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LETTER OF TRANSMITTAL.
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Washington, D. C., August 18, 1900.
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operations of the United States Greological Survey for the year
ending June 30, 1900. ,
In this connection permit me to thank you for the continued

active and helpful interest you have manifested in the work of
the Survey.

I am, with respect

Your obedient servant,

/é/mwé%

Director.
Hon. E. A. Hircrcock,

Secretary of the Interior.






TWENTY-FIRST ANNUAL REPORT OF THE UNITED
STATES GEOLOGICAL SURVEY.

CuarLes D. Warcort, DIRECTOR.

INTRODUCTION.

The work of the Geological Survey during the fiscal year
1899-1900 was mainly a continuation of that of previous years,
described in former reports. The same organization was main-

tained (see p. 61) and in a general way similar results were
reached, which added materially to the sum of geologic and
geographic knowledge. The detailed record of accomplish-
ment, both in field and in office, will be found on later pages
under the heading “Work of the year” (p.65). In this intro-
duction a few subjects of special interest will receive consider-

ation.
FOREST RESERVES.

The survey of the forest reserves has advanced as rapidly as
possible during the short periods of time in which such work
could be carried on in these mountainous regions. In connec-
tion with the preparation of a topographic map, which is
preliminary to a forestry map, 21,5640 square miles have been
surveyed within the reserves, and 10,759 square miles in areas
immediately adjacent to the reserves, which may at some future
time be included within them, or to which they are tributary,
" providing timber or water supply. The area triangulated
within and adjacent to the reserves to date is 47,867 miles.
As most of the reserves were practically a wilderness in which
no land lines or astronomic or triangulation points had been
established, it was necessary to begin the mapping by provid-
ing a thorough system of triangulation. The following is a
statement of the work done in surveying and marking the

boundaries and in the topographic mapping of the areas.
: ' 11
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Progress of Topographic and Boundary-Line Surveys.
CALIFORNIA RESERVES.

San Gabriel Timber-Land Reserve—The triangulation of this
reserve has been completed, and two-thirds of the area has
been mapped. In addition, about 400 square miles have been
mapped in forested areas adjacent to the reserve. Of land
surveys, 49 miles of section lines have been run and 4 miles
retraced. '

Sierra Reserve—About 1,000 miles of this reserve have been
triangulated and 75 square miles mapped. . Adjacent to the
reserve, 5 miles of township lines, 2 miles of section lines, and
1 mile of retracement have been run. :

San Bernardino Reserve—This reserve has been entirely tri-
angulated and surveyed, and, in addition, about 470 miles of
adjacent area have been mapped.

Trabuco Canyon Reserve.—The entire area included in this
reserve has been mapped.

San Jacinto Reserve—Nearly one-half of this reserve has been
mapped and also 500 miles of adjacent territory.

Pine Mountain and Zaca Lake Reserve—About 100 miles have
been triangulated, and 10 square miles have been mapped.

BITTERROOT RESERVE, MONTANA-IDAHO.

The entire area of this reserve has been triangulated, and
there have been mapped about 500 square miles within the
limits of the reserve and 500 square miles adjacent to it. Of
land lines there have been surveyed linear miles as follows:
Standard lines, 21; township lines, 42; section lines, 21;
retracement, 2; meander, 6. Reconnaissance maps of the
entire area have been prepared.

PRIEST RIVER RESERVE, IDAHO.

About one-half of this reserve has been triangulated and
one-fourth mapped. In addition, about 750 miles of adjacent
territory have been mapped. Of land lines, 30 miles of stand-
ard and 24 miles of township lines have been surveyed. Recon-
naissance maps of the entire area have been prepared.
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CASCADE RANGE RESERVE, OREGON.

Twenty-eight miles of subdivisional surveys have been run
in a township adjacent to this reserve.

WASHINGTON RESERVES.,

Washington Reserve.—Somewhat over one-half of this reserve
has been triangulated and about one-third has been topograph-
ically mapped. In addition, about 3,500 square miles have
been mapped in territory immediately adjacent. Reconnais-
sance maps of the entire area have been completed.

Olymypic Reserve—No triangulation or detailed topographic
work has been executed within the limits of this reserve. A
reconnaissance map of three-fourths of the reserve has been
made. ‘

Mount Rainier Reserve—More than one-half of the area of
this reserve has been triangulated and about 150 square miles
have been topographically mapped. In addition, there has
been mapped an area of nearly 2,000 miles adjacent to the
reserve. A reconnaissance map of the entire reserve has been
prepared.

BLACK HILLS FOREST RESERVE, SOUTH DAKOTA-WYOMING.

The topographic and land-classification maps of this reserve
have been completed; 1,893 square miles within the reserve
and 832 square miles adjoining have been surveyed, making a
total of 2,725 square miles on account of forestry appropria-
tion. Of land lines, 118 miles of standard and township lines
have been surveyed and 43 miles of resurveys or retracements,
a total of 161 miles; and 1,304 miles of subdivisional surveys
have been run. These include surveys in 40 townships. In
addition to this, 217 miles of the reserve boundary line,
including the Deadwood Exemption, have been surveyed and
- marked by special iron posts, leaving 23 miles of line in Wyo-
ming still to be marked.

BIGHORN FOREST RESERVE, WYOMING.

The topographic and land-classification maps have been
completed. There have been surveyed within the reserve
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1,762 and of adjoining land 638 square miles, making a total of
2,400 square miles. No land-survey work has been attempted
for this reserve.

TETON RESERVE, WYOMING.

The topographic and land-classification maps have been com-
pleted. There have been surveyed 1,296 square miles within .
the reserve and 496 square miles adjoining it, making a total
of 1,790 square miles. For this and the Bighorn Reserve and
the Yellowstone Park Timber Reserve an area of about 12,000
square miles has been covered by triangulation, the three
reserves being connected thereby.

UINTA RESERVE, UTAH.

The entire reserve and considerable of the surrounding area
have been covered by triangulation, the total area completed
being approximately 5,000 square miles. Topographic and
land-classification maps have been completed for 125 square
miles within the reserve and for 675 miles adjoining the reserve,
making a total of 800 square miles.

LEWIS AND CLARKE RESERVE, MONTANA.

A reconnaissance topographic timber plat has been made
for the whole reserve, including an area of 4,570 square miles.
Reconnaissance for triangulation has been extended over about
3,000 square miles. No detailed topographic sketching has been
undertaken as yet. Land-survey work has been carried on in
four townships, for which 31 square miles of exterior or stand-
ard lines, including 6 miles of retracements, and 104 miles of
subdivisional lines have been run.

FLATHEAD RESERVE, MONTANA.

Triangulation has been completed for about 1,200 square
miles within or adjoining thisreserve. No detailed topography
has as yet been undertaken.

SUMMARY.

Thus, out of an area of 71,697 square miles, 21,540 square
miles have been surveyed and mapped, and in addition 10,759
square miles outside of but adjacent to the reserves; and of
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the boundary lines of the reserves 2,052 miles have been run.
The results are shown in the following table:

Areas of forest reserves and areas surveyed by United States Geological Survey to March, 1900.

¢ Area A
. . Totar | JaiEd sutvoyed urveyed | Land
State or Territory. Reservation. ares. within within adjacent| lines
- and ad- reserve. to re- [surveyed.
jacent to serve.
reserve.
Sq. miles. | Sq. miles. | Sq. miles. | Lin.miles.
Arizona .......... Grand Canyon..........| 2,893 [._........ 2,893 [ceeennnnnn
San Francisco el 1,824 fLLL..L..l. 1,524 |eennnnnn. --
Black MeSi.o..eavueaalf 2,592 (. L... 1,000 |oeeeennnnn
Prescott ................| 16| ... B O
California ........ San Gabriel............. 868 615 400 53
[SITE) ¢ o: A 1,000 (-3 8
San Bernardino 1,152 1,152 1,152 470 [eeeeenn... .
Trabuco Canyon 172 172 172
Stanislaus.... 1,080 |.......... 900
San Jacinto .. e 1,152 1,152 480
Pine Mountain and 2,570 100 10
Zaca Lake.
Colorado ......... White River Plateau... 1,872 | e e
Pikes Peak ............. 288 [.......... P25 20 I P
Plum Creek ............ 280 §.......... 242 |
South Platte............ 1,068 |.......... 489 |eieiai et
Battlement Mesa. . PR3 B PR SN PP PO
Idtaho and Mon- | Bitterroot .............. 6,480 6,480 500 500 92
ana.
Idaho and Wash- | Priest River............ 1,008 1,500 260 750 54
ington.
Montana ......... Gallatin._.............. 63 .eeannnnn [ 75 IR PO
Flathead ............... 2,160 1,200 | coeenni i
Lewis and Clarke ...... 4,572 3,000 j.ocooioifeaiiiiill. 135
New Mexico...... Pecos River ............ 674 |.......... 470 §ooa el
Gila River.. . 3,686 |. .o e
Oregon ........... Bull Run....... - 222 | e e e
'| Cascade Range. . 7,020 [oooooa.... 1,200 |.ceennn... 28
Ashland................ 29 |l 29 o
South Dakotaand | Black Hills............. 1,893 2,000 1,893 832 1,682
Wyoming. .
Utah ............. L0511 1,368 3,000 125 675 |-vennnnnnn
FishLake .............. 106 1,243 |..........
Washington ...... Washington ............ 5,616 11,000 2,000
Olympic................ 3,420 [ ceoieiiifeiaaans
Mount Rainier .. 3,168 2,000 150
Wyoming ........ Yellowstone.. 1,936 [ceeecnnnns 1,936
 Bighorn.... . 1,762 12,000 1,762
Teton .........covieon.. 1,296 |.ceenn.ats 1,296
Total ............. 71,697 47,867 21,540

Examination of Timber.
The examination of the timber upon the reserves with a

view to learning its amount, distribution, character, and its
value for various purposes, together with the study of the



16 . REPORT OF THE DIRECTOR.

best methods of administration in the present and future inter-
ests of the people, has been advanced in the several reserves
as follows:

Black Hills Reserve, South Dakota.—Area 1,893 square miles;
. examination completed and report published.

Bighorn Reserve, Wyoming.—Area 1,762 square miles; exam-
ination completed and report published.
 Teton Reserve, Wyoming.—Area 1,296 square miles; exami-
" nation completed and report published.

Yellowstone Park Reserve, Wyoming.—The portion of this
reserve lying south of the Yellowstone National Park, com-
prising an area of about 500 square miles, has been examined
and reported upon and the report has been published.

Flathead Reserve, Montana.—Area 2,160 square miles; exam-
ined, report prepared and published.

Lewis and Clarke Reserve, Montana.—Area 4,572 square miles;
examined, report prepared, now in manuscript.

Bitterroot Reserve, Idaho—Montana.— Area 6,480 square miles;
examined, report prepared and published.

Priest River Reserve, Idaho— Washington.—Area 1,008 square
miles; examined and report published.

Washington Reserve, Washington.—Area 5,616 square miles;
examined, report prepared and published.

Olympic Reserve, Washington—Area 3,420 square miles;
two-thirds of area examined, report prepared and in manuseript.

Mount Rainier Reserve, Washington.—Area, including Mount
Rainier National Park, 3,492 square miles; examined, report
prepared and now in manuscript.

Cascade Reserve, Oregon.—Area 7,020 square miles. The
southern portion of this reserve, together with adjacent terri-
tory, embracing some 8,000 square miles, has been examined
and the report has been prepared and is in manuseript. .

Ashland Reserve, Oregon —Area 29 square miles; examined,
report prepared and now in manuscript.

Pikes Peak Reserve, Colorado.—Area 288 square miles; exam-
ined, report prepared and published.

Plum Creek Reserve, Colorado.—Area 280 square miles; exam-
ined. report prepared and published.
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South Platte Reserve, Colorado.—Area 1,068 square miles;
examined, report prepared and published.

White River Plateauw Timber-Land Reserve, Colorado.—Area
1,872 square miles; examined, report prepared and published.

Battlement Mesa Reserve, Colorado.—Area 1,341 square miles;
examined, report prepared and published. '

Stanislaus Reserve, Califormia.—Area 1,080 square nnles,
examined, report prepared and now in manuscript.

Yosemite National Park.—Area 1,512 square miles; examined,
report prepared, in manuscript.

San Jacinto Reserve, California.—Area 1,152 square miles;
examined, report prepared and published.

San Bernardino Reserve, California.—Area 1,152 square miles;
examined, report prepared and published.

San Gabriel Reserve, California.—Area 868 square miles;
examined, report prepared and published. '

The total area of lands reserved under the forest reserve
act, together with the Mount Rainier and Yosemite National
Parks, is approximately 72,800 square miles. Of this area,
examinations have been made of 42,200 square miles, as
appears from the above, leaving as the area not yet examined
30,600 square miles. In other words, examinations have been
made of 58 per cent of the total area. Besides this, examina-
tions have been made of many and large areas adjacent to the
reserves, with a view to their possible inclusion in the reserved
areas.

ALASKA.

The exploration in Alaska as outlined in the last report was
carried forward successfully, the surveys being completed with-
out any serious accident. A detailed report of the operations
will be found on pages 145-149.

In the latter part of April, 1900, four parties left for Alaska.
- The first received instructions to proceed to the Chitina River-
region of the Copper River district. Reports from the officers of
the Geological Survey and the military surveying parties, as
well as from private sources, indicate the existence of a probably
important copper district on the tributary of Copper River
near the Chitina, south of the- Wrangell Alps, and also on the
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headwaters of the Copper and \Tabesna 11ve1s north of that
mountain range.

The most important work to be done in Alaska was the
detailed topographic and geologic survey of the Cape Nome
district and its extensions in Seward Peninsula. Surveys were
planned, according to the best information available, to define
the extent of the gold-bearing area in the southern portion of
Seward Peninsula between Cape Nome and Fish River, an area
between 3,000 and 4,000 square miles in extent. For this sur-
vey one topographic and one geologic party were organized.

The fourth party was organized to make a reconnaissance
of the extension of the Nome gold belt and to survey the north-
eastern portion of Seward Peninsula, returning across the neck
of the peninsula by Buckland River to Norton Bay.

Preparations for exploration in 1901 were also made by
establishing a supply camp at the mouth of Allen River.
The proposed route of the party is via the Allen to the
divide at which it heads, thence to streams flowing north to
the Arctic Ocean, down some such stream to the Arctic,
and along the coast westward and southward until the party
shall be picked up. It is necessary to provide a year in
advance for such an expedition, because it is impracticable for
a party loaded with supplies for a season’s work to leave Wash-
ington and reach the Upper Koyukuk sufficiently early in the
season to be assured of adequate results, with certamt) of
escape in the autumn.

HYDROGRAPHIC WORK.

The demand from all sections of the country for an increase
of the hydrographic work of the Survey resulted in an increase
in the appropriation for the fiscal year 1900-1901. This
demand comes not only from the arid and semiarid regions of
the West, where water is the all-important factor in the devel-
opment of the intermontane States, but also from the Appa-
lachian and New England regions, where the subject of water
power is of great importance, and from the Mississippi Valley
and Gulf States, where a supply of pure water for domestic
use is of the greatest importance to the health and prosperity
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of the people. If the numerous applications and requests for
hydrographic work are to be complied with even passably, a
large increase in the appropriation will be necessary for the
fiscal year 1902.

REORGANIZATION OF GEOLOGIC BRANCH.

In view of the increase of appropriations for the fiscal year
1900-1901, a reorganization of the Geologic Branch seemed
advisable. The new organization was approved by the Secre-
tary of the Interior, and went into effect July 1, 1900. As
the change was conceived, considered, and made within the
year to which this report pertains, an outline thereof seems not
inappropriate in this place.

In the early organization of the Survey administrative .
regulation and scientific direction of geologic work were united
in chiefs of large geographic divisions, of which the Atlantic
Coast division, the Appalachian division, and the California
division were examples. The geologist in charge of such a
division had, under the Director, entire control of the adminis-
trative as well as of the scientific work within his province.
His assistants reported to him, and not, as a rule, immediately
to the Director. In the eleventh year of the Survey’s history
Mr. G. K. Gilbert was appointed chief geologist, and on his
withdrawal from administrative duties, three years later, Mr.
C. D. Walcott was made geologist in charge. After fifteen
" years' trial the system of geographic provinces was abolished
(in 1893), because it was found to involve excessive cost of
administration. Furthermore, the purview of the geologist in
charge being officially no broader than that of the geologists
under his direction, their fields of scientific work were prac-
tically coincident, and any distinction as to the subjects which
either might treat scientifically was necessarily along artificial
and debatable lines. That these conditions did not lead to
serious differences of purpose was due to the broad-mindedness
of the geologists placed in charge.

Upon the abolition of geographic provinces a tentative organ-
ization by parties was established. Under this arrangement,
followed since 1893, each geologist reported to the Director,
both administratively and scientifically. This threw upon the
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Director the immediate responsibility for the coordination of
diverse views upon scientific questions, as well as for the adjust-
ment and approval of plans of operation. With the develop-
ment of the Survey the burdens of the Directorship became
more varied and onerous, and an assistant was appointed to
relieve him of routine details in the Geologic Branch. This
assistant was also instructed to exercise such supervision as
might be possible over the field and office work in general,
to promote agreements on controverted questions before publi-
cation, and to prevent the overlapping of the work of different
parties. ' '

Under this arrangement there arose the necessity for occa-
sional and temporary appointment of a specialist in one branch
of geology or another, whose duty it was to bring together in
the field geologists having diverse views, and through investi-
gation and discussion to establish unity of opinion upon the
basis of facts. Perhaps the mostimportant service of this char-
acter has been rendered by Prof. C. R. Van Hise in connection
with the extremely difficult problems of the metamorphic rocks
of eastern United ‘States. Other specialists have had charge
of other subjects in more or less restricted provinces. For
example, Prof. T. C. Chamberlin has directed the study of the
glaciated regions; Mr. S. F. Emmons has had supervision of
the investigations of metalliferous deposits in the Rocky Moun-
tain region; and in paleontology grand divisions have been
assigned to specialists particularly qualified to treat them
broadly. This practice led to the suggestion of a reorganiza-
tion which would meet the growing need of closer and perma-
nent supervision in scientific lines. After careful consideration
the Geologic Branch was subdivided and each division placed
in charge of a specialist, as follows:

Division of Areal Geology.
(Stratigraphy, structure, and pre-Pleistocene physiography.)
BAILEY WILLIS, GEOLOGIST IN CHARGE.

Divisions immediately cooperating: Paleontology; Pleistocene Geology, in relation
to areal distribution; pre-Cambrian and Metamorphic Geology, in relation to areal
distribution; Hydrography, in relation to stratigraphic and areal distribution of
underground waters; Economic Geology, in relation to areal distribution of mineral
deposits.
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Division of Pleistocene Geology.
(Glacial and nonglacial formations and Pleistocene physiography.)
T. C. CHAMBERLIN, GEOLOGIST IN CHARGE.

Divisions immediately cooperating: Areal Geology; Economic Geology; Paleon-
tology; Hydrography.

Division of Paleontology.
(Executive administration of relations of the division.)
T. W. STANTON, PALEONTOLOGIST IN CHARGE.

Divisions imimediately cooperating: Areal Geology; Pleistocene Geology.

Division of Pre-Cambrian and Metamorphic Geology.

* (Structure, metamorphism, and genesis of crystalline schists and associated rocks,
including the metamorphic iron ores.)

C. R. VAN HISE, GEOLOGIST IN CHARGE. . .

Divisions immediately cooperating: Areal Geology; Economic Geology.

Division of Mining and Mineral Resources.
(Distribution and production of economic minerals. )
D. T. DAY, GEOLOGIST IN CHARGE.

Divisions immediately cooperating: Economic Geology; Hydrography.

Division of Economic Geology.

S. F. EMMONS, GEOLOGIST IN CHARGE OF SECTION OF METALLIFEROUS ORES.
C. W. HAYES, GEOLOGIST IN CHARGE OF SECTION OF NONMETALLIFEROUS ECONOMIC
DEPOSITS AND NONMETAMORPHIC IRON ORES, BAUXITE, ETC.

Divisions immediately cooperating: Areal Geology; Pleistocene Geology; Pre-Cam-
brian and Metamorphic Geology; Mineral Resources; Hydrography.

Division of Physical and Chemical Research.

GEORGE F. BECKER, GEOLOGIST IN CHARGE.

The field of supervision of each geologist in charge is coex-
tensive with the work of the Geological Survey, and relates
to all parties engaged in work connected with his special sub-
ject. His assistance in field or office work may appropriately
be offered or invited. His opinion should be considered au-
thoritative in subjects under his supervision, and his approval
of any report may be required. This authority, however, is
restricted to the scientific aspects of the work. Administrative
direction remains, as heretofore, in the hands of the Director,
who will authorize the execution of plans of operations after
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full consideration and conference upon estimates submitted by
geologists in charge of parties. '

Under the new organization every geologist is at liberty to
mwake full use of the facts which he observes within his field of
operations, the geologist in charge of any particular subject
to be duly credited with the supervision he may have exercised.
For the geologists in charge the plan affords an opportunity to
study a special subject in all its aspects throughout the field of
operations of the Survey, either directly by personal observa-
tion or indirectly by conference with associates.

DIVISION OF MINES AND MINING.

In the Twentieth Annual Report of the Survey reference
was made to the establishment of a Division of Mines and
Mining.. During the year advance was made in the develop-
ment of economic work, and an organization has been effected
which gives to all intents and purposes a Division of Mines
and Mining, but it is not yet established by statute.

A brief outline of the work of the Survey in relation to the
mineral resources of the United States will show what has
been accomplished during the first twenty years of its existence.

Work of the Survey in Relation to Mineral Resources.

The organic law of the Geological Survey provides that its
Director ‘shall have the direction of the geological survey,
and the classification of the public lands, and examination of
the geological structure, mineral resources, and products of the
national domain.”

Under these broad general provisions, the first Director,
Clarence King, laid out a comprehensive plan of operations in
the States west of the one hundred and second meridian. Of
this he said:’

There can hardly be two opinions on the desirableness of immediately
working out such problems in these great districts which, in their past
-and present history, offer examples of instructive geological structure
and great bullion-yield, and which have required of mining men special
mechanical skill and large outlay of capital. Proper scientific reports
on such typical districts become records of remarkable phenomena in

1 First Ann. Rept., U. S. Geol. Survey, 1880, p. 8.
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the field of industrial geology and chronicles of distinguished success
in the department of mining engineering. Among the great numbers
of mining districts which merit rigid investigation I have chosen three,
which more than others seemed to offer harvests of technical informa-
tion, of which the mining population stands inimmediate need. Lead-
ville, the extraordinary district in middle Colorado; Eureka, Nevada,

“which for fifteen years has been the most productive silver-lead district
in America; and the incomparable Comstock Lode, are chosen as the
first three districts to be illustrated by special monographs.

All of these investigations were completed, and the reports
were published, after Mr. King resigned the Directorship of the
Survey in 1881.

His successor, Director Powell, was confronted with the
problem of the extension of the survey over the entire United
States and the examination of the mineral resources of the

_country. Plans were formulated for the investigation of the
copper and iron deposits of the Lake Superior region, the iron
and coal deposits of the Appalachian area south of the Poto-
mac, the phosphate deposits of Florida, and many minor areas
of economic interest. Maps suitable as a basis for geologic and
mining work were not in existence. Year after year the topo-
graphic survey was pushed ahead, the geologic work being
limited to the regions of which maps were available. For the
mining engineer it was a long, tedious period of waiting, and
many became restless. Another complication arose. The
West wished to know more of its irrigation possibilities, and .
energy and money were diverted to irrigation surveys. This
function culminated in 1890, when Congress cut off the irriga-
tion work for a time. Mining and economic work began to
push to the fore again, until August, 1892, when the-appropri-
ation for geology was cut down by legislative action from
$115,000 to $50,000; for chemistry, from $17,000 to $5,000;
for scientific salaries, from $67,700 to $29,900; for engraving
geologic maps, from $60,000 to $10,000; for illustration of
reports, from $16,000 to $5,000, and for paleontology, from
$40,000 to $10,000. Topography nearly escaped, the change
being from $250,000 to $240,000. Readjustments were made

! An admirable review of the mining work of the United States Geological Survey
under its first Director is contained in Trans. Am. Inst. Min, Eng., Vol. X, p. 412.
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from year to year, and some of the amounts have been
restored, so that at the present time the general work of the
Survey is progressing in a satisfactory manner, with the excep-
tion of mining geology.

It is well understood that good topographic maps must pre-
cede areal geology, and that the latter must be worked out and
platted before deductions of permanent value can be made in
relation to the extent or permanency of a mining region or dis-
trict. With this in view, the present policy of the Geological
Survey in relation to mining will be best shown by a brief
résumé of the work under way during the last field season, a
more extended account of which will be found on later pages.

TOPOGRAPHIC SURVEYS.

All the topographic work has an economic value, but not
always to mining industries. Yet much of it is important to
mining, especially in the States where the mineral product is
large.

The area covered by topographic surveys during 1899 is as
follows: -

Area covered by topographic surveys in 1899.

o .
ivison. Seale aulle seale 2miles - Setle, | rota
Squaremiles.| Square miles.| Square miles.| Square miles.

‘Atlantic Division ............. 6, 591 3,345 |iiciaaaae. 9, 936
Central Division -............. 3,648 7,125 32 10, 805
Rocky Mountain Division ..... 90 7,784 55 7,929
Pacific Division ............... 388 6,782 24 7,194
Total. .. ... .. ... ... 10, 717 25, 036 111 35, 864

As in previous years, there was a certain amount of resur-
veying, for the purpose of adjusting to the requirements of
present standards of precision certain maps which had been
made under less exacting conditions. The area this covered
was 6,364 square miles.

The present condition of the topographic surveys is shown in
the table on page 116. A history of these surveys is given in
Part I of the Twentieth Annual Report, pages 90-102.
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GEOLOGIC SURVEYS.

In New York and Vermont the detailed study recently made
of the great roofing-slate belt was supplemented in 1899 by
the survey of adjoining areas into which the slate-bearing
series extends. The work on the iron-bearing formations of
the Adirondack Mountains, New York, was continued, and in
Maryland cooperation with the State survey resulted in the
survey of the marl-bearing series. The mapping of the coal
fields of West Virginia was advanced by 1,000 square miles of
area, and in Illinois. the survey of the Danville quadrangle was
completed. In the glaciated regions of Wisconsin, Illinois,
Indiana, Michigan, and Ohio investigations were continued in
the glacial gravels and clays, which have great economic
importance to the people of the areas where they occur.

The Survey has recently published an extended monograph
on the Crystal Falls iron-bearing district of Michigan. Last
season the Lake Vermilion district was under survey, and this
work, with the topographic surveys in the Mesabi region, was
well advanced. The mapping of the coal fields of Indian
Territory in the vicinity of McAlester and thence southward
was pushed forward.

In the Rocky Mountain region the survey of the gold-bearing
rocks in the San Juan Mountains of southwestern Colorado
was pursued during the entire season, the topographic maps
being prepared on the scale of 1 mile to the inch.

The detailed economic survey of the Deadwood district in
the Black Hills was practically completed, the areal geology
having been mapped during the last two years. In Montana
work was continued in the Elkhorn district, and a careful
resurvey was made of the mines in the Butte district, for the
revision of the geologic map of Butte and vicinity. The explo-
ration of the almost unknown area of central Idaho was con-
tinued during the field season, and valuable data were secured
for future detailed work. An extended reconnaissance was
also made through the Basin Ranges of Utah and Nevada with
a view to future work. In the Silver Peak gold district of
Nevada the areal geology was completed.
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For several years studies have been made of the physical
conditions of gold deposition in California, especially with ref-
erence to the Mother Lode. Tt is anticipated that this work will
be brought to a close during the season of 1900, and that a
monograph will be published on the subject. The areal geol-
ogy of the Gold Belt has all been mapped, and much of it
published. Investigations were also made in California with
relation to the deposits of oil and asphalt. In Oregon a recon-
naissance was carried through the Klamath Mountains with the
view of determining their mineral resources and the desira-
bility of making detailed maps. Some work was carried on
in Washington two years ago, and the present season the
areal geology of the Mount Stuart quadrangle and of a con-
siderable portion of the Snoqualmie quadrangle to the west
was completed.

In Alaska areconnaissance was made of the Upper Koyukuk
region, also of the area about the headwaters of the Tanana,
and, late in the season, of the Cape Nome district.

In addition to the above-mentioned special investigations,
visits were made by geologists to many areas in various sec-
tions of the country, with a view to the prosecution of work in
the future. The work of the Division of Mineral Resources
was pushed forward energetically under a substantial increase
of its appropriation. The field examination of the distribution,
extent, and value of special minerals was enlarged by taking
up asphalt deposits, while the problems of phosphates, fuller’s
earth, ete., received additional attention.

PROGRESS MAP, 1879-1900.

In accordance with custom, there is presented herewith
(P1. I) a progress map showing the condition of the work of
the Topographic Branch of the Survey. The accompanying
map, Pl III, however, presents for the first time the combined
results of both topographic and geologic surveys. It shows
separately the topographic surveys on the scales of 1, 2, and
4 miles to the inch, and the areas of geologic reconnaissance
and detailed geologic surveys.
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- The following summary, broadiy arranged under special
minerals, gives a general view of the geologic work represented
geographically on the progress niap:

ScHEDULE OF ToPOGRAPHIC AND GEOLOGIC SURVEYS, 1879-1900, wiTH PARTIAL
REFERENCE TO RELATED PUBLICATIONS.

(To ‘accompany the progress map, PI. IIL.)
GENERAL SURVEYS.

Topographic surveys, scales 1, 2, and 4 miles to the inch.

Geologic reconnaissances.

Detailed geologic surveys, including investigations of mineral and artesian water
resources in general, published or in preparation for publication as folios of the Geo-
logic Atlas, as articles in the annual reports, or as monographs, bulletins, or water-
supply papers. (Geologic folios published, 60; initiated and in various stages of
preparation, 57.). .

SURVEYS OF MINERAL DISTRICTS.

' METALLIFEROUS DEPOSITS.
GOLD, SILVER, AND ASSOCIATED METALS.

Appalachian ... ool Southern gold field—Becker, Keith, Hayes—
Sixteenth Annual Report and geologic folios
in preparation.

South Dakota .......... ... ... Black Hills—Emmons, Jagger—Twenty-first
Annual Report and geologic folio in prepa-
ration. )

Colorado . ..oooeeiii i Leadville — Emmons — Monograph XII and

5 Second-Annual Report.

Colorado .......ccc.occcoeoo.......Tenmile district— Emmons—Special Geologic
Folio No. 48.

Colorado ...u.ceenninaoiiaiiiaaan. Aspen—Emmons, Spurr—Monograph XXXI.

Colorado ... .. .ccoiiiiiiiiaaiiia. Anthracite and Crested Butte quadrangles—
Emmons, Cross, Eldridge —Geologic Folio
No. 9.

Colorado. . o.vviier i Rosita Hillsand Silver Cliff—Cross, Emmoné—
Seventeenth Annual Report.

Colorado . ..oviiii i Cripple Creek—Cross—Sixteenth Annual Re-
port and Geologic Folio No. 7.

Colorado - ....ooiiiii i, Telluride, La Plata, Rico, and Silverton quad-

rangles—Cross, Purington—Eighteenth An-
nual Report; Twenty-first Annual Report;
Geologic Folio No. 57, and others in pre-

paration.

Utah ... el Mercur district—Emmons, Spurr—Sixteenth
Annual Report.

Utah .. Tintic—Emmons, Tower, Smith—Nineteenth .

Annual Report, Geologic Folio No. 63.
Wyoming ... oot Absaroka—Hague—Geologic Folio No. 52.
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Montana ........ ... ... .. ... Fort Belknap Indian Reservation and Bearpaw
Mountains—Weed—American Journal of
Science, 1896; Journal of Geology, 1896;
Engineering and Mining Journal, 1896.

Montana ... ... ...l Judith Mountains—Weed—Eighteenth An-
nual Report.

Montana . ... ...l Boulder quadrangle—Weed—Geologic folio in
preparation.

Montana ... . ... . ......... Elkhorn mining region—Weed—Twenty-first
Annual Report.

Montana ... .. ... ... ...... Butte — Emmons, Weed — Special Geologic
Folio No. 38.

Montana .......... oL Neihart, Barker, and Yogo districts—Weed—

: Twentieth Annual Report.

Montana - ... iiiiiiiiiiiiiiiaas Castle Mountain district—Weed—Bulletin No.
139.

Montana ......oooooiaioiiiaiaiia.n Little Belt Mountains and Fort Benton quad-
rangles—Weed—Geologic folios Nos. 55 and
56.

Idaho . ... ... ... PP Idaho Basin and Boise Ridge—Lindgren—
Eighteenth Annual Report.

Idaho .. ol Elk City, Buffalo Hump, Pierce City, and
Ceur d’Alene—Lindgren—Report in prep-
aration.

Idaho ... oo Silver City, De Lamar, Wood River, Florence,

Warren, and Seven Devils— Lindgren—
Twentieth Annual Report.

Washington .......... ... oLl Mount Stuart quadrangle—Smith—Geologic
folio in preparation.

Oregon. . ... il Coast gravels—Diller—Fourteenth Annual Re
port.

(07075103 - DA Northwest Oregon—Diller—Seventeenth An-
nual Report.

Oregon....... ..o ool Bohemia and Blue River mining regions—
Diller—Twentieth Annual Report.

Nevada. .. ... .. .. .. .. .. ...... Eureka district—Hague, Curtis—Monographs
VII and XX, and Third and Fourth annual
reports.

Nevada. . ..o Comstock lode and Washoe district—Becker—
Monograph III and Second Annual Report.

Nevada. ... Silver Peak quadrangle—Turner—Geologic fo-
lio in preparation.

California .. . ... .o il Gold Belt—Lindgren, Turner, Diller, Ran-

some—~Geologic folios Nos. 3, 5, 11, 15, 18,
29, 37, 39, 41, 43, 51, and others in prepara-
tion; Eighth, Fourteenth, and Seventeenth
annual reports.

California ... ... .. ... .. ..... Calico district—Lindgre n—Transactions of
American Institute of Mining Engineers,
vol. 15.
Alaska ...l Southern gold fields—Becker—Eighteenth An-
) nual Report.
Alaska ... Yukon and other gold fields—Spurr, Eldridge,

Schrader, Brooks, Mendenhall — Special
Alaska reports, 1898 and 1899; Eighteenth,
Twentieth, and Twenty-first annual reports.
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IRON ORE.
Appalachian............. i ... ... Clinton ores—Hayes, Keith, Darton—Geologic
: folios Nos. 2, 4, 6, 8, 12, 14, 19, 20, 21, 26,

28, 32, 33, and 35.

Appalachian.___.. e e Southern limonites—Hayes—Science, 1897.

North Carolina ..... e Magnetites—Keith—Report and geologic folio
. in preparation.

BULCITAD (o] 3 Adirondack magnetites—Kemp—Nineteenth

and Twentieth annual reports, geologic folio
inpreparation, and Transactions of American
Institute of Mining Engineers, vol. 27.
Michigan ... ... ..., Lake Superior iron districts—Irving, Van
' Hise, .Bayley, Clements, Smyth—Tenth,
Fifteenth, and Nineteenth annual reports;
Monographs XIX, XXVIII, and XXXVI;
and Special Geologic Folio No. 62.

Minnesota ... ....ocoeoeeaoo... ... Vermilion and Mesabi iron districts—Van
Hise—Reports in preparation.
Montana .......oc.oeiiooiioiiaaa. Little Belt Mountains—Weed—Twentieth An-
nual Report and Geologic Folio No. 56.
QUICKSILVER.
Texas ..o i Terlingo district—Hill—Report in preparation.
California and Nevada.........._.... Coast Ranges of California and Steamboat

Springs, Nevada—Becker—Monograph XIIT
and Eighth Annual Report.

ZINC AND LEAD.

New Jersey. . ...coouuemmiinanaaonn Franklin Furnace zinc deposits—Wolff—Geo-
logic folio in preparation.
Missourio . o.o.oiiiii i Mississippi Valley zinc and lead deposits—

Jenney—Transactions of American Institute
of Mining Engineers, vol. 22.

COPPER.

Wisconsin ... ... ...l Lake Superior copper belt—Irving, reconnnais-
sance and compilation—Monograph V and
Third Annual Report.

Montana ... ... ...... Butte district—Emmons, Weed—Special Geo-
logic Folio No. 38.
Tennessee ...... ... .. .. ........... Ducktown district—Hayes, Keith—Geologic
) folios in preparation.
North Carolina and Virginia_....._.. Virgilina, Gold Hill, and Linden copper dis-

tricts—Weed—Report in preparation.

NONMETALLIFEROUS DEPOSITS.
COAL, OIL, AND GAS.

Appalachian....... e Bituminous field—Campbell, Keith, Hayes,
. Willis, Darton, Taff, Weeks—Fourteenth
and Seventeenth annual reports; Bulletin
No. 111; Geologic folios Nos. 6,8,12,19,21,
22, 26, 28, 33, 34, 35, 40, 44, 46,47, and 53, and
others in preparation.
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Pennsylvania ... ... ... .. Anthracite field —David White — Twentieth
. Annual Report.

Massachusetts. . ......._...._......... Narragansett coal field—Shaler, Woodworth,
Foerste—Monograph XXXIII.

Virginia ... ooooLoLioioil.. Richmond Basin—Shaler, Woodworth—Nine-
teenth Annual Report.

Ilinois ... ..o ... L. ..ll. Danville quadrangle—Campbell—Geologic
folio in preparation.

Ohio and Indiana ... ... .. ... Gas and oil field—Orton—Eighth Annual

, Report.

Indiana . ... ... . . ... ... Gas region—Phinney—Eleventh Annual Re-

. port.

Indian Territory . .. ... ... _..._. Coal fieldl—Taff—Nineteenth and Twenty-first
annual reports and five geologic folios in
preparation.

TeXAY L ot Rio Grande coal fields—Vaughan— Bulletin

o No. 164. -

TexXas i e e Corsicana oil’ field—Hill—Report in prepara-
tion.

Colorado ....o.......... e Denver Basin—Emmons, Cross, Eldridge—

' Monograph XXVII.

Colorado . e Anthracite and Crested Butte quadrangles—
Emmons, Cross, Eldridge—Geologic Folio
No. 9.

Colorado ..o Durango and La Plata quadrangles—Cross—

: Geologic folios in preparation.
Colorado ..o Elmoro, Spanish Peaks, and Walsenburg quad-

rangles—Hills—Geologic Folio No. 58, and
two in preparation.

Colorado ... .o Florence oil and gas field—Eldridge—Engi-
neering and Mining Journal, vol. 52.

Wyoming - oo i aiaaan Coaland oil fields—Eldridge, reconnaissance—
Bulletin No. 119.

Montana ..._....... .. ... ... Livingston and Fort Benton quadrangles—
Weed—Geologic folios Nos.1 and 55.

Montana . .......o.o.. ... Great Falls and Red Lodge areas—Weed—Bul-
letin of Geological Society of America, vol. 3.

Montana ... ..o.o..l.o- Judith Mountains— Weed—Eighteenth Annual
Report.

Montana ........... e Cinnabarand Bozeman field—Weed—Bulletin
of Geological Society of America, vol. 2.

Washington ........ ... ... ... ... Tacoma coal field—Willis, Smith—Eighteenth
Annual Report and Geologic Folio No. 54.

Washington ... ... .. .._...._._. Mount Stuart quadrangle—Smith— Geologic
folio in preparation.

Oregon - «ooimmer it aaaas Coos Bay Basin—Diller—Nineteenth Annual
Report.

California .. ... ... .. ...l Mount Diablo—Turner—Bulletin of Geological
Society of America, vol. 2.

California ... ... ... ... .. ... Jackson quadrangle—Turner—Geologic Folio

- No. 11.
Alaska ... Liiiiiiiaiiiiiiiiio.. General report— Dall-—Seventeenth Annual

Report.
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MARBLE.
Tennessee .. oovoueenmaaannanann- “Tennessee’’ marble—Keith, Hayes, Camp-
bell—Geologic folios Nos. 4, 10, 12, 16, 25, and
27. \
Georgia - oo “Georgia’” marble—Hayes, Keith—Geologic
. folios in preparation.
Massachusetts .. ... o Stockbridge marble—Dale, Hobbs, Emerson—
Geologic folios in preparation.
SLLATE.
Tennessee ...... il Ocoee slates—Keith, Hayes—Geologlc fohos
' Nos. 16, 25, and others in preparation.
New York and Vermont........_....Slate belt—Dale—Nineteenth Annual Report
and geologic folios in preparation.
PHOSPHATES.
Tennessee - oo covooveieaaecaaaaaaan. Phosphate districts—Hayes—Seventeenth An-
. : nual Report.
Florida. ... ... il Phosphate district—Eldridge—Transactions of

American Institute of Mining Engineers,
vol. 21, and detailed report in preparation.

ASPHALTS.
Utah....... @t e Uinta Basin—Eldridge—Seventeenth Annual
Report. .
Indian Territory... .. .............. McAlester, Antlers, and Wmdmg Stair quad-

rangles—Taff—American Journal of Science,
1899, and geologic folios in preparation.

TeXAS « ot Uvalde quadrangle —Vaughan—Eighteenth
Annual Report.
T Burnet deposit—Hill—Report in preparation.
California .. .. ... .. ...l San Luis Obispo district—Fairban Ls—Geoloolc
' folio in preparation.
United States ....................... General investigation of the depomts in West

Virginia, Kentucky, Missouri, Colorado,
Indian Territory, Texas, and California—
Eldridge—Twenty-first Annual Report.
BAUXITE.
Alabama ... .. ... ..ol Appalachian province—Hayes—Mineral Re-

sources of the United States for 1893 and
Sixteenth Annual Report.

ARTESIAN WATER AND RESERVOIR SITES.

Atlantic Coastal Plain . ..._.._._..... Darton—Bulletin No. 138.
THnois . ..o oo Water resources—Leverett—Seventeenth An-
. nual Report.
Indiana and Ohio.............. .. .. Well waters—Leverett—Eighteenth Annual
Report, and Water-Supply Papers Nos. 21
and 26.
Kansas ... ooooeiiiii Underground waters, southwest Kansas—

Haworth—Water-Supply Paper No. 6.
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Kanesas, Colorado, and Nebraska ... .. Water resources, Great Plains— Hay —Six-
: teenth Annual Report.
Dakotas .. ... ... ... _...... Artesian waters, eastern Dakota—Darton,

Todd—Seventeenth and Eighteenth annual
reports,and Water-Supply Paper No. 33.

Dakota and Wyoming . ... ... .. ... Black Hills—Darton—Twenty-first Annual Re-
. port.

Nebraska - ... .. ... .. .. .._. Water resources, western Nebraska—Darton—
Nineteenth Annual Report.

Nebraska . ... ... ... ......l... Water resources, southeast Nebraska—Dar-

: o ton—Water-Supply Paper No. 12.

Colorado ... ............ ... ... Pueblo, Apishapa, and Nepesta quadrangles—
Gilbert—Geologic Folio No. 36, and two in
preparation. .

Colorado .....ooiiiiiiiiiiii i Arkansas Valley—Gilbert—Seventeenth An-
nual Report.

Colorado ..o Spanish Peaks, Walsenburg, Elmoro, and Huer-

fano Park quadrangles — Hills— Geologic
folios in preparation.

Utah ..o Salt Lake City—Newell—Twelfth Annual Re-
) port.

Texas ..o Artesian waters—Hill, Vaughan—Eighteenth
and Twenty-first(?) annual reports.

Arizona ...._ ...l ool e Gila River storage water—Lippincott—Water-
Supply Paper No. 33.

California ... ... . ... . ... ... .. Southern California—Lippincott—Water-sup-
ply papers in preparation.

Washington ... ... ... Artesian basing, southeast Washington—Rus-

sell —Water-Supply Paper No. 4.
MARL.
Maryland and Virginia .............. Marls— Darton — Geologic Folio No. 23, and
others in preparation.

.ECONOMIC WORK AND THE MINING INDUSTRY.

In Government organizations depending upon the will of so
complex a body as Congress it is often difficult to carry out a
policy outlined in advance. Usually the policy is modified by
considerations not of what it is abstractly best to do, but of
what it is possible or practicable to do. This compels the
administrative officer to aim at the nearest attainable approxi-
mation to the desired object.

It has been well said that there are three standpoints from
which the relations of the Geological Survey to the mining
industry in general may be viewed: First, the more purely
scientific or geologic side; second, the technical side; third,
the commercial side. :

The general principle upon which the Survey has been
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doing its economic mining work is that it should endeavor to
accomplish for the mining industry as a whole what the indi-
vidual mining engineer or mine owner can not succeed by his
unaided exertions in-doing; that it should not undertake to do
what could be done as well, if not better, by individual exer-
tion; that it should not interfere, either favorably or unfavor-
ably, with the private business of individuals or corporations, or
enter into competition in their legitimate occupations with pro-
fessional men, such as mining engineers, etc. This is implied
in the clause of the organic law of the Survey which provides
that ¢ The Director and members of the Greological Survey . . .
shall execute no surveys or examinations for private parties or
corporations.”

If it were more generally understood that such is a proper
limitation of the work of the members of the Survey, they
would not be asked, as they frequently are, to tell some indi-
vidual or corporation whether his or its land contains valuable
mineral deposits, since all the information they are at liberty
to impart with regard to that land is contained in the published
maps and reports, which may be obtained by all. If the indi-
vidual or corporation is unable to deduce from these publica-
tions all the commercial data that may be desired, a mining
engineer should be employed. An attempt by the Survey to
acquire and communicate  such information respecting any
special parcel of land would be in the nature of a report for
private parties, which would be an interference with the busi-
ness of the mining engineer and a violation of law. Neither
should the Survey be called upon to assay or analyze ores
for private parties, for that is manifestly interference with the
business of the assayer; nor should it be called upon, as it
sometimes is, to tell a man what process, or which of two or
more processes, is best adapted for the treatment of his ores.
Even if the members of the Survey were fitted to pass judgment
upon the relative value of technical processes or machines, and
should pronounce such judgments, they would naturally be
regarded as interfering unwarrantably with the business of the
person or corporation owning a process or machine which was
not favorably considered in the report. If it were proper for

21 GeoL, PT 1—3 :
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the Survey to do work of this nature it would be impossible to
acquire the knowledge necessary to meet such demands with
the amount of money at present available, or even with ten
times that amount.

The means for economic work being limited, only a small
proportion of the broad field opened for investigation can be
occupied at any one time. On this account, the energies of the
Survey have been devoted to those branches of investigation
which were of immediate use to the greatest number; and these
have been, in the main, lllVPStlchtlonS leading to broad general

deductions.
GEOLOGIC INVESTIGATION.

In the field of more purely geologic investigation the general
object has been the determination of the laws which govern the
formation of deposits of the useful minerals, and of the rock
formations in which they are most likely to be found. This
object can be attained only by long and careful study of many
and varied deposits—as far as possible in the condition in
which they were originally formed. Ore deposits are, as a
rule, the result not of a single process, but of many successive
concentrations of minerals; and in those deposits which are
found near the present surface the effects of the latest of these
processes——weathering, or the action of surface waters—are
likely to have obscured all others. In order best to accom-
plish the object sought, the first studies were made of mining
districts in which mining developments have been most exten-
sive, the mines are deepest, and the most varied forms of ore
- deposits have been disclosed.

In the prosecution of these studies the geolocrlsts often obtain
results of immediate value to the miners and mine owners of
the particular district under investigation, such as the deter-
mination of the probable direction which the ore bodies will
take in unexplored ground, the faults which are likely to cut
them off, and other obvious limitations which geologic con-
ditions may suggest. These results are often of secondary
importance as compared with the more general deductions,
being useful to only a few persons interested in a limited dis-
trict, while the general deductions, if correct, are of benefit to
the whole mining community.
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A brief statement of the underlying principles which govern
the choice of fields of work is here made, because that work has
been frequently criticised, the criticism made by miners being
that the Survey chooses developed districts, where the general
facts with regard to ore deposits are already known, rather
than undeveloped districts, where the predictions might be of
more use to those who own mines, and might actually help in
their development. From a partially developed district we
can usually learn only superficial facts, which are not likely
to yield any contribution to general laws. Whatever may be
said of the. probable value of such a district belongs to the
province of the mining engineer rather than to that of the
Government geologist, since it involves such preliminary work
as sampling of ores, prospecting, development, etc., which the
geologist can not do.

Another criticism has been that more work is done in one
State than in another. But if it be admitted that the principles
mentioned should govern the work, it is evident that the Sur-
vey can not be guided by geographic or political considera-
tions, but must study ore deposits where they can be studied
to the best advantage. In the topographic work a more or
less general geographic distribution has been possible, and it
is also desirable, but in geology the Survey must continue to
be the judge of the importance and interdependence of the
problems to be solved and of the best method of solving them.

In the original plan of Survey publication the monographs
were designed to set forth each the results of a complete and, so
far as possible, exhaustive treatment of a given subject or group
of geologic phenomena; the bulletins were meant to be reports
‘of special studies, not necessarily exhaustive, but, for one
reason or another, deserving of immediate publication; while
papers in the annual report were intended to be less technical
in character, of general rather than special interest, and to
include abstracts, in somewhat popular form, of monographic
studies. It was found desirable, as time went on, to modify this
plan, as it has been found wise to adhere not too strictly to that
laid down for the conduct of the work itself. Thus, for a time
the outside demands for economic surveys, solely on the second-
ary ground of their usefulness to those interested in mining in
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the special districts examined, increased very rapidly, while
the force and funds available for economic work were actually
decreasing, so that the monographic treatment became unad-
visable as a matter of policy, and the work was spread over a
greater number of regions by devoting less time and labor to
each.

In the latter part of the first decade and the first part of the
second decade of the Survey’s history a very large proportion
of the appropriation was devoted to the preparation of topo-
graphic maps, which serve as a basis for the work for which
all geologic surveys are primarily organized The making of
a geologic map of so large an area as is included within the
boundaries of our country is a far greater task than has been
given to any previous Geological Survey. It is continental in
its nature, and long deliberation and careful planning were
required before publication could be entered upon, for the first
essential is uniformity in all the parts, and therefore a plan
once adopted should be carried out logically to its completion.

It was not until 1894 that the publication of the sheets of
the Geologic Atlas of the United States in their final folio form
was commenced. About sixty of these folios have now been
published—that is, at the present rate, about ten per annum.
Owing to the great degree of accuracy required in the color
printing of these maps, their extreme complication, and the
consequent necessity of personal supervision by the authors
during the various processes involved, every part of this
work, from the original drawing to the final printing and bind-
ing, is done in the Survey buildings. It was originally sup-
posed that, with the present facilities for engraving and print-
ing, the output would be twice as great as it is at present; but
the advance in accuracy of geologic field work, and the con-
sequent increase in elaborateness of representation, have pro-
ceeded at a more rapid pace than has the growth of the means
of publication.

Areal geologic mapping, as the work represented on folio
sheets is designated, is always of economic importance; and
probably over 90 per cent of the areas for folios were chosen
largely because of the value they would possess in the devel-
opment of mineral resources.
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A correct geologic map is the first and most essential basis
for the study of a mining district; and where the deposits are
beds in sedimentary strata, as is the case with coal, and some-
times with iron ore and other substances, it furnishes prac-
tically all that the mining engineer needs for opening and
exploiting the mines. By the folio publication, however, a
new avenue is opened for disseminating geologic information
promptly and without waiting for a final and exhaustive report.
Where important groups of mines are concentrated within
small areas, special maps of size to fit the folio are made of
those areas, on the largest practicable scale, accompanied by
sections and explanatory texts setting forth in concise terms
- the main facts of importance to the miner, and these are pub-
lished as special folios—that is, folios that do not form an
integral part of the Geologic Atlas of the United States. In
this form there have already been published folios covering
the Cripple Creek and Tenmile districts in Colorado, the
Nevada City in California, the Butte in Montana, and the
Menominee in Michigan. A folio of this form often supple-
ments a monographic report, as it meets the demand of the
mine owner for more prompt issue and may be produced at
smaller cost than a monograph. On the other hand, it is less
likely to result in scientific deductions of general applica-
bility, unless it is followed by a monographic report.

During the second decade of the Survey’s existence there
has been a decided increase in economic work. One or more
parts of the Annual Report are now devoted to papers of an
economic nature, by which means more prompt publication
and wider distribution are secured for papers of this charac-
ter. In this period five monographs and as many bulletins
devoted to special mineral deposits have been issued, to say
nothing of those indirectly bearing upon economic interests.
Three of the five monographs treat of the iron-ore deposits of
the Northwest, a preponderance explained by the fact that
mine owners in that region have themselves contributed
many thousand dollars for the preparation of a topographic
base for the work. :

Another form of economic study, which may be called the
incidental economic survey, and which has a very wide field
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in the future, is connected more directly with the folio publi-
cation. When a quadrangle thatis being geologically mapped
contains mines that are especially important, but not so near
one another that they can be included in a special map, a
trained economic geologist is detailed to make a study of these
mines, and a concise summary of the results is added to the
explanatory text. If these results are of sufficient importance,
a more complete report is printed in the Annual Report, or
as a bulletin. Such a study has already been made of the
Telluride quadrangle, and similar studies of the Silverton
quadrangle in Colorado and of the Sturgis and Spearfish quad-
rangles in the northern Black Hills are in progress.

It may be anticipated that in the course of time the inciden-
tal areal surveys and studies of special minerals will gradually
supersede those of the small groups of important mines, but at
present plans are made for surveys of a dozen or more mining
districts in the western part of the United States, and of
several in the central and eastern parts, which, under the
present appropriations, can be taken up only one at a time
and at considerable intervals.

TECHNICAL INVESTIGATION.

In the line of what may be considered technical studies, the
duties of the Survey toward mining industry are less easy to
define; for here there is more danger of encroaching upon
the legitimate field of the mining engineer or metallurgist.
Yet the same general principle is applicable, namely, that
the Survey should confine itself to those investigations which
it is better fitted to make than is the individual. Thus,
in the early work on Leadville, where lead smelting had
reached a stage of development before unknown in this
country, it was thought that a scientific discussion of the
processes involved, in the light of the improvements made in
practical methods, would be of advantage to the smelting com-
munity throughout the country. But it was found that, so-
great was the commercial importance of the industry, and
so rapid the advancement in metallurgic science, the delays
inherent in a Government publication greatly impaired, if they
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did not altogether nullify, its value. Except in a few special
cases, it has not, therefore, been thought advisable to follow
out this line of work. Incidentally, as many are aware, the
investigations of Dr. Barus in the physical laboratory of the
Survey on the iron carburets, although undertaken for purely
scientific ends, have been of far-reaching practical importance
to the iron industry of the country. This serves to illustrate
the truth that, however remote from any apparent practical
purpose a theoretic study may be, it is likely at any time to
prove of practical scientific importance, and its application is
broader, as a rule, than that of investigations which have only
immediate practical ends in view.

It is evident that the investigation of technical processes in
their commercial application is not a legitimate function of the
Survey. Its employees are expressly debarred from a com-
mercial use of their knowledge, and are chosen for their pro-
ficiency in geology rather than in technology. There may
arise cases, however, in which it will appear possible for them
to determine the underlying principles or laws that should
govern some widely applied technical process, and in which it
will seem advisable and proper for them to undertake such
investigations.

COMMERCIAL OR STATISTICAL INVESTIGATIONS.

There remain to be considered the relations of the Survey
to the purely commercial side of the mining industry; and
here the principle of doing what it is inherently better fitted to
do than is the individual is more easy of application. It seems
evident that the collecting of accurate statistics of the mineral
productions of the country, which form the most important
basis of all mining business, is a prime duty of the Survey.
No branch of statistical science is in greater need of technical
knowledge and thorough system than that which deals with
mineral production, and none is more liable to be led into
. ervor if the collector’s opinions are in any way biased by his
interest. There is no body of men more absolutely disinter-
ested than the employees of the Survey, since, under the law,
they can have no commercial interest in the subjects which
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they treat. Their field of work is so wide that, by one or
another, a certain personal familiarity with all the sources
of supply of the various mineral products of the country is
acquired, which is available for the guidance of the statistical
division.

At the last session of the Fifty-fifth Congress an amendment
was introduced establishing a Division of Mines and Mining in
the Survey. This extended its sphere of statistical work to
gold and silver, and made a special appropriation for the divi-
sion. It also provided means for the more prompt publication
of its reports. Had this amendment passed, it is believed that
the usefulness of the work of the Survey would have been very
materially increased. All of its various economic branches
would then have been conducted under the supervision of a
single chief, by which means a more uniform and compre-
hensive ‘system, both of field work and of publication, might
have been inaugurated.

STATISTICS OF MINERAL RESOURCES.

The statistical work of the Tenth Census brought together
such men as Emmons, Becker, Pumpelly, Peckham, Willis,
Eldridge, and others who contributed to the volume on mining.
Later Mr. Albert Williams, jr., was placed at the head of a
division of the Survey created for the purpose of carrying on
- this'work, and known as the Division of Mining Statistics and
Technology.

Mr. Williams’s plans were so well made that the results were
excellent, and they admitted of simple expansion as the needs
and facilities of the Survey made such expansion necessary and
practicable. Mr. Williams’s aim was to use the small means at
his disposal to secure the cooperation of every individual and
institution for that particular contribution upon which he or it
was the best authority. Primary attention was paid to locat-
ing and describing the known mineral localities, even down to
those of rare elements. The work was arranged wisely,
according to mineral substances rather than geographic regions,
since each mineral industry was the interest intended to be
served. This resulted in the series of publications called the
Mineral Resources of the United States. The first volume,



DIVISION OF MINES AND MINING. 41

published in 1883, contained, in addition to a statement of the
distribution of our useful minerals, the best estimates obtain-
able of the total amount of each mineral produced in the year
1882, and comparative statements of the growth of each indus-
try since the census year—in so far as it could be predicted
what the results of the census would be when they should
finally be published. The geographic distribution was not
neglected, however, but was concisely set forth in a tabular
statement showing the minerals which might prove useful in
each district; and the volume contained also separate contribu-
tions on special themes of mining technology.

On this foundation a volume has been published each year
since 1883. The second volume gave greater attention to the
secondary feature of production and of our relations as mineral
producers to the rest of the world, as shown by our import and
export trade. The third volume was more limited in scope,
being published in a transition period, when Mr. Williams left
the direction of the work to become director of the Michigan
Mining School, and was succeeded by Dr. David T. Day.

These three volumes have certain characteristics which are
not only interesting, but deserving of attention, now that they
can be looked at from a historical point of view. While the later
volumes are probably better known, the three pioneer volumes
were of unusual importance at the time they were published,
when facilities were meager and guiding precedents few. They
show the work of one whose careful judgment harmonized,
when necessary, the diverse contributions of many coworkers.
Each chapter was prepared by an expert. Kach was a strong,
terse expression of the conditions of the industry discussed.
The chapters were as different in scope and in method of treat-
ment as the materials themselves. Uniformity was neither
possible nor desirable; but all were characterized by fair
statements of the measure of reliability to which the statistics
were entitled.

Dr. Day, who has had charge of the succeeding volumes,
came to the work with the prejudices of a technologist, but he
left to the technologic press the subject of mining technology,
except where some process had effected a significant develop-
ment in mining. It seemed essential that the Survey should
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become a source of independent scientific statistics of the
amount of each mineral produced, since no other agency than
the Government can become the impartial and permanent
source of reliable statistics, any more than we could expect
coins to prove acceptable from any other source than the Mint.
By the advice of such census experts as Gannett, Weeks, and
Swank, and with the cooperation of such statisticians as Kirch-
hoff, Birkinbine, and Yale, every effort was made to secure a
list of the mineral producers of the United States, and to
obtain from each one of them, by correspondence and such
visits as could be made, a statement of his product each year.

The means at command were inadequate to a complete result;
but each year has seen the lists grow more nearly complete,
and has shown less necessity for adding to returns by informa-
tion from outside sources. The statistics of mining for the
Eleventh Census were collected by the Survey. This experi--
ence added greatly to subsequent efficiency. At the present
time the work is practically an annual census of the product
of all mines, except those of precious metals. The statistics
of gold and silver were excepted in the original plan, in 1882,
out of courtesy to the Director of the Mint, who desired to
retain this portion of the work.

When the division abandoned the subject of mining technol-
ogy, its designation was changed to the Division of Mineral
Resources. In accordance with the duties implied by this title,
more and more attention has been paid to statements of the
geologic and geographic distribution of our mineral wealth,
whether developed or not; and the immediate future will see
this important work of the Survey expanded. Special subjects,
studies of which are now more or less advanced toward com-
pletion, are the phosphate deposits of Florida, the clays of the
Eastern States, bauxite in Arkansas, fuller's earth in South
Dakota, and the asphalts and bitumens of the whole United
States.

HYDROGRAPHIC INVESTIGATIONS.

For more than ten years the Division of Hydrography of
the Survey has been making measurements of the streams and
computations of their daily discharge at various points. At
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the same time it has been investigating the movements of under-
ground waters and the causes which give rise to them. The
results have economic importance to the miner in his under-
ground operations, as he must often contend with water, and
his ability to dispose of it successfully may govern the question
of profits. - He often seeks in flowing water the power for
operating, directly or indirectly, mines, mills, etc. In many
sections the location of reduction works is governed largely
by the question of water supply and its permanence through
seasons and years. The results of the investigations of the
hydrographers are sought in considering the erection of plants
of this character.

There is also an indirect way in which the question of water
supply affects the feasibility or profits of mining. Throughout
the western third of the United States, from the Rocky Mountain
region westward, there are great deposits of ore, the value of
which per ton is so small that they can not be profitably worked
unless many conditions are favorable, such as cheap food stuffs
and ready transportation, by which the cost of living and of
labor may be reduced. The region as a whole is arid, and farm
and other products, brought from the humid regions, are expen-
sive. By the development of agriculture through irrigation,
and the building up of small producing communities through-
out the semiarid and arid West, the cost of living is greatly
reduced, and it becomes practicable to work to advantage
mineral deposits otherwise unprofitable. This dotting of the
country with farms and villages is possible through a careful
conservation of the available waters, such as can result only
from a thorough knowledge of the natural conditions. This
knowledge is being obtained, through the Division of Hydrog-
raphy, as rapidly as the means available will permit.

Future of the Survey in Relation to the Mining Industry.

In considering the operations of the Survey, past, present,
and future, it must be borne in mind that all estimates for
appropriations are submitted to the Secretary of the Interior,
who may reduce or change them as he thinks best, in view not
only of the operations of the Survey, but of the needs of other
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bureaus of the Department and the sum total of the estimates.
The estimates, and necessarily the plans, are again modified
by Congress in making the appropriations. Special legislation
is also occasionally needed in order to accomplish the best
results in work already under way, or to enter some new field
of investigation. Finally, after Congress has acted, all field
and office plans of the Director, before being put into execution,
are subject to the approval or disapproval of the Secretary of
the Interior. To the practical miner and mining engineer all
the red tape and delay seems only a useless hindrance to the
development of the mining and other industries affected by the
activities of the Survey. This is often the view of the men
engaged in the work; but when a broad view of the entire field
is taken, such delays and changes as may occur are of relatively
small moment.

- The work of surveying and preparing on a suitable scale
the topographic and geologic maps of the 3,000,000 square
miles of territory of the United States (exclusive of Alaska) is
greater than any similar work heretofore undertaken by any
nation. The study of the original sources of from $700,000,000
to $1,000,000,000 worth of mineral products each year, with the
statistics pertaining thereto, is sufficient of itself to keep a bureau
of the size of the Survey fully occupied. The investigation of
water powers, of artesian, surface, and possible storage waters,
and of domestic water supply, is an undertaking worthy of a
strong, rapidly developing, and rich nation. The publication
in practical and creditable form of the product of all of the
activities of the Survey results in a contribution in original
maps and text larger than that of any other scientific organi-
zation in existence. "

With such conceptions of the scope of operations in mind,
and with the results of a decade of work and progress in view,
individual and local disappointments and forebodings disap-
pear. The results already attained by this single bureau of
the Government form a monument to the intelligent interest
taken in its work by Congress and the hearty support given
it by the several Secretaries of the Interior. The American
people, as represented by Congress, desire to do what is right
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and just for governmental scientific organizations. Individual
mistakes and narrowness of conception and action will occur
at times, but as a whole the outlook is good, both for science
and for the people of the nation. There is no doubt that the
mining interests of the country are entitled to direct recogni-
tion by the Government, and it would seem that ere long such
recognition will be given. Meanwhile the Geological Survey
will aid as far as practicable in the development of the mineral
resources and mining industries of the country. One of the
latest bills relating to the mining industry has many com-
mendable features. The function of the new department, as
defined in the bill, is “to acquire, by examination, practical
and scientific experiments, geological research, or otherwise,
useful information on subjects connected with mining in the
general and comprehensive sense of the word, and to diffuse
the same among the people of the United States.” Itis further
provided that the Geological Survey shall be the nucleus of
the new department.

The establishment of a.Division of Mines and Mining within
the Survey would broaden the scope of its work and admit of
a more direct application of the energies of the Survey to the
mining industry. In a general way such a division should be
charged with the promotion of the mining industry of the
country as a whole, as far as it can be done by a Government
organization, and in such way as not to interfere with the
work of State organizations on the one hand or with the profes-
sional business of individuals on the other. It is difficult to
specify the means and methods by which these ends could be
best attained. Modifications would be required from time to
time as experience dictated.

There should be published an annual report of the progress
of the mining industry, which should show the most important
advances made during the year and forecast the lines on which
they would probably progress in the future.

From a commercial standpoint, an important subject which
might properly be considered by a National mining bureau or
by a Division of Mines and Mining in the Geological Survey
is the promotion of our export trade. This should include the
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publication of maps, on as large a scale as practicable, show-
ing the distribution of the economic minerals, reports on the
methods and costs of transportation to the seaboard, the value
of the product at points of production and at shipping ports,
and other information of interest to buyers for foreign markets.

In regard to the question how a National Department of
Mines and Mining could assist in the work which is local to the
States, it may be said that, in addition to the benefit derived
from the sources above enumerated, a bureau of mines might
properly assist the local interests by correlating the work of the
State geological surveys, so as to prevent duplication of work
and secure uniformity of results. The collection of statistics
might in some cases be carried on in cooperation with the State
bureaus, and the saving thus effected be devoted to investiga-
tions of special interest to the cooperating States. A Depart-
ment of Mines and Mining might also coordinate and harmonize
State regulations of mining inspections, etc.

Much of the statistical work done by the Survey is dupli-
cated by bureaus within the States. Iew of the State bureaus,
however, make complete canvasses of the mining industry.
In the more important coal-producing States there are mining
inspectors, a part of whose duty it is to collect the statistics of
coal production, but in only one or two are the other mineral
products considered. In a few States separate bureaus, the
State geological survey and the mining inspectors, duplicate
portions of the statistical work. It is unfortunate, but at the
same time unavoidable, that another duplication is made in
the work of the Geological Survey. Attempts have been
made in some instances to cooperate with the State bureaus
and avoid this duplication; and this is being done at present
very satisfactorily in Towa and Maryland. It would be well
to extend this cooperation into all the States having such
bureaus, the conflicting laws of the States and the frequent
changes due to political revolutions being the principal obsta-
cles to uniform and permanent plans.

Theoretically, the only investigations which can not be car-
ried on by the State are those which necessarily carry the
investigator beyond State boundaries; but conditions usually
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limit a State organization to investigations which have a direct
and immediate practical application to the development of
the mining industry, and such conditions and considerations
preclude the State from taking up investigations looking
to the establishment of fundamental principles whose applica-
tion to the mining industry, while important, may be some-
what remote.
Foreign' National Mining Bureaus.

In England and the continental countries of Europe the
execution of the laws regulating mining operations comes
under the jurisdiction of the national min'ing bureaus, and
operators are required by law to report to these bureaus.
Except in the Territories, a Federal mining bureau in the
United States would have no such jurisdiction, and could act
only in an advisory capacity within the States, depending, as
the Division of Mineral Resources does at present, upon the
willingness of producers to furnish information regarding their
operations.

These foreign bureaus are occupied primarily with inspec-
tion of mines for the purpose of guarding the safety and health
of operatives; and on the Continent, where the central govern-
ment usually reserves to itself certain rights in regard to min-
ing properties, they are intrusted with the enforcement and
protection of these rights. Their duties are restrictive rather
than promotive, and it does not seem that they offer much that
is worthy of imitation by such an organization in the United
States. Vastly more has already been done for the direct
development of the mining industry in the United States by the
Geological Survey in spite of the limited scope accorded to it
under present laws. So true is this that foreign geologists
and mining engineers are apt to hold up this work as a model
that could well be imitated by their home organizations. A
great advantage that an American organization generally has
over a European is its freedom from too detailed and hence
often restrictive regulation.

INSULAR SURVEYS.

At the first session of the Fifty-sixth Congress there was
passed by the Senate (January 9, 1900) a resolution requir-
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ing a report on topographic and geologic insular surveys.
The resolution was as follows:

LResolved, That the Secretary of the Interior be, and he is hereby,
directed to submit to the Senate of the United States a report on—

First. The present condition and progress of the topographical and
geological surveys, if any, which may have been inaugurated on the
islands now under the jurisdiction of the United States.

Second. His recommendations as to further topographical and
geological surveys on said islands.

The resolution was referred by the Secretary of the Interior
to the Director of the Survey for a report thereon; ana on
January 19, 1900, the following letter and report (Senate Doc.
No. 115) were transmitted to the Secretary of the Interior,
‘and by him to the Senate:

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., January 19, 1900.

Sir: I have the honor to acknowledge the receipt, through reference
by the Hon. Thomas Ryan, Acting Secretary, with instructions to con-
sider and make early report, of a resolution of the Senate of the United
States, dated January 9, 1900, requiring the Secretary of the Interior
to submit to the Senate a report on—

First. The present condition and progress of the topographical and geological sur-
veys, if any, which may have been inaugurated on the islands now under the juris-
diction of the United States.

Second. His recommendations as to further topographical and geological surveys
on said islands.

The resolution has been carefully considered, and a report thereon
is herewith submitted.

I am, with respect, your obedient servant,
CHas. D. Wavcorr, Director.

The SECRETARY OF THE INTERIOR.

STATUS OF TOPOGRAPHIC AND GEOLOGIC INSULAR SURVEYS.

Awutlability of appropriations.—The United States Geological Sur-
vey has not been authorized to expend any part of its appropriation
for surveys beyond the United States and Alaska. Accordingly, sur-
veys of the islands now under protection of the United States have
not been undertaken. In the present status expenses may now be
incurred legally in surveys of Porto Rico and Hawalii, but the exhaus-
tion of the appropriations by established work in the United States
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has made it inexpedient to divert any funds to those islands. Surveys
of Cubaand the Philippines can not be begun without special authority.

Preparation for surveys.—Nevertheless, this Bureau has taken steps
to secure information to direct plans for surveys when authorized.
Mr. H. M. Wilson, geographer, in January, 1899, made a special trip
to Porto Rico to ascertain the conditions affecting topographic sur-
veying in the island. Mr. Robert T. Hill, geologist, has repeatedly
visited Cuba, Porto Rico, and the West Indies in prosecuting geo-
logic surveys. Although this scientific research outside the United
States was carried on at private expense, the United States Survey
holds such relations to it, through Mr. Hill, that the latest data are
available. Hawaii presents well-known conditions for a general plan
of survey. In the Philippines Mr. George F. Becker, geologist, has
made such observations as were practicable under the circumstances
-existing since July, 1898. Members of the Philippine Commission
. have been consulted. In consideration of futureinsular surveys, there
has been close cooperation with the Coast and Geodetic Survey.

CONDITIONS AND OBJECTS OF INSULAR SURVEYS.

Diversity of conditions.—The conditions demanding and affecting
the prosecution of topographic and geologic surveys in Porto Rico,
Hawaii, the Philippines, and Cuba are so diverse that each island
must be separately considered.

PORTO RICO.

Occasion for topographic survey.—The area of Porto Rico, includ-
ing the islands of Culebra and Vieques, is not positively known, but is
approximately 8,800 square miles. The surface is so diversified by
numerous hills and valleys and the population is so distributed through
the island that a relatively large-scale topographic map is needed.
The requirements are comparable with those of the Middle and New
England States, where the Survey hasadopted the scale of 1 mile to an
inch, with contour interval of 20 feet. Drawn upon this scale, the
atlas of Porto Rico may be published on twelve 15-minute atlas sheets
of the standard size of the United States Survey atlas.

The few maps of Porto Rico at present extant are based on the work
of the Spanish general staff and are inaccurate. As a result of the tri-
angulation of the south coast, recently made by the United States Coast
and Geodetic Survey, it was found that the old Spanish maps were
7 miles in error in 40 linear miles of coast line. The published maps
indicate many roads and streams, but they show neither details nor

-the numerous trails, which are the highways of the country, with a
degree of accuracy to permit of their being identified on the ground
with the maps in hand. Although they are drawn on a large scale and
21 GEOL, PT 1 4 '
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seem to be accurate, these maps have no greater value than have the
crudest of the county atlases of the United States. None of them
show differences of elevation or surface relief.

Public works in the island of Porto Rico, the classification of valley
and mountain lands, the very important problems of irrigation and
water storage, and many other phases of economic development,
require the preparation of an accurate topographic map.

Triangulation.—The primary triangulation upon which the.topo-
graphic mapping must be based is being executed by the United States
Coast and Geodetic Survey. During the past season that Bureau
extended a sufficient amount of triangulation along.the south coast to
give initial control for the mapping of about three atlas sheets. This
will have to be supplemented by secondary control, to be executed by
this Bureau. :

Spirdt leveling.—The expense of spirit leveling for the control of
topography will be a trifle greater than in the interior of the United
States, owing to the ruggedness of the mountains, which cover the
larger portion of the island, and the poor condition of the highways.

Cost of topographic survey.—An approximate estimate of the cost of
making a satisfactory topographic map follows. The estimate is nec-
essarily qualified, as so little is known from actual experience regard-
ing the effects of the rainy season and climate upon field work. It is
probable that surveys can be executed economically only during the
winter months, from the middle of November until the middle of
April, inclusive. During the remainder of the year the rainfall is
exceedingly heavy and persistent and the temperature so high as to
make outdoor work difficult for white men. The map should exhibit
all the intricate details of relief and culture, including the great num-
ber of trails and dwelling places.

‘With these facts in view, it is estimated that the cost of mapping
the island on the scale of 1 mile to an inch, with a contour interval of
20 feet, would average between $15 and $20 per square mile. This
includes all cost of secondary triangulation, leveling, detailed topo-
graphic work, transportation, and office expenses. On this basis the
total cost of the topographic survey of the island, with the adjoining
smaller islands, will be between $50,000 and $75,000.

Geologic survey.—Geologic knowledge of Porto Rico is required to
develop agriculture, irrigation, roads, and engineering works. These
are urgent public needs. Occurrences of different soils are related to
the distribution of the principal types of rocks—the limestones of the
northern hills and coastal zone and the volcanic rocks of the interior.
Advanced horticulture, reforestation, and agriculture in general
demand soil classification and exploitation of mineral fertilizers. For
the construction of roads, bridges, and buildings the available resources
in road metal and building stones should be determined. Mineral
deposits of more than local value are few, except those of iron, which
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promise important developments. The abundant water powers and
water supply for irrigation should be measured. The geologic map
should be the best possible on the scale of the topographic base—that
i, as good as any now being made 1n the United States.

The cost of such a geologic survey is estimated at $5 per square
mile, or approximately $20,000 for the entire island. The commence-
ment of final work should be preceded by a geologic reconnaissance,
to-occupy the first season, at a cost of $3,000.

Recommendations for an appropriation of $16,000 for topographic
and geologic surveys follow at the close of this report. '

HAWAIIAN ISLANDS.

Physical conditions.—There are twelve islands in the Hawaiian
group, approximating an area of somewhat over 6,000 square miles.
Four of these, however, are barren and uninhabited rocks of incon-
siderable size. The remaining eight islands, with their approximate
areas, are as follows:

Square

miles
Hawail - .. iteeeeaa.- 3,950
U 755 620
OahU. L et 530
L 1 500
L7 103 o) < 300
Lanal ... eeo- 150
NI At ..o i 100
Kahoolawe ... ... e 50
017 | N 6, 200

The islands are mountainous, and the measurement of relief should
be a correspondingly important object of any adequate survey. Engi-
neering problems affecting roads-and irrigation are foremost in imme-
~ diate development of the resources, and for their solution accurate

delineation of grades and heights is of vital importance. The climate
is favorable to field work.

Listing maps.—There existed for many years prior to annexation
to the United States a Hawaiian government survey under the direc-
tion of Mr. W. D. Alexander, surveyor-general. Under this organi-
zation a system of triangulation has been extended over all the larger
islands, which is considered amply sufficient for the requirements of
the United States Geological Survey. The report of the surveyor-
general for 1889 states:

The survey of government lands and the settlement of boundaries have been the
chief objects aimed at, rather than geodetic or topographical work.

The Alexander maps delineate only a skeleton -of the relief by
hachures, in a manner not adequate for engineering purposes, but
probably so as to facilitate topographic surveys for accurate contours.
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Geologic survey.—A geologic survey of the Hawaiian Islands is
needed to promote the development of their resources and public
works, to aid the territorial government in classifying lands, and to
conduct researches into the remarkable past and existing volcanic
phenomena. To organize and properly conduct such a survey will
require the service of a man combining executive ability and special
geologic attainment, to whom broad discretionary power may be given
under general instructions from the Director of the United States
Survey. The geologist in charge will need to direct the topographic
survey; to conduct investigations into water power, water supply, and
irrigation; to advise in regard to highway improvements and other
public enterprises; to report upon mineral resources; to study the
past and present distribution of lava flows, the volcanic processes, and
the growth of the islands as volcanic structures, and to administer the
authority and funds intrusted to him efliciently and satisfactorily. He
will necessarily maintain an office in Honolulu and employ one or more
geologic assistants, a clerk, and other aids from time to time.

Cost of topographic and geologic survey.—It is estimated that the
topographic survey of the islands, covering 6,000 square miles, could
be economically executed, on a scale of 2 miles to an inch, with con-
tours 100 feet apart vertically, by one topographer and two assistant
topographers, in three years, at an annual expense of $10,000 for sal-
aries and field work.

For the geologic survey and administrative office the following
estimate of annual expense accords with the best available data and
experience:

For salaries (geologist in charge, $3,000; assistant geologist, $1,800; clerical

assistance, $1,500) ... aiaiiieaaaaa $6, 300
Field work, eight months at $300 . . .. ... .. i iiiiiiiiii.. 2,400
Office rent and expenses, twelve months ... ... . . .l . .. ..... 800
Outfit, instruments, and experimental research. .. ... . .. .. ... ... .__.. 1,500
Special surveys and sundry eXpenses. . oo ox it e i e e eac e 1,000

Estimate for geologic survey and administration. . _.... ... ... ... .. 12, 000
Estimate for topographic survey.............ccoooiiiiiiiiiiiiiilL . 10,000
Estimate of total cost of surveys annually - ... ... ... .. ... ... 22, 000

The life of the topographic survey having been reckoned at three
years, its cost would be $30,000. The geologic survey should con
tinue at leastfive years, and its cost would be $60,000. Thus the total
cost of the proposed survey would be $§90,000. This does not include
publication. A

Recommendations follow at the close of this report.

PHILIPPINES.

Physical conditions.—Climate and wilderness combine to render
surveys in the Philippines peculiarly difficult. The accessibility of
separate islands and their individually moderate areas make surveys

.
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possible. The topography is mountainous. Five to seven thousand
feet is the altitude of ranges in northern Luzon and in many of the
larger islands. Several mountains rise to 8,000 feet, and one or two to
10,000 feet. Declivities are steep, but forested from sea to summits.

The attitude of the native peoples is not unfriendly over the greater
part of the archipelago, and a well-conducted surveying party should
have no difficulty, except where the Tagalos are numerous. Their
presence in southwestern Luzon, Mashate, and Cebu would render
necessary a military escort. Local banditti elsewhere are isolated.
The distance of the archipelago from Washington will make it neces-
sary that the survey shall be organized with headquarters at Manila,
under a competent officer to whom much discretion may be given.

The variations of season and of healthfulness, the wide separation of
islands, and the varied conditions require that the organization should
be adaptable, active, and capable of independent action in all its parts.

Existing maps.—The coast charts are of two kinds, the old Spanish
charts and the admiralty charts. The former are thought to be more
correct, but none of the charts are reliable, even as to the position of
the coast of the islands, which may be as much as 8 or 4 miles out of
place. The maps of the interior are, in general, rude sketches, which
are erroneous and misleading. Mindanao has been sketched by the
Jesuits, probably with greater accuracy than any other island of the
group. In the immediate vicinity of Manila careful surveys were
executed by the Jesuits of the observatory, who prepared a good out-
line map extending as far as Caloocan. A

Need of maps.—Administrative, military, and economic needs for
maps are urgent. The most efficient available force should be sent to
" survey the islands, to accomplish the survey as soon as practicable.
The plan of survey should be that which will give general but accu-
rate information at an early date. '

Surveys proposed.—It is assumed that the Coast and Geodetic Sur-
vey will accomplish the triangulation of the coastin advance of orin
cooperation with the topographic parties of the Geological Survey.
The triangulation may be extended inland by the latter where neces-
sary, and they should conduct such surveys as will most satisfactorily
result in a topographic map on the scale of 4 miles to an inch, with
sketch contours at intervals of 200 feet. The primary object of the
work should be to extend this reconnaissance over the archipelago.

A different problem in surveying is presented in the vicinity of
Manila and the country tributary thereto. This is the most densely
populated portion of the archipelago. It is also that in which military
police operations will be most urgently required and should be ren-
dered most efficient by adequate maps. This area should be surveyed
on the scale of 2 miles to an inch, with 20 or 50 foot contour intervals,
and the work of one party, under military escort, should be directed
thereto. Three atlas sheets, of the standard United States Geological
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Survey size, are apparently necessary to cover Manila Bay and the
surrounding country. Additional sheets, extending to the Gulf of
Lingayen, would no doubt be needed as rapidly as the survey could be
pushed.

Cost of surveys.—For the organization of three topographic parties
to conduct the above-described operations, the following is an approx-
imate estimate of cost, in United States currency:

Salaries: .
Topographer in charge ... .. ... ... ... ... .. ... ... $3, 000
2 topographers, heads of parties, at $2,400 each._...._..__..._. 4, 800
6 assistant topographers, at $2,000 each ... ... ... ... ...._... 12, 000
819, 800
Field expenses, three parties eight months:
6 American camp hands, $50 per month each.................. 2,400
18 native laborers, $5 per month each_..._... .. . . ... .. .... 720
6 native boats, at 85 per montheach.. ... ... ... ... ... ... _. 240
Subsistence, 33 men, at 310 per month each ... ... ... .. .... 2, 640
Outfit and instruments, 3 parties, at $2,000 each ... ... .. ... 6, 000
Miscellaneous expenses, including rent, clerical assistance and
drafting, medicines, repairs, transportation among the islands,
and contingencies _ .. _ ... . ... ...l 5,400
17, 400
Traveling expenses, 9 officers, Washington to Manila._....._......_._.___. 1, 800
Total, annually _..... .. .._.._. P A 39, 000

The rate of progress of survey can not accurately be estimated, but
comparing the Philippines with the most difficult forested region of
the United States, it is probable that a party consisting of one topog-
rapher and two competent topographic assistants can survey 500
square miles per month on the scale of 4 miles to an inch. Assuming
that health and other conditions permit eight months’ field work in
every twelve, as estimated, then two parties engaged in the general
survey can accomplish 8,000 square miles per annum. The area of the
islands being approximately 114,000 square miles, the survey would
be completed in twelve or fifteen years. However probable it may be
that the progress of the survey will be accelerated by enlarging the
organization, that which has been proposed is believed to be adequate
as an initial step.

Geologic reconnaissance.—The object of a geologic reconnaissance of
the islands should be to ascertain those general facts of the geologic
structure and of distribution of coal, copper, gold, and other mineral
resources which must be known before capital can be intelligently
directed to investment. Such a reconnaissance should be an explora-
tion, proceeding more rapidly than the proposed topographic survey
of the archipelago. The geologic party should therefore operate
independently of the other parties. In the following statement the
personnel is based upon the experience of the Geological Survey in
this class of work. It affords a geologist and a topographer with a
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sufficient number of hands to render them independent each of the
other in joint field operations.

Salaries:
1 geologist, in charge of party ....... ... ... .. ... ceoo- $2,400
1 assistant topographer_ . .. ... L L.l 2, 000
$4, 400
Field expenses, twelve months:
2 American camp hands, $50 each permonth.._ ... ... ... ... 1,200
6 native laborers, $5 each permonth._. ... ... ... .. ... 360
2 native boats, $5 each permonth.. .. ... . ... .. ... . ..., 120
Hire of buffalo carts or pack train ... . ... ... .. ... 500
Subsistence, 10 men at $10 permonth. .. ... ... ..o ..o L. 1, 200
Outfit and instruments. ... ... ... ... ......... 1, 500
Miscellaneous eXPenses - . . ... o oooe e omee e . 920
5, 800
Traveling expenses, 2 officers, Washington to Manila and return....__.._... 800
Total, annually . ... i 11, 000

It is proposed that the geologic reconnaissance shall bhe prosecuted
for twelve months, and that a report similar to that which was prepared
for Alaska in 1898 shall then be published.

In view of the strong probability that men engaged in these topo-
graphic and geologic surveys in the Philippines will be ill from time
to time, it is suggested that special provision be made to continue their
pay when sick beyond the limit set for more salubrious regions.

Recommendations for appropriations for these surveys follow at the
close of this report.

CUBA.

Physical conditions.—Of the 45,000 square miles comprised in Cuba
and its adjacent keys, one-fourth is said to be mountainous, three-fifths
are plains, valleys, and gentle slopes, and the remainder is swamp. The
central plains of the provinces of Habana, Matanzas, and part of Santa
Clara are favorably conditioned for survey operations. Pinar del Rio
is somewhat less easy to map. The eastern part of the island, compris-
ing Santiago, Puerto Principe, and part of Santa Clara, presents rela-
tively considerable difficulties. The season suitable for field work
extends from November to April, inclusive.

Euristing maps.—Maps of Cuba and its keys are said to be compila-
tions of local surveys of doubtful accuracy, not controlled by triangu-
lation. Although they are on a large scale they exhibit only the plan
of towns, roads, and streams without statement of relative elevations.
When the Coast and Geodetic Survey shall have executed the triangu-
lation of the coast, the control thereby afforded will be available and
may be extended into the interior.

Occasion for topographic maps.—It is expected that Cuba will enter
upon an era of development. In agriculture, engineering, sanitation,
water supply, and mining, topographic maps are needed now to guide



56 REPORT OF THE DIRECTOR.

.investment of public and private funds. The most urgent need is for
a general topographic map, accurately controlled by triangulation, on
a moderate scale of 4 miles to the inch, and contoured to show differ-
ences of elevation of 50 to.200 feet, according to the degree of relief.
Scarcely less urgent may be the demand for topographic maps on a
larger scale in those thickly populated districts where development is
intense. For some portions of the island the preliminary map, on the
scale of 4 miles to an inch, may long suffice. Elsewhere maps on the
relatively large scale of 2 or even 1 mile to an inch, delineating with
great detail natural and cultural features, will be required.

Istimate of cost for topographic work.—F¥or the general map (scale
4 miles to an inch) the cost may be estimated, approximately, at $2 per
square mile, or 90,000 for the island. For this amount there would
be secured triangulation to control future surveys on a large scale.
Leveling is not proposed in this preliminary survey. Elevations are
to be determined in connection with the triangulation. The rate of
execution is estimated at 5,000 square miles for each party employed
one season. The survey would thus occupy three parties three years.

Topographic maps on larger scale may follow as conditions require
‘and permit their preparation. In the thickly settled plains and uplands
the scale recommended for Porto Rico (1 mile to an inch, contours 20
to 50 feet apart) should be adopted. Such surveys, with appropriate
leveling, may be executed for $10 per square mile. In mountainous
and thinly settled districts a map on the scale of 2 miles to an inch,
with appropriate contour interval, will be adequate. Its cost should
be not far from $7 per squarc mile.

Geologic survey of Cuba. —The preparation of the general map of the
island should be actively followed by a geologic reconnaissance adapted
to the same moderate scale and immediate need for reliable informa-
tion. More detailed general surveys may be undertaken in the future
by any permanent government of the island.

The cost of the geologic reconnaissance can not be accurately fore-
seen. Areal mapping on the scale of 4 miles to an inch should be
executed for §1 per square mile. This would result in general infor-
mation to direct future investigations of the soils, to assist exploration
for special mineral resources, including building stones and road
metal, and to serve as a basis for more elaborate surveys. In addition
to the geologic reconnaissance, careful measurements of the streams
should be inangurated.

Suggestionsfor organization of the topographic and geologic surveys
described follow at the close of this report.

CADASTRAL SURVEYS.

Attention is respectfully called to the fact that the surveys herein
proposed are topographic and geologic surveys, which are not designed
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to locate or measure tracts of land as property. Cadastral surveys to
accomplish that purpose would be much more expensive and tedious.
But the proposed topographic surveys will afford numerous points,
precisely marked by monuments, to which bounds may in the future
be referred.

RECOMMENDATIONS.

IN GENERAL.

Personnel.—The preceding estimates are based upon the experience
of the United States Geological Survey in making surveys through
its trained topographers and geologists. It is recommended that the
peculiar qualifications of this corps be utilized in insular surveys, so
far as may be compatible with the proper execution of work required
in the United States and Alaska.

Administration.—The Federal Government is now conducting sur-
veys in cooperation with several States, through the administration of
the Director of the Geological Survey, subject to approval by the
Secretary of the Interior. . The Director, under whose immediate
instructions the surveys are made, is responsible to the cooperating
State for satisfactory results. It is recommended that immediate
administration of the proposed topographic and geologic surveys he
similarly intrusted to the Director of the Geological Survey, who shall
be responsible for efficient execution of the plans.

PORTO RICO.

o

It is recommended that there be provided for surveys of Porto Rico
the sum of $16,000, to be expended as follows:
For topographic surveys (including salaries of one topographer and two
assistant topographers from the United States, wages of camp hands
and subsistence in Porto Rico, and transportation) ... .. ... ... . .. $10, 000
For geologic reconnaissance (including salary of one geologist from the
United States, wages of camp hands and subsistence in Porto Rico, and
transportation and office work). ... ... ..l iii.iiL..i... 6, 000

HAWAITAN ISLANDS.

It is recommended that there be provided for surveys of the
Hawaiian Islands the sum of $22,000, to be expended as follows:

For topogfaphic surveys (including salaries of one topographer, two assist-

ant topographers, field expenses, and transportation)._.._.._ ... ... :510; 000
For geologic surveys (including salaries of one geologist from the United
. States, one clerk, field and office expenses, and transportation).......... 12, 000
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PHILIPPINES.
It is recommended that there be provided for surveysin the Philip-
pines the sum of $50,000, to be expended as follows:

For topographic surveys (including salaries of three topographers, three
assistant topographers, field and office expenses in the Philippines, and

transportation) - . . ... L iiiiiiiiiiiiiio.. $39, 000
For geologic reconnaissance (including salaries of one geologist and one assist-
ant topographer, field expenses in the Philippines, and transportation) ... 11,000
02 ) 50, 000
CUBA.

Tt is recommended that there be provided for surveys of Cuba
$36,000, to be expended as follows:

For topographic surveys (including salaries of three topographers and six
assistant topographers from the United States, wages of camp hands and
subsistence in Cuba, transportation, and office work) . ....._ ... ... .... 830, 000

For geologic reconnaissance (including salary of one geologist from the United
States, wages of camp hands and subsistence in Cuba, transportation, and
office WOTK ) - - i 6, 000

SUMMARY OF RECOMMENDATIONS.

The foregoing recommendations of appropriations for insular sur-
veys are as follows: :

For topographic and geologic surveys of the island of Porto Rico ....._._.. $16, 000
For topographic and geologic surveys of the Hawaiian Islands........__... 22, 000
For topographic and geologic surveys of the Philippines .._.._.._.._.._._. 50, 000
For topographic and geologic surveys of Cuba.... ... .. ... ... .. ... 36, 000
TOtAL - e e et 124, 000
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As in previous years, various Government bureaus cordially
cooperated with the Survey. These include the Smithsonian
Institution, the National Museum, the Coast and Goedetic
Survey, the Greneral Land Office, the Division of Forestry of
the Department of Agriculture, and the Grovernment Printing
Office. The members of the Survey continued to work har-
moniously and faithfully. Special mention is made of the
services of the chief clerk and the chief disbursing clerk, who
took charge of the administrative and business affairs of the
Survey during the Director’s absence in the field in the season
of 1899, and of the Editorial Division, in which an unusual
amount of exacting work was satisfactorily accomplished.
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Mention is also made of the efficient work of the Division of
Engraving and Printing, and of the special methods devised
by its chief and his assistants, whereby a large amount of time
and money is saved the Government.

PLAN OF OPERATIONS.

The plan of operations for the fiscal year 1899-1900 was
laid before the Secretary of the Interior on May 2, 1899, and
‘was approved by him on May 3, 1899. This detailed plan is
on file in the Department. The work of the year, hereinafter
reviewed, was executed in conformity with the plans submitted
and approved.

APPROPRIATIONS.

For and during the fiscal year 1899-1900 there was appro-
priated for the work of the United States Geological Survey
the sum of $834,240.89. The acts making the appropriations
set apart separate amounts for specific branches of work and
for the salaries of persons connected with these branches.
For convenience of reference these separate appropriations are
- here brought together dnd classified. »

"The legislative, executive, and judicial act contained the
following items:

For salaries of Director, chief clerk, chief disbursing clerk, librarian, and

photographer, together with clerks, messengers, watchmen, et al._._. $31, 390. 00
FOr Tenb - - oo e 11, 200. 00
B T 42, 590. 00

The sundry civil act included the following items:

For pay of skilled laborers, etc. .. ... ... ... . ... .c..o...... 13, 000. 00
For topographic surveys ............._. e $240, 000. 00
For pay of two geographers and two topographers......... 9, 200. 00

Total for topographic work. ... ... ... .. ... ... ... 249, 200. 00
For geological surveys . ... ... . .. ... .. ....o... 110, 000. 00
For pay of four geologists. ... . ... . . . ... ....... 13, 700. 00

Total for geologic work ... ... .. ... ... ... ...... P 123, 700. 00
For paleontologic researches........ e eeeaaaaas 10, 000. 00
For pay of two paleontologists. ..... ... ... . ... ... .. 4, 000. 00

Total for paleontologic work . ... ... ... .. ... ... ... . ... 14, 000. 00
For chemical and physical researches.....__.._........... 7, 000. 00
For pay of onechemist - ... ... .. .. ... ... ...... 3,000. 00

Total for chemical work ... . ... . .. ... ........ 10, 000. 00
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For general investigations in Alaska _ ... . ... ... .. ... $25, 000. 00
For gauging streams and determining water supply ... ......_..... ... 50, 000. 00
For the preparation of illustrations ... ... ... .. . .. il 14, 000. 00
For preparation of report on mineral resources .. .._._.._.... . ... . ... 30, 000. 00
For purchase.of books and distribution of documents................_. 2, 000. 00
For engraving and printing maps. . ... ..o iiiiiiiiioiiiaoao... 60, 000. 00
For rent .o e e e ———aan 6, 200. 00

There was appropriated in the same act, for engrav-
ing, printing, and binding publications of the Geolog-
ical Survey, 837,000; this sum to be disbursed, not
by the Geological Survey, but by the Public Printer.
The items are as follows:

For engraving illustrations for report of Director ......_... $7,000. 00
For engraving illustrations for monographs and bulletins... 10, 000. 00
For printing and binding monographs and bulletins....... 20, 000. 00
Total for engraving, ete....... ... . . ... 37, 000. 00

Furthermore, the same act contained the following
special appropriations: .
Special appropriation for the survey of forestreserves. . ... .. ... . __. 130, 000. 00
Any balance of appropriation for surveying the boundary line between

Idaho and Montana unexpended June 30, 1899, reappropriated for fiscal
year 1900.

The deficiency bill approved March 30, 1900, con-
tained the following items:

For engraving and printing the geological maps of the Umted

[ % Y $2, 500. 00
For gauging streams, ete . ... . ... ... iiiiiiiio.. 20, 000. 00
—— 22,500.00
The deficiency bill approved June 6,1900, contained
the following items:
Formaps of Alaska. ... . . . ... ..., $18. 50
For irrigation investigations, Gila Rwer ..................... 119.95
For payment for transmission of public documents through
Smithsonian Exchange, fiscal year 1900................... 4,912, 44
—  5,050.89
834, 240. 89
ORGANIZATION.

For convenience of administration, the following scheme of
organization of the work and business of the Survey was adopted
some years ago. By this scheme the work is primarily divided
into four branches, in each of which there are a number of
divisions. The organization as here given was in effect during
the year to which this report pertains, but, as explained on
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pages 19-22, a reorganization of the Geologic Branch took
effect July 1, 1900.

Organization of Geological Survey during fiscal year 1899-1900.

Branch. Division.

Geology.

Paleontology.

Geologic .................... Chemistry.

Hydrography.

Mineral Resources.
Triangulation.

Topographic ....... ... ... Topography.

Geography and Forestry.
Ilustrations.

Publication ... ... ... Editorial.

Engraving and Printing.
Documents, Correspondence, and Records.
Administrative ... . ... Disbursements and Accounts.
Library.

ALLOTMENTS.
ALLOTMENTS TO GEOLOGIC WORK.

As stated above, the total appropriation for geologic work
for 1899-1900 was $123,700. The following table exhibits
the allotments that were made to the heads of the several geo-
logic parties: ‘

Allotments to geologic parties.

Party. ’ : Amount.
Executive office. - ... .. ... $6, 080
Shaler, N. 8. (Massachusetts). ... ... ... ... .. ... S 1, 000
Emerson, B. K. (Massachusetts). ... ... ... ... ..., 250
Dale, T. N. (Massachusettsand Vermont) ....._...._..._...._ .. 2, 300
Wolff, J. E. (Massachusetts, Vermont, and New Jersey) ........ 400
Williams, H. S. (Massachusetts, Connecticut, Maine, Virginia, .
and West Virginia). ... ... ... . ... 1, 000
Kemp, J.F. (New York). ... i ... 300
White, David (Pennsylvania) ... ... . ... ... ... .. ... 2, 300
Campbell, M. R. (West Virginia, Ohio, and Tennessee) ._....... 3,600
Hayes, C. W. (Georgia, Alabama, and Tennessee) ... ......... 2,900
Keith, A. (Tennessee, North Carolina, and Virginia)._.._.._._. 3,250 !
Clark, W.B. (Maryland)..........._.... e ieaeeaaaas 1, 000
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Allotments to geologic parties—Continued.

Party. Amount,
Van Hise, C. R. (Michigan and Minnesota) _....._..._......_. ! $9, 000
Hill, R T. (T@XAS) - - - e ceeeeeeeeeeeeeee e L 4,500
Vaughan, T. W. (see Paleontology, p.93) .. ... o.oocoiiiaian { 1, 600
Taff, J. A. (Indian Territory and Arkansas). ... ...._..._..... 3,700
Emmons, S. F. (South Dakota and Colorado).................. 13,500 .
Cross, Whitman (Colorado) ... ... .. 6, 200
Weed, W. H. (Montana, Tennessee, North Carolina, and Vir-
ginia) i 3,400
Hague, Arnold (Yellowstone National Park) .. ... ... ... 2,000
Lindgren, Waldemar (Montana, Idaho, and Washington)._..... 5,000
Spurr, J. E. (Utah, Nevada, and California) ............_.._ ... 5, 800
Branner, J. C. (California) ... ... . il 750
Turner, H. W. (Nevada and California) ... ... ............. 4,700
Diller, J.S. (Oregon) - - e aa 6,100
Smith, G. O. (Washington) ... ... .o............. 5, 350
Gilbert, G. K. (Washington) ... .. ... ... . ........ 6, 000
Chamberlin, T. C. (northern United States) ...._.............. 3,500
Becker, G. F. (detailed to Philippine Islands, in cooperation
with War Department) . ..o oo i 4,000
Willis, Bailey (Washington and field supervision) _.._..._...... 5,100
Director (field expenses) - ... 1, 500
Stose, G. W. (map editing) - ... ... ..o... 2,150
Eldridge, G. H. (see Mineral Resources, p.102) ... _ . _..._. 2,900
Contingent ...l 2,570
0] 7 123, 700

ALLOTMENTS TO PALEONTOLOGIC WORK.

The total appropriation for paleontologic work for 1899-1900
was $14,000, which was allotted to the various sections of the
work as follows:

Allotments to paleontologic work.

Section, l Amount.

Paleozoic ... ... .. Lol ...l USO ‘ $2, 900
MESOZOIC - - - oo e e e e e e et —ae—aeann “ 2,000
CenOZOIC - .o et it ! 2, 300
Paleobotanic ... ... i } 4,700
Contingent . ... ... ... " 2,100
TOtAl © oo oo e e © 14,000 |
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ALLOTMENTS TO TOPOGRAPHIC WORK.

The appropriation for topographic work for 1899-1900 was
$249,200, which was allotted to the several sections of the
work as follows: . - :

Allotments to topographic work.

‘ .
Section. Amount.
Administration ... ... .. iiiiiiiicaiii.. $16, 800
Atlantic section ... ... eieeiaeaaaa- 90, 000
Central section. . ................. . .o..o... e 50, 000
Rocky Mountain section..... ... ... oeociiiiiiiioaio. 35,500
Pacific SECION - . - - - o oot e 37,500
Instruments, repairs, ete. ... ... . . ..... - 13,000
Contingent .. .. ... i i i 6,400
Total .__......_.... P 249, 200

ALLOTMENTS TO FORESTRY WORK.

The apprbpriation for the surveys and investigations of the
forest reserves was $130,000, which was allotted as follows:

Allotments to forestry work.

Section. Amount.

Topographic surveys:
Rocky Mountain section . ... ... .. il $45, 000
Pacificsection. ..o ... i 45, 000
Forest surveys ... ..ol 25, 000
OffiCe @XPeNSeS - - o e it i 9, 600
Contingent fund ...... e e aaaaans ’ 5, 400
Total. .o e 130, 000

MISCELLANEOUS ALLOTMENTS.

CHEMISTRY.

For pay of all persons connected with the chemical work,
-and for the purchase of chemical supplies, apparatus, etc., the
entire appropriation of $10,000 was allotted.
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HYDROGRAPHY.

The appropriation of $50,000 for hydrography was allotted
as follows: $30,000 to the measurement of streams, including
survey of reservoir sites, and the remainder, $20,000, to the
preparation of reports upon the methods of utilizing the water
supply and to investigations of underground currents and arte-
sian wells. (See Part IV of this Annual Reportand the series
- of Water-Supply Papers.)

The appropriation was apportioned by States as follows:

Apportionment of appropriation for hydrography, by States.

i State or Territory. Amount.

{ Alabama - iaaaal $700
ATIZONA . oo e 2,100
California . ... .o e 3,000
Carolings - .. - oo e 2, 200
(761 1e3 T T T 2,900
Georgia - ..l P ' 1,600
G Y U« 1, 600
L2 o 7 T 2,500
Maryland ... 1,100
Michigan ... i iciiiiaall SO 500
Montana . . cceeeaaaeaaas 1,700
Nebraska - ... o e eeeemaamaaeeaaan 2, 600
Nevada . .o et eeeaaaan 1,300
New England. .. ... il 1, 300
New MeXiC0 - - oo ee ettt 2,000
New York ..o i e ie e 2,000
North Dakota. ... .. o ieeeeeaaan 1,900
Oklahoma . ... i i e 200
L0 <7< o) 1,400
Pennsylvania - ...l 1,500
South Dakota. .. ... .. it 5, 800
eXas - i eieceeieaeaan 2,000
Utah e s 1, 900
Virginias - . .o 1,500
Washington .. ... .. iiiial... 1,600
Wy oming - .t eiciaaaaa 3,100

Total. i 50, 000
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MINERAL RESOURCES.

The entire appropriation for the preparation of the report on
mineral resources, $30,000, was allotted to the gathering and
compilation of statistical data for the calendar year 1899 and
the preparation of a report on the same, which is pubhshed as

Part VI of this Annual Report

ENGRAVING AND PRINTING MAPS, ETC.

The appropriations for engraving and printing maps, the
purchase of books and distribution of documents, the prepara-
_ tion of illustrations, pay of skilled laborers, etc., and the spe-
cial appropriations, were expended for the specific purposes
named in the act.

WORK OF THE YEAR.

As has already been stated, the general organization of the
Survey, by branches and divisions, was continued unchanged
until the end of the fiscal year. The appoved plan of operations
was carried out in all essential particulars, the variations being

such as were found necessary to meet conditions that could
not be foreseen.

GEOLOGIC BRANCH.
Division of Geology.

The following is a summary of the geologic operations,
arranged according to geologic and geographic provinces, pro-
ceeding from the Atlantic westward:

SUMMARY OF GEOLOGIC WORK, BY PROVINCES.

Atlantic Coastal Plain—Work in the Mesozoic and later
formations of the Atlantic Coastal Plain was carried on in Cape
Cod (Shaler), in Maryland and Virginia (Clark, Darton), and
in Texas (Hill).

Appalachian Range (pre-Cambrian and metamorphic rocks).—
In the district extending from Maine to Greorgia and comprising
formations long supposed to be Archean, but now recognized
to be only in part pre-Cambrian and in part Paleozoic, detailed
and elaborate investigations were carried on at various points,
coordinated under the general supervision of Professor Van

21 ¢eoL, PT 1—5
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Hise. (Emerson, Dale, Kemp, Hobbs, Williams, Wolff, Bas-
com, Mathews, Keith.) ‘

Appalachian Valley and plateau region.—Progress was made
in the study and description of the unmetamorphosed Paleo-
zoic rocks of the Appalachian Valley and the plateau region
extending to the valley of the Mississippi, and several folios
relating to quadrangles in the folded zone and also to the less
disturbed districts of the coal field have been prepared for
publication. No active field operations are now in progress in .
the unmetamorphosed Paleozoic rocks older than the Carbon-
iferous, except incidentally to the investigation of the Coal
Measures. The work under Mr. M. R. Campbell, aided by Mr.
David White, paleobotanist, upon the stratigraphy, structure,
and economic geology of the Coal Measures was energetically
pushed; additional material of the highest degree of accuracy
was prepared for publication, and data on newly surveyed
areas were accumulated. (Hayes, Keith, Campbell, White.)

Lake Superior iron region.—Surveys of the iron-bearing
formations of Lake Superior, under Prof. C. R. Van Hise, were
continued in the Menominee, Vermilion, and Mesabi districts.
Monographs on these districts are in preparation, and a report
on the Menominee district has lately been published as a folio
of the Greologic Atlas (folio 62). (Van Hise, Clements, Bayley,
Leith.)

Glaciated region.—Field investigations of the glacial deposits
of Wisconsin, Illinois, and Indiana, under Prof. T. C. Cham-
berlin, were continued, as was also the preparation of mono-
graphs on the different glacial lobes. (Chamberlin, Leverett,
Alden.)

Arkansas—Indian Territory—The surveys of the coal field
of Indian Territory were continued, covering the Tuskahoma
and part of the Sallisaw quadrangles, and there were prepared
for publication as parts of the Geologic Atlas the maps and
sections tor the Coalgate, Atoka, and McAlestér folios, and the
text for the Coalgate. In May an investigation of the Camden
coal field, Arkansas, was made, and an important report
thereon will be found in Part IT of this Annual Report. (Taff)

Texas.—The Rio Grande traverses the mountain region of
Texas through a grand canyon which has hitherto baffled
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‘explorers. In the autumn of last year this canyon was
successfully studied, and an important contribution to our
knowledge of the geology of western Texas was thus made.
(Hill.) .

Great Plains and Black Hills—Surveys in the Great Plains
region had for their object chiefly the study of. underground
waters and the accumulation of stratigraphic data as means
for determining the depth of artesian basins. The report on
Nebraska, prepared the previous year, was succeeded last year
by one on the southern Black Hills, in South Dakota and
Wyoming. The same questions were studied in the Rapid,
Mitchell, and Alexander quadrangles. (Darton, O’'Harra, Todd.)

In the northern Black Hills the detailed study of the Speanr-
fish quadrangle was carried out, with specially interesting
results in regard to the phenomena of laccolithic intrusions.
The mining district in the vicinity of Deadwood was carefully
examined. (Emmons, Jaggar, Irving.) '

Rocky Mountain province—In the mountain ranges of west-
ern Idaho and eastern Washington a reconnaissance was carried
out with special reference to the Bitterroot Range and the
Ceeur d’Alene district. (Lindgren, Stose.)

The investigation of the Butte mining district, with a view
to monographic report on the mineral deposits, and the survey
of the adjacent Elkhorn district, Montana, occupied the field
season. In connection with these studies of copper deposits
the copper mines of the Appalachian region were visited.
(Emmons, Weed.)

In the Silverton and Rico districts, Colorado, investigations
of the structural geology and genesis of ore deposits were con-
tinued. (Emmons, Ransome.) '

The stratigraphy and structure of the San Juan Mountains
were further investigated, with special reference to the Silverton
quadrangle. The Telluride folio was published, and the La
Plata folio is nearly ready for distribution. (Cross.)

Great Basin province.—The Great Basin region of southern
Nevada and southern California was traversed from Eureka by
a zigzag route 2,000 miles in length, touching the Siemra
Nevada on the west and Pioche on the east, and extending
southward to the San Bernardino Valley, California. (Spurr.)
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Pacific coast—In Washington the surveys of the Cascade
Range were extended by the survey of the Mount Stuart
quadrangle and the partial survey of the Snoqualmie quad-
rangle, and the Tacoma folio was completed and published.
(Willis, Smith, Mendenbhall.)

In Oregon, work in the Roseburg and Coos Bay quadlangles
having been completed and the reports advanced to publication,
surveys were continued in the Port Orford quadrangle, cov-
ering the southwestern portion of the Klamath Mountains.
(Diller.)

In the Sierra Nevada and adjacent ranges a survey was made
of the Silver Peak quadrangle, Nevada, and additional work
was done on the Yosemite and Mount Lyell quadrangles, Cali-
fornia, in preparation for a final survey. (Turner.)

In the vicinity of San Francisco the study of the Coast
Ranges was continued and material was prepared for publication
as folios, as planned and described in the last Annual Report.
(Lawson.)

A general study of the asphalts was conducted as part of an
investigation of similar deposits throughout the United States
for the Division of Mineral Resources. (Eldridge.) A recon-
-naissance was made of the Santa Lucia Range from Monterey
to San Luis Obispo. (Willis, Fairbanks.)

A detailed statement of the work according to parties follows: -

DETAILED STATEMENT OF GEOLOGIC WORK, BY REGIONS AND PARTIES.
NEW ENGLAND REGION.

Shaier party (Massachusetts).—In Massachusetts, Prof. N. S.
Shaler, assisted by Mr. J. B. Woodworth, continued the study
of the geology of the Marthas Vineyard and Cape Cod dis-
tricts, in the Gray Head, Marthas Vineyard, Wellfleet, Chatham,
and Yarmouthquadrangles. Professor Shaler was also engaged
in the preparation of a memoir on coast lines. During the year
Monograph XXXIII, Geology of the Narragansett Basin,
was published, and an article on the Richmond coal basin
appeared in Part IT of the Nineteenth Annual Report.

Emerson party (Massachusetts.)—Prof. B. K. Emerson’s field
work was interrupted during the summer by a trip to "Alaska
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and Bering Sea, as one of the members of the Harriman
expedition. The time available for field work was devoted to
a resurvey of the western part of the Ware quadrangle, where
questions of the relations of the crystalline rocks had been only
imperfectly settled. In company with Prof. W. H. Hobbs he
adjusted the geologic boundaries between the Housatonic
quadrangle and the 30-minute quadrangle south of it.

In the office much time was devoted to reading the proof of
Bulletin 159, The Geology of Eastern Belkshne County, and
of part of the Housatonic folio. ~The map, text, and part of
the sections of the. Ware folio were completed, and the map of
‘the Quinsigamond folio. Work was also done on a monograph
of Worcester County. The original manuscript maps for part
of the Housatonic folio (Berkshire County) are on file for
publication.

Dale party (Massaclmsetts and Vermont.)—Prof. T. \Ielson
Dale continued surveys in the Cohoes, Hoosick, Fort Ann, and
Equinox quadla,nales, the total area mapped duuncr the year
being 291 square miles, with incidental work in the Greylock
and Bennington quadrangles, comprised within the area of the
Taconic folio. In all, three months were spent in field work.
He was assisted by Mr. F. H. Moffit, geologic aid.

Office work comprised the preparation of the Cohoes, Fort
Ann, Equinox, Cambridge, Pittsfield, Hoosick, Berlin, G1 ey-
lock, and Bennington sheets, and text for the Tacomc folio.
A descriptive list was also prepared of 119 negatives sent in
during the years 1887 to 1899. In April Professor Dale visited
Washington for conference with the Director and other geolo-
gists. At the close of the year he had begun the preparation
of a paper on the leading characteristics, both physiographic
and geologic, of the Taconic region.

Wolff party (Massachusetts, Vermont, and New Jersey).—Prof.
J. E. Wolff spent some time in the preparation of material
relating to the Bennington (Vermont) and Greylock (Massa-
chusetts) quadrangles, to form part of the Housatonic folio of
the Geologic Atlas. He consulted with Professor Dale in
regard to boundaries, and devoted considerable attention to the
arrangement of specimens and material from the Franklin Fur-
nace (New Jersey) quadrangle.



70 REPORT OF THE DIRECTOR..

Williams party (Massachusetts, Connecticut, Maine, Virginia,
and West Virginia).—Prof. H. 8. Williams, with the assistance
of Dr. H. E. Gregory, made an examination of crystalline areas
in Massachusetts bordering on the north the Farmington quad-
rangle of Connecticut, and consultations in the field were held
with Professors Emerson and Hobbs with a view to establishing
uniformity of classification for several quadrangles. Dr. Greg-
ory mapped the crystallines of the Farmington quadrangle and
completed field work for all the crystallines on the western side
of the Triassic. A beginning wasalso made on the crystallines
on the eastern side, north of Middletown. He also made some
progress in petrographic study and description of rocks of
Aroostook County, Maine, and of the Farmington quadrangle,
Connecticut. ‘ ,

Within the year Professor Williams completed the prelimi-
nary report on the Paleozoic rocks and faunas of Aroostook
County, Maine, and it was published as Bulletin 165. Of
his preliminary report on the Paleozoic faunas of northern
Arkansas 107 pages were completed, and some preliminary
work was accomplished on the faunas from West Virginia and
Virginia. He also made considerable progress in the prepa-
ration of figures to illustrate fossils of Maine and other regions,
and experiments in photographic preparation of such figures
were markedly successful. Furthermore, there were published
by Professor Williams two papers setting forth results of an
investigation of the Chapman sandstone fauna, revealing its
significance in determining the "Silurian-Devonian boundary
for North America. _

Hobbs party (Connecticut).—Under the direction of Prof. C.
R. Van Hise, Prof. W. H. Hobbs, assisted by Mr. H. H. Robin-
son, spent two and one-half months in areal work in the Litch-
field, Danbury, and Derby quadrangles, Connecticut, and in
detailed study of the structure of the Newark formation of the
Pomperaug Valley, Connecticut. The general purpose of
Professor Hobbs’s work is to extend mapping of the metamor-
phosed crystalline rocks of southwestern Connecticut, adjoin-
ing on the west the work of Professor Williams. But in the
Pomperaug Valley, beds of Juratrias age present within a
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limited area peculiarly interesting relations of faulting and
topography, to which special study was given.

Kemp party (New York)—Prof. J. F. Kemp, assisted by
Mr. Alfred T. Child, and later by Mr. Morrison B. Young, con-
tinued the survey of the Ausable and Lake Placid quadran-
gles, Essex County, New York, the field season lasting two
months. Several days were spent in conference in the field
with Professor Dale upon the crystalline rocks in the north-
western portion of the Fort Ann quadrangle. The mapping
of this area was completed in June. :

During the winter season the office work was interrupted by
the illness of Professor Kemp, and the material has not been
submitted for publication.

APPALACHIAN REGION.

White party (Pemnsylvania).—Mr. David White spent two
months in collecting material for the construction of a paleon-
tologic section of the Allegheny series in the type region of
western Pennsylvania. A portion of the winter was spent
in an examination of material from the Allegheny series and
a comparison of fossils with those from the Kanawha forma-
tion in southern West Virginia. A preliminary report on this
subject was published in the bulletin of the Greological Society
of America. *Over seventy-five collections of plants from Car- -
boniferous and Permian beds of West Virginia, Kentucky,
Michigan, Kansas, and Indian Territory were examined and
reported upon to various areal geologists in the field. Some
time was devoted to the classification of a considerable amount
of Paleozoic plant material in the National Museum. All other
available time was given to advancing the study and descrip-
tion of the plants from the Pottsville formation in the Appa-
lachian province. A report on The Stratigraphic Succession
of the Fossil Floras of the Pottsville Formation in the South-
ern Anthracite Coal Field was published in Part II of the
Twentieth Annual Report.

Campbell party (West Virginia, Olio, and Tennessee).—Mr.
M. R. Campbell commenced the survey of the Sutton (West
Virginia) quadrangle, but was unable to complete it, a more
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refined topographic base controlled by precise levels being
found necessary on account of the economic value of the coal.
He revisited the Raleigh quadrangle, for additional work in
the northern part, to settle the stratigraphic position of impor-
tant coal beds. Similar work was done in the southwestern
corner of the Kanawha Falls quadrangle. The Bristol quad-
rangle was visited for the purpose of determining questions
concerning the correlation of coal outerops, and the return
journey was by way of Ironton, Ohio,"and Huntington, West
Virginia, in order that more definite information concerning
alluvial deposits in the abandoned valley of Kanawha River
might be obtained.

In the office descriptive texts for the Bristol folio, relating
to parts of Scott and Washington counties, West Virginia, and
Sullivan County, Tennesse; for the Danville folio, Vermilion
County, Illinois; and for the Huntington and Charleston folios,
Wayne, Lincoln, Cabell, and Kanawha counties, West Virginia,
were written, the geologic boundaries of the Charleston folio
were revised, and much work on geologic maps, sections, etc.,
for the different folios was done.

Hayes party (Georgia, Alabama, and Tennessee).—Mr. C. Wil-
lard Hayes devoted most of the year to the preparation for
publication of the folios for the Dalton, Cartersville, and
Marietta quadrangles in Georgia; the Tallapoosa and Rome
quadrangles, in Georgia and Alabama, and the Anniston and
Fort Payne quadrangles, in Alabama. In July he went to
western Tennessee and made a preliminary examination of the
brown phosphate deposits, the results being published in the
Twentieth Annual Report, Part VI. In the work on the pale-
ontology of the brown phosphates Mr. Hayes was assisted by
Mr. E. O. Ulrich. 'The month of March was spent in Arkansas
in an examination of the bauxite deposits, on which a report
appears in Part VI of this Annual Report.

Mr. Hayes was appointed chairman of the Committee in
Charge of the Photographic Laboratory, which was discharged
on January 1, 1900, and since then he has served as chairman
of the Advisory Committee on the laboratory-.
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Following is a list of papels prepared for publication within
the last year: . S

Physiography of the Nicaragua Canal route: Nat. Geog. Mag., July, 1899.

A reconnaissance of the Tennessee phosphate fields: Twentieth Ann. Rept. U. 8.
Geol. Survey, Pt. VI, 1899.

The Nicaragua Canal route: Science, July, 1899.

Geological relations of the iron ores in the Cartersville district, Georgia: Trans. Am.
Inst. Min. Eng., February, 1900.

An assumed inconstancy in the level of Lake Nicaragua: Nat. Geog. Mag., April,
1900.

Ice cliffs on White River, Yukon Territory (with A. H. Brooks): Nat. Geog. Mag.,
May, 1900.

The relation of biology to physiography (with M. R. Campbell): Science, August 3,
1900.

The bauxite deposits of Arkansas: Twenty-first Ann. Rept. U.S. Geol Survey, Pt.
VI, 1900.

The Tennessee white phosphates: Twenty-first Ann. Rept. U. % Geol. Survey Pt.
VI, 1900.

Keith party (Tennessee, North Carolina, and Virginia).—Mr.‘
Arthur Keith spent four months of the last fiscal year in the
field, in detailed work in the Maynardville quadrangle, Ten-
nessee, and in the Cranberry and Cherokee districts of North
Carolina, Tennessee, and Virginia, the work in the Cranberry
district receiving the most attention. The structure and stra- -
tigraphy of the Cambrian and pre-Cambrian rocks involved
therein were studied in the Wytheville and Abingdon (Virginia)
quadrangles and in the Morganton, Mount Mitchell, and Roan
Mountain (North Carolina) quadrangles, the phenomena of
metamorphism also receiving careful study. A further study of
the old lavas and fragmental deposits in the Abingdon and
Wytheville quadrangles reaffirms their pre-Cambrian age. A
special study was made of folded fault planes and fan struc-
ture in the Cranberry and Cherokee districts, these unusual
structures being found to be typical of the mountain region
of North Carolina.

In the course of office work mnotes were platted and areal
geologic work was brought up to date as far as possible. The
manuscript of the Maynardville (Tennessee) folio was slightly
revised and is now in process of publication. The manuscript
of the Cranberry (North Carolina) folio has also been submitted
- for publication.
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Bascom party (Pennsylvania).—Under the direction of Prof.
C. R. Van Hise, Dr. Florence Bascom finished the areal map-
ping of the metamorphic rocks for the special Philadelphia
folio of the Greologic Atlas. Much of her time in the office has
been spent in the petrographic study of the material collected
in the field and in drawing sections for the folio, which is
practically ready for presentation.

ATLANTIC COASTAL“ PLAIN REGION.

Clark party (Maryland).—Prof. William B. Clark, State
geologist of Maryland, assisted by Messrs. G. B. Shattuck, A.
Bibbins, L. C. Glenn, and G. C. Martin, continued the investi-
gations of the Cretaceous and Tertiary formations of eastern
and southern Maryland. Special attention was given to the
study of the Eocene deposits and their contained fauna, and
the monograph on this subject is nearly ready for publication.
Dr. Shattuck continued work on the Neocene deposits, and the
- delimitation of the boundaries of the several formations is now
rapidly approaching completion. The Pleistocene formations
have been carefully studied, and a comprehensive scheme of
classification has been established.

Professor Clark’s work is carried on under an agreement
securing cooperation between the State survey and the United
States Survey, in accordance with which the latter will receive
for publication in the Geologic Atlas the results of these
studies in the Coastal Plain.

INTERIOR OR MISSISSIPPI REGION.

Van Hise party (Michigan and Minnesota).—Under the
supervision of Prof. C. R. Van Hise, field work in the Vermil-
ion district of Minnesota was continued by Mr. J. Morgan
Clements, assisted by Mr. C. K. Leith. The iron formations
were carefully delimited, and studies of the ore deposits were
made with special reference to their mode of occurrence and
origin. A careful study of the structure of the Vermilion dis-
trict was made, and a reconnaissance survey of an adjacent
area in the Province of Ontario was necessary.

Mr. W. 8. Bayley, under Professor Van Hise's direction,
continued work in the Menominee iron-bearing district of Mich-
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igan. The detailed work was completed with the exception of
making magnetic surveys of certain belts which possibly may
be underlain by the iron-bearing formation.

“Professor Van Hise himself devoted the field season largely
to a study of the unsolved structural problems of the Vermil-
ion and Menominee districts, in addition to which he spent
some time in the far West in general studies having reference
to problems of metamorphism.

In the office Mr. Clements gave his entire time to the prep-
aration of a monograph on the Vermilion district, the first draft
of which is completed. Mr. Bayley gave the first part of the
year to work on a special advanced report on the Menominee
district, published as folio 62 of the Greologic Atlas. The sec-
ond half of the year he continued preparation of a monogr aph
on the Menominee district, the completion of which will require
anotheér year. Professor Van Hise prepared a chapter on the
general geology of the Vermilion district, to accompany the
monograph on that area; and a general paper on the iron-ore
deposits of the Lake Superior region was prepared for this
Annual Report (Part ITI). The remainder of his time was given
to the monograph on metamorphism. Mr. Leith continued the
summarization of North American pre-Cambrian literature for
a forthcoming bulletin of the Survey, but most of his time was
given to an investigation of the causes of cleavage of the crys-
talline schists and to general office work.

Darton party (South Dakota and Wyoming)—Mr. N. H.
Darton was engaged during the field season in studies of the
stratigraphy and structure of the Paleozoic, Mesozoic, and
overlapping Tertiary formations of the Black Hills, South
Dakota. This work was done under the auspices of the
Division of Hydrography, and one of its chief purposes was
to obtain data for a report on the underground waters of the
Black Hills region, which has been prepared for this Annual
Report (Part IV). Detailed geologic mapping was carried on
in the Hermosa and Newcastle quadrangles, and a reconnais-
sance was made of the Edgemont and Sundance quadrangles.
Special attention was given to a study of the coal fields of -
Cambria, Wyoming, and to the prospects for petroleum in the
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vicinity of Newcastle, Wyoming. Gypsum deposits were also
examined, and it was found that the fuller’s earth at Fairburn,
South Dakota, underlies a wjkle area, much of the material
appearing to be of economic value. A bed of volcanic ash
was also found near Argyle, South Dakota.

Under the direction of Mr. Darton, Prof. C. C. O’'Harra was
employed in mapping the geology of a portion of the Rapid
quadrangle, and Profs. J. E. Todd and C. M. Hall spent sev-
eral months in the field studying the geology and underground
waters in the Mitchell, De Smet, and Alexandria quadrangles.

During the winter, in office, the report on the geology and
underground waters of the Black Hills and adjacent region,
already mentioned, was prepared, the maps and text for the
Juratrias of the New York City folio of the Geologic Atlas
were prepared, and the Parker, Alexandria, Olivet, and Mitchell
sheets, mapped by Profs. J. E. Todd and C. M. Hall, were
edited. . _

Hill party (Texas).—Mr. R. T. Hill was engaged from Sep-
tember 1 to November 1 in field work in the trans-Pecos
region of Texas. A reconnaissance was made of the Big Bend
country, and the results of this expedition were of great inter-
est, both geographically and geologically. Where the Rio
Grande traverses the mountain region of Texas it flows through
a grand canyon, in which several parties, including those of
the Boundary surveys, turned back after vain efforts to trav-
erse it. In the autumn of last year Mr. Hill successfully
studied this canyon, making a trip of nearly 300 miles on the
Rio Grande. This led to an important contribution to the
geology of western Texas.

Office work was devoted to the compilation and publication
of a geographic map of Texas (published in April); to the
preparation of a physical geography of Texas, to be published
as Topographic Folio No. 3; a report on The Cretaceous For-
mations of the Black and Grand Prairies of Texas, their Geo-
logic and Topographic Relations, with Special Reference to
Artesian Waters, which it is hoped can be published as Part
VII of this Annual Report; and the Austin folio of the Geo-
logic Atlas, which will be published as soon as practicable.
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- Vaughan, T. W., work of—The work of Mr. T. Wayland
Vaughan during the last fiscal year was purely paleontologic,
and is referred to on page 93. '

Taff party (Indian Territory and Arkansas)—Mr. J. A. Taff
is engaged in detailed and precise surveys of the coal field of
Indian Territory. During the field season, which lasted nearly
six months, he was assisted by Mr. George 1. Adams. The
survey of the Tuskahoma quadrangle was completed, and the
- Winding Stair quadrangle and about one-half of the Sallisaw
quadrangle were surveyed. In May Mr. Taff made an exami-
nation of a part of the Camden coal field, Arkansas.

During the winter office work consisted in compiling notes
and making preliminary geologic maps for the Tuskahoma,
Winding Stair, and Sallisaw quadrangles. Complete maps
and sections for the Coalgate, Atoka, and McAlester folios
were drawn, and the text for the Coalgate was written. A
paper on the Geology of the Eastern Choctaw Coal Field,
Indian Territory, was prepared for publication, and a report
on the Camden coal field was submitted; both are published
in Part II of this Annual Report. Three months . during the
winter Mr. Taff was assisted in office work by Mr. Adams.
On June 1 Mr. Taff returned to the field.

Emmons party (South Dakotw)—Mr. S. F. Emmons, assisted
by Messrs. T. A. Jaggar, jr., J. M. Boutwell, and J. D. Irving,
geologic assistants, was engaged .in an investigation of the
Black Hills, South Dakota. An areal and economic survey of
_the Spearfish quadrangle, in the northern Black Hills, was
accomplished, and some parts of the Sturgis quadrangle were
reviewed. Geologic observations were extended beyond the
western border of the Spearfish quadrangle to include the
Paleozoic areas of the Sundance quadrangle. The Spearfish
quadrangle includes the most important and actively exploited
ore-bearing areas of the Black Hills. The economic investi-
gation was undertaken by Mr. J. D. Irving, under the direct
supervision of Mr. Emmons.

In the office Dr. Jaggar prepared a valuable paper on The
Laccolithic Intrusions of the Black Hills, accompanied by
an appendix by Mr. Ernest Howe, on Experiments illustrating
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Intrusion and Erosion. This is published in the present Annual
Report, Part 1II. Mr. Boutwell laid down in great measure
the geologic outlines of the Spearfish quadrangle. Mr. Trving’s
time was devoted to microscopic studies of the ores collected
during the summer, and to preparing underground maps of the -
most important groups of mines. He has written a full descrip-
tion of the various ore deposits. All the material necessary
for the double folio on the Spearfish and Sturgis quadrangles
is ready for publication.
ROCKY MOUNTAIN REGION.

Emmons party (Colorado).—Under the direction of Mr. S.
F. Emmons, and in cooperation with Mr. Whitman Cross, Mr.
F. L. Ransome was engaged in an economic study of the
mines of the Silverton quadrangle. These comprise a very
important series of silver- and gold-bearing vein deposits,
mostly in eruptive rocks. After a visit to the Unaweep dis-
trict by Mr. Emmons, it was decided that a reconnaissance
examination of the copper and uranium deposits in the region
of the Uncompahgre Plateau, in western Colorado, should be
undertaken by Messrs. Ransome and Spencer at the close of
their work in the Silverton quadrangle. This was accomplished
during the month of October. '

During the winter season Mr. Ransome studied microscop-
ically the material gathered, and prepared reports on the
region examined. The Mother Lode (California) folio of the
Geologic Atlas, which was prepared by Mr. Ransome after
extensive studies of the lode, will be published early in the.
autumn.

The folio of the Tintic mining district, Utah, will be pub-
lished early in the fiscal year, the work having been done by
Messrs. George W. Tower and George Otis Smith.

Cross party (Colorado)—Mr. Whitman Cross, assisted by
Mr. A. C. Spencer, assistant geologist, and by Messrs. Ernest
Howe and' R. D. George, volunteer assistants, completed the
study of the Rico Special quadrangle in the month of July.
The months of August and September were spent in the sur-
vey of the Silverton quadrangle, which adjoins the Telluride
on the east, and is in the heart of the volcanic complex of the
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San Juan Mountains. . This survey was not completed, owing
to the close of the season. Before returning to Washington,
Mr. Spencer made an examination of the geology of the
headwaters of the Rio Grande in the San Cristobal quadrangle,
east of the Silverton, extending from Weminuche Pass to east
of the Needle Mountains, and thence to the southeast corner
of the Durango quadrangle, where a small amount of areal
mapping was necessary to finish the Durango sheet.

The greater part of the winter and spring was occupied by
Messrs. Cross and Spencer in the preparation of a paper on
the Greology of the Rico Mountains, Colorado, for this Annual
Report, Part II. The Rico sheet was also completed. Mr.
Spencer was engaged for about a month in bibliographic
work assigned to him by the Director. In the spring of 1900
he was assigned to an Alaskan party, and left Washington for
Alaska early in May.

Mr. Cross served as a member of the Committee on the Pho-
tographic Laboratory, and after the discharge of that commit-
" tee as member of the Advisory Committee on the laboratory.
He also acted as chairman of the Committee in Charge of Pet-
rographic Reference Collection, and as chairman of the Com-
mittee on Chemical Analyses of Rocks to November, 1899.
Mr. Cross also prepared large collections from the Anthracite-
Crested Butte and Silver Cliff districts for transfer tothe National
Museum.

Within the year the Telluride folio was issued, and the La
Plata folio is nearly ready for distribution.

Weed party (Montana, Tennessee, North Caroling, and Vir-
ginia).—Mr. Walter H. Weed continued work in the Hélena
Special quadrangle, and, assisted by Dr. Joseph Barrell, made
a special study of the ore deposits and intricate geology of the
region near Elkhorn, Montana. Dr. Bariell being left to com-
plete the areal survey of that region, Mr. Weed joined Mr. Em-
mons and made a reconnaissance trip to the Marysville district.
New and extensive development work in the copper mines at -
Butte made it imperative that additional data should be secured
for the monographic study of that district, and Mr. Weed spent
the months of August, September, and October in this work,
making several trips to Elkhorn to supervise the work of Dr.
Barrell there.
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In December a reconnaissance trip to the Ducktown, Ten-
nessee, copper mines, and an examination of the newly opened
copper properties belonging to the Union Copper Company at
Goldhill, North Carolina, were made, as well as a short trip
to the copper district of Person County, North Carolina, and
Halifax County, Virginia. Linden, Virginia, was also visited
for information. concerning the native copper deposits in the
sheeted basaltic rocks of that place. The results of these short
trips were embodied in a paper entitled T'ype Copper Deposits
of the Southern States, pubhshed by the American Institute
of Mining Engineers.

. A paper on Enrichment of Mineral Veins by Later \Ietalhc
Sulphides was prepared for the December meeting of the Geo-
logical Society of America and printed in its Proceedings.
Later in the winter considerable time was devoted to the prep-
aration of a paper on Sulphide Enrichment of Gold and Silver
Veins, which has been printed in the Transactions of the
American Institute of Mining Engineers. The months of
February and March were devoted to office work upon the
Butte, Montana, deposits, and in April a trip was made to Butte
to continue observations of the copper veins. In June, office
work upon the Elkhorn report was in progress, and a paper
on The Mineral Vein Formation at Boulder Hot Springs, Mon
tana, for this Annual Report (Part IT), was finished. During
the year the Little Belt Mountain and Fort Benton folios were
issued, and an article on the Granitic Rocks of Butte, Montana,
was published in the Journal of Geology.

Hague party (Yellowstone Park).—Mr. Arnold Hague was occu-
pied entirely in office work, most of the time in the preparation
of Part I of the monograph on the Yellowstone Park (Mono-
graph XXXII), Part II having been published. He also
served as chairman of a committee appointed to consider the
" scope of the 9-sheet geologic map of the United States.

Dr. T. A. Jaggar devoted considerable time to a petrographic
study of the rocks of the Absaroka Range, his report to appear
in Part I of the Yellowstone Park monograph.

Prof. W. A. Setchell, of the University of California, revised
and returned his report on the plant life of the hydrothermal
waters of the Yellowstone Park.

Lindgren party (dMontana, Idaho, and TVashington).—Mr
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Waldemar Lindgren, -after completing and handing in his
report on the Silver City, De Lamar, and other mining districts
of Idaho, published in the T'wentieth Annual Report, Part III,
proceeded to Hamilton, Montana, where he outfitted for a recon-
naissance of the Bitterroot Range. On August 1 Mr. Lindgren
was joined in the field by Mr. George W. Stose, assistant geol-
ogist and editor of geologic maps, who served as his assistant
during August and September. Mines in the vicinity of Elk
City, Idaho, were visited and carefully studied. During the
month of September field work in Idaho was interrupted by
special orders from the Secretary of the Interior for Mr. Lind-
gren to proceed to Spokane, Washington, to testify in a case
affecting Grovernment lands.

In the office Mr. Lindgren devoted his time to the prepara-
tion of a paper on Metasomatic Processes in Fissure Veins,
presented at the annual meeting of the American Institute of
Mining Engineers. Much time was also given to a report on
Certain Mining Districts in Washington.

The Colfax folio of the Geologic Atlas, submitted by M.
Lindgren for publication, will be issued in the early autumn.

In April Mr. Lindgren obtained leave of absence for three
months. .

Spurr party (Utah, Nevada, and California)—Mr. J. E. Spun

was engafred in studies of the less known portions of the Great
Basin region of Nevada and California, with a view to the
filling of gaps in the geologic map of the United States and to
ascertaining whatever might be of interest from a scientific
or economic standpoint. His work was mainly in Nevada,
making reconnaissance surveys of a large region, the starting -
point being Eureka. The route traversed the southern part
of the State of Nevada several times and passed into adjacent
regions of California, ending at San Bernardino, making an
aggregate of over 2,000 miles of linear reconnaissance.

In the office the material obtained was worked over, and a
reconnaissance map of southern Nevada and adjacent California,
including the region southward from the fortieth parallel to a
point south of the thirty-sixth parallel, was prepared. A report
to accompany this map is under way.

21 GeoL, PT 1——6
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Branmer party (California).—Prof. J. C. Branner was absent
on a scientific expedition to Brazil during the season available
for field work. By his request his allotment was applied to
the work of Dr. H. W. Fairbanks for the San Luis folio, which
will describe the San Luis Obispo, Cayucos, Arroyo Grande,
and Port Harford quadrangles, in southern California. Dr.
Fairbanks, after accompanying Mr. Willis on a trip from
Monterey through the Santa Lucia Range, spent several weeks
in the field studying the physiography and structural geology
of the district. e thoroughly revised the text of the San
Luis folio and submitted it, with maps, for furthel considera-
tion by the editor.

Lawson party ( Cahforma) —Prof. A. C. Lawson contmued
his investigation of the geology of the coast ranges near San
Francisco, with special reference to the vicinity of Monte
Diablo. In the office he was engaged in the preparation of
manuscripts for the folios in which the surveys of the six 15-
minute quadrangles covered by his work are to be published.

Twrner party (Nevada and California)—Mr. H. W. Turner
was assisted during the field season by Messrs. C. E. Knecht
and J. D. Reed. The work of the summer consisted in the
mapping of the Silver Peak quadrangle, in Esmeralda County,
Nevada, which was completed in September. Many specimens
of rock and ore and numerous fossils were collected. Several
days were spent in the Inyo Mountains, collecting fossils, and
a trip from Lone Pine to the summit of Mount Whitney was
made, data being gathered throughout the trip for a geologic
map of the southern Sierra Nevada on a 6-mile scale, for which
Mr. J. N. LeConte compiled a dlalnage map to serve as
basis.

During the winter and spring Mr. C. E. Knecht studied
microscopically the volcanic rocks of the Silver Peak quadran-
gle. DMr. Turner’s own work consisted in writing up notes on
formations of the Silver Peak quadrangle and in a study with
the microscope of the igneous and metamorphic rocks. Thin
sections of the Yosemite rocks were also studied, in prepara-
tion for the revision of portions of the Yosemite quadrangle.
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Collections of rocks made during reconnaissances in the Mount
Lyell area were also studied, as an aid to field work in that
' quadmngle the present season.

During the year the following articles were prepared by Mr
Turner for publication:

The Esmeralda formation: Am. Geol., March, 1900.

The nomenclature of feldspathic granolites: Jour. Geol., February-March, 1900.

The Pleistocene geology of the south-central Sierra, with especial reference to the
region of the Yosemite Valley: Proc. California Acad. Sci.

The Esmeralda formation, a fresh-water lake deposit, with a description of the fossil
plants, by F. H. Knowlton, and of a fossil fish, by F. A. Lucas: Twenty-first
Ann. Rept. U. 8. Geol. Survey, Part II.

During about six weeks of office work Mr. Turner was
assisted by Mr. George I. Adams.

Diller party (Oregon)—Mr. J. 8. Diller continued his work
in southern Oregon, assisted by Messrs. A. J. Collier and James
Storrs. During the season the southern portion of the Port
Orford quadrangle was surveyed, the work progressing slowly
on account of the great variety of rocks and the complicated
structure of the region. Special attention was given to the coal-
bearing formation. In September a trip east across the range
was made, where Mr. Diller was joined by Prof. Lester F.Ward
and Mr. W. Q. Brown for the purpose of studying the supposed
Jurassic slates of Thompson Creek and Cow Creek. Large
collections of fossil plants were made. Before returning to
Washington Mr. Diller spent a few days in reexamining the
southeastern portion of the Coos Bay quadrangle.

In the office the Coos Bay map and folio text were revised
and submitted for publication. A paper on The Coos Bay:
Coal Field by Mr. Diller appeared in the Nineteenth Annual
Report, and one on The Bohemia Mining Region in the T'wen-
tieth Annual Report. During the year fifty-four collections
of remnant specimens of the Educational Series of Rocks were
distributed to educational institutions. Mr. Diller continued
as chairman of the Petrographic Committee, and Messrs. F. C.
Ohm, W. S. Robbins, and William Ohm were employed in the
laboratory, of which Mr. Diller had special charge. Within
the year nearly 5,000 thin sections were. prepared, and large
numbers of specimens were cut and polished for study.
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On June 1, 1900, Mr. Diller resumed work in the Port Orford
quadrangle, w1th the assmtance of Messrs. James Storrs and
Chester Washburne.

Smith party (Washington).—Mr. George Otis Smith, under
" the general direction of Mr. Bailey Willis and in coopelation
with Mr. W. C. Mendenhall, completed the mapping of the

Mount Stuart quadlangle, Kittitas County, Washington. This
quadrangle, it is believed, furnishes the key to the geologic
section of the northern Cascades, since most of the formations
are here represented and their relations can be determined.
The selection of this quadrangle for the inauguration of the
work in the northern Cascades proves, therefore, to have been
"a wise one. In July, 1899, work was commenced on the
Snoqualmie quadrangle, which lies west of the Mount Stuart
quadrangle.

In the office the maps and sections for the Mcunt Stuart folio
were prepared, and the manuscript of the text was nearly com-
pleted. In cooperation with Mr. Willis, a paper was prepared
on the Clealum iron ores, which were examined in the course of
mapping the Snoqualmie quadrangle, the paper being presented
at the meeting of the American Institute of Mining Engineers.
Two papers were written for the meeting of the Geological
Society of America—one entitled Camas Land, a Valley Rem-
nant, written in cooperation with Mr. George C. Curtis; the
other entitled Tertiary Granite in the Northern Cascades,
prepared by Mr. Smith and Mr. Mendenhall jointly. Mr. Smith
served throughout the year as a member of the Committee on
Petrographic Reference Collection.

M. VVllhb joined Messrs. Smith and Mendenhall in the Sno-
qualmie quadrangle and devoted the time from August 20 to
September 20 to detailed observations on the stratigraphy and
structure of the Eocene and later formations, and the physi-
ography of the district.

In the latter part of May, 1900, Mr. Smith, assisted by M.
F. C. Calkins, field assistant, commenced work on the Ellens-
burg quadrangle, special attention being given to the under-
ground water resources.

Gilbert party (Washington.)—Mr. G. K. Gilbert spent June
and July in Alaska as a member of the Harriman expedition.
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This gave him a valuable opportunity to pursue his studies of
existing glaciers, Pleistocene glaciation, and changes in the
relations of land and sea. - Returning to Seattle the last of July,
he took up the study of the group of terraces in the Snake
River Valley, tracing them through a portion of the valley of
Columbia River. A study was also made of the submerged
forest of the Columbia between the Dalles and the Cascades,
and attention was given to the eolian sand features of the
canyon of the Columbia.

During the office season the notes made during the summer
were elaborated, and progress was made on a report on the
glaciers and Pleistocene phenomena observed on the Harriman
expedition.

X GLACIATED REGION.

Chamberlin party (northern United States).—Prof. T. C. Cham-
berlin has been privately as well as officially engaged for a
number of years in special studies designed ‘to determine
the criteria for mapping the complex and obscure formations
due to the great ice sheets which formerly covered Canada
and northern United States. He has had a number of trained
assistants, and their observations and conclusions will be pre-
sented in several papers, some of which have already been
offered for publication by the Survey, while others are in
preparation.

During the year Mr. Frank Leverett was engaged in field
work for the monograph on the surface features and glacial
formations of the district between Lake Erie and Genesee,
Allegheny, and Ohio rivers. In the Huron-Erie basin his
attentton was directed to the mapping of the series of beaches
which lie on the western and southern borders of the Krie por-
tion of the basin. In the valley of the Ohio and its northern
tributaries attention was given to the effect of glaciation on
the drainage. Three weeks were spent in work in the Dan-
ville (Illinois) quadrangle.

In the field Mr. William C. Alden 1esumed work in the
quadrangles in the southeastern part of Wisconsin, gathering
data for the preparation of three folios of the Geologic Atlas.
He completed field work in the Racine and Muskego quad-
rangles and the mapping of the Silver Lake, Geneva, Eagle,
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and Whitewater quadrangles, as well as a part of the Kosh-
konong quadrangle.

In the office Mr. Leverett completed the manuscript of his
monograph and prepared a report on the surface features and

glacial formations of the Danville (Illinois) quadrangle, which
is to be incorporated with Mr. Campbell’s report on the coal
deposits of the Danville quadrangle.

Mr. Alden devoted the office season to the preparation of
the manuscript maps and illustrations of a special folio for the
city of Milwaukee. Work was also begun on the folio which
will describe the Muskego, Silver Lake, Eagle, and Geneva
quadrangles.

During June, 1900, Mr. F. B. Taylor was engaged in round-
ing out the extensive observations made in previous years at
his own expense in eastern Michigan, generously contributing
his full results to the monograph now in preparation on the
Michigan glacial tract.

During the year members of Professor Chamberlin’s party
have published the following articles under his supervision:
The glacial gravels of Maine, by George H. Stone: Monograph XXXTV.

The Illinois glacial lobe, by Frank Leverett: Monograph XXXVIII.
Moraines of southeastern South Dakota and their attendant deposits, by James E.

Todd: Bull. No. 158.

ALASKA.

The geologists engaged in work in Alaska last year were
Messrs. F. C. Schrader and A. H. Brooks. Mr. Schrader was
in charge of the party that explored the Chandlar and Koyu-
kuk rivers; Mr. Brooks was associated with Mr. Peters,
topographer, in charge of the party which proceeded by the
Dalton trail along the Upper Alsek, past Lake Kluane, and
across White River to the Tanana Valley and thence to Eagle
City. The routes and itinerary are given in connection with
topography (pp. 145-149), and the geologic details in papers by
Messrs. Schrader and Brooks in Part IT of this Annual Report.

Mr. Oscar Rohn having, in connection with the military
exploring party under Captain Abercrombie, made a recon-
naissance of the Chitina Valley and the Wrangell Alps, pre-
pared a report on the topography and geology of that region,
which is also included in Part IT of this Annual Report.
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Becker party—The earlier pzut of the last fiscal year was
spent by Dr. George F. Becker in geologic examinations of
the Philippine Islands, so far as the military situation permit-
ted. He was able to examine some of the environs of Ceby,
on the island of the same name, and to visit the coal deposits
at Mount Uling (i. e., Coal Mountain), also on Ceb, one of
the chief mineral regions of the archipelago. He also visited
the town of Jolé and its environs, coasted along the shore of -
Mindanao, though without Janding, and was able to study the
terracing of various islands from the deck of a steamer. In
September, by the courtesy of General Lawton, he was per-
mitted to cruise in a gunboat on Laguna de Bai, touching at
various points along the shore to examine the formations, but
although always accompanied by an escort of soldiers, it was
not considered expedient to proceed more than a few hundred
yards from the shore. General Otis declined to permit him to
visit the provinces of Sorsogon and Albay, and finding no
further expeditions practicable, he left Manila the middle of
October, after making a brief report to the military governor
on the geology of the islands, and proceeded to the Straits
Settlements, Banka, where he made some studies of the tin
deposits.

Dr. Becker reached Washington via England the middle of
January, and has since been employed chiefly in compiling and
discussing features of Philippine geology. In June, 1900, he
was assigned to the charge of the D1v151on of Chemlcal and
Physical Research.

FIELD AND OFFICE WORK BY MR. WILLIS, ASSISTANT IN GEOLOGY TO THE DIRECTOR.

During the last fiscal year the work of Mr. Bailey Willis
was largely administrative, embracing office routine and details
of organization and questions relating to the character and the
time and manner of publication of the scientific results in
geology. Such studies as he was able to pursue were directed
to the bearing of certain local phenomena upon the general
problem of the development of mountain ranges. His general
instructions in regard to field work called for conference with
geologists in various parts of the United States. Accordingly
he visited the Black Hills, where ten days were spent, partly
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with Mr. Darton, in the southern portion of the wuplift, and
partly with Dr. Jaggar, in the vicinity of Deadwood. Pro-
ceeding to the Cascade Range, Washington, he was occupied
with field work in cooperation with Messrs. Smith and Menden-
hall during one month. = He then attended the National Irri-
gation Convention at Missoula, September 25 to 28, and
remained in Missoula until the middle of October, engaged in
local reconnaissance upon the pre-Cambrian and Paleozoic for-
mations and in editorial work upon folio texts. He then pro-
ceeded via Tacoma and Portland to San Francisco, where he
was engaged until November 2 in occasional conference with
Professor Lawson and in study of the local geology, in order
that he might familiarize himself with its problems and thus
be able to give proper consideration to the folios which Pro-
fessor Lawson is preparing for publication. The absence of
Professor Branner in Brazil prevented a proposed joint confer-
ence of the geologists interested in local work. Between
November 2 and 20, in company with Dr. H. L. Fairbanks,
an exploration was made of the Santa Lucia Range. It was
found that this, the most southwestern mountain range of the
United States, is of relatively recent growth, but that it has been
preceded at least twice since Paleozoic time by equal or greater
mountain growths, alternating with epochs of submergence,
upon the same site. This work was undertaken as an auxili-
ary study to Dr. Fairbanks’s work in the vicinity of San Luis
Obispo, and some assistance was extended to him in reading
the physiographic record of that region. At Los Angeles a
day was spent in considering the problem of the underground
reservoir of the San Fernando Valley and the subterranean
channel of the Los Angeles River. En route east, visits were
made to Madison, Wisconsin, and to Chicago, for conference
with Professors Van Hise and Chamberlin, respectively, and
Washington was reached December 2.

From December to the close of the fiscal year Mr. Willis
was continuously occupied with administrative, editorial, and
scientific work. He served as a member of the Committee on
Building for the Survey and of the Committee on the Gen-
eral Geologic Map of the United States, and as chairman of
the committees on Chemical Analyses and Illustrations. In
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cooperation with Mr. Goode and in conference with Alaskan
explorers, he prepared plans for Alaskan surveys, gathered and
arranged the data for the report on insular surveys, and con-
sidered many minor questions affecting the administration and
organization of the Geologic Branch.

FIELD AND OFFICE WORK BY THE DIRECTOR.

The general administrative work of the Survey occupied the -
greater part of the Director’s time. In connection with his
position in the National Museum, he visited New Brunswick
and Newfoundland for the purpose of studying the Lower
Paleozoic and pre-Paleozoic formations, so well developed in
those provinces. Important geologic data and large collec-
tions of rocks and fossils were secured. As opportunity offered
papers were prepared on the results of this field work and on
the results of the work of the Geological Survey in relation to
the mineral resources of the United States. The monographic
study of the Cambrian Brachiopoda was also continued.

Under instructions from the Director, Mr. F. B. Weeks made
extensive collections of Lower Paleozoic fossils from the
vicinity of Silver Peak, Nevada. In July, 1899, he com-
pleted and transmitted for publication the manuscript of a
Bibliography of North American Geology, etc., for the year
1898, which was published as Bulletin No. 162. On returning
from the field, in October, he gave his attention to the compi-
lation of a card catalogue of geologic formation names. With
the assistance of several geologists for a short time this impor-
tant work was completed in April. A Bibliography of North
American Geology, etc, for the year 1899, was then taken
up and completed. This will be published soon as Bulletin
No.172. Mr. Weeks is a member of the Committee on Geo-
logic Formation Names. The work of this committee is
greatly facilitated by his card catalogue, mentioned above.
~ In the office work of the year the Director was assisted by
Miss Jean F. Kaighn, confidential clerk, and by many others
in the Survey, as occasion required.

Division of Paleontology.

As usual, most of the paleontologists were engaged from
time to time in assisting geologists to determine and correlate
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various formations. The work of the paleontologist frequently
borders so closely on that of the geologist as to render treat-
ment under a separate head scarcely possible.

Girty party (Carboniferous)—Dr. George H. Girty spent
three months of the summer of 1899 in field work in north-
western Pennsylvania, measuring sections and collecting fossils
in the “subconglomerate” formations of the Lower Carbonifer-
ous. - Most of his attention was given to the geology of Craw-
ford County, but work was also done in FErie, Warren,
Venango, and Mercer counties. This investigation is in direct
connection with that which has been carried on for several
years by Dr. Girty in the Lower Carboniferous rocks of Ohio
and Michigan.

In the office Dr. Girty nearly completed a paper on The Strati-
graphic Paleontology of the Carboniferous Rocks of Colorado.
He also examined and reported upon a number of collections
of fossils from the middle and upper Paleozoic formations for
various members of the Survey, in connection with their areal
geologic work. Some time was given to collaboration on the
card catalogue of formation names, mentioned on page 89, and
to the selecting of material and the supervising of drawings
for a monograph by the Director on Cambrian Brachiopoda.

Stanton party (Cretaceous).—Mr. Timothy W. Stanton was
engaged in the office during the year. His principal work
was the continuation of the preparation of a monograph on
the Lower Cretaceous faunas of the Texas region, a study now
approaching completion. This monographic work was subject
to frequent and sometimes long interruptions on account of
urgent routine duties. These included reports on collections
sent in for examination by geologists and correspondents of
the Survey and care of the study collections in the National
Museum.

Under Mr. Stanton’s supervision, Prof. F. W. Cragin, of
Colorado College, nearly completed the revision of the Juras-
sic fauna which was first recognized by him near Malone,
Texas.

Ward party (Cretaceous).—In August Prof. Lester F. Ward,
accompanied by Prof. Wilbur C. Knight, State geologist of
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Wyoming, began the study in the Freezeout Hills of a section
of strata containing bones of dinosaurs and other Jurassic ani-
mals and a deposit of cycadean trunks, discovered by one of
Professor Knight's assistants, Mr. W. H. Reed. A section was
made, and the cycad beds were located at about the middle of
the fresh-water Jurassic, in association with dinosaurian bones.
Professor Ward next proceeded to Oregon, joining Prof. J. S.
Diller at Riddles. A study of the sections and plant remains
proved the existence of a considerable deposit of Jurassic rocks
in the vicinity of Buck Mountain on Cow Creek, and in the
vicinity of Nichols, near the eastern end of Table Mountain.
Representative collections were made covering all the critical
points.

Professor Ward next visited the locality known as the Pet-
rified Forests of Arizona, for the purpose of obtaining such
information as might be of value touching the proposition to
set aside the region embracing the Petrified Forests as a national
park. A thorough examination was made in the vicinity of
.the town of Williams, 35 miles west of Flagstaff, and in the
vicinity of Holbrook, where the petrified forests are extensively
developed. His exploration was also extended down the Little
Colorado to the Lees Ferry road. On returning to Washing-
ton he prepared a report on the Petrified Forests, which was
published by the Department of the Interior as a special
document.

Professor Ward also visited New Haven, Connecticut, to
study the large collections of cycads that had been added to
the Yale collection. In addition to the various minor matters
in the office, work on the Compendium of Paleobotany was
advanced, Miss Schmidt making noteworthy progress on the
bibliography. For the purpose of consulting the paleobotan-
ical collections and libraries, Professor Ward, at his personal
expense, visited the British Museum and the Jodrell laboratory
at Kew, and late in June proceeded to Paris for like purpose.

Fontaine, W. M., work of —Professor Fontaine examined and
determined various collections of fossil plants from Oregon,
and made preliminary reports on them. He made a trip to
Williams College to study Emmons’s collection of North Caro-
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lina fossil plants and described them for publication. He also
reviewed and criticised Professor Wanner’s collection of fossils
from near York, Pennsylvania, and determined and described
collections of fossil plants made by Professor Ward in the
‘District of Columbia and in Maryland.

Knowlton party (Cretaceous).—Prof. F. H. Knowlton did not
take the field during the year, as it was deemed advisable that
he continue his memoir on the flora of the Puget formation.
If the drawings can be completed, this will be submitted for
publication before the close of the current fiscal year. Later he
assisted in the preparation of the index to geologic formation
names by indexing certain publications assigned to him. From
December 1 to May 1 his entire time was occupied in studying
and reporting on various collections of fossil plants for geolo-
gists of the Survey. These included reports on (1) Triassic
wood from Virginia and North Carolina, for Professor Ward;
(2) internal structure of cycads from Wyoming, for Professor
Ward; (3) plants from indurated clay from brink of Grand
Canyon of Yellowstone River, for Mr. Arnold Hague; (4).
small collection of fossil plants from North Fork of Monastash
Creek, Washington, for Mr. George Otis Smith; (5) collection of
fossil plants made near Martin, Washington, for Mr. George Otis
Smith; (6) fragmentary plants from Death Valley, California,
for Mr. J. E. Spurr; (7) Miocene plants from Montana, for Mr.
Earl Douglass; (8) coniferous plants from Newark system of
Connecticut, for Prof. W. H. Hobbs; (9) fossil plants from the
Durango quadrangle, Colorado, for Mr. A. C. Spencer; (10)
plants from Alaska, collected by Mr. F. C. Schrader; (11) plants
from Montana, for Mr. Earl Douglass; (12) fossil plants of.the
Esmeralda formation, to accompany a paper on the geology of
this formation, by Mr. H. W. Turner (see this Annual Report,
Part 1I); (13) fossil wood from the Triassic of the Pomperaug
Valley, Connecticut, to accompany a paper by Prof. W. H.
Hobbs (see this Annual Report, Part IIT), and (14) Pleistocene
plants from Columbia River, Oregon, for Mr. G. K. Gilbert.
Professor Knowlton also read the proof of his bulletin on the
Flora of the Montana Formation (Bulletin No. 163) and of an
article in the T'wentieth Annual Report, Part III, on the Fossil
Plants Associated with the Lavas of the Cascade Range.
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Dall party (Tertiary).—The field work of Dr. William H.
Dall was undertaken in connection with the Harriman expedi-
tion to Alaska and the Bishop Memorial Museum, of Honolulu.
All the expenses of the latter trip were borne by the museum
or Dr. Dall, and every facility was provided him for studying
the Tertiary elevated reefs on the Island of Qahu by the
director of the museum and several residents of Honolulu.
The results of these observations were summed up in an
appendix to a report on the geology of Oahu by Prof. C. H.
Hitchcock. Dr. Dall concludes that the Tertiary age of these
reefs, as in the case of the other South Sea reefs studied by
Prof. Alexander Agassiz during recent years, seems reasonably
well assured, the Pleistocene reefs in all cases being very near
sea level and easily differentiated by their condition.

In the office Dr. Dall was engaged in routine work, includ-
ing the identification of various collections of fossils for mem-
bers of the Survey, especially large series from Oregon for
Mr. J. 8. Diller. Notes, of the summer’s field work were also
written up and prepared for pubhcatlon

Early in January Dr. Dall again took up the revision of the
Tertiary fossils of Florida and the southeastern United States,
and carried it through the Tellinacea and Leptonacea to the
beginning of the Lucinacea.

Mr. T. Wayland Vaughan was engaged during the year
chiefly in office work. Collections were identified and system-
atically arranged from the Jackson horizon at Jackson, Missis-
sippi, and the Claiborne horizon at Jackson, Alabama. A
collection from Vicksburg, Mississippi, was also arranged, and
the identification of the collections from the Red Bluff horizon,
Mississippi, was almost completed. Mr. Vaughan’s principal
work was in connection with monographing the post-Eocene
corals of the United States. As nearly all the latest Tertiary
corals also occur in the present seas, it was necessary to study
the living fauna of the Gulf of Mexico and Caribbean region.
In this connection studies were made of the collections in the
National Museum, and a report was written for the United
States Fish Commission on the corals collected by the Porto
Rico expedition of 1898-99. A report was also written on
Some Fossil Corals from Curagao, Oruba, and Buen Ayre, for
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the Royal Dutch Geological Museum in Leyden: All of this
material will be of service in the preparation of the mono-
graph mentioned. Considerable work was also done on a
general bibliography of corals, and a bibliography on the post-
Eocene fossils and Recent corals of eastern North and South
America and the West Indian and Caribbean regions was pre-
pared for publication. Besides several minor publications on
corals, Mr. Vaughan read the proof of a monograph on the
Eocene and Lower Oligocene Corals of the United States
(Monograph XXXIX) and of a paper entitled Reconnaissance
in the Rio Grande Coal Fields of Texas (Bulletin 164). He
also assisted in the preparation of the catalogue of geologic
formation names, the literature of the Tertiary being assigned
to him.

Mr. Frank Burns was sent by Dr. Dall to the Pliocene
region near Peace Creek in southeastern Florida, where he
obtained a large and valuable collection. In the office he was
engaged in cleaning, sorting, and registering fossils.

The confusion existing in much of our knowledge of the
southern Tertiary fermations can be corrected only by the
application of paleontologic tests, and for this reason Dr. Dall
has been systematically accumulating for a number of years
large series of fossils from each geologic horizon.

In the office Dr. Dall gave a great deal of time and attention
to assisting geologists and correspondents of the Survey in the
identification of fossils and in researches in the literature of
the Tertiary formations.

Division of Chemistry.

The force at work in the Division of Chemistry during the
fiscal year 1899-1900 was the same as for the preceding year,
and consisted of Prof. F. W. Clarke (in charge), Dr. W. F.
Hillebrand, Dr. H. N. Stokes, and Mr. George Steiger. Routine
work of the usual character occupied most of the time, and in
all 171 analyses were reported.

In the course of the year three bulletins were prepared, two
of which are already printed. No. 167 contains the miscel-
laneous scientific researches which have been carried out in
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the laboratory during the last five years, and No. 168 is a
compilation of rock analyses, over 1,400 in number, made by
the chemists of the Survey since its earliest organization. The
third bulletin (No. 176), by Dr. Hillebrand, is a treatise on the
methods employed in the analysis of silicate rocks and embodies
the experience gained in the laboratories of this Bureau. Bul-
letins 168 and 176 represent a revision and enlargement of
Bulletin No. 148, which has been entirely distributed and for
which there is still a steady demand. Dr. Hillebrand’s portion
of that bulletin has been reproduced as a separate volume in
Germany, translated into German by Dr. E. Zschimmer.

The researches upon the constitution of the natural silicates,
by Professor Clarke and Mr. Steiger, have been continued
and have led to unusual results, for the investigators have
found it possible, in many silicates, to replace the alkalies, and
even lime, by ammonium. No silicates of ammonium have
heretofore been known, and this substitution of a velatile base
for fixed bases opens up an entirely new and very fruitful field
in mineralogic research. The work will be continued from
time to time as opportunities offer.

Early in 1899 attention was called to a remarkable discov-
ery, in Colorado, of a new mineral containing vanadium and
uranium. This mineral, carnotite, was found in commercial
quantities, and offers a new source of the rare metals which it
contains, and for which there is some economic demand. Dr.
Hillebrand has made-a very laborious investigation of this new
material, and with it has studied a remarkable vanadiferous
sandstone " in which relatively large quantities of the rare
vanadium mica, roscoelite, occurs; and his results, together
with a report on the geology of the region by Mr. Ransome,
will soon be published. :

In addition to the regular work of the division; many
demands are made upon it for the identification of minerals,
ores, etc., sent from all parts of the United States. Between
January 1 and June 30 more than 140 such samples were
examined and reported on, an average of about one for each
working day. '
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Division of Hydrography.

This division was continued in charge of Mr. Frederick H.
Newell, whose assistants in the various subdivisions of investi-
gations were Messrs. Arthur P. Davis, Charles H. Fitch, Willard
D. Johnson, N. H. Darton, Cyrus C. Babb, H. A. Pressey,
Edwin G. Paul, Gerard H. Matthes, and Charles R. Olberg.
In addition there were employed in the field a number of
assistants, designated as resident hydrographers, whose names
are given below, in connection with the work in various
localities.

Mr. Arthur P. Davis, shortly after the beginning of the fiscal
year, severed his connection with the investigation of the prac-
ticability of storing water along Gila River for the purpose of
irrigating the Gila River Indian Reservation. This was con-
tinued by Mr. J. B. Lippincott, and the results have been pub-
lished in Water-Supply Paper No. 33. Mr. Davis obtained
leave of absence for one year, in order to continue investiga-
tions in Central America for the Isthmian Canal Commission,
similar to those which he had begun for the Nicaragua Canal

Commission under the Department of State.
~ Mr. Charles H. Fitch, formerly in charge of the Indian Ter- -
ritory section of topography, was transferred to the Division
~of Hydrography in the latter part of the fiscal year, to take
up reservoir surveys in the Rocky Mountain region.

Mr. Willard D. Johnson continued his studies of the Great
Plains area and completed the paper on The Utilization of the
Great Plains, published in Part IV of this Annual Report.

Mr. N. H. Darton continued systematic examination of the
region in the vicinity of the Black Hills in Wyoming and South
Dakota. The results of his work are shown in the paper in
Part IV of this Annual Report. Work was also continued in
South Dakota by Prof. James E. Todd, the results being given
in Water-Supply Paper No. 34. Mr. C. M. Hall, of Fargo,
North Dakota, carried on similar work in adjacent areas.

Mr. Cyrus C. Babb continued as an assistant on the survey
of Gila River, and in October, 1899, began a survey and exam-
mation of the Uinta Indian Reservation, in northeastern Utah,
for the purpose of ascertaining the water supply and practica-
bility of irrigating the agricultural lands of this reservation.
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Mr. H. A. Pressey gave most of his time to the preparation
of data relating to New York streams. Measurements of these
were begun by the United States Board of Engineers on Deep
Waterways, and have been continued by this Survey. The
field work was carried on mainly by Mr. Robert E. Horton.
Late in ‘the fiscal year Mr. Pressey took up work in the vicinity
of the proposed Southern Appalachian Park, in order to ascer-
tain the outflow from this important mountain area.
~ Mr. Edwin G. Paul continued in charge of the instrumental
equipment and the rating of meters, and, in addition, carried
on field work in Pennsylvania, Maryland, and West Virginia,
mainly in the dramage basin of Delawzue, Susquehanna, and
POtOmaC rivers.

. Gerard H. Matthes made a detailed survey of the River-
51de reservoir site in Arizona, and in October carried on a
reconnaissance in Mancos Canyon, in southeastern Colorado, to
ascertain the cost and capacity of the small reservoir sites in
or adjacent to'that portion of the Southern Ute Reservation.
Upon the completion of this work he returned to Washington
to write his report and to prepare material for Part IV of the
Annual Report.

In addition to the special investigations above mentioned
systematic field work was carried on in a manner similar to that
described in the Eighteenth, Nineteenth, and T'wentieth annual
reports, the allotment of funds being similar to that of preced-
ing years. The results are shown in the accompanying volume
on hydrography (Part IV) and in the series of Water-Supply
and Irrigation Papers, 39 of which have now been published.

The following list gives, in general geographic order, the
names of the States or groups of States where work was
conducted, and also the names of the engineers or resident
hydrographers under whose direct charge the operations were
performed.

HUMID REGION.

New England—The study of the hydrographic data for

southern New England was continued by Prof. Dwight Porter.

New York.—Measurements of streams issuing from the Adi-

rondacks and tributary mainly to Black, Mohawk, and Hudson
21 geovr, pT 1—7
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rivers were continued by Mr. H. A. Pressey and Mr. Robert E.
Horton. This work was done in cooperation with the office of
the State engineer and surveyor, and appropriations were made
by the legislature of New York for this purpose.

Pennsylvania.—Measurements of Delaware and Susquehanna
rivers and their tributaries were carried on from the Washington
office by Mr. Edwin G. Paul.

Maryland—Prof. William B. Clark, State geologist, continued
torender efficient assistance in the maintenance of river stations,
principally on tributaries of the Potomac.

Virginia and West Virginia.—A number of streams were sys-
tematically measured in these States, the work being largely
performed by Prof. D. C. Humphreys, of Lexington, Virginia.

North Carolina and South Carolina.—Prof. J. A. Holmes, State
geologist, continued active cooperation, the field work, as in the
past, being done by his assistant, Mr. E. W. Myers. '

Georgia, Florida, Alabama, and Tennessee.—Prof. B. M. Hall,
of Atlanta, Georgia, with the aid of his brothers, extended the
river measurements in the region where water power is being
developed, and in this work assistance was rendered by Prof.
W. 8. Yeates, State geologist of Georgia, and by Prof. Eugene
A. Smith, State geologist of Alabama.

Ohio.—Measurements of a few rivers of this State were made
through cooperation with Dr. C. O. Probst, secretary of the
State Board of Health, the work being done by Mr. Benjamin
H. Flynn. Prof. C. N. Brown, of the Ohio State University,
also rendered assistance.

Mississipps Valley—Facts relating to the flow of Mississippi
River and its tributaries were brought together by Mr. William
Starling, of Greenville, Mississippi.

SUBHUMID REGION.

South Dakota.—Mr. N. H. Darton, geologist, continued field
work and the preparation of his report on the artesian conditions
in the vicinity of the Black Hills. Mr. James E.Todd, of Ver-
milion, South Dakota, also extended the mapping of the under-
ground waters, the results, as previously noted, being printed
in Water-Supply Paper No. 34.
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Nebraska—Facts concerning the rivers of this State were
obtained by Prof. O. V. P. Stout and his assistants, Messrs.
Glenn E. Smith and Adna Dobson.

Kansas and Oklahoma.—All of the river stations in Kansas
were maintained by Mr. W. G. Russell, and a number of river
measurements were made in the adjacent Territory of Oklahoma.

Texas.—A number of streams in this State were systematic-
ally measured by Prof. Thomas U. Taylor, of Austin, who
also brought together facts bearing upon the destruction of the
Austin dam, which took place on April 8, 1900.

ARID REGION.

The greater part of the field work was carried on within the
arid region, where the opportunities for development through
water conservation are very great. A number of reservoirs
were surveyed and estimates of their capacity and cost were
prepared. Canal lines conducting the water from these reser-
voirs to the irrigable lands were also examined on the ground,
and the cost of construction was ascertained.

Arizona.—The survey of reservoirs along Gila River was
brougtlit to a conclusion, and the results were printed in Water-
Supply Paper No.33. This work was begun by Mr. Arthur P.
- Davis and carried on by Mr. J. B. Lippincott, the estimates and
conclusions being verified by Mr. James D. Schuyler, whose
report has been printed as Senate Document No. 152, Fifty-first
Congress, first session.

California—The drought conditions have continued in this
State and the necessity for water storage has become so appar-
ent that concerted action has been found necessary on the part
of various  associations. The California Water and Forest
Society in particular has raised a fund of several thousand
dollars, a portion of which it is intended to use in cooperation
with the United States Greological Survey for examination of
reservoir sites and for the determination of available water
supply. The field work has been under the supervision of
Mr. J. B. Lippincott. The principal reservoir survey is the
Hetch Hetchy, near the headwaters of Tuolumne River.
Systematic measurements were begun on the headwaters of
the San Joaquin, Kings, Salinas, and other streams.
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Colorado.—Mr. A. L. Fellows continued work in this State
and maintained the river stations established in previous years.

Idalho.—Mr. N. 8. Dils, of Caldwell, 1daho, had charge of the
operations in this State, and received assistance from the State
engineer, Mr. D. W. Ross.

Montana.—Prof. Samuel Fortier, of the Agricultural College
- at Bozeman, Montana, had charge of the river measurements in
that part of the State. Prof. Fred D. Smith, of the University
of Montana, at Missoula, Montana, maintained a few river meas-
-urements at points readily accessible, and made a reconnaissance
of Flathead Lake. '

Nevada.—A thorough examination of Truckee River and of
Lake Tahoe was made by Mr. L. H. Taylor, who also kept up
systematic measurements along Humboldt River and other
streams.

New Mexico—Mr. Philip E. Harroun, of Albuquerque, con-
tinued measurements along the Rio Grande and surveyed a
number of reservoir sites. The flow of the river was also
ascertained at El Paso, by Mr. W. W. Follett, consulting engi-
neer of the International (Water) Boundary.

Oregon.—Investigations in this State were carried on in con-
“nection with those of the State of Washington.

Utah.—Prof. George L. Swendsen, of Logan, Utah, made
measurements of Bear and Logan rivers. Mr. Cyrus C. Babb
began a detailed survey of the Uinta Indian Reservation, in
_the northeastern part of the State.

Washington.—Various rivers, mainly on the east side of the
Cascade Range, were measured by Mr. Sydney Arnold, of North
Yakima, and streams on the Olympic Peninsula were measured
by Mr. W. J. Ware, of Port Angeles.

Wyoming—Systematic work was maintained by Mr. A. J.
Parshall, assistant State engineer.

RESULTS.

The data obtained by field work during the calendar year
1899 were prepared for publication in Water-Supply Papers
Nos. 35-39, inclusive. These form essentially one report, but
owing to the limitations imposed by law (100 pages for each
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paper) it was necessary arbitrarily to divide the material into
five portions. This report gives a description of each river, and
of the points at which measurements are made; also the results
of these measurements, the daily gage heights as reported
by the observers, and other facts of interest to engineers and
students. These data are printed in this form in order to make
them available to the public as soon as possible. The esti-
mated flow by months and for the year, and diagrams,
maps, and other illustrations, were prepared for publication as
Part IV of this Annual Report. This dual form has been
found necessary in order to economize time and space. Water-
Supply Papers can be issued at once, while the annual reports,
with illustrations, can not be issued until about a year later.

Besides the Water-Supply Papers mentioned on page 75 of
the Twentieth Annual Report, Part 1, there have been printed:
No. 31, ou Lower Michigan Mineral Waters, by Dr. Alfred C.
Lane; No. 32, on the Water Resources of Porto Rico, by
Herbert M. Wilson; No. 33, on Storage of Water on Gila
River, Arizona, by J. B. Lippincott; No. 34, on Geology and
Water Resources of a Portion of Southeastern South Dakota,
by J. E. Todd, and Nos. 35-39, inclusive, which, as before
stated, give the results of stream measurements (Operations at
River Stations) for the year 1899.

Division of Mineral Resources.

The Division of Mineral Resources continued under the
direction of Dr. David T. Day. The first six months of the
fiscal year were employed in the completion of the report,
Mineral Resources, 1898. Before this had been completed,
preparatory work for the collection of the statistics of the
mineral production for 1899 was well advanced. This pre-
liminary work consisted principally of the revision of the list
of producers and the carrying on of the necessary correspond-
~ ence in relation thereto. The statistics of mineral production
being taken for the calendar year, the work of this division is
distributed over the latter half of one and the first half of the
next fiscal year. At the present time the report on the mineral
production for 1899 is well advanced, the report on precious
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stones having beéen published in April, 1900. The reports on
the production of coal, asbestos and graphite, sulphur and
pyrite, mineral paints and barytes, soapstone, gypsum, phos-
phate rock, abrasive materials, iron ores, manganese ores, and
iron and steel are already in the hands of the printer, and the
manuscripts of the other chaoters of the report are nearing
completion.

Owing to the peculiar conditions which existed during 1899,
principally the wonderful industrial activity that year, many
new mines were opened and new metallurgic establishments
started, which increased the difficulties of obtaining the reports
promptly and has somewhat delayed their completion. Much
of the work of the-division, in addition to the statistical compila-
tion, was given to the study of certain economic minerals
where a demand had arisen for complete information. For this
purpose Mr. George H. Eldridge was sent to study the asphal-
tum deposits of the United States, Dr. Hayes to study the
deposits of bauxite in Arkansas, and similar investigations
have been made in regard to other substances.

The force employed in the preparation of the volume of
Mineral Resources, in addition to the various special agents,
experts, and geologists detailed on special work, consisted of
Dr. David T. Day, chief of division, assisted by Mr. Edward W.
Parker and My. Jefferson Middleton, statisticians; Miss Helen
Hough, Miss Katrine W. Cottrell, Mrs. L. L. Kimball, and Mus.
M. M. Raborg, clerks; Miss E. E. Crowell, stenographer; Mr.
George T. Sabourin, copyist; Mr. Theodore H. Johnson, Miss
Belle Worth Bagley, Miss Altha T. Coons, Miss Julia M.
Corse, and Miss Agnes Gerry, statistical experts.

The work of the division is sufficiently advanced to be able
to give the usual summary of the mineral products for the
calendar year 1899. The record for that year was one far
surpassing all precedents in regard to mineral production.
The total value of the mineral product of the United States in
1899 is found to have approached one billion dollars, an increase
of more than 40 per cent over the value of the products in the
preceding year, and nearly double that of the output in 1889.
Much of this increase was due to the extraordinary prices which
ruled for pig iron during the greater part of the year, the value
for this product being more than double that for 1898, and
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also more than double the combined value of the gold and the
commercial value of the silver produced in the United States
in 1899. The gains were distributed through nearly every
branch of the mining industry, as will be noted in the.follow-
ing paragraphs.

METALS.

Iron and steel.—The pig-iron industry was in an extraordi-
narily prosperous condition in 1899, as shown by the enormous
production of that year, the product being 13,620,703 long
tons, valued at $245,172,654, as compared With 11,773,934
long tons, valued at $116,557,000, in 1898. The increase in
production in 1899 over that of 1898 was therefore 1,846,769
long tons, or 15.69 per cent, while the value of the product
increased from $116,557,000 in 1898 to $245,172,654 in 1899,
a gain of $128,615,654, or 110.35 per cent. In this year it
reached its maximum in both product and value, the latter
being $93,972,244, or 62.15 per cent greater than the value
of the product in 1890, which was the maximum value of this
product until 1899. The average value per long ton of pig
‘iron increased from $9.90 in 1898 to $18 in 1899. This was
the highest price reached since 1884, with the exception of
1887, when it was $19, the average prices per long ton in
recent years being as follows: 1897, $9.85; 1896, $10.47; 1895, V
$11.14; 1894, $9.76; 1893, $11.90.

Iron ores.—The production of iron ores in the Umted States
during 1899 amounted to 24,683,173 long tons, an increase of
5,249,457 long tons, or 27 per cent, over the production of 1898
This was accompanied by an increase in value from $22,788,069,
to $34,999,077, a gain of $12,211,008, or 53.59 per cent.

Copper—The industry was marked by an increase from
526,512,987 pounds, valued at $61,865,276 to 585,342,124 .
pounds, valued at $104,190,898, a gain of 58,829,137 pounds
and $42,325,622. The product in 1899, as in the preceding
year, was the largest obtained up to that time, both in amount
and in value, Extraordinary prices prevailed in 1899, consider-
ing the large production, the average price per pound for the
year being 17.8 cents, as against 11.75 cents in 1898 and 11
cents in 1897.
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Lead—This is the only important product which showed a
decline in 1899. It decreased from 222,000 short tons in 1898
to 209,240 short tons in 1899. The value increased from
$16,650, 000 to $18,831,600.

Zinc—The amount of zinc produced in the United States
in 1899 was 184,603 short tons, valued at $15,479,345, against
115,399 short tons, valued at $10,385,910, in 1898.

Gold—The product of gold continued to increase, rising from
3,118,398 fine ounces in 1898, valued at $64,463,000, to
3,437,210 ounces, valued at $71,053,400 in 1899. In 1897
the value of the gold product was $57,363,000.

Silver—The coining value of the silver product in 1899 was
$70,806,626, as compared with $70,384,485 in 1898. The
commercial value of the product in 1899 was $32,858,700,
while in 1898 its commercial value was $32,118,420. This is
an increase of $422,141 in the coining value and $740,284
in the commercial value

The product in 1899 was 54,764, 500 fine ounces, while in
1898 it was 54,438,000 ounces. The average value per ounce
commercially in 1899 was 60 cents, and in 1898 it was 59 cents.

Quicksilver—This product showed a decline in production
- of 638 flasks, while the value of the product increased $264,118,
being a decrease of 2.05 per cent in production and an increase
of 22.22 per cent in value. The product in 1899 was 30,454
flasks, valued at $1,452,745, as compared with 31,092 flasks in -
1898, valued at $1,188,627. Texas for the first time enters
the field as a producer of quicksilver in commercial quantities.

Aluminum.—The production and value of aluminum was the
same in 1899 as in 1898, viz: 5,200,000 pounds, valued at
$1,716,000.

Antimony.—The amount of antimony produced from domes—
tic ores in 1899 was 237 tons. This includes the antimony
contents of antimonial lead.

Manganese ore—The production of manganese ore in 1899
fell off considerably, or from 15,957 long tons in 1898, valued
at 129,185, 10 9,935 tons in 1899, valued at $82,278—a decline
of 37.74 per cent in product and 36.31 per cent in value.

Nickel —The production of nickel increased quite markedly,
from 13,411 pounds in 1898, valued at $4,694, to 22,541
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pounds in 1899, worth $8,566, which is an increase of nearly
100 per cent in both product and value, nearly reaching the
output of 23,707 poundsin 1897, which was the largest product
since 1893, when it was 49,399 pounds.

Platinum.—The production of crude platinum continues to
be small, though it has constantly increased since 1893. In
1899 the product was 300 ounces, valued at $1,800, while in-
1898 it was 225 ounces, valued-at $1,913. In 1898 the average
value of the product was $8.50 per ounce, while in 1899 it was
$6 per ounce.

FUELS. '

Coal—The total product of anthracite coal in Pennsylvania .
in 1899 was 53,944,647 long tons, equivalent to 60, 418 005
short tons, valued at the mines at $88,142,130.

The total product of bituminous coal in 1899 (including lig-
nite or brown coal, cannel, splint, and block coals, and the
small anthracite product of Colorado and New Mexico) was
172,608,917 long tons, or 193,321,987 short tons, valued at
the mines at $167,935,304.

The aggregate product of anthracite and bituminous coal in
1899 was 226,553,564 long tons, or 253,739,992 short tons,
valued at $256 077,434.

The record made in 1899 is an 1mportant one. Not only
did the production exceed all previous records, but it placed
the United States at the head of the coal-producing countries
of the world. The production in each of the last three years
has been the largest up to that time. In 1897 the output
reached, for the first time, a total of 200,000,000 short tons.
The product in 1898 was 219,974,667 short tons, an increase
of nearly 10 per cent over 1897. The statistics for 1899 show
anincrease of 33,765,325 short tons, or 15.35 per cent, over 1898, .
and of 53,518,327 short tons, or 26.73 per cent, over 1897.
Comparing the product in 1899 with some of the earlier years
of our history, a still more remarkable advance is shown. In
1889 our total production of coal was 141,229,613 short tons,
showing an increase in ten years of 112,510,379 short tons, or
nearly 80 per cent. In 1879 our production amounted to only
66,452,960 short tons, compared with which the output in 1899
shows an increase of about 280 per cent, while in thirty years
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the production has increased about 700 per cent, the yield in
1899 being eight times that of 1869, less than one generation
ago. In the same period the production of Great Britain has
about doubled, that of Germany has been multiplied by 4, and
that of France by 2.5. In 1869 the coal product of Great
Britain was nearly four times that of the United States, and
that of Geermany exceeded ours by about 20 per cent.

One of the interesting features of the history of coal produc-
tion in the United States in the last three years is that the
operators were prepared by the preceding years of depression
to meet the demands made upon them by the period of pros-
perity through which the country has been passing. During
the four or five years of “hard times” coal operators were con-
tending with steadily declining prices, brought about by a
continued overproduction and a keen competition for a mar-
ket for the output. To meet these conditions methods were
adopted wherever possible for cheapening the cost of produc-
tion by the installation of coal-cutting machines, mechanical
haulage, etc., so that when the extraordinary demands of the
~ last two years developed many operators were able to expand
their production 25 or 50 per cent without matenally increas-
ing the length of their pay rolls.

Another feature worthy of note, which is shown in the sta-
tistics for 1899, is the advance in the average price per ton and
a consequent increase in the value of the product proportion-
ately greater than the increase in product. As shown in the
subsequent table, this is the first time in a period of twelve
years when there has been an advance in the general average
price. The improvement in the price of coal, however, is not
so marked as that shown in many other commodities. Much
of the coal marketed in 1899 was sold on contract made
the preceding year, as it was not until the latter part of the
year that the operators began to reap actual benefit from the
improved condition.

The statistics regarding the use of mining machines show
that the amount of bituminous coal undercut by machines in
1899 was 43,963,933 short tons, against 32,413,144 short tons
in 1898, 22,649,220 tons in 1897, and 16,420,252 tons in 1896.
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The total number of men employed in all the coal mines of
the United States in 1899 was 410,635, working an average of
214 days, as compared with 401,221 men Workmg 190 days in
1898, and 397,701 working 179 days in 1897.

In considering the coal product, these reports include not
only the coal marketed, either by shipments to distant points
or sold locally, but also that consumed by the mine employees
and by the mine operators themselves in locomotives, under
stationary boilers, etc., in working the mine, and technically
known as colliery consumption. There are occasional excep-
tions, where operators use only slack or waste, which would
otherwise be thrown on the dump and not get recorded, the
miner not even being paid for it. These exceptions are few
and the amount is so comparatively small as not materially to
affect the total. Coal consumed in the manufacture of coke is
also included in this report. :

The coal shipped, sold to local trade and employees, and
used in the manufacture of coke is considered the marketable
product. The colliery consumption averages about 8 per
cent of the total product in anthracite production and about
11} per cent in bituminous mining. The marketable product
in 1899 amounted to 244,612,654 short tons, as compared with
212,053,378 short tons in 1898.

Coke—The statistics relating to the productlon of coke are
not available at the time of the. preparation of this statement.
Mr. E. W. Parker, who prepares this report for the Survey,
has been appointed special agent to prepare the report on
the production of coke for the Twelfth Census, and on acéount
of the detailed information asked on the schedules of that
office. some delay in completing the report has been unavoid-
able.

Petroleum.—The productlon rallied from 55,364,233 barrels
in 1898 to 57,070,850 barrels in 1899, a gain of 1,706,617 bar-
rels, or 3.08 per cent, although it did not reach the output of
1897, which was 60,475,516 barrels, its maximum output.
The value increased from $44,195,359 in 1898 to $64,603,904
in 1899, a gain of $20,410,545, or 46.18 per cent. The aver-
age value per barrel for the whole United States in 1898 was
794 cents; in 1899 it was $1.13%.
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Natural gas.—The value of the natural-gas product increased
to 520,024,873 from $15,296,813 in 1898. The amount of
natural gas used shows a decrease, on account of the gradual
exhaustion of the supply, but, owing to the high prices obtained
for it, the value shows a noteworthy increase.

STRUCTURAL MATERIALS. -

Stone.—The value of stone of all kinds increased from $38,-
441,354 in 1898 to $44,736,576 in 1899, a gain of $6,295,-
222, or 16 per cent. All of the varieties of stone participated
in this increase, limestone and granite, however, making the
greatest gain—nearly one-half of the whole.

The large export of slate, which for several years has been
one of the astonishing features of the industry, continued,
though the increase in 1899 over 1898 was only $6,458,
while the increase in 1898 over 1897 .was $589,963. The
total value of the exports in 1899 was $1,363,617.

Clays.—The great activity in all branches of the clay-
working industries in 1899 was one of the results of the gen-
eral prosperity which the country enjoyed during that year.
.The value of the raw clay entering into the manufactured
product is estimated to have been 812,500,000, being divided
as follows: Brick, tile, and terra-cotta clays, $11,250,000; clays
for pottery, paper manufacture, ete., $1,250,000.

Cement.—The Portland-cement industry in 1899 showed
great gains over 1898, the product increasing from 3,692,284
barrels in 1898 to 6,232,719 barrels in 1899, a gain of
2,540,435 barrels, or 68.80 per cent. The number of estab-
lishments reporting showed a large increase, from 31 in 1898
to 41 in 1899. This industry was in a very prosperous con-
dition and is rapidly gaining in importance.

The natural-rock cement showed a slight decline, from
8,418,924 barrels in 1898 to 8,311,688 barrels in 1899, a
decrease of 107,236 barrels, or a little over 1 per cent.

The total production of cement was 14,544,407 barrels,
valued at $15,291,621, as compared with 12,111,208 barrels
in 1898, valued at $9,859,501. The most of this increase, as
shown above, was in the Portland-cement industry.



STATISTICS OF MINERAL RESOURCES. 109
ABRASIVE MATERIALS.

Millstones.—The value of the product increased from $25,934
in 1898 to $28,1151in 1899. The value of the product in 1899
was the largest in ten years.

Corundum and emery.—The combined product of this class
of abrasives increased from 4,064 short tons in 1898 to 4,900
in 1899, but owing to the falling off in the production of the
higher-priced corundum from North Carolina the value of the
product was considerably less in 1899 than in the preceding
year, the amounts being $275,064 in 1898 and $150,600 in
1899.

Garnet—The amount of the product decreased slightly, from
2,967 short tons in 1898 to 2,765 tons in 1899. In this case
the conditions were reversed, and the value increased from
$86,850 to $98,325. ' ,

Grindstones.—The value of the grindstones produced in the
United States in 1899 was, with one exception, the largest on
record, amounting to $675,586, and was $185,817, or 38 per
cent, larger than the value of the productin 1898. The largest
production of grindstones reported in the history of the United
States was in 1882, and was estimated at $700,000.

Infusorial earth—The product increased from 2,733 tons,
valued at $16,691, in 1898, to 4,634 tons, valued at $39,032.

Oilstones—The value of oilstones and whetstones made in
the United States in 1899 was the maximum in our history,
amounting to $208,283, which, compared with 1898, when the
value was $180,738, indicates an increase of $27,545, or 15
per cent. '

CHEMICAL MATERIALS.

Phosphate rock—The phosphate-rock industry in 1899 is
marked by considerable increase in production in Florida and
Tennessee, decreased production in South Carolina, and the
beginning of a phosphate-mining industry in Pennsylvania.
In Florida the increase in production was entirely in hard
rock and in river pebble. No production of what is known as
soft rock was reported in 1898 or 1899, and the amount of
“land pebble mined in 1899 was less than in the preceding year.
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The decrease in_South Carolina production was in the output
of land rock, which was only 75,000 less than in 1898; this was
only partly made up by an increase of 30,000 tons in the pro-
duction of river rock. Tennessee production increased about
374 per cent. Pennsylvania entered the phosphate-mining
industry with an output of 2,000 tons. The total amount of
phosphate rock reported from all sources in 1899 was 1,515,702
long tons, valued at $5,084,076, as compared with 1,308,885
long tons in 1898, valued at $3,453,460, indicating a total
gain in product of 206,817 long tons, valued at $1,620,616.

Gypswm.—This industry showed remarkable activity during
1899, the output for the year being 47 per cent larger than
that of 1898, which was the previous year of maximum pro-
duction; the value did not increase in quite the same propor-
tion as that of the product, the gain being 37 per cent. The
total product in 1899 was 428,661 short tons, against 291,638
short tons in 1898 and 288,982 short tons in 1897. The value
of the output taken in its marketable condition was $1,036,860
in 1899, as against $755,280 in 1898 and $755,864 in 1897.
In arriving at the value of the gypsum, that portion of the
product which is sold crude is taken at its value in the crude
state, while the value of that which is made into calcined plas-
ter is taken for the calcined plaster produced.

Bromine.—The product decreased in 1899 from that of 1898
by 53,975 pounds, making the total 433,004 pounds, valued at
$108,251, as compared with 486,979 pounds in 1898, worth
$126,614.

Borax.—While the ploduct of borax increased over one and
one-half times, or from 16,000,000 pounds in 1898 to 40,714,-
000 pounds in 1899, the value of the product increased only
$19,882, or 1.77 per cent. The value of the product in 1898
was $1,120,000, while in 1899 it was $1,139,882.

Fluorspar.—The principal producing region for this material
is Rosiclare, Illinois, and Marion and Crittenden counties,
Kentucky. The product increased more than 100 per cent
over that of 1898. The total production in 1899 was 15,900
short tons, against 7,675 short tons in 1898. The value
increased from S63,050 to $96,650.
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Sulphur.—The mines of Louisiana, which were idle in 1897
and 1898, resumed operations in 1899; and some sulphur was
also produced in Nevada and Utah. The total product
amounted to 4,830 short tons, valued at $107,500, against 1,200
short tons, valued at $32,960, in 1898.

Pyrite—The product decreased somewhat, from 193,364

‘long tons in 1898 to 174,734 long tons in 1899. The value de-
clined about $50,000, it being $593,801 in 1898 and $543,249

in 1899
PIGMENTS.

Metallic paint.—Exclusive of mortar color, the amount of
iron ore ground for pigment in 1899 was 23,423 short tons, a
gain of 2,451 short tons over 1898, when the product amounted
to 20,972 short tons. The value of the product decreased
$14,034, it being $263,979 in 1898 and $249,945 in 1899.

Ocher, wmber, and sienna.—The production of sienna in 1899
amounted to 14,124 short tons, valued at $140,168, as against
11,963 short tons, valued at $123,832, in 1898. The produc-
tion of umber decreased from 537 short tons in 1898 to 473
short tons in 1899, and the production of sienna decreased
from 689 short tons to 588 short tons, with proportionate
decrease in value.

Venetian red—The production of this plgment increased
from 10,271 short tons, valued at $160,711, in 1898 to 11,991
short tons, valued at $210,361, in 1899.

Barytes. —The production of barytes, or heavy spar, used as
a substitute for or adulterant in white lead, was the largest in
our history and amounted to 41,894 short tons, valued at
$139,528, against 31,306 short tons, valued at $108,339, in
1898. The year of previous largest production was 1892,
when the amount was 32,108 short tons.

. Zinc white—The consumption of zinc oxide as a basis for
white and colored pigments continues to increase, the amount
of this material produced in-1899 being 40,146 short tons, val-
ued at $3,211,680, against 33,000 tons in 1898 valued at
$2,310,000.

Cobalt omide—The production increased from 7,848 pounds
in 1898, worth $11,772, to 10,230 pounds iu 1899, worth
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$18,512, which exceeds the product of 1896 but does not
equal that of 1897, when it reached its maximum of 19,520
pounds, valued at $31,232.

MISCELLANEOUS.

Bauxite—The proauction of this ore of aluminum continues
to increase, rising from 25,149 long tons in 1898 to 30,528
long tons in 1899. The value of the product increased from
$75,437 in 1898 to $93,583 in 1899.

Fuller’s earth.—This product showed a decline in 1899 from
1898, the amounts being 14,860 short tons in the earlier year,
valued at $106,500, and 12,381 short tons in the later year,
valued at $79,644.

Limestone for wron flux.—This product naturally kept pace
with the increased production of pig iron, and 6,707,435 long
tons were used in 1899 for this purpose, valued at $4,695,205;
in 1898 the product was 5,275,819 long tons, valued at

" $2,638,000. This was an increase of 1,431,616 tons, or 27.13
per cent, while the value increased $2,057,205, or 77.98 per
cent. '

Magnesite—This product was practically the same in 1898
and 1899, or 1,263 short tons in the former and 1,280 short tons
in the latter year. The value of the product showed a greater
difference, or $19,075 in 1898 and $18,480 in 1899. This
product comes entirely from California.

Mineral waters—This industry showed an increase from
28,853,464 gallons sold in 1898 to 39,562,136 gallons in 1899,
a gain of 10,708,672 gallons, or 37.11 per cent, while the value
decreased from $8,051,833 in 1898 to $6,948,030 in 1899, a
loss of $1,107,803, or 13.76 per cent. In 1898 the average
value per gallon was 27.9 cents; in 1899 it was 17.56 cents.
This reduction in value is due to the fact that a number of new
springs have reported with a large production at a low rate—
about one-half a cent a gallon.

Monazite—This product increased from 250,776 pounds in
1898, valued at $13,542, to 350,000 pounds in 1899, valued at
$20,000.
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Precious stones.—The value of the product increased from
+$160,920 in 1898 to $185,770 in 1899. Among the principal
features of interest in the industry in 1899 may be mentioned
an increase in the output of the sapphire mines of Fergus
County, Montana, and the discovery of remarkably brilliant
sapphires in Granite County, Montana, the continued output of °
turquoise in New Mexico, the development of turquoise local-
ities in Nevada and California, a great increase in the amount
of diamond cutting in the United States, and a continued search
for minor gems in North Carolina, Maine, Connecticut, and
other States.

Marls.—It is estimated that the production of marl in New
Jersey for fertlhzmg purposes in 1899 was about the same as
that in 1898, viz, 60,000 tons, valued at $30,000.

TOPOGRAPHIC BRANCH.

The general organization of the Topographic Branch
remained practically the same as in preceding years. For pur-
- poses of administration there were four sections—the Atlantic
section, Mr. H. M. Wilson, geographer in charge; the Central
section, Mr. John H. Renshawe, geographer in charge; the
Rocky Mountain section, Mr. E. M. Douglas, geographer in
charge, and the Pacific section, Mr. Richard U. Goode, geog-
rapher in charge. On February 23 Mr. Goode was appointed
~ chairman of the Topographic Committee, the other members
being Messrs. Wilson, Renshawe, and Douglas.

An additional duty was laid upon the Topogr aphic Branch
in consequence of legislation placing under the supervision of
the Director of the Greological Survey the location and marking
of the ninety-eighth meridian between Canadian and Red rivers.
Also, by direction of the Secretary of the Interior, an exami-
nation of the boundary lines of the Yakima Indian Reservation
was made and maps and reports-were submitted.

The topographic corps was increased by certification of the
Civil Service Commission to the extent of one topographer,
Mr. D. L. Reaburn, and six assistant topographers—Messrs.
W. N. Brown, W. W. Gilbert, Thomas G. Basinger, David H.

21 GeOL, PT 1——38
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Baldwin, George H. Guerdrum, and Rufus H. Sargent; and
three other assistant topographers were added by transfer—
Messrs. Oscar Jones, W. R. Harper, and A. F. Hassan.

Cooperative agreements were arranged with five States,
$19,500 being allotted by the State engineer and surveyor of
New York, $17,000 by the survey commission of Pennsyl-
vania, 85,000 by the State geologist of Maryland, $2,500 by
the topographic survey commission of Maine, and $1,000 by
the State geologist of Alabama. The above amounts were all
from appropriations made by the legislatures of the States
“mentioned for cooperation with the Geological Survey.

In connection with the topographic surveys, the surveys
of the forest reserves, and the survey of the Idaho-Montana
boundary line the following results were obtained:

Two. base lines were measured; primary azimuth observa-
tions were made at 4 triangulation stations; 17 meridian lines
were established; 232 triangulation stations were occupied;
923 miles of primary traverse were run; 36,737 square miles
were covered by detailed topographic mapping, this area being
distributed through 29 States and Territories; 12,108 miles of
levels were run and 1,683 permanent bench marks were estab-
lished, these bench marks being iron posts, bronze or aluminum
tablets, or copper or aluminum plugs; and in connection with
the Alaska surveys about 1,600 miles of reconnaissance traverse
were run. With reference to the land surveys, 217 miles of
the boundary of the Black Hills Forest Reserve were surveyed
and marked, 92 miles of the ninety-eighth meridian between
Red and Canadian rivers were surveyed and marked, and 71
miles of the boundary line between Idaho and Montana were
marked. ,

The distribution of the control, topographic, and leveling
work in the various States and Territories is shown on Pls. 1
and II, in pocket. The following tables give the details relat-
ing to topography and spirit leveling for the fiscal year:



TOPOGRAPHIC WORK OF THE YEAR. 115

Topographic surveys of the United States Geological Survey tn 1899-
1900, including levels run and permanent bench marks established.

Scale of publication. . Levels.
Total
State or Territory. Sﬂgxt-?:lr 162500, 1195000, Sm“\.ree_‘“.“ed. Diitﬁlnce 3\;“);13331
. marks.
Feet. Sq. miles. Sq. miles. | Sq. miles. | Miles.
Alabama ..__..__. 50 |.oooooo.. 482 482 84 11
Arizona .__....._. 50 25 915 940 |~ 559 141
Arkansas _........ L\ I . 1,996 | 1,996 524 62
California ......_. 50-100 388 3,148 | 3,536 760 184
Colorado ......... 20-100 90 794 | " 884 187 57
 Georgia .......... 50 |..... e 515 515 90. 11
Idaho ..... . 100 | ... 1,118 {1, 153 192 27
Tlinois ........... 10 630 |.ooo..... 630 |..o...-|- [

Indiana ......._.. 20 467 L. .. 467 138 16
Towa .. ......._.. 20 |eeeaaan. 1,190 | 1,190 314 24
Maine ..... U 20 426 | ... 426 307 12
Maryland..._..... 20 1,216 |..........| 1,216 480 24

Minnesota .. ....... 20 604 |.._....... b632 315 17.
Missouri.......... 50 ... 938 938 291 24
Montana ......... 50 | " 90 170 | 84
Nebraska _........ B0 foeeieaannn 1,577 | 1,577 248 97
New York........ 20 3,308 {..........] 3,308 2,359 164
North Carolina. . .. 100 |ocean.... 1,198 | 1,198 182 20
Ohio ............. 20 962 |, ... ...... 962 480 42
Oregon.._._....... 100 [oeocaooa.. 433 433 378 57
Pennsylvania .._.. 20 1,309 {...o...... 1,309 { 1,019 | ‘142
South Dakota ..... 100 {oooeaoo... 690 690 205 56
Tennessee ........ 50 oo, 750 750 526 68
Texas ............ b2/ 2 A, 1,125 1 1,125 287 55
Utah............. 50 |-, 760 | 784 192 39
‘Washington ...~ 100 fooooo..... 2,013 | 2,013° 389 64
West Virginia_.. ..| 20-100 201 400 601 190 43
‘Wisconsin . _..._.. 20 1, 369 1,368 | 2,737 . 604 46
Wyoming _..._.._. 50 Voo 4,155 | 4,135 638 146
Total ..__..f........ ; 10, 995 25,565 | 36,737 | 12,108 | 1,683

« = 35 miles on scale of 1: 63360.
b = 28 miles on scale cf 1:15840.
¢ =35 miles on scale of 1: 63360 and 55 miles on scale of 1:31250.
d'=24 miles on seale of 1:20000.
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Present condition of topographic surveys and the new areas surveyed
in 1899-1900.

[Areas which were resurveyed are notincluded in this table.]

' .
: State or Territory. Total area. ?}:&5:5% Area sugz’eig&‘lo April
Sq. miles. Sq. miles. Sq. miles. I Per cent.

Alabama ... .. ... .. .. ..... 52, 250 482 15,545 , 30
Arizona ____ .. ... ... _...... 113, 020 940 57,730 51
Arkansas ... .. ... .. ... .... 53, 850 1,996 16,500 31
California ... .. ... .. ... ..__. 158, 360 3,394 53,002 | 33
Colorado ..o 103, 925 884 34,015 } 32
Connecticut. . ..o oooooooooo.n. 4,990 |.o..oo.... 4,990 | 100
Delaware ... ... .....l..0. 2,00 |.oo..o.... 644 ' 31
District of Columbia ... ...... 0 Joeeeeeaaan 70 ! 100
Florida e oo oo 58,680 |oeooioo... 1,821 3
Georgia ... ... ......... | 59, 475 515 14, 522 24
TdahO « o oo oo 184, 800 1,153 | 13,744 17
TINNOIS oo 56,650 |oooo.oo... 4,485 8
Indian Territory ... ... ... 4 31,400 .......... 30,885 | 99
Indiana - oooooooeo . | 36, 350 467 610 | 2
Iowa oo oo ... ‘ 58, 025 1,190 7,885 14
Kansas ... .. .. ... ......... } 82,080 |.......... 62,746 . 76
Kentucky .. ... . ... ... .... ] 40,400 ... ... 10, 433 26
LouiSiana. .oonnoneenennn.. | g0 o 7,492 15
Maine ... .o i 33, 040 426 4,236 3
Maryland..... .. ... ....... 12, 210 416 8, 866 73
Massachusetts. _._........0 ... 8315 | ... 8,315 | 100
Michigan ...l .o ... 58, 915 R 1,964 3
Minnesota . ... ... ....... 83, 365 ! 632 3,254 3

MissiSSIPPE - - oveeme e 46,810 i.......... | 29 |.......
MESSOUT - o oo 69,415 | 938 | 29,807 13
Montana - ..o, 146,080 | 35, ! 36,188 25
Nebraska .. ... ... ... _..__.. . 77,510 1,128 - 26,228 35
Nevada. o oo 110,700  ..oooooo.. 928 949 2
New Hampshire ... ... _ ... 9,305 ......... [ 2,396 | 26
New Jersey - oo wonmeeemee . Ti815 leoean.. L7815 } 100

New Mexico. ... ... 122,580 .o....... l 27,777 . 23
New York ... ... ... ...... 49,170 3,308 21,700 | 44
North Carolina.__._._..._..... 52,250 .......... 12,252 | 23
North Dakota..._ ... .. .._.. " 70,790 o ...._.. 6,327 | 9

OhIO - oo e oo 1 41,060 962 L824 4|
Oklahoma ...l . .. \ 39,030 ... _... 4,146 | 11
Oregon - oo oo l 96, 030 433 | 14,138 { 15
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Present condition of topographic surveys and the new areas swrveyed
wn 1899-1900—Continued.

State or Territory. Total area. ?§£§§)§ Area Sug‘éﬁy&% to April
Sq. miles. Sq. miles. Sq. miles. | Per cent.
Pennsylvania ..... .. ... ... 45,215 1, 309 7,947 18
Rhode Island . ... ............. co 1,280 |aaaiaiills 1,250 100
South Carolina................ © 80,570 |....i.o... 3,900 13
South Dakota................. 77,650 | __._..... 16, 273 21
Tennessee - .cccceeeeeceaeann- 42,050 750 18, 391 44
TeXas «ocieeeeeaeiccieeaaann 265,780 |- 58, 427 22
Utah. . ... 84,970 760 63, 627 75
Vermont ... ... : 9,565 f.ccecaaa-. 2, 844 30
Virginia ... oL 42,450 |....... L. 29,227 69
Washington ........._......_. 69, 180 2,013 8,471 12
West Virginia.__.............. 24,780 201 17, 227 70
Wisconsin . _.................. 56,040 1,801 8,078 14
Wyoming -.ooooioo... 97, 890 3,295 16, 324 17
Total. .. ... aio.. 3,024, 880 29,428 | 835,316 28

Division of Triangulation.

ATLANTIC SECTION. .

Primary triangulation was in progress at various times during
the summer by eight different parties, and primary traverse for
a short season by one party. This work was distributed over
portions of seven States—Maine, New York, Pennsylvania,
Maryland, West Virginia, Alabama, and Georgia. The total
area covered by this primary control was 13,600 square miles,
of which 750 square miles were controlled by primary traverse.
The result of this control was to make available 54 additional
quadrangles in which to prosecute future topographic surveys.
In the progress of this work 141 triangulation stations were
marked, and their geodetic positions were determined. One
base line was measured in Pennsylvania, and numerous merid-
ian marks were established at county seats within the area of
survey.

New York—Mr. W. T. Griswold, topographer, was in chargs
of a party extending triangulation in various portions of this
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State during the months of July, September, October, and
November. He established and marked the positions of four
stations north of Saratoga and ten between Rochester and
Hornellsville. These furnish control for 1,550 square miles,
“included within the limits of about nine 15-minute quad-
rangles.

Pennsylvania—For administrative purposes Mr. S. S. Gan-
nett, topographer, was designated for general supervision of
triangulation in the State of Pennsylvania. There were at
work in this State between the months of May and November
seven parties, under the charge, respectively, of Messrs. S. S.
Grannett, topographer; A. H. Thompson, geographer; Sledge
Tatum, topographer; Oscar Jones and Walter R. Harper, assist-
ant topographers, and E. L. McNair and D. H. Baldwin, field
assistants. During the months of September and October
Mr. W. Carvel Hall, topographer, was in charge of a varty
running primary traverse over four lines of railway between
Baltimore, Maryland, and York, Pennsylvania. This traverse
controlied in Pennsylvania an area of 500 square miles, included
in two quadrangles.

In addition to directing and supervising the work of the
other triangulators, Mr. S. S. Gannett measured a primary base
on the line of the Pennsylvania Railroad near Hillside and
eccupied numerous stations in the areas in which the various
parties were working, either in the course of the supervision
of their work or in conjunction with them.

Prof. A. H. Thompson was engaged in extending triangu-
lation in the general neighborhood of Indiana and Greensburg;
Mz, E. L. MceNair between Indiana and Clarion; Mr. Walter R.
H:urper between Uniontown, Greensburg, and Pittsburg; Mr.
D. L. Baldwin between Beaver and Pittsburg; Mr. Sledge
Tatum between Morgantown, West Virginia, and Uniontown,
Pennsylvania, also between Chambersburg, McConnellsburg,
Everett, and Altoona; Mr. Oscar Jones between Elmira, New
York, and Tioga, Blossburg, and Williamsport, Pennsylvania.

The gross results of the field work of these parties was the
occupation and monumenting of ninety-eight separate stations,
the establishment of nine meridian marks, and the furnishing

4
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of primary control for 7,500 square miles, included within the
limits of thirty-three 15-minute quadrangles.

Maryland—In conjunction with the extension of primary
triangulation into the neighborhood of Chambersburg, Pennsyl-
vania, Mr. Sledge Tatum occupied four stations in the vicinity
of Hagerstown, Marﬂand. These furnished control for 500
square miles, included within the borders of two 15-minute
quadrangles.

The primary railroad traverse previously referred to as having
been extended by Mr. W. Carvel Hall between Baltimore,
Maryland, and York, Pennsylvania, consisted in the running
of such traverse over the lines of the Northern Central Rail-
way, the Western Maryland Railway, and the Baltimore and
Lehigh and York Southern railways. In all there were run
200 miles of such traverse, which furnished control for 750
square miles, covered by three 15-minute quadrangles, within
the State of Maryland, in addition to the area which was con-
trolled by the same traverse in the State of Pennsylvania.

Maine.—During the month of August Mr. W. T. Griswold,
topographer, occupied eight stations while extending primary
triangulation in the neighborhood of Bangor. These furnished
control for 850 square miles, included within the limits of four
15-minute quadrangles.

West Virginia—During the month of April Mr. W. T. Gris-
wold, assisted by Mr. Sledge Tatum, extended primary triangu-
lation between Oakland, Maryland, and Morgantown, West
Virginia. In the course of this work they occupied and monu-
mented seven stations, furnishing primary control for 450
square miles, included within the limits of two 15-minute quad-
rangles.

Alabama-Georgia.—During portions of the months of May
and June Mr. Griswold extended primary triangulation from the
neighborhood of Cedartown, Georgia, to Wedowee, Alabama.
In the course of this work he monumented and determined the
positions of ten stations, thereby furnishing control for 2,000
square miles, included within the limits of two 30-minute
quadrangles.

-t
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CENTRAL SECTION.

In June, 1899, secondary triangulation was extended over
the 30-minute quadrangle in Lincoln County, Nebraska, south
of Brady Island. Two old stations and six new ones were
occupied by Mr. Geeorge T. Hawkins, topographer.

The rest of the control established during the season in this
topographic section was by primary railroad traverse. In the
latter part of June Mr. Hawkins controlled by this method the
West Union quadrangle, in northeastern Iowa, traversing a dis-
tance of 90 miles along the Burlington, Cedar Rapids, and
Northern Railroad, from Independence to North McGregor.

The first week in July the quadrangle immediately north of
St. Paul and Minneapolis, Minnesota, was controlled by a line
40 miles in length.

During the remainder of July and the month of August Mr.
Hawkins ran a traverse from a triangulation station of the
United States Coast and Geodetic Survey near Madison, Wis-
consin, northwestward to an astronomic station of the United
States Lake Survey near Valley Junction, thence northeast-
ward to the triangulation station of the same organization near
Fort Howard, the total distance traversed, including spur lines
in Taylor and Langlade counties, being 391 miles. This con-
trolled an area of several thousand square miles.

In the first haif of September, 87 miles of traverse were run
in the Vlcmlty of Toledo, Ohio, radiating from St. Mary’s
Church spire, previously located by the United States Lake
Survey.

During the latter part of September and the early part of
October the traverse party of Mr. Hawkins controlled portions
of Vanderburg, Warrick, Dubois, Pike, and Gibson counties,
in southern Indiana, the line starting from. the astronomic sta-
tion of the United States Coast and Geodetic Survey at Hen-
derson, Kentucky, and completing a circuit 115 miles in length.

During the field season meridian lines were established at
five county seats in Wisconsin and two in Indiana.

ROCKY MOUXNTAIN SECTION.

Mr. H. L. Baldwin, jr.,, topographer, compieted the control
of four 30-minute quadrangles in the vicinity of Denver, Colo-
rado, a total of twenty-four stations having been occupied
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In addition, numerous church spires, section corners, and other
secondary points were located. Mr. Baldwin also established
meridian lines at Greeley and Golden.

The Maricopa, Arizona, base line was measured twice with
a 300-foot steel tape by Mr. T. M. Bannon, topographer, during
the winter of 1899-1900. Mr. Bannon also observed a check
azimuth near Globe and occupied seven statlons, controlling
one 30-minute quadrangle.

In the spring of 1900 Mr. R. H. Chapman, topoglaphel
extended triangulation southwestward from stations in the
Indian Territory triangulation, so as to control the Gainesville
ind Montague quadrangles in Texas. He occupied twelve
stations, located five points by intersection, and estabhshed a
meridian line at Montague.

PACIFIC SECTION.

An area of about 5,000 square miles, lying partly within the
Colville Indian Reservation in northeastern Washington, was
controlled by Mr. C. F. Urquhart, topographer, who occupied
sixteen stations during the field season. This w01k is based
upon stations in the Spokane base expansion.

In November Mr. Urquhart occupied three 3-point stations’
in northern California for the control of the Redding quad-
rangle.

Mr. R. U. Goode, geographer, was engaged in triangulation
for the control of the area of the Bingham, Utah, special sheet
from September 29 to October 7. He occupied three 3-point
stations.

FOREST RESERVES.

Primary control for the mapping of the forest reserves was
established in the Pacific section as follows:

Mount Rainier Reserve, Washington.—During June, 1899, Mr.
A. H. Sylvester, topographer, extended the triangulation pre-
viously executed by him southward from the Yakima quad-

rangle, occupying seven additional stations and controlling an
area of 2,000 square miles.

PVashmgton Reserve, Washington.—Tr 1angulat10n of the pre-
vious season was continued by Mr. Sylvester to the northeast-
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ward of Lake Chelan, six new stations, together with five
stations of previous work, being occupied, furnishing control
for three 30-minute quadrangles.

Division of Topography.
ATLANTIC SECTION.

Topographic work was carried on during the season by
eighteen parties, working in ten States—New York; Pennsyl-
vania, Maryland, Maine, Ohio, North Carolina, Tennessee,
Georgia, Alabama, and West Virginia. The survey of thirty-
four quadrangles was completed, of which thirty were on the
scale of 1:62500, with a contour interval of 20 feet, and four
were on the scale of 1:125000, with contour intervals of 50 to
100 feet. In addition, the survey of nineteen quadrangles was
partially completed, of which fourtecn were on the scale of
1:62500, with a contour interval of 20 feet, two were on the
scale of 1:125000, with a contour interval of 100 feet, and
two were on the scale of 1:20000, with a contour interval of
20 feet. The total area surveyed was 10,267 square miles, of
which 6,922 square miles were on the scale of 1:62500 and
3,345 square miles were on the scale of 1:125000. Levels
were run over 5,549 linear miles, resulting in the establish-
ment of 517 permanent bench marks.

New York—Work was carried on under the cooperative
topographic agreement made with the State of New York,
whereby that State appropriated 819,500 for the work and the
Director of the United States Geological Survey allotted a like
amount. There were maintained on such work during the
season eight parties. Mr. J. H. Jennings, topographer, was
placed in general charge of a group of three parties, headed
by Messrs. J. H. Wheat and J. W. Thom, topographers, and
N. G. Van Doren, assistant topographer. In addition, Mr.
James MeCormick, topographer, had charge of a portion of the
work under Mr. Jennings’s .direction. These parties com-
menced field work about the middle of April and were dis-
banded in October. For about two months after July 1 M.
Jennings und his assistants were temporarily transferred to the
State of Pennsylvania, for field work there. During the
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season these parties completed the mapping of nine quadran-
gles—the Palmyra, Clyde, Sodus Bay, Weedsport, Geneva,
Phelps, Ovid, Genoa, and Waverly, in Cayuga, Seneca, Wayne,
Ontario, Yates, Tompkins, Chemung, and Tioga counties.
They also completed the control of and partly surveyed three
others—the Penn Yan, Canandaigua, and Hammondsport, in
Yates, Ontario, Schuyler, and Steuben counties. Mr. W. H.
Lovell, topographer, completed the survey of the Saratoga and
Broadalbin quadrangles and the control and partial mapping
of the Luzerne quadrangle, in Fulton, Saratoga, and Warren
.counties. Mr. C. C. Bassett, topographer, assisted for a little
over amonth by Mr. McCormick, completed the survey of the
Millbrook and Schunemunk quadrangles, in Dutchess, Orange,
and Ulster counties. Mr. A. M. Walker, topographer, assisted
by Mr. A. H. Bumstead, assistant topographer, and for two
months by Mr. N. G. Van Doren, assistant topographer, com-
- pleted the survey of the Morrisville and Raquette Lake quad-
rangles, in Madison and Hamilton counties, and the control
and partial mapping of the Blue Mountain, Richfield Springs,
and Berne quadrangles, in Hamilton, Herkimer, Otsego, Scho-
harie, and Albany counties. All of these parties commenced
field work about the middie of April and disbanded in the
months of October and November. The map work in New
York was on a scale of 1:62500, with a contour interval of
20 feet, and embraced an area of finished topography aggre-
gating 3,308 square miles. In conneetion with the above
2,278 miles of primary levels were run and 152 permanent
bench marks were established.

During the months of April and May Mr. E. L. McNair ran
a line of precise levels between the United States Engineers
bench mark at Schenectady, via Saratoga, to the United States
Geological Survey bench mark at North Creek. The route of
these levels was over the line of the Delaware and Hudson
River Railroad. In all 81 miles of double-rodded levels were
run and 12 permanent bench marks were established.

Pennsylvania.—Work was prosecuted under the cooperative
topographic agreement entered into between the State survey
commissioners of Pennsylvania and the Director of the United
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States Greological Survey, whereby the State appropriated
$17,000 for the work, and the Director of the Survey allotted
a like amount. There were maintained on such work during
portions of the season six parties. Mr. Frank Sutton, topog-
rapher, was placed in general charge of a group of three parties,
headed by himself and Messrs. R. D. Cummin and A. C. Rob-
erts, topographers. During the season these parties completed
the mapping of four quadrangles—the Erie, Girard, Uniontown,
and Masontown, in Erie, Crawford, Fayette, and Greene counties.
In addition, they completed the control and a portion of the
mapping of the Brownsville and Connellsville quadrangles, in
Fayette, Washington, and Westmoreland counties. During the
months of July, August, September, and October Mr. J. H.
Jennings, topographer, assisted by Messrs. J. H. Wheat and
J. W.Thom, topographers, and by Mr. A. H. Bumstead, assistant
topographer, completed the mapping of the Elkland and Gaines
quadrangles and the control of the Tioga and a portion of the
Antrim and Mercersburg quadrangles, in Tioga County. Mr.
Sutton’s parties commenced field work early in April and were
disbanded early in November. The area surveyed in Penn-
sylvania was mapped to a scale of 1:62500, with a contour
interval of 20 feet, and aggregated 1,257 square miles of
finished topography. In connection with this 526 linear miles
of spirit levels were run and 53 permanent bench marks were
established.

During the months of May, June, and July Mr E. L.
McNair, and during the months of September and November
Mr. C. H. Semper, ran lines of precise levels as follows: From
a bench mark of the United States Coast and Geodetic Survey
transcontinental levels at Grafton, West Virginia, via Union-
town and Brownsville, Pennsylvania, to Pittsburg; also from
a bench mark of the precise levels of the Geological Survey at
Redhouse, near Salamanca, New York, via Warren, Oil City,
and Franklin, Pennsylvania, to Pittsburg; also from a bench
mark of the United States Engineers at Erie, Pennsylvania, via
Meadville, to Franklin; also from a bench mark on the line of
precise levels of the Greological Survey near Elmira, New York,
over the Northern Central Railway, to Williamsport. At Pitts-
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burg connection was made with the bench marks of the precise
levels of the Pennsylvania Railroad, thus giving practically
four independent checks on the elevation of the Pittsburg
datum, all of which agreed within a remarkably small limit of
error. At Williamsport connection was made with the precise
levels of the Pennsylvania Railroad and the difference of eleva-
tion found was transferred to the bench mark of the Pennsyl-
vania Railroad precise levels at Harrisburg and connection
made between this and the bench mark of the United States
Coast and Geodetic Survey precise levels, thus determining the
elevation of the Harrisburg datum by four separate routes of
levels, two of these being by different lines of the Coast Survey.
All of the precise leveling executed by the Gteological Survey
comprised the running of 533 miles of duplicate-rodded lines
and the establishment of 96 permanent bench marks. The
details of the closures of the work of the Geological Survey on
the lines of precise levels of the other organizations named are
published in the Appendix to this report.
Maryland—Pennsylvanio—West Virginia.—Work was prose-
cuted under the cooperative agreement entered into between
the State geologist of Maryland and the Director of the United
States Greological Survey, whereby $5,000 was appropriated
by the State and a like sum was allotted by the Director of the
Survey. There were maintained on such work during the
season two parties. The portions of Pennsylvania and West
Virginia surveyed in connection with the filling out of quad-
rangular areas were mapped exclusively at the expense of the
Federal Government. Mr. W. Carvel Hall was placed in gen-
eral charge, with Mr. W. N. Morrill, assistant topographer, as
aid. Field work was .commenced about the middle of April
and the parties were disbanded in November. During the
season these parties completed the mapping of five quad-
rangles—the Oakland, which work, with that in the adjoining
portion of Grarrett County, Maryland, was a resurvey of the
area of the existing 2-mile Piedmont sheet; the Cecilton
and Betterton quadrangles, in Harford, Cecil, and Kent coun-
ties, which work was a resurvey of portions of the area of the
existing 2-mile Tolchester and Dover sheets, and the Hancock
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and Havre de Grace quadrangles, in Washington, Harford, and
Cecil counties, Maryland, and Chester, Lancaster, Franklin,
and Fulton counties, Pennsylvania, and Morgan County,
West Virginia. In addition, Chestertown, a portion of Tol-
chester quadrangle, was partially resurveyed and the control
for Belair was completed. Finally, spirit levels were run, in
addition to those for the above quadrangles, over portions of
Talbot, Caroline, and Queen Anne counties for the control
of future mapping. All of the above work was on the scale of
1:62500, with a contour interval of 20 feet, and embraced an
area within the three States of 1,469 square miles of completed
topography. The spirit leveling aggregated 555 linear miles,
in the course of which there were established 42 permanent
bench marks. :

Maine.—Work was prosecuted under the cooperative topo-
graphic agreement between the topographic survey commis-
sioners of the State of Maine and the Director of the United
States Geological Survey, whereby the State appropriated
$2,500 for the seasons of 1899 and 1900 and the Director ot
the Survey allotted a like amount. There was maintained on
such work during the season, from May 1 to October, one
party, under charge of Mr. E. B. Clark, topographer. This
party completed the survey of the Bucksport and Orland quad-
rangles, in Penobscot, Waldo, and Hancock counties. The
scale of work was 1:62500, with a contour interval of 20 feet,
and the area mapped was 426 square miles, in connection with
which 307 miles of primary levels were run and 12 permanent
bench marks were established.

Ohio.—Mr. Hersey Munroe, topographer, was in charge of a
party engaged in mapping two quadrangles in ‘the vicinity of
Columbus from the 1st of May until the middle of August,
when he was transferred to Tennessee. He completed the
mapping of two quadrangles in Franklin, Pickaway, and Fair-
field counties, on a scale of 1:62500, with a contour interval of
20 feet. The area mapped was 462 square miles, in connection
with which 312 miles of primary levels were run and 22 per-
manent bench marks were established.

West Virginia.—During a portion of the month of July
and in August and October Mr W. N. Mornll completed, under -
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the general supervision of Mr. Frank Sutton, the control of the
Morgantown quadrangle, in Monongalia County, on a scale.
of 1:62500. In connection with this 41 miles of spirit levels
were run and 4 permanent bench marks were established.

Mr. Albert Pike, topographer, was in charge of a party
engaged in completing the resurvey of the Nicholas quad-
rangle, in Nicholas and Greenbrier counties. Field work was
commenced early in May and was continued until .about the
middle of August, when the survey of this quadrangle was
completed and the party was transferred to Tennessee. There
was mapped, on the scale of 1:125000, with a contour interval
of 100 feet, an area of 400 square miles, in connection with
which 34 miles of spirit levels were run and 14 permanent
bench marks were established. A

North Carolina.—Mr. W. L. Miller, topographer, was in
charge of a party engaged in completing the resurvey of the
Asheville quadrangle, in Madison and Haywood counties,
North Carolina, and Cocke County, Tennessee, and of a por-
tion of the Morganton quadrangle, in Burke and Caldwell
counties, from the middle of April until the 1st of September,
when he was transferred to field work in Alabama and Georgia.
He completed the mapping, on a scale of 1:125000, with a
contour interval of 100 feet, of 848 square miles, in connection
with which 92 miles of spirit levels were run and 9 permanent
bench marks were established.

Mr. Glenn S. Smith, topographer, was in charge, under the
general supervision of Mr. Miller, of a resurvey of a portion of
the Mount Mitchell quadrangle, in McDowell and Yancey
counties. Field work was commenced about the middle of
April and was discontinued about September 1, when the
party was transferred to Georgia and Alabama. There was
completed, on the scale of 1:125000, with a contour interval
of 100 feet, an area of 350 square miles, in connection with
which 90 miles of levels were run and 11 permanent bench
marks were established.

Tennessee—Messrs. Hersey Munroe and Albert Pike were
in charge of parties engaged in mapping, respectively, the
north and south halves of the Columbia quadrangle, in Hick-
man, Williamson, and Maury counties. The former was trans-
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ferred about the middle of August from field work in Ohio, and
the latter at the same time from field work in West Virginia.
A month later Mr. N. G. Van Doren was transferred from
New York to aid in this work. By December these parties
had completed the mapping, on a scale of 1:125000, with a
contour interval of 50 feet, of 750 square miles, in connection
with which 311 miles of spirit levels were run and 33 perma-
nent bench marks were established.

During the period from August to November, inclusive, Mr.
W. W. Gilbert, under the supervision of Mr. Munroe, ran a line
of precise levels from the bench mark established on the pre-
cise-level line of this Survey at Cleveland, Tennessee, via the -
Southern Railway to Chattanooga, and the Nashville, Chatta-
nooga and St. Louis Railroad, via Decherd and Columbia, to
Nashville In all, 215 linear miles of duplicate-rodded levels
were run and 35 permanent bench marks were established.

Georgia-Alabama.—The topographic mapping of the Wedo-
wee quadrangle, in Randolph and Chambers counties, Alabama,
and Heard and Troup counties, Georgia, was prosecuted under
a partial cooperative agreement with the State geologist of
Alabama, whereby he allotted $1,000 to field work in his
State and the Director of the United States Geological Survey
allotted the remainder required for the survey planned. Mr.
W. L. Miller was placed in charge of one party and Mr. Glenn
S. Smith of another, the former to map the northern half and
the latter the southern half of the Wedowee quadrangle. These
topographers were transferred about September 1 from field
work in North Carolina. By December they had completed
the survey of 997 square miles, on a scale of 1:125000, with
a contour interval of 50 feet, in connection with which 174
miles of spirit levels were run and 22 permanent bench marks
were established.

CENTRAL SECTION.

Eleven topographic parties were maintained during the sea-
son in the States of Wisconsin, Minnesota, Iowa, Nebraska,
Illinois, Ohioand Michigan, Indiana, Missouri, and Arkansas, one
party working in Arkansas throughout the winter. The whole
of fifteen complete quadrangles and portions of four others
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were surveyed, also an irregular area of 177 square miles in the
Mesabi Range of Minnesota, and 33 square miles it the vicinity
of Tower and Ely in the same State. In addition to the regular
topographic work the culture in the districts in the vicinity of
Chicago, Illinois, and Milwaukee, Wisconsin, was revised, as
well as parts of various other quadrangles in Nebraska and
Wisconsin, the total area of revision being 2,015 square miles.
The total area surveyed was 10,639 square miles, of which
3,570 were on the scale of 1:62500, 7,069 on the scale of
-1:125000, and 28 on the special scale of 1:15840. Levels
- were run over 2,602 linear miles, resulting in the establish-
ment of 306 permanent bench marks.

Wisconsin—Field work was commenced in this State on
June 1 by Mr. W. H. Griffin, topographer, assisted by M.
Basil Duke, topographer, and was continued until the end of
July, when the Dells quadrangle was completed and the party
was transferred to Minnesota. The area surveyed includes
parts of Sauk, Juneau, Adams, and-Columbia counties and
~comprises 216 square miles, on the scale of 1:62500, with a
contour interval of 20 feet. In connection with this work 130
miles of levels were run and 11 permanent bench marks were
established.

Mr. R. C. McKinney, topographer, commenced work about
June 10 and was engaged in Wisconsin until August 30, at
which time he was transferred to Indiana. During this time
he mapped the Poynette 15-minute quadrangle, area 217
square miles, and revised the Portage 15-minute quadrangle,
area 216 square miles. This work was on the scale of 1:62500,
with a contour interval of 20 feet, and is embraced in the
counties of Marquette, Columbia, and Dane. TIh connection
with the above 150 miles of levels were run and 15 permanent
bench marks were established.

Upon the completion of revision work in Illinois, referred to
elsewhere, Mr. Nat Tyler, jr., topographer, was ordered to Mil-
waukee for the purpose of revising the Milwaukee, Waukesha,
Bay View, and Muskego quadrangles, and was engaged on this
work until October 10, when he was ordered to Washington
for office diuty. This work was on the scale of 1:62500, with a
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contour interval of 20 feet, and covered portions of Milwaukee,
Waukesha, and Racine counties. The area revised comprised
720 square miles.

Mr. Robert Muldrow, topographer, was engaged in Wiscon-
sin from May 15 to November 1, during which time he mapped
the Marathon and Wausau special quadrangles, in Marathon,
Lincoln, and Langdale counties. The area mapped was 1,368
square miles, on the scale of 1:125000, with a contour inter-
val of 20 feet, in connection with which 324 miles of levels
were run and 20 permanent bench marks were established.

Minnesota.—On the completion of the work in Wisconsin,
Mr. Griffin and his assistant, Mr. Duke, commenced opera-
tions in the White Bear and Anoka quadrangles, included in
portions of Washington, Ramsey, Hennepin, and Anoka coun-
ties. This work was on the scale of 1:62500, with a contour
interval of 20 feet, and comprised an area of 422 square miles,
in connection with which 170 miles of levels were run and 17
permanent bench marks were established.

On June 1 Mr. E. C. Bebb, topographer, commenced special
work in the mining districts of St. Louis County, Minnesota.
He was engaged in the Tower district through June and a
portion of July, surveying 20 square miles on the scale of
1:15840, with a contour interval of 10 feet, in connection
with which 21 miles of levels were run.

On July 7 Mr. Bebb commenced work in the Ely mining
district, which occupied him until the latter part of July. The
scale of this work was 1:15840, with a contour interval of 10
feet, and comprised an area of 8 square miles, in connection
with which 18 miles of levels were run.

A separate area of about 5 square miles near Tower was
also surveyed, on the scale of 1:62500, with a contour inter-
val of 20 feet. )

On July 26 Mr. Bebb’s party was transferred to the Mesabi
Range, where work was continued until the close of the season,
October 27, when Mr. Bebb was ordered to Washington for
office duty. The area surveyed in the Mesabi Range was a
narrow irregular strip along the iron-bearing formations of the
range, extending from Biwabik on the east to a point 6 miles
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west of Hibbing, and comprising 177 square miles. The work
was on the scale of 1: 62500, with a contour interval of 20 feet,
in connection with which 106 miles of levels were run.

Towa.—Field work was commenced in this State by a party
in charge of Mr. M. Hackett, topographer, on May 20, and was
continued until December 7, during which time the West Union
quadrangle and the northeast quarter of the Marion quadrangle,
with some adjacent territory in the northwest quarter of the
Marion quadrangle, were surveyed, covering portions of Dela-
ware, Buchanan, Fayette, and Clayton counties. This work
embraced an area of 1,190 square miles, and was on the scale
of 1:125000, with a contour interval of 20 feet, and in connec-
tion with it 314 miles of levels were run and 24 permanent
bench marks were established. ‘

Nebraska—Tield work was commenced in this State June 1
by a party in charge of Mr. C. W. Goodlove, topographer, and
was continued until November 15. The area surveyed was
included in the North Platte and Gothenburg quadrangles, in
Lincoln, McPherson, Logan, Dawson, and Frontier counties. Of
the work in the North Platte quadrangle, 449 square miles
was new and 449 square miles was revision. In the Gothen-
burg quadrangle 679 miles were surveyed, the remaining por-
tion—the northeast quarter—having been mapped by Mr.
Peters in 1894. This work was on the scale of 1:125000, with
a contour interval of 20 feet, and in connection therewith 248
miles of levels were run and 97 permanent bench marks were
established. '

Illinois—Mr. Nat. Tyler, jr., topographer, took the field on
April 17 for the purpose of revising the Chicago, Calumet,
Desplaines, and Riverside quadrangles, and continued on this
work until July 1, when he was transferred to Wisconsin. The
work was on the scale of 1:62500, with contour intervals of 5
and 10 feet, and covered portions of Cook, Dupage, and Will
counties. The area surveyed comprised 630 square miles.

From December 8 to 19 Mr. E. C. Bebb was engaged in
revising parts of the Danville (Illinois) quadrangle.

Ohio-Michigan.—Field work was commenced in this district
early in July by a party in charge of Mr. Charles E. Cooke,
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topographer, and continued until November 20, during which
time the Toledo, Maumee Bay, and Oak Harbor quadrangles,
comprising the city of Toledo and vicinity, in Lucas, Wood, and
" Ottawa counties, Ohio, and Monroe County, Michigan, were
surveyed. The area mapped was 500 square miles, on the
scale of 1:62500, with a contour interval of 20 feet. In connec-
tion with this work 168 miles of levels were run and 20 perma-
nent bench marks were established.

Indiana.—On the completion of the work in Wisconsin, Mr.
R. C. McKinney was transferred to Indiana, on September 1,
and continued in this section until November 8, during which
time he completed the mapping of the Boonville and Peters-
burg quadrangles, in portions of Vanderburg, Gibson, War-
rick, and Pike counties. This work comprised an area of 467
square miles, on the scale of 1:62500, with a contour interval
of 20 feet, in connection with which 138 miles of levels were
run and 16 permanent bench marks were established.

Missouri—Field work was commenced in this State on
July 1 by Mr. Paul Holman, topographer, and was continued
until November 26, when the Union quadrangle was completed
and Mr. Holman returned to the Washington office. This
quadrangle lies in parts of Franklin, Gasconade, Crawford, and
Washington counties and comprises an area of 938 square
miles. The scale of the work was 1:125000, with a contour
interval of 50 feet, in connection with which 291 miles of levels
were run and 24 permanent bench marks were established.

Arkansas—Field work was commenced in this State by a
party in charge of Mr. H. B. Blair, topographer, with Mr. Dun-
can Hannegan, topographer, as assistant, on July 1, and was
continued until November 1, when Mr. Blair returned to the
Washington office. During this time the Fayetteville and a
portion of the Siloam Springs quadrangles were surveyed, cov-
ering an area of 1,140 square miles, in Washington and Ben-
ton counties. This work was done on the scale of 1:125000,
with a contour interval of 50 feet, and in connection with it
227 miles of levels were run and 28 permanent bench marks
were established.

On the completion of the above work Mr. Duncan Hannegan,



TOPOGRAPHIC WORK IN ROCKY MOUNTAIN SECTION. 133

on November 20, commenced the survey of the Prescott quad-
rangle, which was completed on March 15, 1900. This
quadrangle lies in portions of Pike, Clark, Hempstead, Nevada,
and Ouachita counties and covers an area of 856 square miles.
The work was done on the scale of 1:125000, with a contour
interval of 50 feet, and in connection with it 297 miles of levels
were run and 34 permanent bench marks were established.

ROCKY MOUNTAIN SECTION.

Topographic work was carried on by one party in Montana,
one in Wyoming, one in South Dakota, and one in Colorado.
After the close of the season in the more northerly areas three
parties were organized for work in Colorado, Arizona, and
Texas; some work was also completed in Texas in the first
part of the field season. The total area surveyed was 4,554
square miles, of which 4,384 was on the scale of 1:125000,
115 on th scale of 1:62500, and 55 on the scale of 1:31250.
Levels to the extent of 1,568 miles were run and 387 perma-
nent bench marks were established.

Montana- Wyoming.—Between June 1 and November 23
Mr. R. H. Chapman, topographer, completed the necessary
triangulation and made topographic surveys on the scale of
1:31250, with 50-foot contours, of 45 square miles in the
vicinity of Marysville, Lewis and Clarke County, and of 10
square miles at Elkhorn, Jefferson County, Montana. In con-
nection with this work 170 miles of levels were run and 34
bench marks were established. Mr. Chapman also made a
detailed survey of the hot-spring area at The Thumb Yel-
lowstone National Park.

Wyoming.—Mr. W. H. Herron, topographer, between June
18 and November 11 surveyed 860 square miles of the New-
castle quadrangle, in Weston County, thereby completing the
same. The work was on the scale of 1:125000, with a con-
tour interval of 100 feet. The leveling for this area was done:
by Mr. John T. Stewart, who ran 160 miles and established 44
permanent bench marks.

South Dakota.—Mr. A. F. Dunnington, topographer, with the
assistance of Mr. Pearson Chapman, assistant topographer,
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completed the resurvey of the Hermosa quadrangle, in Custer
and Pennington counties, which includes a portion of the Black
‘Hills Forest Reserve. This work was on the scale of 1:125000,
with a contour interval of 100 feet. A reconnaissance survey
was also extended over the northern third of the Edgemont
quadrangle, in Fall River County, between November 6 and
15, by Mr. R. H. Chapman, topographer, and Mr. Pearson
Chapman, assistant topographer. The total area mapped was
690 square miles, in connection with which 205 miles of levels
were run and 56 permanent bench marks were established.

Colorado.—Early in June Messrs. W. M. Beaman and W. J.
Lloyd, topographers, commenced the survey of the Greeley
quadrangle, in Weld and Arapahoe counties, on the scale of
1:125000, with a contour interval of 20 feet. During mid-
summer, while work in the high mountains was practicable,
Mr. Beaman surveyed 90 square miles, on the scale of 1.62500
and with a contour interval of 100 feet, of the Needle Moun-
tains quadrangle, San Juan County, and returned to the Greeley
work in the fall. Mr. Arthur Stiles, topographer, having com-
pleted work assigned him elsewhere, assisted with the Greeley
survey after October 22. The total output for the season in
Colorado on the scale of 1:125000 was 794 square miles, sur-
veyed as follows: 470 square miles by Mr. Lloyd, 200 square
miles by Mr. Beaman, and 124 square miles by Mr. Stiles, in
connection with which 187 miles of levels were run and 57
permanent bench marks were established.

Arizona.—At the close of the period covered by the last
annual report leveling had just been commenced by Mr. Thomas
Winsor for the Tempe and Florence quadrangles, in the vicinity
of Pheenix and Florence, in Maricopa and Pinal counties.
This was discontinued early in July and resumed in October.
Prior to May 1 the leveling had been completed for the quad-
rangles named, and also for the Globe and Pinal Mountain
quadrangles, in Gila and Pinal counties. This leveling con-
sisted of 559 miles, and 141 permanent bench marks were
established.

On November 16 Mr. T. M. Bannon, topographer, organized
a party for the topographic survey of the Florence quadrangle,
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on the scale of 1:125000, with a contour interval of 100 feet,
and Mr. W. J. Lloyd, topographer, was detailed after January
5 to assist in the work. The area was completed early in
April, after which Mr. Lloyd commenced the survey of the
Globe quadrangle, on the scale of 1:62500, with a contour
interval of 50 feet, and Mr. Bannon undertook to extend trian-
gulation eastward, to afford additional control for the Pinal
Mountain quadrangle. Prior to the 1st of May 940 square
miles were surveyved, 915 being on the scale of 1:125000, and

25 on the scale of 1:62500. y :

Texas.—At the close of the last report work was in progress
on the resurvey of the Bastrop quadrangle, in Bastrop, Travis,
and Williamson counties. Mr. G. E. Hyde, topographer,
assisted by Mr. Arthur Stiles, topographer, completed the
resurvey, on the scale of 1:125000, with a contour interval of
25 feet, of 620 miles of this quadrangle between May 1 and
June 20.

On November 12 Mr. J. F. McBeth, field assistant, took up
the resurvey of the Llano quadrangle, in Llano and Mason
counties, and prior to May 10 mapped an area of 390 square
miles, on the scale of 1:125000, with a contour interval of 25
feet, thereby completing the same.

- On March 16 Mr. W. M. Beaman, topographer, outfitted a party

at Austin for the resurvey of the Burnet quadrangle, in Burnet,
Llano, and Travis counties. Mr. Arthur Stiles, topographer,
commenced work on the same quadrangle on March 22. An
area of 115 square miles was mapped before May 1, on the
scale of 1:125000, with a contour interval of 25 feet.

On December 16 Mr. E. W. Glafcke, levelman, outfitted a
party for work on the Montague and Gainesville quadrangles,
in Montague and Cook counties. By the 28th of February
146 miles of line had been run and 36 permanent bench
marks had been established for the Texas portion of these
sheets. On March 1 work was commenced on the Paris and
.Bonham quadrangles, in Grayson, Fannin, and Lamar counties.
Prior to the 1st of May 141 miles of line were run and 19 per-
manent bench marks were established for these quadrangles.
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PACIFIC SECTION.

Topographic work was done in Idaho, Montana, Oregon,
Utah, and California. The area surveyed amounted to 2,936
square miles, of which 2,842 square miles were on the scale of
1:125000, 70 square miles on the scale of 1:63360, and 24
square miles on the scale of 1:20000. In connection with the
above 1,204 miles of levels were run and 234 permanent bench
marks were established.

Idaho.—Mr. Van H. Manning, topographer, was detailed for
the survey of the Coeur d’Alene quadrangle, and left Washing-
ton for the field on May 8. Field work was commenced on
May 15 and continued until November 1, when the party was
disbanded on account of adverse weather conditions. From
November 4 to 9, inclusive, Mr. Manning was engaged in cer-
tain revision work in the Spokane quadrangle, on the comple-
tion of which he was directed to proceed to Washington for
‘office duty. Mr. D. C. Harrison, topographer, assisted for a
few days just prior to the close of the season on the Cceur
d’Alene quadrangle, mapping an area of 20 square miles. The
combined work of Messrs. Manning and Harrison amounted to
721 square miles, on.the scale of 1:125000, with a contour
interval of 100 feet, in connection with which 192 miles of
levels were run and 27 permanent bench marks were estab-
lished. The area surveyed was wholly in Kootenai County.

Idaho- Montana.—In connection with the survey of the Idaho-
Montana boundary line an area adjacent to the line, comprising
about 70 square miles, was mapped on the scale of 1:63360,
with a contour interval of 100 feet. The work was done by
Mr. D. L. Reaburn.

Oregon.—Mr. R. H. McKee, topographer, left Washington
May 1 with instructions to resume field work in the Baker City
quadrangle. The party was organized at Baker City and
active field work commenced on May 20. *I'’he mapping of the
quadrangle was completed about the end of July, when work
was commenced on the Sumpter quadrangle, which is immedi-
ately west of the Baker City quadrangle. This work was con-
tinued until September 22, when Mr. McKee was ordered to
field duty in Utah. Mur.J. E. Rockhold, assistant topographer,
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was with the party throughout the season and continued work
after Mr. McKee had left, until November 15, when he was
ordered to report for office duty in Washington. The results
of the work by Mr. McKee’s party were 433 square miles
mapped on the scale of 1:125000, with a contour interval of
100 feet; 94 miles of levels run, and 9 permanent bench marks
established. The area mapped is included in Baker and Grant
counties. ‘ :

Leveling along the line of the Oregon Railway and Naviga-
tion Company was continued by Mr. H. S. Crowe, levelman.
The line was run with duplicate rods and was extended to
Snake River, near Huntington. A line of levels was also car-
ried with duplicate rods from Umatilla, a station of the line
above referred to, to Pasco, a station on the Northern Pacific
Railway, in order to connect with a line carried through the
- latter point the previous season. M. Crowe was engaged in
the work above referred to from June 1 to October 15, during
which time 304 miles of levels were run and 51 permanent
bench marks were established.

Utah.—Detailed topographic work was commenced in the
area of the Bingham Special sheet on September 29 by Mr.
R. H. McKee, topographer, who remained in that vicinity until
October 28, when he was compelled to leave the field on
accountof illness. Mr. W. J. Peters, topographer, on his return
from Alaska, before the departure of Mr. McKee, assumed
charge of the work on October 19. The party was further -
increased by Mr. Jeremiah Ahern, topographer, who reported
on November 4, and by Mr. E. T. Perkins, jr., topographer,
who reported on January 5. The survey was completed on
February 21, the area mapped being 24 square miles in Salt
Lake County, on the scale of 1:20000, with a contour inter-
val of 50 feet. In connection with this work 15 miles of spirit
levels were run-and one permanent bench mark was established.

California.—Topographic work was done in three localities—
in the vicinity of Napa, north of Santa Cruz, and in southern
California. All of this work was surveyed for publication on
the scale of 1:125000, to fill out 30-minute quadrangles, por-
tions of which had been previously mapped on the scale of
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1:62500. Thus the Napa quadrangle is made up of the Kar-
quines quadrangle, comprising the southeast quarter, and the
work of the present year; the Santa Cruz quadrangle is made
up of the Palo Alto quadrangle, comprising the northeast
quarter, and the work of the present year; and the Corona
quadrangle is made up of the Santa Ana and Anaheim quad-
rangles, constituting the western half, and the work of the
present year. ' ‘

Mr. L. C. Fletcher, topographer, was detailed for the survey
of the Napa quadrangle and left Washington for the field about
the middle of April. He was not supplied with a camp outfit,
as it was considered more economical for his party to subsist
upon the country and hire the necessary transportation, espe-
cially as the season in California was to be divided into two
parts. Field operations were commenced on April 23 and
continued until June 13, when Mr. Fletcher proceeded to the
State of Washington for work in the Cascade Mountains in
connection with the forest reserves. Work was resumed in
California on September 26 and the area assigned was com-
pleted on November 19. This area, embracing portions of
Napa, Sonoma, and Solano counties, was 615 square miles in
extent and was surveyed on the scale of 1:125000, with a con-
tour interval of 100 feet. In connection with the above 383
miles of levels were run and 104 permanent bench marks were
established. The leveling done included the necessary work
for the Santa Rosa quadrangle, which is immediately west of
the Napa quadrangle.

Mr. E. C. Barnard, topographer, was assigned to the survey
of the Santa Cruz quadrangle. Leaving Washington about
the middle of April, he commenced field work on April 24.
The party subsisted upon the country, the necessary horses
and vehicles being hired. Mr. Barnard continued in this
locality until June 12, when he proceeded to the State of
Washington for topographic work in connection with surveys
of the forest reserves. He was relieved by Mr. A. B. Searle,
topographer, who assumed charge of the party and continued
the work until October 22, when the quadrangle was completed.
An area of 492 square miles in Santa Cruz and San Mateo
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counties was mapped on the scale of 1:125000, with a contour
interval of 100 feet. In connection with the above 106 miles
of levels were run and 18 permanent bench marks were
established.

Mr. R. B. Marshall, topographer, on the completion of his
work in the Sierra in connection with the survey of the forest
reserves, was assigned to duty in southern California. He com-
menced the mapping of the Corona quadrangle on September
11 and continued until October 8, when he was ordered to
proceed to Washington and report for office duty. Mr. Bar-
nard was assigned to succeed Mr. Marshall and commenced
work on October 19. Mr. Searle was also assigned to assist
on the Corona quadrangle and reported to Mr. Barnard on
October 27. The two topographers worked with independent
parties and remained in the field until about December 15,
when the mapping of the quadrangle was completed. The
parties were then disbanded, except that two traversemen con-
tinued work, revising the culture on the Santa Ana and Ana-
heim quadrangles, which are a part of the Corona quadrangle.
The area mapped in this locality was 581 square miles, in
Orange, Riverside, San Bernardino, and San Diego counties,
the scale being 1:125000 and the contour interval 100 feet.
Of levels 110 miles were run, and 24 permanent bench marks
were established, 4 of the latter being by vertical angulation.
On the completion of the work in southern California Messrs.
Barnard and Searle were ordered to Washington for office
duty.

FOREST RESERVES.

The organization continued as heretofore, certain reserves
being assigned to the Rocky Mountain topographic section,
under Mr. E. M. Douglas, geographer, and the remaining
reserves being assigned to the Pacific section, under Mr. Rich-
ard U. Goode, geographer.

ROCKY MOUNTAIN SECTION.

The topographic survey was completed for the Black Hills,
Bighorn, and Teton reserves, work was commenced in the
Uinta Reserve, and the marking of the boundary line was
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nearly completed for the Black Hills Reserve. The summary
of the work for the section is as follows: Square miles mapped,
4,055; miles of levels run, 655; bench marks established, 140,
miles of boundary line marked, 217.

Black Hills Reserve ((South Dakota—Wyoming ).—At the close
of the last report there remained but 95 square miles of this
reserve unsurveyed, being a portion of the Sundance quadran-
gle, in Crook and Weston counties. This area was completed
by Mr. W. H. Herron, topographer, on the scale of 1:125000,
with a contour interval of 100 feet.

Bighorn Reserve ( Wyoming ).—Mr. Frank Tweedy, topogra-
pher, between June 26 and November 13 completed the resurvey
of the Dayton quadrangle, in Bighorn, Johnson, and Sheridan
counties, lying partly within and partly without this reserve.

Mr. F. E. Matthes, between July 6 and November 12, com-
pleted the Cloud Peak quadrancrle, in Johnson and Bighorn
counties, and made a reconnaissance survey of about 40 square
miles of the reserve east of the same.

The necessary leveling for these quadrangles, as well as that
for the Fort McKinney quadrangle, in Johnson County, was
completed by Mr. E. W. Glafcke, levelman. The total area
surveyed was 1,330 square miles, on the scale of 1:125000,
with a contour interval of 100 feet, in connection with which
210 miles of levels were run and 46 bench marks were estab-
lished.

Teton Reserve ( Wyoming ).—Mr. T. M. Bannon, topographer,
with outfit from Sheridan, and Mr. G. E. Hyde, topographer,
with additional camp material from Idaho Falls, Idaho, met
early in June at Jacksons Hole, and, after transferring certain
portions of the outfit from one party to the other, proceeded
with the topographic survey of this reserve. Mr. Arthur Stiles,
topographer, assisted in the work after August 10. The Ban-
non party was disbanded on October 27 and the Hyde party
on November 2. The leveling for these parties was done by Mr.
Goyne Drummond, who completed his work on December 20.
During the season he connected the Teton Reserve elevations
with the Oregon Short Line elevations at St. Anthony, Idaho.
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The total area surveyed, all of which was included in Uinta
County, was 1,870 square miles, on the scale of 1:125000,
with a contour interval of 100 feet, in connection with which
268 miles of levels were run and 56 bench marks were estab-
lished. This completed the survey of the entire reserve and
also of the adjoining area on the south.

Uinta Reserve (Utah)—The survey of the Coalville quad-
rangle, in Summit County, was commenced by Mr. H. L. Bald-
win, jr., topographer, on June 14, and by Mr. Jeremiah Ahern,
topographer, on July 24. The serious illness of Mr. Baldwin
in July delayed work, and a heavy fall of snow in October
prevented the completion of the survey. The elevations for
this area were determined by Mr. L. C. Woodbury, levelman,
who commenced work at Salt Lake City on July 12. The
total output was 760 square miles, surveyed on the scale of
1:125000, with a contour interval of 100 feet, in connection
with which 177 miles of levels were run and 38 bench marks
were established.

Boundaries of reserves—The Geological Survey was relieved
by law, approved March 3, 1899, from the subdivision of lands
within or adjacent to forest reserves, but the surveying and
marking of the boundaries of the same remained within its
jurisdiction. It was decided that it would be inexpedient to
undertake the marking of the boundary of any reserve until
the reserve had been completely examined and mapped, as
changes might result when all the facts were known.

The Black Hills Forest Reserve, in South Dakota and
Wyoming, having been entirely mapped, the marking of the
boundary was commenced on July 1, by Mr. W. H. Thorn,
United States surveyor. During the field season he surveyed
and marked 217 miles of line. Inability to find any trace of
former land surveys in the vicinity of the remaining 23 miles
of boundary made it necessary to refer the matter to the Com-
missioner of the General Land Office for instructions as to the
proper procedure in establishing missing corners. Previous to
July 1 Mr. Thorn completed the subdivisional work for two
fractional townships.
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The posts adopted for the Black Hills Forest Reserve bound-
aries are similar in size and design to the regular bench-mark
posts of the Survey, but they
have a special brass cap, as illu-
trated herewith (fig. 1).

The beveled edge in each of
@@@Egﬁ RESE@[V@ the quadrants was marked so as

to indicate the position of the

BLACKrHILLS T post with reference to the public-
Q@N@ ARY @(@%ﬁ . land survey corners and to the
. reserve. The posts are hollow,

3% inches in outside diameter,

| 4% feet in length, and are set 30
. inches deep in the ground in a
|
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bed of Portland-cement con-
crete, the interior being filled
with cement mortar.
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16. 1.—Brass cap of posts used to  Topographic work was prose-
mgrk the boundary line of the Black cuted in or adjacent to the fol-
Hills Forest Reserve. . . .
lowing reserves: Priest River,
Washington, Mount Rainier, Sierra, San Bernardino, and San
Gabriel. The total area mapped was 4,258 square miles, of
which 3,870 square miles were on the scale of 1:125000 and
388 square miles were on the scale of 1:62500. In connec-
tion with the above 530 miles of levels were run and 99
permanent bench marks were established.

Priest River Reserve (Idaho).—Topographic work was con-
tinued on the Sand Point quadrangle by Mr. D. C. Harrison,
topographer, who left Washington on June 1 and commenced
field work on June 10. The field season continued until Novem-
ber 4, when the party was disbanded on account of prevailing
unfavorable weather, which made it impracticable to operate
in the mountains. An area of 397 square miles in Kootenai
County was surveyed, on the scale of 1:125000, with a con-
tour interval of 100 feet, thus completing the mapping of the

PACIFIC SECTION.

g



TOPOGRAPHIC WORK 1IN FOREST RESERVES. 143

Sand Point quadrangle. Certain work done by Mr. Harrison
in the Cceur d’Alene quadrangle has been referred to under the
head of topographic surveys (p. 136).

Washington Reserve (Washington).—Work was continued,
as during the preceding season, by three topographic parties,
one being engaged east and two west of the summit of the
Cascade Mountains. The result was the completion of three
_ quadrangles—the Methow, Stillaguamish, and Glacier Peak,
the last mentioned having been previously referred to as the

Sauk quadrangle. :
~ Mr. R. A. Farmer, topographer, commenced work on the
Methow quadrangle on June 15 and completed the area
assigned to him October 15. The area surveyed included 678
square miles, all of which was in Okonogan County, in con-
nection with which 192 miles of levels were run and 29 per-
manent bench marks were established, 5 of the latter being
by vertical angulation.

Mr. L. C. Fletcher, topographer, after the suspension of the
work upon which he was engaged in California, resumed topo-
graphic mapping on June 20 at the point at which he stopped
the previous season on the Stillaguamish quadrangle, and com-
pleted it September 19. The area surveyed was 300 square
miles, in Skagit County. .

Mr. E. C. Barnard, topographer, as soon as the weather con-
ditions were favorable for work on and about the summit of
the Cascade Mountains, proceeded from California to the State
of Washington. He took up the work on the Glacier Peak
quadrangle where it had been left by Mr. T. G. Gerdine,
topographer, the previous season, commencing on June 20,
and completed it on September 8, the area mapped being 215
square miles, in Skagit County. '

The scale of all the work above mentioned was 1:125000,
with a contour interval of 100 feet.

Upon the completion of his duties in the Washington
Reserve Mr. Fletcher returned to California, and Mr. Barnard
was directed to proceed to the Yakima Indian Reservation for
special duty.
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Mount Rainier Reserve (Washington).—Mr. A. E. Murlin,
topographer, was detailed for the survey of the Ellensburg
quadrangle. He left Washington May 10 and proceeded to
Ellensburg via Oakland, Oregon. From the latter point he
shipped to Ellensburg the animals and camp outfit used by
him the previous season. Field work was begun on May 25,
and the survey of the quadrangle was completed on October
28. The area mapped was 820 square miles, including por-
tions of Yakima and Kittitas counties, on the scale of 1:125000,
with a contour interval of 100 feet. Levels to the extent of
177 miles were run and 32 permanent bench marks were
established. In previous years 16 miles of levels had been
run and 5 permanent bench marks had been established in this
quadrangle. :

Reserves in California.—Mr. R. B. Marshall, topographer, left
Washington for the field on May 10, and, after a short leave of
absence, resumed field work in the Mount Lyell quadrangle,
embracing a portion of the Sierra Reserve, on May 25. He
was thus engaged until September 6, during which time he
mapped an area of 474 square miles, comprising portions of
Mono, Madera, and Mariposa counties, on the scale of 1:125000,
with a contour interval of 100 feet. During the preceding season
levels were carried and bench marks established over all the
accessible portion of the quadrangle, and this work was supple-
mented by the establishment of 9 additional bench marks by
vertical angulation. Upon the completion of the work above
referred to Mr. Marshall was directed to proceed to southern
California.

Mr. E. T. Perkins, jr., topographer, upon the completion of
the triangulation assigned to him in southern California, refer-
ence to which was made in the last annual report, commenced
topographic work on the San Gorgonio quadrangle on July
21 and completed the same on December 23. The area mapped
included 986 square miles, in San Bernardino and Riverside
counties, on the scale of 1:125000, with a contour interval of
100 feet. In connection with this work 97 miles of levels were
run and 21 permanent bench marks were established.

Mr. W. T. Turner, topographer, continued work in the San
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“Bernardino and San Gabriel timber-land reserves. On July 1
he commenced the resurvey of the portion of the Redlands
quadrangle which was not revised by Mr. Holman in 1898,
This revision was completed on September 26. The area sur-
veyed was 142 square miles, on the scale of 1:62500, with a
contour interval of 50 feet. Immediately afterwards work was
resumed in the San Antonio and Rock Springs quadrangles,
portions of which had been surveyed prior to July 1, and was
continued until November 25, when the party was disbanded
and Mr. Turner returned to Washington for office duty. An
area of 246 square miles, in Los Angeles and San Bernardino
counties, was surveyed, on the scale of 1:62500, with a contour
interval of 50 feet. In connection with the above, 64 miles of -
levels were run and 8 permanent bench marks were established.

ALASKAN SURVEYS.

FROM LYNN CANAL, VIA HEADWATERS OF WHITE AND TANANA RIVERS, TO EAGLE CITY.

The party organized to explore the region of the headwaters
of White, Tanana, and Copper rivers was under, the direc-
tion of Mr. W. J. Peters, topographer, with Mr. A. H. Brooks,
assistant geologist. In addition there were a field assistant
and three camp hands.

The expedition disembarked at Pyramid Harbor on May 10,
and until May 20 was engaged in preparing the pack train for
service, testing Instruments and determining their constants,
and advancing grain and hay along the trail. The interval
from May 25 to 28 was spent in moving from Pyramid Harbor
to Dalton Trail post, a distance of 40 miles. At the latter
point it was necessary for the party to wait for the snow to
melt sufficiently to permit crossing the spur-at Dalton Cache,
and for the appearance of grass for the subsistence of the pack
animals on the trail beyond Rainy Hollow. A start was made
on June 22 anc, crossing the divide, the party arrived at Tat-
shenshini River, opposite Northwest Mounted Police Camp, on
June 27, a distance of 60 miles.

On June 28 the Tatshenshini, which had a current of 8 to 10
miles an hour, and was at a high stage, was crossed. Some of
the horses were swept down to islands below the ford, but

21 ¢EOL, PT 1——10



146 REPORT OF THE DIRECTOR.

were finally rescued. Leaving the post June 30, several minor
divides were crossed, one camp being above timber line, and
Kaskawulsh River was reached July 12, the distance traveled
being about 60 miles. This river is a turbid stream about a
mile wide, having a current of about 8 miles an hour, and is
filled with numerous sand bars. On July 13 a boat was built’
and the river was crossed July 14. Traveling up a valley 1 to
2 miles wide, bearing northwesterly for a distance of about 30
miles, the head of this valley and the mouth of O’Connor
Glacier, at an elevation of 2,700 feet; were reached on July 17.
The waters of this glacier flow from this point into both North
Pacific Ocean and Bering Sea drainage.

A descent was now made for about 17 miles through a valley
1 to 2 miles wide, with steep walls, similar to that just ascended,
to Lake Kluane, which was reached on July 23. Lake Klu-
ane is about 45 miles long and from 4 to 8 miles wide: Con-
tinuing along the southwest shore, Lake Kluane was left July
27, and a valley 5 to 8 miles wide, bearing northwest, was
entered. Travel now became difficult on account of thick
layers of moss and marshy ground. At 35 miles from Lake
Kluane Donjek River was reached, on July 31.

The Donjek is a swift glacial stream a mile or two wide.
After crossing the river and ascending the old beds about 2
miles, a valley, bearing northwest, which was moss covered and
timbered, was entered and followed for a distance of 30 miles,
to Klutlan Glacier. Crossing the stream which issues from the
glacier, on August 7 the course was nearly due west, over roll-
ing hills just above timber line, to White River, a distance of
25 miles, where the party arrived August 12. No difficulty
was experienced in crossing White River, which is rather broad.
An ascent was now made to a pass 6,000 feet in eleva-
tion, and descending, Tanana Glacier was reached August 4,
the distance from White River being about 40 miles. From
the Tanana to Nabesna River, a distance of 40 miles, a pass
6,000 feet high was crossed, and, descending through a narrow
canyon, the Nabesna was forded August 22.

The course was now directly toward Chisana Mountain,
over rolling, moss-covered hills, through brush and under-
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wood, and the Lowe trail was reached September 1, after
about 50 miles of travel. This trail was followed a few miles
to Tanana River, which was crossed without difficulty in a
boat. Provisions now being low and the horses weak from
constant irritation from flies, poor food, and bad footing, it was
decided to abandon the plane-table traverse and push on to
Eagle City. Following the Lowe trail a day and a half, it
was found to bear too far to the east, so the course was
changed and Dennison Fork of Fortymile Creek, near the
mouth of Mosquito Fork, was reached on September 10.

On September 15 the party reached Eagle City, where the
horses and camyp equipage were sold at public auction.

Distances for the survey were determined by micrometer
measurements, while azimuths and orientation of plane table
depend principally on solar observations. About fifteen lati-
tude and twenty azimuth determinations were made, these
being approximately evenly distributed along the route. Mag-
netic variations were determined at every azimuth station.
Elevations depend on aneroid readings.

CHANDLAR AND KOYUKUK RIVERS.

The party detailed for the above-mentioned survey was under
the direction of Mr. F. C. Schrader, assistant geologist, with Mr.
T. G. Gerdine as topographer. In addition there were four
assistants rated as camp hands. The party left Seattle May
24, journeying by way of Skagway, White Pass, and Yukon
River to Fort Yukon. Work was begun at Fort Yukon on
June 22. The routes traveled, with dates, were as follows:

June 22 to 24: From Fort Yukon down Yukon River to the
mouth of Chandlar River, a distance of 27 miles.

June 25 to July 5: From mouth of the Chandlar up this
river to the mouth of its east fork and entrance into the
Romanzof Mountains, a distance of 64 miles. »

July 6 to 18: Up Chandlar River from the mouth of the east
fork to the head of Chandlar Lake, a distance of 73 miles.

July 19 to 28: Up Chandlar River from the head of Chandlar
Lake to Portage Creek, a distance of 56 miles.

July 28 to August 3: From Portage Creek on Chandlar
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River, via portage across divide, a rise of 1,100 feet, thence
descending along Robert Creek, a tributary of the Middle
Fork of Koyukuk River, to navigable water, a distance of 16
miles. .

August 4 to 8: Down Robert Creek and Bettles River to the
junction of Bettles and Dietrich rivers, a distance of 29 miles.

August 9 to 10: From the junction of Bettles and Dietrich
rivers, forming the Middle Fork of Koyukuk River, up Die-
trich River, a distance of 19 miles.

August 11 to 12: Return to the junction of Bettles and Die-
trich rivers and down the Middle Fork of Koyukuk River to the
mouth of Slate Creek, a distance of 36 miles. At this point
the party divided. The main party continued down the Mid-
dle Fork of Koyukuk River, and the other party, under the
direction of Mr. D. C. Witherspoon, ascended Slate Creek,
portaged across a low divide between the drainage of the Mid-
dle and South forks of Koyukuk River, and descended the
South Fork of Koyukuk River to its junction with the Middle
Fork, where commences the main Koyukuk River. The dis-
tance thus traveled by the subparty was 130 miles.

August 13 to 21: The main party continued from the mouth
of Slate Creek down the Middle Fork of Koyukuk River to
Peavey and 4 miles below to the mouth of the South Fork of
~ the Koyukuk, a distance of 99 miles. )
- August 22 to 24: From the mouth of the South Fork of the
Koyukuk down that river to Bergman and Arctic City, a dis-
tance of 47 miles. :

August 25 to 27: Remained in Bergman.

August 28 to September 13: From Bergman down Koyu-
kuk River to its mouth, a distance of 441 miles.

September 14: From the mouth of Koyukuk River down
-the Yukon to Nulato, a distance of 22 miles. At Nulato the
survey was discontinued.

September 16 the party left Nulato on river steamboat and
reached St. Michael on September 21.

September 21 to 29: Remained in St. Michael.

September 29 the party crossed Norton Sound by steamer
from St. Michael to Nome City, and was engaged intermit-
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tently until October 17 i making a detailed topographic map
in the immediate vicinity of Nome City.

October 20 passage was taken on steamer Roanoke for Seat-
tle, which was reached on November 1.

The total distance traversed on the Chandlar and Koyukuk
River surveys was 1,059 miles, which included about 30 miles
of portage, the remaining distance traveled being chiefly by
canoes. ' ' ‘ :

The topographic survey was carried forward by stadia to
the mouth of the East Fork of Chandlar River. Near this
point a base line was ‘measured, from which, by expansion, a
series of peints were located. From these points the work was
carried forward by means of plane-table triangulation and
sketches from the various stations, the elevations being depend-
ent on vertical angles. From the mouth of Slate Creek, on the
Koyukuk, to Nulato, on the Yukon, the work was carried for-
ward by stadia.

The topographic survey of the South Fork of the Koyukuk
is dependent on prismatic compass for direction, the various
distances being determined by pacing, resection, and timing
the current. -

Observations for latitude and azimuth were taken as often
as practicable.

Further details relating to work near Nome City may be
found in a special advance publication entitled Preliminary
Report on the Cape Nome Gold Region, Alaska, with Maps
and Tllustrations: Senate Document No. 236, Fifty-sixth Con-
gress, first session. '

IDAHO-MONTANA BOUNDARY LINE.

Work was resumed on this line by a party under Mr. D. L.
Reaburn, the party being organized at Leonia about the middle
of June. The condition of the work at the conclusion ot the
previous field season was this: A random line had been run
from the crest of the Bitterroot Mountains to the international
boundary. During the following office season, after an adjust-
ment of the random line to the triangulation had been made,
tables were prepared showing the exact offsets to be applied at
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each transit station in order to locate the true line. There were
also prepared in the office sheets on which all available data
were plotted, to be used in sketching the topography. It then
remained to establish the monuments on the true line, to cut
out and blaze the line, to secure data for the preparation of the
final map, and also to remeasure with the steel tape the north-
ern section of the line, a distance of about 6 miles. All of this
work was completed on October 5. Mr. Reaburn then was
ordered to Washington, after a short service elsewhere, for the
purpose of preparing the final notes and plats. 'The map was
drawn to the scale of 1 mile to the inch, the topography being
shown in contours with an interval of 100 feet. Four copies
of the notes and plats were prepared, one for filing in the Gen-
éral Land Office, one for filing in the office of the surveyor-
general of Idaho, one for filing in the office of the surveyor-
general of Mountana, and one to be retained in the office of the
Geological Survey. '

The maps and notes, other than those to be retained in this
office, were forwarded to the Secretary of the Interior under
date of February 3, 1900.

NINETY-EIGHTH MERIDIAN. '

An act of Congress approved on June 28, 1898, (Stat. L,
vol. 30, p. 495), provided:

That the United States shall survey and definitely mark and locate
the ninety-eighth (98th) meridian of west longitude between Red and
Canadian rivers before allotment of the lands herein provided for shall
begin.

At the request of the Secretary of the Interior this office
prepared an estimate of the ‘cost of surveving and establish-
ing the ninety-eighth meridian and obliterating the marks and
corners upon the existing boundary line and making a subdi-
vision survey,” which estimate was transmitted on November
30, 1898, and published in Senate Document No. 33, Fifty-fifth
Congress, third session. ’

An appropriation of $6,300 was made for the work in the
general deficiency bill approved March 3, 1899, and the sur-
veys were placed under the supervision of the Director of the
Geological Survey. '
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Through the courtesy of the Superintendent of the Coast and
Geodetic Survey an astronomic station was established at Mar-
low, Indian Territory, which was found to be 11,646.6 fect
east of the ninety-eighth meridian.

The field work was placed under the direction of Mr. E. M.
Douglas, geographer, and Mr. W. A. Lindsay was appointed
United States surveyor. The work was commenced on May
15, considerable delay having been caused by storms and floods.

Subdivisional surveys were made for the triangular strip
between the new and old lines and the new line was marked by -
hollow round iron mile posts, each 5 feet in length and having
a brass cap lettered as follows:

U. 8. GEOLOGICAL SURVEY.
250 dollars fine for destroying this mark.

OKLAHOMA:
BOUNDARY

LINE
INDIAN TER.

Mile —.

Each post was set 3 feet in concrete and a mound of earth
18 inches in height and 5 feet in diameter was raised around it.

The necessary plats and triplicate copies of the field notes
have been prepared and transmitted to the Secretary of the
Interior.

The length of the line was about 92 miles, and 95 posts were
. established.

YAKIMA RESERVATION BOUNDARY LINE.

In the fall of 1898 Mr. E. C. Barnard, topographer, after his
return from Alaska, was detailed to make an examination of
the existing boundary line of the Yakima Indian Reservation,
with a view of determining whether that line conformed to the
provisions of the treaty under which the land was set aside for
the use of the Indians. After working for a short time he was
forced to suspend operations on account of the deep snow in
the mountains. On the 16th of September, 1899, work was
resumed and continued until October 15. A reconnaissance
survey of about 550 square miles was made, and sufficient data

13
&
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were secured for a map and a report covering the facts in the
case. The final report and map were submitted to the Secre-
tary of the Interior on January. 16, 1900.

Office Work.

On account of lack of space in the Hooe Building, it was
found necessary to move a portion of the topographic office
force temporarily to the old Post-Office Department building,
now under control of the Department of the Interior.

The table herewith shows the atlas sheets, numbering 96,
which were completed and submitted for engraving during the
year.

Topographic sheets completed in office during 1899-1900.

State and sheet, ; Scale. i%‘igﬁgg{
ALABAMA—GEORGYIA: Feet.
Wedowee. . ... iicmiiiiaaaaaan 1:125000 50
ARKANSAS: ‘
Fayetteville .. ... . .. ... 1:125000 50
Prescott .. li... 1:125000 50
ARIZONA: N
Florence. .. .coooooiiaonaiiaaaaaaa.. P, 1:125000 100
CALIFORXNIA: )
Capistrano . ... ..o 1:125000 100
COorona - ... 1:125000 - 100
Deep Creek. ... o i 1: 62500 50
Hesperia . ... .. .. i.io.. 1:62500 50
B o 1:125000 100
Mount Lyell ... ... ! 1:125000 100
Santa Cruz. . ... .. ..o ... ©1:125000 100
Redlands (resurvey) ... ... oiiioiio-. 1162500 50
San Gorgonio ... ... ... ! 1:125000 100
InsnO: i
Sand Point. ... ... ... 1:125000 100
TLuINo1s:
Chicago and vicinity (revision) _.._._.._...... ., 1162500 [ 5and10
Ixpraxa: '
Boonville. .ot e | 1:62500 20
Petersboro. ... .. .ii... - 1:62500 20
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Topographic sheets completed in office during 1899-1900—Continued.

State and sheet. i Scale. g;;g}.f"_‘;{ !
|
Towa: ‘ Feet.
West Union. . .. .- oooomeeeee e l 1:125000 20
MAINE: . '
Bucksport ............... s ©1:62500 20
OFland ..o ' 1:62500 20
MARYLAND: i ;
Havre de Grace - .. --.oo oo 1: 62500 20 |
Cecilton . ... .o iaeaa 1: 62500 20
Betterton .. .. ... ... l... 1: 62500 20 ]
Chesterton ._..... . ... . ... .iiiieaa.o- 1: 62500 20
MARYLAND-WEST VIRGINIA: X
OaKIand ... oooooeeo o 1: 62500 20 |
Hancock ... .coeeoao... e ea—aaa 1: 62500 20
MINNESOTA: ’
Mesabi Special ... ... ... ........ [, 1: 62500 20
Anoka __..._...... PR | 1: 62500 20
White Bear. ... .. .- 1:62500 20
Tower Special . ... ... . .. iiiiio. 1:15840 10
Ely Special ... .o oo .. e 1:15840 10
MISSOURI: '
Union ..o e eeeeeman oo 1:125000 50
MONTANA: ' |
Elkhorn Special . . ... ... . ... .. ... | 1:31250 - 50
Marysville Special. .. ....__............... | 1:31250 50
NortH CAROLINA:
Asheville (resurvey) ... . .ii.aaooao-- 1:125000 100
NEBRASKA: '
North Platte . ....... . ... ... . ....... 1:125000 50
Gothenburg (%) .. . ... ... 1:125000 50
‘N EW YORK:
Palmyra_ ... Ll 1:62500 20
Clyde ..o e 1:62500 20
Weedsport ... ..o oo w 1:62500 20
Geneva . ... ... 1:62500 20
Phelps. ... il 1: 62500 20
OVAd - oo -1:62500 20
Genoa ...l 1:62500 20
Waverly. ... 1:62500 i 20
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Topographic sheets completed in office during 1899-1900—Continued

State and sheet. Scale. Sentour

NEW York—Continued. : Feet.

Morrisville. ... ... ... ... 1:62500 20

Broadalbin .................... J 1: 62500 20

Saratoga .. ..., 1:62500 20

Millbrook ... .. ... 1: 62500 20

Schunemunk. ... ... ... ... ... 1: 62500 20

Raquette Lake _........_. e e 1:62500 20
OHIo0:

East Columbus. ... .. .. ... ... ... ... ... 1:62500 20

West Columbus ... ... ... ... .... 1:62500 20

Toledo - olo e 1:62500 20

Maumee Bay. .. .. ............. et 1:62500 20

Oak Harbor. ... ... . ...l 1: 62500 20
OREGOX :

Baker City. .. ..o . iiiiiiaa.. 1:125000 100
PEXNSYLVANIA:

Brie . o iaaan 1: 62500 20

Girard. ..o iiieeaan 1:62500 20

Tniontown ... ... .. ........... 1:62500 20

Masontown . ... ieeaa- 1: 62500 20

Elkland ... o .o 1: 62500 20

Gaines. .. ... i iiiiieaana 1:62500 20
SourH Darora: |

Hermosa (resurvey) ............. eeeaaeaaan 1:125000 100

Deadwood (resurvey) ...... ... . ... ... 1:125000 100
TENNESSEE :

Columbia ..o iiiieiaaaaa - 1:125000 50
TExAS: :

Bastrop (resurvey) ... ... _..oi.iiiiaioooco l 1:125000 25

Llano (resurvey) ... ..o oceeeonnooie et - 1:125000 25
TUran: ‘

Bingham Special .......__._........_..._.0 1:20000 50
W ASHINGTON: <

Ellensburg. ... .. oooooiiiii ©1:125000 100

Glacier Peak . .. ... ... ... ... 1:125000 100

Stillaguamish ... . ... . .._....... 1:125000 100
West VIRGINIA:

Nicholas (resurvey). . ... ... | 1:125000 100

|
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Tc oj)ogﬂaphic sheets completed in office during 1899-1900—Continued.

State and sheet. Seale. ]-Cn‘)tglfggf.
Wisconsin: Feet.
Milwaukee and vicinity (revision)............ 1: 62500 20
WaUSAU - oo oo e e e e e 1:125000 20
Marathon.. ... .. ... ... ... 1:125000 20
Dells oo i 1: 62500 20
Portage .. ... .o 1: 62500 20
Poynette .. ... il 1: 62500 20
‘WryoMING:
Dayton (resurvey) ... .. ioiiiiiiaoi.-- 1:125000 50
Newecastle. ... i 1:125000 50
Cloud Peak .. .. ... ..o i 1:125000 50
Mount Leidy . ..o ..o i 1:125000 50
Teton . e iiiiaaaaa 1:125000 50
INprax TERRITORY:
Wyandotte .............. feeeaad e 1:125000 50
S 1eY: ) 0 IS 1:125000 50
Sallisaw ... ... ... P 1:125000 50
Purcell ..o 1:125000 50
Chickasha ... ...._......................... 1:125000 50
Pauls Valley. . ... ..o 1:125000 50
INDIaN TERRITORY-TEXAS:
Montague. ..o iiiiiiiiiaaa 1:125000 50
Gainesville. . _.............. s 1:125000 50
Bonham.. ... . iii.l. 1:125000 50
Paris ..o 1:125000 50
Clarksville. . ... . ... 1:125000 50
Shawneetown ... ... ... o .. ...... 1:125000 50

In addition to the above, two large sheets covering the work

in Alaska were drawn and photolithographed.

The office computation of the triangulation and primary
traverse was under the charge of Mr. S. S. Gannett, as hereto-
fore. The results of this work are summarized and published
in the Appendix, as is also a list of the bench marks established

by spirit leveling.

The topographic records and the purchase and repair of

instruments remained in charge of Mr. S. A. Aplin.

e}
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The cataloguing and systematic arrangement of the topo-
graphic records was continued during the year, with the result
that all the old material was properly catalogued and filed.
During this period about 1,875 books, including triangulation,
topographic, and level records, and 58 plane-table sheets were
catalogued. About 800 of this number represent level and
vertical angle records of the survey of Indian Territory. The
arrangement of envelopes containing miscellaneous matter per-
taining to each atlas sheet was continued and has practically
been completed. The cataloguing of notebooks, etc., pertain-
ing to the field season of 1899 has been in progress since the
1st of January. About 1,000 pieces have been catalogued,
and there remain about 300 pieces yet to be entered.

Repairs to the instruments were had, as formerly, through
contract, Mr. G. N. Saegmiiller, of Washington, and Messrs,
W. & L. E. Gurley, of Troy, New York, making the greater
part of them. It became necessary this year to repair exten-
sively the entire stock of telescopic alidades, the repairs con-
sisting principally of adjusting all bearings and providing new
arcs and verniers. The stock of instruments was increased
during the year by the purchase of one Fauth 8-inch micro-
meter theodolite for general use, one Fauth transit fitted for
astronomic work, and one telescopic alidade of special design
for the use of the Alaskan parties.

Efficient assistance was rendered during the year by Mr.
Powell P. Withers in matters pertaining to the instruments,
and by Mr. Joseph W. Kreuttner in connection with the rec-
ords, until the 1st of January, when his services were diverted

elsewhere, and the duties he had performed were assumed by
Mr. Withers.

Division of Geography and Forestry.

Mr. Henry Gannett, geographer of the Survey, continued
in charge of the revision of the large map of the United
States, and also gave consideration to such geographic matters
as were referred to him.

GEOGRAPHY.

Within the year a third edition of the Dictionary of Alti-
tudes, by Mr. Gannett, work upon which was carried on during
the previous year, was finished and published as Bulletin No.
'160. The Gazetteer of Utah, similarly prepared by Mr. Gan-
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nett during the previous year, was published as Bulletin No.
166; also a compilation of Altitudes in Alaska, as Bulletin No.
169; also a second edition of Bulletin No. 13 (published in 1885
and now out of stock), Boundaries of the United States and of
the States and Territories, with an Outline of the History of
all Important Changes, as Bulletin No. 171; also Topographic
Folio No. 2, containing ten plates and text illustrating and
describing physiographic types additional to those described in
Folio No. 1; also a compilation of the Slopes of the Rivers of
the United States, which will be published as Topographic
Folio No. 4. A Physical Geography of the Texas Region
accompanied by an excellent compiled map of that region, was
prepared by Mr. R. T. Hill, under this division, and is now in
press as Topographic Foho No. 3. The preparation of a Dic-
tionary of Place Names in the United States, with special refer-
ence to their origin, was commenced and is being carried

forward.
FORESTRY.

The Lewis and Clarke Reserve, of Montana, was examined
by Mr. H. B. Ayres, who devoted the entire field season to its
examination, complemno it.

The work of examining the Mount Rainier Forest Reserve,
in Washington, which was commenced in the previous year,
was completed by Mr. F. G. Plummer, with assistants. - Mr.
Plummer has not only examined the forest reserve, but has
made a reconnaissance map of the area.

The examination of the Olympic Forest Reserve, which was
commenced in the previous year, was nearly completed by
Messrs. Arthur Dodwell and Theodore F. Rixon. Sixty-one
townships were examined during the season, making, with the
ten examined the previous season, a total of seventy-one.
These embrace about three-fourths of the area of the reserve,

Examination of the Cascade Range Forest Reserve, in Ore-
gon, was commenced by Mr. J. B. Leiberg. During the season
he examined the southern portion of the reserve, including
adjacent regions on the east, west, and south, the area examined
being comprised in the Ashland and Klamath quadrangles,
together with a few hundred square miles in the central portion
of the Cascades, north of these quadrangles. The Ashland
Forest Reserve was also included in the area examined.
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Work was commenced in the series of reserves and parks in
the Sierra Nevada, California. Mr. George B. Sudworth exam-
ined the Big Trees, Jackson, Placerville, and Pyramid Peak
quadrangles. Mr. C. H. Fitch examined the Sonora and Yosem-
ite quadrangles.

The reconnaissance of the standing timber of Oregon, com-
menced in the previous vear by Mr. A. J. Johnson, was con-
tinued throughout the greater part of the year and is now
completed, except a portion of the Blue Mountains, in north-
eastern Oregon, and the forest reserves of the Cascade Range.

During the year Mr. H. B. Ayres, in addition to his work
on the Lewis and Clarke Reserve, completed the collection of
data, cruisings, etc., relating to the pine region of Minnesota
and the upper peninsula of Michigan.

During the winter and spring reports have been prepared on
the results of the work doune, with the exception of the recon-
naissance of the State of Oregon, and these reports are pre-
sented in Part V of this Annual Report. The statistics of
standing timber in Oregon, together with a general land-classi-
fication map of the State, it is deemed best to defer for a year,
until the work is completed and digested.

During the year many land-classification sheets have been
completed in addition to those included in the examination of
the forest reserves. These have been prepared in part by the
topographers, who have, as a rule, done most admirable work,
far more than was expected of them in this direction. Their
work has been supplemented by estimates of standing timber,
its distribution and density, so that the maps, many of which
are presented in Part V of this report, will be fairly complete
as far as regards the classification of lands and the stand of
timber.

During the progress of the surveys of Indian Territory the
woodlands were mapped with great accuracy, and notes were
made by the surveyors concerning the character and quality
of the timber. A map of the Territory on a small scale, in
contours, showing the woodland, has been prepared and issued,
with an abstract of the surveyors' notes, as a reconnaissance of
the region. It is intended to supplement this, as soon as means
are provided, by an examination of the forests by experts.
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The information concerning the forest reserves and other
timbered regions of the West has been utilized largely by the
Department in creating reserves, IIlOdlflelg‘ their boundaries,
and administering them.

PUBLICATION BRANCH.
Division of Illustrations.

The Division of Illustrations remained in charge of Mr.
John L. Ridgway, who was assisted by Messrs. H. Chadwick
Hunter, H. Hobart Nichols, . W. von Dachenhausen, D. W.
Cronin, John H. Pellen, Miss Frances Wieser, and Miss Mary
M. Mitchell. On account of an extended leave of absence
without pay granted Mr. H. Hobart Nichols, his brother, Mr.
Spencer B. Nichols, was employed at piecework, and rendered
highly satisfactory service.

Improvements were made in many directions largely through
systemization of the work, and the results obtained in the prep-
aration of illustrations, notwithstanding the greatly increased
number, were no less satisfactory than in previous years.

During the year 2,459 drawings were prepared. They may
be classified as follows: '

Geologic and topographic landscapes - .. ... ..o ol 78
Geologic and topographic maps - ... ... i il 152
Geologic diagrams and sections. - o ... ..o i 520
Paleontologic drawines . . .. ... 1,004
Photographs prepared for reproduction ... ... .. ... .. ........... 284
Miscellaneous drawings - . ... i 421

0] 7 R 2,459

Drawings, including many of the above, were transmitted to
accompany the following reports: Twentieth Annual Report,
Parts I-VII; Monograph XXXIX; Bulletins Nos. 163-167,
170, 171; Water-Supply and Irrigation Papers Nos. 31-34;
Topographic Folios Nos. 2 and 3.

The following processes were adopted in the reproduction
of the drawings transmitted during the year:

By chromolithography .. ... i 101
By photolithography .. i 5
By engraving on stone. .. ... iiiiiiiiiiiiao. 12
By photoengraving . ... eaeaeaeaan 445
By half tone ... e iiiiaaaa. 801
By photogelatin. . ... e 42
By wax engraving. ... ... ... .. ....... e e iaaeaa 28

Electrotypes - ... .o ...l e 23
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Proofs to the number of 2,244 were received and criticised,
and an examination was made at the Gtovernment Printing
Office of the full editions of 252 printed lithographic plates.

Photographic Laboratory.

The Photographic Laboratory ccntinued to be operated in
conjunction with the Division of Tllustrations until November
23, 1899, Mr. John L. Ridgway being in charge, assisted by
the following force: Messrs. J. K. Hillers, chief photographer;
C. C Jones, John Erbach, Charles A. Ross, Nelson H. Kent,
Edgar M. Bane, and Ernest A. Schuster, jr.

On the date mentioned the laboratory was placed in charge
of a committee consisting of Messrs. C. Willard Hayes, Whit-
man Cross, and N. H. Darton, for the purpose of ascertaining
the possibilities of improving the quality of the work. After
a careful investigation by the committee, and on its recom-
mendation, the laboratory was, on January 1, 1900, placed in
charge of Mr. S. J. Kiibel, chief of the Division of Engraving
and Printing. '

In April, Mr. Hillers having been transferred to the per diem
roll, Mr. Norman W. Carkhuff was appointed chief photographer,
and the laboratory was placed in his charge on May 1, 1900.

Following is a tabular statement of the work done in the
laboratory during the year:

Work of the photographic laboratory for the year 1899~1900.

i<} o n !
Negatives made. ’ < i X I 3 [ 3 3 |
| { 3 3 2 z [ E l -z 2 ‘
: =4 e Q 3 z < S
Month. ’ ‘ ! é § ; § § i H 1 ’E g.g
Wet. . Dry. Total. | Z % i 5 z oz | Z8
: IE 2.8 ‘%, E ' E |E
B = £ % & b | b | &
: ! ' i e
1899. ‘ 1 ! ; j
July —ooeo.... | 151 102 253‘ 814 2 ... .
August ... ... 63 300 363 STS oo '
September.__.i 39 ‘ 84 . 123 ' 566 ... . .
October ...... L4371 14 738 15 18 ... B 4
November .. .. 29] 189 218 | 647 ¢ 36 ... ..... T . ]
December ._..0 83| 310 393 | 1,168 { 9 .. e el { ...... i
| o i ’
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Work of the photographic laboratory for the year 1899—-1900——Cont’d,

l Negatives made. = . § ”8 §
Month, . ":j’ g E é 2 :i' g’%
Wet. | Dry. | Total. z 3 k] B 2 3 Z 7
- .5 < =] it = Pt 2
‘2 = = = 3 = L
=~ n wn n N 2 =~
1900.
January ...... 227 | 162 | 379 (1,179 | 21| &3 |..... 63 200l
~ February ..... 120 71 191 939 | 82 |..... RN I - 2 RN PR
March ....... 184 60 | 244 | 1,412 | 100 | 43 |..__. 175 |...... s |
April... ... 173 36| 209 | 2,505 | 74 (2 P 73 |.----
May -........ 131 54| 185 | 1,440 2 |eaaan 41 159 61......
June ......... 153 49 | 202 | 1,631 16 |..... 17 . 80 | ... ...,
Total. ..[1, 396 |1,478 ;2, 874 13,937 | 357 | 181 | 21| 651 8! 16

Negatives and prints made during 1899-1900, classified by size.

Size. » Negatives. Prints.

28 by 34inches. . .. i i 186 724
22 by 281inches. ..o oo i il 95 407
20 by 24inches. . ... .o il 408 2,528
14 by l7inches. ... .oo oo 248 853
11 byldinches. .. oo ool 296 1,224
R S (L = SN 212 1,723
6% by 83 inches. ... oo it 232 1, 307
Sby7inches. .. il 891 3,521
4 bybinches............ et 306 1, 650
Total. e icieiaaaann 2,874 13,937

Editorial Division.
TEXTUAL PUBLICATIONS.

Mr. Philip C. Warman remained in charge of this section.
He was assisted throughout the year by Messrs. George M.
Wood and L. F. Schmeckebier, and by Miss M. G. Wilmarth -
until June 1, when she was transferred to the Division of
Hydrography.

As during previous years, the work progressed in a highly
satisfactory manner, and at the close of the fiscal year was well
in hand. Following are lists of the manuscripts prepared for
the printer, proofs read and corrected, and indexes made during
the year:

21 e¢eor, pTr 1—11
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Manuscripts edited during the year 1899-1900.

Pages

Publication. (enally
written).
Twentieth Annual Report (in part) ... ... ... ............... 7,901
Twenty-first Annual Report (in part) ..... ... . ... .......... 2, 368
Monograph X X XTI X .ttt 481
Monograph XL oo 383
Bulletin No. 162, - . ... i i 421
Bulletin No. 163. . . .o on ottt e e et 258
Bulletin No. 164 .. Lo 141
Bulletin No. 165 . . o oot it 423
Bulletin No. 166 . ccoive i i e e e 77
"Bulletin No. 160 . oot eeeaeeaeeaaan 187
Bulletin No. 168. .. oo i 353
Bulletin No. 169 .o 17
Bulletin No. 170 . Lo 170
Bulletin No. 171, .. e 154
Bulletin No. 172 . et aaas 271
Bulletin No. 178 . ..o e e e e e e e e 1,019
Bulletin No. 174, ... iiiiiiiiiieeaa 109
Water-Supply Paper No.31 _._... e e e iieiaeeeaaan 142
Water-Supply Paper No.32 .___......... s 80
Water-Supply Paper No.33 .. ..o iaaans 200
Water-Supply Paper No.34 ... i 53
Water-Supply Paper No.35 ... i 323
‘Water-Supply Paper No.36 - ... ... .. oo 180
‘Water-Supply Paper No.37 ... ... i 160
Water-Supply Paper No. 38 ... .. ... ..oiiiii.iiii aio. 142
‘Water-Supply Paper No.39 ... ..o e 142
Geologic FolioNo. 54 . ... ... ... 117
Geologic Folio No. 55 . oo 76
Geologic Folio No. 56 - . - ..o 95
Geologic Folio No. 57 oo 209 |
Geologic Folio No. 58 ... ... ... ... .. 50
Geologic Folio No. 59 ... ... ... .. ...l 85 !
Geologic Folio No. 61 .. ... ... ... .. . i..... 80 |
Geologic Folio No. 62 .. .. ... .. i 92
Geologic Folio No.63 . ... ... . .. ... 90 |
Ge0logic Folio NO. 65 - .o« ooni e e 14 |
Topographic Folio No.3 ... .. 142 |
Topographic Folio No.4 ... ... ... ... ... ... 251
Cape Ncme Report (Senate Doc.236) ... ... .. ... .. 104
List of Publications of United States Geological Survey......._._. 94
Circulars for Topographic Branch .. ... ... ... ... ... .. 80
Total number of manuscript pages edited............._... 17, 834 I
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Proof sheets read and corrected during the year 1899-1900.

* Final
Publication. printed

pages.
Nineteenth Annual Report (in part) ... ... .. ... ........... 353
Twentieth Annual Report (in part)..... .. .. .. . ... .. .._. 4,997
Twenty-first Annual Report (in part) ... ... . ... ... ... 48
Monograph XX XIX ..ot cieeeeeiaeaaaaaaaa s 275
Bulletin No. 157 . . oo e e et e e e - 172
Bulletin No. 158 - oo eeii et e 183
Bulletin No. 159, oo i cieicea e, 151
Bulletin No. 162, . ..o i ieeeeieaameaaaes 175
Bulletin No. 163 - ... o i 130
Bulletin No. 164 . oo oo et et eeeeeeaaaaas 112
Bulletin No. 165. . .o oo i e et aaccaciaas 225
Bulletin No. 166 . ... e e iiiaaaaaa 55
Bulletin No. 167 . ... i 178
Bulletin No. 168. . ... i feeeeen 320
Bulletin No. 169. e ee i ce e eee e eeeceeeeaaeaaan 25
Bulletin No. 170. ... .o oiaaaao.. e et e 79
Bulletin No. 1710 oo e eoeii e iee e eeeeeee s e, 149
. Water-Supply Paper No. 30 .. ... . iiii... 97
Water-Supply Paper No. 31 .. .. . i 97
Water-Supply Paper No. 32 ... ... o o i 48
Water-Supply Paper No. 33 ... ... 98
Water-Supply Paper No. 34 .. ... . . iiiii..o-.. 34
Water-Supply Paper No. 35 . ... .. ... 100
‘Water-Supply Paper No. 36 . .. ..., 98
Water-Supply Paper No. 37 .. ... ... il 100
Water-Supply Paper No. 38 .. ... .. i, 97
Geologic Folio No. 52 ....oooooveeo ol 7
Geologic Folio No. 53 - ..o 6
Geologic Folio No. 54 - . ..o 12
Geologic Folio No. 55 . ..ot i i 8
Geologic Folio N0. 56 - . .. oooo i i 10
Geologic Folio No.57 ....... e 22
Geologic Folio No. 58 - ..o 7
Geologic Folio No.59 . ........... e e 8
Geologic Folio No. 62 . . .. ... i 13
Topographic Folio No. 2 ... .. i ’ 11
Topographic Folio No. 3 ... . .. ... ... ... 17
Instructions for Topographic Branch ... .. ____ . ... .. .. ... ..., 11
Cape Nome Report (Senate Doc. 236) ... ... .. ... ... ... 56
List of Publications. ... ... . L il .. 93
Irrigation on Gila River, Arizona (Senate Doc. 152) _...__...___. 19
Total number of printed pages.... ... ... c.o.ii.oio. . 8,696
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Indexes prepared during the year 1899-1900.

Publication. ngise(’i"

Twentieth Annual Report, Part T ... .. .. .. .. ... ...... 530
Twentieth Aunual Report, Part TT . ____....___._......... .... 930
Twentieth Annual Report, Part 111 __. L 581
Twentieth Annual Report, Part TV .. ___ ... ... ... ... ... ... 637
Twentieth Annual Report, Part V... . .. . ... ... 478
Twentieth Annual Report, Part VII. . . . ... ... ... ... .._. 494
Monograph X X NI N .. aeaaaan 256
Bulletin No. 157 ...t 156
Bulletin No. 188 . L i . 167
Bulletin No. 159 . . . 102
Bulletin No. 164 ... ... ... .... e et eeaaee e e ceaeeaaaan 95
Bulletin No. 165 . ..o 203
Bulletin No. 167 - . . ... 160
Bulletin No. 170. . . i i, 65
Bulletin No. 171 .. e 137
‘Water-Supply Paper No.29 ... . ... 82
‘Water-Supply Paper No.30 - ... L 94
‘Water-Supply Paper No. 31 ... i 93
Water-Supply Paper No.32 ... ... .. ... 46
Water-Supply Paper No. 33 .. ... i 95
Water-Supply Paper No.34 ... ... .0 ... 31
Irrigation on Gila River, Arizona (Senate Doc.152) ... ... ... 18
Total number of pagesindexed.._ ... . .. . ... ... ... 5, 450

As much time as could be spared from the regular work was
devoted to the preparation of a general index of all Survey
publications to date. It is hoped that this, which is in the
nature of a revision and enlargement of Bulletin No. 100, can
be made ready for the printer the coming autumn.

On February 17, 1899, Mr. Warman was appointed chair-
man of a Cowmmittee on Geologic Formation Names, the other
members being Messrs. G. W. Stose and F. B. Weeks. This
committee has investigated and made recommendations con-
cerning a number of cases of conflicting names of geologic

formations.
GEOLOGIC MAPS.

In March the scope of this section was enlarged so that it
should include all maps except topographic atlas sheets pub-
lished by the Division of Engraving and Printing. 'This places
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in its charge supervision of land-classification maps which
show the distribution of timber and agricultural land. General
drafting for the office also forms a part of the work of the
section.

Mr. George W. Stose continued in charge of the section,
and was assisted by Messrs. O. A. Ljungstedt and H. S. Selden.
Geologic sections for exact reproduction by copperplate engrav-
ing or photolithography were drawn by Mr. Ljungstedt. The
reading of proof and general drafting for the office were
done chiefly by Mr. Selden. Messrs. Bailey Willis and P. C.
Warman continued to edit the folio texts. Mr. Stose super-
vised all work done in the section, edited the maps, sections,
and illustrations transmitted by the authors, and planned the
color patterns for the lithographic maps. When both assist-
ants were occupied with extra drafting, he read proof and
attended to other details of the work. During the year Mr.
Stose served on three committees which are closely related to
the editing work. In August and September, 1899, he joined
Mr. Waldemar Lindgren in Montana, and assisted in a recon-
naissance survey in the Bitterroot Mountains and across Idaho.

Nine geologic folios were completed during the year, Nos.
52 to 5Y, inclusive, and No. 62. The list of published folios is
as follows:

Gleologic folios published.

Areain | Price
No. |- Name of folio. State. Limiting meridians. Limiting parallels. [square| in
miles. [cents.
1 | Livingston ..... Montana...... 110°-111° 45°-46° {3, 354 25
2 | Ringgold....... Georgia ... } 85°-85930/ 34030'-35° | 980 | 25
Tennessee ....
3 | Placerville ..... California..... 120°30’-121° 38930"-39° | 932 25
4 | Kingston....... Tennessee .... 84°30"-85° 35°30"-36° | 969 25
5 | Sacramento ....| California..... 121°-121°30" 38930"-39° | 932 25
6 | Chattanooga ...| Tennessee .... 85°-85°30" 35°-35°30" | 975 25
7 | Pikes Peak (in- | Colorado...... 105°-105°30" 389307-39° | 932 25
cluding Crip-
ple Creek
map).
8 | Sewanee........ Tennessee .... 85°307-86° 35°-35°30 975 25
9| Anthracite- | Colorado...... 106°45~107°15" 38045-39° | 465 50
Crested Butte.
Virginia ......
10 | Harpers Ferry..{West Virginis..} 77930’-78° 39°-39°30" | 925 25
Maryland.....
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Gleologic folios published—Continued.

| 919
|

Areain| Price|
No. | Name of folio. State. Limiting meridians. Limiting parallels. s]t]]lllgﬁ;;e ceinnts
11 | Jackson ........ California..... 120930"-121° 38°-38°30" | 938 25
Virginia ......
12 | Estillville ...... {Kentucky ..... } 82030’-83° 36°30’-37° | 957 25
Tennessee ....
13 | Fredericksburg. {gﬁg;ﬁ:d “““ } T-TTo80 380-35°30 | 938 | 25
14 | Staunton ....... Wes(z‘;“gmm } 790-79930 38°-35%30' | 938 | 25
15 | Lassen Peak....! California..... 1210-122° 40°-41° 3,634 25
16 | Knoxville......: ennessee } 83°30"-84° 35930’-36° | 969 25
North Carolina,
17 | Marysville...... California..... 121930/-122° 39°-39°30" | 925 25
18 | Smartsville.....|..... doeeeen.... 121°-121°30" 39°-39930 | 925 25
Alabama...... '
19 | Stevenson ...... {Georgia .. J» 83°30”-86° 34°30’-35° | 980 25
Tennessee ....
20 | Cleveland . .do. . 84030-85° 85°-35°30" | 975 25
21 | Pikeville .......|-.... do......... 85°-85°30" 35°30°-36° | 969 25
22 | McMinnville...|..... do......... 85930"-86° 35°30"-36° | 969 25
23 | Nomini......... {:rlirg)]:i:d e } 76030/~770 350-35°30 | 938 | 25
24 | Three Forks....| Montana...._. 111°-112° 45°-46° 13,354 50
25 | Loudon......... Tennessee .... 840-84°30/ 359307-36° | 969 25
26 | Pocahontas..... V"glme o } 8§1°-81930/ 370-37°30’ | 950 25
West Virginia.
27 | Morristown..... Tennessee .... 83°-83930" 36°-36°30' | 963 25
28 | Piedmont ...... {1“:,2: 131’:; e 799-79030¢ 39030080 | 925 | 25
29 | Nevada City .
Special:
Nevada City 121°00/25-121°03"45" 39°13’50”-39°1716" 11. 65
Grass Valley|tCalifornia..... 121°01/35/-121°05'04", 39°10/22/-39°13'50” 12, 09} 50
Banner Hill 120°57/05/-121°00"25" 39°13’50”-39°17/16" 11.65
30 | Yellowstone Na-
tional Park:
Gallatin....
gﬁgg’:;‘ne Wyoming ..... 110°-1110 440450 3,412 | 75
Lake .......
31 | Pyramid Peak..| California..... 120°-120°30" 38°30’-39° | 932 25
32| Franklin ....... {V”g'mf‘ e 790-79930/ 330307300 | 932 | 25
! West Virginia.
33 ' Briceville ...... Tennessee .... 84°-84°30/ 36°-36°30" | 963 25
34 Buckhannon ...] West Virginia. 80°-80°30" 38930°-39° | 932 25
35 Gadsden........ Alabama...... 86°-86°30" 340-34°30" | 986 25
36 | Pueblo ......... Colorado ...... 104°30”-105° 38°-38°30 | 938 50
37 . Downieville....! California....._ 120°30’-121° 39°30’-40° | 919 25
38 Butte Special...! Montana...... 112029/30"7-112°36°42" 45°59/28/7-46°0254" 22.8 | 50 |
39 Truckee ........ California..... 120°-120°30" 39°-39930" | 925 25
40 Wartburg....... Tennessee .... 84930'-85° 36°-36°30’ | 963 25
41 Sonora ......... I California..... 120°-120°30" 379307-38° | 944 25
42 Nueces......... " Texas......... 100°-100°30 29930°-30° 11,035 25
43 ‘ Bidwell Bar...., California..... 1210-121°30’ 39930'—40° 25
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Geologic folios published—Continued.

Ares in|Price

52 | Absaroka:

Crandall ... .
Ishawooa... }Wyommg """ {
53 | Standingstone..} Tennessee ....
54 { Tacoma ........ Washington...
55 | Fort Benton....| Montana......
5 | Little Belt [..... do.........
Mountains.
57 | Telluride....... Colorado......
58 | EImOTO ..o\ eensfen... do.........
" Virginia ......
59 | Bristol.......... {Tennessee k}
62 | Menominee | Michigan.....
Special (amap
of the Menom-
inee iron dis-
" trict).

No.{ Name of folio. State. Limiting meridians. Limiting parallels. jsquare| in
miles. [cents.
44 | Tazewell ...._.. {:;‘:Sgt"{;:‘rgmm } 81030/-820 379-37930" | 950 | 25
45 | Boise ....eon.... Idaho......... 116°-116°30" 43°30"-44° | 864 25
46 | Richmond...... Kentucky..... §40-84°30" 37030°-38° | 944 25
47 | London.........[|..... do......... 840-84°30" 370-37930" | 950 25
48 | Tenmile Dis- | Colorado...... 106°08°-106°16'08" 89022'57""-39°30"25" 62.2 1 25
trict Special. ‘
49 | Roseburg....... Oregon........ 1230-123¢30" 43°-43°30’ | 871 25
50 | Holyoke. ....... (Lrassachusetts | 72090'-73° 420030 | 885 | 50
Connecticut ..
51 | Big Trees. ...... California..... 120°-120°30" 38°-38°30" | 938 25

104°-104°30’ 37°-37°30" | 950 25
820-82030’ 36930’-87° | 957 25
87044’-88°09" 45944/-45955° | 254 25

109°30°-110° 44°30'-45° | 849 } %"

109°30'-110° 44944030’ | 857
85°-85°30" 36°-36°30" | 963 25

1220-122930" 47°-47°30' | 812 25
110°-111° 479480 |3,234 25
110°-111° 46°-47° (3,295 25

107°45'-108° 37°45'-88° | 236 25

—

Eleven other folios are in various stages of engraving.

They are:

Charleston, West Virginia.

Colfax, California.

Huntington, West Virginia-Ohio.
La Plata, Colorado.

Monterey, Virginia-West Virginia.
Mother Lode District, California.

Spanish Peaks, Colorado.

Tintic Special, Utah.

Uvalde, Texas.

‘Walsenburg, Colorado.
‘Washington, District of Columbia.

Fifteen folios were received during the year from authors

for publication, as follows:

Atoka, Indian Territory.

Austin, Texas.

Cartersville, Georgia.

Coalgate, Indian Territory.

Coos Bay, Oregon.

Dalton, Georgia.

Danville, Illinois.

Housatonic, Massachusetts—-Connecticut-
New York.

Marietta, Georgia.
Maynardville, Tennessee.
Menominee Special, Michigan.
New York City, New York.
Raleigh, West Virginia.

San Luig, California.
Tallapoosa, Georgia-Alabama.
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Only one of this last group, the Menominee Special folio,
was taken up. On account of the unusual importance of its
economic work and its conclusions, this folio was advanced and
published at once. It describes the geology of the Menomi-
nee iron region. The origin of the deposits is discussed and
directions for future prospecting are given.

The folios published during the year include reports on the
following mineral deposits: Coal in Washington, Tennessee,
Montana, and Colorado; gold and silver in Montana and Colo-
rado; copper and sapphires in Montana; and iron in Michigan.

The Little Belt Mountains and Fort Benton folios embrace a
large area, as they are on the 4-mile scale, and together they
present a very interesting geologic region. The Telluride folio
is on a larger scale and the geology is presented in great
detail. The description is very complete, including a discus-
sion of the mining interests, and is illustrated with beautiful
photographs. The Mother Lode District and Tintic Special
folios treat of these two important mining centers in detail.
On account of the number of special maps in these two folios
they could not be finished within the fiscal year, but are now
nearing completion.

Two land-classification maps have been published, the
Tacoma and Seattle sheets. These maps show by colors the
wooded and cultivated areas, and indicate the timber that is
valuable.

TOPOGRAPHIC MAPS.

Although the editing of topographic maps and the engraving
and printing of the same are now under one supervision, it is
considered advantageous to render independent reports.

Mr. Marcus Baker having taken an extended leave of absence
for duty in connection with the Venezuela Boundary Commis-
sion, editorial work on topographic maps was placed in charge
of Mr. 8. J. Kiibel on July 29, 1899. He was assisted by
Messrs. James McCormick, H. W. Elmore, and William Strana-
han. In order to utilize the services of Mr. McCormick in the
field he was detailed as topographer in eastern and central
New York from August to November inclusive, and Mr. Strana-
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han was for the same reason sent to the field during July and
August.

The duties of this section include the custody of the manu-
seript of the published and unpublished maps of the Survey,
the examination of new manuscript before and in preparation
for engraving, and the proof reading of engraved maps before
publication. They also include the custody of the data for
the correction of published maps, the preparation of the same
for engraving, and the reading of proof after engraving.

The manuscript maps designed for illustrating the various
publications in book form—annual reports, monographs, bulle-
tins, folios, etc.—were examined and revised, with special
reference to their nomenclature, to the number of 176, as
follows:

Twentieth Annual Report, Part TTL. .. .. ... 15

Twentieth Annual Report, Part IV ... ... . . ... ...l 55
Topographic Folio No. 3 ... ... 28
Topographic Folio No. 4 - .. it eaaa s b
Water-Supply Paper No. 34. ...l 5
Land Classification of Washington ... ... ... ... . ... . ...l 1
Bulletin No. 170. . ... eiiiaiieiaaaa. 2
Bulletin No. 171, ... 65

07 1 176

The progress in the publication of maps on the scale of
1: 125,000 by the reduction and combination of those origi-
nally published on the scale of 1: 62,500 is shown in the follow-
ing table: '

Progress in publication of maps on scale 1:125000 by reduction and
combination.

Name of sheet; scale 1: 62500,

Name of sheet; scale
1: 125000.

reduced and combined.

Stage of progress in publica-
tion.

Holyoke, Mass.—Conn .

Nomini, Md.-Va ......

Housatonic, M asgs.—
Conn.-N. Y.

Niagara, N. Y

Chesterfield, Granville,
Northampton, Springfield.

Leonardtown, Montross,
Piney Point, Wicomico.

Becket, Pittsfield, Sandis-
field, Sheffield.

Lockport, Niagara Falls,
Olcott, Tonawanda, Wilson.

Published previous to
July, 1898.
Do.

Published during fiscal
year 1898-99.
Do.

a And profiles.
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Progress in publication of maps on scale 1: 125000 by reduction and
combination—Continued.

Name of sheet: scale Name of sheet: scale 1: 62500, Stage of progressin publica-
1: 125000. reduced and combined. tion.

Patuxent, Md.-D. G ...| Brandywine, East Washing- | Published during fiscal
ton, Owensville, Prince year 1898-99.

Frederick.

Raritan, N.J.__....... Hackettstown, High Bridge, | Published during fiscal
Lake Hopatcong, Somer- year 1899-1900.
ville.

Passaic, N.J.-N.Y .._.| Morristown, Paterson, Plain- Do.
field, Staten Island.

San Luis, Cal.......... Arroyo Grande, Cayucos, Do.

' Port Harford, San Luis
Obispo.

Camden, N. J.-Pa.- | Chester, Glassboro, Phila- | In process of engrav-

Del. delphia, Salem. ing.

Rancocas, N.J ..__.... Hammonton, Mount Holly, Do.
Mullica, Pemberton.

Taconic, N. Y.-Mass.- | Bennington, Greylock, Ber- Do.

Vt. lin, Hoosick. !

On July 1, 1899, there were on hand for engraving 112
unpublished atlas sheets and other maps. One of these, the
Snoqualmie, Washington, has since been withdrawn for
further field work. Another, the Dover, Maryland-Delaware,
has been completed as to engraving, but the sheet has been
withheld from publication. The Tonawanda, New York, pub-
lished as part of the Niagara Falls and vicinity in June, 1894,
has now been published separately. Making the deductions
and addition, there were on hand at the beginning of the
year, for publication, 111 sheets. During the year, 86 new
sheets were received, making a total of 197. These 197
sheets are listed below in four groups:

Group 1 comprises 72 sheets which were published during
the year or were in press at the close of the year.

Group 2 comprises 40 sheets which were in process of
engraving at the close of the year.

Group 3 comprises 25 sheets which have been edited and
approved for engraving.
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Group 4 comprisés 60 sheets which at the close of the year
had. not yet been approved for engraving.

Analysis of these figures shows that at the end of the year
there were on hand 125 atlas sheets and special maps unpub-
lished, but that the engraving of 40 of these was in various
stages of progress. o :

Topographic atlas sheets and other maps engraved and printed (or in
press) during the fiscal year 1899-1900.

Position of SE. corner. |
Quadrangle and State. i?&gg:{ Scale.
Latitude. | Longitude.
° ’ ° 4 Feet.

Alexandria, South Dakota ...| 43 30 97 30 20 1:125000
Anamosa, Towa . ............ 42 00 91 00 20 1:125000
Anniston, Alabama (resurvey)| 33 30 85 30 50 - 1:125000
Atoka, Indian Territory ..... 34 00 96 00 50 1:125000
Betterton, Maryland .___.... 39 15 76 00 20 1: 62500
Brookwood, Alabama. .. _..... 33 00 87 00 50 1: 125000
Browns Creek, Nebraska. ... . 41 30 | 102 30 20 1: 125000
Calumet, Illinois-Indiana (re-

SUTVEY) oo 41 30 | 87 30 10 1: 62500
Canada Lake, New York..... 43 30 74 30 20 1: 62500
Canajoharie, New York._..._. 42 45 74 30 20 1: 62500
Canton, South Dakota~-Towa..| 43 00 96 30 20 1:125000
Cazenovia, New York._ .. ... 42 45 75 45 20 1: 62500
Cecilton, Maryland.......... 39 15 75 45 20 1: 62500
Chappell, Nebraska ..__.__.. 41 00 | 102 00 20 1:125000
Cherry Creek, New York ....| 42 15 79 00 20 1: 62500
Chicago, Illinois (resurvey)..{ 41 45 87 30 5 1: 62500
Clinton, Iowa-Illinois ....... 41 30 90 00 20 1:125000
Desplaines, Illinois (resurvey)! 41 30 87 45 10 1: 62500
Dunkirk, New York...__.... 42 15 79 15 20 1: 62500
East Cincinnati, Ohio-Ken-

tucky ... ..... 39 00 84 15 20 1:62500
Engineer Mountain, Colorado| 37 30 | 107 45 100 1:62500
Evanston, Illinois . ..._.___.. 42 00 87 30 10 1: 62500
Fernando, California ......_. 34 15 118 15 50 1: 62500
Flintstone, Maryland - West

Virginia-Pennsylvania ....| 39 30 78 30 20 1: 62500
Fort Payne, Alabama-

Georgia (resurvey) ........ 34 00 85 30 30 1: 125000

\ Franklin Furnace, NewJersey |. ... ... f.......... 10 1:14400
l Fulton, New York........... 43 15 76 15 20 1:62500
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Topographic atlas sheets and other maps engraved and printed (or in
press) during the fiscal year 1899-1900—Continued.

Position of SE. corner.
Quadrangle and State. Sﬁgg?g{ Scale.
Latitude. | Longitude.
o o Feet.
Grantsville, Maryland-Penn-
sylvania.._ .. ... ....__... 39 30 79 00 20 1:62500
Helena Special, Montana. ... 46 30 | 111 52 50 1:62500
Highwood, Illinois .......... 42 00 87 45 10 1:62500
Indian Lake, New York ..... 43 30 74 15 20 1:62500
Ironton, Ohio-Kentucky. ... 38 30 82 30 20 1:62500
Lakin, Kansas .............. 37 30 | 101 00 20 1:125000
Little Falls, New York....... 43 00 4 45 20 1:62500-
Loup, Nebraska _............ 41 00 98 30 20 1:125000
Macedon, New York......... 43 00 77 15 20 1:62500
Menominee Special, Michigan{.......__{.._....__. 20 1:62500
Mitchell, South Dakota...... 43 30 98 00 20 1:125000
Ogalalla, Nebraska .......... 41 00 }101 30 20 1:125000
Oswego, New York........_. 43 15 76 30 20 1:62500
. Oswego Special, New York...| 43 15 76 20 20 1:62500
Passaic,New Jersey-New York| 40 30 74 00 20 1:125000
Pawpaw, Maryland-WestVir-
ginia-Pennsylvania._...._. 39 30 78 15 20 1:62500
Peterboro, New Hampshire ..| 42 45 71 45 20 1:62500
Raritan, New Jersey......... 40 30 | 74 30 20 1:125000
Remsen, New York......_... 43 15 75 00 20 1:62500
Rico Special, Colorado - . ..o j-coeeaalooaiot. 50 1:23600
Riverside, Illinois (resurvey).| 41 45 87 45 10 1:62500
St. Paul, Nebraska........... 41 00 98 00 20 1:125000
Salamanca, New York ....... 42 00 78 30 20 1:62500
Sallisaw, Indian Territory....; 35 00 94 30 20 1:125000
San Luis, California.......... 35 00 |120 30 100 1:125000
Sawtooth, Idaho-Oregon..... 43 30 | 114 30 100 1:125000
Schoharie, New York........ 42 380 74 15 20 1:62500
Schuylerville, New York.__... 43 00 73 30 20 1:62500
Seattle Forestry Map, Wash-
ington..... . ... ... _..... 47 30 122 00 50 1: 125000
Sidney, Nebraska ........... 41 00 |102 30 20 1:125000
Silver Creek, New York ..... 42 30 79 00 20 1:62500
Silver Peak, Nevada-Cali-
fornia ....... ... ... 37 30 {117 30 100 1:125000
Spearfish, South Dakota...... 44 15 | 103 45 50 1:62500
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Topographic atlas sheets and other maps engraved and printed (or in
press) during the fiscal year 1899-1900—Continued.

Position of SE. corner.
Quadrangle and State. 1?32:?:11{ Scale.
Latitude. | Longitude.
° ! < ’ Feet.
Syracuse, Kansas............ 37 30 |[101 30 20 1:125000
Tacoma Forestry Map, Wash-

INgton, . ...oocioiiiiiiaa.n 112 00 47 00 50 1:125000
‘Texas, Topographic Map of . |- ... ... |-......... 250 | 1lin.=25m. .
Tonawanda, New York ...... 43 00 78 45 20 1:62500
Tully, New York............ 42 45 76 00 20 1:62500
Vineland, New Jersey ....... 39 00 75 00 20 1:125000
‘West Cincinnati, Ohio-Ken-

tucky ...l 39 00 84 30 20 1:62500
Westfield, New York ........ 42 15 79 30 20 1:62500
Whistle Creek, Nebraska. .... 42 00 | 103 30 20 1:125000
Whitefield, New Hampshire-

Vermont . ................ 4 15 71 30 20 1: 62500
Wilmurt, New York......... 43 15 74 45 20 1:62500
Winding Stair, Indian Terri- .

170} o SR 34 30 94 30 50 1:125000

SR |

Topographic atlas sheels and other maps in process of engraving.

Accident, Maryland-Pennsylvania—West
Virginia.

Baldwinsville, New York.

Bucksport, Maine.

Camden, New Jersey-Pennsylvania-Del-
aware.

Canadian, Indian Territory.

Deadwood, South Dakota (resurvey).

Dryden, New York.

East Columbus, Ohio.

Elkland, Pennsylvania.

Elsinore, California.

Erie, Pennsylvania.

Fairview, Pennsylvania.

Flatonia, Texas.

Gaines, Pennsylvania,

Girard, Pennsylvania.

Harney Peak, South Dakota (resurvey).

Havrede Grace, Maryland-Penngylvania.

Lancaster, Wisconsin-Iowa-Illinois.

Maquoketa, Iowa-Illinois.

Masontown, Pennsylvania.

Maumee Bay, Ohio-Michigan.

QOak Harbor, Ohio.

Oakland, Maryland-West Virginia.

Okmulgee, Indian Territory.

Old Forge, New York.

Orland, Maine.

Paxton, Nebraska.

Pingree, North Dakota.

Rancocas, New Jersey.

Riverside, California.

St. Croix Dalles, Wisconsin-Minnesota.

Sansboig, Indian Territory.

San Jacinto, California. .

Taconic, New York~Massachusetts—Ver-
mont.

Toledo, Ohio-Michigan.

Toleston, Indiana.

Tujunga, California.

Uniontown, Pennsylvania.

West Columbus, Ohio.

Wewoka, Indian Territory.
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Manwuscript topographic atlas sheets examined and approved for engraving.

Addington, Indian Territory.
Antlers, Indian Territory.
Ardmore, Indian Territory.
Bald Mountain, Wyoming.
Chelan, Washington.?

Claremore, Indian Territory.
Cloud Peak, Wyoming.

Dayton, Wyoming (resurvey).
Denison, Texas-Indian Territory.
Ellensburg, Washington.

Glacier Peak, Washington.
Hermosa, South Dakota (resurvey).
Methow, Washington.

Newcastle, South Dakota.
Nowata, Indian Territory.
Nuyaka, Indian Territory.!
Muscogee, Indian Territory.
Pryor, Indian Territory.

San Luis Rey, California.
Spokane, Washington.
Stilaguamish, Washington.
Stonewall, Indian Territory.
Tahlequah, Indian Territory.
Tishomingo, Indian Territory.
Vinita, Indian Territory.

New topographic atlas sheets awaiting editorial examination before approval for engraving.

Alikchi, Indian Territory.

Asheville, North Carolina-Tennessee (re-
survey).

Baker City, Oregon.

Bingham Mining Map, Utah,

Bonneterre, Missouri.

Boonville, Indiana.

Broadalbin, New York.

Capistrano, California.

Chestertown, Maryland.

Clyde, New York.

Columbia, Tennessee.

Corona, California.

Davenport, Iowa-Illinois.

Deep Creek, California.

Denzer, Wisconsin.

De Soto, Missouri.

Eagletown, Indian Territory.

Elkader, Iowa-Wisconsin.

Elk Point, South Dakota-Nebraska-lowa.

Fayetteville, Arkansas.

Florence, Arizona.

Geneva, New York.

Genoa, New York.

Gothenburg, Nebraska.

Grand Teton, Wyoming.

Hamilton, Montana-Idaho.

Hancock, West Virginia—-Maryland-Penn-
sylvania.

Hesperia, California.

Marysville Special, Montana.

Millbrook, New York—-Connecticut.

Morrisville, New York.

Mount Leidy, Wyoming.

Mount Lyell, California.

Napa, California.

Nicholas, West Virginia (resurvey).

North Platte, Nebraska.

Ovid, New York.

Palmyra, New York.

PaulsValley, IndianTerritory-Oklahoma.

Petersburg, Indiana.

Phelps, New York.

Portage, Wisconsin (resurvey).

Poynette, Wisconsin.

Redlands, California (resurvey).

Rush Springs, Indian Territory-Okla-
homa.

Ste. Genevieve, Missouri-Illinois.

Sandpoint, Idaho.

San Gorgonio, California.

Santa Cruz, California.

Saratoga, New York.

Schunemunk, New York.

Sodus Bay, New York.

Tipton, Iowa.

Tuskahoma, Indian Territory.

Union, Missouri.

Watkins, New York.

Waverly, New York.

Wedowee, Georgia—Alabama.

Weedsport, New York.

Winslow, Arkansas-Indian Territory.

1Called Turkeytrail in Twentieth Annual Report.
2Called Waterville in Twentieth Annual Report.
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List of atlas sheets revised, corrected, and approved for new editions during the year

'1899-1900.

Bolton, New York. Marshall, Missouri.
Coos Bay, Oregon. : Maynardville, Tennessee.
Crater Lake Special, Oregon. Mount Taylor, New Mexico.
Cucamonga, California. Norfolk, Virginia-North Carolina.
Danville, 1llinois-Indiana. Ontario Beach, New York.
Denver, Colorado. Pasadena, California.
Harrisburg, Pennsylvania. Poteau Mountain, Arkansas-Indian Ter-
Hempstead, New York. ritory.
Housatonic, Massachusetts-New York- | Stamford, New York-Connecticut.

Connecticut. Utica, New York. ’
Kanawha Falls, West Virginia. West Point, New York.
Lexington, Nebraska. Wilson, New York.
Marshall, Arkansas. Yosemite, California.

Division of Engraving and Printing.

Mr. 8. J. Kiibel was continued in charge of this division as
chief engraver, and was assisted by Mr. H. C. Evans, foreman
of copperplate engravers; Mr. R. H. Payne, in charge of
transferring to stone; Mr. J. Eckert, in charge of the work
of the lithographic power presses, and Mr. O. Schleichert, in
charge of the stone work. There were also employed 21 cop-
perplate engravers, 2 photomechanical engravers, 5 litho-
graphic engravers, and 37 printers, transferrers, and assistants.

In addition to the regular duties devolving on him as chief
engraver, Mr. Kiibel, as has been stated under other headings,
performed the duties of editor of topographic maps from July
29,1899, and supervised the work of the Photographic Lab-
oratory from January 1 to April 30, 1900.

The processes mentioned in the Director’s last report as
having been introduced continued to be employed with great
advantage. The engraving of new topographic atlas sheets
was more than doubled last year, the annual output being the
largest since this division began doing all of its engraving
work—that is, since the discontinuance of the contract system.

Valuable assistance was given by the photolithographic
branch to the topographic divisions in the preparation of man-
uscripts by means of photoliths, photographs, prints on cellu-
loid, ete.

The acquisition of the plant of Mr. Ernest Kiibel for the
use of the Survey and his engagement as expert mechanician
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is the only change of importance to be noted. The division
isnow doing its own plate making and electrotyping and repairs
to instruments, all of which was before done by contractors.
The following lists exhibit in condensed form the character
and amount of work done in this division during the fiscal year:

New topographic atlas sheets begun during the fiscal year 1899-1900.

Name of sheet. State or Territory. Name of sheet. State or Territory.
San Luis.......... California. Spearfish .......... South Dakota.
Indian Lake -...... New York. ‘West Cincinnati....| Ohio.
Salamanca ........ Deo. Fort Payne ........ Alabama.
Tronton ........... QOhio. Cherry Creek ...... New York.
East Cincinnati. . .. Do. Westfield .......... Deo.
Anniston ......... Alabama. Anamosa .......... Towa.
Canajoharie....... New York. Chappell . .._._..... Nebraska.
Silver Creek ...... Do. Evanston _......... Iinois.
Wilmurt . ....._.... Deo. Fulton............. New York.
Camden ........_. New Jersey. Oswego - -cooeeo. Do.
Dunkirk .......... New York. Ogalalla _.._....... Nebraska.
Fernando ......... California. Schuylerville....... New York.
Highwood . ....... Illinois. Canadian ..._.._.... Indian Territory.
Macedon.......... New York. Canton ............ South Dakota.
Rivergide ......... California. Ockmulgee......... Indian Territory.
Tujunga .......... Do. Rancocas .......... New Jersey.
Canada Lake...... New York. Schoharie.......... New York.
Lakin ............ Kansas. Wewoka ........... Indian Territory.
Peterboro......... New Hampshire. || Lancaster ......_... Wisconsin.
Pingree........... North Dakota. Old Forge.......... New York.
Toleston . _........ Indiana. Taconic...o....... Massachusetts.
Whitefield ........ New Hampshire. || Flatonia ........... Texas.
Dryden........... New York. Silver Peak __....... Nevada.

Little Falls........ Do. Elsinore ........... California.
Syracuse.......... Kansas. Oakland _..__..____. Maryland.
Baldwinsville ..... New York. San Jacinto ........ California.
Accident.......... Maryland. Cecilton ...._....... Maryland.

St. Croix Dalles ...[ Wisconsin. Elkland ........_.. Pennsylvania.
Maquoketa........ Illinois. Havre de Grace ....| Maryland.
Sansbois .. ........ Indian Territory. || Norway............ Michigan.
Betterton ......... Maryland. Erie coeeeioiiiiil. Pennsylvania.
Cazenovia......... New York. Fairview...._...._. Do.
Remsen........... Do. Bucksport.......... Maine.

Tully —..oooo..... Do. I East Columbus ... | Ohio.
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New topographic atlas sheets begun during fiscal year 1899-1900—Ct'd.

Name of sheet. ' Staté or Territory. { Name of sheet. State or ’l‘erri'tory.
Masontown _..___. Pennsylvania. Girard ..__._....... Pennsylvania.
Maumee Bay.._.... Ohio. Engineer Mountain .| Colorado.
Toledo............ Do. Orland............. 'Maine.
Riverside ....__._. Illinois. West Columbus .. ..| Ohio.

Calumet _....__... Do. Uniontown. _....... Pennsylvania.
Gaines. .. _........ Pennsylvania. Oak Harbor........| Ohio.

Iron Mountain . ...} Michigan. Chicago...........[| Illinois.
Paxton ........... Nebraska. Desplaines ......... Do.

RESUME,; BY STATES.

Alabama - ... ... .. ... .... 2 || North Dakota ... ............... 1
California ... ... ... ... .. ..... 6 || Nevada ..ooonoinonn oo 1
Colorado ... ..o ... 1 || New Hampshire......__._...._.. 2
T1H0O0S « oo e e SO 7 || New Jersey.__...._. eegeaens 2
Indiana ... . ... .. .__.__.. 1§ New York. .. ... _____..... 21
Indian Territory .. ... ........_. 4t Ohio. ..ol 8
Towa .l 1 Pennsylvania....._..........'_... 8
Kansas .. ... o....... 2 il South Dakota. ..o oeooeeeeea .. 2
Maine ... oo i 20 Texas . ..o 1
Maryland. .. ... .. .. ... ..... 4| Wisconsin. ... ... ... ..___. 2
Massachusetts. . ... _.... o1 Total oo _8:
Michigan ... ... . ... ... ... 2 |

Nebraska . ... ... . .. 3

New topographic atlas sheets and other maps finished during the fiscal

year 1899-1900.

Name of sheet. State or Territory. Name of sheet. State or Territory.
Loup ... Nebraska. Westfield ....._... New York.
Vineland ......... New Jersey. Canajoharie .. __._. Do.

Texas State, No. 1..| Texas. . Fort Payne __..... Alabama.

Texas State, No. 2.. Do. Cherry Creek ..... New York.
Texas State, No. 3.. Do. Fulton...___...... Do.

Texas State, No. 4. . Do. Iron Mountain ....| Michigan.
Helena Special . ...| Montana. Norway........... Do.

Lakin ... ... ... Kansas. . Browns Creek..... Nebraska.
Sidney............ Nebraska. Cazenovia.__...... New York.
Indian Lake ..._.. New York. Sallisaw ....... ---| Indian Territory.
Silver Creek ...... Do. Salamanca ...._... New York.

21 GeoL, PT 1—12
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New topographic atlas sheets and other maps finished
year 1899-1900—Continued.

during the fiscal

Name of sheet.

State or Territory.

Name of sheet.

State or Territory.

‘Winding Stair.....
East Cincinnati....
Ironton._....._...
Remsen......._._.
Spearfish ......._.
Wilmurt .. _._._..
Dunkirk

Hackettstown .___
Lake Hopatcong. .
High Bridge
Somerville
Cayucos
San Luis Obispo ..
Port Harford.....
Arroyo Grande...
Bennington
Hoosick

Greylock
Berlin

Dover
Evanston
Highwood
Tually ccoooooeaao.
Oswego
Flintstone
Pawpaw

Sawtooth
West Cincinnati . . .
Chappell......._..
Ogalalla.._........

Indian Territory.
Ohio.

Do.

New York.
South Dakota.
New York.

Do.

Do.
Alabama.
California.
Alabama.
South Dakota.
New Jersey.

Do.

Do.

New York.
New Jersey.

Do.

Do.

Do.
California.

Vermont.
New York.
Massachusetts.
New York.
South Dakota.
Delaware.
Illinois.
Do.
New York.
Do.
Maryland.
Do.
Idaho.
Ohio.
Nebraska.
Do.

Toleston
Desplaines
Macedon...........
Peterboro .. ........
Schuylerville. ...
Anamosa
Canada Lake.......
Little Falls_._.._._.

Mount Holly.._...

Pemberton

e
Hammonton......

Mullica
Betterton

Girard . ..... e
St. Croix Dalles. ...
Riverside
Syracuse...........
Calumet
Canton

Tujunga
Whitefield
Accident_...... ...
Baldwinsville
Engineer Mountain .

Indiana.

Illinois.

New York.

New Hampshire.
New York.
Towa.

New York.

Do.

New Jersey.

Do.

Do.

Do.
Maryland.
Nevada.
Illinois.
Maryland.
Pennsylvania.
California.
Wisconsin.
Pennsylvania.
‘Wisconsin.
California.
Kansas.
Illinois.

South Dakota.
North Dakota.
California.

New Hampshire.
Maryland.

New York.
Colorado.
Illinois.

Indian Territory.
Pennsylvania.
Maryland.

New York.

Do.
Maryland.
Texas.

a Also combined and published as the Passaic sheet.
b Also combined and published as the Raritan sheet.

¢ Also combined and published as the San Luis sheet.

d Also combhined and published as the Taconic sheet.
e Also combined and published as the Rancocas sheet.
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RESUME, BY STATES.
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Alabama

California
Colorado

Delaware .........
Idaho. ......___..
Nlinois ........._.
Indiana _..._.....

Kansas

Maryland...._.._..
Massachusetts......

Michigan
Montana

1 || New Jersey
1 || New York

.............. 6 || North Dakota.......
.............. 1| Ohio oo oo
.............. 3 || Pennsylvania........
.............. 1 || South Dakota.....__
............. 2] Texas ........o.....
............. 7] Vermont __.._.._...
............. 1 || Wisconsin ......._..
""""""" 2 Total'........
............. 1

............. 3 || Nebraska...........
............. 8| Nevada.............
e 1 || New Hampshire ... .

11t is the custom to consider the reduction of four maps into one sheet as equivalent to the engrav-

ing of four atlas sheets.

four.

In the above statement of totals each combined map has been counted as

Topographic atlas sheets corrected during the fiscal year 1899-1900.

i

Name of sheet.

State or Territory.

Mother Lode Dist.1
Mother Lode Dist.2
Marshall...__.....
Crater Lake.......
Marshall.....__...
Poteau Mountain. .
Cucamonga .......
Mount Taylor
Muskeget
Cape May.........
Poughkeepsie
New London
-Downey
Ontario Beach.....
Indian Valley.....
Uvalde
Charleston

Spanish Peaks.....
Hempstead........
Texas State

Oyster Bay........

State or Territory. Name of sheet.

California. Brooklyn -.._.___.
Do. Staten Island......
Missouri. Yosemite -........
Oregon. Kanawha Falls_._.
Arkansas. ' Pasadena ..._.___.
Do. - Wilson _.._...__..
California. ! Maynardville ._._.
New Mexico. Housatonic .......
Massachusetts. Cassville....._ ...
New Jersey. Utica ........._...
New York. Yellville..........
Connecticut. Tacoma . ..........
California. Lauarel ......._....
New York. Klamath__..___._.
- California. Mount Marcy -....
Texas. Strafford....._....
West Virginia. Colfax ............
Colorado. Tinti¢ «.ooooooo..
New York. Denver, East..._..
Texas. Denver,West......
New York. Norfolk. oo ...

New York.

Do.
California.
West Virginia.
California.
New York.
Tennessee.
Massachusetts.
New Jersey.
New York.
Arkansas.
‘Washington.
Maryland.
Oregon.
New York.
Vermont.
California.
Utah.
Colorado.

Do.

Virginia.
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Topographic atlas sheets corrected during fiscal year 1899-1900—Ct'd.

Name of shieet. ‘ State or Territory. Name of sheet. State or Territory.
Lexington ........ Nebragka. Paterson.._....._... New Jersey.
Harrisburg ....._. Pennsylvania. Oelrichs ........... South Dakota.
Kaaterskill _...... New York. Danville ........... Illinois.
Coxsackie......... Do. Equinox _.._....... Vermont.
Beverly........... West Virginia. Santa Monica ...... California.
Winsted .......... Connecticut. Coos Bay ...._..... ' Oregon.
Rico..c.ooooool.. Colorado. Coalgate _...._..... | Indian Territory.
Stamford _......_. Connecticut. Asbury Park ._.__.. | New Jersey.
West Point......_. New York. Blackstone_ __.___.. Massachusetts.
Washington..__._. Dist. Columbia. Elkton .. ......_._. Maryland.
Philadelphia..._.. Pennsylvania. Seattle......._..___. ‘Washington.
Huntington ....... West Virginia. Shamokin ._.______. Pennsylvania.
Walsenburg...._.. Colorado. Stamford.. ... ... Connecticut.
Bolton............ New York. Cohoes ....__...... New York.
Tonawanda .._..... Do. Rochester..._._.__. Do.
Harlem._........_. { Do. Roseburg ........_. Oregon.

RESUME BY STATES.

Arkansas . ........ .o oo... 3 || New York ... ... i aoioio. 17
California. . ... ... 9 ([ Oregon ..o ... 4
Colorado .. .. .. .. ...l 5 | Pennsylvania ___..__ .. ... .__ .3
- Connecticut oo oouooomeaaeoo ool © 4 |t South Dakota _...__.....__..____. 1
District of Columbia._ ... . ... ... 1§ Tennessee - ... ... ... ..... 1
Illinois - . oo oo 1 || Texas -.... e meeeeaeteecacaaan 2
Indian Territory «eeoo. oo ... 10 Otah ... 1
Maryland ceoooooa oLl 2 Vermont._ ... .. ... . .o.... 2
Massachusetts . ... ... .. 3y Virginia ... ... ...l 1
MiSSOUT] < o vceee e 1 [ Washington. ... ... ... .. ... 2
Nebraska ..o cooooooaa . 1| West Virginia . ... .. .. _____.. 4
New Jersey ... oo 4 Total - oo oo —7_4

New Mexico «oovomimniia . 1
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Topographic atlas sheets printed and the number of copies delivered
during the fiscal year 1899-1900.

Name of sheet. I Copies. Name of sheet. Copies.
Salyersville, Ky ..__....... z 2,097 Pisgah, N.C..._.__........ 2,010
Ellendale, 8. Dak .......... ¢ 2,119 Wilmington, Vt __.__...... 2, 144
Danbury, Conn............ ! 2,117 Rico,Colo. ..ol 2,074
Ishawooa, Wyo._.......... , 2,113 New London, Conn..._.... 2,122
Sunbury,Pa............ ... © 2,167 Indian Valley, Cal......._. 1,088
Wilkesbarre, Pa . .......... ' 2065 | Winsted, Conn ..oono.n.... 2,103
Crandall, Wyo .__......... l 2,131 Beverly, Va ............... 2,052
Londonderry, Vt . _........ L2,122 Downey,Cal ._............ 2,080
Niagara, N.Y «onomnennen.. | 2,104 | Grantsville, Md ... 2,076
Poughkeepsie, N.Y ........ I 2,129 | Franklin Furnace, N.J. ... 2, 040
Cape May, N.J............ ©1,148 Rico Special, Colo -...... .- 2,090
Coxsackie, N.Y ........... {2,119 Mother Lode Dist. 1,Cal...| 2,115
Port Orford, Oreg........_. 2,127 Stamford,Conn............ 2,117
Kaaterskill, N.Y .......... 2,109 Mitchell, S. Dak ........... 2,126
Atoka, Ind. T ............. 2,100 Browns Creek, Nebr ....... 2,053
Whistle Creek, Nebr....... 2,078 Dover,Del _.__..___....... 107
Clinton, Iowa ............. 2,080 Ontario Beach, N.Y ....... 2,011
Patuxent, Md ............. 2,076 Alexandria,S. Dak._..__.__. 2,061
Loup, Nebr ... .. ........ 2,078 Bernal, N.Mex.._._....... 2, 090
West Point, N.Y ....._.... 2,096 || Abingdon, Va .__....._.... 600
Vineland, N. J.__.......... 2,113 Great Egg Harbor, N.J .__.| 2,097
Brookwood, Ala._.......... 2,058 Muskeget, Mass_.__........ 2,088
Williamsburg, Ky ......... 573 Stonington, Conn.......... 2,076
Northampton, Mass__..:...| 2,084 Brandywine, Md .......... 2,076
Freeport, Me ... _.__...._. 2,056 Sacketts Harbor, N. Y_..__. 2,049
Middletown, Conn......... 2,055 Little Egg Harbor, N.J _._.| 2,063
Delaware Water Gap, Pa...| 2,002 Pulaski, N.Y_____.._...__. 2,090
Hinton, W.Va ..._.....__. 542 Glens Falls, N.Y ..., 2,057
St. Paul, Nebr ............. 2,017 Kent, R.I... ... ......... 2,085
Pyramid Peak, Cal..... - 2,072 McCormick, Ga............ ' 2,098
Lewisburg, Va.........._.. 600 Carson, Nev ... ooooeeeoao.. 1,152
Pittstown,Pa._....... ... T 2,090 Cape Vincent, N.Y..__._.. 2, 054
Bridgeton, N.J............| 2,127 Long Beach, N.J._._..._... 2,124
Coalgate, Ind. T ........... 2,104 Granby,Conn ............. 2,001
‘Winchester, Va__.......... 2,104 North Conway, N.H....... 2,098
Harvey Lake, Pa .......... 2,081 Redondo,Cal..........._.. 2, 144
Franklin, W. Va._.____.._... 2,100 Ithaca, N.Y .............. 2,073
Disaster, Nev.. ... ......... 1,076 Granville, Mass ........... 2,135
Cranberry, N.C ........... 2,090 Kaibab, Ariz.............. 1,119
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Topographic atlas sheets printed and the number of copies delivered
during the fiscal year 1899-1900—Continued.

Xame of sheet. Copies. Name of sheet. Copies.
Gardner,Me ... .......... : 2,048 | Lexington, Nebr ........... 2,116
East Cincinnati, Ohio...... i 2,632 Dublin, Va. ... coo....... 582
Anthracite, Colo. ..... e ] 611 | Crawford Notch, N.H...... 2,053
Millersburg, Pa......_..... 2,104 Gordonsville, Va .......... 2,089
Jasper, Ala _._._......___. . 2,096 Olean, N.Y ............. .| 2,000
Bolton, N.Y oo, ‘ 2,078 | Princeton, N.J . .......... 2,090
Dennisville, N.J.__........ . 2,136 San Pedro, Cal ............ 2,122
Greenwood Lake, N.J ..... {1,001 Yadkinville, N.C._........ 2,129
Sidney, Nebr.............. 2, 094 Red Bluff, Cal............. 616
Brooklyn, N.Y............ 2,626 || Springfield, Mass.......... 2,135
Paterson, N.J .. ..__.._.... 2,619 Aungusta, Me .._.___... ... 2,090
Westfield, N.Y............ 2,110 Provincetown, Mass ....... 2, 087
Boston Bay, Mass.......... 1,036 Ironton, Ohio............. 2,584
Crested Butte, Colo........ 601 West Cincinnati, Ohio ..... 2, 609
Bessemer, Ala............. 2,132 Saluda, N.C............... 630
Helena Special, Mont...... 2,022 Laurel, Md........c....... 2,133
Shamokin, Pa............. 2,080 Doylestown, Pa............ 2,130
Las Bolsas, Cal ............ 2, 095 Cazenova, N.Y............ 2,122
Harrisburg, Pa..._......_. 2,133 Harlem, N. Y .. .......... 3,181
Tacoma, Wash............ 2,105 Strafford, Vt ... ....... 2,100
Mount Taylor, N.Mex ..... 2,073 Boston, Mass.............. 1,125
Albuquerque, N. Mex...... 575 Echo Cliff, Ariz ........... 573
Sacramento, Cal ........... 2, 064 Indian Lake, N.Y._.__...... 2,116
Tully, N.Y . ..., 2,114 Staten Island, N.Y ........ 2, 565
Sawtooth, Idaho........... 2,101 Albany, Kans .........._.. 569
Alturas, Qal ............... 1,104 Sebago, Me. ... . ........ 2,051
Christiansburg, Va ..._.... 1,165 Framingham, Mass........ 1,110
Cumberland Gap, Ky ...... 1,093 Evanston, Tl _.__.._..__. 2,113
Las Cruces, N. Mex....... . 612 Holbrook, Ariz..._........ 593
Paradise, Nev ......_...... 609 Klamath, Oregon.......... 1, 068
Cherry Creek, N.Y......_. 2,128 Hempstead, N.Y._.._..__. 2,130
Tonawanda, N.Y..._.._... 2,616 Poteau Mount, Ark........ 2,108
Wilmurt, N.Y ... ... ... 2,111 Roseburg, Oregon......._.. 2,067
Raritan, N.J ... ... .... 2,624 Silver Creek, N.Y......... 2,052
Yosemite, Cal........._... 2,510 ‘ Springville, Ala ... ..._... 595
Peterboro, N.H ........... 2,566 | Norway,Me.. ... ........ 2, 598
Highwood, I11............. 2, 609 Salamanca, N. Y........... 2,120
Sanborn, Colo............. 615 Spearfish, S.D............. 2,540
Oswego, N.Y.............. 2,626 | Big Springs, Colo.......... 583
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Topographic atlas sheets printed and the number of copies delivered
during the fiscal year 1899-1900—Continued.

Name of sheet. Copies. Name of sheet. Copies.
Cucamonga, Cal ....__..__. 2,060 Sheffield, Mass ... ......... 2,564
Fort Defiance, Ariz........ 1,070 Remsen, N.Y ... ........ 2,567
Norwich, Conn...._...._.. 2,118 Hazard, Ky............._. 2,073
Canajoharie, N.Y _........ 2,102 Engineer Mountain, Colo...| 2,573
Oswego Special, N.Y ...... 2,627 Las Animas, Colo.......... 610

Luis, Cal......_....... 2, 066 '
San Luis, Ca Total oo 317, 482
Passaic, NoJ ..o ... 2,547 :

* Geologic fbl?los completed and delivered during the fiscal year 1899-1900.

Name of folio. ’ Copies. Name of folio. Copies.
51. Big Trees, Cal_.__..._. 4,991 57. Telluride, Colo......... 5, 027
52, Absaroka, Wyo........ 5,092 || 58. Elmoro, Colo........... 5,100
53. Standingstone, Tenn. .. 5,081 | 59. Bristol, Tenn._.......... 5,100
54, Tacoma, Wash .....__. 5,022 62. Menominee, Mich ...._. 5,100
55. Fort Benton, Mont ... 5,006 Topographic No. 2 ... 5,191
56. Little Belt Mt., Mont.. 5, 029 Total. oo oo 55, 739

Geologic folios in hand June 30, 1900.

Name of folio. State or Territory. Name of folio. State or Territory.
Bristol .. ... ... Tennessee. LaPlata........... Colorado.
Monterey......... Virginia. Tintie ............. Utah.

Colfax ..._....... California. Mother Lode Dist. .| California.
‘Waghington _..... Dist. of Columbia. || Uvalde........__.. Texas.
Huntington....... West Virginia. Walsenburg ....... Colorado.
Maynardville ... .. Tennessee. Charleston ........ West Virginia.
Spanish Peaks ... | Colorado. Housatonic........ Massachusetts.

Total, 14.
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Miscellaneous maps, pamphlets, circulars, etc., printed and delivered during the fiscal year

1899-1900.
: Copies.
Texas State map ... ... ... iiiciiia.. 3,220
Seattle forestry map .. ... ... 5, 332
Tacoma forestry map - ... ... iiee... 5,160
Connecticut map (2 sheets) ... .. il Loiiiii...... 2,111
United States oiland gas map . ... ... 3,210
Adirondack forestry map .. ... ...l liioe.l... 1, 259
United States base, contour,and relief maps ... ... ... .. .. ... ........ 7,692
Alaska pamphlets - . ... 20, 000
Map circulars . .o 28, 969
Circular letters. ... .. 2,919
Photolithographs on map paper . ... ... ... ..i.... 8,608
Photolithographs on drawing paper .. ... ... .. ... .. ... ....... 243
Photolithographs on celluloid . _ ... .. ..o ... 58
Card blanks ... eeieeaaan 2,080
Signal flags - . i i 1,000
Ruled Jackets - - 200
Total ._...._.._.... R 92, 061
Totals derived from the foregoing tables.
Engraving of atlas sheets:
Sheets finished . . ... o i 101
Sheets partly finished . .. ... L iiiiiiii.. 19
Sheets corrected. . ... .. ...l . 74
Sheets printed .-..... ... ... ... e - 169
Engraving of folios:
Folios in hand .. ... i eeaan 15
Folios completed. .. ... .. aiiiiiiiiieaaaa. 11
Delivered: Copies.
Atlas sheets. . ..o oo e ieaaa 317,482
Geologic folios . ... ..o el 55,739
Miscellaneous - .. . oo oo e eeeiaaeeiean 92,061
Grand total, all material delivered .. ... . ... ... ... .. 465, 282

ADMINISTRATIVE BRANCH.

Division of Documents, Correspondence, and Records.

This division was continued in general charge of the chief
clerk, Col. H. C. Rizer, the custody and distribution of the
documents and stationery being under the immediate charge
of Dr. W. D. Wirt, and the files and records of correspondence
and appointments in charge of Dr. W. F. Morsell.

DOCUMENTS AND STATIONERY.

The work of this section has increased during the last year,
owing to the growth in publication and in the activities of the
Survey generaly, but Dr. Wirt and his assistants have per-
formed it in a most satisfactory manner
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During the year 195,091 volumes, 30,624 geologic folios,
and 342,645 topographic maps were sent out, including those
distributed under special Congressional enactments; total,
568,360. The postal authorities handled this large amount of
material promptly and w1thout the loss of any important
parcel. ~
The publications received were: Nineteenth Annual Report,
Parts II, III, and V, and separates from same; Twentieth
Annual Report, Parts 1, 111, IV, VI, and VI Continued, and
separates from same; separate on Precious Stones, from the
Twenty-first Annual Report; Bulletins 157 to 163, inclusive;
Monographs XXXII (Part II), XXXIII, XXXIV, XXXVI,
XXXVII, and XXXVIIL; Water-Supply and Irrigation
- Papers 27 to 33, inclusive; Geologic folios 51 to 58, inclu-
sive; Topographic Folio No. 2, and 176 separate maps, includ-
ing reissues, a total of 342,374 sheets..

The proceeds from the sale of publications amounted to
$6,318.94, of which 83,861.14 was received for maps.

During the year 493 requisitions for stationery and supplies
were made upon the Department, and 3,408 office requisitions
were filled. Letters relating to documents, stationery, etc., to
the number of 43,830 were received, and 57,039 were sent out
The registered packages mailed numbered 20,212,

- CORRESPONDENCE AND RECORDS.

The register of letters of a general character received shows
that 4,800 communications were briefed, recorded, and appro-
priately referred for action, and ultimately placed on file when
no longer required for answer or other use. The record of
letters sent aggregates 4,600 typewritten pages. .

The work of this section also includes all records pertalmng
to appointments, attendance, and leaves of absence, the care
and custody of the lantern-slide collection, and the preparation
of quarterly reports to the Department.

The appointment records show changes to have occurred
during the year as follows: Appointments, by the Secretary of
the Interior (including promotions and reappointments as well
as original appointments), 248. Of this number 87 were pro-
motions, 81 were original appointments, and the others were
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renewals, changes of designation, etc. A large proportion of
the appointments were of the emergency class—thirty to sixty
days. The separations from the service numbered 35, as
follows: Death, 1; dropped or services dispensed with, 11;
transfers to other bureaus, 7; resignations, 16.

The changes of all kinds occurring during the year will thus
be seen to aggregate 283, as against 188 in 1898-99, and 147
in 1897-98.

Division of Disbursements and Accounts.

This division remained in charge of Mr. John D. McChesney,
chief disbursing clerk, throughout the year. The high degree
of efficiency which has characterized this branch of the office
during two decades was maintained. A summarized state-
ment of disbursements follows, and a detailed statement is
preserved in the office.

FINANCIAL STATEMENT.

Analyéis of disbursements.

Opposite the following heads appear the total expenditures under the various
appropriations:

1. Salaries, office of Geological Survey..... .. ... ... ... ..iiii..oo. $30, 989. 29

~ 2. Salaries of scientificassistants ... .. ... ... . ... ... ....... 29, 492. 01
3. Skilled laborers and various temporary employees .. ... _........_.... 12,996. 89
4. Topography .. i 237,131.17
L5 TR 1Yo U7 103,190. 24
6. Paleontology .. ... iiiiieiiiiiaan 8,543. 25
7. Chemical and physical researches. . ... . ... ... . . ... ... ... 6,417. 57
8. Preparation of illustrations.. ... ... .. . ... . ... .. ... 12, 814. 52
9. Mineral resources of the United States ....... ... . .. . ... .._... 29, 503. 15
10. Books for library, etc . ... ... oo 1,623.70
11. Gauging streams, etC. ... ... .. iiiiiiiiiiiaen 56, 308. 73
12. Rent of office rooms, Washington, D. C......_ . ... ... ... 6, 199. 80
13. Coal and gold resources of Alaska......_...... ... .. ... ... ... 24,012. 87
14. Engraving and printing geological maps of the United States ....... 60, 273. 00
15. Irrigation investigations, Gila River and Queens Creek, Arizona..... 7,615. 42
16. Surveying forest reserves. .. ... .. iiiiiiiiiii i 127, 690. 72
17. Maps of Alaska, Geological Survey... .. ...... . .. .. ... ... .. 481. 25
18. Locating the ninety-eighth meridian........ ... ... ... .. ... ... 5,312.58




Amounts appropriated for and expended by the United States Geological Survey for the fiscal year ending June 80, 1900.

; M . Irrigationin-
. Salaries, of- [ Geological " " aps of |vestigations;
Geological SGe°1°$‘1°$9 fice of Geo- | maps of the Sfléxr‘gcgr:.gg Logcs:ﬁ]n;gcthc Alaska, Ge-| Gila River Total
Survey,1900. | SUTREYe Y | logical Sur- United orvos ridion ological | and Queens :
vey, 1900. | States,1900. . : Survey. | Creek, Ari-
zona,
Balance available from prior Year .....eveeevee]iveeiiiennoii i feeree e $23,311.14 $5,449. 82 $471.36 $7,536.15
Appropriations: Actsapprov red February 24, 1899; 857, 809. 36
March 3,1899; February 9, 1900; March 30 1900 y P OT
and June 6,1900 cernniiniieniiiriariaaaraaanan @ $222,012.44 | $375,000.00 $31, 390. 00 $62, 500. 00 130,000.00 |..c.vunennann. 18.50 119. 95
Amounts expended, classified as follows:
7, =T o U 127,014. 40 228,901.47 51,835.30 89,446. 51 2,846. 62 534, 600.47
B. Traveling expenses.. . 7,694.05 19,879.03 30.05 679. 53 34, 820.46
C. Transportation of propcrt 273.72 3,662.22 31.32 4 935,13
D. Field subsistence ....... 2, 586. 60 41,188.69 |. 1,590. 71 5(’ 556. 05
E. Field supplies and expe . . 5, 834.59 42,382, 56 2,455.02 62, 897.77
F. Fieldmaterial .....oooooiiiiiiiiiiiaan... 3,267.80 9,802.83 |.... N 16, 523,28
G. Instruments ........ooiiiiiiiiiiiiiiiiiiaann, 1,259.90 9,790.92 |.... 13,631. 67
H. Laboratory material.......................... 1,248.10 [oooemeeeaoifann 1,263.40
I. Photographic material ....................... 2,198.70 2,037.28 .. 4,400.48
K. Booksand maps, €tC........coevereeennnnnan.. 1,623.70 160.11 |.... 1,883.81
L. Stationery an dmwmg material............. 597.23 1,251.93 |.... 2,170.12
M. Illustrations for reports ......coeeavoeeieanaa. . 1,895, 55
N. Officerents «oovuninneemiiiii i 6,199.80
0. Office furniture .......oovveeeieniiniieanaann. 2,513,560
P. Office supplies and repairs.................... 2, 609. 60
Q. Storage ...ovvieeniinian.n- . 572,66
R. Correspondence 436. 90
S. Materials for engraving and printing maps.. 8, 606, 30
T. Railroad accounts settled at U. S. Treasury:
Passenger 321.30 B2 1 S - ) T 1 g 2,073.07
Freight...o.covnnanne. 145, 51 1,032.15 1.02 2,006.14
Total expenditures 163, 899. 62 364,334.28 30, 989. 29 60, 273. 00 127, 690. 72 5,312.58 481.25 7,615,42 760, 596.16
Balance unexpended July 1,1900 ... ......._..... 58,112, 82 10, 665. 72 400,71 2,227,00 25, 620. 42 137.24 8,61 40.68 97,213. 20
Probable amount required to meet outstanding
58,112. 82 10,665.72 |.cvaneeennnnn. 2,227.00 25, 620.42 137.24 | ooo...... 40.68 96, 803. 88

liabilities............. A,

aThis amount includes $35,000 for investigations in Alaska, which continues available durmg 1901 (Deficiency Act, February 9, 1900).

are now in the hands of special dlsbursmg agents conducting mvesngutxons in Alaska.

Of this amount ($35,000), $23,000

‘INIRALVIS TVIONVNIL
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THE LIBRARY.

The library of the Survey was continued under the charge
of Mr. Charles C. Darwin, assisted by Miss Julia L. McCord,
Miss M. E. Latimer, and Mr. Thomas K. Gallaher.

The following tabulated statement shows the contents of the
library June 30, 1900:

CONTENTS OF THE LIBRARY JUNE 30, 1900.

) BOOKS.
On hand June 30, 1899:
Received by exchange ... ... .. ... ..ol 31, 895
Received by purchase. ... ... . .oiiiiiiiiiiaa.n 12, 150
44, 045
Received during the past year:
By exchange.. ... ... ... ii... 1,419
By purchase ... ... .. .ol . 566
. 1,985
46, 030
PAMPHLETS.
On hand June 30, 1899:
Received by exchange .. ... ... .. iiiiiil.. 57,879
Received by purchase ... ... el 14, 311
72,190
Received during the past year:
By exchange. ... . . il 2,400
By purchase . ... il 137
2,537
74, 727
MAPS.
Geologic and topographic maps: .
On hand June 30, 1899. . ... ... iiiciii e ciaaannn 28,135
Received during the year ... ... .. .. ... 800

— 28,935
149, 692



OBITUARY.

OTHNIEL CHARLES MARSH.

Othniel Charles Marsh was born at Lockport, New York, on .
October 29,1831. He was the son of Caleb and Mary Peabody
Marsh, of Danvers, Massachusetts, a quaint colonial settlement
not far from Salem, of which it in early times formed a panrt.
The mother of Othniel Marsh was a sister of George Peabody,
the London banker and eminent philanthropist, whose remains
lie buried in his native town. They were brought from Eng-
land in a British war ship and deposited in their present resting
place in 1869. The name of the town was changed from Dan-
vers to Peabody in his honor.

During his early boyhood Marsh attended the schools of
Lockport and later the Wilson Collegiate Institute, of Wilson,
New York. He entered Phillips Academy, at Andover, in
1851, where he pursued the usual classical and mathematical
studies preparatory for college, and was graduated in 1856 at
the head of his class. From the preparatory academy he went
to Yale College, where he followed the prescribed classical
course and was graduated in 1860. At that time the elective
system of undergraduate courses, as it is now developed at Yale,
was almost unknown, and Marsh had but little opportunity, so
fully was his time occupied, to carry out any line of study
other than that afforded by the regular college curriculum,
which embraced elementary instruction in chemistry, mineral-
ogy, and physics. These early collegiate studies aroused in
him an enthusiasm for science, which in great measure deter-
mined his future professional career. From that time forward
he devoted himself with untiring persistency to scientific pur--
suits, giving his energies to chemistry, mineralogy, and geology.

1 Prepared by Mr. Arnold Hague.
’ 189
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Immediately upon the close of his college course he became
a post-graduate student of the university and enrolled himself
as a student in the Sheffield Scientific School. The autumn
of 1860 found him hard at work in the chemical laboratory,
devoting his time to mineral analyses and determinative min-
eralogy and laying broad the foundation of his future career
as a paleontologist. His entrance into the scientific department
occurred at a most auspicious time, coinciding with the opening
of North Sheffield Hall, with its laboratories and lecture
courses, which offered to the followers of natural science at
Yale opportunities far better and on broader lines than had
before been enjoyed. At this time the number of special
students of science was small, but their enthusiasm was awak-
ened and they constantly associated on the common ground of
kindred pursuits. Throughout these years Marsh probably
talked more freely to fellow students about his boyhood days
than he was wont thus to talk in later years. He early evinced
traitsand habits which became dominant characteristics through-
out a long life. Shooting and fishing, pastimes of boyhood,
became his recreations. The sportsman spirit, developed in
youth, remained strong throughout the long period of explora-
tion in the Rocky Mountains, and big-game hunting was to
him one of the keenest delights of life.

In the same way the spirit of the collector was shown in
school-boy days in a still more marked manner. Fossils, min-
erals—in fact, all natural curiosities—were gathered by him
with intense eagerness, and early in life his collections were con-
sidered large and valuable. During his academtc years at And-
over, and later at Yale, the summers were employed in making
extensive collecting trips throughout New England, his jour-
neys being extended as far eastward as Nova Scotia. In these
years he made no fewer than five journeys to Nova Scotia,
carefully exploring the larger part of the island. On one of
the first of these excursions he was so fortunate as to discover
in the coal formations at the well-known locality of South Jog-
gins a fossil vertebrate, which he subsequently described as
Eosaurus arcadianus, in a paper published in the American
Journal of Science in 1862 while he was yet a student in
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the scientific school. Previous to the appearance of this paper

he published in the same journal an account of the gold of
Nova Scotia. In 1863, shortly after leaving the Sheffield lab-

oratories, he published a catalogue of mineral localities in New

Brunswick, Nova Scotia, and Newfoundland, a paper on which
he bestowed considerable care and thought, and in the prepa-

ration of which he had found much pleasure. Even in those

early days his mind turned to explorations and scientific sur-

veys, and in the light of his subsequent career a passage in

his article on the Nova Scotia gold fields becomes interesting.

He wrote:

A public geological survey of Nova Scotia is much needed, and a
considerable part of it could be made with comparatively little labor,
as in some parts of the province the formations are so interesting that
they early attracted the attention of scientific men, and have been care-
fully studied. The districts, however, in which gold bas been discov-
ered, and in which it is likely to be found, have been only casually
examined, and a systematic survey would make known their real valie
and prevent the recent discoveries from proving a misfortune by
impairing more important branches of industry.

Two years of post-graduate life were passed at Yale, and
during this period the foundations of his scientific career were
laid. The frequent journeys and excursions undertaken dur-
ing these and previous years in all probability exerted a far-
reaching influence in preparing him for the more difficult and
arduous explorations among the Mesozoic and Tertiary forma-
tions of the Rocky Mountains.

After leaving the Sheffield School he passed three years
in Europe, where he divided his time among the universities
of Berlin, Heidelberg, and Breslau, studying under the guid-
ance of many of the leading scientific men of the time. In
Europe, as at home, he devoted his vacations to travel, visiting
the most celebrated localities or studying glacial phenomena
among the classic Alpine fields of Switzerland. While still a
student in Germany he published one or two papers of geolog-
ical interest, one of them being a notice of a new fossil annelid
from the lithographic slates of Solenhofen, and the second on
a new genus of Jurassic annelids.
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Shortly after his return to America, in 1866, he was made
professor of paleontology in Yale College, a position he held
until his death. About this time, and mainly through the
influence of Professor Marsh, his uncle, George Peabody, of
London, presented to Yale a fund of $150,000, with which to
commence the erection of a science museum. It will be known
as the Peabody Museum. Professor Marsh was named curator
of geology, and much time and energy were now given to the
construction of the present right wing of the museum and at
the same time to seeing that it was adapted in every detail to
its purposes. One of the objects of Professor Marsh’s life, and
a subject upon which he frequently conversed in later years,
was the erection of the central portion of the museum as origi-
nally intended.

The first of the memorable excursions of Professor Marsh
to the far West was undertaken in 1868. It followed the route
of the Union Pacific Railroad across Nebraska and central
Wyoming. This journey, although not specially fruitful in
material gathered,led the way to future marvelous explorations
among the so-called Tertiary basins of the Rocky Mountains.
In the following year he did notreenter the field, owing to
Indian warfare in the regions he had planned to explore. The
summer of 1870 found him hard at work with renewed zeal.
In the meantime he had bestowed careful thought on the prob-
lems of Western exploration, and he organized and equipped
a large party for arduous duties over a wide field. In this
party were twelve or more well-selected young and energetic
students from Yale, many of whom have since won distinction
in other fields of human activity—in science, in literature, on
the bench, in the halls of Congress, and in industrial pursuits.
They were an earnest set of fellows, who threw themselves
into their work with great zeal. Military escorts were furnished
by the Government from the nearest army posts as they were
needed, which in many ways rendered efficient aid. The party
started, well provided with everything needful, from Fort
McPherson, Nebraska, accompanied by an escort from the
Fifth Cavalry and several Indian scouts. They first searched
the Pliocene formations along the valley of Loup Fork, col-
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lecting largely from its varied fauna. A second excursion
started from Cheyenne to explore the Miocene beds of north-
ern Colorado exposed in the bold bluffs south of the Union
Pacific Railroad and at a number of localities along the North
Platte Valley, thence back to Cheyenne. A third party, which
~ made the most important trip of the year, fitted out at the his-
torical old army post, Fort Bridger, and examined the well-
known Eocene formations of the Bridger Basin, thence fol-
lowed southward along Green River to the mouth of White
River, where they collected with great success from the Ter-
tiary deposits of that now famous region. Professor Marsh
was able to show, from the fossils, that it belonged to the
Upper Eocene, and named it the Uinta Basin. From here the
party returned to Fort Bridger, over the mountains. Cali-
fornia, the next objective point, was reached by rail early in
November, the Pliocene deposits on the west side of the Cor-
dillera being studied for comparative purposes. On their
return East the party lingered long in Kansas, gathering large
stores of valuable material from the Cretaceous deposits since
noted for their rare types of fossils—birds with teeth and rep-
tiles without them. Winter overtook the party before they
reached home, but meanwhile they had traversed the continent
between the plains of Nebraska and the Pacific Ocean.

For several successive years similar expeditions set out from
Yale and returned with rare and varied forms of fossil verte-
brates. The summers of 1871, 1872, and 1873 found Professor
Marsh not only still searching old haunts and bringing to light
a marvelous amount of fresh material, but each year reaching
out for new fields of exploration.

The first year of Marsh’s expedition was a most propitious
time for the beginning of his field researches. The pioneer
transcontinental railway had spanned the continent the previ-
ous year. Public attention was largely directed toward the
Rocky Mountains, and everywhere an intense interest was felt
in the development of the country opened by the railway. The
National Government was taking an enlightened part in this
development, and liberal appropriations were annually made
by Congress for geological explorations. The same year the

21 GeoL; PT 1——13
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railway opened, Major Powell made his famous exploration of
the Canyon of the Colorado, starting from Green River City,
on the Union Pacific Railroad; Gilbert was at work on the
Colorado Plateau; and the Geological Exploration of the
Fortieth Parallel had worked east from the Sierra Nevada,
across the Great Basin ranges of Nevada and Utah and over
the Wasatch to the borders of the Tertiary basins beyond.
Still working eastward, the latter organization spent the sum-
mers of 1871 and 1872 in the Rocky Mountains and along the
base of the Front Range, studying the geological distribution,
geological structure, and sediments of the Tertiary basins.
Many were the discussions and conferences held between the
geologists of this expedition and Professor Marsh as to the true
geological position and significance of these remarkable areas.
In succeeding years Professor Marsh fitted out similar parties,
organized on the plan of the earlier ones, although modified by
circumstances and the new problems which presented them-
selves each season. Later similar parties were sent out from
other institutions of learning, modeled upon the Yale expedi-
tion of 1870.

For fourteen years, from the time of his early expedition
into western Kansas, the heavy expenses of these explorations
were borne mainly by Professor Marsh himself. From the
railway companies he frequently received passage for himself
and parties, and most advantageous terms for transporting his
collections, and oftentimes his assistants paid their own per-
sonal expenses, but the great burden of expenditure was met
from his private resources.

During the winters of 1878 and 1879 the Congress of the
‘United States enacted a law abolishing all the then existing
scientific explorations and surveys of the Rocky Mountain
region, conducted under different auspices, and in their stead
organized the present United States Geological Survey as a
blll eau of the Department of the Interior. This action was
taken only after a prolonged discussion of the subject. Con-
gress, acting conservatively, referred the matter to the National
Academy of Sciences, which body, through a committee, after
careful consideration of the matter, reported in favor of the
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legislation finally adopted. The wisdom of this action on the
part of Congress and of the Academy has long been recognized,
and in shaping this policy Professor Marsh, who was a mem-
ber of the committee, performed a most creditable part.

On July 1, 1882, Professor Marsh received the appointment
of Vertebrate Paleontologist on the United States Geological
Survey, and in the service of the National Government he
continued systematic investigations for ten years under favor-
able conditions and with trained assistants, frequently having
several collecting parties at work at the same time. His col-
lections increased so rapidly, not only in quantity but in impor-
tance to paleontological science, that he became overwhelmed
with a mass of material awaiting investigation. In 1892,
therefore, he was forced to abandon field work and to devote
himself to the preparation of the results of his active labors.
He retained his position as Vertebrate Paleontologist on the
Survey until the close of his life. His constantly increasing
duties in the Peabody Museum became so onerous and absorb-
ing that he was obliged to give much of his time to their con-
sideration.

In 1886, at the solicitation of the Secretary of the Smith-
sonian Institution, Marsh accepted the position of Honorary
Curator of Vertebrate Paleontology in the National Museum,
with the purpose of building up that department and placing
on permanent exhibition a portion of the material already on
hand. In pursuance of this plan he had deposited in the
Museum from time to time what would under ordinary circum-
stances be considered large collections of vertebrates. This
position of curator he held until his death.

The first paper published by Professor Marsh relating to
the Tertiary fossils of the far West appeared as a short
notice in the American Journal of Science in 1868 on a new
and diminutive species of fossil horse from Nebraska. Beyond
this almost nothing was published prior to 1871 bearing upon
his explorations, although several articles upon paleontological
subjects appeared from his pen, indicating activity along many
lines of research. In this year he published a number of
papers bearing directly upon his special field of research, the
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first fruits of investigations in the workroom upon the fossil
material in the Peabody Museum. Some of these were descrip-
tive articles of importance. Others were mere announcements
of discoveries with promises of future results. One paper of
interest contained descriptions of some new fossil serpents from
the Tertiary deposits of Wyoming, and it was quickly followed
by an account of a new and gigantic species of pterodactyl,
the first recognized on the American continent. This latter
announcement was followed the next year by additional
descriptions of new species and such facts as rendered the
existence of this reptilian group a matter of the highest geo-
logical significance. Another paper presented the first careful
description of Hesperornis regalis. The same year brought
numerous announcements of preliminary descriptions of new
species of mammals, birds, and reptiles, many of them from
the Bridger Eocene, his first field of exploration in Wyoming.
Each succeeding year furnished a long list of communications,
either reporting new discoveries or giving further descriptions
of forms already announced. Mostof them were preliminary
descriptions, oftentimes fragmentary and insufficient for pur-
poses of comparison, but all contributing something from the
vast storehouse of his collections. A list of his publications
would number nearly 300 papers scattered throughout various
scientific journals, but by far the greater portion of them were
first printed in the American Journal of Science, to which he
was a regular contributor and of which he served for years as an
assistant editor. From the date of his first publication to the
year of his death, a period covering thirty-eight years, he never
allowed a single year to pass without enriching scientific litera-
ture by at least one communication. It would be impossible
within the scope of this brief notice to enumerate even the more
important contributions and discoveries made by Professor
Marsh. In order to form an adequate idea of the work he
accomplished, the reader should refer to his published bibli-
ography and catalogue of species described. Here only bare
mention can be made of a few of the more wonderful and inter-
esting which bear upon geology and paleontology

In 1873 his time was mainly absorbed in investigating the
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huge Eocene mammals belonging to his new order Dinocerata.
Nevertheless, he found opportunity to announce the discovery
of a new species of birds with teeth and to establish his sub-
class Odontornithes, the remarkable link between birds and
reptiles. In the spring of 1874 appeared several papers on the
fossil horse in America; these presented an array of facts which
established beyond all question the Tertiary ancestry of the
horse in this country, dating back to early Eocene time. In
rapid succession came a series of papers of the highest signifi-
cance to science, defining the Brontotheriidee, Telodontia, and
Coryphodontia, not to mention descriptions of genera and species
of less importance in the realm of reptiles, birds, and mammals.
After careful preparation by the slow and tedious processes of
restoration, Professor Marsh made public in 1877 what proved
to be the first of an extended series of communications upon the
characters of that marvelous reptilian group, the Dinosauria.
From that time forward he seemed to be adding continuously
to our knowledge of these monster animals, and even as late
as the year of his death he prepared an article for the Ameri-
can Journal of Science, entitled Footprints of Jurassic Dino-
saurs. Closely associated with his researches upon the dino-
saurs came numerous papers upon the Jurassic mammals of
Wyoming, of which he had a very complete collection and a
comprehensive knowledge of the material in hand.

The first completed monograph ready for the press was pub-
lished under the auspices of the Geological Exploration of the
Fortieth Parallel, from an appropriation set aside for that pur-
pose. It forms the seventh and final volume of the report of
the expedition. The preface to the volume bears the signature
of Professor Marsh and the date of June 16, 1880, and it was
transmitted to the Chief of Engineers by Mr. Clarence King,
in charge of the exploration, July 3, 1880. The volume is
confined strictly to Marsh’s researches upon fossil birds, and is
mainly a description of the specimens discovered by himself.
The title reads: Odontornithes; a Monograph on the Extinct
Toothed Birds of North America: Washington, 1880. It is
accompanied by 34 plates and 40 woodcuts. Plate 20 repre-
sents the restoration of the now famous fossil Hesperornis
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regalis, one-half natural size. The original skeleton stands in

Yale College Museum. The second monograph embodying

results of his explorations was also issued by the General Gov-

ernment, appearing as Monograph X of the United States

Geological Survey publications. The title reads: Dinocerata;

an Extinct Order of Gigantic Mammals: Washington, 1884..
It is illustrated by 30 large plates, executed with artistic

skill and under the author’s immediate supervision. The

volume brings together in a comprehensive manner a complete

record of a peculiar order of huge mammals inhabiting a single

Eocene lake basin of Wyoming. No specimens of this order

are known from any other part of America, Europe, or Asia.

In the Sixteenth Annual Report of the United States Greolog-

ical Survey, Part I, there appears as one of the accompany-

ing papers an elaborate article from the pen of Professor Marsh

on the Dinosaurs of North America, illustrated by 85 plates.

It is not presented as a finished monograph, but gives the

results of his studies on the dinosaurian reptiles. His plan of
final publication embraced several monographs, the illustrations

employed in this abstract being primarily intended for the

more extended works. In this paper he pays but little atten-

tion to the discussion of classification, but deals almost exclu-

sively with description. He had worked long and zealously
over this material, and the paper throws much light upon the
vast size and completeness of his collections.

Still another important contribution from Professor Marsh,
published by the Geological Survey, appears as a chapter in
Monograph XXVII, Geology of the Denver Basin. In this
chapter he describes the invertebrate fossils characteristic of the
Jura, Cretaceous, Miocene, and Pliocene formations exposed
in the Denver Basin. He notices the entire absence of the
Eocene. The article is profusely illustrated, both in the text
and by plates. His groups of beds—the Hallopus, the Atlanto-
saurus, with its gigantic Sauropoda, the Pteranodon, the Ceratops,
the Brontotherium, and the Pliohippus—are all found in this
limited region, even many of the type specimens occurring
either in or near the basin. Unlike all of his previous papers,
this treats the subject more from a geographical and geolog-
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ical standpoint than from an exclusively paleontological one,
although the paper is mainly descriptive.

Marsh planned on broad lines commensurate with the wide -
field covered by his researches. His scheme of publication
embraced a series of monographs, each presenting his final
results upon some particular group of fossil vertebrates. More
or less work had been accomplished upon a number of vol-
umes, such as preparation in museum of type specimens,
 measurements of skeletons, pencil drawings, printed plates,
and fragmentary notes. Some of them were in a far more
advanced state of preparation than others. Three of them—
those on the Sauropoda, Stegosauria, and Brontotheriide—
were definitely outlined. The illustrations were all prepared,
and in his own mind the monographs were so far advanced
toward completion that he permitted them to be announced as
in preparation for publication by the Geological Survey. It
is earnestly hoped that means will be found to place these
volumes before the world. Unfortunately, the completion of
the work must be left to others, and much remains to be done.

On New Year’s Day, 1898, Professor Marsh made over to
Yale University, to be placed in the Peabody Museum, all his
personal scientific collections, the result'of many years of hard
work and of the outlay of a very considerable part of his pri-
vate fortune. As classified in the deed of gift, the collections
were divided into six groups. which were by no means of equal
value, viz: :

' Vertebrate fossils.
Fossil footprints.
Invertebrate fossils.
Recent osteology.
American archzology and ethnology.
Minerals.

Unquestionably the most valuable of them all is the collec-
tion of vertebrate fossils. It includes practically everything
he obtained during the early years of his Rocky Mountain
explorations to the time he became a member of the Geolog-
ical Survey. Singularly rich in type specimens of reptiles,
birds, and mammals, it must always remain of great value.
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The collection of recent osteology, obtained largely by pur-
chase, supplements in an admirable manner Marsh’s own ver-
tebrate material. In archaeology and ethnology are included
many famous collections of Mexican and Central American
ancient works of art in gold and silver. In the gift to the uni-
versity is also to be found his valuable early collections of
zeolites from Nova Scotia.

Less than a year after the death of Professor Marsh the
entire vertebrate collections belonging to the National (overn-
ment were removed from the Peabody Museum, where they
were used for purposes of study and comparison, and brought
to Washington, and were by the Director of the Geological
Survey transmitted to the Secretary of the Smithsonian Insti-
tution for deposit in the National Museum. They include all
material gathered by Professor Marsh during the period of his
connection with the Survey, embracing many type specimens
in all branches of vertebrates. Many of the typical dinosaurs
described and figured in various reports and journals belong to
this collection. As an indication of the amount of the material,
it may be noted that the collection is said to contain fifty
specimens of Titanotherium skulls. The specimens range from
an innumerable number of mammalian teeth up to gigantic
skeletons and large blocks weighing several hundred pounds
each. Perhaps the bestidea of the size of the collection may
be obtained from the statement that the transportation of the
specimens required nearly 600 boxes, stowed away in 5
freight cars, the material weighing when packed 160,000
pounds. As regards the money value of this immense collec-
tion, a high authority familiar with it, intending to make a
conservative statement, has estimated it to be worth to-day
$150,000.

In this connection it is well to mention the fact that in pre-
paring the collection for shipment from New Haven everything
was found in such complete order, and the records were so full,
systematic, and accurate, that no question arose as to the dis-
position of property. The Director of the Survey, in deposit-
ing the collection with the National Museum, bestowed high
praise upon Professor Marsh in saying: ‘“The transfer of these
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great collections to Washington without the loss of any mate-
rial, either through imperfect recording or through misunder-
standing as to ownership of specimens, reflects the greatest
credit on the business-like methods and integrity of Professor
Marsh.” The Secretary of the Smithsonian Institution, in
acknowledging the receipt of the material, expressed his appre-
ciation of the importance of the collections.

When finally arranged in the Museum the collection will
remain a lasting monument to Professor Marsh’s scientific
ability and devotion to the objects to which he had given his
life. It is the duty of every enlightened Government to
encourage and foster the search for pure knowledge. No
Government of the world surpasses that of the United States
in its liberal endowment of scientific research. Professor
Marsh received generous aid from the Government, and he on
his part returned a hundredfold for what he received. The
benefits derived from his researches will always redound to
the credit and honor of the country.

The publication of his two monographs at a most opportune
time had much to do in establishing the wide reputation of
Professor Marsh with an enlightened public. The doctrine of
evolution had profoundly stirred not only the scientific world,
but an educated and intelligent people. Imperfections in the
geological record aroused the attention of thinkers both in
America and in Europe. The papers of Professor Marsh, pub-
lished about this time, on the evolution of the modern horse
from a primitive type in early Eocene time by gradual transi-
tion, almost step by step as it were, seemed convincing proof .
of along period of development. Admirable illustrations of
abundant material went a long way toward convincing many
minds. Popular illustrated articles in magazines and journals,
based upon original records, were read and understood by a
somewhat amazed and doubtful people. About the same time
the expression ‘“missing links,” commonly employed in speaking
of the great breaks in the life record of the globe, came into
everyday use, even by people who were hardly aware of its
original application. It seemed difficult to harmonize with the
theory of evolution the great break between reptiles and birds.
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The announcement of the discovery of toothed birds, and of
fossils having a character transitional between birds and rep-
tiles, and of the marvelous reptiles without teeth, created an
intense interest throughout the world.

Professor Huxley, in speaking of these collections, said in
1876: “So far as my knowledge extends, there is no collection
from any one region and series of strata comparable for extent
or for the care with which the.remains have been got together,
or for their scientific importance, to the series of fossils which
he has deposited there.” In aletter to Professor Marsh, Charles
Darwin wrote: “Your work on these old birds and on the
many fossil animals of North America has afforded the best
support to the theory of evolution which has appeared within
the last twenty years.”

Early in his scientific career Marsh was elected to member-
- ship in many of the learned societies in this and other coun-
tries, and at the time of his death was enrolled a member in
nearly all the royal academies and societies in Europe devoted
to science. He was a member of the Geological Society of
America and of the Geological Society of Washington. He
had the distinction of receiving the first Bigshy medal, awarded
in 1877 by the Geological Society of London in recognition of
his attainments in paleontology. Twenty-one years later, and
shortly before his death, he was awarded by the Institute of
France the Cuvier prize, an honor recognized in France as of
the highest distinction. In 1886 Harvard University conferred
upon him the degree of Doctor of Laws, and the same year the
University of Heidelberg gave him the honorary degree of
Doctor of Philosophy. He served as one of the vice-presidents
of the American Association for the Advancement of Science,
and in"that capacity delivered an address at Nashville in 1877,
his subject being Introduction and Succession of Vertebrate
Life in America. Two years later he had the honor of presid-
ing over the association, and delivered apresidential address at
Saratoga in August, 1879, on The History and Methods of
Paleontological Discovery. Both these addresses received at
the time considerable attention, the former giving a compre-
hensive review of the whole field of his own work in the Rocky
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Mountains. The National Academy of Sciences elected him
to membership in 1874; in 1883 it made him its president for
a term of six years, and honored him with a reelection in 1889.
For twelve years he served with distinction as presiding officer,
and during that time devoted a large share of his energy to its
organization and advancement. Constantly watchful of® its
interests, every subject that came before the academy for con-
sideration received from him eareful attention.

The summer of 1897 found him at St. Petersburg as a dele-
gate to the International Congress of Geologists, where he was
elected one of its vice-presidents. During this visit to Europe
he was attacked by a serious illness, from which he recovered,
but he never fully regained his usual robust health. He died of
pneumonia at his residence in New Haven on March 18,1899,
in the sixty-eighth year of his age, after an illness of only a
few days. Impressive and simple funeral services were held in
Yale College chapel, and his remains were buried in the New
Haven cemetery.

Throughout his career of over thirty years as a college pro-
fessor, Marsh declined to receive any salary in payment for
services, and it is said that he never delivered a course of lec-
tures to students. He regarded it as a duty to devote his
energies either to the work of exploration or to the multifarious
duties of building up the Peabody Museum of Natural Science.
Although frequently urged to deliver popular lectures and
address audiences from the platform, giving the results of
investigation, he invariably declined. He always kept in close
touch with the progress of events, but seldom took any part
in public affairs, though when he did so it was always with the
same energy and persistency which characterized him in pri-
vate life. e was a good adviser, conservative and cautious,
but bold in action. In manner he was always courteous but
dignified, and to all except a few friends reserved. Self-reliance
he possessed to a degree far beyond most men, but he was al-
ways ready to listen to advice. He was a born collector, a trait
developed in boyhood, which he maintained until death, ever
ready to add something to his numerous treasures. At home
as well as in the museum the enthusiasm of the collector per-
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vaded the place. The house itself was a veritable museum,
filled with choice Chinese and Japanese curios, artistic furni-
ture, rugs, pictures, porcelains, and Indian trophies. Their
collection was one of his recreations. His home, occupying
a charming site on Prospect Hill, near the outskirts of New
Haven, was in the midst of trees, shrubs, and plants, whose
number and variety were constantly increased by new and
rare specimens. Here, as a bachelor, he lived quite alone,
passing much of his time in the spacious study, surrounded
by books and implements of work. With characteristic
munificence he bequeathed his home and the land about to the
university, to be used as a botanical garden and laboratory.
He left the sum of $30,000 to the corporation of Yale to be
expended by the trustees of Peabody Museum in preparing
and publishing the results of his Western explorations.

Marsh’s true rank as a naturalist and as a philosopher must
be determined by another generation, after all the results of his
investigations shall have been published and his works have
stood the scrutiny of time. Those who knew him well and
who worked with him in allied branches of science feel confi-
dent that high on the roll of fame will be found, clear and
bold, the name Othniel Charles Marsh. '
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