


DEPARTMENT OF THE INTERIOR

FrRANKLIN K. LANE, Secretary

UNITED STATES GEOLOGICAL SURVEY
GEORGE OrtIs SMITH, Director

THIRTY-EIGHTH ANNUAL REPORT

OF THE

DIRECTOR OF THE UNITED STATES
GEOLOGICAL SURVEY

TO THE

SECRETARY OF THE INTERIOR

FOR THE FISCAL YEAR
ENDED JUNE 30

1917

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917



CONTENTS.

Page.

NPecIAl FORIIIORL. . Ll de ot i o8 KRt Mirosssmanis st o N DB 00,2/ o]y i 7
WALWOLK: oos - o2 snsmamasas s s s semdasmens o o6 ¢ semmemaness S Hasdulsbates 7
Development of the mineral industry......... ... ... ... ... . ... 9
Specitl PUBMCATIATIA. .. rccnrm s o s vrmmmeimmararns o 03 & s s s s S5 s s S 11
DN OWROTITO S 8 5 06 timinlorin i o ocacasmpassisasin u s i oision s dBm el Sy et S0 0 12
Aol HAZHO < cocessvssses s s svmmusnmuds s s 4 ssimesisamei ey 5 518 oo sesesees 13
Work: of the(Fear.: « - svasstamnses s s s sompemomss 4o 65 2 smEassesgs s § phpems s 14
PUDTCHIONE. -2 55 550t tmtins 555 8 S mimstm & 55 & 5 ol s & s A A S 14
G EeOIOTICIDTANCR Sl mcs 2 s 8 i ommmimsmomssomsnio e i o e R S b 20 32
B COPOYOL OTIS  an e i ts sus s i mmeni s Bt oo b A 32
Organizalion: cu s ssissn. s wsmsemsmmnns s § 3 6 o mmmpms 3 £6 54 85w 32
PUbMOAtiONE. - sommssmng s 5 5 smmmamense 1 &5 s rmsetros s 5 nasdeoss 33
Progress of geologic mapping..... ... ... ... ...l 33
DIAVISION OF BOOLOZY . - cicvc s mamicmacinomiom o ommioioinimic sl s oa o sisisteinsisimisiais 33
Organization and personnel. . . . ........ooiiioiiiiiiiiiaia 33
Allotmentsy, . congues s o semvssemssss 555 e sEeRmEEE 5 & S HeBRERERE 34
Cooperation with Federal bureaus and State surveys. . .......... 35

General features of the work of the year. . ... .. . .. .. ... .. 36

Work of the BECHIONEL o cw wmwsmisimasam o o amwimimisimimsainre = via = Erarcim imiasoze mum 43
Asggistance o other:dIVIBIONS. .o cevww s susnamsmsimsis < § & S biddus 46
Committee on geologlc NAMES. - o oovveenneannnccaanacaaannn 47
Committee on physiography. ... .. .. ..ol 47

General summary of geologic work. . ... ... ... L.iLioL. 48

Work of the division by States. . ... ..o..oooiiiiiiiaiiiiia 49
Division of Alaskan mineral resources. ...........ccocieiiioaioia .. 81
Appropriation and classes of work.................oiiioio.. 81
POTSORTEL. oo . s sl s o ntrmmemismiding £ TR R RC R S A e St 82

Tield work during the season of 1916............................ 82

Field work for the season of 1917. ... ... .. ... i 88
Collection: of statisbics. . fusssusommess oo smmmse st & oes S ampetss 88

| 2961 11 172 1 ) (1 SRS R s S TS R s S N ) R e 88
Scientific results. .. ..o 90
Division of chemical and physical research. ... ... ... ... ........ 91
Divizion of MINeral TES0TUrCE. « v wsmmun's s s o uvn Dt it « o < suismmomisws 94
Topographic branehi. .ces suss s sssmemmasmens L4 s SEsmnssasess § o5 hnummss 97
Orpanization.: - ssmssmenskss om sesssmsirassis s s nrasremayeys 5 4 s Pmasmis 97
51237016001 LR SO S UIRRURSRR PSR SRR Lot g S80S W 1 B 97
DRGNS 2wl S o gt oo o1 w Shr PR IReE e LSS T e 98
ATotenta. wcc o s compmecimemnn s s susmmnswasns s & e memmmeds s S 99
Cooperalion.: « « « sssmssmnaben viss snsrmmesse 2 ¥ o aeperEwsd & & 5 smeuks 99
Summary oF Fesili: < oo r oo s cmmmem s s R e AR T R 99
Special MIlitary SULVEYE. - oo v eomnmmnccannencmcmcmancmann s asoocion 101
Goneralioflic WOLK. vt ibias sz darianeida s o e S e Sl 00 o S e = 105



4 CONTENTS.
Work of the year—Continued.

Topographic branch—Continued. Page.
Inspection of topographic mapping. .......... ... .. iiiiiiiann... 105
Millionth-scale map of the United States............................ 105
Atlantic GAVIBION < o s s = o cmmmeiis s s 614 5 Snemrnssas s & 5« S e 106
Contral diVIBION: - ; =cccc s snsamivnes o5 n 90 sam s mbss o0 s So ome 109
Rocky Mountain division. .. ............... SO . . 574 113
Northwesternn diVISION. . . .o cccisminn oo o mmmiommmimimimmic s « o oimmiaisasttaine = - 116
PRCIHCAIVERION . o orlinn f ox miommmmsmns b s s opossmedsas o s saa s 119

" Bection of field equIPIOBNE o. .. - conrwimas s s s s simmrmssios oo s - bogheb 122

Water-resources Branch. - .. .ccoccrovmcsenes csmmnrconnn sz nsssnemasaote 123
Organization ............. ENI L SIS SN IR\ .../, - 123
16777071112 DO ot e P SO R e e C R R 7% VL T 123
AllotMenta. .. sovsuness smmmanmed s & seo e S E s R 123
Cooperalion . cvees soscummmmsanies oo 5 samenmmmes 85 o 2 omsve st b 124
BOBNCAbONR comrle oo e s e L e St 126
Gen P BUMINAEYA. oo oot o it i o oo ot no e 1 e BT S Tt 127
D1VIRION:0f SUMTACE WALSTE. .o neiiiiu s oo barsimsisisie s « o5 il S & s ol 127

Organizafion .. 12 5o mnerodss Seinpsibalion 5 s daidiulde e e 127
Character and methods of work. . ...... ... ... . o..ociiiaao.. 128
PUDHCHEONE. - - - - - cioicio mmniin s o = o imieisim s o o i SRR 129
Division of ground Waters. ... .. covmmseconc oo mmmat et 131
BCOPGIOE WOLK: i v ssicmmrassions S B semmsrssavivg lo@is Brsnisityre e el o a 131
Work by Btates: ccssessvvssms s sssmmmassmnn s« o3 sosmreuswas e ams 132
Division of water utilization............c.oocoiiiiiiiiiiiiiiiaaan 136
Division of enlarged and stock-raising homesteads.................... 137

Land-classification board. .. ... ... . . i 137
Organization and personnel....... .. ... . .. i iiiiiiiiiiiiiao.. 137
PURAB. oo sic s vomus s smsmmminns = oo s sbmmstmnsne s 6,50 s et s 5w 138
Summary of work of classification........... ... ... ... ..ol 138
COrreBpONUCICE. < n s orvmin oot 55 HoF mimeis SRS S5 S 5en s 139
i 2411011027 o) Y- O iy 5. SIS SR L 139
Cooperation with the General Land Office. . ........................ © 140
Mineral classifieation .. couve. s o ssesnmmn susses o s msemssane s s ae s 141

o R T U DLt L s e LR e 141
ORL. - i v i o b S i TRl O N e gl Al e S ] 2 144
124107y o} 137 TSRS SO SR SR 8 2 8 8o - e 147
Pathshicr o nee d 0 o o oo e Ao TR ARt S0 S P 149
Metalliforous 1ands. . ..o s v cswmemsvsnion sos smmemmnsss s o sosvns 149
Hydrographic clastfication. .. coersmszaomemmie sasmussmsss i s s ammass 150
N T PO O o e o i et i e e 150
i fe T To 11 GOREBI RTINS C RN o PRI e 2 H P e R el e 152
BEnlarged homesteadi b . . deaimte S diicdin o donim o e i@ 153
Stock-raising homesteads. . - . suwommessn i oo nmssmsme o s aaE 156
Priblic Waler reserves: « .« s scssmmsss ss a5 5 s hsmmmenss £ 0e s rss 157

Publication branch. - ... ... i 158

Division of book: pubLICAtion. . . - cecmmicimn s abmmimcsscimiin oo e wpimeibe 158
Seclion OFTEXIB. oo oo die i ciies s smais S sioioimini st s aisns o8 S 158
Section of AMUSIAONA: - .. . s e srmmecsss bosmesmemen  smamtat 158

Division of distribution. ... .. .cocciecsiscaiirncnmmassnosma 158

Division of map editing. .. ......coooiiii i 159
Section of geologic MaPs. ...« ..oin i i 159
Section of topogTaphic MAPE: «cvetior e s smmnmmnsnns - #oosmaiity, 160



CONTENTS. ; 5

Work of the year—Continued.

Publication branch—Continued. Page.
Division of engraving and printing..........cecececieeioeoaaeaaaaas 160
Topographic maps and geologic f0lios..........oooooiai oo, 160
Other Government map printing. ...... ... .. ... oo 161
PhotOstaphic IaBOFREOTY . o « = on s m s « wies oo wtemmalals sl i 163
Administrative Bramieh. . . « s oamsmsmmas s s smssmimmesd s smsmbaiewnd & 5o 08 163
Executive divislon. .....ccceuaioeeeenoeacacciacea o cimececaatan 163
Division of accounts. . .......ooii i PR W 164
SIS S P S VN S . i 166
R e S R R W S O S N 8 e A 167
ILLLUSTRATIONS.

Page.

Prate I. Map of the United States showing areas covered by geologic maps
published Priot to ALY 1, AILT . o o ssocmsommoaison s s 5y issnsazs bk i/ 32

II. Map of the United States showing areas covered by topographic
surveys prior to July 1, 1917, . . < os s smsmmamsnms s s wusssnssssssss 98






THIRTY-EIGHTH ANNUAL REPORT OF THE DIRECTOR
OF THE UNITED STATES GEOLOGICAL SURVEY.

GEeorGe Ot1s SmrtH, Director.

The appropriations for the work of the United States Geological
Survey for the fiscal year 1916-17 comprised items amounting to
$1,605,520. The plan of operations as approved by the Secretary of
the Interior included geologic surveys in the United States and
Alaska, reconnaissance and detailed, of 40,937 square miles, topo-
graphic surveys of 32,245 square miles, stream gaging at 1,197 sta-
tions, the classification of public lands to an amount of more than
18,000,000 acres, and the collection of statistics of production and
consumption from more than 90,000 producers, covering more than
75 mineral products. During the year 203 scientific and economic
reports were published, and at the end of the year the Survey mem-
bers holding appointments from the Secretary numbered 934, an
increase of 62.

SPECIAL FEATURES.
WAR WORK.

During the greater part of the year the activities of the Geological
Survey were concentrated upon lines of investigation connected with
military and industrial preparedness. This mobilization has in-
cluded preparation of special reports for the use of the War and
Navy departments and the Council of National Defense, the making
of military surveys, the printing of military maps and hydrographic
charts, and the contribution of engineer officers to the Reserve Corps.

Early in the present calendar year the Survey transmitted to the
War Department a series of 23 summary reports on the underground
water supplies and the soil-drainage features of the areas along the
Mexican border and the Gulf and Atlantic coasts. Several State sur-
veys cooperated with the Federal geologists in the preparation of these
geologic and hydrologic reports, which were transmitted in dupli-
cate to the War College and the Engineer Corps, for use in the selec-
tion of cantonment sites. By request of the War and Navy depart-
ments special local investigations of water-supply and drainage pos-
sibilities of reservations have been made, including the problem of

supplying troops with water on the island of Oahu.
T
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In connection with the minerals that have assumed special signifi-
cance under war conditions, the work of the Geological Survey has
been both expanded and made more intensive. Results already at
hand as the product of years of field and office investigation have
been made available in special reports published for the information
of the general public or prepared for the immediate use of some offi-
cial commission, committee, or bureau. Geologic field work has been
concentrated on the essential mineral resources, especially those of
which the domestic supply falls short of present demands. Every
oil geologist available is at work in the petroleum regions where in-
creased production can be expected to follow geologic exploration.
Other geologists have been assigned to the search for commercial
deposits of the “war minerals”—manganese, pyrite, platinum,
chromite, tungsten, antimony, potash, and nitrate.

An increasing appreciation of the military value of the topographic
surveys in progress and the desire to increase this special use of the
topographic corps led in January, 1917, to the formation of the
division of military surveys in the topographic branch. In March
the recognition of the urgent need of military surveys resulted in the
plans for field work being made to conform wholly to a program
drawn ap by the General Staff of the Army. This program was sub-
mitted on March 26 and by the end of June 8,192 square miles of
the areas had been surveyed. These military surveys will be con-
tinued as speedily as possible with the decreasing force of topogra-
phers available for this work in the United States.

War conditions not only diverted practically all the activities of
the topographic branch to the urgent needs of the War Department
for military surveys but also brought about the commissioning of the
majority of the technical personnel of this branch as reserve officers in
the Corps of Engineers, United States Army. This created a defi-
ciency in the force of engineers available for topographic duty, and
new sources of personnel became necessary. Permission has been
obtained from the Civil Service Commission to appoint topographic
field assistants without status in the classified service. Such appoint-
ments began on July 2,1917, and by the end of September 58 men were
thus appointed by the Survey, of whom 20 were assigned directly to
topographic parties in the field and 38 reported at Washington for
observation and training as to their special fitness for the various
details of duty in the field. To judge of this adaptability, the candi-
dates have been tested by actual field work in the near vicinity of
‘Washington, under close supervision and intensive instruction.

A report on the use of the panoramic camera in topographic sur-
veying, already in progress, was given special military value by the
addition of a chapter on the application of photogrammetry to aerial
surveys. The author, Capt. J. W. Bagley, Engineer Officers’ Reserve
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Corps, has also served as a member of the airplane mapping com-
mittee of the National Advisory Committee for Aeronautics, his time
being devoted chiefly to the perfection of a camera specially adapted
to airplane use. In this work Capt. Bagley is assisted by F. H.
Moffit. .

A large contribution to the military service is made by the map-
printing establishment of the Survey. This plant has been available
for both confidential and urgent work, and during the year 96 edi-
tions of maps needed for military use have been printed for the War
Department and 906 editions of charts for the Navy Department.
Other lithographic work was in progress at the end of the year, some
of it of a complicated character.

In some respects the largest contribution of the Survey has been
the group of specially trained engineers who have been commissioned
in the Engineer Officers’ Reserve Corps, this group including at the
end of the fiscal year 1 geologist, 7 hydrographic engineers, and 61
topographic engineers. On October 1, 1917, the number of Survey
representatives holding commissions aggregated 79, of whom 37 are
either already in France or have been selected for service there—T7
majors, 8 captains, and 22 lieutenants. The other officers—9 majors,
10 captains, and 23 lieutenants—are in active service and, pending
other orders, instructed by the War Department “to report to the
Director of the Geological Survey for duty in connection with the
military surveys in progress.” Two of the officers in France have
been appointed on Gen. Pershing’s staff, Maj. Alfred H. Brooks as
geologic engineer and Maj. Glenn S. Smith as topographic engineer.
These appointments leave the Geological Survey without chiefs of
two important divisions—the division of Alaskan mineral resources
and the division of military surveys, respectively. Maj. Frank Sut-
ton and Maj. C. H. Birdseye, who are among those ordered to France,
have left the Atlantic and Rocky Mountain divisions without admin-
istrative chiefs during the war.

DEVELOPMENT OF THE MINERAL INDUSTRY.

Clarence King, the first Director of this Survey, emphasized in the
administrative report of 1880 the desirableness of the Federal inves-
tigation of the mineral wealth of the country and of the industry
based thereon. The advantage of this type of governmental assist-
ance to American enterprise L:as never been greater or more evident
than during the war period that has brought about so great an ex-
pansion of the productive capacity of mine and smelter. The large
domestic industrial demands for the mineral fuels and the more im-
portant metals have been met by rapidly increased output and a
larger excess made available for export. In minor minerals what had
formerly been imported has been replaced by material of domestic
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origin. All this expansion and new development has been profitable
in a national sense. America is stronger because of this larger utili-
zation of the useful minerals.

The current geologic and statistical work of the Survey both
records the results already attained and indicates the deficiency of
supply not yet remedied. For a large group of “ war minerals” even
the several-fold increased production is not sufficient to meet the in-
creased consumption. A speeding up has naturally followed under
these conditions, but plainly the pace has not yet been reached that
our natural resources and our engineering -genius would seem to
justify in time of emergency.

Whoever studies the mineral resources of the United States and
the industries built thereon must realize that in a time of need like
the present year production rather than price is the matter of prime
importance; that a high price may both stimulate production and
increase available reserves; that home production will result in trans-
portation savings that are in reality a national benefit of practical
value comparable with the theoretical advantage of industrial inde-
pendence; and that expansion of productive capacity is possible
under war conditions only as both consumer and producer can adjust
their projects to the conditions that will prevail after the war, as
well as to the needs of the present emergency. Illustrations of these
four propositions come at once to mind.

Potash is so essential to chemical industries that a high price has
been willingly paid for the small percentage thus needed, and domes-
tic potash has come from sources that would be unproductive under
more normal conditions. A potash industry to supply the other 90
per cent of our needs—mainly to fertilize the millions of acres upon
which larger demands are being made for foodstuffs and cotton and
tobacco—must be based upon resources or methods of recovery per-
mitting lower costs of production.

The increase in reserves, due to higher prices and to improved min-
ing and metallurgic practice, is shown in the case of several of the
metals. Whether the margin of profit is increased by raising price
or lowering costs, the beneficial tendency is to reduce the grade of
ore that can be profitably utilized, and this means increasing the
Nation’s reserves of ore, and thus placing one industry on a more
lasting foundation. This stimulating reaction of profit upon engi-
neering efficiency is the promise of future continuance of the supply
of the essential metals, such as copper and iron.

The economy of domestic production wherever possible may be
shown in the present manganese situation. The Virginia miner who
loads on the cars 4,500 tons of high-grade manganese ore this year
is not only contributing to the steel industry that tonnage and re-
ceiving therefor compensation at the market price, but he-thereby
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relieves the country’s shipping shortage to the extent of one ship for
38 days, not including the necessary time for loading and unloading
the cargo of Brazilian ore.

Finally, the proposition that present expansion of business must
take into account the future is almost self-evident, although often
overlooked. Opening up pyrite mines must be based upon an assured
supply of ore in the ground and an assured demand for the product
for a period long enough and at prices high enough to justify the
development. It is not enough for the geologist to point out the ore;
the acid manufacturer needs to contract both to buy the pyrite and to
sell the acid. New development must rest upon a basis of something
more than risk, lest expansion of productive capacity involve after-
the-war losses that will swallow up war profits.

To make America industrially independent is an aim perhaps even
more desirable now than three years ago and possibly also even more
of a problem than was then realized.

SPECIAL PUBLICATIONS.

Among the publications of the year several deserve special men-
tion. The entrance of the United States into the war served to in-
crease the already large demand for information concerning the
Nation’s mineral resources, and a bulletin entitled “ Our mineral
supplies” (Bulletin 666), was prepared to meet this need. The pur-
pose of this publication is to supplement Bulletin 599, “ Our mineral
reserves,” published in September, 1914. A comparison of this sum-
mary of the ability of the mineral industry to meet present-day
demands with the earlier and less complete review of the mineral
situation serves to make plain the larger degree of national inde-
pendence which has been attained in the mining, metallurgic, and
chemical industries. Twenty geologists have contributed to the pres-
ent bulletin, which has been published first in separate chapters, each
devoted to a “war mineral ” or to some mineral product important
under present conditions.

Official and general demand for up to date statistics on several
of the more important minerals has been met by further response by
the geologists and statisticians of the Survey. The monthly state-
ments of railroad movement of coal and coke first issued in August,
1916, were followed in June, 1917, by the compilation of weekly
statements of bituminous coal and coke production, with an analysis
of causes of change in rate of output. The purpose of these statistics
is to serve both the Government and the trade with an authoritative
index of industrial conditions.

For similar reasons the Survey began in January the issue of
monthly statements of petroleum production and consumption, these
statistics showing the quantity of oil moved from field sources, the
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quantity delivered to refiners or to consumers, and the amount in
storage at the end of each month, for each of the major oil fields
east of the Rocky Mountains.

At the request of the War Department a special military map of
the vicinity of the Plattsburg training camp was issued in May.
The survey of this area was the first purely military mapping done
by the topographers of the Geological Survey and included an
amount of detail never before undertaken. The area mapped was 90
square miles, with a publication scale of 3 inches to 1 mile and a
contour interval of 5 feet. On the printed maps distinctions are
made between barbed and smooth wire fences, stone walls, and rail
fences, between the broad-leafed timber, the pine forests, and or-
chards, and between roads of different character, and every tele-
graph and telephone pole is located, as well as, of course, every
building. It is believed that this map compares favorably with the
best military maps issued by European countries, and this innovation
in topographic work helped materially in fitting the Survey to
furnish topographic engineers for service in France.

Work on another map of detailed character also contributed to
the training of a large number of Survey topographers in refined,
large-scale work, although made for another purpose. This is the
map of Washington and vicinity, covering 464 square miles. This
map is believed to be the best example in the United States of a map
covering a large area of diversified topography which shows the
physical characteristics of the country, as well as all the works of
man. It was printed in four colors, showing automobile roads in
red, and was issued in two editions aggregating 20,000 copies, of
which over 15,000 copies have been sold and otherwise distributed.

NEW HOME.

The completion of the new Interior Department office building
made it possible for the Survey to occupy its new home in May, 1917.
This marks the culmination of the efforts of three Directors of the
Survey to procure quarters both adequatesfor its work and safe for
the Survey workers as well as the large accumulation of scientific
records. In the Thirty-third Annual Report the general unfitness
of the buildings occupied by the Survey was fully discussed, and the
extent of the limitations on economy and efficiency thus forced upon
the employees pointed out. For nearly a third of a century the
privately owned building at 1330 F Street had been enlarged piece-
meal as the Federal organization increased the scope and extent of
its operations, until overcrowding reached the limit, whether viewed
in regard to sanitation, safety, or efficiency. The new building
remedies these conditions by providing 50 per cent more floor space,
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and all of this space that is devoted to offices, laboratories, or work-
rooms is well lighted.

The new building was authorized March 4, 1913, ground was
broken August 16, 1915, and the building was completed about two
years later. The approximate cost was $2,500,000, and, measured by
floor space, it is the largest public building in Washington. The
statute specified a building of modern office type, and as a public
building the Interior Department office building is unique in that
the requirements of use for office and laboratory purposes were given
first consideration, the architectural features being determined by the
size of unit decided upon as best providing for the special uses within-
the limitations of the appropriation.

The building occupies the whole block bounded by Eighteenth,
Nineteenth, EE, and F streets NW. and includes approximately half a
million square feet of net floor space, accommodating the Office of the
Secretary, the General Land Office, the Office of Indian Affairs, the
Bureau of Mines, the National Park Service, and the Alaskan Engi-
neering Commission, as well as the Geological Survey, which, with
its library and map-printing establishment, occupies nearly one-third
of the building. Tt is believed that this move to a new home will in-
crease efficiency as well as avoid the danger to life and property that
has been so long a matter of concern to those interested in this branch
of the public service.

ARNOLD HAGUE.

Arnold Hague, one of the senior geologists of this Survey, died
May 14, 1917, at the age of 76 years. He graduated at the Sheflield
Scientific School of Yale University in 1863 with Clarence King,
and later, as a student at Freiburg, he met S. F. Emmons, and both
of them joined Clarence King early in 1867 to make the Fortieth
Parallel Survey. Ten years later he made official surveys in Guate-
mala and the following year in China.

At the time of the organization of the United States Geological
Survey in 1879 under Clarence King, Arnold Hague was appointed
geologist. The results of his work have appeared in Monograph 20,
on the geology of the Eureka district in Nevada, and in Monograph
32, on the Yellowstone National Park. For some years he had been
engaged in a special study of geysers, and this work, his last and
greatest, Mr. Hague leaves practically complete.

In addition to preparing his larger reports, Mr. Hague has con-
tributed to scientific periodicals. He was a fellow of the Geological
Society of America, of which he was president in 1910, and of the
Geological Society of London, and was a member of many other scien-
tific societies. Several universities in this country and abroad con-
ferred upon him special degrees, but the honor he most highly ap-
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preciated was that of being made a member and officer of the National
Academy of Sciences.

Mr. Hague was not a ready nor voluminous writer, but his writings
were notably exact. He aimed rather to write well and truly than
much. Few scientific men in America have had so wide a circle of
devoted friends as Arnold Hague.

WORK OF THE YEAR.
PUBLICATIONS.

The publications of the year consisted of 1 annual report, 5 profes-
sional papers, 18 separates from 3 professional papers, 23 bulletins,
66 separates from 8 bulletins, 25 water-supply papers, 7 separates from
3 water-supply papers, 55 advance chapters from 2 annual reports on
mineral resources, 5 geologic folios, 1 list of publications, 1 list of
water-supply papers, 1 service bulletin, pamphlets entitled “ Sugges-
tions to authors (third edition)” and ¢ Extracts from the Style Book
of the Government Printing Office,” a leaflet entitled “ Nature and
uses of topographic maps,” advance statements on copper, lead, and
zinc production in 1916, 2 circulars concerning maps and folios, 34
index map circulars, 47 press bulletins, and 12 monthly lists of new
publications. The total number of pages in these publications was
17,255.

Brief notices of the publications of the year are given below :

THIRTY-SEVENTH ANNUAL REPORT oF THE DIRECTOR of the Geological Survey to
the Secretary of the Interior, for the fiscal year ended June 30, 1916. 1916.
185 pages, 2 plates, 1 text figure.

A detailed account of the work of the Geological Survey during the fiscal
year 1916, with a statement of the appropriation made by Congress for the
Survey for that year. Under the heading “ Special features’ the Director
discusses the need of economy in science, and shows how, in the several
Federal bureaus especially, waste in scientific service can be avoided by
cooperation. He also discusses the progress made in the search for potash in
the United States, the need for a domestic supply of which has become
urgent since the war has cut off the supply from the most abundant source
of this material--Germany. The report contains abstracts of the books pub-
lished by the Survey during the year and a list of the maps issued. The
illustrations consist of maps showing areas covered by topographic and geo-
logic surveys and a diagram showing the comparative number of maps sold
by the Survey during each month of the fiscal years 1915 and 1916.

ProOFESSIONAL PAPER 91. The lower Eocene floras of southeastern North Amer-
ica, by E. W. Berry. 481 pages, 117 plates, 16 text figures.

A comprehensive study of the lower Eocene plant remains of the southern
Coastal Plain. The main body of the material examined in preparing the
report came from beds embraced in the stratigraphic unit known as the
Wilcox group, which comprises littoral and estuarine sediments; the re-
mainder of the material came from strata regarded as the Midway forma-
tion, a typically marine series of deposits. Both these floras are of the
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greatest importance to the geologist, because they furnish the much-sought
means for direct comparison between the plant-bearing formations of the
Rocky Mountain province and the marine Tertiary formations of the Atlan-
tic and Gulf waters. The plant-bearing outcrops and the various species
are discussed in detail. The book also contains numerous halftone plates
showing specimens of the fossil plants.

PROFESSIONATL PAPER 94. Economic geology of Gilpin County and adjacent parts
of Clear Creek and Boulder counties, Colo., by E. 8. Bastin and J. M. Hill.
1917. 379 pages, 23 plates. 79 text figures.

This book forms the Survey’s latest contribution to the investigation of
the metalliferous deposits of the Colorado ore belt. It describes the geology
of the region in the vicinity of Central City, which lies nearly west of Den-
ver, in the heart of the Front Range of the Rockies. The ores of this region
yield gold, silver, copper, and tungsten in commercial quantities, and some
iron. Each mine is described in detail and the treatment of the ores is dis-
cussed. The book contains numerous illustrations, including topographic
and geologic maps of the Central City quadrangle, camera lucida drawings
of some specimens of the ores, geologic plans of portions of the mines, and
halftone plates showing features of geologic interest.

PROFESSIONAT. PAPER 97. Geology and ore deposits of the Mackay region, Idaho,
by J. B. Umpleby. 1917. 129 pages, 21 plates, 14 text figures.

Describes in detail the geography and geology of the Mackay region, in
southeastern Idaho, north of Snake River. The existence of ore deposits in
this region has been known to mining men since 1880. The principal metal
recovered is copper, although silver, gold, and lead also occur in the region.
It comprises eleven mining districts, all of which are treated separately in
this report. At least three of these districts are of more than ordinary

* promise, and the author gives practical conclusions and suggestions which
should aid the prospector in discovering new outcrops of ore. The illustra-
tions consist of a geologic sketch map of the Mackay region, plans and sec-
tions of the mines, and halftone and colored plates of specimens of ore.

Parts of Professional Paper 98. Shorter contributions to general geology, 1916,
as follows:

ProrESSIONAL PAPER 98-I. A reconnaissance of the Archean complex of the
Granite Gorge, Grand Canyon, Ariz., by L. F. Noble and J. F. Hunter. 1916.
Pp. 95-113, P1. XIX, figs. 9-10.

Presents the results of a brief study of the Archean rocks of the Grand
Canyon, especially as to their petrographic character, origin, and structure.

PROFESSIONAL Parer 98-J. North American Upper Cretaceous corals of the
genus Micrabacia, by L. W. Stephenson. 1916. Pp. 115-131, Pls. XX-
XXIII.

Contains systematic descriptions and illustrations of some well-preserved
corals of the genus Micrabacia from the Atlantic and Gulf Coastal Plain and
from the western interior of the United States. The scarcity of specimens
of corals of this genus adds to the value of these descriptions.

PrOFESSIONAL PAPER 98-K. Some Paleozoic sections in Arizona and their
correlation, by F. L. Ransome. 1916. Pp. 133-166, Pls. XXIV-XXXI,
figs. 11-14.

Includes a brief introductory outline of the broad topographic features
of Arizona, a description of the well-exposed- geologic section of the Ray-
Globe region, in the central part of the State, as well as of other sections,
from the Grand Canyon, in the northwestern part of the State, to Bisbee,
near the Mexican border, and a discussion of the correlatiomn of these
sections,
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PROFESSIONAL PAPER 98-L. Thé Pliocene Citronelle formation of the Gulf

Coastal Plain and its flora, papers by G. C. Matson and E. W. Berry. 1916.
Pp. 167-208, Pls. XXXII-XLVII, figs. 15-17.

ProrESSIONAL PAPER 98-M. The Catahoula sandstone and its flora, papers by

G. C. Matson and E. W. Berry. 1916. Pp. 209-251, Pls. XLVIII-LX,
figs. 15-21. |

These papers discuss briefly the general character and relations of the
formations named in their titles and describe the fossil plants found in
these formations, which occur in the Gulf Coastal Plain of Louisiana, Mis-
sissippi, and Alabama.

PROFESSIONAL PAPER 98-N. Mechanics of the Panama Canal slides, by G. F.

Becker. 1916. Pp. 253-261, figs. 22-24,

A geophysical study of the Panama Canal slides prepared as a contribu-
tion to the report of the committee on this subject appointed by the National
Academy of Sciences. The author describes the essential features of the
breaks on the Gaillard (Culebra) Cut, and discusses briefly the formation
of ruptures, the bulging of the canal bottom, and the effect upon pressure
of the form of the banks.

PROFESSIONAL PAPER 98-0. Relations of the Embar and Chugwater formations

in central Wyoming, by D. D. Condit. 1916. Pp. 263-270, Pls. LXI-LXIII,
figs. 25-26.

In this paper the author shows that the Embar formation, which lies be-
tween the Tensleep sandstone and the Chugwater formation, comprises sev-
eral distinct facies. Each of these facies is considered in detail and some
of the formational boundaries in the Big Horn Mountain region are rede-
fined. In connection with the description of the gypsum and associated
strata it is suggested that conditions were possibly also favorable for ac-
cumulation of salt beds. The chance of finding such deposits down the dip
below the surface is believed to be sufficient to merit further investigation.

PROFESSIONAL PAPERS 98-P, Q, R, and S. Contributions to the geology and

paleontology of San Juan County, N. Mex.

These papers describe the succession of strata in a part of the San Juan
Basin with the purpose of establishing a type section for the formations
exposed and of bringing out their relations to the strata immediately above
and below. As an aid in identifying the formations, the authors also de-
scribe the- typical fauna and flora found in them. The papers are as
follows :

1 (P). Stratigraphy of a part of the Chaco River valley, by C. M. Bauer
1916. Pp. 271-278, Pls. LXIV-LXXI, fig. 27.

2 (Q). Vertebrate faunas of the Ojo Alamo, Kirtland, and Fruitland for-
mations, by C. W. Gilmore. 1916. Pp. 279-308, Pls. LXIV, LXXII-
LXXVIII, figs. 28-42,

3 (R). Nonmarine Cretaceous invertebrates of the San Juan Basin, by
T. W. Stanton. 1916. Pp. 309-326, Pls. LXXIX-LXXXIII.

4 (S). Flora of the Fruitland and Kirtland formations, by F. H. Knowl-
ton. 1916. Pp. 327-353, Pls. LXXXIV-XCI.

PRrOFESSIONAL PAPER 98-T. The reef-coral fauna of Carrizo Creek, Imperial

County, Cal., and its significance, by T. W. Vaughan. 1917. Pp. 355-386,
Pls. XCII-CII, figs. 43-46.

A study of the fauna mentioned in the title leading to the conclusion that
it is Atlantic and not Pacific in its affinities and that therefore there was
interoceanic connection across Central America during upper Oligocene
time. In Miocene time this connection was terminated, but the author be-
lieves that it was again established in upper Miocene or Pliocene time.
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PRroOFESSIONAT PAPER 100-A. The coul fields of the United States: General intro-
duction, by M. R. Campbell. 1917. Pp. 1-33, PL I, figs. 1-3.

The first chapter of an exhaustive report on the coal fields of the United
States, to be prepared and published as rapidly as is consistent with accu-
rate work. The object of the report is to furnish authentic information as
to the quantity, quality, and geographic distribution of the coal still in the
ground and available for use. Each chapter will be made up of papers
treating of the coal-bearing areas of a different State, and each paper will
be prepared by the geologist most familiar with the fields he describes and
best acquainted with the local conditions.

Professional Paper 100-A discusses the ranks of coal and the classifica-
tion of the coal areas in this country. It contains a large lithographed map
of the United States showing the location of the coal fields, and so colored
as to indicate the class of the coal in each field.

PrOFESSIONAL PAPER 102. The inorganic constituents of marine invertebrates,
By F. W. Clarke and W. C. Wheeler. 1917. 56 pages.

This paper gives the results of chemical analyses of certain fossil marine
invertebrates with the object of determining just what substances each class
of these organisms has contributed to the marine sediments which now
form so large a part of the rocks of the earth. The organisms analyzed
include Foraminifera, sponges, corals, echinoderms, Bryozoa, brachiopods,
and mollusks, and the analyses show that their shells or skeletons contain
silica, iron, lime, magnesia, phosphorus, and sulphur, as well as other
constituents. -

ProrEssioNAL Paper 103. Brachyceratops, a ceratopsian dinosaur from the Two
Medicine formation of Montana, with notes on associated fossil reptiles,
by C. W. Gilmore. 1917. 45 pages, 4 plates, 57 text figures.

This paper gives a complete and detailed description of the skeletal
anatomy of Brachyceratops montanensis, an extinct reptile whose fossil
remains have been found in exposures of the Two Medicine formation on
the Blackfeet Indian Reservation, Mont. This reptile was more than 6
feet in length and 2 feet in height and lived in late Mesozoic time. The
paper is illustrated by halftone plates giving skeletal and life restorations
of Brachyceratops and text figures picturing in detail the different parts
of its bony structure.

Parts of Professional Paper 108. Shorter contributions to general geology, 1917,
as follows:

PRrOFESSIONAL PAPEr 108-A. Baked shale and slag formed by the burning of
coal beds, by G. S. Rogers. 1917. Pp. 1-10, Pls. I-III.

In this paper the author discusses the causes of the burning of coal beds
and its general effect on the overlying strata. The natural slags formed
by this burning vary widely in mineral composition and offer a fertile field
for petrologic investigation. The paper is illustrated by photomicrographs
of two kinds of slag and a halftone plate showing the effects of burning
coal beds in eastern Montana.

ProFESSIONAL PAPER 108-B. The Newington moraine, Maine, New Hampshire,
and Massachusetts, by F. J. Katz and Arthur Keith. 1917. Pp. 11-29, Pls.
IV-XI1], fig. 1.

Describes a recessional moraine now represented by several segments
disposed along a sinuous course of 60 miles near the Atlantic coast from
Saco, Maine, to Newbury, Mass. This moraine is the result of the accu-
mulation of glacio-fluvial detritus discharged directly into the sea, which

18549°—17T—=2
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in places has given it the form of broad, flat, delta-like plains of sand and
gravel. The author concludes that the moraine belongs to the Wisconsin
substage of the Pleistocene epoch.

ProFESSIONAL PAPeEr 108-C. A comparison of Paleozoic sections in southern
New Mexico, by N. H. Darton. 1917. Pp. 31-55, Pls. XIII-XXI, figs. 2-15.

Presents the broader features of the stratigraphy of southern New Mex-
ico, with especial reference to the relations of the Paleozoic rocks. The
principal formations are shown in columnar sections, and their distri-
bution is indicated on a map of part of New Mexico and adjoining regions.

PROFESSIONAL PAPER 108-D. Wasatch fossils in so-called Fort Union beds of
the Powder River basin, Wyo., and their bearing on the stratigraphy of the
region, by C. H. Wegemann. 1917. Pp. 57-60, Pls. XXII-XXIII, figs. 16.

Discusses the age of certain Tertiary coal-bearing rocks in the Powder
River basin, a broad structural basin in northeastern Wyoming bounded on
three sides by mountain uplifts. These rocks, which are the uppermost of
three fresh-water formations overlying the Fox Hills sandstone, have here-
tofore been classified as Fort Union, but after an examination of their
fossils, which this paper describes, the author shows them to be Wasatch
and identifies the formation immediately below them as Fort Union.

ProrEsSIONAL PAPER 108-E. Geologic history indicated by the fossiliferous
deposits of the Wilcox group (Eocene) at Meridian, Miss., by E. W. Berry.
1917. Pp. 61-72, Pls. XXIV-XXVI, figs. 17-18.

Describes two newly discovered fossil plants contained in a collection
made at Meridian, Miss., in the spring of 1916. These plants form impor-
tant additions to the flora of the Wilcox group, and the outcrop in which
they occur furnishes new evidence of the unconformity between the lower
Eocene Wilcox group and the middle Eocene Claiborne group.

BuLLETIN 621. Contributions to economic geology (short papers and preliminary
reports), 1915, Part II, Mineral fuels; M. R. Campbell and David White,
geologists in charge. 1916. vii, 375 pages, 25 plates, 17 text figures, 2
inserts.

This bulletin includes 16 brief reports of two classes—(1) short papers
giving comparatively detailed descriptions of occurrences that have eco-
nomic interest but are not of sufficient importance to warrant a more
extended description; (2) preliminary reports on economic investigations
the results of which are to be published later in more detailed form. These
papers are such only as have a direct economic bearing, all topics of purely
scientific interest being excluded. Each paper was issued separately as
an advance chapter as soon as it was ready. A list of the papers arranged
according to subjects follows:

Petroleum and natural gas.

The Healdton oil field, Carter County, Okla., by C. H. Wegemann and
K. C. Heald.

The Loco gas field, Stephens and Jefferson counties, Okla., by C. H.
‘Wegemann.

The Duncan gas field, Stephens County, Okla., by C. H. Wegemann.

A reconnaissance in Palo Pinto County, Tex., with special reference to
oil and gas, by C. H. Wegemann.

Possibilities of oil in the Porcupine dome, Rosebud County, Mont., by
C. F. Bowen.

The Lawton oil and gas field, Okla.,, by C. H. Wegemann and R. W,
Howell.
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Anticlines in the Clinton sand near Wooster, Wayne County, Ohio, by
C. A. Bonine.

A reconnaissance for oil near Quanah, Hardeman County, Tex., by C. H.
‘Wegemann.

0Oil and gas near Basin, Big Horn County, Wyo., by C. T. Lupton.

Geology and oil prospects of Cuyama Valley, Cal., by W. A. English.

Structure of the Berea oil sand in the Summerfield quadrangle, Guernsey,
Noble, and Monroe counties, Ohio, by D. D. Condit.

Structure of the Berea oil sand in the Woodsfield quadrangle, Belmont,
Monroe, Noble, and Guernsey counties, Ohio, by D. D. Condit.

Coal.

Field apparatus for determining ash in coal, by C. E. Lesher.

The Orofino coal field, Clearwater, Lewis, and Idaho counties, Idaho, by
C. T. Lupton.

Geology and coal resources of northern Teton County, Mont., by Eugene
Stebinger.

Analyses of coal samples from various parts of the United States, by
M. R. Campbell and F. R, Clark.

BuLLETIN 624. Useful minerals of the United States, compiled by F. C. Schrader,
R. W. Stone, and Samuel Sanford. 1917. 412 pages.

A thoroughly revised edition of Bulletin 585 (published in 1914)greatly
enlarged and brought up to date. Like the earlier work, the present one
gives concisely the location, by States and counties, of the principal deposits
of useful minerals and includes a glossary showing the composition and
character of each mineral, the location of its principal deposits, and its
chief uses. In the revision 160 mineral names have been added to the
glossary and about 1,000 new localities of mineral deposits are listed. As
a mineral directory this bulletin will be useful to scientific bureaus and
educational institutions that deal with inquiries from the general public
concerning commercial mineralogy, as well as to the prospector, miner,
manufacturer, business man, and student of economic conditions.

BuULLETIN 625. The enrichment of ore deposits, by W. H. Emmons. 1917. 530
pages, 7 plates, 29 text figures.

This paper is an amplification of an earlier Survey bulletin by the same
author on the enrichment of sulphide ores (Bulletin 529). It is a discus-
sion of representative deposits, especially of the paragenesis of their ores
and of the principles that underlie the processes of enrichment. These
principles are already fairly well understood and have proved to be of
considerable economic value as applied to the development of many mineral
deposits. The book is illustrated by halftone plates of specimens of
enriched ores and diagrams, cross sections, and projections of lodes and
ore bodies which exemplify the principles of enrichment.

BuLLETIN 627. The lignite field of northwestern South Dakota, by D. E. Win-
chester, C. J. Hares, E. R. Lloyd, and E. M. Parks. 1916. 169 pages,
11 plates, 3 text figures.

This report embraces the results of geologic examinations made during
the summers of 1911 and 1912 for the purpose of classifying as coal or
noncoal land a large tract of public land in Perkins and Harding counties,
S. Dak. This tract is a rectangular area of about 4,900 square miles and
includes nearly all the valuable lignite of the State. The authors give a
brief description of the geography and geology of the area as a whole and
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detailed descriptions of the coal beds by townships. The illustrations
consist mainly of geologic maps of Harding and Perkins counties and lignite
sections in these counties.

Burrerin 630. The Chisana-White River district, Alaska, by S. R. Capps. 1916.
130 pages, 19 plates, 9 text figures.

This report deals with that part of Alaska which is drained by White
and Chisana rivers and describes in detail the gold placers thus far devel-
oped in the region. The author presents evidence to show that these placers
have been formed because of certain local conditions which are not likely to
be repeated in other parts of the field and concludes therefore that the out-
look for finding other placer deposits in this intensely glaciated region is
not favorable. The evidence o0f wide distribution of copper and gold miner-
alization, however, gives promise that lode mining may be successful in
this field provided it is made accessible by a railroad. The book contains
topographic and geologic maps of the district, sketch maps and diagrams
showing distribution of timber and geologic structure, and many halftone
plates illustrating geologic features.

BurreTIN 631. The Yukon-Koyukuk region, Alaska, by H. M. Eakin. 1916. 88
pages, 10 plates, 2 text figures.

Gives the results of a reconnaissance survey in the Yukon-Koyukuk re-
gion made by the author in 1913. Although the economic results of this
investigation are largely negative on account of the paucity of mineral
deposits in the region, the intrusive granites to which the mineralization is
due are widely distributed and thus afford some hope that auriferous
deposits may still be discovered. The author presents also an analysis of
the problems relating to the origin of the drainage system of the middle
Yukon country.

BuLLETIN 635. Spirit leveling in Georgia, 1896 to 1914, inclusive; R. B. Mar-
shall, chief geographer. 1916. 60 pages, 1 plate.

BuLrLETIN 636. Spirit leveling in Arkansas, 1896 to 1915, inclusive; R. B. Mar-
shall, chief geographer. 1916. 56 pages, 1 plate.

BULLETIN 637. Spirit leveling in Texas, 1896 to 1915, inclusive; R. B. Marshall,
chief geographer. 1916. 254 pages, 1 plate.

BurLETiN 638. Spirit leveling in New Mexico, 1902 to 1915, inclusive; R. B.
Marshall, chief geographer. 1916. 112 pages, 1 plate.

BuLLETIN 639. Spirit leveling in Mississippi, 1901 to 1915, inclusive; R. B. Mar-
shall, chief geographer. 1916. 80 pages, 1 plate.

Reports on precise and primary leveling in the States named, showing
the exact altitude above sea level of a great many places. These eleva-
tions have been adjusted by the United States Coast and Geodetic Survey
from precise leveling. The work in Texas during 1902, 1903, 1909, and
1910 was done in cooperation with the State. Each bulletin contains a
halftone plate showing Geological Survey designs for bench marks.

BuLrLeTIN 640. Contributions to economic geology (short papers and preliminary
reports), 1916, Part I, Metals and nonmetals except fuels; F. L. Ransome
and H. S. Gale, geologists in charge. 1917. viii, 255 pages, 9 plates, 24
text figures.

This bulletin includes 13 papers on investigations of mineral deposits
except fuels in the United States in 1916. These papers are of the two
classes indicated for Bulletin 621 (p. 18). Their titles, arranged accord-
ing to subjects, are given on page 21,
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Gold and silver.

Reconnaissance of the Conconully and Ruby mining districts, Wash., by
E. L. Jones, jr.

Lode mining in the Quartzburg and Grimes Pass porphyry belt, Boise
Basin, Idaho, by E. L. Jones, jr.

The Golden Arrow, Clifford, and Ellendale districts, Nye County, Nev.,
by H. G. Ferguson.

The Gold Log mine, Talladega County, Ala., by E. S. Bastin.

Placer deposits of the Manhattan district, Nev., by H. G. Ferguson.

Lead and zinc.
Notes on the promontory district, Utah, by B. S. Butler and V. C. Heikes.
Rare metals.

Molybdenite near Ramona, San Diego County, Cal., by F. C. Calkins.
An occurrence of nickel ore in San Diego County, Cal., by F. C. Calkins.
Tin ore in northern Lander County, Nev., by Adolph Knopf.

Tungsten deposits of northern Inyo County, Cal., by Adolph Knopf.

Miscellaneous.

Some manganese mines in Virginia and Maryland, by D. F. Hewett.

Gypsum in the southern part of the Big Horn Mountains, Wyo., by C. T.
Lupton and D. D. Condit.

The Garrison and Philipsburg phosphate fields, Mont., by J. T. Pardee.

Parts of Bulletin 641, Contributions to economic geology, 1916, Part II, as
follows :

Burierin 641-B. The.oil and gas geology of the Foraker quadrangle, Osage
County, Okla., by K. C. Heald. 1916. Pp. 17-47, Pls. II-III, figs. 1-10.

A brief account of the geography and geology of the Foraker quadrangle.
The author describes in detail those strata which are valuable as key
horizons, .- gives the probable positions of oil sands, portrays the geologic
structure by map and stereogram, and describes fully those anticlines
which he believes favorable for the accumulation of oil and gas. In con-
clusion he gives specific recommendations for prospecting and sets forth
his reasons for believing that accumulations of oil and gas are to be found
in this area.

BuLreTiN 641-C. Possibilities of oil and gas in north-central Montana, by
Eugene Stebinger. 1916. Pp. 49-91, Pls. IV-VII, figs. 11-12.

This paper summarizes all the available data concerning the possible
occurrence of oil and gas in an area of about 22,000 square miles in north-
central Montana, extending from the latitude of Great Falls northward to
the international boundary, and points out a number of anticlines and other
structural features in this area which seem to be favorable for prospecting.
The illustrations consist of geologic sketch maps and sections showing oil
and gas prospects and structural conditions.

BULLETIN 641-D. Structure of the Vicksburg-Jackson area, Miss.,, with
special reference to oil and gas, by O. B. Hopkins. 1916. Pp. 93-120,
Pl. VIII.

Describes briefly the geology of the Vicksburg-Jackson district, laying
special stress on those features which indicate a possible store of oil and
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gas there. The author points out which of the areas that have been ex-
amined by the Survey are considered favorable and which unfavorable for
the accumulation of oil. A map of the district accompanies the report.

BuLLETIN 641-E. An anticlinal fold near Billings, Noble County, Okla., by
A. E. Fath. 1916. Pp. 131-138, Pl IX, fig. 1.

Discusses the possibilities of developing an oil and gas field on a cer-
tain anticline near Billings, Okla., and gives the logs of several wells that
have been drilled in this vicinity.

BULLETIN 641-F. Oil shale in northwestern Colorado and adjacent areas, by
D. E. Winchester. 1916. Pp. 139-198, Pls. X-XIX, figs. 13-14.

Gives the results of an examination of the Green River formation in
Colorado and Utah to determine the richness of the oil shale of that forma-
tion. Contains data showing the quantity and quality of the oil that may
be distilled from the richer beds of shale, the number of such beds at the
different localities examined, and the general distribution of the shale
throughout northwestern Colorado and adjacent parts of Utah-and Wyo-
ming.

BULLETIN 641-G. Geology of the Upper Stillwater Basin, Stillwater and Car-
bon counties, Mont., with special reference to coal and oil, by W. R. Calvert.
1916. Pp. 199-214, Pls. XX-XXI.

In this paper the author compares the geology of the Upper Stillwater
Basin, Mont., with that of the Red Lodge district, already studied, in order
to show the relation between the coal-bearing rocks of the two areas. He
concludes that while the coal in the Upper Stillwater Basin compares favor-
ably in quality with that in the Red Lodge district, the available tonnage
is much less. Lack of adequate transportation facilities at present in the
Upper Stillwater field also limits its production to the local demand.

BuLLETIN 641-H. Geology of the Hound Creek district of the Great Falls coal
field, Cascade County, Mont., by V. H. Barnett.' 1916. Pp. 215-231, PL
XXII, fig. 15.

Describes the geologic formations and structure in the Hound Creek dis-
trict with reference to the occurrence or absence of coal-bearing rocks.
Concludes that development of the coal deposits will depend entirely on the
local demand, not only because of the poor transportation facilities of the
field but also because the coal occurs in too small quantity and is too im-
pure to justify the establishment of a plant to mine coal for shipment.

BuLLETIN 641-I. Anticlines in central Wyoming, by C. J. Hares. 1916. Pp.
233-279, Pl. XXIII, figs. 16-34.

BuLLETIN 641-J. Anticlines in the Blackfeet Indian Reservation, Mont., by
Eugene Stebinger. 1917. Pp. 281-305, Pls. XXIV-XXYV, fig. 35.

These two papers give brief accounts of the geologic formations in the
districts mentioned in their titles and detailed descriptions of the anti-
clines and other folds that appear to contain oil or gas. The illustrations
for each paper include a map showing the anticlines described in that paper.
In addition, Bulletin 641-I contains geologic sections through the anticlines
and Bulletin 641-J a geologic sketch map of Blackfeet Indian Reservation,
showing sections and wells drilled for oil or gas.

Burrerin 641-K. Coals in the area between Bon Air and Clifty, Tenn., by
Charles Butts. 1917. Pp. 307-310, fig. 36.

This paper was prepared in order to correct a possible misunderstand-
ing regarding the probable coal resources of a small area in Tennessee be-
tween Bon Air and Clifty. This area is represented on an economic-
geology map which forms part of the Pikeville folio (Geologic Folio 21),
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issued by the Survey in 1894. The space was left unshaded on that map
merely to express a lack of knowledge concerning the coal resources of
the area, and not, as some readers have supposed, to indicate that it con-
tains no workable coal beds. Present knowledge seems to justify the con-
clusion that two coal beds underlie this area, but their workable portions
are so situated that investment or mining in the area should be preceded
by careful and thorough prospecting.

BULLETIN 641-L. Oil resources of black shales of the eastern United States,
by G. H. Ashley. 1917. Pp. 311-323.

Gives the results of distillation tests of samples of black shale from six
States east of the Mississippi, especially as concern the oil content of the
shales. Black shales have long been regarded as a possible source of oil,
but the prohibitive cost of extracting the oil has so far prevented the
process from being practical. The great demand for oil, however, created
by the war, and the knowledge that the yield from the present known
fields must sooner or later decline have renewed interest in oil-bearing
shales and led to definite exploratory work on them.

BULLETIN 642. Mineral resources of Alaska—report on progress of investiga-
tions in 1915, by A. H. Brooks and others. 1916. 379 -+ x pages, 11 plates,
14 text figures.

This volume, which is made up of twelve papers by nine authors, is
the twelfth of a series of annual bulletins treating of the mining industry
of Alaska and summarizing the results achieved during the year in the
investigation of the mineral resources of the Territory.

The arrangement and manner of treatment in this volume are the same
as in those previously issued. The first paper deals with administrative
matters, the second is a general summary of the mining industry, and the
remainder deal more specifically with the economic geology of certain dis-
tricts arranged geographically from south to north. In the geologic papers
emphasis is laid on the conclusions having immediate interest to the miner.
The papers were first published separately, in small editions, Their titles
are given below:

Preface, by A. H. Brooks.

Administrative report, by A. H. Brooks.

The Alaskan mining industry in 1915, by A. H. Brooks.

Mining developments in southeastern Alaska, by Theodore Chapin.

Water-power investigations in southeastern Alaska, by G. H. Canfield.

Mineral resources of the upper Chitina Valley, by F. H. Moffit.

Mining on Prince William Sound, by B. L. Johnson.

The Turnagain-Knik region, by S. R. Capps.

Gold mining in the Willow Creek district, by S. R. Capps.

Preliminary report on the Tolovana district, by A. H. Brooks.

Exploration in the Cosna-Nowitna region, by H. M. Eakin.

Mineral resources of the Ruby-Kuskokwim region, by J. B. Mertie, jr.,
and G. L. Harrington. i

BULLETIN 643. Spirit leveling in South Dakota, 1896 to 1915, inclusive; R. B.
Marshall, chief geographer. 1916. 100 pages, 1 plate.

Gives the results of primary and precise leveling in South Dakota in
the years mentioned, showing the altitude above sea level of more than
1,000 places. Elevations are based on heights of bench marks along precise
level lines of the Coast and Geodetic Survey as adjusted in 1912, and on
checked primary leveling of the Missouri River Commission. The book
contains a halftone plate showing Geological Survey designs for bench
marks, :
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BULLETIN 644, Triangulation and primary traverse, 1913-1915; R. B. Marshall,
chief geographer. 1916. 655 pages, 2 plates.

Gives the results of triangulation and primary traverse in the United
States during the years 1913, 1914, and 1915, listing 930 triangulation
stations and 7,356 traverse stations, nearly all computed on North Amer-
ican datum. Illustrated by a map of the United States showing the condi-
tion of astronomic location and primary control to January 1, 1916, and a
halftone plate showing Geological Survey bench marks. Issued first in 18
advance chapters, each covering one State or a group of adjoining States.

BULLETIN 645. Bibliography of North American geology for 1915, with subject
index, by J. M. Nickles. 1916. 144 pages.

A list, arranged alphabetically by authors’ names, of publications on the
geology of the Continent of North America and adjacent islands, also
Panama and the Hawaiian Islands, issued in 1915. The book is indexed
and contains lists of chemical analyses reported, and minerals, rocks, and
geologic formations described.

BuULLETIN 646. Spirit leveling in North Carolina, 1896 to 1914, inclusive; R. B.
Marshall, chief geographer. 1916. 71 pages, 1 plate.

Gives the results of primary and precise leveling in North Carolina in
the years mentioned, showing the altitude above sea level of more than 800
places. Some of these elevations have been adjusted by the United States
Coast and Geodetic Survey from precise leveling. The work during 1896
and from 1902 to 1910, inculsive, was done in cooperation with the State.
The bulletin contains a halftone plate showing Geological Survey bench
marks.

BurLETIN 648. Notes on mining districts in eastern Nevada, by J. M. Hill.
1916. 214 pages, 6 plates, 18 text figures.

The last of a series of reconnaissance reports on the geology and ore
deposits of Nevada, giving special attention to the less known and compara-
tively undeveloped and inaccessible districts. Gives a general outline of
the geology of eastern Nevada, including a brief discussion of the nature
and occurrence of the ore deposits of the region, as a whole, and detailed
descriptions of individual mining districts. The illustrations include a
map of eastern Nevada, showing the location of some of the districts de-
scribed and sketch maps of the districts themselves.

BuLLETIN 649. Antimony deposits of Alaska, by A. H. Brooks. 1916. 67 pages,
3 plates, 3 text figures. g

A general account, so far as the known facts permit, of the stibnite lodes
of Alaska, followed by more detailed descriptions of the principal anti-
mony-bearing districts. Until recently the comparatively small consump-
tion and low price of antimony have not encouraged the development of
the Alaska stibnite deposits, although this ore, which bears the sulphide of
antimony and is the principal source of the metal, has been noted in 67
localities in the Territory. The present unusual demand for antimony,
however, has led to shipments of the ore from Alaska and renewed interest
in the development of the Alaska mines. The illustrations consist of maps
showing the distribution of antimony deposits and lodes and the location
of stibnite mines and prospects.

BurierTin 650. Geographic tables and formulas (fourth edition) ; compiled by
S. S. Gannett. 1916. 388 pages, 8 text figures.

Includes coordinates for the projection of maps on different scales, areas
of quadrilaterals of the earth’s surface of different extent, tables of loga-
rithms, computations of geodetic positions, and other tables and formulas
used in making maps,
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BULLETIN 652. Tungsten minerals and deposits, by F. L. Hess. 1917. 85 pages,
25 plates, 4 text figures.

Gives the known general facts about tungsten, describes the minerals in
which it is found and the kinds of deposits from which these minerals
have been obtained, and shows, by numerous illustrations, some in the
natural colors, the appearance of typical specimens of the various tungsten
minerals. The paper should be of interest not only to the prospector and
miner but also to those who have no particular knowledge of minerals.

BurreTin 653. Chemical relations of the oil-field waters in San Joaquin Valley
(preliminary report), by G. S. Rogers. 1917. 119 pages, 7 text figures.

A study of the chemistry of the waters of the San Joaquin Valley oil
fields, based on several hundred analyses of water from different depths
and leading to the following conclusions: (1) That oil-field water is not
necessarily salty; (2) that sulphate diminishes in amount as the oil zone
is approached and finally disappears; (3) that the concentration of car-
bonate increases as the oil zone is approached; and (4) that the horizon,
with respect to the oil zone, at which these alterations take place is dif-
ferent in each field. The author first presents the evidence on which the
foregoing conclusions are based and discusses the interpretation of water
analyses and their value from the operator’s point of view, and then dis-
cusses also the chemical relations of water and oil. He hopes that this
preliminary presentation will show the importance of experimental geo-
chemical work on the interaction of the organic constituents of oils and
the inorganic substances found in the oil-field waters.

BULLETIN 657. The use of the panoramic camera in topographic surveying, with
notes on the application of photogrammetry to aerial surveys, by J. W.
Bagley. 1917. 88 pages, 15 plates, 22 text figures, 1 insert.

Describes the field and office instruments used in topographic surveys
of certain parts of Alaska in which the ordinary plane-table instruments
were supplemented by the panoramic camera, shows the way they were
used, and presents some of the results obtained. The method was first
tried out in Alaska because that Territory contains a greater proportion
of mountains favorable for phototopographic surveying than the United
States proper. Includes also a discussion, based largely on French trea-
tises, of the use of the camera in aerial surveys. The illustrations consist
of maps showing positions of camera stations, photographs taken with the
panoramic camera, and diagrams showing features of the instruments and
details of the computations required in using them.

BULLETIN 660-A. Notes on the geology and iron ores of the Cuyuna district,
Minn., by E. C. Harder and A. W. Johnston. 1917. Pp. 1-26, P1. I.

Part of Bulletin 660, Contributions to economic geology, 1917, Part I.
A brief preliminary report of the results so far obtained in a geologic
examination of the Cuyuna iron district, in connection with which a study
has also been made of the rock outcrops in east-central Minnesota, imme-
diately west, south, and east of the district. Contains a map of east-
central Minnesota showing the location of the Cuyuna district and a part
of the Mesabi district.

BurLeTIN 661-A. The Cleveland gas field, Cuyahoga County, Ohio, with a study
of rock pressure, by G. S. Rogers. 1917. Pp. 1-99, Pls. I-II, figs. 1-13.

Part of Bulletin 661, Contributions to economic geology, 1917, Part II.
Describes briefly the stratigraphy, structure, and gas resources of the
Cleveland field, which is of special interest on account of its immediate
proximity to a great manufacturing city that has long been a consumer ot
large quantities of natural gas. Discusses the life and decline of gas wells
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in general and particularly of those in this field, which, unfortunately, is
a conspicuous example of wasteful development. Contains a map showing
the geologic structure of the Cleveland gas field and diagrams and curves
representing the decline in rock pressure and the accompanying decrease in
production in numerous wells in this field.

Parts of Bulletin 666, Our mineral supplies. This bulletin will be made up of
short summaries of the mineral supplies of the United States that are
useful in time of war. The following chapters have already been issued:

BULLETIN 666—A. Chromite, by J. S. Diller. 1917. 5 pages.

BULLETIN 666-B. Sulphur, by P. S. Smith. 1917. 4 pages.

BULLETIN 666-C. Manganese, by D. F. Hewett. 1917. 12 pages, 2 text figures.

BULLETIN 666-D. Platinum, by J. M. Hill. 1917. 4 pages. '

BULLETIN 666-E. Gypsum, by R. W. Stone. 1917. 3 pages.

BULLETIN 666-F. Salt, bromine, and calcium chloride, by R. W. Stone. 1917.
4 pages. -

BULLETIN 666-G. Sand and gravel, by R. W. Stone. 1917. 3 pages.

BULLETIN 666-H. Asbestos, by J. S. Diller. 1917. 4 pages.

BuLLETIN 666-1. Talc and soapstone, by J. S. Diller. 1917. 2 pages.

BuLLETIN 666-J. Phosphate rock, by R. W. Stone. 1917. 4 pages.

BuLLeETIN 666-K. Grinding and polishing materials, by F. J. Katz. 1917.
3 pages.

BULLETIN 666-L. Graphite, by H. G. Ferguson. 1917. 7 pages.

BULLETIN 666-M. Coal, by C. E. Lesher. 1917. 7 pages.

BULLETIN 666-N. Potash, by H. S. Gale. 1917. 4 pages.

BULLETIN 666-0. Bauxite and aluminum, by J. M. Hill. 1917. 4 pages.

BULLETIN 666-P. Alaska’s mineral supplies, by A. H. Brooks. 1917. 14
pages.

BurLrLETIN 666-T. Clay and clay products, by Jefferson Middleton. 1917.
3 pages.

BULLETIN 666-W. Barium and strontium, by J. M. Hill. 1917. 3 pages.

WATER-SUPPLY PAPER 360. Surface water supply of the United States, 1913,
Part X, The Great Basin; N. C. Grover, chief hydraulic engineer; E. A.
Porter, H. D. McGlashan, F. F. Henshaw, and G. C. Baldwin, district
engineers. 1916. 293 pages, 2 plates, 1 text figure.

WaTER-SUPPLY PAPER 361. Surface water supply of the United States, 1913,
Part XI, Pacific slope basins in California; N. C. Grover, chief hydraulic
engineer; H. D. McGlashan and F. F. Henshaw, district engineers. 1916.
514 pages, 2 plates, 1 text figure.

WATER-SUPPLY PAPER 362. Surface water supply of the United States, 1913,
Part XII, North Pacific drainage basins; N. C. Grover, chief hydraulic en-
gineer; G. L. Parker, W. A. Lamb, G. C. Baldwin, and F. F. Henshaw, dis-
trict engineers. 1916. 764 pages, 2 plates. (Issued first in three separate
chapters bearing the following titles: A, Pacific basins in Washington and
Upper Columbia River basin; B, Snake River basin; C, Lower Columbia
River and Rogue, Umpqua, and Siletz rivers.)

These reports present briefly the results of measurements of stream
flow made in the drainage basins named during the calendar year 1913.
Data for each gaging station are given under the following headings: Loca-
tion, Records available, Drainage area, Gage, Channel, Discharge measure-
ments, Winter flow, Diversions, Accuracy, and Cooperation. The books
contain also tables giving gage heights and daily and monthly discharges
at each station, and halftone plates representing typical gaging stations,
current meters, and automatic water-stage recorders.
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WaTeR-SuppLY PaAPErR 380. The Navajo country, a geographic and hydro-
graphic reconnaissance of parts of Arizona, New Mexico, and Utah, by
H. E. Gregory. 1916. 219 pages, 29 plates, 29 text figures.

Gives a brief account of the history and exploration of the Navajo
country, a description of its geographic features, and a detailed discus-
sion of its water resources. The Navajo country includes six Indian res-
ervations, comprising more than 22,000 square miles—the largest area of
undeveloped Indian land in the United States. As the future of this region
depends fundamentally on its water supply, the author, in his investiga-
tions, devoted his efforts primarily to the solution of this problem. The
illustrations include topographic and geologic maps of the Navajo country,
numerous halftone plates depicting interesting features of its geography
and geology, sections of many of the wells in the region, and diagrams
showing distribution of ground water and rainfall and methods of con--
structing wells and water catches.

WATER-SUPPLY PAPER 381. Surface water supply of the United States, 1914.
Part I, North American slope drainage basins; N. C. Grover, chief hydraulic
engineer; C. C. Covert, C. H. Pierce, and G. C. Stevens, district engineers.
1916. 195+4-xxxvii pages, 2 plates.

WaATER-SUPPLY PAPER 382. Surface water supply of the United States, 1914.
Part II, South Atlantic and eastern Gulf of Mexico basins; N. C. Grover,
chief hydraulic engineer; G. C. Stevens and W. E. Hall, district engineers.
1916. 66-+xxx pages, 2 plates.

WaATER-SUPPLY PAPER 384. Surface water supply of the United States, 1914.
Part IV, St. Lawrence River basin, prepared under the direction of N. C.
Grover, chief hydraulic engineer, by W. G. Hoyt, A. H. Horton, C. C. Covert,
and C. H. Pierce. 1916. 128--xxix pages, 2 plates.

WATER-SUPPLY PAPER 386. Surface water supply of the United States, 1914.
Part VI, Missouri River basin; N. C. Grover, chief hydraulic engineer;
W. A. Lamb and Robert Follansbee, district engineers. 1917. 220--xli
pages, 3 plates.

WATER-SUPPLY PAPER 387. Surface water supply of the United States, 1914.
Part VII, Lower Mississippi River basin; N. C. Grover, chief hydraulic
engineer; Robert Follansbee and G. A. Gray, district engineers. 1916.
60+xxxiv pages, 2 plates.

WATER-SUPPLY PAPER 391. Surface water supply of the United States, 1914,
Part XI, Pacific slope basins in California; N. C. Grover, chief hydraulic
engineer; H. D. McGlashan and ¥. F. Henshaw, district engineers. 1917.
334+xxxvi pages, 2 plates.

WATER-SUPPLY PaPErR 392. Surface water supply of the United States, 1914,
Part XII, North Pacific drainage basins, A: Pacific drainage basins in
Washington and upper Columbia River basin; N. C. Grover, chief hydraulic
engineer; G. L. Parker and W. A. Lamb, district engineers. 1916. 200
pages, 2 plates.

WATER-SUPPLY PAPER 393. Surface water supply of the United States, 1914,
Part XII, North Pacific drainage basins, B: Snake River basin; N. C.
Grover, chief hydraulic engineer; G. C. Baldwin and F. F. Henshaw,
district engineers. 1916. 248 pages, 2 plates.

WATER-SUPPLY PAPER 394. Surface water supply of the United States, 1914,
Part XII, North Pacific drainage basins, C: Lower Columbia River and
Pacific drainage basins in Oregon; N. C. Grover, chief hydraulic engineer;
F. F. Henshaw and G. L. Parker, district engineers. 1917. 180+xlix
pages, 2 plates.
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These papers present briefly the results of measurements of stream flow
in the basins named in the titles during the calendar year 1914. Data for
each gaging station are given under the following heads: Location, Records
available, Drainage area, Gage, Channel, Discharge measurements, Extremes
of discharge, Diversions, Accuracy, and Cooperation. The books contain also
tables giving gage heights and daily and monthly discharges at each station
and halftone plates representing typical gaging stations, current meters,
and automatic water-stage recorders. At the end of each book (except Nos.
392 and 393, which must be combined with No. 394 to make the complete
report for the year on the north Pacific basins) is a list of all gaging sta-
tions maintained in the drainage basins covered and an annotated list of
publications issued by the United States Geological Survey relating spe-
cifically to the region, as well as a similar list of reports that are of general
interest, covering a wide range of hydrologic subjects, and brief references
to reports published by State and other organizations.

Warer-SuprpLy Parer 395. Colorado River and its utilization, by E. C. La Rue.
1916. 231 pages, 25 plates, 5 text figures.

This paper assembles the principal facts relating to the water resources of
Colorado River, on the proper control of which depends the productivity
and prosperity of an area extending over parts of seven States. The author
has studied especially the possibility of controlling the flow of the whole
river by means of storage reservoirs, so as to avoid a recurrence of the
disastrous effects on Imperial Valley caused a few years ago by the diver-
sion of the whole flow of the river instead of merely a part to the Salton
Sink. Proper control would also render available for profitable use an
enormous quantity of water which now flows unused and almost unusable
to the Gulf of California in the form of floods.

The illustrations consist of maps showing irrigable land in parts of the
Colorado River basin and diversions from this basin to that of Missis-
sippi River and to the Great Basin, charts showing daily and annual dis-
charge and gage heights of Colorado River, and photographic reproduc-
tions of scenes along the river.

WATER-SUPPLY PAPER 396. Profile surveys in the Colorado River basin in Wyo-
ming, Utah, Colorado, and New Mexico, prepared under the direction of
W. H. Herron, acting chief hydrographer. 1917. 6 pages, 43 plates.

Consists chiefly of maps showing outlines of river banks, islands, position
of rapids, falls, and shoals, and existing dams in the Colorado River basin.
The streams to which the surveys relate are fully described in Water-Sup-
ply Paper 395.

Parts of Water-Supply Paper 400, Contributions to the hydrology of the United
States, 1916, as follows:

WATER-SUPPLY PAPER 400-B. Artesian water for irrigation in Little Bitter-
root Valley, Mont., by O. E. Meinzer. 1916. Pp. 9-37, Pls. I-1V, figs. 1-4.

Discusses the water resources of the semiarid Little Bitterroot Valley, in
northwestern Montana, which was opened to white settlers in 1910. Little
Bitterroot River, which traverses the valley, does not furnish enough water
to irrigate the farms, and the rainfall is also inadequate. The author
recommends the use for irrigation of artesian water, the supply of which
is very plentiful in the valley now, and he advocates project ownership
rather than private, so that there may be no waste.

WATER-SUPPLY PAPER 400-C. The measurement of silt-laden streams, by R. C.
Pierce. 1916. Pp. 39-51, figs. 5-6.

Gives the results of discharge measurements of San Juan River made

near Bluff. Utah, during the summer of 1915, together with diagrams show-
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ing the rating, area, and velocity curves of the stream flow. The paper
should be of interest to hydraulic engineers who may have occasion to
measure streams carrying heavy loads of silt.

WATER-SUPPLY PAPER 400-D. Accuracy of stream-flow data, by N. C. Grover
and J. C. Hoyt. 1916. Pp. 53-59.

A discussion of the conditions affecting accuracy of records of daily dis-
charge and of the degree of accuracy required in such records for their
three principal uses—in predicting flow, in the immediate operation of
hydraulic works, and in studying past flow.

WATER-SUPPLY PAPER 400-E. Ground water for irrigation in the Morgan Hill
area, Cal., by W. O. Clark. 1917. Pp. 61-108, Pls. V-VII, figs. 7-11.

Describes briefly the geology and drainage of the Morgan Hill area, Cal.,
a part of Santa Clara Valley about 20 miles from the city of San Jose,
with especial reference to its ground-water supply and the best means of
utilizing it. Contains maps of the area showing positions and fluctuations
of the water table at different stages, logs of wells, and tables giving
water levels in many of the wells.

WaATER-SUPPLY PAPER 402. Surface water supply of the United States, 1915.
Part II, South Atlantic and eastern Gulf of Mexico basins; N. C. Grover,
chief hydraulic engineer; G. C. Stevens and W. E. Hall, district engineers.
1916. 51 -+ xxx pages, 2 plates.

WaATER-SUPPLY PAPER 405. Surface water supply of the United States. 1915.
Part V, Hudson Bay and Upper Mississippi River basins; N. C. Grover,
chief hydraulic engineer; W. G. Hoyt and A. H. Horton, district engineers.
1917. 215 4 xxx pages, 4 plates.

‘WaTer-SurrLY PAPER 407. Surface water supply of the United States, 1915,
Part VII, Lower Mississippi River basin; N. C. Grover, chief hydraulic
engineer ; Robert Follansbee and G. A. Gray, district engineers. 1917. 43
-+ xxxiii pages, 2 plates.

These reports present briefly the results of measurements of stream flow
made in the drainage basins named during the calendar year 1915.. They
are similar to the reports for 1914 noticed on pages 27-28.

WATER-SUPPLY PAPER 415. Surface waters of Massachusetts, by C. H. Pierce
and H. J. Dean, 1916. 433 pages, 12 plates, 6 text figures.

A compilation of available data on the flow of Massachusetts streams,

* including the classic records collected on the Merrimack at Lowell and
Lawrence, on the Connecticut at Holyoke, and on the Cochituate and Sud-
bury by the Metropolitan Water and Sewerage Board, as well as records
covering shorter periods, all of which have been studied in the light of
the best obtainable information and revised where necessary and possible.
Contains also a gazetteer of streams, lakes, and ponds in Massachusetts
and illustrations, consisting of a map of the State showing the principal
drainage basins and location of gaging stations, a profile of Deerfield River,
curves showing the water-stage record of several of the streams, and views
of dams and other devices employed to utilize their water power.

WATER-SUPPLY PAPER 416. The divining rod, a history of water witching, with
a bibliography, by A. J. Bllis. 1917. 59 pages, 4 text figures.

This paper was published as a reply to the numerous inquiries that are
continually received by the Survey from all parts of the country as to the
efficacy of the divining rod in locating underground water. The use of
a forked twig, or so-called divining rod, in locating minerals is a curious
superstition that has been a subject of discussion since the middle of the six-
teenth century and still has a strong hold in the popular mind. Needless to



30 THIRTY-EIGHTH REPORT OF GEOLOGICAL SURVEY.

say, the Survey advises all inquirers not to expend money for the services of
a ‘“water witch” or for the use or purchase of any machine or instrument
devised for locating underground water or other minerals.

WATER-SUPPLY PAPER 417. Profile surveys of rivers in Wisconsin, prepared
under the direction of W. H. Herron, acting chief geographer. 1917. 16
pages, 32 plates.

WATER-SUPPLY PAPER 419. Profile surveys in 1915 in Skagit River basin, Wash.,
prepared under the direction of W. H. Herron, acting chief geographer.
1916. 8 pages, 12 plates.

WATER-SUPPLY PAPER 420. Profile surveys along Henrys Fork, Idaho, and
Logan River and Blacksmith Fork, Utah, prepared under the direction of
W. H. Herron, acting chief geographer. 1916. 8 pages, 10 plates.

WATER-SUPPLY PAPER 421. Profile surveys in 1915 along the Rio Grande, Pecos
River, and Mora River, N. Mex., prepared under the direction of W. H.
Herron, acting chief geographer. 1916. 11 pages, 11 plates.

These papers describe briefly the general features of the river basins
named in their titles, and give a list of the gaging stations maintained by
the Geological Survey in those basins. They contain also numerous plans
and profiles of the rivers, showing in outline their banks, islands, rapids,
falls, shoals, dams, and crossings of ferries and roads.

WATER-SUPPLY PAPER 423. Geology and water resources of Big Smoky, Clayton,
and Alkali Spring valleys, Nev., by O. E. Meinzer. 1917. 167 pages, 15
plates, 11 text figures.

Describes the physiography and geology of three typical desert valleys in
Nevada, none of which has a drainage outlet, and discusses in detail their
underground-water supply and its quality. Big Smoky Valley is very
much larger and more thickly settled than the other two valleys, and the
author concludes that although its ground-water supply is plentiful, full
utilization of that supply for irrigation is possible only by pumping and
that extensive development will not be economically practicable until
cheaper power or more valuable crops can be introduced than are now in
sight. The illustrations include a map of each valley described, profiles
across beaches in Big Smoky Valley, diagrams showing average monthly
precipitation and fluctuations of the water-level in one of the wells, and
halftone plates depicting geologic conditions in the region brought about by
the action of water.

WATER-SUPPLY PAPER 425-A. Ground water in San Simon Valley, Arizona and
New Mexico, by A. T. Schwennesen, with a section on agriculture, by R. H.
Forbes. 1917. Pp. 1-35, Pls. I-III, figs. 1-2,

Discusses the water resources and agricultural possibilities of San Simon
Valley, in southeastern Arizona. Although a few white settlers have been
in the valley since the early seventies, its agricultural development did not
begin until 1910, when artesian water was discovered at San Simon. The
paper is illustrated by maps of the San Simon basin and certain portions
of it showing locations of deep wells, flowing-well areas, and depths to
ground-water table.

MINERAL RESOURCES OF THE UNITED STATES, 1915. Remainder of advance chap-
ters (thirteen issued in fiscal year 1916). Volume not yet published June
30, 1917.

MiNERAL RESOURCES oF THE UNITED STATES, 1916. Two advance chapters, as
follows :

Fuel briquetting in 1916, by C. E. Lesher. 1917. Pp. 14, fig. 1.
Sapd-lime brick in 1916, by Jefferson Middleton. 1917. Pp. 5-6.
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Georocic Forro 201. (Octavo edition; folio edition issued in fiscal year 1916.)
Minneapolis-St. Paul folio, by F. W. Sardeson. 1916. 100 pages--list of
published geologic folios, 8 maps, 22 plates, 14 text figures.

Description and maps of the Anoka, Minneapolis, St. Paul, and White
Bear quadrangles, comprising about 846 square miles in Anoka, Dakota,
Hennepin, Ramsey, Scott, and Washington counties, Minn.

Georocic Forio 202. Eureka Springs-Harrison folio, Arkansas-Missouri, by
A. H. Purdue and H. D. Miser. 1916. 21 folio pages of text, 4 maps, 1
structure-section sheet, 1 columnar-section sheet, 9 plates, 13 text figures.

Description and maps of the Eureka Springs and Harrison quadrangles,
comprising about 1,925 square miles in Benton, Boone, Carroll, Madison,
Newton, and Washington counties, Ark., and Barry, Stone and Taney
counties, Mo.

Georocic Forio 203. Colorado Springs folio, Colorado, by G. I. Finlay. 1916.
15 folio pages of text, 4 maps, 1 structure-section sheet, 1 columnar-section
sheet, 1 correlation sheet, 14 plates, 9 text figures. .

Description and maps of the Colorado Springs and Manitou quadrangles,
comprising about 995 square miles in Fremont, El Paso, Pueblo, and Teller
counties, Colo.

GEeorocic Forio 204. Tolchester folio, Maryland, by B. L. Miller, E. B. Mathews,
A. B. Bibbins, and H. P. Little. 1917. 14 folio pages of text, 2 maps, 1
columnar-section sheet, 10 plates, 3 text figures.

Description and maps of the Tolchester quadrangle, comprising about
925 square miles in Anne Arundel, Baltimore, Cecil, Harford, Kent, and
Queen Annes counties, Md.

Georogic Forio 205. Detroit folio, Michigan, by W. H. Sherzer. 1917. 22 folio
pages of text, 12 maps, 12 plates, 20 text figures.

Description and maps of the Wayne, Detroit, Grosse Pointe, Romulus,
and Wyandotte quadrangles, comprising about 770 square miles in Macomb,
Monroe, Oakland, and Wayne counties, Mich. Published also in octavo
form, 162 pages.

Georocic Forio 206. Leavenworth-Smithville folio, Missouri-Kansas, by Henry
Hinds and F. C. Greene. 1917. 13 folio pages of text, 4 maps, 10 plates,
10 text figures.

Description and maps of the Leavenworth and Smithville quadrangles,
comprising about 460 square miles in Leavenworth and Atchison counties,
Kans., and Platte, Clay, and Clinton counties, Mo.

Topographic and other maps as follows:

Arkansas (State).t Condon, Oreg. Florida (State).b
Batavia, Ohio. Copperopolis, Cal. Fords Ferry, Ky.-111.¢
Berryville, W. Va.? Coyote Rapids, Wash. Gerrardstown, W. Va.-Va.¢
Birds, I11.-Ind. Creede, Colo. Gila Butte, Ariz.
Bristol Range, Nev. Cressey, Cal. Golconda, Ky.-I11.¢
Bristow, Okla. Crows Landing, Cal. Greenfield, Ohio.
Canaseraga, Okla. Delevan, Cal. Heathsville, Va.-Md.
Capon Bridge, W. Va.-Va.? Denair, Cal. Henderson, Ky.-Ind.
Castlegate, Utah. Diamond Lake, Oreg. Henry, Idaho.

Ceres, Cal. Elizabeth Lake, Cal. Hopeton, Cal.
Chehalis, Wash. Elmira, Cal. Humboldt, Nebr.
Cholame, Cal.? Equality, I11. Hurley, Va.-Ky.
Claremore, Okla.4 Ewell, Va.-Md. Indiana (State).l

1 Photolithograph, 1 : 1,000,000,

2 Office edition only, showing part of quadrangle.

3 Sheet completed ; part engraved in 1914,

4 Resurvey.

& Photolithograph, 1 :500,000.

¢ Preliminary edition, showing part of quadrangle,
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Inez, Ky.
Interlachen, Fla.
Iowa (State).?
Jacinto, Cal.
Jacobs Corner, Cal.
Kiefer, Okla.
Kilmarnock, Va.
Kimmswick, Mo.-I11.2
Kurand, Cal.?
Liberty, Maine.
Logan, Utah-Idaho.
Logandale, Cal.
Lyman, Cal.
Malone, N. Y.
Mathews, Va.

Mechanicsburg, Ohio.

Merced, Cal.

Milford Center, Ohio.

Minnesota (State).t
Mississippi (State).t

Missouri (State).t

Mitchell School, Cal.

Morrow, Ohio.

Muscle Shoals. Ala.

Nashua, Mont.

Octa, Ohio.

Pikeville, Ky.

Plattsburg training camp,
N Y.

Point of Sands, N. Mex.

Portland and vicinity, Maine.

Portneuf, Idaho.

Pounding Mill, Va.-W. Va.?
Priest Rapids, Wash,
Richlands, Va.?

Riverbank, Cal.
Rogersville, Ala.

Sabina, Ohio.

St. Charles, Mich.

San Juan Bautista, Cal.

Santa Rosa, Cal.
Sturgeon, Mo.
Talking Rock, Ga.

" Three River, Mich.-Ind.

Tomah, Wis.

Tularosa. N. Mex.

Turlock, Cal.

Urbanna, Va.

Vernal, Utah.

Washington and vicinity,
D. C.-Md.-Va.

Washington (national capital).

Waterford, Cal.

White Mountain, Cal.-Nev.

Willamette  Valley, Oreg,
sheet 7.4

Willamette
sheet 8.4

Wind Gap, Pa.

Xenia, Ohio.

Valley, Oreg.,

1 Photolithograph, 1 : 1,000,000,
2 Sheet completed ; part engraved in 1913,
3 Preliminary edition, showing part of quadrangle.
4 Photolithograph in colors.
GEOLOGIC BRANCH.
SCOPE OF WORK.

The Survey was established for “the classification of the public
lands and the examination of the geological structure, mineral re-
sources, and products of the national domain” and was later au-
thorized “to continue the preparation of a geological map of the
United States.” The operations of the geologic branch extend to
every region of the country and to nearly every field of geology. It
has taken the lead both in scientific geologic research and in assisting
the development of the mineral resources of the country, as well as
taking a part in both popular and technical geologic education. Asa
national bureau of public information on geologic matters, relating
to not only all parts of the United States and Alaska but to other
countries as well, the Survey’s activities are shown by the range of
its correspondence, which is constantly increasing.

ORGANIZATION.

The geologic branch is organized in four divisions—geology, David
White, chief geologist, in charge; Alaskan mineral resources, Alfred
H. Brooks, geologist, in charge; mineral resources, H. D. McCaskey,
geologist, in charge; and chemical and physical researches, G. F.
Becker, geologist, in charge.

The geologic investigations to be carried on by the Survey in the
United States are planned by the chiefs of sections in the division of
geology in council with the chief geologist. The chief geologist also
gives particular attention to cooperation with State surveys and de-
votes such time as is available to him for field work to field inspec-
tions and conferences with chiefs of sections and geologists and to the
direction and inspection of the work of the section of oil and gas
investigations.
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PUBLICATIONS.

The publications of the fiscal year 1917 prepared wholly or partly
. in the geologic branch embrace 36 professional papers, bulletins, etc.,
105 chapters of reports later published as annual volumes, and p
geologic folios. Titles and brief abstracts of these publications are
given on pages 14-31. Besides the official publications, 44 papers were,
with the permission of the Director, published by scientific societies
or elsewhere in scientific and technical journals. Seven reports based
on work done in cooperation with State geological surveys have, in
accordance with the cooperative agreements, been transmitted to the
States for publication. One extensive report, prepared in cooperation
with the Carnegie Institution, the Bureau of Fisheries, and the
Panama Canal Commission, has been submitted to the National
Museum for publication. In the preparation of the reports of mineral
production considerable material relating to certain of the industries
in the different States is compiled by the State geologists.

PROGRESS OF GEOLOGIC MAPPING.

The areas in the United States covered by geologic maps published
by the Survey and the general nature of the work in each area are
shown on Plate I. This map does not, however, indicate areas for
which reports, prepared by this Survey, have been submitted for pub-
lication to cooperating State organizations or to other bureaus and
departments of the Federal Government.

The progress of geologic surveying in Alaska is described in the
section on the devision of Alaska mineral resources (pp. 81-91).

DIVISION OF GEOLOGY.
ORGANIZATION AND PERSONNEL.

The scientific force of the division of geology at the beginning of
the year consisted of 72 geologists, 29 associate geologists, 31 assistant
geologists, 7 junior geologists, and 17 geologic aids. During the year
14 members of the scientific staff resigned to take positions in private
life at higher salaries; 3 members died ; 2 were transferred to another
bureau; 1 was transferred to the land-classification board; 12 were
dropped from the rolls; 9 new members were appointed; and 1 was
transferred from another division. The total number of geologists
of various grades on the divisional staff at the end of the year was
134, there having been a net loss of 22.

For most of the year the division of geology included 10 sections,
the scope of whose work was outlined in the last report. In April,
on account of the increasing importance of the metals used in steel
making and the special attention required for the alloy metals on

18549°—17—3
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account of war conditions, a redistribution of the work among 11
sections was made, as stated on pages 43—46.

The geologic work of the division, both in the field and in the
office, is under the immediate supervision of the chiefs of the respec-
tive sections, who are directly responsible for efficiency in operation
and the scientific standard of results. Exceptions have been made
of the studies of the structure in the Great Basin region by G: K.
Gilbert and of the petrologic, structural, and historical researches in
the San Juan region of Colorado by Whitman Cross. The work of
these distinguished senior geologists of the Survey is reported di-
rectly to the chief geologist. The general monographic treatment
of the geology of the Yellowstone National Park, long in prepara-
tion by Arnold Hague, was nearly completed at the time of his
death early in May.

R. V. L. Stratton, of the geologic branch, received a commission
as lieutenant (assistant paymaster) in the United States Navy prior
to June 30, 1917,

ALLOTMENTS,

The total funds available for the geologic work of the Survey in

the United States for the year 1916-17 were as follows:

Geologic surveys $350, 000
Statutory salaries - 13,700

Search for potash deposits (part of the appropriation
for chemical and physical researches) __ . ______ 16, 700
380, 400

These funds were allotted as follows:

Section of eastern areal geology $18, 700
Section of western areal geology -~ 29,820
Section of Coastal Plain investigations______ 14, 810
Section of stratigraphy and paleontology_______________ 18,120
Section of metalliferous deposits = 54, 600
Section of nonmetalliferous deposits (including potash)__ 38, 820
Section of glacial geology. s = 6, 150
Section of eastern coals__ L 7,040
Section of western coals - S e 18:510
Section of iron and steel alloys* . 600
Section of oil and gas_________________________________ 52, 380 .
Geologic map editing 7, 020
Great Basin investigation and inspection________________ 3, 600

Supervision, administration, salaries of clerical, tech-
nical, and skilled labor forces, instruments, supplies,

and contingent fund... ... oo 80, 510
350, 680

Land-classification board —— 29720
380, 400

1The work of this section during the spring was mainly carried in the allotments of
other sections.
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Of the amounts allotted to this division $272,500 was expended
directly for field work, including the search for potash. Of this
amount $180,800, or 66.3 per cent, was expended west of the one
hundredth meridian and $91,700, or 33.7 per cent, east of the one
hundredth meridian. With the $29,720 for the operations of the
land classification board, 69.6 per cent of the total, exclusive of the
allotment for supervision, etc., was spent for investigations west
of the one hundredth meridian—that is, essentially in the public land
States. The expenditures for supervision, ete., are divisible in about
the same proportion between the eastern and western work.

COOPERATION WITH FEDERAL BUREAUS AND STATE SURVEYS.

In strictly geologic field investigations or paleontologic studies the
Survey cooperated, through the division of geology, with 25 States—
Alabama, Connecticut, Florida, Georgia, Illinois, Indiana, Iowa,
Kentucky, Maryland, Michigan, Minnesota, Mississippi, Missouri,
New Jersey, North Carolina, North Dakota, Oklahoma, Ohio, Penn-
sylvania, Tennessee, Texas, Vermont, Virginia, Washington, and
Wisconsin. Informal cooperation exists between the Survey and all
the States having geological surveys.

Foremost in the service rendered by the geologic branch of the
Survey to other departments are the reports on the drainage and
underground water supplies of the Gulf and Atlantic Coastal Plain
and the information furnished as to camp locations, foundations,
building materials, etc. The Survey cooperated with the Bureau of
Mines in the metallographic study of ores and the investigation of
the invasion of California oil wells by salt water, and with the
Bureau of Mines, the Bureau of Standards, and the Office of the
Supervising Architect in the grading of the Indiana limestones.
A technologic paper prepared by a Survey geologist in the course of
his detailed investigations of mineral deposits has been submitted for
publication to the Bureau of Mines, which in turn has transmitted
to the Survey a geologic report to be published as a bulletin. The
Survey is also engaged with the Bureau of Standards, the Bureau of
Mines, and the Office of Public Roads and Rural Engineering in a
thorough and systematic study of the building stones of the United
States. Field examinations of oil, gas, and nitrate deposits have
been made for the War and Navy departments. Through the divi-
sion of geology it cooperated informally with the Smithsonian Insti-
tution, the Bureau of Fisheries, the Coast and Geodetic Survey, the
Forest Service, the Weather Bureau, the Lighthouse Service, and
the Office of Indian Affairs, as well as with a number of institutions
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of learning, including in particular the Geophysical Laboratory and
the Marine Biological Station of the Carnegie Institution. Services

have been rendered to the Department of Justice in connection with
its suits regarding public lands; to the Bureau of Foreign and

Domestic Commerce in reporting the production of certain raw mate-
rials; and, most important of all, to the General Land Office in the
classification of withdrawn coal, oil, and phosphate lands.

GENERAL FEATURES OF THE WORK OF THE YEAR.

All phases of geologic work have been continued, though for lack
of funds it has been necessary to refuse requests for field examina-
tions in greater number than ever before. During the later part of
the year, especially after the declaration of war, not only were such
requests much more numerous but the offers to the Government of
mineral deposits of many kinds and in many regions necessitated
special examination of all available data.

The dominant feature of the work of this division during the year
has been the greater concentration of effort along economic lines, par-
ticularly in the location and development of mineral deposits of
special importance to the successful prosecution of the war and the
continued maintenance of the industrial strength of the Nation.

In recognition of the probable deficiency of the domestic petroleum
supply to meet the demands to be made upon it for war purposes, this
vital question was among the first to receive attention. Careful esti-
mates of the country’s oil resources, based on the most complete and
trustworthy criteria available, were made by the oil and gas geologists
most familiar with the different fields and provinces. The general
results of these estimates, summarized by fields and integrated as to
oil contents of the public lands, naval reserves, etc., have been pub-
lished. At the same time the progress of exploration by the drill
has been carefully followed, and every effort has been made to extend
assistance. The search for areas in which the geologic conditions,
including the'structure, would appear to be favorable for the occur-
rence of undiscovered oil pools was pushed as vigorously as was pos-
sible with the available resources in funds and trained oil and gas
geologists. Mention of this work will be found in the accounts of
the geologic investigations in the different States. During the year
ten reports pointing out areas favorable for testing in different
State have been printed ; nine similar reports are in process of publi-
cation, and fifteen others are in process of criticism or ready for trans-
mission. For some areas, in order to bring more quickly the particu-
lar results of the geologic explorations to the attention of the public,
short advance statements have been distributed to the press.
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In the administration of Indian lands by the Office of Indian Af-
fairs there has been active cooperation on the part of the Geological
Survey. This has been accomplished by the geologic examination of
these lands prior to their leasing. The prompt publication of the
results obtained by the geologist has proved an incentive to the leas-
ing of the particular areas on which reports are made, a guide to the
valuation of the leases, and a help in concentrating drilling where
conditions are most favorable for large production.

The investigation of the so-called hydrocarbons or oil-shale de-
posits of the country, begun four years ago by the Survey, has been
diligently prosecuted. The extension of the oil shales of the Uinta
Basin westward toward Green River in Utah has been mapped, with
the discovery of new areas, so that it is now estimated that there
is enough of this shale, in beds 3 feet or more in thickness and capable
of yielding more than 22 gallons of oil to the ton by distillation, to
provide as much as 40,000,000,000 barrels of petroleum. The Uinta
Basin contains a vast storehouse of petroleum in this form, the vol-
ume of which is better realized when it is recalled that all the oil
that has yet been produced in the United States is but about 3,500,-
000,000 barrels. The oil fields of the United States are now produc-
ing a little over 300,000,000 barrels of petroleum a year, which is
about two-thirds of all that is yearly taken from the ground the
world over. What new oil pools and fields may yet be discovered
ir. other parts of the world, particularly the less explored regions,
no one can foretell, but it seems probable not only that oil will be
distilled from the shales of the Green River group long after the
principal oil fields of the world have been exhausted but also that
the total amount that will be obtained from this source may exceed
the world’s total production of natural petroleum. The standard of
richness named in the above estimate is said to be up to the average
of the Scotch shale, which has for many years been the basis of a
large industry and which is now providing distillate for British
naval and military uses.

A report showing the distribution of the oil shales in Colorado
and northeastern Utah and giving analyses and the results of rough
tests and laboratory experimental distillations, nitrogen determina-
tions, etc., has been issued as Bulletin 641-F, and another report
describing the westward extension of the deposits, with additional
details as to the composition of the shales, is now ready for publica-
tion. A report giving the results of distillation tests of richly bi-
tuminous shales in several of the Eastern States has been issued as
Bulletin 641-L,
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The investigation of the oil shales has been typically a prepared-
ness measure. How soon it will be necessary to draw rapidly frem
this source remains to be seen, but it is worthy of note that a small
commercial plant is already about to begin the treatment of the oil
shales near De Beque, Colo., and that several other plants are pro-
jected or in process of construction. Undoubtedly the shales will be
found somewhat richer under thick cover than where they have been
sampled at the outcrop. It is gratifying also to observe that several
State surveys are giving attention to the subject of recovering oil
from such bituminous shales and of investigating their possible
importance as a source of new as well as of already known by-
products.

A new map showing the oil and gas fields of the United States and
the trunk pipe lines, together with the oil-exporting points, has been
prepared under the supervision of J. D. Northrop and is now in
process of engraving.

Another branch of war-preparedness work to which precedence
has been given in this division during the year is the systematic
investigation of reported or little known deposits of minerals which
are especially important to the conduct of the war but for which
the country is largely dependent on importations, the attention of the
public being called to such of these as may with commercial success
be made to contribute to the Nation’s supply. Among the more im-
portant of these minerals are potash, nitrates, manganese, pyrite,
tungsten, chromite, tin, antimony, and molybdenum.

The search for commercial sources of potash and nitrates has con-
tinued with unabated zeal. As the stocks of imported potash salts
have diminished almost to exhaustion and prices for these materials
have increased tenfold and even more, the demand for assurance of a
certain supply has become more urgent. Fortunately the most in-
dispensable requirements have been met, although with a production
in 1916 of less than 5 per cent of the normal consumption before the
war, there is still much room for improvement. During the first half
of 1917 the rate of production was more than twice that for 1916 and
continued improvement is expected.

The greater part of the potash so produced has been derived from
mineral sources, although considerable has been obtained from or-
ganic materials, such as molasses residue from distilleries and kelp
and wood ashes. The most promising source of potash is the saline
deposit at Searles Lake, Cal. The first published announcement of
this as a potentially valuable deposit of potash was made by the
United States Geological Survey in March, 1912, and it is naturally
a source of some satisfaction to see this prediction fulfilled, especially
as it was regarded as the opposite of scientifically conservative opin-
ion at the time of publication. Considerable potassium sulphate has
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also been recovered from the alunite of Marysvale, Utah. This de-
posit also was the subject of special study by the United States Geo-
logical Survey and was covered in its early publications on the pros-
pective sources of potash. The Nebraska alkali lakes have made a
surprising record of production. Although not of large extent or
seeming to offer a great reserve of raw material, the exceptionally
high content of potash in some of these waters made this product
one of the most readily available sources for a commercial output.
This source also was early reviewed in the Survey potash publica-
tions, but though the facts of its potash content were carefully stated,
the occurrence was not then given the prominence that some of the
other apparently more extensive resources received. For a time the
Nebraska lakes held the lead as a source of commercial potash, and
they still yield a very important production.

Besides those projects that have reached more successful develop-
ment, many enterprises and prospects have been inspected, most of
which have been absolutely disappointing. However, the principal
efforts of the Government geologists have been directed to the study
of raw materials which might become available as a basis of potash
manufacture, although naturally this has involved more or less the
consideration of processes by which this material could be utilized.

During 1916-17 nearly all the special fund allotted to the potash
investigations was devoted to the exploration of buried saline de-
posits by drilling. The drilling of the well at Cliffside, in Potter
County, Tex., was resumed as soon as it was possible to obtain de-
livery of the necessary equipment and to reorganize the crew after
the allotment of funds for the year became available. At the end
of June, 1917, this well had reached a depth of 1,657 feet, which
approached the limit, 1,800 feet, set in the original plan. This limit
was proposed not because it was expected that the salt beds would
have been completely penetrated when that depth was reached but
because it would cover the depths at which slight showings of potash
salts had been reported in this region. Furthermore, it was as far as
could probably be drilled with the fund that could be allotted for
this purpose in a single year. The salt beds cut in this well have
been very carefully tested, but as yet no valuable deposit of potash-
rich material has been encountered. The test is conclusive, however,
only for that portion of the section that has been explored and
applies only to this one locality or district. The possibilities of find-
ing strata of potash salts associated with the salt beds and gypsum
occurring in great number and thickness in the “ Red Beds” of the
Southwest were discussed in the Thirty-seventh Annual Report,
pages 12-14.

By courtesy of the owners borings in other areas of the salt-
bearing formations in Texas and Oklahoma have also been inspected
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and the cuttings tested, although, owing to the meager facilities of
the Survey for work of this kind, much important boring is un-
doubtedly going on without adequate inspection with regard to the
possibility of finding potash.

Various other lines of investigation have also been followed. A
review and more adequate sampling with analysis of some of the
large potash-feldspar deposits has been started, and some significant
results bearing on the adequacy of the supply of this raw material
for a possible future potash industry have been obtained. A report
is nearly ready for publication.

The sericite deposits in Georgia and elsewhere have been examined,
sampled, and tested for potash, and a review of the important green-
sand deposits in the Eastern States has been made to ascertain their
potash contents. The results of these inquiries have been published.

The general conclusion has been reached that most of the nitrate
deposits in this country are superficial and that the amount of nitrate
they contain is not sufficient to make them of commercial importance.
Yet investigations of all reported discoveries of nitrates have been
made. In June, under the auspices of the War Department, H. S.
Gale, geologist in charge of the section of nonmetalliferous deposits,
made an examination of nitrate deposits in Guatemala.

A general report by E. S. Bastin, describing the graphite deposits
of the country and including information as to several recently dis-
covered and important deposits of flake graphite, has been submitted
and is being prepared for publication.

The mica resources of the Eastern States are reviewed by D. B.
Sterrett in a comprehensive report now ready for transmission, giving
special attention to some of the more important areas.

Systematic examinations, amounting to a qualitative and quantita-
tive census, of the known or reported deposits of platinum, pyrite,
manganese, tungsten, chromite, tin, vanadium, strontium, nickel, and
antimony have been in progress. Toward the end of the year cooper-
ation in this work has been extended by State geological surveys and
geologists of State defense councils.

With the cooperation of a number of State geological surveys, espe-
cially in the southern Appalachian region, special attention has been
given to the problem of mining domestic pyrite of satisfactory grade
sufficiently near the points of consumption and in quantities suffi-
ciently large to take the place of a portion of the pyrite supply which
has formerly been imported from Spain. Particular attention has
been given also both to the sulphur deposits that may be made avail-
able and to the pyrrhotite that it will perhaps be necessary to utilize
in making the large amounts of sulphuric acid needed in the manu-
facture of munitions and of commercial fertilizers.

The search for manganese, which is indispensable in the production
of high-grade steel, has been even more comprehensive and systematic.
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With the cooperation of geologists and of engineers every 1eported
manganese deposit is in process of investigation and of qualitative
and quantitative estimation, with a view to ascertaining the possible
outputs of different grades of ore, this year, next year, and the year
following. The more important deposits have been and are now
under investigation by the geologists of the metalliferous and alloy
sections of the division. Furthermore, through the cooperation of
the Bureau of Mines and the War Minerals Committee, a joint com-
mittee composed of representatives of the Association of State Geol-
ogists, the geology committee of the Council of National Defense, the
American Institute of Mining Engineers, the Mining and Metallur-
gical Society of America, the Bureau of Mines, and the Geological
Survey, plans have been made to furnish the expert advisory services
of some of the most eminent and well-known engineering and mining
specialists of the country, who have patriotically volunteered to give
practical professional advice to the miners of pyrites, tin, and man-
ganese in certain districts where there is greatest need for such coun-
sel as to mining and milling methods.

To render fuller service to the producer in marketing his ores and
to the steel or alloy manufacturer in procuring his domestic ores, the
Survey has established an efficient system of bringing them together
by correspondence. To give the industry more ample data on produc-
tion, while furnishing the Government with information as to the rate
at which the domestic production is being built up and the rate at
which imports may be discontinued, the Survey has planned the
quarterly collection and compilation of. reports of production of
pyrites and manganese, and it is probable that this system of report-
ing will at an early date be placed on a monthly basis.

An investigation of the platinum deposits of the United States was
undertaken early in the spring by L. M. Prindle and J. M. Hill. This
work is conducted with close cooperation of the California State
Mining Bureau and the State Council for Defense and is designed to
cover completely the platinum deposits and possible points of origin
of platinum in northern California and southwestern Oregon.

Another timely public service in which a number of the areal
geologists and physiographers are engaged is the preparation of two
geologic and geographic manuals covering the New England and
Virginian regions. These papers, which are prepared on the recom-
mendation of and in cooperation with the geography committee of
the National Research Council, will describe the geologic features
of the provinces and their origin, and though designed for general
educational purposes will give special attention to the inclusion of
matter of greatest value in military training and the strategy of the
regions covered. Other similar manuals covering other military de-
partments are in prospect. Plans are also being formulated for the
preparation and printing of interesting and instructive popular de-
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scriptions of the geologic features and their origin in the Army can-
tonments and surrounding areas. These popular descriptions, with
accompanying military data, are to be printed on the backs of the
topographic maps of areas including the vicinity of the cantonments.

The popular appreciation of the educational work of the Survey
in the publication of the guides to the routes of four western railways
has necessitated the issue of new editions of these bulletins. During
the year the manuscript and illustrations for a similar guide to the
route of the Denver & Rio Grande Railroad in Colorado and Utah
has been submitted, but its publication is likely to be delayed for the
issue of reports immediately connected with the successful prosecu-
tion of the war.

In general the work in economic geology has gone forward as vigor-
ously as the available personnel and funds would permit. The metal-
lographic studies of certain metalliferous ores and the general in-
vestigations of the geology and mineral deposits of mining districts
mentioned in last year’s report have made good progress. A report
on the mining districts of Utah has been submitted by B. S. Butler
and is now in process of editing and illustration. A revised and
much extended description of the enrichment of sulphide ores, by
W. H. Emmons, has been issued as Bulletin 625, and a general report
on tungsten minerals and deposits, by F. L. Hess, has appeared as
Bulletin 652." The report ¢ Useful minerals of the United States,”
greatly amended and enlarged by F. C. Schrader and others, has
been issued as Bulletin 624.

A .professional paper on the geology and copper deposits of the
Ray and Miami districts of Arizona, by F. L. Ransome, is nearly
ready for transmission, and the general descriptions forming the
main part of an exhaustive report on the Leadville district have been
nearly completed by Prof. J. D. Irving. Other reports covering
smaller regions are noted on later pages under the names of the
several States. E. S. Larsen is preparing a report on the microscopic
determination of known opaque minerals. This extensive work, the
publication of which may be delayed for a time, will probably con-
stitute a manual on the subject for the use of geologists, teachers, and
students.

The introductory chapter, by M. R. Campbell, of Professional
Paper 100, “ The coal fields of the United States,” has been issued,
together with a large map showing the distribution of the coal fields
of the country and the ranks of the coals. In this chapter are given
short, summary descriptions of the different coal fields, with discus-
sions of the character and qualities of the fuels, representative analy-
ses, and estimates of the coal reserves in the various fields and of the
several ranks. A second part, prepared through the courtesy of Dr.
J. A. Bownocker, State geologist of Ohio, and presenting somewhat
in detail the distribution, qualities, and quantities of the coals in the
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coal-bearing counties of that State, is now nearly ready for issue.
Parts of Professional Paper 100 describing the coal fields of a num-
ber of other States have been written, but publication of them is de-
layed for the preparation and publication first of papers on several
other areas in the Appalachian region.

Notwithstanding some curtailment of the so-called scientific work
of the division on account of economic examinations forming a part
of the war work, the investigations current in the sections of areal
geology, Coastal Plain investigations, and paleontology and stratig-
raphy have been fruitful of important results. Besides a number
of minor papers noted elsewhere, mention may here in particular be
made of the transmission by F. Canu, of Paris, France, and R. S.
Bassler, of the National Museum, of the results of their long and
searching studies on American early Tertiary Bryozoa; by E. H.
Knowlton of his conclusions as to the Laramie flora of the Denver
Basin, with a review of the Laramie problems; by E. W. Berry of
an instructive general discussion of the middle and upper Eocene
floras of southwestern America; by D. D. Condit of a description of
the Paleozoic and Mesozoic stratigraphy of southwestern Montana;
and by R. W. Stone and others of a report treating fully the gypsum
deposits of the United States.

Progress has been made in the preparation of the report by T. N.
Dale on the marbles of the Southeastern States, the work on which
has been done in cooperation with the Bureau of Mines, Bureau of
Standards, Office of Public Roads and Rural Engineering, and the
State geological surveys of Georgia, Alabama, and Tennessee. A
general description of the Tennessee marbles, prepared by Mr. Dale
and C. H. Gordon, of the State Survey, has been submitted to that
organization for publication.

WORK OF THE SECTIONS.

The scope of operations of the several sectio.- of the division of
geology is briefly ~utlined in the following synopsis:

1. The section of eastern areal geology—Arthur Keith, geologist,
in charge—conducts reconnaissance and detailed work in areal or
general geology in regions east of the one hundredth meridian. The
work of this section is carried on in close cooperation with several
State surveys and university departments of geology, an effort being
made to coordinate the work of all participants. During the year
the operations of the section have covered areas in Alabama, Arkan-
sas, Illinois, Kentucky, Maine, Maryland, Massachusetts, New Hamp-
shire, New Jersey, New York, North Carolina, Ohio, Oklahoma,
Pennsylvania, Rhode Island, South Carolina, Tennessee, Vermont,
Virginia, and West Virginia.

2. The work of the section of western areal geology (west of the
one hundredth meridian)—Sidney Paige, geologist, in charge—cor-
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responds to that of the section of eastern areal geology and is simi-
lar in scope. The work of this section has included areal mapping
and descriptions of areal geology in Arizona, California, Colorado,
Idaho, Montana, Nevada, New Mexico, Oregon, South Dakota, Utah,
Washington, and Wyoming.

3. The section of Coastal Plain investigations—T. W. Vaughan,
geologist, in charge—is occupied with the study of the geology of the
Atlantic and Gulf Coastal Plain of the United States in the broadest
practicable way. The subjects of its investigations include physi-
ography, stratigraphy, geologic structure, paleontology, the char-
acter and origin of the sediments, an = the ground waters. During
the fiscal year, especially since February, the efforts of the members
of the section have been devoted mostly to compiling, digesting, and
systematizing information bearing on the military preparation of
this country. In cooperation with the ground-water division of the
water-resources branch, the section has compiled 23 digests of the
water resources of the border areas of the Unitea States, which have
been transmitted in duplicate to the Secretary of War by the Secre-
tary of the Interior.

Investigations have been made, or reports prepared, on areas in
Alabama, Arkansas, California, Delaware, Florida, Georgia, Louisi-
ana, Maryland, Massachusetts, Mississippi, North Carolina, Rhode
Island, South Carolina, Texas, Virginia, the Canal Zone, and the
West Indies.

4. The section of glacial geology—W. C. Alden, geologist, in
charge—is engaged in the study of the work of glaciers, the glacial
and interglacial deposits and the contemporary deposits of the bor-
dering regions, and the geologic history of the continent during the
Quaternary period. The geologists occupied with those varied and
specialized problems are charged with the classification and mapping
of the Quaternary deposits of the glaciated regions. The work of
this section during the year has comprised field studies and mapping
or the preparation of reports covering areas in California, Illinois,
Towa, Massachusetts, Michigan, Minnesota, Montana, North Dakota,
Oregon, Pennsylvania, Vermont, Washington, and Wisconsin.

5. The section of paleontology and stratigraphy—T. W. Stanton,
geologist, in charge—deals with the classification and correlation of
the sedimentary rocks of the entire country, and its work involves
the study of all North American fossil faunas and floras and their
comparison with those of other parts of the world. In this work
it has the active cooperation of the United States National Museum
ir the identification and study of vertebrate fossils collected by the
Survey. During the year members of the section have reported on
fossils from Canada, China, Colombia, Cuba, the Galapagos Islands,

_Patagonia, Peru, the Dominican Republic, and Uruguay, in addition
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to their usual routine work on numerous and large collections of fossils
obtained in the different States and submitted by the geologic field
parties. Some of the more important general studies of the year are
as_follows: A revised and enlarged catalogue of the Mesozoic and
Cenozoic plants of North America has been almost completed. The
pentremites of the Mississippian from Missouri, Illinois, Indiana,
Kentucky, Tennessee, Virginia, and Alabama have been studied and
classified and the Mississippian corals referred to the genus Litho-
strotion have been described. The Silurian Ostracoda of the Ap-
palachian region, especially those of Clinton age, have been studied
with special reference to their bearing on stratigraphy.

6. The section of the geology of metalliferous deposits—F. L.
Ransome, geologist, in charge—mot only studies metalliferous de-
posits and mines and investigates the conditions and modes of ore
deposition but also carries on reconnaissance and detailed geologic
examinations of many new districts. The work of the section has
embraced the investigation of metalliferous deposits in Arizona,
California, Colorado, Idaho, Kansas, Minnesota, Missouri, Montana,
Nevada, New Mexico, Oklahoma, Oregon, Tennessee, Utah, Virginia,
Washington, and Wyoming.

The subsection of petrology—E. S. Larsen, jr., geologist, in
charge—because of its intimate relation to the study of metalliferous
deposits, is attached to this section and is charged with the critical
review of the petrologic work and the determination of general
petrologic material submitted. The rock-cutting laboratory is under
the supervision of the chief of this subsection.

7. The section of the geology of nonmetalliferous deposits—H. S.
Gale, geologist, in charge—is concerned with the study of the de-
posits of nonmetallic ores and minerals, exclusive of fuels, and with
the geologic investigation and mapping of regions in which such
minerals or deposits are of paramount importance. During the year
the greater part of the work of the section has been divided between
the investigation of raw materials possibly available as sources of
commercial potash in various parts of the United States and special
investigations relating to reported nitrate deposits; further investi-
gation and classification of the phosphate-bearing lands in Idaho
and Montana, a review of the gypsum deposits of the United States,
and investigations relating to building stones have also been carried
on. The work of the section relates in particular to Alabama, Ari-
zona, California, Colorado, Georgia, Idaho, Indiana, Iowa, Ken-
tucky, Michigan, Montana, Nebraska, Nevada, New Mexico, North
Carolina, Ohio, Oklahoma, Oregon, Tennessee, Texas, Utah, Vir-
ginia, and West Virginia.

8. The section of the geology of eastern coal fields—G. H. Ashley,
. geologist, in charge—conducts examinations of areas east of the one
, hundredth meridian that contain coal. The work of the section dur-
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ing the year has been done in cooperation with the State surveys of
Illinois, Ohio, Pennsylvania, Tennessee, and Virginia.

9. The section of the geology of western coal fields—M. R. Camp-
bell, geologist, in charge—conducts examinations and surveys in the
coal-bearing regions west of the one hundredth meridian, similar to
those made by the section of eastern coals. The greater part of the
work of the western section has consisted in classifying and mapping
coal lands of the public domain in Colorado, Montana, New Mexico,
Utah, Washington, and Wyoming.

10. The section of the geology of oil and gas fields—David White,
chief geologist, in charge—is engaged in the examination of the geo-
logic structure and oil and gas indications in areas which are thought
to have promise of oil and gas; in studies of the mode of occurrence
and mutual relations of oil, gas, and water, and their relation to the
structure and to the character and composition of the sands in devel-
oping pools; in observation of the chemical relations between oil,
water, and the sediments in oil fields; and in the investigation and
utilization of hydrocarbon or oil shales. During the year work has
been done in or reports written on areas in Alabama, Arkansas, Cali-
fornia, Colorado, Florida, Georgia, Indiana, Kentucky, Louisiana,
Mississippi, Missouri, Montana, Nevada, New Mexico, Ohio, Okla-
homa, Pennsylvania, South Dakota, Texas, Utah, West Virginia, and
Wyoming. '

11. The section of the geology of iron and steel alloy metals—E. F.
Burchard, geologist, in charge—was established in April for the
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