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TWENTY-SEVENTH ANNUAL REPORT

OF THE

DIRECTOR OF THE UNITED STATES GEOLOGICAL SURVEY.

CuarLes D. WaLcorr, Director.

INTRODUCTION.

During the last fiscal year the character of the work and the organi-
zation of the force remained substantially the same as described in the
Twenty-sixth Annual Report. Accounts of the work performed in
geology and paleontology, chemistry and physics, topography and
geography, and hydrography, hydrology, and hydro-economics, as
well as in the lines of publication and administration, will be found on
later pages. ’ '

Appropriations and allotments.—A plan of operations, including an
itemized statement of the appropriations, amounting to $1,513,482.30,
and the allotments thereof, was approved by the Secretary of the
Interior on May 15, 1905. The work of the year conformed to this
plan, copies of which are on file at the Department and the Survey.

State cooperation.—Many of the States, following a well-established
policy, cooperated with the National Survey in geologic, topographic,
and hydrographic work; details are given on pages 12, 29, 72, and T4.

INVESTIGATION OF FUELS AND STRUCTURAL MATERTALS.

The special investigation of the fuel resources of the United States,
authorized by Congress in 1904, was continued during the last fiscal
year on the same site in Forest Park, at St. Louis, with an allotment
of $202,000. The general purpose of these investigations is the mak-
ing of a series of comparative tests of representative coals and lignites
from the important fields of the United States, the same equipment
and methods of procedure being used in all cases except when modifi-
cations seem necessary in order to ascertain the highest efficiency in
the utilization of special fuels. The equipment includes 2 boilers, 1
steam engine, 2 electric generators, 2 gas producers, 1 gas engine, all

7



8 TWENTY-SEVENTH REPORT OF GEOLOGICAL SURVEY.

onan approximated 250-horsepower basis; a coal-washing and briquet-
ting plant, a drier, a battery of 3 beehive coke ovens, and a well-
equipped chemical laboratory. The samples of coal and lignite are
collected by trained men employed for this work and are brought to
the testing plant in lots of from 50 to 100 tons. The larger tests
are supplemented by an elaborate series of chemical examinations of
smaller samples from both the car shipments and the coal beds in the
mine, the complete history of each of these samples being known. To
June 30, 1906, the number of coals, lignites, and peats examined was
2,400; the number of boiler tests, 401; producer-gas tests, 119; coking
tests, 218; washing tests, 102; briquetting tests, 54; chemical deter-
minations, 12,878; miscellaneous tests, a considerable number.

The investigation of structural materials was conducted under the
same supervision and at the same location as the fuel testing, the
station supplying the necessary heat, light, and power for both.
The allotment being small ($12,500), the work was necessarily confined
to the completion of tests already begun and the beginning of limited
additional tests of cement, concrete, and other constituent materials.
In addition to this testing work, a general inquiry was instituted, at
the request of a number of architects and engineers, into the present
state of knowledge relative to the strength and other properties of
building materials available for use in the United States. During
May and June, with the cooperation of the War Department and the
committee of engineers representing the American Society of Civil
Engineers and associated organizations, an investigation was made
of the effect of the earthquake and fire at San Francisco on buildings
and building material. A report on these investigations will be pub-
lished soon.

NEED FOR INCREASE OF APPROPRIATIONS.

Geology.—While the demands for geologic work in many localities
and along many lines are increasing more rapidly than they can be
met with present appropriations, they are specially urgent in two
directions, for which an increase in the appropriation for geology of
$50,000 is recommended.

The known iron-ore deposits in the United States are being rapidly
absorbed, and there is keen competition on the part of the large iron
companies in increasing their ore reserves. Such companies are fully
aware of the value of expert geologic advice and are able to pay for
it, but in order that any fair return may be received by present own-
ers of ore lands reliable information regarding the occurrence and
value of iron-ore deposits should be acquired and disseminated. The
Government itself is directly interested, since extensive deposits of
iron ore occur upon the public lands. These are being investigated
as rapidly as possible, but the force employed for this purpose should
be at least doubled.
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The Government is the largest holder of coal lands in the world.
These lands have up to the present been on the market, yet the Gov-
ernment has spent less in determining the value of its property than
many private companies. It has been demonstrated that many mil-
lions of dollars can be saved to the Government by a geologic exami-
nation of its coal lands at a cost of less than 1 per cent of the amount
saved. In view of the rapid development of western coal mining and
the proposition to withdraw coal lands from sale in order to sell the
coal itself on a royalty basis, there is an urgent demand for immediate
accurate information, which the present appropriation is wholly inade-
quate to provide without sacrificing other important work in progress
elsewhere. Requests for information regarding the extent, location,
and value of coal on public lands have been received from the Presi-
dent and from the Senate (Senate resolution of June 29, 1906), which
can not be adequately complied with, since the information requested
is not in existence.

Topography.—No increase in appropriations for topographic sur-
veys has been asked for the last two years, altho an increase was made
by Congress for 1905-6 to meet pressing demands. These demands have
been growing with such urgency that it is no longer possible to ignore
them, and it is therefore recommended that an appropriation of
$400,000 for such surveys be requested for the fiscal year 1907-8, this
sum being $50,000 in excess of the amount appropriated for 1906-7.

The demand for topographic surveys on which this request for
increase in appropriation is based comes from people living in many
States and Territories, who are engaged in various kinds of work that
depend upon or are related to the topography and economic resources
of the country. The requests are received thru representatives in
Congress, thru the Secretary of the Interior, thru State geologists,
commissioners of agriculture, State engineers, and other State officials,
and thru the War Department on behalf of the Army of the United
States. For two years past these requests for topographic surveys
have so far exceeded the ability of the Survey to comply with them,
because of lack of funds, that the plans approved for the fiscal year
1906-7 are more than half a million dollars short on work urgently
called for.

Requests are on file for topographic mapping in 62 localities in
which work is considered urgent, but for lack of available funds none
of these requests can be complied with. Twenty-eight of these local-
ities are mining districts, containing precious metals, coal, oil, and
iron; 5 are areas of which the Reclamation Serviee requested maps;
5 are areas of which maps are especially wanted for the administration
of the Forest Service; 2 are areas for the proposed forest reserves in
the Eastern States; 18 are areas for which there are petitions indorsed
by Senators and Members of Congress, and 4 are areas for the survey
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of which requests have been received thru the Secretary of War on
behalf of the General Staff of the Army.

Hydrography.—The amount appropriated annually by Congress
since 1902 for the investigation of water resources of the United
States had been $200,000 until Congress at its last session reduced the
amount to $150,000 for the fiscal year 1906-7. This action will cause
a corresponding reduction of work during the present year.

In adjusting the work to meet the decreased appropriation, it has
been the aim to discontinue the investigations that are of the least
importance in each locality rather than to make a uniform reduction
thruout. The investigations relate principally to (1) occurrence and
availability of ground waters, (2) measurement of stream flow, and
(3) the quality of water and its application to domestic and industrial
uses. In some regions large numbers of stream-measurement stations
that had been established as a result of urgent demands and local needs
have been discontinued; in other regions valuable ground-water inves-
tigations have been given up. In each locality the work for which
there seems to be greatest economic need has been continued. While
this is apparently the best solution of the difficulty, there result loss
of valuable records, which by reason of their suspension will become
practically useless, and retardation of the industrial growth of many
localities dependent upon the development of water supplies and water
power. It will be impossible for private parties or the States to
undertake these investigations, for they involve in most cases inter-
state studies and continuous gagings for a considerable period.

Water is the most valuable of all the mineral resources of the -
United States. Upon no other single resource or group of resources
is social and economic welfare so dependent, and to teach people how
to utilize water resources is to promote their prosperity as it can be
promoted perhaps in no other way. Investigations that furnish data
concerning the amount, availability, and character of water, whether
from ground or surface sources, should, therefore, be maintained and
encouraged by the General Government.

The benefit derived from the hydrographic work in the United States
is thoroly demonstrated. As an investment it has produced large
returns. The results obtained under the former appropriation justify
the restoration of the $50,000 at the next session of Congress. By
reason of the wide extent of country involved, the lessened appropria-
tion of $150,000 must be distributed in allotments so small that many
of the investigations can not in any single year be made sufficiently
thoro to permit the preparation of final reports, but with the $50,000
restored the allotment for each piece of work would be sufficient to
produce results which the Survey would be warranted in publishing
annually.
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RECLAMATION SERVICE.

The Director of the Geological Survey acted as Director of the
Reclamation Service during the year, and the chief disbursing clerk
of the Survey as the chief disbursing officer of the Reclamation
Service.

The more or less intimate relations that existed between the Recla-
mation Service and the Geological Survey from 1902 to 1905 were
gradually changed, so that by June 30, 1906, connection was practi-
cally abolished, except the directorship and the disbursing. As the
result of the appropriation made by Congress for additional rental for
the Reclamation Service, a large proportion of its force and all of its
archives were moved to another building near the Survey, and it is
expected that in the early future the dissociation of the Survey and
the Reclamation Service will be complete. With this in view,in the
estimates it is recommended that Congress be asked to appropriate
$3,000 additional rental for the Survey, and also to authorize the
expenditure of $3,000 by the Reclamation Service for rental.

WORK OF THE YEAR.

FIELD AND OFFICE WORK BY THE DIRECTOR.

During the summer of 1905 the Director made a detailed study of
the great series of rocks between the *“ Rocky Mountain front,” facing
the Great Plains, and Ravalli, Mont. The object of this was to work
out a reference section for an extensive area of strata in northwestern
Montana and northern Idaho. A detailed section of the Cambrian
rocks of the House Range, Utah, was completed and large collections
of fossils were made. InSeptember the Director examined the country
affected by the Strawberry irrigation project in Utah and the Gun-
nison tunnel or Uncompahgre project in Colorado, and late in that
month he made a visit to the fuel-testing plant at St. Louis. Admin-
istrative duties pertaining to the Survey and to the Reclamation Service
prevented him from doing any considerable amount of personal scien-
tific work in the Survey, except to prepare for publication the Mon-
tana geologic section and to advance the study of the Cambrian faunas.

GEOLOGIC BRANCH.

Administration.—The geologic branch comprises four divisions,
viz, the division of geology and paleontology, the division of Alaskan
mineral resources, the division of mining and mineral resources, and
the division of chemical and physical research. The chiefs of these
four divisions formerly reported directly to the Director, but last
year they were combined into a single administrative unit under the
geologist in charge of geology. The purpose of this concentration of
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administrative authority was to secure proper cooperation and coordi-
nation in the various lines of work.

State cooperation.—Three States made appropriations for coopera-
tive geologic work, viz, Maine, $1,500; Pennsylvania, $4,000, and
North Carolina, $1,000.

Publications.—The official publications of the geologic branch dur-
ing the year included 13 geologic folios, 1 monograph and the atlas
accompanying another (XXXTI), 12 professional papers, 16 bulletins,
and the annual volume on mineral resources. These embody the
economic results of the work and the principal contributions to science
resulting from the various investigations. In addition there were
published, with the permission of the Director, in scientific journals
and the transactions of scientific societies, a large number of papers
based in whole or in part on the work of this branch.

DIVISION OF GEOLOGY AND PALEONTOLOGY.

Organization.—As during the last several years, the administrative
control of the division was in the hands of the geologist in charge of
geology, while scientific supervision was exercised by the section
chiefs. The latter are responsible for the methods employed in the
various lines of investigation and for the quality of the results pre-
sented in Survey publications. The form of organization, altho some-
what complex, is thoroly satisfactory, and is necessitated by the
diversity and complexity of the problems under investigation.

Personnel.—The scientific force of the division at the beginning of
the fiscal year consisted of 47 geologists, 6 paleontologists, 40 assistant
geologists, and 16 geologic aids. Of these, 31 geologists, 15 assistant
geologists, and 10 aids were occupied continuously thruout the year;
the remainder, being on the per diem roll, gave only a portion of their
time or none at all to Survey work. During the year resignations
and appointments resulted in a net gain of 4 in the force. In addition
to the above regular force 5 field assistants were employed for a por-
tion of the year.

GEOLOGIC WORK IN NEW ENGLAND AND NORTHERN APPALACHIAN REGION.

During the year cooperative work in Maine was continued. The
mapping of the Rockland quadrangle was finished and the geologic
folio prepared, and work on the Mount Desert area was continued.
The text for the Penohscot Bay folio, previously surveyed, was
completed and submitted for publication. Brief reports on the lime-
stone and clay of the Rockland area and on new occurrences of slate
and graphite in the State were prepared for the annual economic bul-
letin. A special examination of the granite quarries was made, and
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the detailed report, which will be issued as a bulletin of the Survey,
is nearly ready for publication.

The maps and manuscripts for the Quinsigamond and Ware folios,
covering several quadrangles in Massachusetts, were completed with the
exception of the Pleistocene geology, on which considerable progress
was made, the mapping of the Quaternary deposits of the Brookfield
quadrangle being finished. Considerable progress was also made in
the study of the Pleistocene geology of the areas covered by the
Housatonic and adjacent folios in Massachusetts.

A special investigation was made of the several drift sheets and
Pleistocene formations of Rhode Island and the southern part of Mas-
sachusetts for the purpose of differentiating them and correlating them
with the pre-Wisconsin deposits of Long Island. In connection with
this investigation a study was made of the clays of Cape Cod, a brief
report of which was prepared for the annual economic bulletin.

In cooperation with the New Jersey State Survey the Franklin Fur-
nace folio was completed. In connection with this work a general study
of the iron-ore deposits of the pre-Cambrian region of New Jersey
and southeastern New York was made for the purpose of determining
the mode of origin of these ores, the study having a direct bearing on
the investigation of the zinc and manganese-bearing ores in the Frank-
lin Furnace area. As a result of this investigation a special report on
the zinc-ore deposits of the Franklin Furnace and Stirling Hill regions
is in preparation. It will contain a chapter on the interesting minerals
of this portion of New Jersey, which has long been classical collecting
ground for the mineralogist.

The mapping of the crystalline rocks of the Raritan and Passaic
quadrangles and of portions of the Greenwood Lake and Easton
quadrangles of New Jersey was also completed.

Special attention was given to the critical examination of type
localities of crystalline rocks in New England, the New Jersey High-
lands, and the Pennsylvania Piedmont Plateau region, with a view to
clarifying the relations of the various crystalline rocks, a problem
which is directly connected with the economic resources of the East.

Additional field work was done in the Mercersburg and Chambers-
burg quadrangles, in Pennsylvania, with a view to mapping the

Ordovician Tormations on a partially paleontologic basis, and in the
West Chester, Norristown, and Philadelphia quadrangles, for the pur-
pose of elucidating certain complicated structural problems. Con-
siderable progress was also made in the areal and economic surveys of
the Coatesville and Phoenixville quadrangles, Pennsylvania, but addi-
tional field*work will be necessary before the results can be prepared
for publication.
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GEOLOGIC WORK IN ATLANTIC COASTAL PLAIN,

In cooperation with the Maryland State Survey, stratigraphic and
paleontologic studies were made in Delaware, Maryland, Virginia, and
North Carolina for the purpose of correlating the Coastal Plain for-
mations of New Jersey with those of North Carolina. The economic
deposits and water-bearing horizons were studied at the same time.

As a result of cooperation with the division of hydrology in the
investigation of the position and availability of the water-bearing
beds of the region, considerable additions were made to the knowledge
of the stratigraphy and structure of portions of the Coastal Plain in
North Carolina and much valuable paleontologic material was obtained.

GEOLOGIC WORK IN EASTERN APPALACHIAN AND PIEDMONT REGIONS.

The survey of the West Virginia and Pennsylvania portions of the
Pawpaw and Hancock quadrangles was completed and the Quaternary
gravels of the Flintstone and Frostburg quadrangles in Maryland
were mapped in detail.

Special studies were made of the cement resources of Virginia and
Alabama, of the Oriskany iron ores of Virginia, and of the brown
ores of southwestern Virginia. Brief reports of the results of these
investigations were prepared for the annual economic bulletin, and a
detailed report on the iron-ore investigations is in preparation.

The field work connected with the investigation of the granites and
granite industry of Maryland, Virginia, North Carolina, South Caro-
lina, and Alabama was nearly completed, and considerable progress
was made in the laboratory study of the rocks.

In cooperation with the State Geological Survey of Virginia, a
special study was made of the copper resources of the Appalachian
region from Virginia southward into Alabama. A brief report on
this investigation was published in the annual economic bulletin of the
Survey and a full report has been prepared for publication as a spec1al
bulletin of the Virginia State Survey.

The areal and economic surveys of the Roan Mountain quadrangle
in North Carolina and Tennessee, of the Morganton quadrangle in
North Carolina, and of the Ellijay quadrangle in Georgia were com-
pleted. The text for the Roan Mountain folio and the geologic map
for the Ellijay folio were finished and considerable progress was made
in the preparation of the text for the Morganton folio.

The areal geology of the Dahlonega mining district was mapped in
detail and considerable progress made in the preparation of a special
economic report, but additional field work will be necessary before
this report can be completed. 2

The investigation of the economic resources of the Balsam Moun-
tain region in North Carolina, which was undertaken in cooperation
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with the North Carolina State Survey, was completed and good prog-
ress made in the preparation of the report, which will be published
as a bulletin of the Survey and will include a chapter on the copper
deposits of the neighboring Cowee quadrangle.

In addition, a special report, to be published as a bulletin of the
Survey, on the gold belt of South Carolina was completed and sub-
mitted for publication.

GEOLOGIC WORK IN WESTERN APPALACHIAN REGION.

During the year detailed areal and economic surveys of the Punxsu-
tawney, New Castle, and Claysville quadrangles in Pennsylvania, of
the Kenova quadrangle in West Virginia and Kentucky, and of the
Nicholas quadrangle in West Virginia were completed, and surveys
of the Sewickley and Clarion quadrangles in Pennsylvania were started.
The study of the physiography and Quaternary geology of the Cata-
tonk quadrangle in New York was completed, and the Watkins Glen-
Catatonk folio is nearly ready for publication. The manuscripts for
the Amity, Rogersville, and Barnesboro-Patton (Pennsylvania) geo-
logic folios and for the following economic bulletins were also com-
pleted and submitted for publication: On the oil and gas sands of the
Claysville, Burgettstown, and Steubenville quadrangles, Pennsylvania;
on the oil and gas of Greene County, Pa.; on the economic resources
of the Amity, Pa., quadrangle; on the economic resources of the
Kenova quadrangle in Ohio, West Virginia, and Kentucky, and on
the Berea grit sandstone of the Steubenville quadrangle in Ohio.
Other economic bulletins are in preparation, as follows: On the Pitts-
burg coal of the Claysville, Burgettstown, and Steubenville quad-
rangles in Pennsylvania; on the economic resources of the Nicholas,
W. Va., quadrangle, and on the coal resources of the Barnesboro-
Patton region in Pennsylvania. The work in Pennsylvania was done
in cooperation with the State.

In addition, the following brief reports on economic investigations
in this region were prepared for the annual economic bulletin, No. 285:

Coal resources of the Kenova quadrangle (Kentucky-Ohio-West Virginia).

The Clearfield coal field, Pennsylvania.

The Punxsutawney and Glen Campbell coal fields of Indiana and Jefferson coun-
ties, Pa.

The Nineveh and Gordon oil gands in western Greene County, Pa.

Notes on clays and shales in central Pennsylvania.

Clay resources of northeastern Kentucky.

Clays of western Kentucky and Tennessee.

Cement resources of the Cumberland Gap district, in Virginia and Tennessee.

Glass-sand industry in eastern West Virginia.

Iron ores of Bath County, Ky.
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GEOLOGIC WORK IN GULF REGION,

During the year the study of the red hematite or fossil ores of
northern Alabama was completed, and a brief report on the same was
- prepared for the annual economic bulletin. A large amount of work
was also done in the study of the iron oresand other economic resources
of the Birmingham district, and in the independent study of the newly
discovered gray ore districts in the vicinity of Talladega, Ala. A
series of detailed reports on these investigations is now in prepara-
tion. A brief report on the Warrior coal basin, in the Birmingham
quadrangle, was prepared for the annual economic bulletin.

Progress was made in the areal and economic survey of the Brook-
wood and Birmingham quadrangles, Alabama, but additional field
work will be necessary before the reports can be completed.

The resurvey, based on paleontologic evidence that made possible
amore accurate classification and correlation of the coal-bearing forma-
tions, which had heretofore yielded meager faunas, of the southern
parts of the MecAlester, Tuskahoma, and Windingstair quadrangles,
in Indian Territory, was completed. Brief investigations were also
made of the oil and gas prospects in the vicinity of Huntsville, Ala.,
and of the copper deposits of Archer County, Tex.

GEOLOGIC WORK IN GREAT LAKES REGION.

During the year the detailed areal survey of the Hartford, West
Bend, and Poynette quadrangles, in southeastern Wisconsin, made
with special reference to the Quaternary geology, was completed, and
that of the Baraboo quadrangle was commenced. The manuscript for
the Milwaukee Special folio was completed. The revision of the
manusecript for a professional paper on the bowlder trains of south-
central Wisconsin and their relations to the glacial formations of the
region was completed, but additional critical field studies will be
made—it is expected during the present field season—hbefore the man-
uscript is transmitted to the printer.

The glacial formations, ancient lake deposits, soils, surficial and
underground waters, and physiographic features of the eastern portion
of the upper peninsula of Michigan were studied in the field and
mapped, the results being incorporated in a report which will be
published as a monograph. In connection with this study considerable
additional information was obtained regarding the former extent of
the Great Lakes in this region. Additional studies were also made of
the lacustrine features of the territory covered by the proposed mono-
graph on the Michigan glacial lobe, but considerable additional work
will be necessary to complete this report. In connection with these
surveys in Michigan cooperation was carried on with the division of
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hydrography in an investigation of the underground waters of the
State, the results of which will be published in the series of water-
supply papers. :

GEOLOGIC WORK IN MISSISSIPPI VALLEY,

During the year the areal and economic survey of the Eureka Springs
quadrangle, in Arkansas, was completed and considerable progress
made in the preparation of the folio. The manuscript for the Wins-
low folio, previously surveyed, was also completed and submitted for
publication.

Progress was made in the general study of the lead and zinc deposits
of the Mississippi Valley. A detailed report on the deposits of the
upper Mississippi Valley was prepared and submitted for publication,
and other reports are in preparation. ~In connection with this study
special paleontologic investigations ‘were made for the purpose of
elucidating stratigraphic problems which have a direct bearing upon
the distribution of these metals.

A detailed paleobotanical microscopic examination was made of
samples of the oil shales which are associated with the lead and zinc
deposits of southwestern Wisconsin, for the purpose of determining
the causes of the localization of the hydrocarbons that seem to have
influenced the distribution of the ores. As this investigation seems
likely to offer a satisfactory explanation of the origin of the oil and
gas in the older Paleozoic rocks, plans have been made to continue
it and extend it to some of the areas of Ordovician and Silurian oil
and gas.

In April a general reconnaissance of the Carboniferous coal field of
Arkansas was undertaken and is still in progress.

Brief reports on the glass sand of the middle Mississippi basin and
on the clays of Garland County, Ark., were prepared for the annual
economic bulletin.

GEOLOGIC WORK IN ROCKY MOUNTAIN AND PACIFIC STATES,

In the Rocky Mountain and Pacific States—a region that presents
complex geologic problems and is rich in metalliferous and other eco-
nomic resources—many surveys and investigations were carried on.
These group themselves into the following classes: Areal and strati-
graphic studies; glacial and physiographic studies; investigations of
gold, silver, lead, and copper deposits; fuels; iron ores; miscellaneous
economic deposits.

Areal and stratigraphic studies.—The Santa Cruz (California) geo-
logic folio and a bulletin on the geology of the Taylorsville (Cal.)
region were completed and submitted for publication. The mapping
of the Corona quadrangle, in southern California, was also completed.

27 GRoL—06——2
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The Corona is the first of a series of quadrangles, comprising the
Hesperia, Deep Creek, San Bernardino, Redlands, and one (unnamed)
which includes the south end of the Tehachapi Mountains at the point
of their junction with the Coast Ranges, which have been selected for
early mapping, because it is believed they will furnish the key to the
general geology of this section of the State. A geologic reconnais-
sance from the southern borders of the San Joaquin Valley in Cali-
fornia northward to the south line of Merced County resulted in the
preparation of a report designed to be published as a bulletin of the
Survey, but it is probable that the report will not be published until
the additional work necessary to complete the reconnaissance of the
valley north of Suisun Bay has been done.

In Colorado about half of the Lake City quadrangle was surveyed
in detail, some preliminary work was done in the neighboring San
Cristobal quadrangle, and a reconnaissance was made of the Uncom-
pahgre plateau for the purpose of elucidating certain stratigraphic
problems. Special studies included one on the stratigraphy of the
Cretaceous rocks of the Routt County coal field and another on the
Morrison formation and overlying strata near Canyon, the latter being
a continuation of a study of the same beds in New Mexico and south-
ern Colorado which was made earlier in the season.

In connection with the completicn of the detailed survey of the
Ceeur d’Alene mining district, which was begun the preceding field
season, a stratigraphic reconnaissance was made in northern Idaho
and northwestern Montana, the general results of which are incor-
porated in the economic report on the Coeur d’Alene district, which is
nearly ready for publication.

Progress was made in the study of the marine Tertiary fauna of
the Pacific coast, which has been of fundamental importance in deter-
mining the petroleum horizons of that region. As a result of the
field work in this connection several geologic reconnaissance maps
were prepared of areas studied, chiefly within the counties of Fresno,

Kern, King, and San Luis Obispo, in California.

" Qlacial and physiographic studies.—Special glacial and physio-
graphic work in this region included the completion of the report on
the glaciation of the Uinta Mountains, Utah, which was submitted for
publication, and the preparation of a bulletin on the landslides and
rock streams of the San Juan region, Colorado, which is nearly ready
for publication. Considerable progress was also made in the determi-
nation of the maximum glaciation of the Sierra Nevada, a problem of
great scientific interest; but much additional field work will be neces-
sary before a satisfactory report can be prepared.

Inwestigations of gold, silver, lead, and copper deposits.—The revival
of mining activity in Nevada and the recent development of several
new and important districts in the southwestern part of the State have
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created a great demand for information concerning the geology of this
region. This has been met by a geologic reconnaissance of about
8,500 square miles of southwestern Nevada and eastern California.
The area surveyed has been designated the Amargosa region, and
includes the Goldfield, Bullfrog, Tokop, Silverbow, Kawich, Lida, and
other mining distriets, as well as a large part of Death Valley. A
general report on the geology of this region has been practically com-
pleted. The Goldfield and Bullfrog districts were mapped and studied
in detail, and complete geologic reports are in preparation. A pre-
liminary outline of these investigations, with notes on the Manhattan,
Searchlight, Eldorado, and other mining districts in the southwestern
part of the State, is now ready for publication.

Other investigations of the precious metals, lead,<and copper of the
West include a report on the ore deposits, chiefly gold, of the Silver
Peak quadrangle, Nevada, which was completed and is now in the
hands of the Public Printer; a detailed report on the geology and ore
deposits, principally lead and silver, of the Ceeur d’Alene mining dis-
trict, in Idaho, which was carried nearly to.completion; a detailed
report on the copper deposits of the Butte, Mont., district, which is
nearly completed and will be submitted for publication before the
close of the present calendar year; a detailed report on the Park City
" mining district, Utah, including a reconnaissance report on the neigh-
boring Cottonwood mining region, which was carried nearly to com-
pletion and will be finished before the end of the year; a brief study
of the copper deposits of the Sierra Nacimiento and the neighboring
Zuni Mountains, the results of which have been embodied in brief
reports that will appear as chapters in the general report on the
mineral deposits of New Mexico; a short study of the placer gold
deposits near Hahns Peak, Colorado, which resulted in the preparation
of a contour map, covering about 25 square miles, and a brief report,
published in the annual economic bulletin; and the completion of the
special geologic map of the **Downtown district” of the Leadville
region, Colorado.

In addition to the foregoing the annual economic bulletin contains a
number of short papers on the precious metal and copper resources of
other localities in the Western States.

A special study was also made to determine the horizon of the sup-
posed Jurassic rocks of the northern Sierra Nevada, in which are con-
tained the extensive metalliferous deposits of that region. This
investigation, however, was not completed, and another season of
field work will be necessary before the results can be prepared for
publication.

Fuels.-—In response to the demand for information regarding the
fuel resources of the country a number of reconnaissance surveys were
made of the coal fields of the West, notably the following: An area
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of approximately 2,250 square miles in southwestern Wyoming, sur-
veyed with special reference to coal and oil; an area of about 1,200
square miles, comprizing the coal lands in the valley of Yampa River,
in Routt County, Colo.; the lignite coal fields of southwestern North
Dakota, northwestern South Dakota, and eastern Montana; the
Durango-Gallup coal field, in the northwestern part of New Mexico
and the adjacent part of Colorado. Brief reports on all of these sur-
veys were prepared for the annual economic bulletin, and detailed
reports have been completec and submitted for publication.

In cooperation with the General Land Office an investigation of cer-.
tain contested coal lands in Utah was undertaken, with a view to the
classification of the lands according to their mineral or nonmineral
character. During the season surveys were made of the Book Cliffs
coal field and of the coal lands ir the vicinity of Coalville and Provo.
Brief reports were prepared for the annual economic bulletin, and
detailed reports were completed and submitted to the General Land
Office. During the last four months of the fiscal year the Survey
cooperated with the Department of Justice in the investigation of
coal-land frauds in Utah and Colorado. These inwestigations are still
in progress. :

A detailed report on the three southernmost oil fields of California
was completed and submitted for publication, and a brief report on
the recently developed Salt Lake oil fields near Los Angeles was pre-
pared for the annual economic bulletin. In addition, the annual eco-
nomic bulletin contained the following reports on the fuel resources
of the West: The Engle coal field of New Mexico; the coal of the
Mount Diablo Range, Monterey County, Cal.; the mineral resources,
chiefly coal and lignite, of the Bighorn Mountains and the Bighorn
Basin, Wyoming.

Iron ores.—In pursuance of the systematic investigation of the iron
ores and iron industry of the United States the following investiga-
tions were made during the year in the Rocky Mountain and Pacific
Coast States: A reconnaissance of the iron ores of central Colorado,
including deposits near Ashcroft and White Pine in the Sawatch
Range, those in the Cebolla district south of Gunnison, and in the pre-
Cambrian rocks in the vicinity of Salida; the detailed mapping of
the deposits of Iron County in southern Utah and a study of the
genesis of the ores; an examination of the deposits near Daggett, in
San Bernardino County, Cal.; an examination of the deposits in the
Seminole Mountains, northwest of Rawlins, Wyo.; laboratory studies
of the western iron ores. A brief paper on the iron ores of the
western United States and British Columbia was also prepared for the
annual economic bulletin.

Miscellaneous economic investigations.—The special investigation of
the relation of hydraulic mining and natural stream erosion in the
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Sierra Nevada to agriculture, grazing, and other industries in the
Sacramento Valley, which is being made in response to a memorial to
the President and in cooperation with the division of hydrography,
was well advanced, but owing to the intricacy of the problem and
the many and conflicting interests at stake additional field and
laboratory work will be necessary before the results can be prepared
for publication. In connection with this investigation a laboratory
has been equipped at Berkeley for the purpose of studying the natural
laws which control the transportation of débris by streams, the neces-
sary space, power, and other facilities for the experiments being con-
tributed by the State University of California.

Other economic investigations in the West included the following:
A reconnaissance of the mineral deposits of New Mexico, a special
report on which was completed and submitted for publication; an
examination of the asphalt lands near Thistle Junction, Utah, and of
the ozokerite deposits. near Colton and Soldiers Summit in the same
State, brief reports on which were prepared for the annual economic
" bulletin, the detailed reports being submitted to the General Land
Office.

The following additional brief reports were prepared for the annual
economic bulletin: A Nevada zinc deposit; Cement resources of
Washington; Some magnesite deposits of California; Gypsum deposits
of the Uncompahgre region, Colorado; Gypsum deposits and bentonite
of the Laramie Basin, Wyoming; Volcanic ash near Durango, Colo.

GENERAL SCIENTIFIC INVESTIGATIONS.

Geologic map of the United States.—In order to meet the demand
for revised geologic maps of the United States and of the several
States which shall represent the present condition of knowledge, a
map of the United States on the scale of 1:2,500,000 was undertaken
and considerable progress made in its preparation, also in the assem-
bling of data for the preparation of geologic maps of the States, or of
groups of States, on the scale of 1:1,000,000. The United States map
awaits the completion of the base, on which as rapid progress as possi-
ble is being made, and the data for the State maps, which will neces-
sarily be more detailed, are being rapidly collated.

Special geologic map of North America.—In cooperation with the
Governments of Canada and Mexico, a geologic map of North America
on the scale of 1:5,000,000 is in preparation by the Geological Survey.
A preliminary edition of this map will be issued at the expense of the
International Geological Congress to be held in the City of Mexico in
September, 1906, and an edition will later accompany a professional
paper.

Larthquakes.—The record catalog of earthquakes occurring in the
United States has been continued. It contains information obtained
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thru newspapers, thru reports of the Weather Bureau, thru the Light-
House Board, and by special correspondence. The severe earthquake
which occurred in California on the morning of April 18 was made
the subject of a special investigation, in which the Geological Survey
cooperated with the State of California and the Carnegie Institution.
Two officers of the Geological Survey became members of the com-
mission appointed by Governor Pardee, of California, and a third was
temporarily detailed to assist in the work. This commission is study-
ing the phenomena of the earthquake in a systematic manner, and has
already made a preliminary report. The Geological Survey has also
investigated the injury to buildings and other structures in San Fran-
cisco and vicinity, for the purpose of ascertaining what materials
and forms of construction are best adapted to withstand earthquake
_ vibrations. . .
PALEONTOLOGIC WORK.

In addition to the usual routine work of the paleontologists—that of
aiding, by the identification of contained fossils, in the determination
of questions of age and stratigraphy—which is performed for members
of the Survey and the various State surveys, many special paleontologic
investigations were carried on during the year.

Tertiary and Quaternary.—The study of the marine Tertiary fauna
of the Pacific coast, which has been of fundamental importance in
determining the oil and petroleum horizons of that region, was consid-
erably advanced during the year, especially by the large collections of
fossils obtained in Fresno, King, Kern, and San Luis Obispo counties,
Cal. Satisfactory progress was made in the preparation of a mono-
graph on this fauna, and in connection with it a bibliography and
reference card catalog of the several thousand Tertiary and Quater-
nary species of the coast was prepared in order to facilitate the iden-
tification and study of fossils from those horizons.

The knowledge of Tertiary faunas was especially augmented by a
large collection of Pliocene and Pleistocene fossils from Port Limon,
Costa Rica, which have an important bearing upon the relations of the
Tertiary of California to that of the Gulf of Mexico.

The monograph on the Tertiary corals of North America was also
well advanced, and considerable progress was made in the preparation
of a report on the Miocene of the Coos Bay region of Oregon.

The study of large collections of fossils from Georgia, gathered in
connection with the investigation of underground waters, resulted in
mapping the Tertiary formations of a large part of southeastern Georgia
‘of which previously little or nothing was known, while an interesting
collection from the Oligocene of Florida threw much light on the
Tertiary of that region.

Cretaceous.—Considerable progress was made in the study and
description of the Lower Cretaceous fauna of Texas, a work which
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has been in preparation for several years, such time as could be spared
from immediately pressing duties being devoted to it.

Treassic.—Satisfactory progress was made in the preparation of the
monograph on the Triassic cephalopods of America. A large quantity
of valuable material was collected from the Upper Trias of Shasta
County, Cal., and that previously collected from the Triassic of Nevada,
Idaho, and California was classified anu studied in detail. The work
in Shasta County resulted in clarifying certain stratigraphic problems
of that region which have a direct bearing upon the study of the
economic resources.

Carboniferous.—The manuscript for a professional paper on the
unique Guadalupian fauna of Texas, which is widely different from
the typical Pennsylvanian, from the Permian of the Mississippi Valley,
and from the Russian. Permian, altho bearing some resemblances
to the latter, was completed and submitted for publication, and the
manuscript for a professional paper on the Lower Carboniferous ore-
bearing beds of Missouri was partly written. The latter study was
made in order to facilitate the correlation of the different ore-bearing
horizons of the Missisippian series with one another and with the
standard section of the Mississippi Valley in Missouri and Iowa.

The Devono-Carboniferous series of Pennsylvania was made the
subject of a special geologic and paleontologic study, but additional
field work will be necessary before the results can be prepared for
publication.

Devonian and Silurian.—The Devonian and Silurian stratigraphy
and faunas were the subject of an investigation with reference to the
modifications which they exhibit in passing north and northwest from
central Kentucky to Wisconsin, a question which has an” important
bearing on the distribution of the lead and zinc deposits of that region.

Cambrian..—A monograph on the Cambrian brachiopods was brought
very nearly to completion and will be submitted for publication early
in the next year. Field investigations in the extensively developed
Cambrian formations of western Montana and central Utah were
continued.

General.—Special paleontologic field studies were made in south-
eastern Alaska for the purpose of determining the limits of the prin-
cipal geologic horizons and the order of succession. A bulletin on
the paleontology of the Santa Cruz region in California, based on
material gathered in connection with the areal and economic survey
of that quadrangle, was well advanced. The monograph on the Cera-
topsia was completed and is now in the hands of the printer, and con-
siderable progress was made on the Sauropoda and Titanothere mono-
graphs, but owing to the magnitude and difficulty of the tasks addi-
tional work remains to be done. This study is being greatly facili-
tated by the notes and collections incidentally made by geologists
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engaged in other investigations. Special collections of fossils were
made in the vicinity of Murfreesbhoro, N. C., for the purpose of recov-
ering species obtained in that locality by Wagner about 1832 and
hitherto not represented in the Survey collections,

PALEOBOTANIC WORK.,

A monograph on the fossil flora of the Laramie, the great coal-
bearing formation of the West, was well advanced, and will probably
be finished next year. This monograph is one of the results of a
- special investigation made for the purpose of affording an easy means
of identifying this formation and aiding in the classification of the
coals of the different localities.

In connection with the mapping of the areal geology of the Kenova
quadrangle, in Kentucky, Ohio, and West Virginia, a special study was
made of the paleobotany of the Upper Carboniferous formations of
that region for the purpose of ascertaining the extent of the basal
unconformity and to aid in correlating the succeeding Coal Measures
groups with the rocks in Pennsylvania. A similar study was made in
the Birmingham, Ala., quadrangle, which it is hoped will establish the
correlation of the enormously thickened coal-bearing section of that
State with the formation recognized in the basins farther north in the
Appalachian trough and permit the identification of the equivalents of
the minor subdivisions or coal groups in the several detached basins.

At the request of the chief of the Brazilian coal commission several
collections of fossil plants from the coal fields of Santa Catharina
and Rio Grande do Sul were examined and reported upon by Survey
paleobotanists, and on the completion of the work the material, which
is of considerable scientific value, was presented to the United States
National Museum by the Brazilian commission.

Satisfactory progress was made in the work on the bibliography and
compendium of paleobotany, which not only serves as a working
guide for Survey paleobotanists but is consulted by American paleo-
botanists generally, and frequently by those of other countries.

PETROGRAPHIC LABORATORY,

The petrographic laboratory, in which three persons were employed
continuously and one temporarily, remained in charge of the chief of
the section of petrology. Its high record of efficiency was maintained
thruout the year, the total output being as follows: Thin sections of
average size, 6,295; large or difficult sections, 257; saw cuts, 1,134; sur-
faces polished, 85. The petrographic reference collection also remained
in charge of the chief of the section of petrology, and was substantially
« increased during the year.
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DIVISION OF ALASKAN MINERAL RESOURCES.

The work of the division of Alaskan mineral resources was carried
on under the appropriation of $80,000 made for ‘‘a continuation of
the investigations of the mineral resources of Alaska.” TUnder this
authority the following classes of work were done: Reconnaissance
and detailed geologic surveys; special investigations of mineral depos-
its; reconnaissance and detailed topographic surveys.

SEASON OF 1905,

The permanent technical field personnel of the division embraced 11
geologists on annual salaries, 1 geologist on a per diem salary, and 4
topographers. One paleontologist gave a part of his time to the
Alaskan work. The office work included 1 geologist, 1 clerk, and 1
typewriter on annual salaries, and 1 typewriter holding a temporary
appointment. In addition to the regular technical force, 4 geologic
and 4 topographic assistants and 1 special assistant, together with 28
packers, cooks, ete., were employed in Alaska during the summer of
1905.

Nine parties were engaged in field work during the open season,
from about May 15 to October 15, in 1905. Several of these were
subdivided after reaching Alaska, making 14 parties in all.

Southeastern Alaska.—A party of 2 geologists, a part of the time
assisted by a paleontologist, continued the reconnaissance work in the
Panhandle. The preliminary study of the geology and mineral
resources of the Ketchikan and Wrangell districts was completed.
An outline of the results has been published in Bulletin No. 284 and
a more complete statement is in preparation.

Yakutat Bay.—Three geologists were engaged in this field from
June until September. A geologic reconnaissance was completed and
a preliminary statement of results has been published in Bulletin No.
284. In connection with the survey of the gold-bearing beach gravels
and the lignite deposits, a special study was made of the glaciers of
this region, of the evidence of former glaciation, and of the remark-
able deformation of the earth’s crust which occurred during the earth-
quake shock of September, 1899. A detailed report on these investi-
gations is in preparation.

Controller Bay.—Two geologists and 2 topographers were employed
in detailed surveys in this field from May until October. Topographic
surveys of 430 square miles, lying between 60° and 60° 30" north lati-
tude and 139° 45’ and 144° 35’ west longitude, were completed for
publication on a scale of 1:62,500, with 50-foot contours. Of levels,
974 miles were run and 9 permanent bench marks were set. Of traverse,
183 miles were run. Reconnaissance topographic surveys (1:250,000)
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were also carried over about 200 square miles of additional area. The
geologists made surveys of about the same area as the topographers,
" and made a special study of the coal fields of the region. An outline
of the important results is contained in Bulletin No. 284.

Prince William Sound.—Two geologists were engaged from June
25 to September 15 in making a reconnaissance of the shores of Prince
William Sound. All the known copper deposits were examined in
detail. A preliminary statement of results has bheen published (Bul-
letin No. 284) and the final report is in preparation.

Matanuskea Valley.—The coal fields of this district were hastily
examined by a geologist during the month of August, and a statement
of the results is in press (Bulletin No. 289).

IHHerendeen Bay.—A rapid reconnaissance of the coal-bearing rocks
of this region was made by a geologist in June, 1905, and the results
have been published in Bulletm No. 284.

Seward Peninsula.—Three topographers, working from June to
October, 1905, completed the survey of the areas of the Solomon Spe-
cial and the Casadepaga Special maps, embraced between longitude
164° and 164° 30’ and latitude 64° 30’ and 65°, and including 470
square miles. The scale was 1:62,500, with 25-foot contours. Levels
to the extent of 93.9 miles were run and 17 permanent bench marks
were established.

Detailed studies of an area of about 300 square miles in the Nome
region were made by two geologists during the summer of 1905. In
addition to this the same men made a further study of the tin deposits
at York and of the gold placers of the Solomon River and Ophir Creek
regions. The results of the latter work are contained in Bulletin
No. 284.

Yukon- Tananaregion.—Topographic reconnaissance surveys (1: 250,-
000, contours 200 feet) were extended over an area of 4,300 square
miles by two topographic parties. The mapped area includes a part of
the Birch Creek, Beaver Creek, and Tolovana River basins. The work
was controlled by triangulation carried westward from points pre-
viously established in the Birch Creek basin. A part of the area
covered by these surveys is included in the Circle quadrangle, in the
Yukon-Tanana region, a report on which is in press (Bulletin No. 295).
A geologist accompanied the topographic party, working in the Beaver
Creek region, and made an areal reconnaissance of the area traversed,
and the results have been published in Bulletin No. 284. The field
season was cut short by the early snow which fell on September 4.

A party of two geologists carried a reconnaissance westward from
the international boundary at the head of Sixtymile Creek to the mouth
of Delta River and thence to Fairbanks. A part of the results of this
work is‘in print (Bulletin No. 284).
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(Feneral.~—The geologist in charge has been chiefly occupied in routine
administrative work. In July, 1905, he visited the parties working in
southeastern Alaska and in the Controller Bay region. Considerable
time was also spent on a report entitled ** The gold placers of Seward
Peninsula,” which is now nearly completed.

SEASON OF 1