman, Mont
Renshawe, J. H .....| Geographer. ..| Central section of to- | Not fixed.

Rogers, AA. M ........

Taylor, A O’'D,jr...

Thompson, A, H. ...

Disbursing
agent.

Speeial disburs-
Ing agent.

Geographer . .

pography.
Roeky Mountain divis-
10D.
Archean division

Western section of to-
pography.

Denver, Colo
Newport, R 1.

Not fixed.

I't should be noted that the principles set forth and the meth-
ods described in the preceding paragraphs are applied with
little modification to the property of more special character ac-
quired or produced by the Survey in the departments of docu-
ments, library, museum, illustrations, stationery, &c., and the
officers in charge of the divisions under which the work of
these departments is performed are virtually custodians of
the property under their charge.
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The custodial system of the Survey was described at some
length and the forms used were reproduced in the volume of
testimony already mentioned.

THE MUSEUM SYSTEM.

PRODUCTION OF MUSEUM PROPERTY.

Although the building up of a museum is not a function of
the Geological Survey, yet considerable collections of rocks,
minerals, ores, fossils, &c. are made for purposes of necessary
study in the prosecution of the work of the different divisions.
Such materials are ultimately transferred to the United States
National Museum, in accordance with the law providing that
all collections made for the Government of the United States,
when no longer needed for investigations in progress, shall be
deposited there.

It should be observed that the collections made by institu-
tions or individuals engaged in investigating the natural re-
sources of a country are of unequal value. There are certain
collections, embracing rare and beautiful minerals, the ores
of the precious metals, &ec., which possess intrinsic value and
are readily marketable; and there are certain other mate-
rials, embracing well preserved fossils, typical rocks, ores, min-
erals, &c, for which there is a demand for educational and
museum purposes. In recent years museums, both inde-
pendent and connected with educational and scientific insti-
tutions, have greatly multiplied; there is a constant demand
for museum material, and a trade in such material has sprung
up. Thus there is a eclass of museum material which has
" money value, and it is desirable that a definite system of
preserving and accounting for such property shall be followed.
But there is another class of material collected by the in-
vestigator, comprising rocks, soils, some ores and minerals,
and common or 11l preserved fossils, destitute of money value,
worthless in a museum, and useful only in elaborating the field
notes of the geologist or paleontologist. It would be mani-
festly unwise to preserve such material in the National Museum,
and it is accordingly destroyed. Since the collector is best
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able to judge of the value of his own collection and will be
very unlikely to underestimate it, provision is made for allow-
ing each investigator to select from the material collected in
the progress of his work that which shall be submitted for pel—
manent preservatlon

ACQUISITION, CUSTODY, AND TRANSFER OF COLLECTIONS.

The employees of the Survey are provided with printed
label blanks, which are filled out and attached to specimens as
collected in the field, and a field number is given to each
specimen upon the label and in the note book of the collector.

Sometimes specimens are collected by persons not con-
nected with the Survey and are transmitted either as gifts or
with requests for identification or for more extended informa-
tion. When it is believed that the public interest will be
subserved thereby all such inquiries are answered as fully as
seems to be desirable. If it is requested, the specimens are
returned; but, if no such request is made, they are either de-
stroyed or, if of sufficient value, labeled by the collaborator
by whom they are examined, thus becoming Survey prop-
erty and subject to the recrulatlons controlling the collec-
tions made by its employees.

The material collected by the specialists employed upon
the Survey is of exceedingly various value and character; the
specific purposes for which it is employed are also various; and
it is therefore inexpedient to prescribe regulations for the use
and disposition of the material so long as it remains in the
hands of the collector. - Frequently there is no record of the
material brought together by the collector, except in his own
note books, lists, and catalogues, and he is not charged with it
upon any of the general records of the Survey. If, however,
the material in the possession of an employee has been ac-
quired by gift through the Director or has been transferred to
him by another officer of the Survey for examination, a record
of his acquisition of the property is contdined in the corre-
spondence files of the Survey and he is held accountable for it
Moreover, when collections are shipped at the expense of the
Government, they become subjects of record and their custo-
dians are accountable for them in a general way.
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There are three ways in which collectors dispose of their
acquisitions: First, if the material is worthless except for im-
mediate study, it is preserved as long as may be required for
that purpose and is then destroyed. In this case there is no
account of the production and disposition of the material, ex-
cept in the records of the collector and in the transportation
records if it has been shipped as public property. Second, if
the material is of value for museum purposes, if it promises to
be useful in subsequent researches, or if for any other reason
it is deemed wise to preserve it in the National Museum, it is
transferred to that institution by one of the two methods de-
seribed in a subsequent paragraph, and there is a record of
such transfer both in the Geological Survey and in the Na-
tional Museum. Third, if the maker of the collection is for
any reason unable to investigate the material in the desired
manuer, it is transferred through the Director to some special-
ist, generally within but sometimes without the Survey, for
the requisite examination, and the material thus becomes a
subject of general record in the Survey. The person to whom
the material is transferred, either from collectors or from out-
side parties, disposes of it after investigation in one of these
Ways.

There are two modes of transferring to the National Museum
material collected in thie progress of the work of the Survey:
(1) Certain of the collaborators of the Survey are honorary
curators of the National Musewn and have charge in the Mu-
seum of the collections pertaining to subjects which they are
studying as members of the Survey. When a collaborator has
completed his investigation of a specimen or collection and
has prepared, identified, and suitably labeled it, he formally
transfers it to the National Museum through the accessions
clerk of that institution and receives from him a museum
number which is inseribed upon the label or labels. The mate-
rial then becomes the property of the Museum and is arranged
upon the shelves or in the drawers provided for the purpose.
To facilitate such transfer, some of these collaborators keep in
their offices parts of the catalogue of the Museum, upon which
there is a duplicate record of the transfer. The principal rec-



28 REPORT OF THE DIRECTOR.

ord of transfer is, however, that of the accessions clerk of the
National Museum. (2) When a collaborator of the Survey
who is not a curator of the National Museum desires to trans-
fer specimens or collections to that institution, they are pre-
pared, labeled, and packed, a suitable list or catalogue is added,
and the whole is transferred to the Museum by means of a
formal letter addressed to the Director and by him referred to
the officers of the Museum.  Material so transferred is unpacked,
entered in the catalogue, numbered in the series, and arranged
for preservation or exhibition in the Museum in accordance
with the plans of that institution; and the principal record
of the transfer, in which all such collections are credited to
the Geological Survey, is kept by the accessions clerk of the
Museum.

The following officers of the Survey are honorary curators
of the National Museum :

Name. Funetion. Division, Museum department.

1

W, . Dall...... | Paleontologist.| Cenozoic division of | IX. Mollusks.
invertebrate paleon- :

tology.

C.D. Waulcot:t;...i Paleoutologist.| Paleozoic divisiou of | XII. A. Invertebrates.

invertebrate paleon-

! tology.
C. A. White . ....| Paleoutologist.| Mesozoic division of | XII. B. Invertebrate
invertebrate paleon- fossils.
. tology.
. . XIII. A. Fossil plants.
L. F. Ward - .... Paleontologist.( Fossil plauts......... i XITL B. Recent plants.
F. W. Clarke....| Chemist....... Chemistry and physics, | XIV. Minerals,

The work of the Survey is greatly facilitated by the co-
operation existing between it and the National Museum.

THE ILLUSTRATION SYSTEM,
USES OF ILLUSTRATIONS.

With the increase of human knowledge t.heré has been a con-
‘stant growth of literature, until its volume has become enor-
mous.
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There is a distinction between what is known as pure litera-
ture and the literature of science. Pure literature deals with cer-
tain human emotions, passions, and qualities that are constant
in character, but not reducible to terms of exact knowledge.
The subjects of pure literature may therefore be treated with
limited antecedent knowledge on the part of the author as to
the manner in which the same and related subjects are treated by
other authors. The classics of pure literature may be as old
as the language, even as old as written history. But in scien-
tific literature, which deals with subjects of exact knowledge,
the writings of each period represent the existing sum of human
knowledge concerning each of the subjects treated, and, com-
bined, define the intellectual plane of the period and form the
. basis for further progress. In science each investigator com-
mences where his predecessor left off, and the growth of scien-
tific knowledge is thus a process of evolution commencing at
fixed points, each determined by antecedent knowledge. So
the clagsics in science are always modern and the standard
scientific treatises of past decades and generations have little
more than historic value. '

The original investigator is therefore compelled to read a
voluminous current literature in order to keep abreast of ad-
vanced scientific thought. Keeping pace with the literature of
his subject is indeed one of the most arduous duties of the
scientific student. It is from this cause more than any other
that the modern specialization of scientific work has become nec-
essary. Moreover, the great cost of the publications whichitis
necessary for the investicator to consult is an additional burden
upon the scientific man and upon scientific institutions. Every
device for diminishing the volume of scientific literature with-
out reducing the sum of knowledge contained therein is there-
fore a boon to the student, and in the Geological Survey much
thought has been given to plans for securing this end.

One of the most satisfactory methods for diminishing the
volume of scientific treatises on general or special subjects is
that of substituting graphic representation for verbal statement.
A map cccupying a page not only embodies information which
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it would require a score of pages of text to convey verbally,
but presents the information in a more complete and intelligible
form; and a landscape sketch, in which the elements of the
landscape are of geologic significance and which may be printed
on a single page, may tell eloquently what could be told but
imperfectly in an entire chapter. So thereis great economy to
the reader in the use of graphic illustrations wherever practi-
cable, and within certain limits there is economy to the pub-
lisher in substituting graphic representation for verbal state-
ment. , » ,
The graphic representation of phenomena has another im-
portant advantage, which is not often realized. In'certain in-
vestigations, involving study of the relations of parts, graphic
- representation is essential to the comprehension of relation.
In regions of tcomplex geologic structure, for example, the
student may be unable to perceive the relations between dif-
ferent outcrops of similar deposits, and may be unable to
determine whether all represent a single stratum of irregular
form or a number of distinct strata until the observations are
projected upon paper in both horizontal and vertical planes.
So the graphic method becomes an instrument of research as
well as a means of representing the results of research.

- The uses of photography have muliiplied with the develop-
ment of the art until they have become innumerable. Pho-
tography is employed in the Geological Survey in many
ways. It is employed for the reproduction of landscapes, for
the use of both the geologist and the topegrapher, and for re-
producing exposures of rocks for the geologist. The unique
and instructive scenery of the mountains and plateaus of the
West, the historic hills and valleys of the Appalachian region,
and the peculiar features of the Mississippi Valley plains are all
successfully reproduced by means of photography. The com-
plex and puzzling features of the glacial drift, the structure of
granites, limestones, ore beds, &c., and the relations of the
members in sections of displaced and convoluted beds in
mountain regions are all satisfactorily represented by the same
process. '
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Photography is also used largely in the preparation of draw-.
ings of fossil plants, animals, &c., by a method which has been
devised within the Survey. The object is photographed upon
specially prepared paper; upon the photograph a drawing is
made in indelible ink, by an artist who has the object before
him, in such way as to represent the characteristics of the
object in a more satisfactory manner than can be done by pho-
tography alone; and the photographic impression is then
bleached out, leaving a drawing in ink which can be readily
and cheaply 1eproduced

Photography is also largely used in the Sur vey for the 1ep1 0-
duction of maps. Certain maps required for extended use are
rare and a single copy only is obtainable. Thisis cheaply
multiplied by photography. The scales of maps required for
use in the field or as copy for the lithographer in the prepara-
tion of illustrations for reports are sometimes unsuitable; by
photography these maps are quickly reproduced upon the de-
sired scale at small cost. The maps drawn in the geographic
depa,rtm'ent and certain other drawings prepared in the office
of the Survey are elaborate and finely executed, and their
loss or injury would be serious; and such maps or dnwmas
are generally duplicated by photography.

Classified by the general purposes for which they are used,
the illustrations produced by the Survey belong to two cate-
gories. The first embraces illustrations needed in the prose-
cution of Survey work, e. g., field sketches and photographs
used in the preparation of topographic maps or in the prose-
cution of geologic studies, bleachable photographs of fossils
and crystals, photographs of maps for working purposes, &ec.
The second category includes illustrations to be engraved for
reports on special snbjects published by the Survey. Photo-
graphs and sketches are not published independently nor dis-
tributed as publications of the Survey ; -but in some cases such
llustrations are exchanged with correspondents of the Survey,
just @s minerals, fossils, &c. are sometimes exchanged, and pro-
vision is made for keeping a record of such. exchanges under
the document system.
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PRODUCTION, CUSTODY, AND DISPOSITION OF ILLUSTRATIONS.

The illustrations produced by the Survey fall into five classes,
namely: (1) maps, (2) field sketches, (3) field photographs,
(4) photographs made in the office from objects collected in
the field or otherwise acquired, and (5) finished drawings.

(1) The maps prepared by the Survey comprise the atlas
sheets, which have been described in detail in previous reports,
and such special maps as are required from time to time for
the illustration of reports. The atlas sheets result from the
operations of the geographic division. In.general each topog-
rapher is charged with the survey of a stated area during each
field season and with the construction of a map covering that
area during the succeeding office season. The topographers
are thus their own draftsmen; but it is sometimes expedient to
assist the topographer in this part of his work, and for this reason
a section of drafting has been established in the geographic
division. In addition to such work as may be required upon
the atlas sheets, the drawing of the special maps required for
the reports is performed in this section.

The manuscript atlas sheets are trahsmitted from the geo-
graphic division, through the Director, to the Public Printer
for engraving under contract, the proofs are returned through
~ the same channel and are revised in the geographic division,
and the copies of the printed sheets required for the current
use of the Survey are purchased and placed in chalge of the
division of geogr aphy

The assignment of a topographer for the survey of an area
is a matter of record. By means of the custodial and station-
ery systems, account is kept of all material that passes into
his hands, and when the manuscript map which represents
the outcome of his work is completed his account may be bal-
anced and the exact cost of the survey and drawing computed.
The finished map is transferred to the chief geographer and
becomes a definite unit of property, of which strict account is
kept at every stage, as drawing, proofs, and, finally, printed
maps and engraved plates. Moreover, each map bears the
name of the topographer who made the survey and executed
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or directed the drawing. Thus the responsibility for the work
as well as for the materials is definitely and permanently fixed:

(2) Field sketches are made by the geologists and topogra-
phers of the Survey in the progress of their work. Like the
collections, they fall into two classes, the first of which is of
only temporary and the second of permanent use; and, as in
the case of collections again, the disposition of field sketches
is determined by their producer. The field sketches of the
topographers are used in the construction of the maps, but no
further use is made of them and they do not become subjects
of record except in the note books of the topographers. A
large portion of the sketches made by the geologist in the field
are only of service in correlating observations and forming
conceptions concerning the relation of the rock masses and
other geologic phenomena investigated; and no account is
kept of such illustrations except in note books. But a portion
of the sketches made by the geologist in the field, as well as
most of the drawings made by him in the office, are useful in
illustrating the report upon his work; and all such sketches
are so elaborated as to serve as copy for the engraver or
lithographer, either by the geologist himself or by artists
employed for that purpose in the illustration division of the
Survey. Such sketches become matters of record when they
are transferred to the illustration division for reconstruction
or to the editorial division for transmission to the Public
Printer for reproduction.

(3) Field photographs are generally taken either by the
aeologists or topographers themselves or by photographers in
the regular employ of the Survey; but in certain special cases
local pliotographers are employed in the field. Most of the
geologic divisions of the Survey are provided with cameras, and
a number of the geologists have become skilled in their use
and make their own negatives. This is advantageous when
the field of work is remote and but a limited number of neg-
atives is required; but, when the field is readily accessible
and the number of negatives required is large, it is more
economical to have the work done by skilled photographers
employed regularly for the purpose.

8 GEOL—3
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"The photographs taken by the Survey become public prop-
erty, and record is kept both of the negatives and of the prints
made therefrom. When photographs are made by local pho-
tographers under special contract, however, the negatives may
or may not become the property of the Government, accord-
ing to the terms of the contract; but record is made of the
prints as soon as they reach the illustration or editorial division.
A large proportion of the photographs taken by the geologists in
the field and nearly all of those taken by the topographers are
only of temporary use, and after they have served their pur-
pose the negatives are destroyed. A smaller proportion are
of permanent value and are ultimately either worked up into
finished drawings or reproduced directly by wood engraving
or otherwise for the illustration of reports, the negatives being
preserved as long as necessary.

(4) The chief purposes of the photographs made in the office
have already been indicated. They are made upon requisition
countersigned by the chief clerk or upon specific authorization
of the Director, and when delivered the receipt of the photo-
graphs is acknowledged upon the requisition blank by the per-
son for whom they were made. There is thus a definite system
of regulating and controlling this class of work in the photo-
graphic laboratory. The negatives are preserved whenever
necessary.

(5) There is a small corps of artists employed in the prep-
aration of finished drawings designed for the illustration of re-
ports. These drawings represent landscapes, rock exposures,
geologic sections, various kinds of diagrams, erystalline and
other mineral forms, microscopic slides, fossil remains of ani-
mals and plants, &e. They are constructed from field sketches
and photographs, from data furnished by the authors of reports,
or from the objects themselves. Their production is specific-
ally authorized by the Director, either orally, when they are
prepared in advance of the completion of the reports for publi-
cation, or through the editorial division, when the reports which
they are designed to illustrate have been accepted for publi-
cation., A record of the finished drawings produced is kept
in the division of illustrations. ‘
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The proofs of illustrations are revised, and the original draw-
ings and duplicate proofs are preserved and recorded, in the
illustration division.

The most delicate and important duty connected with the
preparation of finished drawings for the illustration of reports
is the selection of methods of reproduction; for, while in cer-
tain cases the most advantageous method may be evident,
there are other cases in which different methods might be em-
ployed and in which the question of cost becomes an 1mpor-
tant elementin the selection Certain general principles, which
have been set forth in previous reports, govern the selection
in some cases: e. g., lithography is never employed when it
can be avoided, partly because lithographs are expensive both
in reproduction and in printing, and partly because it is not
practicable to preserve them and duplicate the illustrations in
different arrangements when occasion requires; and wood en-
gravings and modern photo-process engravings, which are not
open to these objections, are used as far as possible. DBut there
are many cases in which lithography would produce the best
results, wood engraving somewhat inferior results, and photo-
process engraving still less satisfactory results; and the ques-
tion to be decided therefore involves the careful weighing of
the antagonistic considerations of excellence and cheapness.
The question is further complicated by the manner in which the
contracts for reproduction are ordinarily made, the contracts
for lithography commonly including printing, while those for
wood processes do not; and, since it frequently happens that
photographs or other subjects which might be reproduced
directly on stone or wood must be redrawn in order that they
may be reproduced by the photo processes, the cost of drawing
may have to be considered also.

Every effort is made to reduce the cost of illustrations for
reports of the Survey to as low a figure as is consistent with a
high standard of excellence, and it is accordingly necessary to
exercise judgment as to the best methods of reproduction of
illustrations in connection with nearly every publication issued
by the Survey. It is believed that these efforts have been emi-
nently successful, since the illustrations of the publications of
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the Geological Survey compare favorably with those of other
scientific institutions, both at home and abroad, while the cost
of reproduction of such illustrations has been reduced fully 60
per cent. since the Survey was established.

‘The division of illustrations is in charge of Mr. W. H. Holmes,
who employs a number of assistants upon finished drawings
and the proof-reading of engravings; and the photographic
laboratory belonging to the division is in charge of Mr. J. K.
Hillers, who has four skilled assistants. This force does not
include that employed in the section of topographic drawing
in the division of geography.

THE EDITORIAL SYSTEM.

FUNCTIONS OF THE EDYTORIAL DIVISION.

As provided in the organic law of the Survey its publications
consist of four classes, namely: (1) Annual reports, (2) mono-
graphs, (3) bulletins, and (4) statistical papers. These publi-
cations reach a considerable volume annually. During the
fiscal year covered by this report there have been published
two bound volumes in octavo, three in quarto, and thirteen
unbound bulletins, aggregating 4,253 pages of text illustrated
by 350 plates and 327 figures.

The labor inyolved in supervising so large an amount of
publication as that indicated, comprising the suitable prepa-
ration of manuscript for the press and the careful and repeated
proof-reading demanded by the highly technical character of
the work, has necessitated the development of an editorial
system.

The principal considerations borne in mind in the devel-
opment of this system are the following: (1) Individuals
engaged in researches involved in or collateral to the extension
of the geologic survey of the United States over the national
domain should have facilities for publication of the results of
their work equal to those afforded by the publishing houses or
public institutions of this or other countries; (2) no matter
should be published unless it be of sufficient value to warrant
publication and extended distribution; (3) the publications of
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the Survey should be prepared, printed, and bourd on a uni-
form and consistent plan for each of the classes established by
law; (4) corrections and alterations should be made as far as
practicable in the manuseript rather than in the proof, proof
corrections being expensive; and (5) the author, who may be
engaged in investigations or other important work of high
grade, should be relieved as far as practicable of the details of
book making, which may be satisfactorily performed by others.

Under the second head it may be remarked that it is to
avoid the risk of burdening the series of Survey publications
with trivial matter, statements or theories of doubttul validity,
and all writings whose value to the people of the country is
not commensurate with the cost of publication, that the papers
offered for publication by the Survey are so searchingly criti-
cised by the Director and his collaborators in the manner here-
inafter set forth. Moreover, should it appear necessary at any
time, matter offered to the Survey for publication, either by its
own officers or by others, would be submitted to competent
authorities outside of the institution for a statement as to its
scientific value and for an opinion as to the desirability of
publishing it.

The consideration referred to under the fifth head involves
one of the fundamental principles of the policy of the Survey,
i. e., the division of labor in such manner that each employee
shall be assigned to those duties only which he can most advan-
tageously and economically perform. In asimple organization
employing few individuals this principle may be ignored with-
out serious loss, but in a complex organization performing
various functions and employing a large number of individuals
differentiation of function is believed to be essential to tne
highest efficiency.

There is another and important object in maintaining the
editorial division, i. e., that of securing to the authors of the re-
ports issued by the institution the advantages of literary criti-
cism in advance of publication. Moreover, the employment
of an editor, one of whose chief duties is to assist the Director
in supervising the publications of the Survey, enables the lat-
ter to make his supervision much closer and more detailed
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than would otherwise be possible with so large a literary

produet.
METHODS OF WORK.

Nearly all the reports published by the Survey are prepared
either by chiefs of division or by assistants working under
their direction. A few reports prepared by geologists of the
country not in the employ of the Survey are published; but
these relate to subjects upon which the Survey is engaged, and
contain information of value to the Survey which could not be
s0 economically acquired in any other way.

The reports prepared by chiefs of division are submitted to
the Director for approval and are generally discussed at length
by the author and Director and sometimes by other officers of
the Survey before they are transferred to the editorial depart-
ment. Reports prepared by assistants are examined by chiefs
of division and if approved by these officers are transmitted to
the Director and discussed in the same manner as the reports
emanating from the chiefs themselves. Reports prepared
either by geologists not connected with the Survey or by as-
sistants whose chiefs are not specialists in the subjects treated
are transmitted to the Director and generally submitted by
him to some member or members of the Survey especially
familiar with the subject reported on, and if the reports are
approved by them they are submitted to the Director anew
with either oral or written recommendation for publication.
After approval by the Director, all manuseripts prepared for
publication are transmitted to the editorial division with in-
structions as to the class of publications in which they are to
appear.

One of the principal functions of the editor is to maintain
uniformity in the different classes of publications and to make
such rearrangements of and additions to the manuscript as may
be required for that purpose. In the interests of convenience
on the part of readers it is desirable that books shall be prop-
erly arranged under chapters, sections, and other divisions and
that all such divisions shall be suitably indicated by means of
titles. It is desirable also that a list of the chapters, sections,
or other divisions in each volume, so arranged as to give a log-
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ical view of the contents of the treatise, shall be introduced in
the work. Moreover, the value of books to most users is
greatly increased by the addition of an index. Accordingly
the publications of the Survey are provided with complete lists
of contents and of illustrations and full indexes.

When a manuscript work reaches the editor it is supplied
with title pages and with lists of contents and illustrations if
these are needed. The manuscript is then critically read,
clerical errors are corrected, obviously necessary transpositions
and other purely literary corrections are made, quotations and
bibliographic references are verified and the latter are reduced
to a uniform plan, and references to the illustrations are made
or corrected. Where more important alterations appear to be
required they are suggested to the author (and in some cases
to the Director), and if the number of alterations is large the
manuscript is returned to the author for revision. In some
cases this critical examination leads to the rejection of a paper.

The manuseript is next prepared for the printer: the type,
size and style of headings, &c. are indicated and all necessary
instructions for printing are given. Meantime the illustrations
are transferred to the division of illustrations for editing, for
redrawing when required, and for such directions as to repro-
duction as may be deemed necessary. The manuscript and
illustrations are then transmitted to the Public Printer by the
Director. .

Duplicate galley proofs are returned from the Government
Printing Office to the editor: one set is first corrected by the
manuscript and then submitted to a critical reading, similar to
that given to the matter in manuscript, and the necessary cor-
rections and changes are made ; and the other setis transmitted
to the author for his revision, and finally his corrections are
transferred to the galley in the hands of the editor, which is
then returned to the Printing Office. '

The page proof is in like manner conveyed to the editorial
division and is there read and revised and running titles and
signature marks are added, the page proof being in some cases
also sent to the author for revision.
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A “second page revise,” as it is technically called, is also
furnished to the editor. An index is then prepared, or, if one
has heen prepared by the author, it is revised and corrected
if necessary. After the second page revise has received the
final corrections (in rare cases a third or fourth revise may be
required) it is transmitted to the office of the Public Printer as
approved and passes out of the custody of the editorial division.

A set of each proof, both galley and page, is preserved in
the office of the editor, and the custody of the text and illus-
trations is suitably recorded at every stage, from the time they
reach the Director’s hands until they are finally transmitted to
the Public Printer as approved.

The proofs of illustrations are revised by the chief of the
division of illustrations and by authors in accordance with his
direction.

The editorial work of the Survey is in charge of Mr. Thomas
Hampson, who has eight assistants; but the general corre-
spondence of the office is also conducted in this division and
occupies most of the time of several of these assistants.

THE DOCUMENT SYSTEM.

PUBLICATIONS OF THE SURVEY.

The annual reports of the Survey are issued in four editions.
The first edition comprises the usual number of documents
ordered by Congress, or 1,900 copies; the second is a special
congressional edition of 3,000 copies, of which 1,000 are for
the use of the Senate and 2,000 for the use of the House; the
third is printed to accompany and form the third volume
of the annual report of the Secretary of the Interior, of which
750 copies are issued ; and the fourth is an edition of variable
number published under a joint resolution of each Congress,
of which a part is designed for the use of the Senate and House
of Representatives and a part for the use of the Geological
Survey. Of the second and third annual reports, 2,500 copies
each, and of the fourth and fifth annual reports 5,000 copies
each, were printed for the use of the Survey, and of the sixth
and seventh 5,000 copies each are authorized.
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The monographs, bulletins, and statistical papers are issued
in two editions, the first comprising the usual number of doc-
uments ordered by Congress and the second the edition of
3,000 copies provided for sale and exchange through the Geo-
logical Survey, in accordance with the provisions of the law
regulating its publications. Only the latter edition passes into
the custody of the Survey.

Small special editions of each of the statistical papers and
of two bulletins on subjects believed to be of wide interest
have also been provided for the use of the Survey by order of
the Secretary of the Interior.

In the accompanying tables the publications which have
passed into the custody of the Survey are enumerated, and
the size of edition, the cost per copy as determined by the
Public Printer (except in the case of annual reports, the cost
of which is estimated), the aggregate number of volumes, and
the total cost are also exhibited. From these tables it will be
seen that under the present directorship of the Survey there
have been issued 5 annual reports, 10 monographs, 39 bulle-
tins, and 3 volumes of statistical papers; in all, 57 distinct
publications, in editions ranging from 2,500 to 5,000. It will
also be seen that the aggregate value of the property in the
form of publications for which the Survey has incurred respon-
sibility during the last five years is no less than $159,390.

TABLE 1.—Annual reports.

Title, Edition. P?ﬁ;?;gﬁigﬁ f;?ege Total cost.

Becond .. ool coeeiicnieecmeees aeas 2,500 ( $5, 000
TRITA e e eem e eeeeee e me e e 2,500 ] 5, 000
FODTHh + oo eemeeeeceeecemn e mae ooes 5,000 | 3 82 004 10, 000
FULER e aee evnme e aenaneemon ceens anns 5, 000 | 10, 000
SIEEH e enemeee eeene eeoome e aeeons 5,000 | ] L 10, 000
TOBAL +emnes meee e emem eemans e 20, 000 40, 000
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TABLE 2.—Monographs.

along the Mernidian of 76° 30’ from Tomp-
kins Connty, N. Y, to Bradford County,
Pa., by Henry S Wilhams.

Title. Edition. Pr(:g;;’. e | Total cost.
II. Tertiary History of the Grand Cafion Dis- 3, 000 $10 12 $30, 360
trict, by Clarence E Dutton.
IIL. Geology of the Comstock Lode and the 3,000 11 00 33,000
Washoe District, by George F. Becker.
IV. Comstock Miming and Miners, by Eliot 3,000 150 4,500
Lord.
Y. The Copper-Beaiing Rocks of Lake Supe- 3,000 185 5, 550
ror, by R. D. Irving.
VI. Contributions to the Knowledge of the 3,000 105 3,150
Older Mesozore Flora of Virginia, by -
W. M. Foataine.
Y1i. Silver-Lead Depasits of Enreka, Nevada, 3, 000 120 3, 600
by Joseph 8. Curtas.
YI1II. Paleontology of the Eureka District, by 3,000 110 3, 300
Charles D, Walcott.
IX. Brachiopodaand Lamellibranchiata of the 3,000 115 3,450
Raritan Clays and Greensand Marls of
New Jersey, by Robert P. Whitfield.
X. Dinocerata: A Monograph of an Extinct 3, 000 270 8,100
Order of Gigantic Mammals, by O. C
Marsh.
XI. Geological History of Lake Lahontan, a 3,000 175 5,250
Quaternary Lake of Northwestern Ne-
vada, by I. C Russell.
X1I. Geology and Minming Industry of Leadville, 3,000 8 40 25,200
7 Colorado, with atlas, by 8. F. Emmons.
o] 7 ) S 33,000 {........... 125, 460
TABLE 3.—Bulletins.
Title. Edito. | P90 PO | Total cost.
1. On Hypersthene-Andesite and on Triclinie 3, 000 $0 10 $300
Pyroxene 1a Augitic Rocks, by Whitman
Cross, with a Geological Sketch of Buffalo
Peaks, Colorado, by 8. F. Emmones,
2. Gold and Silver Conversion Tables, by Albert 3,000 5 150
Williams, jr
3. On the Fossil Faunas of the Upper Devounian 3,000 5 150
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TABLE 3.— Bulletins— Continued.
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Title.

Editon.

Price per
copy.

Total cost.

10.

11,

12,

13.

14

15.

16.

17

18,

19.

On Mesozoic Fossilg, by Charles A. White...
. A Dictionary of Altitudes in the United

States, Ly Henry Gannett

. Elevations i the Dominion of Canada, by

J. W, Spencer,

. Mapoteca Geologica Americana: A Cafalogue

of Geological Maps of America (North and
South), 1752-1881, by Jnles Marcon and
John Belkuap Marcou

. On Secondary Eulaigements of Mineral Frag-

ments in Ceriain Rocks, by R. D, Irving
and C R. Van Hise.

A Report of Work done 1n the Washington
Laboratory during the Fiscal Year 1833-'84.

On the Cambrian Fannas of North America,
by Charles D. Walcott.

On the Qnaternary and Recent Mollnsca of
the Great Basin,by R Ellsworth Call. In-
troduced by a Sketch of the Qunaternary
Lakes of the Great Basin, by G K. Gilbert

A Crystallographic Stndy of the Thinohte of
Lake Lahontan, by Edward 8. Dana.

Bonndaries of the United States and of the
Several States and Territories, with a Hais-
torical Sketch ot the Territorial Changes,
by Henry Gannett.

The Electrical and Maguetic Properfies of the
Iron Carbarets, by Carl Barus and Vincent
Strouhal,

On the Mesozoic and Cenozoic Paleontology
of Califorma, by Charies A. White.

On the Higher Devonian Fannas ot Ontario
County, New York, by John M Clarke.
On the Development of Crystallization in the
igneous Rocks of Washoe, Nevada, by Ar-

nold Hague and Joscph P. Iddings.

On Marine Eocene, Fresh Water Miocene,
and other Fossil Mollnsca of Wesfern North
America, by Charles A Whate

Notes on ths Stratigraphy of Cal.fornra, by
George F. Becker.

3,000
3, 000

3, 000

3, 000

3,000

3,000

3, 000

3,000

3,000

3, 000

3, 000

3,000

3,000

3.000

3,000

3, 000

$0 05
20

10

10

10

15

[$31

%150
600

150

300

300

150

150

150

150

300

450

150

150

150

150

150
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TABLE 3.—Bulletins — Continued.

Price per

~ Title. Edition, copy Total cost.

20, Contributions to the Mineralogy of the Rocky 3, 000 $0 10 $300
Mountains, by Whitman Cross and W. F.
Hillebrand.

21. The Ligmites of the Great Sioux Reservation, 3 000 5 150
by Bailey Willis.

22. On New Cretaceous Fossils from California, 3,000 5 150
by Charles A. White.

23. Observations on the Jnunction betweeu the 3,000 15 450
Fastern Sandstone and the Keweenaw Se-
ries on Keweenaw Point, Lake Superior,
by R D.Irving and T. C. Chamberln.

24, Last of Marine Mollusca, by W. H. Dall ..... 3,000 25 750

25. The Present Technical Condition of the Steel 3,000 10 300
Indnstry of the United States, by Phineas
Barnes.

26. Copper Smelting, by Henry M. Howe ....... 3,000 10 300

27. Report of Work done1n the Division of Chem- 3, 000 10 300
18try and Physics mamly during 1884-'85.

28, The Gabbros and Associated Hornblende 3,000 10 300
Rocks occnrring wn the Neighborhood of
Baltimore, Md., by George H. Williams.

29, On the Fresh-Water Invertebrates of the 3,000 5 150
North American Jurassic, by Charles A.
Whate.

30. Second Contribution to the Studiés on the 3,000 25 750
Cambrian Faunas of North America, by
Charles D. Walcott

31. Systematic Review of our Present Knowledge 3,000 15 450
of Fossil Insects, 1nclading Myriapods and
Arachnids, by Samnel H Scudder,

32. Lasts and Analyses of the Mineral Springs of 3,000 20 600
the United States, by Albert C. Peale.

33. Noteson the Geology of Northern Californa, 3,000 5 150
by J. S Diller.

34, On the Relation of the Laramie Molluscan 3,000 10 300
Fauna to That of the Succeeding Fresh-Wa-
ter Eocene and Other Groups, by Charles
A. White.

35. Physical Properties of the Iron-Carburets, by 3,000 10 300
Carl Barus and Vincent Strouhal.

36. Subsidence of Fine Solid Particles 1n Liquids, 3,000 10 300

by Carl Barus.
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Price per

Tatle. Edifien. opy. Total cost.
37. Types of the Laramie Flora, by Lester ¥. 3,000 $0 25 $750
Ward.
38 Peridotite of Elhott County, Kentucky, by 3,000 5 150
J. 8, Diller.
39, The Upper Beaches and Deltas of the Glacial 3,000 10 300
Lake Agassiz, by Warren Upham.
g ] 7 ) P 117,000 J.oeavenae-. 11,400
TABLE 4.—Statistical papers.
. Price per | ,
Thtle. Edition. <opy. Total cost.
Mineral Resources of the United States, 1882. ... 3,000 $0 50 $1,500
Mueral Resources of the Umted States, 1883 and 3,000 60 1,800
1884, )
Mineral Resources of the United States, 1885 .-... 3,000 40 1,200
Total ..... e cesereccecieemcaacentena cemn 9,000 |icecennnnnn 4,500

TABLE 5,—Special editions of statistical papers and bulletins.

Title. Edition. Prég;yp. T | Total cost.

Mineral Resources of the United States, 1882..... 2,000 $0 50 $1, 000
Mineral Resources of the United States, 1383 and 2,000 60 1,200

1884,
Miueral Resources of the United States, 1885...... 2,000 40 800
Bulletin No.5. A Dictionary of Altitudes of the 500 20 100

United States, compiled by Henry Gan-

nett,
Bulletin No,. 32, Mineral Springs of the United 500 20 100

States, by A. C. Peale.

Total ..ocv. cen i e, 7,000 | ......... 3,200
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TABLE 6.— Recapitulation.

Aggregate number | Aggregate
Semes, of volumes. cost.
Aunual reports ...... e meeeacecaeeeeacaana.annn 20, 000 $40, 000
Monographs .. .. .ocr i i ii e rimeet crenan e 30, 000 100, 290
Bulletins ... ... s e e me e eamansenm—as 117, 000 11,400
Statistical papers. ....ceceetcenn i aan 9,000 4,500
Speci1al ed1bions .ooewe oo cecr cicc i e mace e ae 7,000 3,200
Total cucs s ciaeit cee e ivcace i aaacaan 183, 000 159, 390

By reason of the great responsibility thus incurred by the
Geological Survey, it has been deemed necessary to develop
a comprehensive yet simple method of regulating the custody
of this propertv and of accounting for it in accordance with
the principles of the custodial system already explained.

PRINCIPLES RECOGNIZED IN THE DOCUMENT SYSTEM.

Among the considerations upon which the document system
has been founded are the following: (1) All matter published by
" the Survey shall be issued in sufficiently large editions to meet
present requirements and to remain accessible for a consider-
able term of years to all important libraries and to students
interested in the subjects treated; (2) the method of distribution
shall be such as to insure the reception of the publications by
public libraries, scientific and eduecational institutions, and
individuals engaged in special investigations of related sub-
jects; and (3) the cost of publication shall be reduced to a
minimum. .

(1) The question as to the size of the editions of Survey
publications required to imeet the wants of the people was
carefully considered by the framers of the law controlling their
disposition, and the edition decided upon appears adequate to
meet all demands, at least for the present.

(2) 1t should be borne in mind that the best method of dis-
tributing the publications of the (Government-depends upon
their character; for the method which is best for one class of
publications may not be the best for another class.
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A large proportion of the publications of the Grovernment are
of general interest to the people, and it is desirable that they
shall be widely and promptly distributed ; and ‘a2 method of dis-
tributing such publications gratuitously, through Congress and
through certain Departments, has been adopted and has been
found by experience to be at least measurably satisfactory.
But with governmental endowment of special research in dif-
ferent lines—in anthropology and ethnology, in geography and
geology, in geodesy, in the condition and changes of the coast,
in sanitation and the public health, in the various branches
of zodlogy, in fish and fisheries, in agriculture, in chemistry,
in entomology, in climate and weather prognostication, in vet-
erinary science and the health of animals, in astronomy, &c.—
there has grown up a special class of publications which, while
of great value and interest to the people of the country, are
each of interest to only a limited number of them; and it has
been found by experience that the ordinary regulations for the
distribution of public documents are unsatisfactory for these
special publications. In the first place, while the officers in-
trusted with the distribution of documents may be supplied
with the addresses of the recipients of public documents gen-
erally throughout the country and may be able to extend their
lists by means of applications and recommendations, they
have not the addresses of the special students of the country
to whom the documents would be of the greatest value; and
accordingly students frequently fail not only to receive but
even to learn of the existence of such documents. Again,
excessive editions of special reports are sometimes published
and the surplus remaining in the document rooms of Con-
gress and of the governmental departments becomes a bur-
den; and scandal has resulted from the means adopted for
the relief of this burden and unwarranted reflections have
thereby been cast upon the special publications of the Govern-
ment On the other hand, the editions published have in some
cases been too small, and therefore inadequate to supply the
needs of the libraries, the scientific and educational institutions,
and the students of the country; the documents have conse-
quently come to command high prices in second hand book
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stores; and an undue burden is thereby imposed upon the in-
dividuals and institutions to whom the publications are neces-
sary. So in various ways the general and gratuitous distribu-
tion of the special reports of the Government has been found
by experience to be unsatisfactory. |

It should be borne in mind, too, that the special publications
of any government are of interest not only to the citizens of
that government, but also to those of other nations. Science
is cosmopolitan, and, in order that the best progress shall be
made and that each country shall enjoy the benefits resulting
from scientific investigations in other countries, it is necessary
that there shall be international circulation of documents in
which the results of research are recorded. The publications
of the leading scientific, literary, and educational institutions
 and individuals of Europe, Asia, and Australasia, whether is-
sued under governmental anspices or not, are in the leading
public libraries and in many of the private libraries of this coun-
try, and constant use is made of them by the agents of our
Glovernment employed in special investigations ; international
associations and congresses of astronomers, geographers, and
geologists and of members of medical and other professions
have been organized during recent years, and much benefit
hias resulted therefrom to American participants ; and it is emi-
nently desirable, in the interest of international comity and
harmony, as well as of scientific progress, that the special pub-
lications of this country relating to subjects of common interest .
throughout the globe should be properly distributed abroad.
Much thought has consequently been devoted to the develop-
_ment of a system of international exchanges which shall per-
mit of the prompt distribution of the publications of the Survey
among the leading foreign institutions of learning and shall
secure from them such of their publications as are useful to
the Geological Survey. '

The objections to the plan of general gratuitous distribution
of documents embodying the results of special researches ap-
pear to be wisely met in the law regulatiug the disposition of
the publications of the Greological Survey by sale and exchange,
and the legislation upon this subject is therefore welcomed by
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the people of the country who are interested in the progress of
research.

(3) Economy in publication is secured in the Greological Sur-
vey, first, by reducing the cost of editorial work and printing
to a minimum; second, by substituting graphic illustrations for
verbal statement wherever economically practicable; and, third,
by diminishing the cost of illustrations so far as is consistent
with excellence, as has been set forth in preceding pages.

CUSTODY AND MODE OF DISTRIBUTION OF DOCUMENTS.

The custody of the documents distributed through the Sur-
vey is vested in the librarian. They fall into three classes, in
which responsibility is incurred differently, viz : first, the reg-
ular editions of the monographs, bulletins, and statistical papers
provided for by law and that part of the edition of the annual
reports provided for in joint resolution which is specifically
designed for the use of the Survey ; second, certain small spe-
cial editions of some of the publications of the Survey which
are printed under the authority of the Secretary of the Interior
for gratuitous distribution ; and, third, the small number of
photographs used for purpoeses of exchange. The first of these
classes of documents is transferred to the office of the Survey
from the Government Printing Office in lots, each accompanied
by a receipt filled out with the name of publication, the style
of binding, and the number of volumes, and after verification
of the entries this receipt is signed by the librarian and a record
of the transaction is made in a book kept for that purpose.
The publications of the second class are received in a similar
manner from the document clerk of the Interior Department
and a similar record of the transaction is made, the receipt for
each lot being returned to the Interior Department The
photographs are printed in the laboratory of the Survey upon
. requisition of the librarian, countersigned by the chief clerk,
and are receipted for by the librarian upon delivery.

Classified by the method of distribution, the documents
are (1) those disposed of only by sale or exchange, including
the monographs, bulletins, and statistical papers; (2) those

disposed of either by regular exchange or gratuitous distribu-
8 GEOL——4
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tion, including annual reports and the small special editions of
statistical papers and bulletins already mentioned; and (3)
those disposed of by special exchange or distribution, includ-
ing annual reports, the special editions, photographs, &c. The
methods of accounting in the three cases are somewhat differ-
ent:

(1) A ledger account is opened with each of the first of these
categories of documents, in which the custodian is charged
with the various lots received from the Public Printer and
credited with the sales and exchanges as made. This ledger
account thus shows the status of the editions of each document
at any time. It is balanced quarterly, and an account of the
sales, with the receipts therefrom, is transmitted to the United
States Treasury through the disbursing officer.

The methods pursued in the making and recording of sales
and in the making and recording of exchanges differ somewhat.
When sales are made the orders and remittances are immedi-
ately entered in a day book, and when the document is trans-
mitted this account, with the full address of the purchaser, is
transferred to the ledger, and the entire correspondence, in-
cluding the acknowledgment of receipt, is preserved. There
is thus a triple record of the transaction : first in the day book,
second in the ledger, and third in the correspondence files.

The method of accounting for exchanges is more elaborate
and the records are kept in a different manner. The system
of exchanges is based upon a list of scientific institutions and
individuals, both foreign and domestic, which was carefully
prepared soon after the organization of the Survey, with the
view not only of placing the publications of the Survey in the
best hands, but also of securing the greatest amount of mate-
rial required in the library. To insure accuracy and complete-
ness the list was subsequently revised by a commission of
geologists appointed for the purpose, and it was finally referred
to and approved by the Secretary of the Interior. The ex-
change list thus prepared is cautiously extended as circum-
stances require by the addition of the addresses of new libra-
ries and institutions issuing publications of value to the Survey
and the names of specialists who definitely express a desire to
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make an exchange with the Survey and specify the material
they propose to transmit; when, if the proposal seems fair, the
addition of the address is authorized. The addresses are con-
stantly revised and corrected.

The exchange list is printed upon galley slips, which are
perforated in order that they may be easily divided into sepa-
rate address labels, each of which bears a number used in
keeping account of sending and return. The use of printed
address slips instead of written addresses not only economizes
time, but greatly diminishes the liability to error.

In addition to the ledger account with each publication, in
which both sales and exchanges are entered, there is also
assigned to each a check list, in which are printed numbers
corresponding to those borne upon the different slips of the
exchange list. The first use made of this check list is in con-
trolling the transmission of the documents and of the accom-
panying letters of advice: Checks indicating transmission are
first made upon the list by the proper authority; the list is
next used as a guide in attaching the printed slips to the parcels
in the shipping room; it is then used in filling out and mailing
the accompanying letters ; it is used once more in the verifica-
tion of the work of addressing the parcels and preparing the
letters when the matter is ready for transmission; and it is
finally used for recording, by means of suitable checks, the
acknowledgments of receipt. The check list is thus a perma-
nent record of, first, the transmission of the document and,
second, the receipt thereof by the person addressed.

The check list is supplemented by a series of charge cards,
which are used also in the transmission of the documents dis-
tributed gratuitously. 'These cards are arranged, first, in
groups or fascicles, in which the cards are of different colors,
each assigned to a certain series of documents, while each
card bears an address taken from the exchange list, together
with its serial number, and the groups themselves are arranged
alphabetically under the addresses. Kach card is divided into
a number of rectangles, and each rectangle has printed within
it a number or abbreviation referring to one of the documents
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of the series represented by its color; and there is space in the
rectangle for recording the transmission of the document.

The system of recording thus triplicated is still further sup-
plemented by the preservation of the receipts signed by cor-
respondents.

There are accordingly four distinct records of the disposi-
tion of documents exchanged by the Survey : first, in the ledger
account with each document; second, in the check list; third,
in the charge card; and, fourth, in the receipt returned. These
records are kept by different individuals and check one another
so completely that there is scarcely a possibility of error.

(2) The method of accounting for the second category of
publications—1. e, the regular exchanges, which are not sold,
including annual reports and the small special editions already
noticed —is identical with that followed in the case of the first,
except that ledger accounts are not kept with the editions.

(3) The mode of accounting for the documents distributed
gratuitously or by special exchange is somewhat different,
Instead of an exchange list there is a list of correspondents,
which is not printed, but kept in nanuseript by means of the
card system already described A group of cards as large as
may be required for each correspondent who has ever received
a document issued by the Survey is kept under his name;
upon these cards there are indicated every request made for
publications, the transmission of every document sent to his
address, and every acknowledgment of receipt that he has
made ; and the groups of cards are arranged alphabetically, so
that the account of every correspondent is readily accessible.

The card record of the distribution of this class of docu-
ments is supplemented by the correspondence record, since
press copies of the letters of transmission of such documents are
preserved, as are also the receipts

Additional records of the custody and transmission of docu-
ments are provided in the registry system of the Post-Office
Department "and in the Smithsonian exchange system. By
the former the domestic and by the latter the foreign sendings
are conveyed to their destinations, The methods are as follows:

After the documents are prepared for transmission, but before
they leave the custody of the librarian, they are separated into
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domestic and foreign portions, the former of which are trans-
mitted by registered mail, while the latter are conveyed through
the foreign exchange of the Smithsonian Institution. A special
record book has been devised for use in the registration of the
domestic parcels, by which much labor is saved, both to the
Survey and to the Post Office Department, and by which a
complete record of the registration of each parcel is kept in
duplicate, one copy being preserved in the office of the Survey
and the other in that of the registry clerk of the Washington
post office.

The parcels of documents going abroad are transmitted in
lots to the Secretary of the Smithsonian Institution, with specific
instructions for forwarding accompanying each lot. A letter
of advice is communicated at the same time to the Secretary,
as well as a receipt specifying the number of parcels and the
addresses of all. 'The receipt is duly signed and returned by
that officer and a record of the transaction and the receipts
themselves are kept in the office of the Survey.

The document system thus described appears to be as simple
as is practicable, consistent with the fundamental principles set
forth in describing the custodial system of the Survey. It is
believed to be so complete that error or peculation could be
readily detected at any time after the documents leave the
hands of the Public Printer and before they reach the hands
of the domestic institution or individual for whom they are
designed or until they have passed into the custody of the
Smithsonian Institution, the foreign exchange system of which
1s so widely and favorably known. The system is eminently
satisfactory in all respects, save that some delay unavoidably oc-
curs in the transmission of documents to foreign correspond-
ents. KEvery effort has been made to reduce this delay to a
minimum; and it is believed that no further improvement in
this direction can be made without material changes in the
laws relating to the foreign mail service.

This branch of the Survey isin charge of Mr. C. C. Darwin,
the librarian, in whose administrative report certain details of
the work of the fiscal year are set forth.
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THE LIBRARY SYSTEM.

GENERAIL PLAN OF THE LIBRARY.

The establishment of a geologic library as one of the ac-
cessory divisions of the Survey has been described in previous
reports. As has been pointed out, it is essential that the geo-
logic investigator, if he seeks to maintain a place in the fore-
most ranks of the science, shall keep himself constantly familiar
with the current geologic literature of this and other countries,
and since it is the policy of the Survey to employ the ablest
geologists it is important that the means of keeping well abreast
of geologic science shall be afforded them. Accordingly pro-
vision has been made for securing the publications of foreign
institutions of learning and science and of scientific specialists
as promptly as possible, both by exchange in the manner al-
ready set forth and by purchase. No effort is made, however,
to build up a general scientific library, but only to make such
a collection of scientific books, periodicals, pamphlets, and
maps as relate especially to geology or will be of use in the
prosecution of the work of the Survey; but certain scientific
books and periodicals being of a general character, including
contributions to geology in connection with matters relating to
other subjects, it is sometimes necessary to obtain publications
devoted to general scientific subjects in order to secure the
gealogic matter. Thus the library of the Survey is fairly
supplied with current scientific literature in general and is
especially rich in current geologic literature.

The operations of the Geological Survey extend over the
entire country; and in order to avoid duplication of labor it is
necessary that geologists shall be acquainted with the work of
other students in the regions upon which they are engaged.
It is therefore important that the library of the Survey shall
include all publications upon the geology of the country, wheth-
er reports of investigations undertaken by the Federal Gov-
ernment, reports of State surveys, or memoirs embodying the
results of the work of unofficial geologists. Great efforts have
been made to render the Survey library as complete as possible
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with respect to these domestic publications and all the more
important ones are now on its shelves.

The general principles of geologic science and of geologic
technology are bestset forth in the standard treatises and man-
uals, of which some are classic and invaluable to the student,
while many are of high value, and all contain more or less in-
formation of use to the investigator in special subjects It is
desirable that the geologist shall have ready access to these
standard publications, by the use of which the value of his
work is greatly increased, and provision has been made for
obtaining such standard treatises on geology as have already
been published, as well as those which appear from time to
time. This class of publications forms a small but important
part of the contents of the library.

Although the most important publications in geology as in
other sciences are made either in the form of considerable
volumes or in that of articles in standard periodicals, many
treatises of considerable importance are either privately printed
or published in small editions, generally in pamphlet form;
and in order that the library shall be complete it is necessary
that these scattered and ephemeral publications shall be col-
lected and preserved. The library is rich in geologic litera-
ture of this character.

Thus there are in the library five principal classes of pub-
lications, including the foregoing, namely: (1) Official reports
by the Federal Government and States, and other publica-
tions relating to special localities, (2) standard geologic treat-
ises, (3) scientific periodicals, (4) ephemeral publications, gen-
erally in the form of pamphlets, and (5) geologic and geographic
maps. As will be seen from the report of the librarian,
appended hereto, the number of such documents in the library
is large, already reaching 19,501 volumes, 26,100 pamphlets,
and 8,000 maps, and a systematic arrangement of the contents
of the library is essential to its utility. It is important, too,
that a systematic method of accounting for and regulating the
custody of the property contained in the library shall be fol-
lowed, since its contents are of large money value.



56 REPORT OF THE DIRECTOR.

Accordingly a comprehensive library system has been de-
vised. It is founded upon the considerations (1) that the con-
tents of the ‘library shall always be readily accessible to the
collaborators and employees of the Survey and (2) that the
custody of and responsibility for every book, pamphlet, and
map shall be constantly fixed by documentary evidence.

ACCESSIONS.

The greater part of the accessions to the library come in the
form of exchanges, either by mail or through the Smithsonian
Institution; others are obtained by purchase, sometimes in
considerable lots, but generally by single volumes or small
lots. Great care is required in making out lists for purchase
to avoid duplication or purchase of irrelevant matter on the
one hand or neglect of desirable publications on the other. All
orders for the purchase of books are required to be approved
by the Director. .

Current accessions in small lots, coming by mail and other-
wise, pass through the hands of the chief clerk. A record is
kept of the larger lots, either in the account with the Secretary
of the Smithsonian Institution, in case they come through the
Smithsonian exchange, or by the property clerk, if they are
shipped direct.

On receipt the documents are stamped and entered in the
accessions catalogue of the library, which contains a short
title of the work and notes its condition, binding, &ec., and in
the case of bound volumes an accession number is added to
the stamp and entered in the catalogue and the library label is
affixed to the cover. Pamphlets and maps do not have acces-
sion numbers and the serials receive accession numbers only
when bound. The full title of each book, pamphlet, or map
thus received is then transcribed upon a card, which gives the
accession number and the date of receipt of the document.
These cards constitute, when arranged alphabetically, a com-
plete catalogue of all documents passing into the custody of
the library. The bound volumes ave then assigned to cases
and shelves, an orderly and systematic arrangement being
adopted in order that persons only moderately familiar with



REPORT OF THE DIRECTOR. 57

the library may easily find publications relating to any area or
subject; the pamphlets are assigned to pamphlet cases, in which
they are arranged alphabetically; and the maps are placed in
cases especially constructed for the purpose.

When books are received unbound and when volumes of
periodicals are completed, they are bound in the Government
bindery upon requisition of the Secretary of the Interior; and
there is a system of recording the making of requisitions, the
transmission of volumes to the bindery, and the transmission
of the accompanying letters, one to the superintendent of the
stationery division of the Interior Department and one to the
Government bindery.

On their retarn from the bindery each volume is labeled and
Jplaced in the library, and a separate record of the receipt of the
books from the bindery is also preserved.
~ Maps in single sheets generally require té be mounted on
muslin.  This is done in the geographic division upon req-
uisition signed by the librarian and countersigned by the
chief clerk, and receipts are given by the librarian when the
maps are returned. A record of the work is thus kept by
means of the requisitions themselves.

The accessions are then a part of the library and ready for
circulation. Every volume bears the Survey stamp, printed
in indelible ink upon the title page and upon a certain page of
the text, and in addition bears the accession number and the
Survey label; every pamphlet bears the Survey stamp upon
its title page and elsewhere within it; and every map bears
the Survey stamp and its catalogue number. There is also a
record of every document in the card catalogue, of all except
periodicals in the accessions catalogue, of the periodicals in the
periodical catalogue, of the maps in the map catalogue, and
of most of the documents in the correspondence files of the
library.

THE CIRCULATION.

The library is designed for the use of the various collabora-
tors and employees of the Survey, and they are authorized to
make requisition for any book, pamphlet, or map contained
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therein, except certain standard works of reference which are
constantly kept in the library.

The circulation is effected by means of a “call card,” which
is at the same time a requisition and a receipt for the work
desired. 'The card bears the name of the author or of the series
to which the work belongs, the title and date of the work, and
the signature of the maker of the requisition, together with his
address if not in Washington; and when the volume is issued
the accession number is inscribed upon the card, together with
remarks concerning its condition, if necessary. These cards
are kept in alphabetic order and afford a means of quickly
ascertaining what voluines have been withdrawn from the
library.

An account is kept with the maker of each requisition upon
a card in such manner that the documents in his possession,
with thetr titles and accession numbers and the dates of req-
uisition, can be seen at a glance. This series of cards is also
arranged alphabetically, and the accounts of the users of the
coutents of the library thus afford a check upon the other
series. When documents are returned the call cards are either
restored to their maker or destroyed and the date of return is
entered upon the account card.

By means of this system account is_kept of the custody of
each docyment in the library, and in case of loss, destruction,
or injury the responsibility therefor can be immediately fixed.

BIBLIOGRAPHIC WORK.

The employees of the Survey engaged in library work ac-
quire a certain familiarity with the contents of the books, peri-
odicals, and pamphlets which they are constantly handling,
and assist the investigator materially in his study of the liter-
ature of the subject upon which he may be engaged.

The knowledge thus acquired by the library force is utilized
in another way. With the growth of scientific literature a need
for bibliographies is developed. When properly constructed, a
bibliography is to the literature of any special subject what the
index is to a single volume; and the preparation of such bib-
liographies as experience shows to be necessary adds greatly
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to the value of libraries. The library of the Geological Sur-
vey affords unexampled facilities for the preparation of cer-
tain geologic bibliographies the need for which has long been
felt by American geologists. Two different bibliographies
have accordingly been projected, and work upon them is
systematically carried forward in the library. A large part of
the work is done during the intervals of leisure occurring in
routine work, but in order to keep the subject well in hand
the bibliographic work is made the special duty of one of the
library force.

The library is in charge of Mr. C. C. Darwin, whose ad-

ministrative report appears in this volune.

STATIONERY SYSTEM.

The stationery required for the use of the Survey in office
and field is not purchased out of the annual appropriations, but
is issued from the stationery division of the Interior Department
upon requisition of the chief clerk.

The stationery thus drawn from the Interior Department
includes not only the articles and materials commaonly included
under that designation, but (1) certain drawing instruments and
materials and (2) the various blanks used in the transaction of
the business of the various divisions of the Survey.

Drawing instruments and materials not thus obtained from
the Interior Department are purchased out of the annual ap-
propriations, but in the interest of economy outside purchascs
are reduced to a minimum. Care is taken, however, to avoid
false economy in the purchase of instruments and materials and
consequent crippling of work. Instruments are less expensive
than time; and whenever it appears that the best interests of
the public service will be subserved by the use of articles and
materials not found in the lists of the Interior Department
these are purchased either from the lowest and best bidder
under the competitive system or at current market rates, as
may be found most expedient in special cases.

It is the policy to provide suitable printed forms and blanks
for use in the transaction of business, with a view not only of
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reducing clerical labor to a minimum, but of reducing to a
minimum the probability of error in making records and
keeping accounts. Two hundred and thirty-nine blank forms
are printed for the use of the Geological Survey.

Extended use of blank forms is made in what may be desig-
nated the autographic card system of keeping records. It has
already been shown that the library circulation is effected by
means of call cards, made out and signed by persons desiring
books. The same method is pursued in other departments of
the Survey. Requisitions for photographs, for map mounting,
for topographic instruments and supplies, &e. are made upon
blank forms printed on card board; receipt is acknowledged
on the same card when delivery is made; and the cards them-
selves, when arranged alphabetically, afford a complete record
of the transactions.

The method employed in the stationery system is modeled
after that adopted for the Interior Department generally and
corresponds in most respects with those pursued in the different
Departments of the Government; but in one particular an im-
portant modification has been made.

It i¢ an implied term in the contract under which agents of
the Grovernment engaged in office work are employed that
they shall be supplied with necessary stationery. Now, as
fully set forth in preceding paragraphs, one of the fundamental
principles in the policy of the Geological Survey is that in the
custody of property of all kinds there shall not only be docu-
mentary responsibility, but that the actual responsibility shall
coincide therewith. This principle is applied in the stationery
system. The requisitions for stationery are made out in the
name of the individual who requires the article or instrument;
they are then countersigned by the chief of party or division,
approved by the chief clerk, and filed alphabetically under
the names of the persons to whom the property is issued. So
there is a personal responsibility for every article issued from
the stationery department, and that responsibility is not dis-
tributed over a division, a party, or even a single room. The
chief of division shares the responsibility with the subordinate
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only in that he indorses his request and the chief clerk shares
the responsibility only in that he indorses the certificate of the
superintending officer; it is the individual that actually uses
the property who is held responsible therefor upon the records
of the institution. It is believed that this method of fixing re-
sponsibility tends decidedly to check extravagance and waste.

There is a stationery room in the office of the Survey, which
is in charge of a clerk, assisted by one or more messengers, as
may be required from time to time.

THE CORRESPONDENCE SYSTEM.

The correspondence of the office is carried on in three divis-
ions, namely : in the editorial and miscellaneous division, in
the office of the chief disbursing clerk, and in the library.

In the first two divisions the system is that adopted by the
Interior Department, modified by substituting a card index for
the index entered in a volume kept for the purpose. The
card index is found to be far superior in convenience and in
economy of time and labor. By it the arrangement of entries
is alphabetic, not simply under initial letters, but throughout,
and the finding of entries is thereby greatly facilitated. The
card index is also susceptible of indefinite extension; it per-
mits the modification or exclusion of entries without deface-
ment; and the cards afford space for fuller briefs and memo-
randa than can well be introduced in a volume. Much of
the time and clerical labor required in finding letters by means
of the index in a volume is saved by the employment of the
card index; there is a corresponding saving in the time of
the individuals for whose needs the index is consulted; the
first cost of the card index is also much less than that of the
bound volume usually employed for that purpose ; and, finally,
the card indexis type-written and bound at the end of the
year, affording a permanent index much more convenient and
serviceable than that kept in a volume iu the usual way.

In the library the correspondence is of a special character,
relating exclusively to documents and library matters, and in
the interests of economy authority has been obtained from the
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Secretary of the Interior so far to modify the correspondence
system of the Department as to merge it into the library and
document systems already described. The letters sent are re-
corded upon cards which are alphabetically arranged in the
same manner as the address cards of foreign and domestic cor-
respondents of the Survey, while the letters received are them-
selves arranged alphabetically under the names of correspond-
ents in cases provided for the purpose. The correspondence
of each year is assembled at the end of the year under an-
alphabetic arrangement by authors and a ehronologic arrange-
ment within the year under each author.

THE GENERAL ADMINISTRATIVE SYSTEM,

The administrative authority vested in the Director and his
responsibility are either expressed or implied in the organic
law of the Survey or clearly indicated by the general laws,
customs, and regulations relating to the administrative affairs
of the Federal Government. The manner in which the ad-
ministrative function is exercised and in which responsibility
is met has been sufficiently set forth in preceding paragraphs.

The directions in which and the extent to which adminis-
trative authority is delegated and responsibility transferred in
the scientific and business branches of the Survey have been
shown in detail in the description of the several business sys-
tems of the Survey. As set forth thevein, large authority is
delegated in the seientific branch of the Survey and responsi-
bility is secured through the method of allotments under which
the officers in charge assume responsibility, not only to the
Director but also to the scientific publie, for the work per-
formed 1in their divisions. In the non-scientific branches, on
the other hand, authority is not delegated, except so far as is
essential to the successful pertormance of the work of the Sur-
vey, and responsibility is secured through a system of regula-
tions by which disbursing officers are bonded, by which records
and accounts are systematically kept, by which individual
responsibility for all fiscal transactions is shown by document-
ary evidence, and by which the responsibility for all property
in the control of the Survey is similarly fixed.
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Certain important administrative duties grow out of these
methods and regulations, foremost among which is that of
securing observance of the methods and regulations adopted
throughout the complex organization.  Practical considera-
tions have necessitated the division of this and related duties
into (1) those which are necessarily performed by the Director
in person and (2) those which while performed under the im-
mediate supervision of the Director may yet be delegated to a
trustworthy officer.

(1) Excellence of scientific work is secured, first, by pub-
lishing the results thereof under the names of the authors, who
thereby assume responsibility not only to the Survey but to
the scientific public for their work, and, secondly, by careful
examination and discussion, and when necessary thorough re-
vision, of the reports prepared for publication. The Director
assumes a limited responsibility to the scientific world for the
excellence of the work performed in the Survey, a responsibil-
ity equaled in weight and in importance to the country only
by his financial responsibility, and it is therefore incumbent
upon him to determine personally the quality of all material
published by the Survey. This duty cannot be‘'delegated
except in a limited degree.

In order that the adoption of bad or extravagant methods
and unwise policies may be prevented, it is necessary that the
Director shall be constantly informed of the progress of the
work of the Survey in every part of the country. Accord-
ingly, chiefs of division are required to submit detailed monthly
reports of operations, with such statement of plans and pur-
poses as may be required to indicate the character of pro-
spective operations For like reasons chiefs of division-are
required to present plans and estimates for the ensuing year
toward the end of each fiscal year, and use is made of these
statements in preparing the general plan of operations for the
Survey for each year. It is for the same reasons, too, that the
administrative reports of chiefs of division are prepared an-
nually. By all these means the Director is enabled to deter-
mine at any time the precise condition of the work in all parts
of the country, to plan for extension or contraction in different
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areas, to modify methods, and to adjust means to ends in such
manner as to produce the best results to the Survey and to the
country at large.

The reports of chiefs of division, monthly and annual, are
used in another way: The Director digests and summarizes the
monthly reports of the various divisions and promptly submits
the summaries to the Secretary of the Interior; and the annual
administrative reports are incorporated in the annual report of
operations made to the Secretary of the Interior and by him
submitted to Congress.

The financial responsibility of the Director is large and bhas
not only led to the development of the fiscal system of the
Survey; but renders it necessary that he shall personally ex-
amine the records of all fiscal transactions and satisfy himself
as to the necessity and integrity of each in the manner described
in an earlier part of this report.

The library is an essential part of the machinery of the Sur-
vey, and upon its completeness the efficiency of the scientific
work is in a measure dependent. It is desirable, however,
that the expenditure of funds for the maintenance of the library
shall be reduced to a minimum, and it is therefore important
that the system of exchanges be rendered as complete as pos-
sible. Accordingly the Director gives personal attention to all
matters concerning the growth of the library, including orders
for purchases and all additions to the exchange list.

The expense of illustrating and publishing the reports of the
Survey is large, and much thought has been given to this sub-
ject with the object of reducing both the cost of illustrations and
the cost of publication so far as may be consistent with the satis-
factory presentation of the results of the work. Plans for secur-
ing these ends have been developed, as already indicated; but
special questions arise in connection with nearly every publi-
cation, and it is important that they shall be carefully decided.
All such questions are submitted by the chief of the illustra-
tion division to the Director, who thus gives personal attention
to all essential matters pertaining to illustrations, and all busi-
ness with the Public Printer is transacted through him.,
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One of the results of the division of labor extending through-
out the Survey is that collaborators frequently find it neces-
sary to call upon other specialists for assistance in their inves-
tigations. For example, the geologist may need to have certain
fossils identified, certain rocks, minerals, or soils analyzed, cer-
tain ores assayed, or certain rocks examined microscopically,
and sometimes the same geologist may at the same time require
assistance from several divisions of the Survey, and might, if
there were no restriction, absorb the energies of a considerable
portion of the Survey force to the detriment of its general
progress. It is’ necessary to prevent undue concentration, to
distribute properly the energies of the Survey in the most de-
sirable channels, and to keep the researches in different direc-
tions and the work of the different divisions as nearly in line as
practicable. To seqgre this end it is provided that all requi-
sitions for the collaboration of specialists or the assistance of
other divisions shall be authorized by the Director.

Thus the Director supervises not only in general but also
in detail all of the scientific operations of the Survey and all
of the results of such operations, and in addition all matters
pertaining to the fiscal system of the Survey, to publication
and illustration, and to the conduct and growth of the library.,

(2) Under the organization of the Geological Survey as
affected by the provisions of sectiofis 177-179 of the Revised
Statutes, the chief clerk is the second administrative officer of
the Survey and the official representative of the Director in his
absence, and various general administrative duties of minor im-
portance are delegated to that officer; but they are performed
under the general direction and supervision of the Director.

In the principal office of the Survey, at Washington, there
are enployed upon the work of the Survey from seventy per-
sons in summer to gwo hundred and twenty-five persons in
winter in a building of seventy-eight rooms on five floors, and
it is necessary that the best systems of work shall be adopted,
that the time of all employees shall be advantageously occu-
pied, and that regulations concerning hours of labor, specific

duties, &c., in accordance with Govermment usage, shall be
8 GEOL——5
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made and enforced. Attention to such matters is-one of the
functions of the chief clerk.

Large quantities of stationery and considerable office furni-
ture &e. are necessarily used in carrying on the work of the
Survey. As already stated, it is an implied term in the con-
fract of an employee of the Government in Washington that
he shall be supplied with necessary furniture, stationery, &c.;
but, in order that waste may be prevented, it is necessary that
requisitions for such property shall be carefully scrutinized by
an administrative officer and indorsed only after it has been
found that the property is actually required. Itis accordingly
provided that all requisitions for office furniture, stationery,
drawing instruments and materials, laboratory apparatus and
materials, &e. shall pass through the hands of the chief clerk
and shall receive his indorsement before being honored.

In addition to the instruments &c. required for the use of
the geographic division a large amount of miscellaneous prop-
erty is necessarily purchased for the use of the different geologic
and topographic parties in all parts of the country. A por-
tion of this property can be most advaittageously acquired in
the field, but a considerable portion can be more economically
purchased in Washington and shipped to the points at which the
parties outfit; and there is an incidental advantage in making
purchases in Washington in that the keeping of property
records and accounts with allotments is thereby facilitated. 1In
the outfitting of each party, therefore, it is desirable to consider
carefully the relative economy of purchase in the field and of
purchase in Washington, which involves the payment of cost of
transportation. This difficult duty is delegated to the chief
clerk, and all requisitions for miscellaneous property required
in the outfitting of parties pass through bhis hands and the
best method of making purchases is decjded by him in each
case.

As already shown, extensive use is made of photographs,
sketches, &c., both for working purposes and for purposes of
illustration, and large numbers of maps are mounted, both forthe
use of the library and for the use of geologists and topographers
employed in the field. In these processes time and materials
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are consumed, and it is desirable that such consumption shall
be reduced to a minimum by reducing the use of such photo-
graphs and maps so far as may be consistent with the satisfactory
execution of the work of the Survey. Accordingly, it is pro-
vided that such work shall be done on requisition, and these
requisitions pass through the hands of the chief clerk, whi's.-
satisfies himself as to the necessity for the work before affixing
his signature.

The correspondence of the Survey is large and, as already
set forth, is carried on in three divisions, and it is consequently
necessary that all correspondence shall be properly assigned.
For this reason it all passes through the_hagnds of the chief
clerk, who has general oversight of the correspondence wher-
ever carried on.

The same officer exercises supervision over the property
returns and all other matters pertaining to the custodial system,
and over the editorial, illustration, document, and library sys-
tems, except as otherwise indicated above, and in general
co-ordinates and distributes the energies of the business branch
of the Survey, except in regard to fiscal matters.

The varied as well as arduous and important duties attaching
to the office of chief clerk are performed in an eminently satis-
factory manner by Mr. James C Pilling.

THE SURVEY REGULATIONS.

To facilitate the transaction of business by employees of the
Survey in accordance with the principles and methods set
forth in the preceding paragraphs, the regulations of the Survey
were codified and printed in 1882 in a bound volume of fifty-
two pages. This volume contains (1) the organic law of the
Survey, with instructions relating to its provisions; (2) in-
structions relating to money and property, comprising schedules
of authorized expenditures for services, transportation, field
subsistence and supplies, instruments, laboratory and photo-
graphic material, stationery, drawing material, office furniture,
&e., with various necessary instructions to disbursing agents
and custodians of property; (3) instructions relating to bonded
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railroads and the transportation of both individuals and prop-
erty; (4) instractions relating to the collection of specimens
&e.; (D) instructions relating to publications; and (6) miscel-
laneous instructions. Whenever necessary, these instructions
are illustrated and the methods are exemplified by the reproduc-
tion of the blank forms employed, properly filled out. Copies
of this volume are placed in the hands of chiefs of division
and heads of parties.

SUMMARY.

It will be seen from the foregoing statement that three
principal requirements are coustantly recognized in the organ-
ization and policy of the Geological Survey.

The first requirement is that the work of the Survey shall
be performed in the most efficient manner. It is sought to
meet this requirement by securing the collaboration of the
most eminent specialists in geology and cognate branches of
science and the most thoroughly skilled topographers and
assistants of various grades to be found in the country, by the
application of the principle of the division of labor to the full-
est possible extent, by reducing to a minimum the routine
and administrative work necessarily performed by the scien-
tific collaborators, and by the adoption of a convenient library
system.

The second requirement is that the results of the work of
the Survey shall be rendered accessible and valuable to the
general public. This end is attained in part by intelligent
legislation relating to publication aud by laws governing the
disposition of the publications of the Survey, and this legisla-
tion is supplemented by the exercise of care in the preparation
and detailed revision of reports, by the extended use of graphic
illustrations and such diminished expense in producing them
as will permit of their wide application, and by the adoption of
a carefully devised document system.

The third requirement is that the most rigid economy con-
sistent with the primary functions of the Survey shall be exer-
cised. It is believed that this requirement is fairly met by
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the custodial, fiscal, stationery, and related business systems,
by the application of new and economic methods in the illus-
tration system, by the constant division of labor, by the
method of allotments to responsible collaborators for stated’
purposes, and by the application in every division of the
Survey of the principles (1) of fixing responsibility by docu-
mentary evidence and (2) of rendering the documentary re-
sponsibility coincident with the actual responsibility.

For reasons that have already been mentioned, the personal
organization is less complete than the differentiation of func-
tion in the branch of the Survey devoted to the transaction of
business; different lines of work are sometimes performed in
the same division and the same class of work is sometimes
divided between two or more divisions; and in so far as has
been found to be expedient the business operations of the Sur-
vey are conducted by the scientific collaborators. Moreover,
certain divisions of the Swrvey —e. g., the library and division
of illustrations —are organized for the performance of duties
which are semi-scientific in character, and these divisions ac-
cordingly may be referred with almost equal propriety to the
scientifie or to the business branch of the organization. This
explanation is necessary to -4 complete understanding of the
accompanying schedule showing the business organization of
the Survey.

SCHEDULE OF BUSINESS ORGANIZATION.

Chief CleTK  Loeciir ciiiiiiir ciies ceiee aeevecmecaeananaaas James C. Pilling.
Section of stationery........o... Lioelaaoa- cemen caeane L 8. Meador.
Division of dishursements and accounts....ocveecervomace ounn Joo D, McChesney,
Custodian of property...... e tettiasaencacesacenenaaan J. E. Allen,
Division of 1llustrations...... ..., Ctrsecssesamaaceemmy amaee W. H. Holmes.
Photographic laboratory ..ceee ool iioeicir tcrncncaan-. J. K. Hillers,
Editorial and miscellaneons division ... .e.eocoeeiaaioL. Thomas Hampson,

Division of library and documents..c. caeeccaceceencorane cans C. C. Darwin,
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WORK OF THE FISCAL YEAR.

THE PROGRESS IN TOPOGRAPHY

During the fiscal year topographic surveys have been car-
ried forward in accordance with the general plan of the Survey,
which has been deseribed in previous reports, and satisfactory
progress has been made in the various regions already entered
upon, The aggregate area surveyed by the different sections
was 55,684 square miles. The distribution of the work is shown
graphically in the accompanying Plate I (in the pocket at the
end of the volume). The areas surveyed in the several States
and Territories into which the operations of the geographic
division have extended, the scales upon which the work has
been executed in each, and the contour intervals are shown in
the following table:

Areas surveyed during the year ending June 30, 1887,

State. soalo of | Gintont | Approxinoce
publication, in feet. sqnare miles,

Alabama ..... G reeaanianas Ceesecaan nane 1: 125, 000 100 900
ATIZONA « o i iier caranecaccecacacanans 1 250, 000 200 7,620
Callfornid ..o n i ie i e eeceee e eaan 1. 125, 000 100 3,025
GEOLZIR «cvee ceae caceee cceaacnnnsvannan 1- 125, 000 100 3,400
Kansas. ccocerveecae cevaceacenneceemnn. 1-125,000 50 5, 940
Kentueky -cocen imici i iicr e e 1.125,000 100 1,100
Maryland .cveveenom it caa aeen 1. 62,500 20 79
Massachusetts .oer vmeerveenee cveuvann.. 1: 62,500 20 3,200
MISBOULL cnevan samcon mcen secemcmmecmanen 1: 125, 000 50 4,500
Montana «cee veeeoie it e i nans 1: 250, 000 200 3, 300
Now Jersey . . cvcen veaiee cuee cacmnecnan 1: 62,500 | 10 and 20 1,340
North Caroling . . oceet cme e iiecmeans 1-125, 000 100 2, 500
Oregon. coen ciei i e, e- 1 250, 000 200 3,000
South Carohna. .cveeeeeni cioiaan ... 1 125,000 100 1,900
Tennessee «coeeeoceeonneorcameceancnnans 1 125, 000 100 1,200
TeXa8 cuveivnrernececeraavacas cereceean. 1.125, 000 50 4,430
VITEIDIA - ccce i cevmcecmanacne cannoane 1 125,000 100 5,700
West ViIginia ccoeee vevne.. rerananan s 1:123, 000 100 2,350

/ 55, 634
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As in preceding years, the areas surveyed during the field
season have been mapped during the office season by the
- topographers who executed the surveys.

As the maps are completed they are placed in the hands of
the engraver and reproduced upon copper plates in accordance
with the plan set forth in preceding reports, and a small edition
of proof copies has been printed for the use of the office. The
atlas sheets which have been engraved during the year are
tabulated in the accompanying administrative report of the
officer in charge of the work of the division of geography, Mr.
Henry Gannett. The total area covered by the engraved atlas
sheets of the Survey up to date, arranged by States, with the
number of sheets and parts of sheets to each State and the
scales and contour intervals, is shown in the accompanying
table :

Areas covered by atlas sheets engraved up to June 30, 1887.

Number of sheets. Contour | Approximate
1
el ety | Pty | TGS | saare s
Alabaing - ecaeenoaaa. .o, .oen 1 3 100 2,200
ATIZONG v cceen ceecanvnacnn uen- 12 2 200 50,000
Califormia ..o cveeieea oo & 1 200 _ 23, 000
GeOTgIq ccoeen covene cammaeanns 1 4 100 3,800 wp
Kansas «.cooiiiionana i 4 50 7,000
Kentueky eeeevovennuonecanan.. 1 5 100 3,500
Maryland «.co.oviiiivanoan.. 2 2 100 600
Magsachusctis .veeevann ... 3 ecoccrnaana. 20 and 40 700
Missourt «oeeee.... eeeeceen- 12 2 50 13,000
Montana - coeeceeemcercinnann P> IR S 200 11, 000
Nevada .cveevivvncr macaecan. 3 3 200 20, 000
New MexX160 weeeeiiiier cnnn-. P S 200 8, 000
North Carohug - cocuus ean. -... 1 8 100 3,800
South Carolmua. ..ooooer cooilieieannaann 1 100 200
Tennessee ..... feeecmamananaa 5 11 100 10, 500
TEXAB eevenncmesccocaencennn - 12 leeeevnnnnnns 50 12, 600
Utah. veeneemen e e 17 1 250 65, 000
VIrginia «oveer voicieiaocnnaefecmaencanann 11 100 5,500
West Virginia .v.e ceeecaan.o.. 3 7 100 6, 600
Wyoming .zeceeincerecanncac]ocmcsannann, 2 100 600
Yeilowstone Park. ............ 2 2 160 3,000
250, 000
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During the last year topographic work was pushed forward
vigorously in Massachusetts, at the joint expense of the State
and Federal Governments, in accordance with the terms of a -
contract described in an earlier report, and the survey of the
State is now nearly completed; the sheets already finished have -
been examined and approved by the commission of supervision
on the part of the State and three of them have been engraved.
The condition of the work is shown by Plate II. Partly for
the purpose of illustrating and testing the manner in which the
atlas sheets of the Survey can be utilized in thie construction
of general maps of reduced seale —the Ubersichtskarten of the
Germans—and partly to exhibit the wide applicability of the
general plan of topographic map construction adopted by the
Survey and already described, the preparation of a general
map of Massachusetts, based on the atlas sheets, has been com-
menced. It is being drawn upon a secale of 1:300,000, and, as
in the atlas sheets, the hydrography isin blue, the hypsography
in brown, and the culture in black.

The topographic survey of New Jersey was practically com-
pleted during the year, as will be seen from Plate III, ap-
pended to the report of the geographic division.

The survey of the District of Columbia and the contiguous
portions of Maryland and Virginia falling upon the same atlas
sheets, comprising an area of 450 square miles, bounded by the
parallels 38° 45" and 39° and the meridians 76° 45" and 77°
15', respectively, has been completed during the year. The
drawing is also finished and after a critical review of the work
the sheets will be engraved. Itis a remarkable fact that while
certain special maps covering portions of the Distriet of Co-
lumbia and contiguous country have been constructed by the
Engineer Corps of the Army, while the admirable surveys of
the Coast and Geodetic Survey have been extended along the
Potomac River in the vicinity of Washington, while several
sheets of a magnificent map of the District (in contours with
vertical intervals of 5 feet) have been issued from the office of
the District government, and while certain other special maps
as well as a large number of general maps representing the
area have been constructed, there has never yet been pub-
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lished a complete and accurate topographic map of the National
Capital and its environs; accordingly the map now completed
will fill a widely felt want.

In the southern Appalachian region work has been actively
prosecuted with a large force. The survey of the mountain
region proper is approaching completion and a considerable
part of the force was employed during the year upon its flanks
and its sounthern extremity. The extraordinary development
of the mineral resources of this region which is now taking
place, together with attendant extension of railroads, gives
these maps a high value, as is shown by the great and ever
increasing demand for them.

The work in Missouri, Kansas, and Texas has made satis-
factory progress, that in Kansas having been extended west-
ward to the ninety-seventh meridian across the whole breadth
of the Sfate.

The surveys in Arizona have been extended to cover tlie
southern border of the great Colorado plateau.

The work in the gold belt, upon the western slope of the
Sierra Nevada in California, has made good progress, and that
in the northern part of the State has been extended northward
up the Cascade Range into Oregon.

The survey of the Yellowstone National Park having been
completed during the previous year, the work has been ex-
tended north and west into Montana during this year.

The work of the division of geography consists in the pro-
duction of maps of a degree of accuracy and detail suitable
for publication upon certain specified scales at a minimum of
expense. 'The standard of work is set by the scale and the
study of the topographeristo devise such methods as will meet
the requirements of the scale at the least cost. "This view of
the work seems to be sound and scientific and the only one
which duly proportions means to ends. It necessarily follows
that, under different conditions of surface, of culture, and of
scale, variations in method are found necessary. 'The bold
relief of the Rocky Mountains cannot be economically sur-
veyed by the methods which are employed in the level, forest-
clad region of the Atlantic plain; the dense settlement of New
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England imposes methods which are not economically appli-
cable in Montana; while 1t is easy to understand that in many
cases methods which are best for the production of maps upon
the four-mile scale measurably fail when applied to the one-
mile scale. It follows that improvements in methods and in-
struments, in the direction of better adapting the work to topo-
graphic conditions, are constantly being devised, while the in-
ception of the work in new regions, which present features not
before encountered, renders necessary more or less modification
of methods of work to meet the new conditions. Sufficient
work has now been done to furnish fairly trustworthy averages
of cost, while the accuracy, the amount, and the distribution
of the geometric control of the work can be characterized
quantitatively, as illustrated in the report of the chief of the
division of geography.

PROGRESS IN GEOLOGY,

PLAN FOR THY GEOLOGIC MAP.

At the inception of the Survey the prospective operations
upon different lines were definitely projected in accordance with
the terms of the law providing for the construction of a geologic
map of the United States. These plans were, however, affected
by various conditions: Thus by specific enactment the Geolog-
ical Survey inherited the work of certain surveys previously
instituted by the Federal Government and it was necessary to
provide for carrying on and completing the work already com-
menced. Again, for the purpose of utilizing as rapidly as pos-
sible the results of geologic investigation in different portions
of the country, arrangements were effected for incorporating
the results of certain. official and unofficial surveys in progress
in several States, and the general plan of the Survey was so
far modified as to render the work of such surveys immediately
useful. Moreover, the mineral resources of certain regions
were attracting attention and it was deemed wise to commmence
operations in those regions in which the resulting benefits
would be greatest and most quickly realized. Finally some
of the geologists whose collaboration was secured by the
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Geological Survey at the commencement of its work were
especially familiar with particular areas and in a position to
carry on investigation in such areas more advantageously than
in any other, and, so far as was practicable, they were assigned
thereto. So, for various reasons, geologic work was in many
cases commenced in regions not topographically surveyed, and
there has accordingly been delay in completing and publish-
ing the portions of -the prospective map of the United States
covering the territory within which this preliminary work was
undertaken. In most cases, however, the topographic surveys
preceded the geologic work, in accordance with the general
plan of the Survey. In certain portions of the country the
geologic studies are approaching completion and the geol-
ogists are in a position to project the results of their work upon
the atlas sheets, and, in fact, many sheets are already colored
geologically in manuscript, but there is reason for delaying
their publication,

In order that the geologic map of the United States shall be
of the greatest possible value to all classes of users it is neces-
sary that it shall be prepared upon a uniform plan, that a uni-
form system of classification shall be employed for the dif-
ferent portions of the country, and that, so far as possible, the
same colors shall be used for identical formations and geologic
groups throughout the country. But the task of devising a
cartographic system which shall meet these requirements is
one of great difficulty. Much thought has been given to the
subject during recent years by the geologists of this and other
countries. Thereis an International Geological Congress which
has for its principal object the development of a uniform method
of geologic mapping and the unification of gedlogic classifica-
tion and nomenclature; this body, including the most emi-
nent geologists of the world, considered these subjects at great
length at Paris in 1878, at Bologna in 1881, and at Berlin in
1885. There is an official committee of American geologists
who represent the interests of this country in the International
Congress and who have given prolonged consideration to the

“subjects; but no final results have beeu reached by the com-
mittee or the congress. The Director of the Survey is a mem-
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ber of the American official committee and has participated in
its deliberations as well as in those of the International Con-
gress. Ile hasin addition given much attention to the develop-
meut of a cartographic system suitable for the purposes of the
Survey. Considerable space was devoted to this subject in the
Second Annual Report and numerous experiments have since
been made for the purpose of testing different color schemes.

No fully satisfactory cartographic system has thus far been
developed, although a systemn has been devised which reason-
ably meets the requirements of this country and is objection-
able chiefly in that it is in a measure inconsistent with foreign
usage; the wisdom of finally adopting it is, therefore, in a
degree doubtful. There will, however, be another session of
the International Congress at London during the ensuing year
and it is hoped that a cartographic system may there be agreed
upon which will meet the requirements of this Survey and at
the same time be acceptable to the geologists of other coun-
tries and suitable for all purposes of geologic science. Mean-
time it is regarded as injudicious to publish maps colored in
accordance with a plan which may have to be modified or
abandoned.

WORK OF THE GEOLOGIC DIVISIONS.

During the year investigations of the Archean rocks have
been rapidly pushed forward in New England by Professor
Pumpelly and in the Lake Superior region by Professor Irving.
Satisfactory progress has been made in both regions, though
in the former this progress has lain rather in the direction of
the development than in that of the solution of problems.
The region is one of great complexity in geologic structure
and has puzzled and has been in a measure a field of dispute
among the geologists of three generations; and it is necessary
to proceed with caution, in order that every result reached may
be final and beyond the reach of criticism. Professor Irving’s
work has been quite successful as measnred by results. He
has elucidated the structure of the iron bearing and eopper
bearing rocks along the southern and western shores of Lake
Superior, making in the progress of his work important con-
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tributions to geologic taxonomy and securing data of great
economic value to this region of rapid industrial development.

Professor Shaler’s investigations of the tide marshes and in-
undated lands of the Atlantic coast have kept before him the
question as to the oscillations of the land and the alternating
emergence and submergence of different parts of the coast.
These changes of level have been studied at different points,
and the results of a detailed investigation of the old shore lines
and related phenomena upon the island of Mount Desert form
one of the papers accompanying this report. The practical
work upon tide marshes has meantinie progressed satisfactorily.

Mr. Gilbert’s work apon the structure of the Appalachian
mountains and upon the movements yet in progress in this
region have heen eminently satisfactory. Several sections,
extending from the plateau of simple structure on the west
through the mountains to the Piedmont plateau on the east,
have been completed. They clearly indicate the structure of
the mountain system and the distribution of the coal seams,
iron ore beds, limestone layers, cement deposits, &c. found in
the mountains and along their western flanks. A special
treatise on the bituminous coals and the natural gas and oil of
West Virginia has also been prepared. Among the results of
the year's work in this division there should be mentioned
also the careful resurvey of Niagara Falls, executed by Mr.
Woodward, for the purpose of comparing the present condition
of the falls with that during earlier years and thus determining
the rate of recession. This great cataract has long been re-
garded the most trustworthy chronometer known for geologic
time and it is believed that it affords one of the most satisfac-
tory means for the reduction of geologic time units to historical
time units

The investigations in glacial geology under Professor Cham-
berlin have been carried over nearly the entire glaciated area
of the United States. Many of the fields remaining unex-
plored a year ago have been carefully examined during the
present year, and the field work is thus nearly completed.
Meantime, maps and reports exhibiting the classification and
distribution of the glacial and aqueo-glacial soils of the north-
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ern part of the United States have been in preparation. The
relations of geology to agriculture are through chemistry, and
during the year Professor Chamberlin has given attention to
soil classification upon the basis of geologic structure and
chemic and physical constitution combined, with the object of
facilitating the application of strictly scientific methods in
agriculture.

The studies already commenced in different parts of the
Rocky Mountain region have been satisfactorily pursued. The
combined investigations of the general geologic structure and
of the coal, oil, gas, &ec. of Montana have been somewhat
crippled by the long illness and finally by the consequent
resignation of the veteran geologist Dr. Ferdinand V. Hay-
den, to whom so large a debt of gratitude is due from the
people of the country for his activity in originating and pros-
ecuting some of the most important surveys ever undertaken
in the United States. The work, however, was not abandoned
or even discontinued and during the latter part of the year
has been carried forward in accordance with the old plans by
Dy. Peale.

The systematic observations already commenced by Mr.
Hague in nature’s great laboratory in the Yellowstone Na-
tional Park have been carried on actively and have resulted
in much additional information concerning the origin and re-
lations of certain mineral deposits.

The investigations of the structural and mining geology of
Colorado by Mr. Emmons have also been pushed forward as
rapidly as possible. Among the results of the year’s work in
this division should be mentioned the completion of an ex-
tended study of the Denver coal field and the commencement
of the preparation of a special report thereon.

By reason of the completion of one field of investigation the
operations of the California division have been divided. A
part of the force has been employed during the year in a study
of the auriferous zone along the western flanks of the Sierras,
known as the gold belt, and, although final results have not
yet been reached, much information of great practical utility
has been collected. Mr. Becker has completed his report
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upon the quicksilver mines of the United States. In order that
his monograph upon this rare and unequally distributed min-
eral deposit might be exhaustive, it was deemed necessary
that he should personally examine the quicksilver mines of
Almaden in Spain, and a visit to Spain for that purpose was
authorized by the Secretary of the Interior. Mr. Becker’s mon-
ograph will go to press at an early date.

The principal field operations of the volcanic division, under
Captain Dutton, were confined to the great lava fields and the
various volecanic deposits of Northern California and South-
weslern Oregon. IExceedingly valuable results, in the form
-of data relating to the origin and constitution of lavas and to
the ascertainment of the part which volcanism has borne in
the history of Western America, were secured. Captain Dut-
ton was greatly aided in his researches by Mr. Diller, who
contributes to this volume a paper embodying a portion of the
results of the work of this and previous seasons. Among the
incidents of the year’s work may be mentioned the exploration,
sounding, and mapping of the unique body of water called
Crater Lake, which, as its name implies, occupies an old vol-
canic vent and which was found to be the deepest body of
fresh water known on this continent. During the latter part
of the year the energies of the division were devoted largely
to the investigation of the Charleston earthquake, to which
reference is made elsewhere.

By reason of the rapid industrial development of Northern
Mississippl and Louisiana and the consequent opening of nu-
merous excavations exposing the rocky strata, much attention
has been given to mineral resources, and the time of Mr. John-
son, the geologist employed in this region, has been too largely
occupied in field examinations to permit of the preparation of
final reports setting forth fully the results of his work. Valu-
able information has, however, accumulated rapidly in his
hands and has been disseminated among the people, both
orally and through the local press, and preliminary reports
upon the Tertiary deposits and the intercalated iron ove and
marl beds of the region are in press.
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The field work performed during the year in the Potomac
division has been confined chiefly to the Quaternary deposits
of the coastal plain between North Carolina and New York
and has resulted in considerable additions to our knowledge of
the Quaternary history of the Atlantic slope. As during pre-
vious years, however, the larger part of Mr. McGee’s time has
been absorbed in administrative work. One of his duties was
the examination of the central part of the area affected by the
great Charleston earthquake immediately after its occurrence.

The subjects of investigation and the methods pursued in
the various geologic divisions are set forth at length in the
accompanying administrative reports. The results of the work
are not incorporated in these reports, except in so far as may
be necessary to the explanation of subjects and methods of
study, but are incorporated in certain of the papers accompa-
nying this volume and in other current publications of the

SurVey.
PROGRESS IN PALEONTOLOGY.

METHODS PURSUED.

There are two lines of paleontologic investigation the ob-
jects and applications of which are in a measure different.
The first of these is the biotic and the second may be desig-
nated the technic.

The first line of investigation has for its object the deter-
wmination of the biotic relations of fannas and floras, the
elucidation of the life history of each animal and plant whose
remains are preserved in the rocks as fossils, and ultimately
the unfolding of the entire life history of the globe; and it has
for one of its applications the determination of the value of fos-
sils as criteria for geologic discrimination and classification.

The second line of investigation has for its immediate object
the collection and arrangement of fossils from the rocks of
the country and the investigation of the relation between these
fossils and geologic structure in such manner that the fossils
may be classified by geologic structure or even geographic
distribution and that a composite taxonomy involving both
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rocks and fossils may be developed; and its application is the
identification, correlation, and eclassification of the formations
of the country required in the construction of geologic maps.

In the Geological Survey these two lines of investigation
are combined so far as practicable, as the technic study of
fossils is most thoroughly carried on in the light afforded by
a knowledge of their biotic relations.

RESULTS ATTAINED.

During the year Professor Marsh has continued his studies
of the gigantic vertebrates of the Western Territories. He has
collected a large amount of new material, has prepared several
skeletons and parts of skeletons from the rough material col-
lected during precedihg years, and has nearly completed for
the press a monograph on the Stegosauria, in which it is be-
lieved the high standard already established in this class of
work will be maintained. The results of the work of this di-
vision have already attracted profound attention among scien-
tific men, not only in this country but throughout the world.

A large part of Mr. Walcott’s work has been performed in
the belt of complicated geologic structure in the eastern part of
the upper Hudson Valley, a region in which displacements by
flexure of the Appalachian type and by faulting of the Great
Basin type are combined, in which the surface is mainly drift

*covered, leaving few exposures of rock, and in which the topo-
graphic details have been fashioned by Quaternary ice rather
than determined by the underlying rock. Itis the western
part of that zone of obscure relations which has formed the
subject of the well known Taconic controversy; but, despite
the large amount of labor that has been expended upon the
region and the literature that has grown out of it, this of all
the geographically known portions of the country remains the
terra incognita of American geology. Professor Pumpelly
approaches the Taconic range from the east and Mr. Walcott
from the west and both have attained valuable results. The
work of the latter has been stratigraphic rather than paleon-
tologic and the fossils have been used solely as indications of

8 GEOL——F6
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the geologic structure  Other lines of Mr. Walcott’s work are
described in his administrative report.

One of the most important events of the year in systematic
geology was the discovery by Dr. White and Mr. Hill of a
great series of Cretaceous strata in the State of Texas under-
lying the rocks hitherto regarded as the base of the American
Cretaceous and corresponding in many respects with the Lower
Cretaceous deposits of Europe. Preliminary notices of the
discovery have already been made in the scientific journals by
both of these gentlemen and have attracted considerable atten-
tion and widespread interest both in this country and abroad.
The relations of this series to the deposits yielding salt, sul-
phur, iron, &ec. in Texas, Louisiana, and Mississippi have not
yet been fully made out, but are undér investigation. The
bearing of the discovery upon the question of artesian water
supply in the arid plains of Central Texas is most intimate
and information on this subject of immediate practical value
has been conveyed to the people of the State through the
public press. Other lines of work performed in this division
are described elsewhere in this volume.

In the earlier days of geology, certain tacit assumptions re-
lating to the geographic distribution of animals, particularly
during later geologic time, were necessarily made; but, in order
that fossils shall have their greatest value as criteria for the
identification and classification of the rocks of the Tertiary,
it is necessary that these assumptions shall be questioned and
that the actual distribution shall be ascertained by careful
examination in favorable areas. During the year Dr. Dall’s
studies have thrown much light on the distribution of genera
and species in certain of the Tertiary deposits of the coastal
plain on both the Atlantic and Gulf slopes. In the prosecution
of his work large collections have been made and the series of
representative and type fossils required for the geologic study
of this portion of the country has been g.eatly enriched.

It has already been made known that, in order to prepare
the way for comprehensive study of the fossil plants of this
country, Professor Ward has undertaken the preparation of a
compendium of paleobotany. This monograph is now ap-
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proaching completion and some of the information collected
in the course of its preparation is incorporated in a treatise ap-
pended to this report. Meantime Professor Fontaine, of the
University of Virginia, who is associated with Professor Ward
during a portion of each year, has continued his work on the
plant remains of the Potomac formation. The flora represented
by these fossils is unique and exceedingly luxuriant. The
formation appears to occupy a position intermediate between
the Cretaceous and Jurassic of the European series, but its ex-
act equivalent is not known in any other part of the globe.
The flora is of especial interest in that it represents the period
of transition from primitive polycotyledonous forms of early
geologic time to the dicotyledonous forms which have since
prevailed throughout the globe. Drawings and descriptions of
more than three hundred and fifty species, of which over three
hundred are new to science, have been prepared during the
year, and the text of a monograph on the subject is completed
and will go to press within a few months. Meantime another
novel line of investigation has been taken up by Mr. Knowlton,
viz, the study of petrified and lignitized woods, with the object
of discovering methods of utilizing such material in geology as
criteria in classification. The preliminary results of this work
are set forth in a paper soon to appear as a bulletin of the
Survey. -

Mr. Scudder’s studies of the fossil insects of the country
have progressed satisfactorily. A mewmoir comprising descrip-
tions of American genera and species appears in this volume!

WORK OF THE ACCESSORY DIVISIONS,
CHEMISTRY AND PHYSICS,

In conaucting the operations of the Survey it is constantly
borne in mind that while the common and simple petrographic
classification of rocks belonging to the stratified series suffices
for all practical purposes, as well as for most of the purposes of
geologic study, every system of classification and nomenclat-
ure of the crystalline rocks of the earth thus far proposed is
more or less objectionable, and the possibility that the ultimate
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classification of these rocks may have a purely chemic basis is
recognized. Thus, in the prosecution of the work of this divis-
ion, as in that of the paleontologic divisions, a double object is
ever kept in view: not only are such analyses and assays made
from time to time as are required for the solution of the prac-
tical problems which arise daily in the geologic work, but
efforts are constantly made to ascertain the ultimate relations
of the chemic elements and compounds and the rock forming
minerals, in order to establish as quickly as possible new and
improved criteria and methods of mineral classification. In
thus pursuing the chemic studies of the Survey upon a broad
plan, field work in representative mineral localities occasionally
becomes necessary. Several such localities have been visited
by Professor Clarke during the year, each yielding valuable
information or material.

An important subject of study in this division during the
year embraced the salt and soda deposits and the saline lakes
of the Great Basin in Utah, Nevada, and California  Thus far
the vast accumulations of brine and saline precipitates in this
region have not been fully utilized, partly by reason of inade-
quate means of transportation and partly by reason of igno-
rance as to their extent and value. Mr. Chatard’s work has
done much to direct attention to these important resources and
to enable prospective: investigators to determine the conditions
under which investments may be made.

Perhaps the most complete study of the mineral waters of
any locality with special reference to their agency in mineral
formation ever placed on record is that completed during the
year by Messrs. Goocli and Whitfield, of this division. This
study comprises a part of the results of the investigations now
under way in the Yellowstone National Park. The applica-
tion of its results will be made in the final reports on that
interesting locality of modern mineral deposition; but, mean-
time, the results themselves will be published in the form of a
bulletin.

Other lines of investigation have also been pursued in this
division and are described at some length in an accompanying
administrative report.
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MINING STATISTICS,

As during previous years, much labor has been devoted to
the collection of statistics of mines, mining, and mineral pro-
duction, partly for use as a guide in the plans and operations
of the Survey and partly because such information is of great
value to the country and sointimately connected with geologic
work as to form a legitimate part thereof. Mr. Day, who has
charge of this division, has during the yearimproved and per-
fected his method of collecting statistics and has enlarged his
corps of correspondents; and the value of the information col-
lected is thereby increased. .

The accompanying tables exhibit the quantities and values
of the various metallic and non-metallic mineral products of
the United States during the calendar year 1886:

Metallic products of the United States in 1886.

Quantity. Value,

Pig aron, spot value ... ...l long tons 5,683,320 | £95,195,760
Silver, colning value....ouveeeeeniiaenannn troy ounces. | 39,445,312 51, 000, 000
Gold, commng value ... ... .ol do. 1, 881, 250 35, 000, 000
Copper, value at New York City ............... pounds. |a161,235, 381 16, 527, 651
Lead, value at New York City._.............. short tons 135, 629 12,667,749
Zine, value at New York Ciby ... v ceeeucocnaan-. do..... 42, 641 3,752,408
Quicksilver, value at San Francisco ........... -flasks 29, 981 1, 060, 000
Nickel, value at Philadelphia .....ocoooniiiail. pounds 214,992 127,157
Aluminun, value at Philadelpha.. oo oo el 27,000
Antinony, value at San Franeisco............ short tous. 35 7,000
Platinum, value, erude, at New York City..troy ounces. 50 100

Total ettt icicrecmar e | eemee amee.. 215, 364, 825

« Including copper from 1mported pyiites
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Non-metallic mineral products of the United States in 1886 (spot values).

Quantaty, i Value

Bituminous coal, biown coal, hgmte, and anthracite
med elsewhere than 1n Pennsylvaniaa....long tous._| (5, 810,676 878,481, 056
Pennsylvania anthracited .. ... ooo.iiiiavana. do..... 34, 853, 077 76,119,120
B ) 313 U YR barrels..| 42, 500, 000 21,250, 000
Petroleti ..ooon oot icaan ccciecmee e meaaaoans do..... 28,110,115 20, 028, 457
Bmlding Stone .« o oot i cieaiieaae cmea] e e 19, 000, 000
Natoral gas o.ocin oo iim i e it tire e e ea 9, 847, 150
(71 P R barrels..| 7,707,031 4,736,585
816511150 | & PN do..... 4, 500, 000 3,990, 000
Limestone forron flux ...o...cooooonao.o. long tons..| 4,717,163 2,830,297
South Carolina phosphate 100k ..o oeaeioaaa., do..... 430,549 1,872,936
Zme white...... e et ecteseneiaaann short tons. 18,000 1, 440, (00
Mineral waters. ... .. .coveeeceeeiireanancnnn gallons sold..; 8,950,317 1,284, 070
Concent1ated DOTAX .« ovever crre ceieeeeaeaaecnns pounds._.| 9,778,290 488, 915
GYPSUIM o ciit it vicesenncamsaoccnaraces short tons.. 95, 250 425, 625
New Jersey marls ..veeeceeicineicanancarcon vun- do...._. 800, 000 400, 000
Ocher oot i i i e e ccn e do..... 15,800 285, 000
MAanZANCSe 01€ ucurrvecenn cemnvnnmnneannaaas long tons..| 30,193 277, 636
Pynmtes coom ool e long tous.. 55, 000 217, 500
Brooune ...l pounds 428,334 141, 350
20 B¢ AU long tons.. 30, 000 120, 000
Corundum ..........._.. Caee ceem e aanaae e short tons.. 645 116, 190
Precious St0nes . .. o et i e i et raae et caaataanana 79,056
Sulphur e.oiweiciiii i hememmeeancoan short tons.. 2,500 75, 000
Feldspar coveiiie v oo vt e et s long tons.. 14, 200 74,500
Mica oo e eeeaacaea JpoOUNds.. 40, 000 70,000
Crade barytes ..cces coit il iicatiiaees weane. JODZ tODS 10, 009 50, 000
Gold quartz, souvenirs, jewelry, &C ...oviveens cecer cnnan ceracsrenna 40, 000
Cobalt oxide, including ore and mabte.. ... ..o cooieiolL. 36,878
Graphite ... .o . i it ceieeanecaaeaan pounds. 415, 525 33, 242
Slate ground as pigment ... ......_.. dmme e long tons.. 3, 000 30, 000
Chrome 11011 OT€ e ae o ove ceie e i caeee vaee eemmn do. .... 2,009 30, 000
Fluomspar.......c...... R short tons . 0, 000 22,500
Novaenlite . c.ocv ettt i pounds..| 1,160, G0 15,000
Asphaltum.......... ..o ol -..-shott tons.. 3, 500 14, 000
. 1123:7 15 1 - R P do..... 200 G,000
321 57 4 - Y eeees....pounds_.] 600 2,000
Total (e et e iaccaaan. S B 243, 963, 063

a The commercial bituminous coal, excluding that consumed at the mines, was only

63,330,119 long tons, valuned at $75,554,629

b The commereial anthracite coal swas ouly 32,764,710 long tons, valued at the sum

of $71,558,126.
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Résumé of the values of metallic and non-metallic substances produced in
the Unted States 1 1880.

D3 e ) 1 A $215, 364, 825

Mineral substances named 1n the foregoing table. ... ... (... 243,963, 063

459, 327, 883

Estimated value of mineral prodnets unspecified ........ ... ... 6, 600, 000

Grand total..caneiimen it iinec e tiameaeceet ceactanes 465, 327,838
MISCELLANEOUS.

Botl: microscopic and macroscopic studies of the crystalline
rocks are essential to the progress of certain lines of work and
such studies are made in the petrographic laboratory. In re-
sponse to the constant requirements of the different geologists of
the Survey whose work is of such character as to demand care-
ful rock examination the laboratory has executed much work
during the year. A part of its forceis employed in the prep-
aration of slides for microscopic study &ec. and the necessary
laboratory apparatus is maintained for that purpose. During
the year an imﬁortant improvement in petrographic laboratory
methods has been made: Heretofore the larger rock specimens
have been sawed by means of metallic disks rotated at high
velocity and fed with emery powder &c., but it has been found
that the hardest rocks can be much move readily and econom-
ically sawed by means of a slender copper or soft iron wire,
rapidly driven over pulleys and supplied with abrasive mate-
rial.  The efficiency of this part of the laboratory apparatus
is greatly increased by this appavently slight improvement.
The details of the work of the laboratory are set forth in the
accompanying report of Mr. Diller.

The forest resources of the country are of great commercial
importance and the forests themselves are important as factors
affecting the drainage, freshets, water supply, &ec. over con-
siderable areas of the country. The operations of the Sur-
vey are such that information concerning certain forests and
tforestry can be collected at trifling labor and expense and pro-
vision has been made for so doing. In an accompanying ad-
ministrative report Mr. Shutt sets forth the methods he has
pursued in the work of this division.

-
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COLLATERAL INVESTIGATIONS.
NATURAL GAS.

Since the commencement of the present decade a newly dis-
covered mineral resource of great importance to the country
has attracted widespread attention and in consequence of its
application new industries have grown up and certain old in-
dustries have been modified. The discovery of large quanti-
ties of natural gas and its utilization in Western Pennsylvania
five or six years ago were rapidly followed by discoveries in
Ohio, and, as’the official geologic surveys of these States in-
vestigated the deposits in which and the conditions under which
natural gas may be found, rules for the guidance of exploita-
tion in new fields were developed and field after field was
opened, not only in these States, but also in New York, West
Virginia, Kentucky, Indiana, Illinois, Iowa, Kansas, and
Wyoming Territory, and natural gas is now extensively util:
ized in most of these States as a fuel and in some cases as an
illuminant. Its employment as a fuel in certain manufactures
(e. g, of iron and glass) has not only materially reduced the
cost of inanufacture, but has greatly improved the quality of the
products, and the utilization of the same substance as a fuel
for domestic purposes in several industrial centers has not only
diminished the cost of living, but has promoted cleanliness and
order.

Many geologists and engineers who have studied the sub-
ject of natural gas are of opinion that the present generation
will see a decline in the output of the fields already exploited
and that a few generations hence the supply will be practically
exhausted throughout the entire country. But the sawne in-
vestigators are also of opinion that as the supply of natural
gas fails an artificial product will be substituted for it and that
new and improved methods for the manufacture of artificial
gases to supply the place of the natural substance will be de-
vised, and accordingly that the benefits resulting from the
utilization of rock gas throughout the country will be perma-
nent.

~
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Realizing the importance of this newresvurce, the Geological
Survey has taken part durjng the past year in investigations
relating to it.

In Kansas, investigations of the gas field in the southeastern
portion of the State have been carried on by Mr. Robert Hay
in connection with his specific duty of elucidating the geologic
structure of the tract, and the formations in which and the
conditions under which rock gas may be found have been set
forth not only through the public press but in a special memoir
published under State auspices during last winter. In Ohio
and Indiana investigations have been carried forward energet-
ically by the official geologist of the former State, Prof. Ed-
ward Orton, and the Geological Survey has co-operated with
him as far as seemed necessary. The various conditions under
which rock gas occurs have been investigated by Professor
Orton more fully than has hitherto been done in any country
and a significant relation between the chemic constitution of
the rock and the yield of gas has been established. 'This
discovery promises to afford a key by which the difficult ques-
tions relating to gas distribution may be solved in such man-
ner that the occurrence of the substance in specific localities
may be much more surely predicted than heretofore.

Professor Orton has already published two preliminary re-
ports on this subject under State auspices; but since their -
preparation he has collected much new and valuable informa-
tion, which has been carefully collated and discussed and now
forms one of the special papers accompunying this report.

THE CHARLESTON EARTHQUAKE.

The earthquake of August 31, 1836, by which a part of the
city of Charleston was destroyed and nearly a hundred of her
people killed, was not only one of the most appalling and
lamentable catastrophes of this character occurring during the
century, but was in many respects one of the most noteworthy
seismic disturbances ever recorded. With two or three excep-
tions the area affected was greater than that of any other known
earthquake; and, by reason of the general distribution not only
of population but of fairly trustworthy chronometers and tele-
graphic communication over nearly the whole of this area and
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by reason of the general employment of standard time, the
opportunities afforded for systematic study of the phenomena
were unexampled.

The shock, which was experienced at Washington, was re-
corded as carefully as possible, andyas soon as intelligence con-
cerning its disastrous effects at Charleston and other southern
cities reached the office of the Survey, steps were immediately
taken to secure all possible data concerning it. Mr. Hayden, of
the volcanic division, immediately sent out large numbers of
circulars requesting information, these requests being so worded
as to elicit data of the greatest possible value in systematic in-
vestigation. The data thus secured are extensive and volum-
inous, and much additional information was obtained through
the United States Signal Service, the Light House Board, and
other bureaus of the Government. The Survey also is under
great obligations to the various gentlemen of the press through-
out the country for their valuable contributions to the available
fund of information concerning the catastrophe

For the purpose of securing more definite information than
could be otherwise obtained, Mr McGee went to Charleston
as soon as communication was reopened and secured a num-
ber of photographs and sketches, representing the effects of
the earthquake upon structures, which afford means for ascer-
" taining and comparing the intensity of action in different parts
of the arca affected In addition, some significant notes were
made upon the slighter secondary shocks, which continued
for.some weeks after the initial disturbance, and upon the
detonations by which nearly all of them were accompanied.
Arrangements were also made by Mr. MeGee to have these
local studies continued in accordance with what seemed the
most promising plans. This work was done in an eminently
satisfactory manner by Mr. Earle Sloan, a mining engineer
and resident of Charleston. Mr. Sloan’s operations were hastily
conducted and ecircumstances prevented him from devoting
adequate time to the preparation of a systematic report, but
the record which he transmitted to the office of the Survey is
to be ranked among the most valuable accounts of seismic
phenomena ever written.
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On the return of Captain Dutton from the field of his sum-
mer's labors in Oregon, he undertook the laborious task of
reducing and systemizing the vast number of observations
recorded in circulars, notes, press accounts, and correspond-
ence, of thoroughly digesting the voluminous data, and of
setting forth the results of his investigations as a contribution
to the science of seismology. After assembling and fully
digesting the records, Captain Dutton also visited Charleston
and Summerville and not only collected much additional in-
formation, but verified certain important inferences based upon
the data already in hand.

Rapid progress has been made in the discussion of the data
secured from these various sources and in the preparation of a
monograph on the subject. This report will soon be ready
for the press.

RESEARCHES IN TERRESTRIAL PHYSICS.

During the year Messrs. Barus and Hallock, of the division
of chemistry and physics, have continued their investigations
into the properties of solid substances under varying conditions.
Questions as to the nature of viscosity and the influence of the
viscosity of rocks upon orogeny and the movements of the
terrestrial crust generally are of fundamental importance in
certain lines of geologic research, and the investigations of the
year have thrown much light upon the subject and have re-
sulted in the determination of certain coefficients of viscosity
and of the relations of this property of substances to certain
other properties. Preliminary results of their work have al-
ready been made public through a bulletin of the Survey.

The general subject of terrestrial physics which has heen
thus experimentally approached in one division of the Sunrvey
Las been approached from a different direction in another di-
vision. During the year Mr. Woodward has continued his
researches on the sea level as affected by the attraction of ad-
ventitious masses, described in the last report, and has also
mathematically investigated the probable rate of the secular
cooling of the earth and the effects of such cooling upon ter-
restrial contraction, as well as upon the distribution of internal
temperatures. Ie has also investigated the probable distribu-
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tion of density and pressure within the earth and the relations
of these factors to temperature; he has similarly investigated
the stresses of the terrestrial crust and counsidered their rela-
tions to antecedent and consequent deformations of the terres-

trial erust.

A part of the results of these investigations will

be made public in monographs now in course of preparation
and a part will formt the subjects of bulletins now ready for

the press.

FINANCIAL STATEMENT.

Amounts appropriated for and expended by the United States Geological Survey for the fiscal

year ending June 30, 1887,

Salaries, office

g -
Sy | gl Geohgenl | T
Amounts appropriated. ..c.e oo oo | eeees ceal oL $167, 760 00 $35, 540 00 $503, 240, 00
Amounts expended, classified as fol-
lows
Expenses
A Services ...e. cecee cevee o $349, 836 93 T T I .
B Traveling expenses ..... .. PR R R P
C Transportation of property .... 4,273 10 | coiiviiis i ] cimen tiene | e ceees aen
D. Field subsistence . . . .. -... 7,080 30 | .. ceeee v | e e e e e
E TField supplics and exponses ..... 39,503 49 | Lo.. cieer | ciiiiiiiiieiae | ereee vaees o
F Ficldmatenal.cooas ceeee oo oua 9,637 30 | cooieiiaier ao | dieen e en | eeee cmeee e
G Insttuments .ac.. covev ccueee 6,179 41 er oo | ceenn .
H Laboratory matemal . ..... ..... 4,200 08| coevvninien vi | civiiinaeas -
I Photographic matel:ial. ........ 3,558 94 D
K Booksand maps....eee ca-ae .. 3,020 60 | ... cevee e | ennee meen sen | cacesancnns ve
L Stationery and diawing material BOB 04 | .ieu coine co | mevce tveecnee favecenesannenane
M Illustrations for reports ..... .. L0800 | .. .eecer oo ] oo s B I
N OfficeTents .ccecveescs wemes ov 240944 ... .... . et e e veese
0 Office furniture ...... ..... -... 680 06 T .
P Office supphes and 1epairs 5304 27 .. ... .. e e . —.e vn
Q Storage  _.... -el ee.. .. 577 88 | eevie ceenann. . PR PR ¢emema -aus
R Coriespondence -.......... - T
S DBonded railroad accounts
Freight $659 57, transporta
tion of assistants, $1,494 05 .. 2,153 62
—_— 462, 900 32
Salaries
. W T = ¢ [ O o 34, 980 94 497, 831 26
Balance nnexpended. .. .. .. ... - .- 4,799 68 559 06 5, 338 74
Probable amount required to meet T
outstanding lialhties B 4,790,68 | cevveriacs oo | cieneniaaas Lo
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ADMINISTRATIVE REPORTS.

REPORT OF MR, HENRY GANNETT.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
DivisioN oF GEOGRAPHY,
Washwnglon, D. C., July 1, 1887,

Sir - I have the honor to submit the following report upon the
operations of the Division of Geography during the fiscal year end-
ing June 30, 1887 -

Geographic work was carried on 1n all the areas occupied during
the year before, with the exception of the Yellowstone Park, which
had been completed 1n the preceding autumn. These regions arc as
follows : Massachusetts, New Jersey, the region adjacent to the
District of Columbia, the Appalachian mountains south of Mason
and Dixon’s line, Kausas, Missouri, Texas, Arizona, the gold belt
of California, and the Cascade range of southern Oregon. In ad-
dition to these areas, work was commenced in southern Montana.
The total area surveyed during the fiscal year 1s 55,684 square mutles,
distributed as follows:

Region a Seale of Scale of Contour m- Area
ield work | publication terval surveyed

Sguare miles

Massachusetts 1 30,000 1 62,500 20 3,200
New Jersey 1 20,000 1 62 500 10 and 20 1 340
Distrct of Colunina (adjacent area) 1 30 000 1 62 500 20 A
Appalacinan 1:126, 720 1 125,000 100 19,054
Missourt 1 63,360 1 125,000 50 4,500
Kansas 1 63,360 1 125,000 50 5,040
Texas 1 126,720 1 125,000 50 4,430
Arizona, 1 126,720 1 250,000 200 7,620
Calformia (gold belt) 1 63,860 1 125,000 100 3,025
Qregon 1 126,720 1 250 000 200 3,000
Montana 1 126,720 1 250,000 200 3,300
Total i 55,684

The survey of this area has enabled us to complete 67 sheets of the
general topographic atlas.
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ORGANIZATION.

At the beginning of the fiscal year certain changes were made in
the form of organization. The work on the one-mile scale carried
on in the area adjacent to the District of Columbia was transferred
from the Appalachian section to the Northeastern section; otherwise
these two sections remained as heretofore  The scope of the Western
section was reduced by taking from il the work done in Kansas and
Missouri. and constituting this, with such other work as may here-
after be done in the States of the Mississippi valley, a separate secc-
tion, under the name of the Central section, which was placed under
the charge of Mr. John H. Renshawe, geographer. Beyond the ad-
dition to the Western section of a subsection i Montana, which 18
substantially an extension of the work in the Yellowstone National
Park, there has been no further change 1 organization. The prin-
cipal changes 1 the personnel of the various sections and subsections
are noted in treating of the work i detail.

NORTHEASTERN SECTION.

Massachusetts subsection.—At the opening of the fiscal year work
was in aetive progress i this subsection. The party under Mr.
E. W. F. Natter, comprising Messrs. J. H. Jennings, W. H. Hunter,
C. D. Hepburn, and two field assistants, was at work upon the Fram-
ingham sheet. With this party Mr Natter worked contimuounsly
throughout the season, closing field work practically at the end of
November. He completed the Framingham sheet and surveyed the
Lowell, Lawrence, Cape Ann, Salem, and Boston Bay sheets and the
part of the Haverhill sheet lying in Massachusetts, besides adding
some work on the Dedham sheet. Early in May of the present year
his party. which was similar 1n organization o that of the year be-
fore, resumed work, completing the unfinished portions of the Ded-
ham sheet and commencing work on the Groton sheet.

At the commencement of the fiseal year Mr. W, D. Johnson had in
the field four plane tablers, viz, Messrs. R. D. Cummin, W, H. Lovell,
C. C. Bassett, and H. 1.. Smyth, who were at work upon the Becket,
Sandisfield, Chesterfield, and Granville sheets. Two plane tablers
were subsequently added to hisforce, viz, Messrs. Louis F. Cutter, of
the Massachusetts Institute of Technology, and George H. Page, of
Harvard. Work was prosecuted continuously with this force until
the end of the season, one of the plane tablers leaving the field in
November, four othersin December, while the sixth continued work
for a few days in January. These men completed the Becket, San-
disfield, and Chesterfield sheets and very nearly finished the Hawley
and Granville sheets, besides making a commencement upon the
Marlborough sheet. As the office work of the different members of
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