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Foreword

of its establishment by Congress with its name intact and its principal

missions essentially unchanged. That continuity, in itself, might be suffi-
cient justification for a history of the organization, but an evaluation of the
Survey’s response to the challenges and opportunities of its many assignments
during those years also offers a useful perspective for evaluating the Survey’s
current work and for planning its future programs.

Mary C. Rabbitt’s four-volume history deals with the role of the geosciences
in general and the Geological Survey in particular in the development of public-
land, Federal-science, and mapping policies and the use of natural resources.
In the first two volumes, she analyzed the predecessor surveys and the first 25
years of the U.S. Geological Survey. When the Survey was founded, the Nation
was in the eatly stages of industrialization. In an effort to aid that development
by providing needed information on the Nation’s mineral resources, the first
Director devised the mission orientation of the Survey programs. Later Direc-
tots extended the programs to include investigations to aid all material industries
affected by a greater understanding of the processes and histoty of the Earth.
From the beginning, Survey programs were never wholly practical in nature but
contributed to the advancement of science by seeking knowledge needed to solve
particular practical problems. Perhaps the most notable achievement of the first
25 years was the development of economic geology as a science distinct from
applied geology, but there were advances in such other fields as petrography,
petrology, and glacial geology, and in geologic mapping, geophysics, and
geochemistry as well. Topographic mapping expanded beyond the needs of the
geologists alone to serve great engineering works, and efforts toward the conser-
vation of water led to the establishment of the Reclamation Setvice, initially
under the Surtvey’s aegis.

Mrts. Rabbitt’s third volume covets the years 1904 to 1939, from the begin-
ning of the conservation movement under Theodore Roosevelt to the beginning
of World War II. From a national perspective, these were years of great develop-
ment and change in the use of energy, trouble in the coal industry, and a great
expansion in the oil industry. They were also years in which the public perceived
for the first time that the Nation’s mineral resources are not infinite, and the
mineral industry realized its dependence on international trade. In these years,
water became an increasingly valuable commodity, and the need for a national
mapping program became abundantly evident. These were also the years when
the Federal Government for the most part practiced stringent economy in fund-
ing science, but State and municipal agencies increasingly sought the services
of the Survey’s topographic and water specialists to aid in the solution of local
problems. The balance maintained between fundamental and practical research
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during the first 25 years was more than once upset during the next 25 years,
but the successful struggle to maintain a significant level of research laid the
groundwork for the tremendous expansion in the Survey in the subsequent years.

M?fﬁ/g

Dallas L. Peck, Director
U.S. Geological Survey
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Preface

and Federal science during the period covered in this volume, the relation

of geology and the history of the U.S. Geological Sutvey to these matters
has gone almost unexplored. At first glance, the subject does not present a very
appealing prospect. The growth of the geological sciences in the Sutvey’s first
quarter-century had been spectacular, but the excitement began to subside in
the middle of the first decade of the twentieth century. Seemingly, the Survey
passed beyond youth and settled down to a quiet middle age, struggling to make
ends meet as it continued its work. By 1912, the Sutvey was accused of having
become nothing more than a department of practical geology, and in the late
1920’s of having outlived its usefulness.

Outwatd appearances, however, are often deceiving, and so it is with the U.S.
Geological Survey and geology in general during the period covered by this
volume. More detailed study revealed an almost dramatic story that might be
summed up as the eclipse of basic research as the result of demands for practical
research brought on by its early success and its renaissance through the persistence
of a few individuals. At one time, history was considered simply the biography
of great men, but more recently, history has been viewed as a process of evolu-
tion, a series of inevitable results proceeding from clear causes, in which in-
dividuals are merely the expression of the great social, economic, or other forces
of the times. Most historians acknowledge, however, that at times during the
history of the wotld, commanding figures—such as Caesar, Napoleon, Chirist,
Mohammed—have appeared who become great forces in themselves. Something
similar undoubtedly occurs in history on a much smaller scale, and it may well
be surmised that the great forces of history originate not in outer space but in
the minds of certain lesser known but charismatic individuals. Such indeed hap-
pened in the history of geology and of the U.S. Geological Survey from 1904
t0 1939. A few individuals, notably David White, Chief Geologist, 1912-1922,
and Chairman of the Division of Geology and Geography of the National
Research Council, 1924~1927, and Walter C. Mendenhall, Chief Geologist,
1922-1930, and Director, 1930-1943, nurtured and encouraged fundamental
research, even prodded it on until it eventually almost exploded with new vitality.

I wish to acknowledge my indebtedness to many members of the Geological
Sutvey for their aid in the preparation of this volume. In particular, I wish to
thank Thomas B. Nolan, Assistant Director and Director, 1944-1965, for his
interest, encouragement, advice, and many useful discussions and Arthur A.
Baker, Administrative Geologist and Associate Director, 1953-1969, for a
thorough and detailed review of the manuscript. Both Mt. Nolan and Mr. Baker
joined the Survey during the latter part of the period under discussion and both
have extraordinary recollection of events in their early Survey years. I also thank

!‘ Ithough several historians have considered Federal conservation policies
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Clifford M. Nelson, Staff Geologist, not only for reviewing the manusctipt
critically and shepherding it through the publication process but for listening
and asking questions about my versions of history as they developed and for
keeping me straight on matters paleontological.

A final word of caution to readers. Although we are entering the ‘‘modern’’
period of geology in this volume, no effort has been made to anticipate future
developments beyond what the geologists of the era themselves suggested, and
stratigraphic and other terminology is not present-day usage but the usage at
the time of publication of the matters discussed.
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Chapter 1.
The Third Stage

In the growth of the country and gradual development of the natural
resources there have been three noteworthy stages. * * * In the first
stage the resources received little thought. In the second they were
wastefully used. In the third stage which we are now entering wise and
beneficial uses are essential, and the checking of waste is absolutely
demanded.

—National Conservation Commission, 1909

In 1904, the U.S. Geological Sutvey celebrated the 25th anniversary of its
establishment by act of Congress on March 3, 1879. Its field at that time had
been defined as ‘‘classification of the public lands and examination of the
geological structure, mineral resources, and products of the national domain,”’
but in later years it had been given additional duties. In 1882, it had been
given responsibility for preparation of the geologic map of the United States,
and beginning in 1887, its topographic mapping, paleontological research, and
physical and chemical research had been authorized by annual approptiations.
In 1894, the Sutvey was given responsibility for gaging the stteams and detet-
mining the water supply of the United States, and in 1897, for examining and
surveying the forest reserves. Then in 1902, when Congress passed the
Newlands Act establishing a fund to be used for planning, construction, and
maintenance of dams and other irrigation works in 16 Western States and Ter-
ritoties, the agency to catry out the work was by presidential order set up as an
adjunct to the Geological Sutvey.

In its first 25 yeats the Survey had grown from an organization that had 38
employees at the end of its first year to one with 678 employees (187 of them in
the Reclamation Service) in 1904. Congress had appropriated $106,000 for its
first year and $1.4 million for the fiscal year that ended June 30, 1904, The
Sutvey had also become the leading geologic institution in the the United
States—American Men of Science said that “‘In geology the U.S. Survey over-
shadows the universities among which Yale, Harvard, Chicago, and Wisconsin
are in the lead.”’ Of the 100 geologists whose work was considered most signifi-
cant by a group of their peers and whose names were starred in the 1903 edi-
tion, the first five, arranged in order of merit, were all associated with the
Survey: T. C. Chambetlin, Professor of Geology at the University of Chicago
and Geologist-in-charge of the Survey’s Section of Glacial Geology, whose
planetesimal hypothesis of the origin of the earth was then widely discussed,;
G. K. Gilbert, whose studies of the Great Basin region had become classics;
C. D. Walcott, Director of the Survey and paleontologist-stratigrapher extraot-
dinary; C. R. Van Hise, who had been Geologist-in-chatge of the Survey’s Sec-
tion of Metamorphic Geology before leaving in 1903 to become President of
the University of Wisconsin; and S. F. Emmons, Geologist-in-charge of the
Sutvey’s Section of the Economic Geology of Metalliferous Ores. C. W. Hayes,
the Geologist-in-charge of the Division of Geology and Paleontology and of the
Section of the Economic Geology of Nonmetalliferous Ores, and G. F. Becker,
the Geologist-in-charge of the Division of Chemical and Physical Research,
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were 12th and 13th on the list, and of all those who had been given scientific
control of the work in the organization of 1900, only David T. Day, of the Divi-
sion of Mining and Mineral Resources, was missing. At least one-third of the
staff of the Geologic Branch was on the list, among them three future Chief
Geologists, Waldemar Lindgren, David White, and T. W. Stanton.

The Survey itself, in a bulletin desctibing its organization and operations
during these 25 years, reported that it had finished mapping, on more or less
detailed scales, 26 petcent of the atea of the country, including Alaska, and
that its topographic maps had ‘‘greatly expedited investigations by cities of
their water supply,”” and had “‘been of the highest value to railway companies
and State highway bureaus in designing and planning their projects.”” The
geologic mapping of about 171,000 square miles had been completed. Labora-
tory investigations had been made of the physical charactetistics of rocks in
various processes of formation, of volcanic and geyser action, and rock composi-
tion and structure. Paleontologists had also aided in solving stratigraphic and
structural problems. The hydrographers had recorded the maximum,
minimum, and mean discharges of all the more important rivers for 15 years
and of lesser streams for shorter periods of time. The physical characteristics of
tiver basins had been studied in order to estimate the volume ot runoff of
streams. Data had been accumulated to aid the development of the water
powets of the countty, and on the irtigable lands of the public domain. Some
reservoir and irtigation projects had been studied in detail and construction by
the Reclamation Service had been approved. Some 110,000 square miles had
been examined in detail and classified as forested, grazing, desert, or
cultivable.

The Survey concluded, however, that

Perhaps the immediate value to the people of the work of the Geological
Survey is best shown by the aid it extends in developing the mineral

resources and in forwarding important engineering projects in which the
people, as well as the State and Federal Governments, are interested.

The aid the Sutvey extended in developing the mineral resources stemmed
from the foresight exetcised by its first Director, Clarence King, in laying out
the program in 1879. To establish the value of the new organization, he chose
to direct its wotk toward the production of immediate results of practical im-
port. The United States was then in the early stages of industtial expansion, a
time in which King observed

Our real industrial problem is to utilize with the highest technical skill and
with the utmost scientific economy, all elements of national wealth.

King therefore proposed that the Survey aid industtial development by
providing information that would permit the mineral tesources of the Nation
to be used ‘‘with the highest technical skill and with the utmost scientific
economy.’’ He planned a two-fold program of mineral-resource investigations:
geologic and technical studies of mining districts and the collection of mineral
statistics, not just production figures but geographic, geologic, chemical, and
other data as well. Although the immediate aim was practical, King’s ultimate
goal was scientific: the accumulation of data could in time be used to make
possible a scientific classification of ote deposits and permit a determination of
their origin. The program was in no sense merely applied geology but rather in-
volved the concept of a mission to provide a service or aid a cause.

King remained as Director for less than 2 yeats and was succeeded in 1881
by John Wesley Powell, who abandoned the mission approach. Powell believed
that practical geology was the highest form of the science but before practical
geology became possible all the basic facts had to be determined. Under
Charles D. Walcott, the Survey’s third Director, the mission approach was
revived, broadened, and more explicitly stated. The Survey would conduct

2 The Third Stage



scientific investigations to aid in evety possible manner the development of all
material industries affected by knowledge of the earth, and these investigations
would include the acquisition of scientific ot technical knowledge needed to
solve geologic problems. Under Walcott, not only wete the mineral-resoutce in-
vestigations extended from the metallic ores of the earliest studies to
nonmetalliferous deposits and construction materials but also to water, which
is, although seldom thought of as, a mineral.

During the Survey's first 25 years, the United States become the world’s
leading industrial nation, a transformation accelerated by the great wealth of its
mineral resources. Mineral production during these 25 years neatly quad-
rupled. In 1880, the first year for which figures are available, the annual value
of the mineral production was $367,463,000; in 1904 it was $1,359,181,000.
Industrial supremacy belonged to the nation that could produce the cheapest
steel. The United States had enormous resources of coal and iron although it
seemed to lack the low-phosphorus iron needed for the Bessemer process, and
one of the infant Survey’s first projects had been a survey of American iron
otes, including their chemical analysis. The introduction of the open-hearth
process, which used all types of iron, greatly increased Ametican steel-making
capacity, and thereafter the United States rapidly overtook Old World nations
in the production of cheap steel. With the use of bituminous coal for smelting
and the development of cheap transportation, the Lake Superior iton otes could
be shipped to Pennsylvania for smelting, and western Pennsylvania became the
center of American steel production. In 1904, the Survey noted with satisfac-
tion that its investigation of the origin and geologic relations of the Lake
Supetior iron ores had ‘‘so effectively ditected the prospector in the discovery of
the deposits and the miner in economical methods of development that this
region now leads the world in the production of iton ore.”’

Undoubtedly the most influential mineral-resource investigation of the
25-year petiod, however, was S. F. Emmons’ study of the geology and mining
industry of Leadville, Colorado, which became known as the ‘‘miners’ Bible.”’
That study had not only ‘‘guided exploration and secured economical mining
in a district that had produced between $200,000,000 and $400,000,000"" but
had been *’of even mote beneficial results in teaching the mining engineer and
the miner the practical importance of geologic study in carrying out their work;
in other words, it has greatly improved mining methods throughout the whole
country.”’

The Survey made no claim for anything more than educational influence
on the mining industry. S. F. Emmons, who was president of the Geological
Society of America and vice-president of the American Institute of Mining
Engineers in 1903, in his presidential addresss to GSA in late December 1903,
merely noted that since 1853, when the United States completed its occupation
of all the territoty now encompassed in the 48 contiguous States, ‘‘the unex-
ampled rapidity with which * * * civilization and industty have spread over
the mountainous regions of the West has been due to the development of the
mineral resources—a development to which geological science has in no small
part contributed.”’

Emmons’ modest claim for a geological contribution, however, included
the development, largely influenced by the Survey’s investigations, of an en-
tirely new field of specialization within geology, that of economic geology,
which may be traced back to the dual purpose of Clatence King's mineral-
resource program. In 1879, the study of ore deposits was lagging behind other
branches of geology and the most advanced opinion of the time was not vety
different from that in J. D. Whitney's textbook of 1854. In 1904, the origin of
ore deposits was a hotly debated issue and tentative attempts at a genetic
classification of ore deposits were widely reported in both Science and the Engi-
neering and Mining Journal. None of the Survey investigations had been
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devoted solely to the description of deposits or the application of geologic prin-
ciples to mining. Petrographers, petrologists, mineralogists, and chemists had
been called on to aid the mining geology studies and their sciences had
developed at the same time, not only contributing to but being advanced by
the development of economic geology. By 1904, the community of economic
geologists was well enough established to plan the launching of a new journal
for papers on both the description of mineral deposits and the application of
geology to mining but also the genesis of ore deposits. On the latter score, most
economic geologists agreed: future progress demanded new methods of in-
vestigation, and experimental research of the most fundamental character was
needed.

There was no thought at the time of establishing a separate society. The
geological community in the early years of the 20th century was relatively small
and simple. Most geologists belonged to the Geological Society of America and
the American Association for the Advancement of Science, most economic
geologists to the American Institute of Mining Engineers as well. The meeting
of the Geological Society of America in December 1903, held in St. Louis
where a World’s Fair to celebrate the 100th anniversary of the Louisiana Putr-
chase was in preparation, attracted 51 fellows. Sessions were held in a high
school classtoom and 39 papers were read or presented by title on subjects that
ranged from ‘‘Geology under the planetesimal hypothesis of earth origin’’ to
“‘System of keeping the records of a State geological survey.”” Most, however,
were regional studies. William Morris Davis, President of the Section of
Geology and Geography of the AAAS, which met in St. Louis at the same
time, thought geology was dominating geography and deemed the formation
of a society of geographers analogous to the Geological Society of America
necessary for the future of geography in the United States. (Within a year he
became the first president of the Association of American Geographers.) Ira
Remsen, in his address as retiring president of the AAAS, foresaw a great future
for American science. Great progress had been made in the preceding 25 yeats,
but

No matter in what direction we may look we are aware of great unexplored
territories, and even in those regions in which the greatest advances have
been made it is evident that the knowledge gained is almost insignificant
as compared with that which remains to be learned.

The progress in the preceding quarter century Remsen attributed to the devel-
opment of American universities and the support given by the Government to
its different scientific bureaus such as the Geological Survey, the Department
of Agriculture, the Coast and Geodetic Survey, and the National Bureau of
Standards. If as much progress could be made in the next quarter century, he
believed the United States could compete with the foremost nations of the
wotld in scientific investigation. G. F. Becker and C. R. Van Hise at the Inter-
national Congress of Arts and Sciences in St. Louis in 1904 looked forward to
immense opportunities and challenges in geology and geophysics involving ex-
perimental and theoretical work of the most fundamental kind.

In 1904, the United States was in the early stages of a period of change,
just as it had been when the Survey began in 1879. This new period was one of
reform in which national policies that had prevailed in the late 19th century
were abandoned, social and economic reforms were enacted, and the role of the
Federal Government was transformed. Beyond that, in the words of Samuel
Eliot Morison, the American people underwent ‘‘profound changes in their en-
vironment, their racial composition, their mental processes, and their moral
climate.”” It would be interrupted by World War I and the revival of laissez
faire in the 1920’s, then resumed in the 1930’s, only to be more profoundly in-
terrupted by the outbreak of World War II in 1939.
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More than one historian has noted the correlation between this period of
change and changes in the use of energy; Morison went so far as to pinpoint the
change as the effect of the invention of the internal combusion engine and its
multifarious applications to transport and power. Changes in the use of energy
in turn affected the development of natural resources, especially the fossil fuels
and water, and these in turn resulted in changes in the geological sciences.

The Survey had to some extent anticipated the changes in the use of
enetgy resources for it had been reporting for some years that an increasing pro-
portion of the value of the annual mineral production of the United States was
being contributed by the nonmetalliferous resources. In 1898, when problems
had begun to develop in the coal industry, causing consumers to turn to other
kinds of fuel, Director Walcott had suggested to Congtess a thorough investiga-
tion of the coals and cokes of the United States, including complete chemical
investigations, determinations of calorific values, and practical tests so the coals
might be used to the best advantage, thus echoing King’s thought that the
mineral resources should be used with the utmost scientific economy. In the
organization of the Geologic Branch in 1900, the economic geology of
metalliferous ores and of nonmetalliferous deposits were given equal status,
although not equal budgets, and both sections contributed to the annual Coz-
tributions to Economic Geology, which was inaugurated in 1902 to meet the
growing demand from the mineral industry for prompt publication of Survey
work. By 1904, the detailed areal mapping and subsurface structural studies of
Appalachian coal areas were ‘‘placing the development of its coal, petroleum,
and gas resoutces upon a scientific basis and relieving these branches of the
mineral industry of a large part of the hazard and uncertainty which has always
hitherto been associated with them.” Some investigations of petroleum were
made elsewhere as well, especially after the discovety of Spindletop in 1901,
and the investigations, according to E. L. DeGolyer, laid the ‘‘foundation for
the more general acceptance of the geologist by the oil industry.”’

In 1904, the Survey took advantage of the opportunity presented by the
Louisiana Purchase Exposition to make a practical demonstration of the value of
the more comprehensive investigations of coal and coke that had been recom-
mended in 1898 but not funded, and obtained an appropriation for an exhibit
showing the analysis and testing of coal to determine fuel values and the most
economic method of utilization for different purposes. The exhibit was an im-
mediate success, so successful that the coal industry demanded additional work,
and Congress appropriated funds for a continuation of the coal testing and also
for the structural-materials testing that had been begun at the exposition by the
American Portland Cement Manufacturets.

These testing programs were unlike the Survey’s other geologic programs,
being far more in the nature of applied science, and thereby posed a possible
threat to basic research. Congtess by and large preferred practical or applied
science, and Federal science depended on annual appropriations of funds by
Congtress. Under Walcott’s direction, the Survey’s research, like the minerals
being studied in its laboratories, was seldom one of the end members, neither
pure basic or pure applied, but like the intermediate members of a eutectic
series, ranged from research with remote applications to practical problems to
research with immediate applications to practical problems. The administrator
of Federal science, however, has to make adjustments, or, as Walcott put it,
had to aim at the nearest attainable approximation to the desired object; later
developments made it evident that Walcott aimed at the gradual introduction
of basic research into the testing programs. Under George Otis Smith, who suc-
ceeded Walcott as Director on May 1, 1907, however, they became purely prac-
tical and, despite his opposition, in 1910 were transferred from the Survey. The
coal-testing program became the nucleus of the newly established Bureau of
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Mines and the structural-materials testing became part of the National Bureau
of Standards.

The conservation program, which Theodore Roosevelt considered one of
the greatest achievements of his administration, also became a stumbling block
to Survey research. That resources should be used without waste was an ac-
cepted idea in Europe, and American scientists had long argued against their
wasteful use. Until late in the 19th century, however, the American public had
commonly regarded all resources as inexhaustible, some of them even an
obstruction to the development of the country. In this belief, forests were
destroyed, every man was granted a farm for the asking, and only the richest
ores were mined, and these wastefully. Customs and laws were based on this
public perception rather than on scientific facts.

Setious efforts to prevent the wholesale destruction of forests and to
develop a rational forest policy began in the 1870’s. In 1877, Congress
established a division of forestry in the Department of Agriculture and in 1891
authorized the creation of national forest reserves. The Division of Forestry,
however, was given neither the funds nor the authotity to deal with forest prob-
lems, and after authorizing the forest reserves in 1891 Congress took another 6
years to pass the Forest Management Act. The lack of sufficient water for or-
dinary agriculture in the arid and semiarid regions of the West was also given
attention in the late 1870’s with a Congressionally authorized investigation of
the possibility of irrigation, George Perkins Marsh’s report on irrigation, and
John Wesley Powell’s ‘‘Report on the Lands of the Arid Region of the United
States.”’ In 1888, Congress authorized the Geological Sutvey to investigate the
extent to which the arid region of the United States could be redeemed by it-
tigation and the Secretary of the Intgrior to withdraw from private entry
specified areas for this purpose. The Irrigation Sutvey was discontinued after 2
years because of its slow progress and because the public domain was closed to
entry until it was completed.

Private citizens also began tentative efforts at conservation during the late
1870’s, primarily the presetvation of the forests and of big game, and their ef-
forts were instrumental in obtaining passage of the bill creating forest reserves
and in establishing the forest commission of 1896. As the East became more
and more urbanized, there also developed a movement to preserve some of the
remaining untouched natural areas. Several of the large forest reserves and
Yosemite, Sequoia, Mount Rainier, and Crater Lake National Parks were
created to fulfill this need. Preservationists were disappointed in 1897,
however, when Congress passed the Forest Management Act, giving the
Geological Survey responsibility for surveying and classifying the forest resetves
but at the same time opening the existing reserves to mining and grazing. In
the late 1890’s, the drive for a permanent irrigation service gathered strength,
stressing the positive aspect of reclamation of land rather than conservation of
watet, and Congress passed the Reclamation Act in 1902. When the Reclama-
tion Service became an adjunct of the Geological Survey, much of the ad-
ministration’s conservation efforts were thus associated with the Sutvey and its
sister agency in Interior, the General Land Office.

Once the Reclamation Service was successfully launched, Secretary of the
Interior Hitchcock, having received information that frauds of a serious nature
in the acquisition of public lands had been and were being perpetrated under
the Forest Lieu Land Act, began a thorough investigation of public-land
management. President Roosevelt urged Congress to undertake a thorough
revision of the public-land laws, setting up, if necessary, a commission of ex-
perts to advise it. When Congress did not respond, Roosevelt set up his own
commission composed of the Commissioner of the General Land Office, W. A.
Richards, the Chief Forester, Gifford Pinchot, and the Chief Engineer of the
Reclamation Service and Chief Hydrographer of the Geological Survey, F. H.
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Newell. The commission, as might perhaps be expected from its composition,
concerned itself chiefly with the control, use, and disposal of forest lands and
the control of water. It made no recommendations about changes in mineral-
land laws, which had been a major concern of the Public Lands Commission of
1879, although it conceded that changes were necessaty. In the spring of 1905,
Congress repealed the Forest Lieu Land Act and transferred the management of
the forest resetves from the Department of the Intetior to the Department of
Agriculture. The classification of the forest reserves was then transferred from
the Geological Survey to the newly renamed Forest Service. The Reclamation
Setvice was already becoming less dependent on the Geological Sutvey,
although it did not become a fully independent agency until 1907, so that by
the middle of 1905, most of the conservation responsibilities had been shifted
from the Geological Survey.

There was at this time no organized effort to promote the conservation of
other resources. The disappearance of forests and the consequences of a lack of
watet were readily apparent. Moreover, it was conceivable that the measures
planned would be effective, that forests could be managed so that the annual
yield balanced annual consumption, that great engineering works could trap
every drop of water and permit its redisttibution to better purpose than nature
did. The need for conservation of soil was apparent in many ateas but was
regarded as next to impossible to achieve because the use of the soil had to be
balanced against depletion of its nutrients and loss through erosion. The
necessity of conserving mineral resources was simply beyond the comprehension
of most people. Scientists knew that in the use of metals, some part is necessati-
ly consumed and the total supply of the world’s available metals was thereby
being steadily diminished, and that in the use of mineral fuels, the mineral
resoutces ate destroyed and the total supply even more rapidly diminished, but
the average Ametican had experienced no deprivation or even inconvenience.

The consetvation of mineral resources, moreover, is complicated by the
fact that they are for the most part hidden resoutces, and without extensive and
intensive investigations, the total available supply cannot even be approx-
imated. Experience has also shown that some resources that might be of too low
a grade to be economically exploited at a given time ot in a given place might
be used under different conditions, and minerals considered of minor value
might in time become important or might become a substitute or replacement
for another.

Already there was some concern about the known supplies of coal and
iron, the staples of industry, so the Sutvey in 1905 obtained an additional ap-
propriation to increase its investigations of these deposits. Some considered coal
the more important of the two. Ira Remsen, in his AAAS speech, had said that

Unless by means of scientific investigation man is taught new methods of
rendering the world’s store of energy for the production of heat and motion,

the age of the human race is measured by the extent of the supply of coal
and other forms of fuel.

He discounted the importance of oil, although noting that existing knowledge
was insufficient to make any predictions of value, but noted that if the theory
that petroleum is constantly being formed by the action of water on carbides in
the interior of the Earth should prove correct, a supply of oil was assured and
the problem was one of transportation. M. R. Campbell of the Sutvey also con-
sidered oil of lesser importance, although used extensively in some parts of the
country, because of its limited occurrence. ‘‘Coal,”” he said, “‘is the fuel of the
present, and, so far as can be seen, will continue to lead in this particular for a
long time to come,”’ but ‘‘although the amount of coal in the various fields
seems to be so great as to be well-nigh inexhaustible, the consumption is in-
creasing so rapidly that already the question of a future supply of fuel is a
sertous one.”’ To John Stewart, Professor of Economics and History at Lehigh
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University, however, ‘“The serious problem from the economic side is expressed
in the fear of an early exhaustion of iron ore. Thus we have the frank recogni-
tion of our dependence on the economic geologist.”’

The Roosevelt administration embarked on the conservation of mineral
resources in dramatic fashion in June 1906 when the President ordered the
Secretary of the Interior ‘‘to report as soon as possible the coal lands where the
Department considered the coal deposits of such value that we ought to
withdraw lands from entry.”’ The suggestion had come from the former Gover-
nor, then Senator from Wisconsin, Robert M. LaFollette, as evidence began to
mount of fraud in the acquisition of public and Indian coal lands. The At-
torney General did not believe the President had the authority to withdraw the
land by Executive order, but when the Senate failed to act on measures to
reserve the land or to make a thorough investigation of the coal resources of the
public lands, the President took matters into his own hands. Within a month,
the Secretary began the withdrawal of lands on the basis of recommendations
from the Geological Survey and the Forest Service that by December amounted
to nearly 67 million acres.

From that point on, the Roosevelt consetvation program began to develop
rapidly. In March 1907, an Inland Waterways Commission was appointed to
prepare a comprehensive plan for use of inland waters. From the Inland Water-
ways Commission came the inspiration for a Conference of Governors at the
White House to dramatize the need for conservation, which the President had
declared in his December 1907 State-of-the-Union address to be ‘‘the fun-
damental problem which underlies almost every other problem of our national
life.”” From the Governors Conference came the National Conservation
Commission that in the record time of 5 months, with the aid of Government
scientific agencies, prepated an inventory of natural resources that the President
sent to Congress in January 1909. The Commission report contained not only
estimates of the various mineral resources but predictions of the time of exhaus-
tion. It also emphasized the need for surveys and investigations of mineral and
water resources, for topographic sutveys of catchment sites and sites available
for the control of waters, and a thorough study and revision of the public-land
laws. Conservation thus came to take on an entirely new look.

In its original meaning conservation referred primarily to the prevention of
waste and destruction of resources and was considered a scientific or
technological matter. Gifford Pinchot, the Chief Forester and architect of much
of the Roosevelt conservation policy, insisted that what was new was only the
integration of the conservation of all resources into a single policy. To Professor
Richard T. Ely, Director of the School of Economics, Political Science, and
History at the University of Wisconsin, however, what came to be called conset-
vation in the United States was in Germany political economy, of which conser-
vation in its original sense was a part. In Germany it was considered necessary to
use the natural resources with the utmost care and to improve them where
possible in order to provide for a rapidly growing population, and it was natural
for the Government to exert some controls. American economists, especially
those who, like Ely, had studied in Germany in recent years, also considered
“‘conservation’’ part of economics, and many of them had been involved in
promoting the conservation of forest resources. Like Ely, they believed that the
state should play a positive role in the economy, and that governmental func-
tions should be extended to conservation measures. Ely himself had proposed
the socialization of mineral deposits in his ‘‘Socialism and Social Reform’’
published in 1894 and in a course of lectures at the University of Wisconsin in
1898 had discussed measures that he claimed were those that were later general-
ly recommended. Ely admitted, however, that in the United States, even if the
economists had helped prepare the way, it was ‘‘under the leadership of Presi-
dent Roosevelt and such men as President Van Hise and Gifford Pinchot, the
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public first became conscious of the real import of consetvation policies’’ and
called Van Hise’s book ‘‘The Conservation of Natural Resources in the United
States’’ epoch-making.

The most striking difference between the Roosevelt conservation program
and German conservation was the virtual restriction of Roosevelt conservation
to the public domain, and the consequent withdrawal from entry and locking
up of resources of millions of actes for the second time in less than 20 years. The
extension of the meaning of conservation immediately made it a controvetsial
issue. Politically, it arrayed East against West and progressive against conserva-
tive. Economists recognized that in the industrial evolution of a community or
nation there are different stages in each of which the interrelation of natural
resources, labor, and capital is different. In the earliest stages of development,
some waste of natural resources can be tolerated in order not to delay the
natural expansion of the population and development of industrial resources.
Thus, as Clarence King pointed out in the Tenth Census report, when transpor-
tation and wages were considered, American methods of mining were not as
crude and wasteful as Europeans believed. In the later stages of industrial
development and maturity, however, economic progress depends on the
maintenance of productive stability, and then wisdom would suggest that
natural resources should be reserved for their highest use, that partially ex-
hausted resources should be restored where possible, and that nonrenewable
resources be used prudently. Cleatly these objectives could be more easily
achieved by government regulation than private initiative. Just as clearly, the
regulations should be based on a thorough knowledge of the resources in-
volved. When the first mineral lands were withdrawn from entty in 1906,
however, the different sections of the United States were in different stages of
industrial development, and knowledge of the resources of the withdrawn
lands could best be described as meager. Thus what was looked upon as wisdom
in the East was to the West an attempt to enslave it by locking up its resources
and denying it an opportunity for growth.

Most of the progressive reform movements were based on the premise that
economic individualism and political democracy had once existed in the United
States but had somehow been destroyed by the rise of the great corporations
and political machines, and their aim was to restore that individualism and
democracy. The most zealous reformers saw only evil in large corporations, and
thus regarded any large corporation as a foe of conservation even if, on the basis
of the profit motive alone, it might be most economical in its development of
mineral resources, or even if, in areas such as Alaska, private capital offered the
only hope of immediate development. When the Government withheld lands
from development, that was conservation and good; when a corporation ac-
quired lands for future development, that was monopoly and bad. To the ex-
tremely conservative, on the other hand, the word ‘‘conservation’’ became
anathema, and as Congress was controlled by the conservative element, pro-
grams associated with the conservation program, including the Survey’s water-
resources investigations, expetienced difficulties in obtaining appropriations.

The new conservation policy even created divisions among scientists and
conservationists. To those who equated conservation with preservation, the idea
of development, even prudent development, was wrong. Among scientists
there was a special problem. Some clung to the original meaning of the word,
some adopted the new meaning. Thus we had the strange spectacle at the
White House Conference in 1908 of industrialist Andrew Carnegie arguing for
scientific research to achieve conservation while scientist C. R. Van Hise called
for government control. In 1910, T. C. Chamberlin pointed out in the Jourra/
of Geology that the protection of natural values against wastage and the posses-
sion of those values were two separate things, and the best ownership might not
be correlated with the best conservation. Ownership was a political and
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sociological matter, conservation a scientific and technical matter, and
geologists he thought, would do well to stick to the scientific and technical. A
clearly exasperated C. W. Hayes defined conservation in the Mining and Scien-
tific Press as “‘utilization with a maximum efficiency and minimum waste,”’
and espoused the ‘‘heretical’’ view that the ‘‘soulless trust’’ was probably the
best agency of conservation as it had to provide for its continued existence far
beyond the lifetime of an individual.

The new conservation policy had an immediate effect on the Geological
Survey program, causing a decline in research that took years to reverse.
Although the Organic Act of the Geological Survey charged it with respon-
sibility for classification of the public lands, until 1906 the interpretation of
Clarence King and the Public Lands Commission of 1879 that the Survey’s
classification was meant to be a scientific classification rather than classification
in advance of and as the basis for disposition of the public lands had prevailed
with only a few exceptions. When millions of actes of supposed coal lands were
withdrawn from entry, however, classification of public lands in advance of
disposition became a major activity of the Survey.

In the spring of 1907, the new Secretary of the Interior, James R. Gatfield,
chose George Otis Smith to succeed Charles D. Walcott, newly elected
Secretary of the Smithsonian Institution, as the fourth Director of the
Geological Sutvey. Smith remained as Ditector, with the exception of one year
in which he served as Coal Commissioner, until December 22, 1930, or
thoughout nearly all the Survey’s second quarter-century. Smith’s views on the
natutre and purpose of Survey work were radically different from those of his
predecessors. He had come to Garfield’s attention as a member of a subcom-
mittee of a presidential commission set up in 1906 to introduce modern
business methods into the Federal Government and had become interested in
developing a business policy for the management of the public domain. Unlike
King, Powell, and Walcott, all members of the National Academy of Sciences,
who emphasized that the Survey was a bureau of research even though they
adoped different stances with regard to the relation of Sutvey research to prac-
tical results, Smith, who was never elected to the Academy, held that the
Survey’s work was primarily although not exclusively practical, a view more in
accord with the prevalent political opinion of the day. Unlike King, Powell,
and Walcott, who had all maintained that the Survey must be national in
scope, Smith also insisted for several years on the primacy of the work on the
public domain. In time, Smith came to adopt many of the viewpoints of his
predecessors, sometimes citing the wisdom of the first Director as he did so.
During the first 20 years of his directorate, Federal appropriations for the
Survey were essentially static, the appropriation for the fiscal year ending June
30, 1927, only six percent more than the appropriation for the fiscal year end-
ing June 30, 1907. Total funds available to the Sutvey during the same period
increased by 53 percent but as the percentage of outside funds steadily in-
creased from 8 to more than 36 percent so did the influence of outside agencies
on Survey programs.

At the time the coal lands were withdrawn from entry in 1906, the Coal
Lands Act of 1873 permitted entty and patenting of a limited number of acres
of coal land by individuals or groups at minimum prices that varied according
to the distance from a completed railroad. It became the Sutvey’s task not only
to classify the lands as coal or non-coal but to place a value on the coal lands so
they could be sold at more than the minimum price. The President and his
Secretary of the Interior, both of whom were loose constructionists of the law,
withdrew from private entry new classes of land whenever new needs for conser-
vation were petceived. Oil lands near Coalinga in California were withdrawn to
prevent their fraudulent acquisition, lands near the Caddo oil field in Louisiana
were withdrawn from entry pending an investigation by the Sutvey to prevent
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waste of natural gas, millions of acres of supposed phosphate lands in Idaho,
Wyoming, and Utah were withdrawn pending new legislation for their
disposal, and shortly before the end of the Roosevelt administration, millions
of acres controlling water-power sites on 16 Western rivers were withdrawn
from entry. In the fall of 1909, millions of actes of Western oil lands were
withdrawn from all forms of location and entry. Despite presidential prodding,
Congtess made only 2 minor change in mineral-land laws during the Roosevelt
administration. The stalemate continued through the Taft administration ex-
cept for the grudging agreement in 1910 that the President did have the power
to withdraw lands from private entry and reserve them for public purposes, in-
cluding classification. During the Wilson administration, Congtess authorized
the leasing of coal lands in Alaska and of potassium lands but did not act on the
overall problem of the disposal of the mineral lands until 1920. Congtess ap-
propriated no funds for the classification program so it had to be carried out
with funds appropriated for research and mapping. In the Sutvey, a Land
Classification Board was established in 1908 to carry on the administrative work
associated with the program, and in 1912 the Board was raised to Branch status,
on a par with the Geologic, Topographic, and Water Resources Branches. With
no funds of its own, it had to exist on assessments of the funds appropriated for
those branches.

Loss of personnel also contributed to the decline of basic research in the
Geological Sutvey. Both industry and academia turned to the Survey for scien-
tists and engineers to staff their programs and classtooms, and the exodus of
scientists and engineers from the Survey for higher paying or more rewarding
positions elsewhere accelerated as the public-lands work increased. That basic
research survived at all in the agency was owing to the persistent endeavors of a
few individuals, especially in the Geologic Branch. In the Water Resources
Branch, which was saddled with an immense volume of classification wotk even
though its funds had been severely cut, the title of the head of the branch was
changed when M. O. Leighton resigned in 1913 from Chief Hydrographer to
Chief Hydraulic Engineer; the function of the branch became chiefly one of
gathering data, without much opportunity for generalizations.

World War I reoriented conventional views on mineral resources. In
August 1914, when the war began in Europe, the Survey was inundated with
tequests from industry for information on sources of mineral raw materials. In
response, George Otis Smith, exhibiting a cheery optimism but a certain
amount of naivete as well, issued a bulletin entitled ‘‘Our Mineral
Reserves—How to Make America Industrially Independent,”” according to
which there were only five essential minerals of first rank of which the United
States had no known supply commensurate with its needs although some minor
minerals might cause problems because the United States had hitherto de-
pended on foreign sources; on the other hand, the reserves of mineral fuels and
iron were so enormous that no problems would arise. Within 2 years, however,
difficulties in obtaining some mineral raw materials developed, and the Survey
reoriented its work to aid the search for both metals and fuels. In 1917, when
the United States entered the war, there were a dozen minerals that were inade-
quate in quantity or quality or both, and another half dozen for which
domestic supplies wete adequate for peacetime needs but not for war. The
discovery of new supplies of iron ores and the development of methods for
making low-grade ores available were considered vital. Coal had become high
priced and hard to get. The production of petroleum barely met the Nation’s
notmal demand and was much too small for the abnormal demands of war so
that strict economy of use was imperative. The petroleum situation sparked a
Congressional inquiry and a symposium on the geology of petroleum at the
meeting of the Geological Society of America in 1916. In Feburary 1917, a
gathering of geologists in Tulsa organized the Southwestern Association of
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Petroleum Geologists, which became the American Association of Petroleum
Geologists in 1918.

The war presented Congress with the opportunity as well as the necessity
to exert some controls over mineral resources. In August 1917, Congress passed
the Lever Act empowering the President to make regulations and issue ordets to
stimulate and conserve the production and control the distribution of fuels
necessary to the war effort. A similar bill for the control of other mineral com-
modities, drawn up by a War Minerals Committee, was passed shortly before
the war ended but never put into effect.

The war also altered the wotld movement of minerals and the United
States mineral industry rather abruptly realized its dependence on international
trade. When the war began, about two-thirds of the minerals produced in the
world were used in the countries of origin and the other third was exported.
However, most of the demands for mineral imports were met by drawing heavi-
ly on sources of limited geographic extent and the minerals tended to move
toward a few consuming centets where there were favorable conditions for
smelting and a high development of industty. During the wart, the character
and distribution of the demand changed, some customary sources of supply
wete cut off, and financial disturbances and ship shortages modified the move-
ment of materials. Again, governmental controls had to be exercised in order to
prosecute the war most effectively.

The Geological Survey proved to be an invaluable source of information
for the various war boards because of the statistics on mineral resources it had
been accumulating since 1880, and it also carried on an intensive search for new
sources of needed minerals at home and in Latin America. The Survey,
however, was largely overlooked when the National Research Council was
established in 1916 to encourage ‘‘every form of investigation, whether for
militaty and industrial application or for the advancement of knowledge
without regard to its immediate practical bearing.’’ The Ditector of the Bureau
of Mines represented the Department of the Interior on the National Research
Council, and the Geological Society of America, asked to form a committee on
geology, named only geologists from universities and a few State geologists.

After the war was over, those who had been most closely associated with
wartime mineral problems hoped for the adoption of a national policy for the
use of mineral resources that would take into consideration world distribution
and trade as well as tariffs, taxes, and conservation. A centralized international
control was proposed that would further the aims of the League of Nations and
serve the interests of conservation by allowing the minerals to be drawn from
their natural sources of supply, but as C. K. Leith, mineral adviser to the War
Industries and Shipping Boards and the Peace Commission, pointed out, intet-
national control would entail difficulties that were particulatly burdensome on
the United States because the few minerals for which the United States was
dependent on foreign countries were more than offset by the many in which
the United States was dominant and on which there might be export limita-
tions. In any event, the United States became dominantly isolationist in senti-
ment after the war ended. Leith pleaded for ‘‘recognition of the necessity of a
systematic study of the world’s mineral resources from the world’s standpoint
to supplement the studies made of the domestic resources, both by the mineral
industty itself and by governmental and other agencies.’’ Leith served as chair-
man of the Committee on Foreign and Domestic Mining Policy established by
the Mining and Metallurgical Society of America and worked in cooperation
with the Committee on Industrial Preparedness of the American Institute of
Mining Engineers in making studies of strategic and critical minerals.

The war had a pronounced effect on American science in general. Industry
became convinced of the value of research, scientists also became accustomed to
working together for the quick solution of an immediate problem, as Govern-
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ment scientists had been doing for many years, and scientists in both the public
and private sectors became acquainted with other disciplines than their own.
The National Research Council was made a permanent part of the National
Academy of Sciences as the war was drawing to a close and given the task of
stimulating research ‘‘in the mathematical, physical, and biological sciences,
and in the application of these sciences to engineering, agriculture, medicine,
and other useful arts, with the object of increasing knowledge, of strengthening
national defense, and of contributing in other ways to the public welfare.”
Unlike the wartime Council, the new National Research Council, organized in
February 1919, included several members of the U.S. Geological Survey. Direc-
tor George Otis Smith was a2 member of the Division of Government Relations,
which included representatives of each of the scientific bureaus of the Govern-
ment. A. H. Brooks, Whitman Cross, T. Wayland Vaughan, and Chief
Geologist David White were all members of the Division of Geology and
Geography composed of representatives of the Association of American
Geographers, the American Geographical Society, the Geological Society of
America, the Paleontological Society (formed in 1909 as an affiliate of the
Geological Society of America), the National Geographic Society, and
members at large chosen by the Division. To facilitate the international ex-
change of information, representatives of the sciences in the Allied and
associated nations met in Brussels in July 1919 to complete the organization of
an International Research Council and to form international unions, affiliated
with the Council, representing the individual sciences. The American
Geophysical Union was set up at this time as an arm of the National Research
Council and the American representative of the International Union of
Geodesy and Geophysics. Within the American geological community, two
new societies were formed, the Mineralogical Society ‘‘for the advancement of
mineralogy, crystallography, and allied sciences,”’ and the Society of Economic
Geologists, for the ‘‘advancement of the science of geology in its application to
mining and other industries.”’

Federal science, however, at this time suffered for lack of support. So great
was the demand for economy in the Federal Government that only one percent
of the budget for the fiscal year beginning July 1, 1919, was used for education
and scientific research and development, and even that small amount was
carefully scrutinized. Many scientists left the Government at this time to accept
more remunerative positions in industry. The oil industty, which had become
increasingly aware of the value of science in the search for oil recruited
geologists from the Geological Survey with such success that Director Smith
remarked ruefully that he felt like the head of a high-class employment agency.
The oil industry was followed by the universities, and between them they
raided the Survey staff so successfully that in some sections of the Geologic
Branch too few scientists were left to train newcomers, so the slow process of
rebuilding the geologic staff had to begin again.

In the immediate aftermath of the war, all the mineral industries were in
some state of disarray but few of their problems lent themselves to a scientific
solution. The search for domestic sources of metals had been so successful that
the metals industries had an oversupply for peacetime uses and demanded from
the Government relief measures ranging from financial assistance to mineral
embargoes. The coal industty was badly overextended as the result of the ex-
pansion to cope with wartime demands. Because employment in the coal mines
was intermittent at best, the postwar contraction created unusual hardships for
the miners so in 1919 they went on the first of several strikes seeking increased
wages. Production from known American oil fields was becoming increasingly
difficult because of the much greater depths to which it was necessaty to drill to
obtain oil. In 1919, there was a shortfall in petroleum production and oil had
to be drawn from storage or imported to meet the demand.
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The combination of the coal strike and petroleum shortage brought on an
energy crisis that forced Congress to come to a decision on the disposition of the
teserved mineral lands and water-power sites. On February 25, 1920, the
Mineral Leasing Act was approved. The Coal Lands Acts of 1873 and the Placet
Act as it applied to oil and gas, phosphate, and oil shale were repealed, and the
mineral lands were made available for lease by competitive bidding. On June
10, 1920, the Federal Water Power Act was approved, and the Federal Power
Commission was established to issue licenses for the development of water
power.

Leases and licenses were only a superficial solution to the energy problem.
Although the United States was well endowed with natural sources of energy
and was the largest producer of energy in the world, it was also the world’s
largest consumer of energy. Moreover, fuel was cheap because of the competi-
tion among the different energy sources and there had been little intetest in
developing more efficiency in the use of energy. Research had brought about
an increase in the amount of useful energy that could be secured from a ton of
coal, but coal, which had been the Nation’s chief source of energy at the turn of
the centuty, had been losing ground since 1913 to other soutces of energy. The
postwar shortage of petroleum caused some concern about the long-term sup-
ply of petroleum, and led some to consider conservation. Others, however,
preferred tax incentives to encourage exploration, and still others, among them
Director Smith of the Geological Survey, the acquisition of foreign oil reserves.
Chief Geologist David White, on the other hand, called for more basic
research. Petroleum geologists, he believed, could find new domestic fields,
but fundamental research was even more vital because the geologic principles
controlling the distribution of oil and gas were still known only in part.

In the decade following World War I, engineering was considered more
important than science. The expanding population and increasing urbaniza-
tion of the United States after the war, the development of the automobile in-
dustty and the consequent need for good roads, and the demand for hydroelec-
tric power all created problems that the engineering skills of the Survey’s
topographic and hydraulic engineers could help solve. Other Federal, State,
and municipal agencies were willing to pay for these services, and so both the
Topogtaphic and Water Resources Branches of the Geological Survey gradually
surpassed the Geologic Branch in size of staff and available funds. Both
branches became so deeply involved in these cooperative investigations, how-
ever, that they were unable to formulate or adhere to any national plan of
investigations or surveys. In 1925, Congress passed the Temple Act calling for
the completion of the topographic map of the United states in 20 yeats, but
then made it impossible to achieve by forcing the Survey to rely on cooperative
funds for the major part of the program. The Water Resources Branch was so
burdened with outside demands for its services that it could not undertake ma-
jor investigations, as of great floods, when opportunities arose. Both branches
endeavored to continue some research. The Topographic and the Alaskan
Branches both investigated the use of aerial photographs in mapping. In the
Water Resources Branch, a small group of ground-water geologists headed by
O. E. Meinzer continued the fundamental work that W. C. Mendenhall had
begun in the eatly part of the century and by the end of the 1920’s significant
results were presented to the American Institute of Mining Engineers and the
Saciety of Economic Geologists. The Section of Hydrology was established in
the American Geophysical Union as the American representative of the Inter-
national Association of Scientific Hydrology.

Although its research effort was circumscribed by limited funds and loss of
personnel, the Geologic Branch resumed its long-range investigations as far as
possible once the wartime investigations were completed. David White retired
as Chief Geologist in 1922 but his successor, Walter C. Mendenhall, had the
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same view of the necessity of basic research. His was the task of rebuilding the
staff after the raids by the oil industty and the universities but his also the op-
portunity to rebuild it on the basis of his frequently expressed adage that
without science to apply there can be no applied science. Much time was given
to the compilation of State geologic maps, leading finally to the preparation of
the geologic map of the United States. Broad regional stratigraphic studies were
carried out, basic research investigations were made in the laboratories, and,
after the middle of the decade, mining district studies were increased with the
aid of cooperative funds.

By 1922, the mineral industty had begun to readjust to a peacetime basis.
Large stocks of metals were reduced, and an increase in iron and steel produc-
tion created a demand for manganese and other steel-hardening metals.
Petroleum production reached a record high although the year had begun with
a pessimistic USGS —~AAPG statement about the amount of the Nation’s
reserves. Petroleum production continued to soar and in 1929 exceeded 1
billion barrels. The coal industty, however, expetienced the greatest and
longest strike in its history in 1922. The coal industry was troubled not only by
competition from other forms of energy but also by competition within the in-
dustry itself because of striking differences in salaries in southern and northern
fields. To end the strike in 1922, Congtess established a Coal Commission to
investigate the coal industry and study its problems, but once the strike was
over took little interest in the commission’s findings and recommendations.

By the middle of the decade, the conservation of oil acquited renewed im-
portance. In 1925, the Geological Survey was given a new responsibility for
supervision of mineral-leasing activities on the public lands, and its Land
Classification Branch was renamed the Conservation Branch. Supetvision of
mineral-leasing activities had been assigned to the Bureau of Mines after the
Mineral Leasing Act became law in 1920. When Herbert Hoover became
Secretaty of Commerce in 1921, however, he took seriously the responsibility of
his department, as expressed in its Organic Act, to help ‘‘foster, promote, and
develop’’ commerce and industty and therefore cast a covetous eye on the
Bureau of Mines and the Survey’s Division of Mineral Resources to help foster,
promote, and develop the mining industry. In 1925, he succeeded in obtaining
their transfer from Interior to Commerce. Because the public-lands activities
had to remain in Interior, the Survey took on a new assignment. At the time of
the transfer, there were new requirements in the supervision of leasing ac-
tivities. In the wake of the Teapot Dome scandal, the Coolidge administration
had adopted conservation measures, and Coolidge had established a Federal
Oil Consetvation Board, with George Otis Smith as chairman of its advisory
committee, in December 1924. At the time, however, the rapid increase in oil
supply was beginning to weaken the price structute so it may be that the ad-
ministration’s motive for adopting consetvation measures was not unmixed.

The postwar expansion of the oil industry from oil famine in 1920 to oil
glut in 1930 contributed to a striking development in the geological sciences.
David White complained in 1920 that petroleum geology amounted to little
more than the application of the methods of stratigraphy, with specialization in
structural study, to the discovery of oil pools. Within a few years, however,
petroleum geology became a complex science. Micropaleontology and
microlithology became adjuncts of petroleum geology, and after core-drilling
was inttoduced for mapping shallow underground structure and for sampling
oil sands, subsutface geology became a major element of petroleum geology.
The introduction of geophysical methods of exploration in the 1920’s was also
an important factor in increasing the finding rate of new oil fields. The coming
of age of these specializations was marked by the formation of two new profes-
sional societies. In 1926, the first steps were taken toward the formation of a
Society of Economic Paleontologists and Mineralogists, which became a
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technical division of the American Association of Petroleum Geologists in
1930. The Society of Exploration Geophysicists was formed in 1931. Neither
society was devoted entirely to applied science. In fact, in the first issue of the
Journal of Sedimentary Petrology in 1931, an editorialist proclaimed subsurface
geology to the ‘‘one of the most fascinating fields of investigation of all times."’
Even though it was ‘‘pursued with an obvious economic motive, evety scrap of
the work involved is fundamental geology which gains slowly, but surely, in
some place or other from the continued effort to unravel its secrets.”’

David White seems to have had a hand in many if not all these
developments in petroleum geology. As Chief Geologist of the Geological
Survey he had initiated some of the Survey’s first studies in micropaleontology,
and had obtained the assistance of the Coast and Geodetic Survey in making
gravity measurements over Damon Mound in Texas, which anticipated the
gravity method of exploration. He had also supported efforts to determine a
relationship between subsurface temperatures and oil pools and continued to
facilitate them as 2 member and later chairman of the Division of Geology and
Geography of the National Research Council. In another unusual investigation
for a paleobotanist, he considered the possible use of radioactivity in oil-field
location. He was also one of the small group that planned the formation of the
Society of Economic Paleontologists and Mineralogists. White was also largely
responsible for obtaining grants from John D. Rockefeller and the Universal Oil
Products Company for a 5-year cooperative program of geological, paleon-
tological, chemical, and physical research on the origin of oil, administered by
a Central Petroleum Committee of the National Research Council. White
himself supervised several of the 38 projects funded by this grant.

Basic research, rather than petroleum geology, was White’s greatest in-
terest. Mendenhall, who had known him since 1893 when they had spent their
first field season in the Appalachian region in M. R. Campbell’s party, called
him an “‘intellectual imperialist, engaged in constantly extending the domain
of the human mind.”” When White became chairman of the Division of
Geology and Geography of the National Research Council in 1924, several new
research committees were set up, among them Committees on the Improve-
ment of Methods in Gravity Measurements, the Measurement of Geologic
Time by Atomic Disintegration, the Testing of Isostasy in the Great Basin,
Securing Quantitative Data of Geological Processes, Shoreline Investigations,
and Obtaining Scientific Data from Commercial Examinations and Explora-
tions, as well as Studies in Petroleum Geology. The Council had no funds to
support the research its committees proposed but the U.S. Geological Survey as
well as State surveys, universities, and private research institutions began such
research whenever their means and staff permitted.

Basic research also came to the fore as metals geologists experienced a sort
of renascence in the mid-1920’s. Publication of the reports of the Committee
on Industrial Prepatedness of the American Institute of Mining and
Metallurgical Engineers and the Leith Committee on Foreign and Domestic
Mining Policy of the Mining and Metallurgical Society in 1925 precipitated new
debates on the meaning of ‘‘economic’” in economic geology. Many held that
the lack of progress in economic geology was due to the paucity of basic
research, and under White’s successor as chairman of the Division of Geology
and Geography, Waldemar Lindgren, a Committee on Processes of Ore
Deposition was set up.

The National Academy of Sciences also developed a plan to support and
promote basic research through a National Research Endowment. A Board of
Trustees set up in 1925 under the chairmanship of Secretary of Commerce
Herbert Hoover, who had been a member of the Academy since 1922, was
unable to secure the needed funds. The plan, however, did bring Hoover to
public attention as a proponent of pure science. Three years later, in 1928,
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Hoover was elected President of the United States. As Secretary of Commerce,
he had been involved in the conservation of both water and oil as well as foster-
ing the development of the mineral industry, and so his inauguration on March
4, 1929, one day after the Sutvey’s 50th anniversaty, promised new hope for
both conservation and Federal science.

Hoover was hardly in office before beginning to take action on conserva-
tion. He recognized three urgent problems in the conservation of the public
lands: overgrazing, which diminished the value of the lands and imperiled the
water supply through the destruction of the natural cover; the best method of
reclamation to gain real conservation of water; and the consetvation of oil and
gas resoutces. On March 12, 1929, he announced the most complete conserva-
tion of Federal oil and followed that with a proposal for an interstate oil com-
pact to regulate production of oil from Government and non-Government
lands. In a major piece of conservation legislation, which finally recognized
that oil is a migratoty mineral that cannot be forced to take heed of the legal
divisions and subdivisions of public-land surveys, Congtess in 1930 authorized
the Government to participate in unit operation and development of single oil
pools involving public lands, thus permitting their development with a
minimum waste of gas and oil and the elimination of overproduction as the
result of offsetting. He ordered planning for river-basin development to begin
along the lines of the Colorado River Compact, and appointed a Public Lands
Commission to study the problems of the public domain. The Conservation
Branch of the Geological Survey, which had been studying the problems of the
agricultural lands in cooperation with the Department of Agriculture, was
called on to assist the Public Lands Commission. In his first annual address to
Congress in December 1929, Hoover called for reorganization of the conserva-
tion work of the Federal Government so there could be ‘‘proper development
and adherence to broad national policies’”’ and a ‘‘central point where the
searchlight of public opinion may concentrate itself.”’

Hoover’s fitst budget proposed increased funds for scientific agencies, in-
cluding $100,000 earmarked for fundamental research in the geological
sciences, the first substantial increase in Federal funds for geologic investiga-
tions since 1915. In December 1930, he appointed George Otis Smith to the
newly reorganized Federal Power Commission and then appointed Walter C.
Mendenhall to succeed Smith as Director of the Geological Survey, honoring
not only a commitment to appoint the heads of scientific agencies from within
the cvil service but also a commitment to support basic research.

The depression robbed the Hoover administration of the opportunity to
accomplish many of its conservation objectives. Some goals, however, were
achieved during the next administration even if by somewhat different
methods and with different results than Hoover envisioned. Eventually there
was an Interstate Oil Compact to control production, and, in 1937, after a
quarter-century of Congressional and Executive investigations, the Bituminous
Coal Act finally brought the coal industry under public regulation. The grazing
lands were placed under control, although of the Federal Government rather
than the States, and part of the Survey’s Consetvation Branch was spun off to
form the nucleus of the Grazing Service. Great dams were built on Western
rivers although the power they generated was public rather than private. The
conservation work of the Federal Government, however, remained divided,
and both the Department of Agriculture and the Department of the Interior
jockeyed to become the central point for conservation.

For a time, because of the long process of preparing budgets and ap-
propriating funds, Federal expenditures for scientific research continued to in-
crease despite the depression. The Geological Sutvey received its largest-ever
appropriation for the fiscal year beginning July 1, 1931, some 63 percent more
than the appropriation during the last year of the Coolidge administration.

Science and Conservation Under Hoover 17



Thereafter, however, Federal funds declined precipitously and continued to
decline with but few exceptions during Roosevelt’s first and much of his second
administration.

The new Roosevelt administration was pro-conservation but took no strong
stand on science. Science had become somewhat of a political issue in the wan-
ing days of the 1932 presidential election campaign after Hoover declared that
progress in the last generation had been due to scientific research and that if the
American system was not destroyed and if scientific research was stimulated,
future generations would enjoy the same advantages. Some people interpreted
the election of Roosevelt as a repudiation of Hoovet'’s scientific policies as well
as his economic policies, and even some who realized the importance of scien-
tific research thought research could be postponed and priority given to the
economic crisis. Although the administration gave first priotity to the state of
the national economy, consetrvation benefited from the legislation of the first
100 days. The Civilian Conservation Corps was established, the Tennessee
Valley Authority was set up, and the National Industrial Recovery Act, which
included the conservation and development of natural resources among public
works, provided $3.3 billion to revive business and industrial activity and
reduce unemployment. In July 1933, Secretary of the Interior Ickes was
designated Public Works Administrator and promptly set up a National Plan-
ning Board to aid in formulating a comprehensive plan for public works.
Beginning in mid-August, the Public Works Administration made grants to
the Survey for stream-gaging stations, topographic surveys, investigations of
ground-water problems, and safety measures on the public lands that by
November 1 amounted to mote than $3.7 million. By the end of the fiscal year,
the total of outside funds from PWA and other agencies as well as cooperative
funds amounted to four times the Federal appropriation. Unlike the
cooperative and repay funds, the grants from PWA and TVA could be and were
used in part to extend the Survey programs of water- and mineral-resources in-
vestigations and topographic mapping into new areas and to support research
studies such as those of the relation of rainfall to runoff, flood frequency, and
photogrammetric methods in mapping. The Federal approptiation for the
Geological Survey was not restored to its former level until the fiscal year begin-
ning July 1, 1938, but except for a short period of austerity in 1932 and 1933,
Survey work continued to be well funded.

For a time, a Science Advisory Boatd, set up by President Roosevelt at the
end of July 1933 and placed under the jurisdiction of the National Academy of
Sciences and the National Research Council, attempted to deal with the prob-
lems of Federal science. One of its first efforts was the preparation of a report on
scienice progtess that was submitted to Secretary Ickes in mid-September with
the declaration that

scientific research is an essential element of any far-sighted comprehen-
sive program for planning and improving the national prosperity.

The Board proposed a $16 million program to be funded by PWA to support
research in the natural sciences and their applications. Ickes, however, in-
dicated that although he was personally convinced of the importance of science,
PWA funds were available only for construction. That was but the first of many
rebuffs of the Science Advisory Board by Secretary Ickes or of conflicts between
that Board and the National Planning Board and its variously named successors
as they prepared reports with divergent views on programs dealing with the use
of natural resources and science. In 1936, the Science Advisory Board was
reduced to the status of part of the reorganized Division of Government Rela-
tions of the National Research Council. Undoubtedly, part of the friction had
developed as the result of the Science Advisory Board’s conscientious attempt
to present an outside point of view by only rarely including Government scien-
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tists, even on subcommirttees, wheteas the National Resources Board/ Commit-
tee relied to a great extent on Government experts and declared in a 1939
report that

Most well conceived Governmental action, if traced back to its source, will
be found to spring from the work of one or many research workers,
distributed among the Government offices and laboratories. They must
supply the answers which are the tools and the material used in the for-
mulation of sound policies.

Scientists in the mid-1930’s, despite the depression, were living in exciting
times. Basic research had regained the standing that some had thought lost
forever after World War 1. Science in general had awakened to the fact that
knowledge cannot be segregated into compartments but is continuous and that
the most fruitful fields for research are often in the borderlands, the ‘‘no man’s
land”’ of science. Geology, which originated as a borderland science, had for
some time been actively plowing its borderland fields of chemistty, physics,
and biology, but a National Research Council poll in 1936 uncovered so many
desirable lines of research that Remsen’s statement of 1904 that ‘‘no matter in
what direction we may look we are aware of great unexplored territories’” and
Walcott’s 1901 statement that ‘‘the geologic Alexander will never lack worlds
to conquer’” were still palpably true. Even the mineral industry, mote especial-
ly the oil industty, acknowledged that the future lay in *‘speculative geology’’
which required ‘‘more exact knowledge of geologic history, geologic processes,
of stratigraphy and sedimentation.”’

Government geologists, as always, had basic obligations to the Nation in ad-
dition to the pursuit of knowledge. As tensions began to develop in Europe and
the Far East, the lessons of World War I wete once more reviewed. C. K. Leith
and a small group of Washington scientists had kept the concept of strategic
and critical minerals alive during the 1920’s and 1930’s. Leith, as 2 member of
both the Science Advisory Board and the National Resources Board, tried to
promote the adoption of a national minerals policy in 1934 and 1935 but
without success. The need for a national mapping program was outlined by
both the Science Advisory Boatd and the National Resoutces Board in 1934. In
the mid-1930’s, efforts wete made to obtain funds for strategic-minerals
studies, and Director Mendenhall sombetly warned Congtess that it was ‘‘futile
to wait for an emergency and then expect sound and complete information.”” It
was not until June 1939, however, that Congress passed the Strategic Materials
Act and not until August 5, less than 1 month before the beginning of World
War II in Europe, that Congress approptiated funds for strategic-mineral
studies by the Geological Sutvey and the Bureau of Mines. With the beginning
of the war, the third stage of conservation was once more interrupted and basic
research projects were once mote laid aside.
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1879. Under the reotganization plan of 1900 as modified in 1902, the Division
of Geology and Paleontology, the largest of the four, consisted of the Sections
of Areal Geology, Precambrian and Metamorphic Geology, Pleistocene
Geology, Paleontology, Economic Geology of Metalliferous Deposits, and
Economic Geology of Nonmetalliferous Deposits, headed by Bailey Willis,
C. R. Van Hise, T. C. Chamberlin, T. W. Stanton, S. F. Emmons, and Hayes.
In the fall of 1903, Van Hise had become president of the Univetsity of Wis-
consin, and as he was no longer able to spend long periods in Washington, the
Section of Precambrian and Metamorphic Geology was discontinued as a for-
mal organization. In the spring of 1904, the Section of Pleistocene Geology,
which Chamberlin had headed in addition to his responsibilities at the Univer-
sity of Chicago, was replaced by a Section of Physiographic and Glacial
Geology, under G. K. Gilbert, which would consider all natural agencies by
which the surface of the Earth is modified rather than the single agency of ice.
M. R. Campbell, who had also begun his Survey career in the field with Hayes,
replaced Gilbert as Chairman of the Geologic Names Committee. In addition
to these formal changes in organization, some of the young men who had
shown a capacity for handling large problems and for coordinating the work of
others were given supervisory authority over groups of parties based on natural
classification of the work or geographic location. Thus, when Hayes found that
his administrative duties as Geologist-in-charge of both the Division of
Geology and the Nonmetals Section left him no time for field wotk, he
delegated to E. C. Eckel responsibility for all nonmetals investigations except
those in the geology of fuels.

The Metals Section was the most coveted assignment for Survey geologists
in 1904 although its chief, S. F. Emmons, was probably the Survey’s hardest
taskmaster. Emmons had established as a basic principle that the general objec-
tive of the wotk was the determination of the laws that govern the formation of
deposits of the useful minerals and of the rock formations in which they were
most likely to be found. This was an objective that could be attained only by
long and careful study of many and varied deposits, the most intensive of them
in old districts where the mining development had been greatest. Of almost
equal importance was the collection of accurate statistics of the Nation's
mineral production and their analysis from the geologic standpoint. During the
1904 field season, Emmons himself completed a resurvey of the Leadville
district in Colorado where he had done his first Survey work in 1879. Waldemar
Lindgren, following the tradition begun by Clarence King and Emmons,
prepared discussions of gold and silver production from the geologic standpoint
for the annual Mineral Resouices volume. J. E. Spurt, who had first worked
with Emmons in 1894, directed two parties mapping areal and economic
geology in Clear Creek and Gilpin Counties in Colorado and then made a
reconnaissance of the newly important Tonopah and Goldfield districts in
Nevada. W. H. Weed, who had been drawn into economic work in the
mid-1890’s, made a reconnaissance study of the copper deposits of the Ap-
palachian region and also prepared a report on the copper deposits of the
United States from the geologic standpoint. F. L. Ransome, who had joined the
Metals Section in 1897, began the economic survey of the Coeur d’Alene
district in Idaho. Ransome’s contemporaries Arthur Spencer, after a year in
Alaska, began a study of the zinc deposits of Sterling Hill and Franklin Fur-
nace, New Jersey, and John D. Irving, who had defected part-time to Lehigh
University, made economic investigations in the San Juan area of Colorado in-
cidental to the areal mapping, aided by W. H. Emmons, the Metals Section’s
most recent acquisition. Of the still younger members of the section, J. M.
Boutwell completed an investigation at Park City in Utah and began a study of
the mineral deposits of that State, H. F. Bain continued his study of the lead
and zinc deposits of the Mississippi Valley and prepared a report on the lead

Geology, 1904 23



and zinc deposits of the United States. Another very recent acquisition, L. C.
Graton, made a reconnaissance of the tin deposits of North and South Carolina
under Lindgren’s direction.

Investigations in the Section of Nonmetalliferous Deposits were for the
most part catried on in conjunction with areal mapping. Hayes insisted on
detail and accuracy in mapping, and maps prepared in the Nonmetals Section
had already proved to be of value to both coal and oil operators in the
Appalachian area, then the leading soutce of both commodities. M. R. Camp-
bell, for example, had depicted the extent, position, and structure of coal beds
so exactly in geologic folios that the operators were able to introduce more
economical methods of mining. W. T. Griswold’s determination of the
underground structute on which the accumulation of oil and gas depended had
been tested by drilling and found of value in the development of oil and gas
fields. They continued such work in the Appalachian area in 1904; in addition,
J. A. Taff worked in Indian Territory, where he divided his time between map-
ping coal fields and preparing detailed maps and descriptions for use of the
Sectetary of the Interior in selling the lands, thus classifying the lands in ad-
vance of disposition, Other oil-field investigations were made by F. C.
Schrader, who began mapping the Independence quadrangle in Kansas, which
included the southwestward extension of the Iola field, and by N. M. Fen-
neman, who reexamined the Gulf Coast oil fields where development had been
especially active since the discovery of Spindletop in 1901. E. C. Eckel super-
vised investigations related to iron and structural materials, spending some
time in northeast Texas in connection with a planned report on the iron in-
dustty of the United States, directed E. F. Burchard, a new geologic aid, in his
study of iron deposits in Alabama, and continued work on the report on
cement resources. Other work was undertaken by C. K. Leith, who made a
reconnaissance of the iron deposits in the Rocky Mountain and Pacific States,
and by T. N. Dale, who continued studies of slate, granite, and clay in the New
England States.

Investigations of mineral resources in Alaska were expanded in the sum-
mer of 1904. In previous years, much of the Survey’s attention had been
devoted to investigations of gold placers, which were the largest producers of
wealth in the territory. In 1904, C. W. Wright and F. E. Wright continued the
reconnaissance investigations in southeastern Alaska begun by Arthur Spencer,
L. M. Prindle and F. L. Hess examined the Fairbanks and Ramparts placers and
made reconnaissance studies in the Yukon-Tanana region, and Fred Moffit in-
vestigated the gold placers of the Kenai Peninsula. In addition, the Survey
began some fuels investigations in the territory. The gold discoveries of the late
1890’s had stimulated interest in other mineral resources, and in 1900 Congress
had extended the coal-land laws to Alaska. Little coal land was sold, however,
for the coal-land laws provided for sales in governmental subdivisions and
Alaska was still largely unsurveyed. In 1904, therefore, Congress provided for
coal locations to be set off in rectangular tracts of 40, 80, or 160 acres, with
north and south boundaries run according to true meridian and then described
with reference to natural or permanent artificial monuments. As private in-
terests were already claiming coal lands, the Survey sent George C. Martin to
study the coal and oil fields of the Cook Inlet region and A. J. Collier to in-
vestigate the coal fields of the Cape Lisburne area in extreme northwestern
Alaska north of the Arctic Circle. Topographic parties in the summer of 1904
mapped in the Yukon-Tanana region, the Cook Inlet region, and the Seward
Peninsula in preparation for future geologic scudies.

Chester Purington and Sidney Paige made a very practical investigation of
the costs and methods of placer mining in Alaska for comparison with those in
the Yukon Territory and British Columbia. They found that in Alaska opera-
tions requiring the installation of expensive plants were often undertaken
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The study of nonmetalliferous deposits became more
important around the turn of the century. In 1898,
Director Walcott had urged that the coals and cokes of
the United States be thoroughly studied by chemical
investigations and determinations of calorific values,
including practical tests, so that the fuels might be
used with the greatest efficiency. Work was begun at
the Louisiana Purchase Exposition in 1904, where the
practical tests were spectacularly successful in demon-
strating improvements in the use of solid fuels. The il-
lustration shows the graphic log sheet of boiler tests of
an Indian Territory coal. (From E. W. Patker, J. A.
Holmes, and M. R. Campbell, 1906.)
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before the ground had been adequately sampled, and although methods of
mining and conveying the gold-beating materials often left much to be desired
from the standpoint of economy most were developing along favorable lines,
but the gold-washing and gold-saving appliances in use were inexcusably crude
and inefficient in many places. The most significant difference between the
Canadian and Alaskan fields, however, was the complete lack of adequate
means of transportation in Alaska in contrast to the exceptionally good roads in
Canada. Purington and Paige concluded that much could be done to increase
the output and lower the cost of mining in Alaska by the judicious building of
good roads.

A. H. Brooks, the chief of the Alaskan division, was quick to point out
that full development of all Alaskan resources depended on the improvement
of transportation facilities. Construction of roads was important, but
economical transportation for long distances could only be achieved by the con-
struction of railroads. Several bills for construction of railroads in Alaska had
already been filed in Congress but none had been acted on. Brooks suggested
that the proper location of a railway should be determined by topography and
the distribution of mineral resources, and that for an appropriation of about
$200,000 the Survey could in 2 years make reconnaissance sutveys of the sug-
gested routes.

In addition to its usual field activities in economic geology, the Survey had
agreed to organize the department of mining and metallurgy at the Louisiana
Purchase Exposition in St. Louis, which celebrated the centennial of the Na-
tion's first acquisition of western territoty, and had appointed Joseph Austin
Holmes, the State Geologist of North Carolina, to direct it. With the
knowledge of what had proved most effective at earlier expositions, the Survey
planned to use the exhibit as a sort of comprehensive publication showing the
mineral products of the United States and the geologic conditions on which the
minerals depended.
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Originally, the Survey planned that its own contribution to the exposition
would be a series of charts illustrating the origin of ore deposits, but then it was
realized that the exhibit offered an opportunity to demonstrate the value of
more comprehensive investigations of coal and coke, which it had been propos-
ing for several years. A special appropriation of $60,000 was therefore
requested ‘‘for continuing and enlarging the work of the Geological Sutvey in
examining, analyzing, and testing of coals and lignites of the United States in
order to determine their fuel values.”” The appropriation was proposed to the
Senate by Senator Stephen B. Elkins of the Committee on the Geological
Sutvey in January 1904, and in February 1904 Congress approved as part of the
Urgent Deficiency bill an appropriation of $30,000 for analyzing and testing
coals and lignites ‘‘to determine their fuel values and the most economic
method for their utilization for different purposes’’ with the stipulation that all
testing machinery and all coals and lignites to be tested be contributed without
charge to the Government. Director Walcott immediately protested that
$60,000 was the absolute minimum required to do the work, and another ap-
propriation of $30,000 was included in the General Deficiency Act approved
on April 27, 1904.

To direct the fuels-testing program, Walcott reverted to one of his favorite
administrative procedures and named a committee of Edward W. Parker of the
Division of Mining and Mineral Resources as chairman, M. R. Campbell of the
Division of Geology, and J. A. Holmes. Campbell spent most of the summer
visiting coal fields in Alabama, Arkansas, Kansas, Illinois, Missouri, North
Dakota, New Mexico, and Texas, in connection with his duties as a member of
the committee, incidentally gaining valuable information for use in planning
future work, particularly in connection with the low-grade coals of the West,
while Parker and Holmes dealt with the problems of setting up the plant.

The coal-testing plant did not begin operations until the first of
September 1904, delayed by the necessity of assembling and constructing the
equipment that could be obtained free of charge as the law required and by the
strike at the plant where some of the operating and conveying apparatus was
purchased. Moreover, buildings had to be constructed—a boiler and engine
house, a storage and washery building, and two buildings for briquetting
machines and equipment—and a chemical laboratory installed in the Metal
Pavilion, a short distance away.

The tests began to yield significant data almost immediately. In the steam-
testing division under Professor L. P. Breckenridge of the University of Illinots,
it was quickly learned that the steam-producing capacity of some coals could be
improved by washing. In the gas-producer tests directed by Professor Robert H.
Fernald of Washington University at St. Louis, it was learned that most
American bituminous coals and lignites could be used as a source of power in a
gas-producer plant and were in fact more efficient in a gas-producer plant than
in a steam-boiler plant. Some of the lignites from North Dakota and Texas
were found to have unexpectedly high power-producing qualities. The division
headed by Dr. Joseph Hyde Pratt of the University of North Carolina found
that some coals and the slack produced in mining could be briquetted on a
commertcial basis. The chemists under Professor N. W. Lord of Ohio State
University analyzed the coals and lignites, using methods recommended by a
committee of the American Chemical Society for cotrelation with other data in
the hope of developing a classification of coal.

The annual Contributions to Economic Geology, inaugurated by Emmons
and Hayes in 1903 to meet the growing demand from the mineral industry for
prompt publication of Survey work, had in just 2 short years proved so suc-
cessful that it was necessary to issue two volumes for 1904, one on the progress
of investigations of mineral resources in Alaska, the other, of more than 600
pages, on investigations in the States and Territories. In addition, Survey and
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non-Survey economic geologists began making plans for a new journal that
would publish papers dealing ‘‘with the application of the broad principles of
geology to mineral deposits of economic value, with the scientific description of
such deposits and particularly with the chemical, physical, and structural prob-
lems bearing on their genesis.”” In the fitst issue, published in 1905, the
editors, among whom were J. D. Irving, Waldemar Lindgren, F. L. Ransome,
M. R. Campbell, and C. K. Leith, pointed out that it was ‘‘inevitable’’ that
some would ‘‘decry as mere luxuries of speculation all endeavors to solve the
scientific problems which bear upon the practical difficulties of mining”’
although they thought, or more likely, hoped that theit number was growing
smaller.

The wotk of the remaining parts of the Geologic Branch was presumably
less economically oriented although in fact the economic element turned up in
unexpected places. In the Section of Paleontology, investigations literally ran
the gamut from pure paleontology to economic geology, from W. H. Dall’s
studies of the marine Tertiary fauna of the Pacific Coast to R. S. Bassler’s
studies of the cement resources of the Valley of Virginia. Some paleontologists
worked in the field with geologic parties: T. W. Stanton went to Alaska to aid
George Martin in the study of coal and oil areas, and E. O. Ulrich assisted
several geologists in theit mapping projects in the Midcontinent region. Others
worked independently on stratigraphic problems, as for example, David White
in the Appalachian region. In the new Section of Physiographic and Glacial
Geology, G. K. Gilbert continued his studies of glacial erosion and the terrace
systems in the higher patts of the Sierra Nevada and also visited points on the
shores of Lakes Huron, Michigan, and Superior in connection with a proposed
investigation of modern earth movements in the Great Lakes region. W. C.
Alden, Frank Leverett, and F. B. Taylor investigated glacial phenomena in
Wisconsin and Michigan, while W. W. Atwood looked at the glacial
phenomena in the Uinta Mountains. Areal geologic mapping was underway in
all parts of the country. George Otis Smith was given general supervision over
geologic surveys in New England and the crystalline belt of New Jersey, a field
of responsibility last occupied by Raphael Pumpelly in 1892. In connection
with his new assignment, Smith took up once more the study of critical areas in
the Taconic and Green Mountains. To the south, Florence Bascom mapped in
New Jersey, George Stose in West Virginia, and Arthur Keith and Laurence
LaForge in the southern Appalachians. In the Western States, Whitman Cross
continued mapping in the San Juan region of Colorado, and J. S. Diller spent
most of the 1904 field season completing the study of the stratigraphy of the
Taylorsville region, California, begun several years earlier with Alpheus Hyatt.
C. R. Van Hise and C. K. Leith represented the Survey in a joint United States-
Canadian commission to study the nomenclature and correlation of Precam-
brian formations in the Lake Supetior region and spent 6 weeks in the field
with Robert Bell and F. D. Adams of the Canadian Survey, A. C. Lane, the
State Geologist of Michigan, and W. G. Miller, the Provincial Geologist of On-
tario. The commission, with Lane dissenting in part, recommended that the
Precambrian be divided into Keeweenawan, Huronian, Keewatin, and Lauren-
tian, with an eruptive contact between the Keewatin and Laurentian and
unconformities between the other divisions.

The Division of Physical and Chemical Research also had a wide range of
investigations underway in addition to routine analyses. George Becker concen-
trated on investigations of elasticity, one of his ‘‘present problems’ of
geophysics, while A. L. Day and E. T. Allen extended their researches on the
thermal properties of rock-forming minerals to the ferromagnesian silicates and
prepared to make investigations in which artifical minerals could be dealt with
under high pressure as well as high temperature. W. T. Schaller continued
crystallographic studies of natural and artificial minerals and E. C. Sullivan his
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research on the secondary enrichment of copper otes. W. F. Hillebrand was
called on to act as adviser in the investigation of coals and undertook a special
investigation of his own on moisture in coals.

F. H. Newell directed the work of both the Hydrologic Branch, with its 46
employees, and the Reclamation Service, which had 187 employees. The
Hydrographic Branch was organized in a Division of Hydrography subdivided
into districts, and Divisions of Eastern Hydrology under M. L. Fuller, Western
Hydrology under N. H. Darton, and Hydro-economics under M. O. Leighton.
The work of the Hydrographic Branch proper ranged from pure geology to pure
engineering, merging with the wotk of the Geologic Branch at one end and the
Reclamation Service at the other. At the geologic end of the spectrum, the
Division of Hydrology and the Division of Geology jointly supported inaugura-
tion of a plan devised by Arthur Veatch, for collecting and preserving well
samples, in the Eastern Section of Hydrology. It was not possible to place
observers at all wells, thus success depended on the cooperation of the drillers,
and in general such cooperation could be expected only when the driller re-
ceived some benefit. Veatch therefore made arrangements to answer any ques-
tions promptly and to interpret the records on request, in return for which the
driller would furnish written tecords of his wells and samples of the materials
penetrated. This simple plan proved both convenient and effective. Veatch
himself prepared a report on the fluctuations of wells on Long Island, and Pro-
fessor C. S. Slichter compiled the results of his field experiments on the rate of
movement of underground waters and began preparation of a new and en-
larged edition of ‘*The Motions of Underground Watets’' for which there was a
continuing demand. Two useful publications were prepared in the Eastern Sec-
tion: M. L. Fuller completed compilation of a bibliography and index of
publications on underground waters and D. W. Johnson prepared the first
comprehensive summarty in the U.S. on the ‘‘Relation of the Law to

28 National Welfare and National Efficiency, 1904-1907

No theory had yet been proposed that was considered
adequate to account for the formation and movement
of petroleum although the anticlinal theory of ac-
cumulation was widely accepted. However, W. T.
Griswold and M. J. Munn concluded from a detailed
study of part of the central Appalachian oil field, in-
cluding preparation of a contour map of the oil sand by
combining surface and subsurface data, that petroleum
accumulated in anticlines if the rocks were porous and
completely saturated but accumulated at the upper
limit of the saturated area in rocks partly filled with
water and at the bottom of synclines, or the lowest
point in a porous medium, if the rocks were dry. (From
W. T. Griswold and M. J. Munn, 1907.)



















































In 1905, M. L. Fuller divided the Eastern United
States, except New England and eastern New York,
into four districts from the standpoint of ground-water
supplies: the Coastal Plain, Piedmont Plateau, Appa-
lachian Mountains, and the Mississippi and Great
Lakes basin. New England and eastern New York he
considered most neatly comparable to the Piedmont
region. Ground water was related to geologic factors in
each area: it occurred in sands and gravels in the north-
ern Coastal Plain and in limestones farther south, was
soft and of good quality in the north but often hard
and charged with sulfur and iron in the south; it was
relatively uncertain in the Piedmont, depending on
joints and fissures; and it occurred in sandstones and
some limestones in the Appalachian Mountains but it
was seldom used as a source of supply. North of the
limits of the ice invasion, glacial deposits were a good
source of water. (From M. L. Fuller, 1905.)

_______ Limits of ice invasion

27, the conference committee made its report, including a compromise figure
of $150,000 for stream gaging, $100,000 (the House figure) for mapping forest
reserves, and $75,000 (the Senate figure) for the report on mineral resources,
and both Senate and House adopted the conference report. On the following
day, however, the Senate reconsidered its vote and asked that the bill be re-
turned. The conference report had eliminated ‘‘for the putpose of increasing
the general efficiency and availability of supply of the fuel resources of the
United States’’ in the appropriation for fuel testing, and the Senate had been
persuaded that the wording should be retained. Eventually the House yielded,
and the bill was finally passed on June 29, 1 day before adjournment, 2 days
before the beginning of the new fiscal year.

On the day that the appropriations bill was passed, the President of the
United States created a problem for the Survey by ordering the Secretary of the
Interior ‘‘to report as soon as possible the coal lands where the Department
deems the coal deposits of such value that we ought to withdraw the lands from
entry.”” There simply was not enough information available in the Survey files
to make any such report. On the basis of what information was available and
some additional data from the Forest Service, Secretary Hitchcock on July 26
ordered the withdrawal from entry, filing, or selection of large areas of known
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or supposed coal lands in Utah, Wyoming, Colorado, New Mexico, North
Dakota, Montana, Washington and Oregon. Additional withdrawal orders in
the fall and early winter brought the total withdrawn acreage to 66,939,800 by
December 13.

Investigation of the western coal fields thus became the most urgent pro-
gram in the Geologic Branch in the summer of 1906. M. R. Campbell, who had
been given responsibility for a new Section of the Geology of Fuels, established
headquarters at Salt Lake City and personally supervised the work. George
Richardson, M. K. Shaler, H. S. Gale, A. R. Schultz, A. C. Veatch, C. A.
Fisher, and A. G. Leonard, all of whom had taken part in the reconnaissance of
1905, were assigned to develop information on coal fields in the Book Cliffs,
Durango-Gallup, and Yampa fields of Utah, New Mexico, and Colorado, and
the coal fields of Wyoming and Montana. Vety little topographic wotk had
been done in any of these areas, so the geologists had to prepare theit own
topographic bases. Special attention also had to be paid to determining land
lines on the ground wherever possible so coal areas could be segregated with
reference to land corners and plats made for transmittal to the General Land
Office showing the classification of the land by legal subdivision. It was very
different work from the Survey’s ordinary geologic mapping. As a result of the
season’s work, nearly 38 million acres were restored to entry, almost 9 million
classified as coal land, and the remainder found to contain no coal or coal of
such low grade as to be worth only the minimum price.

An effort was made to continue as much as possible of the previously
planned geologic program. George Ashley supervised the survey of coal areas in
Pennsylvania, in cooperation with the State, as well as reconnaissance studies of
the Elkhotn coal field of Kentucky and the Dickinson County coal field in
Virginia. Frank DeWolf and N. M. Fenneman began areal and economic
surveys in Illinois in cooperation with the State, Chatles Butts broadened his
work near Birmingham, Alabama, to include coal, and A. J. Collier made a
general reconnaissance of the Carboniferous coal field of Arkansas. Petroleum
investigations were limited to W. T. Griswold’s survey of the Flushing
quadrangle in Ohio and Ralph Arnold’s surveys of the Santa Maria and
Summerland districts in Santa Barbara County, California, in which he relied
greatly on paleontologic evidence in determining stratigraphy and structure.

The investigations of iron otes being made under the supervision of E. C.
Eckel were also continued. Eckel and E. F. Burchard made field studies in
Alabama, Georgia, Tennessee, and Virginia. Other field studies wete made by
A. C. Spencer in Pennsylvania, C. K. Leith in southern Utah, and S. H. Ball in
Wyoming. At the end of the field season, however, Eckel resigned to enter
private industry.

The Metals Section did considerably less field wortk in 1906 than in
previous years, in part because it continued to lose men to the private sector,
among them this year its copper expert, W. H. Weed. Some of the youngest
members of the section were given an opportunity to do independent work.
Thus, L. C. Graton was given Weed’s responsibility for copper statistics as well
as a detailed study of the copper deposits of Shasta County, California; J. M.
Boutwell replaced Bain in the analysis of lead and zinc statistics, and W. H.
Emmons was sent to Montana to begin studies of the economic geology of the
Philipsburg quadrangle. F. L. Ransome was finally free to begin the long
planned work in Arizona but met with an accident after a preliminaty recon-
naissance of the Tombstone district and spent several months in the hospital.
At the end of his field season in Montana, W. H. Emmons was sent to Nevada
to make the observations needed to complete Ransome’s report on the Bullfrog
district. Lindgren continued to supervise the collection of precious metal
statistics and also examined the tungsten resources of Boulder County, Col-
orado. H. S. Gale, a former member of the section, was diverted from the coal
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investigations long enough to examine some newly discovered deposits of car-
notite in Rio Blanco County, Colorado.

Lindgren’s major conttibution of the year was his paper on the relation of
ore deposition to physical conditions, presented at the 10th International
Geological Congress in Mexico. Lindgren had taken the concept of depth
zones, each characterized by its own mineral facies, as developed by Van Hise
and others in the study of metamorphism, and by analogy applied it to the
problems of ore deposition. Certain minerals or groups of minerals, he sug-
gested, are characteristic of the temperatute and pressute conditions under
which they were formed, and consequently the genetic conditions under which
a given ore deposit was formed are ascertainable. This was the key that opened
the way to a genetic classification of ore deposits.

Fourteen parties went to Alaska in the summer of 1906, eight to make
geologic investigations, three to make combined geologic and topographic
surveys, two to make topographic surveys, and one to make stream
measurements. Geologic investigations in southeastern Alaska, the Yakutat
Bay region, and the Yukon-Tanana region were continued and the mapping of
the accessible coal and oil fields of the Controller Bay region was completed. In
the Seward Peninsula, F. H. Moffit, assisted by P. S. Smith, a Harvard Univer-
sity instructor, completed the areal mapping of the Nome and Grand Central
quadrangles, the first attempt to make an exhaustive study of the geology of a
placer district. Smith also made a reconnaissance of some of the other placer
districts to gather data on the progress of mining and to familiarize himself
with some of the larger problems of the province. J. C. Hoyt was detailed from
the Hydrographic Branch to make stream measurements where cheaper
methods of placer mining depended on an abundant supply of water.

Three volumes of Contributions to Economic Geology wete published for
1906, a total of nearly 1,300 printed pages on gold, silver, copper, nickel,
uranium, iron, manganese, limestone, gypsum, clays, building stones, feld-
spar, quartz, mica, graphite, mineral paints, abrasive materials, phosphates,
sulfur, coal, lignite, and peat.

Geologic mapping and other investigations in addition to those in connec-
tion with economic studies were carried on in the Atlantic Coastal Plain, the
Appalachian region, the Mississippi Valley, the San Juan Mountains of Colo-
rado, and on the Pacific Coast. Members of the joint Canadian-U.S. committee
on Precambrian nomenclature spent part of the summer in field work in the
Adirondack Mountains of New Yotk and then reached an agreement on
uniform classification. G. K. Gilbert had been appointed to the special com-
mission to investigate the San Francisco earthquake and spent much of the
summer studying that part of Marin County neat Bolinas and Tomales Bays
that was traversed by the San Andreas fault. Under his direction, the ex-
periments to determine the relation of detrital load to discharge of water, slope
of stream bed, velocity, and other variables were continued in the Berkeley
laboratory. Bailey Willis completed the geologic map of North America for
presentation at the International Geological Congress, where some objections
were raised because of his use of U.S. Geological Survey nomenclature. F. H.
Knowlton, David White, T. W. Vaughan, and H. F. Osborn all made progress
on paleontological monographs, and the monograph on ceratopsian dinosaurs
begun by Marsh and continued by Hatcher was completed by R. S. Lull after
Hatcher’s death.

In the Division of Chemical and Physical Research, F. W. Clarke con-
tinued work on his monograph on geochemistry and after a conference with Sir
John Murray obtained composite samples of materials from the Challenger Ex-
pedition for analysis in the Survey laboratories. W. F. Hillebrand prepared a
new edition of his bulletin on rock analysis, and E. C. Sullivan prepared a
bulletin on his researches on the chemistry of secondary enrichment. George
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Becker continued to investigate problems in geophysics and C. E. Van Orstrand
the study of the elastic properties of metals. A. L. Day and E. T. Allen con-
tinued their researches on the synthesis of minerals and made preparations to
transfer the work to the Carnegie Institution of Washington. The Cartnegie In-
stitution had provided some support for their work, and when the Survey
facilities were found to be unsuitable for the continuation of delicate ex-
periments, the Trustees voted to purchase land and erect a suitable building.

The Hydrographic Branch had to cut back its program because of the
unexpected reduction of 25 percent in the approptiation. It also acquired a new
head and a new name. The Reclamation Service was by this time almost com-
pletely independent of the Survey and was prepating to move most of its force
and archives to a nearby building for which Congress had appropriated addi-
tional funds. Newell therefore felt that he should relinquish direction of the
branch, and at the beginning of the fiscal year, M. O. Leighton became Acting
Chief Hydrographer. The decision was made that, rather than a uniform reduc-
tion in all lines of wotk, the needs of each part of the country should be studied
and the work that seemed the least important in each region should be reduced
or discontinued. However, measurements of stteam flow were of the greatest
importance in all areas of the country, and the suspension of measutements
would make less valuable what had already been accomplished; thus, in the
end, it was some of the research projects that had to be discontinued. The
Hydrographic Branch was then reotganized into a single unit by abolishing the
divisions. At the same time the name of the branch was changed to Water
Resources Branch, as Leighton felt that the title was not only a more correct
description of the wotk but was also more easily understood by the public. The
reduced funds permitted only a few ground-water investigations, so N. H.
Darton returned to the Geologic Branch and M. L. Fuller was given charge of
all ground-water studies. Several brief investigations of ground water were
made by various geologists as part of their work for the Geologic Branch, and
others were made by two University of Chicago graduate students, O. E.
Meinzer and S. R. Capps, who spent the summer with the Survey. Two quality-
of-water investigations were continued in cooperation with the Massachusetts
Institute of Technology and the Rhode Island State Board of Health.

The contrast between the two topographic divisions was even more marked
in 1906. Both mapped somewhat smaller areas than in the preceding year, only
14,712 squate miles in the Eastern Division and 19,360 squate miles in the
Western Division. In the Eastern Division, which had nearly $100,000 in
cooperative funds from 10 States in addition to appropriated funds, nearly all
the mapping was done for publication at 1:62,500. More than half the map-
ping was done in New York, already about 80 percent mapped, Ohio, Penn-
sylvania, West Virginia, already 99 percent mapped, and Illinois. In the
Western Division, only 17.5 percent of the mapping was done at 1:62,500 ot
larger scales. About 7,500 square miles was mapped for publication at
1:125,000 and more than 8,600 square miles for publication at 1:250,000.

The coal 1nvestigations, as it turned out, not only upset the scientific pro-
gram but were also used in the fall of 1906 as the takeoff point for an attack on
the Sutvey administration that was carried on for several weeks in the pages of
Science. Professor John C. Branner of Stanford University, who had taken to
print in 1890 to chide the Survey for its lack of cooperation with the geologists
of the country, took to print again on another ‘‘matter of far-reaching impot-
tance to the geologists and other scientific men of the country.”” In Professot
Branner’s view ‘‘The attitude of the survey toward the geologists of the country
has come to be simply intolerable. No geologist has any rights that the survey
feels bound to respect, unless indeed the geologist has political backing that
makes it worth the survey’s while to treat him with some sort of consideration.”’
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Branner was upset because in January 1906, as the Sutvey was making plans to
begin work in the Arkansas coal fields, he had received 2 letter suggesting that
if he would turn over to the Sutvey the unpublished material on the coal fields
of Arkansas, which he had mapped for the State survey in 1886 and 1887, both
he and the Arkansas survey would be given full credit in the final publication;
he asked instead that he be assigned to do the new mapping and was told that
the Survey preferred that the mapping be done by full-time members of the
staff. Branner then resigned his per-diem appointment, calling such a
preference ‘‘an outrage and an unwarranted personal affront to which no self-
respecting geologist can tamely submit.”’ The resignation was held uncil Oc-
tober, in the hope that Branner would reconsider, when instead he wrote to
Walcott and at the same time to Science. Branner accused the Survey of over-
riding local interests, of discrediting and driving State organizations out of ex-
istence, and even of invading the privacy of educational institutions to discredic
them. His resignation was then accepted, and Walcott wrote to him that

The right of any geologist to restrict the operations of this survey in op-
position to public interests can not be admitted.

It was manifestly contrary to good policy, Walcott said, for any organization to
duplicate the work of others where there was a prospect the results would be
published, but 18 years was sufficient time to secure publication and so the in-
terest of the public outweighed the fact that he had worked in the area.

Appatently inspired by Branner’s action, Professor W. H. Hobbs of the
University of Michigan also resigned his per-diem appointment and sent a copy
of his letter to Sciemce. Hobbs directed his attack at ‘‘the arbitrary and
overbearing administration of the geologist in charge of geology.”” Hobbs’ ire
had been roused by the treatment accorded a manuscript on the crystalline
rocks of Connecticut that he had submitted. The manuscript had been critically
reviewed by G. K. Gilbert, who had not accepted Hobbs’ conclusions and sug-
gested that the work be reviewed in the field, by Bailey Willis, who suggested
that the author’s reputation would be better served by the omission of certain
chapters, and by George Otis Smith, who condemned the manuscript as of no
value except for material already published. The manuscript was then laid aside
because Smith was then the head of the Section of Petrology and without his
endorsement the manuscript could not be published. Hobbs complained that
the Survey had become ‘‘the Great American Trust’’ and that Hayes was “‘a
hustling business manager of the sledge-hammer type who has transformed the
survey of Powell—which in a notable manner advanced the geological thought
of the world and brought golden opinions from all sorts of people—into a great
mining bureau with an auxiliary map establishment for ‘coloring in’ the
national domain.”’

The dual attack prompted Walcott to send 2 letter to Sczence on the prin-
ciples governing the Survey in its relations with other geological surveys and
working geologists.

There is among scientists in general a rule of courtesy that denies to
others the privilege of investigation in a direction which one has made his
own by reason of his contributions to knowledge along that line. The rule
is variously construed in different countries and by different men, but it is
no part of my purpose to minimize its force. It has been recognized by the
national survey since the days of Director King, and is now eifective in
relations with individuals and state surveys. It is, however, necessarily
controlled by the progress of the general survey and the development of
general plans, which sometimes require that work shall be done by the na-
tional organization notwithstanding meritorious individual claims.
Moreover, professional courtesy on the part of a public official is subject
to limitations imposed by his obligation to Congress and to the people to
render prompt and etticient service.
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Long experience, Walcott suggested, had shown that men whose first obliga-
tion was to a university could not work as efficiently for the Survey as did its
full-time employees. The Survey had not discontinued the employment of all
university professors (the annual report for the year ending June 30, 1906
showed that 81 members of 51 educational institutions had been paid a total of
more than $200,000 for their services during the year) but so many of the
Sutvey staff by this time had become highly qualified scientists that it was no
longer necessary to call on university men as often as it had been in eatlier years.

Branner was not mollified. In another letter to Science he modified slight-
ly his statements about relations between the national and State surveys; his
own expetience (which had been in the late 1880’s when Powell was Director)
did not bear out Walcott’s contention that relations were cordial and that
cooperation was never forced upon a State organization. He had received a
letter from the head of one State survey that had managed to survive who said
that only by resort to the State’s representatives in Congtess had he been able to
dislodge the U.S. Geological Survey from his State. (The more than faint echo
of this charge during the debate on Survey appropriations a few months later
suggests that he was refetring to the Minnesota survey.) He was more concerned
about the discrimination that the Director of the Sutvey was practicing against
universities. Walcott’s policy was in effect at the Geological Sutvey and the
Carnegie Institution of Washington, and now Walcott was a candidate for
Secretaty of the Smithsonian Institution where he would undoubtedly pursue
the same course ‘‘so the university professors of the sciences in this country and
the universities themselves are face to face with a serious problem.”’ By the time
the letter was published, however, the Regents of the Smithsonian Institution
had elected Henry Fairfield Osborn, President of the American Museum of
Natural History, to the post of Secretary.

By this time Congress was back in session and coal was causing more
trouble. The coal-land withdrawals had not greatly upset the coal industry,
then largely based in the East and far more concerned with the Intetstate Com-
merce Commission’s investigation of eastern railroads and their ties to eastern
coal mining. In his annual message to Congress on December 4, President
Roosevelt alluded only btiefly to the withdrawals, saying:

It is not wise that the Nation should alienate its remaining coal-lands. |
have temporarily withdrawn from settlement all the lands which the
Geological Survey had indicated as containing, or in all probability con-
taining, coal. The question, however, can be properly settled only by
legislation, which in my judgment should provide for the withdrawal of
these lands from sale or from entry, save in certain special circumstances.
The ownership would then remain in the United States, which should not,
however, attempt to work them but permit them to be worked by private
individuals under a royalty system, the Government keeping such control
as to permit it to see that no excessive price was charged consumers.

Although the coal industry had shown little interest in the withdrawals,
Western Congressmen were concerned. On December 5, Congressman
Mondell filed a resolution asking the Secretary of the Interior to supply a list of
withdrawn lands, giving their current status and the reasons for the with-
drawals. On December 15, Mondell saw the President, and on December 17,
the withdrawal orders were modified to read withdrawn from coal entry only.
Previously, lands outside the fotest resetves that were officially reported by the
Survey to contain coal had been withdrawn from all forms of entry while lands
within the forest reserves and those outside the forest reserves not officially
teported to contain coal had been withdrawn from coal entry only. On
December 17 also, the President sent a special message to Congtess stating that
the coal-land law put a premium on fraud, that it was a scandal to maintain
laws that made fraud the key to the development of natural resources, and sug-
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One of the Survey’s first ground-water investigations
was made in southern Californa, where irrigation was
necessary to mature the more valuable crops but was
already so developed that any extension of areas of
cultivation required an increase in water supply. When
W. C. Mendenhall began his study in August 1903,
low rainfall in the preceding decade and the constantly
increasing drafts on stored water had already caused a
decrease in the flow from artesian wells, a shrinkage of
the artesian area, and a lowering of the water table
outside the artesian area. Mendenhall pointed out that
inasmuch as wells in the coastal plain were interde-
pendent, users of ground water could choose to
become rivals or to cooperate in preventing waste and
conserving supplies. Realistically, he foresaw the possi-
ble necessity of State intervention to oversee the use of
ground water. (From W. C. Mendenhall, 1905.)

Later artesian zore
Original artesian zone |

Later pumping zone
Original purmping rone

| ?

- Tt £

lZone of wells that L

have ceased tof/ow | 7L i egato'a

—_———— IR -l
§s T und-wai;r[ez

| = ’Q:é,%g» AP TR ‘.Cf.’%;f’é“’

oo @

Lwater fevel 2T
roypd-atel /eve

a2

e Goes”
AN

gesting that provision should be made for leasing coal, oil, and gas rights under
proper restrictions. Senator Henry Hansbrough of North Dakota prompily filed
bills to reserve the lands to the Government and to provide for leasing. Other
bills were filed after the Christmas recess, but none was even reported out of
committee before the session ended.

In the midst of all this turmoil, Secretary of the Interior Hitchcock was
preparing to leave office. He had survived the rigors of the position longer than
any of his predecessors, had obtained indictments against more than a thou-
sand persons for land frauds, and had restored to the public domain more than
300,000 acres that had been misappropriated, but Secretary Hitchcock, already
72, was tired and eager to retite. On the opening day of the Congressional ses-
sion in December, President Roosevelt had nominated James R. Garfield, the
Commissioner of Corporations in the Department of Commerce and Labor and
a membert of the ‘‘tennis Cabinet,”’ to be the new Secretary of the Interior.

In December 1906, Walcott submitted his resignation as Director of the
Reclamation Service, but Secretary Hitchcock asked him to stay until the new
Secretary assumed office. Within the Survey, Walcott was busy with a full-scale
investigation of the Topographic Branch, precipitated by a complaint of
discrimination by a member of the Eastern Division, and at the same time at-
ranging a meeting of the State geologists of the Atlantic Coast States, who
seemed not to share Professor Branner’s distrust of the Sutvey, to plan a
cooperative survey with special reference to the ground-water resources of the
Atlantic Coastal Plain.

After Garfield’s nomination to be Secretary of the Intetior was confirmed
on January 15, to take effect on March 4, the tempo of the public-land dispute
began to pick up. As Commissioner of Corporations, Garfield had been a
crusader, responsible for investigations of the meat-packing industry, which
had resulted in several indictments and the passage of a law for a general system
of meat inspection, and for investigations of the anthracite and petroleum in-
dustries. At the end of January, Senator Thomas Carter of Montana unleashed
a scathing attack on Secretary Hitchcock, which very likely was meant as a warn-
ing to the new Secretary. Senator Carter complained that the publicity being
given to charges of land frauds by the Interior Department ‘‘created the im-
pression that the entire western population is, and has been, engaged in a
veritable saturnalia of criminal conspiracy, fraud, and perjury over the whole
broad surface of the public domain.”’ Fraud, he said, was only a minor part of
the public-land transactions. With specific reference to the coal lands, he
pointed out that in the 33 years since the Coal Lands Law of 1873, only 407,000
acres of coal land had been entered, and at that rate it would take 5,000 or
6,000 years to entet the lands that had been withdrawn. A few days later, Con-
gressman Mondell attacked the coal-land withdrawals in the House but first
dissociated himself from the Senate criticism, saying he did not wish to impugn
the motives of anyone or to appear as a captious critic of fault-finder. The
withdrawals, however, were:
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unauthorized by law and not warranted by any authority granted to
executive officers either directly and specifically or by any possible con-
struction of any statute, and which, if unchallenged, will undoubtedly be
considered as establishing a precedent for the exercise of even further
and more far-reaching executive power in the same direction * * *.

In his opinion, the public lands could be reserved or withdrawn only pursuant
to express legislative authority or by reason of a treaty, for the purpose of carry-
ing out congressional grants, or for public purposes.

President Roosevelt countered with another message to Congress on
February 13 on mineral-fuel lands and the public-land system. Again he
recommended a leasing system for mineral-fuel lands and pointed out that it
was not a wholly untried policy but one that had been used in Australia and in
all the great coal-producing countries of Europe except Great Britain. He ex-
pressed ‘‘utter and complete dissent’’ with Senator Carter’s view that there had
been a minimum of fraud in the disposal of the public lands and pointed out
that with regard to coal lands

the necessity for care in the future management of these fuel supplies is
further illustrated by the rapid rate at which the use of such fuels is in-
creasing in the United States. The amount of coal used in this country dur-
ing the last ten years is practically equal to that used during the preceding
50 years of its history, and during each decade of this period the coal used
was practically equal to the sum of that used during all the preceding
decades. This remarkable development and the certain continuity of this
prodigious growth compels us to recast all estimates as to the life of our
“inexhaustible resources.”

Congress ignored the President’s request for coal-land legislation, but it
reacted strongly to his suggestion that legislation be enacted to provide for
Government control of the public pasture lands of the West on the same
general principles as applied to the control of the forest resetves by attacking
the forest-reserve policy. Shortly after the management of the forest reserves
was transferred from the Department of the Interior to the Department of
Agriculture, Secretary Wilson instituted a system of leasing grazing lands
within the forest reserves, to begin on January 1, 1906. The Secretary of the In-
terior and the Secretary of Agriculture entered into an agreement whereby the
latter was given jurisdiction over applications for rights and privileges within
the forest reserve, in effect placing the authority to issue permits in the hands of
the Chief Forester, Gifford Pinchot. During the debate on the Agriculture
appropriations bill, the Forest Service came under attack and the bill was
amended to specify ‘‘That hereafter no forest teserve shall be created nor shall
any additions be made to one heretofore created within the limits of the States
of Oregon, Washington, Idaho, Montana, Colorado, or Wyoming except by
Act of Congress.”’ President Roosevelt thereupon issued Executive orders
creating several additional forest reserves before he signed the appropriations

bill.
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On April 18, 1906, the coastal region of central
California was shaken by an earthquake of unusual
severity, causing many injuries or deaths and extensive
property damage. The most disastrous effects were the
outbreak of fires and the destruction of pipe systems
carrying water to fight them, resulting in devastation
such as that shown in the view looking west from
Telegraph Hill toward Russian Hill in San Francisco.
R. L. Humphreys of the Survey’s Structural Materials
Division was sent to California on April 19 to study the
effects of the earthquake on buildings and construc-
tion, and G. K. Gilbert was a member of the Earth-
quake Investigations Commission, appointed by
Governor George Pardee on April 21 but supported by
funds from the Carnegie Institution of Washington,
that made a thorough scientific study of the phenom-
ena. (From G. K. Gilbert, R. L. Humpbhrey, J. S.
Sewell, and Frank Soule, 1907.)









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Notes and Bibliography

The chapter notes identify the sources of directly quoted material and
a few indirect statements, and give the reference to the U.S. Statutes at
Large for most applicable laws discussed in the text. These have been keyed
to the relevant page and cither to the first few words of the quotation or
to a significant phrase. The bibliography, despite its length, is not all in-
clusive. Complete citations have been given for most published material
used as background and for sources of quotations of illustrations. Cita-
tions are arranged alphabetically by author and include for congressional
documents the serial number of the volume in which the document ap-
pears. Annual reports of the Director of the U.S. Geological Sutvey and
the Secretary of the Interior are with few exceptions cited only in the notes.
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maps Stockton-Fairfield quadrangles, Utah ____________________ 273, 282
maps Baker quadrangle, Oregon ... ... 304, 312
studies Sparta albite granite - 322
maps Ajo district, Arizona ________..__.._. . 332
helps prepare copper report for 16th IGC ... 338
receives Penrose Fund grant 357
member, NRC interdivisional committee 381
leaves Survey _______ 403
Gitty, Go H oo 80
Glavis, Louis 99, 100, 103, 105, 116
Goddard, E. N 304, 371
Godfrey, Hollis 174
Goldman, Mareus ..., 203, 219, 276, 338
Gompers, Samuel ... 174
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Grant, U. S 36, 69
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Gray, L. C 325
Gregory, HL E ... 97, 99, 125, 204, 293, 310, 355, 382, 402
Griswold, W. T 24, 28, 46, 64, 93, 102
Grout, F F 141, 154
Grover, N. C ... 29, 118, 133, 140, 143, 163, 188, 351, 371
Guffey, J. F S 370, 376, 385
Guggenheim, Daniel . 99, 103, 126
H

Hague, Arnold 112, 126, 202
Hale, E. C 73
Hale, G. E e 167, 174
Hall, Clarence ... e 64, 73
Hall, G M . e 225, 251, 266
Hall, Philo 78
Hammond, J. H 78, 236
Hancock, E. T . 170, 186
Hansbrough, Henry 52
Hapsburg, E F _____. - 149
Harder, E. C oo, ... 64, 154, 161, 191, 218
Harding, W. G ... 220, 221, 230, 235, 236, 287, 337
Harold, Lo L oo 355
Harrell, M. A e e e e 356
Harrington, A. W ... 351
Harrington, G. L ___________..... 185
Harris, C. T o e 350
Hatcher, J. B _— 35, 47, 409
Hayden, Carl 131, 284, 335, 378, 387, 394, 408
Hayden, E V .. 122, 126, 328, 409
Hayes, C. W.:

ranked 12th among American geologists ___.. 1

on conservation ______..
heads Division of Geology and Paleontology
also heads Nonmetals Section _______.___.__..__..__.
compiles Contributions to Economic Geology
committee on fuel utilization
Hobbs complains about
named Chief Geologist
studies bauxite deposits
makes field review in Quachita uplife ...
iron report for National Conservation Commission -
reports waste of natural gas at Caddo field ....___........____.....___. 85

on withdrawal of oil lands ... ... ... 101
on origin of petroleum _.._........oooeooooiieeeeeeee L 102
resigns from Survey ... 124
Lindgren profits by his expetience .....o.oooooooooiii . 125
on Panama Canal slides ._________._.____.................. ... 143
contemporary of Woodrow Wilson at Johns Hopkins ___............ 151
Cartersville, Georgia, district study updated
Hayford, J. F
Heald, K. C . 160, 170, 219, 222, 224, 231, 251, 397
Hemenway, James - ... 31, 38, 73
Henbest, L. G e eee e 382
Henderson, E. P . 274, 279, 303
Henderson, Leon 350
Hendricks, T. A __. 303, 311, 323, 371, 383, 393
Henshaw, E F e e 65
Herbert, Hilary 33
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Herron, W. H 66, 166, 185, 186, 251, 302
Hershey, H. G oo . 401
Hess, Frank .. 24, 35, 36, 64, 111, 123, 154, 169
Hewett, D. E:

visits Virginia and Maryland manganese mines ..
proposes origin of manganese deposits
supplies data for Leith committee
studies western manganese minerals
maps Ivanpah quadrangle
attends 1926 IGC
“ideal economic geologist”
dolomitization study

helps plan Annotated Bibliography of Economic Geology ........ 294
updates 1914 study in Oregon ... 304
continues survey of manganese deposits .......o.oceeomoieemceeooonn. 312
aids Alaska Railroad investigation ____.____.___.__........... 321
makes special study of U.S. manganese deposits ....._.........___._ 323
Warm Springs, Georgia, investigation __...............o...ooooccooo... 356
Boulder Dam mineral-tesources investigation __.___.................. 358
heads Metals Section ... ... 371
president, Society of Economic Geologists _._......... ... 380
War Department’s Mineral Advisory Committee ..__...__.....__.... 405
Hibbard, Benjamin ... 300, 325
Hicks, W. B e 136
Hilgard, E. W e 84
Hill, 0 M e - 111, 123, 133, 154
Hillebtand, W. F ____. . 28, 47, 80, 94
Hitchcock, E. A 6, 38, 42, 45, 51, 52, 53, 103
Hitchcock, G. M e 103
Hitler, Adolf 336, 400, 404, 410
Hobbs, W. H e eeeennn 49, 124
Hodgeson, H. H 302, 321
Holmes, J. A.:
portrait

heads mining and metallurgy exhibit at St. Louis
committee on coal testing
committee on fuel utilization
leccer incenses Tawney

heads Technologic Branch 57, 62
attends 1907 American Mining Congress ___._..........coccoocooo.... 67
on waste of fuel 68
attends White House Conference _. 74
calls conservation maccer of economics 74
member, Nacional Conservation Commission _._._._........._... 77, 78
organizes mine-accidents work 78
takes part in struccural-materials sutveys 95
ac 1909 American Mining Congress 101
works for establishment of Bureau of Mines ..__...._..........._..... 108
supported and opposed as Director of Bureau ... 109
appointed Director ... 112
assumes office 113
accompanies Secretary to Alaska ... . 126
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S U 162
Holmes, J. M ... 404
Hoots, H. W .. e 274, 281
Hoover, Herbert:
0103 o 1 288
heads Food Administration in World War I ___.___....___..._....___. 183
protégé heads Oil Division of Fuel Administration _....._______.... 188
scatus in 1919 s 207
AIME presidential inaugural address ____............... 207-208
potencial candidate for President in 1920 220
Secrecary of Commerce ... 15, 221
on postwar unemployment ... 221, 222
Colorado River Compact commission __...........o.oooooocceeeee 224, 240
calls coal operators togecher .. 230
on need for reorganizing Government ____.___._......ceeeeees 239
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characterizes Coolidge 242
reorganization plans supported by Joint Committee ____.___.______ 247
Pick and Hammer's view of reorganization ______..___...___...._..... 257
member, National Academy of Sciences 259
on research in pure science _ 15, 160
chairman, Mississippi flood relief __ 278
elected President 1n 1928 ... 287
as President-elect 295, 297
chooses Cabinet 297
helps Survey celebrate 50th anniversary _______.__.__._____________.___. 298
committed to support conservation and science ______.__.___..._...... 17
conservation program inaugurated 299
friend Requa joins Mineral Inquiry _.__.._.._..........._.._......_. 300
effect of policies on Geologic Branch ... 302
action on economic crisis in 1929
on consetvation in 1929 annual message ___.__..._.................... 307
reorganization of Federal Power Commission ____....._..___.... 307-308
effect of policies on Conservation Branch ... 313
annual message to Congress, 1930 ... 314
appoints Mendenhall Survey Director ...___...__._........__...... 17, 310
supports Smith in controversy with Senate _.....__.._........_.....__ 319
results of oil-conservation policy ___.___.__..__.._. ... 324-325
influence on topographic mapping legislation ___.........._...____.. 326
and bonus army in 1932 _______________._______ .- 330
on science in reelection campaign - . 18, 333
thwarted in effort at reorganization 335
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Horner, W, W e e e 355
Horton, A. H - ... 351
Hotchkiss, W. O 171, 183
Houston, D. F _____... 140
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Hughes, C. E 221, 240
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Hyde, A. M 297
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portrait 349
Secretary of the Incerior 337
Public Works Administrator ... ..o 18, 338
sets up National Planning Board 18, 339
on recovery program of science progress ................oo..oo.... 18, 340
receives report on Geological Survey 342
characterization of the ¢me ______.. ... 345
chairman, Nacdonal Resources Committee _____._......o.o.ooocceo... 346
approves Leich’s lecter to President ... 347
chairman, mineral policy planning commictee .____.__..__.__._______ 350
chairman, National Resources Board _.._.__.
on cencral mapping agency ..............
proposes Department of Consetvation
chairman, enlarged National Resources Commitcee __..___...._..... 370
program for copographic mapping ... 387, 398
on Survey appropriations in 1937 ... oooeeeeeeceees 388

on Panay incident ...




on Munich Pact 404
responds to Hayden resolution on mapping ______.._._........._._.. 408
declares Ballinger not guiley ... 120
Irving, J. D 23, 27, 93, 118, 119, 123
Irving, R. D . 115
J
Jaggar, T A e, 267, 273, 324
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Jennings, Hennen ... el 195
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Johnson, D. W
Johnson, H. R __

Johnson, Hiram ____ e 220, 319
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Johnson, J. H e 312
Johnson, Roswell __ .. oo e 222
Johnston, W. D., Jr ___ 289, 301, 308, 312, 322, 357
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Jones, A. E . 324
Jones, B. E _. . 225, 251, 258
Jones, Bobby e 259
Jones, E.E ... ceee 251
Jones, B. L e 171, 184, 218
Jones, H. P 245
Jones, W. D 300
Jones, Wesley 103
K
Katz, E J 65, 111, 184, 192, 218, 252
Keith, Archur .. 27, 80, 263, 276, 281, 293, 329, 332
Kelley, P H e 146
Kellogg, E B e 277, 295
Kemp, J. F o 113
Kendrick, J. B 229
Kennedy, William ___ .. 102
Kent, William ________._. e eammnann 165, 166
Kerr, Paul et mmmememeememmemenenmnean 31
Kesler, Thomas ___ ... oo emmeaee 381
Ketcham, J. C e - .- 329
Kettering, C. F e 339
Kew, W S W e e eem e mnn 195
Keynes, J. M _____. ... 207
Kilmartin, J. O oo 272
Kindle, E. M e 36, 80
King, Clarence:
plan of Survey program in 1879 ... .. 2
achievements of mineral-resource program _________..................... 3
on use of mineral resources ____ 5
on waste of mineral resources ..., 9
considered Survey a national bureau of research ______...._____....... 10
precious-metal reports updated by Lindgren ... 23
on glaciation in the Uinta Mountains ... 39
policy cited by Walcote .___ 49
recognized zonal arrangement of mineral deposits _..__.............. 94
plan for mining-geology studies misunderstood ___..__..__.__..._.... 119
40th Parallel work in Colorado updated ... 126
cited by George Otis Smith 147
mineral-resources program of value in World War 1 __________.__... 197
King, P. B 310, 321, 358
Kinnison, H. B e 286

Klaer, Fred, Jr
Knappen, H. §
Knappen, R. §

Knechtel, M. M __
Knopf, Adolph:

aids L. M. Prindle in Alaska _____ - 36
surveys tin deposits of Seward Peninsula 65
maps in Eagle River region 111
begins study of Mother Lode ... ... 161
studies mineral production of world .. ..- 193

218

resigns from Survey

field work in Nevada with wife Eleanora Bliss 219
resumes Mother Lode investigation ___.__.__._........._.__....._ 252, 256
in Pioche district, Nevada ...._.. 273
copper deposits of Plumas County, California _....._____........_... 283
works on guidebook for 1933 IGC ... 310
Knopf, B. B o emmmmaen 219, 310
Knowlton, E H ... . .. 47, 62, 80
Knox, Philander s 73, 87
Koschmann, A. H e 294, 312, 371
L
LaFollette, R. M.:
proposes withdrawal of coal lands ... 8
consults Hitchcock and Walcott on Indian lands _____.____...__...._ 38
offers resolution authorizing withdrawal _________________.______________ 44
founder, National Progressive Republican League _________...____._. 129
has presidential ambitions ___.________ 130
against preparedness PIOGIAM ... .__._oooioooooeioaeoaes 164
resolution on leasing in naval petroleum reserves ____.__..__. 229, 230
nominated for President 237, 248
platform wricten by 248
loses to Coolidge 249
LaForge, Laurence R 27
Lamont, Robert 297
Landes, K. K . 254, 265
Landon, A. M e mmmmeam e 379
Lane, A C oo 27
Lane, E K.:
POTCIAIT Lo 152
Secretaty of Interior in Wilson Cabinet ... 140
aids national park movement ____..___....__....._ N 144

holds conference on war’s effect on mineral supplies 150

proposes bill to reserve radium-bearing lands ... 154
invites Mather to run national parks ... 164
appoints Marshall general superintendent of parks ....._____....._. 166
on the war effort ... 180

182
186
193
195
200
213

problems caused by Committee on Coal Production __.
urges passage of potash-leasing bill ___
testifies on minerals control bill
appoints committee on gold production ____._______._.___________.___
appointed Minerals Control Administrator _.___.__..._._.__..._.._...
asks appropriations for power surveys _..........__...._..._.

observation on Hoover 221
Laney, E B s 111, 154, 155, 219, 255
Lansing, Robert i, 167, 176
LaRocque, G. A e mmmnnn 390
Latsen, E. S, Jr .. 134, 185, 242, 253, 282, 310, 312, 382
LaRue, E. C 125, 137, 157, 166, 224, 233, 251
Lasky, S. G _. 304, 312, 322, 371, 403
Lee, CH _____... 111, 125, 138
Lee, W. T.:

in Western Section of Hydrology 29

reconnaissance of western coal lands 35

coal-land classification _.__....__._.. .. 62

stratigraphy of coal-bearing formations ___._____.___...._.. 110, 127, 135

prepares guide to railway route 156

aerial photography in geology and geography _... . 219-220, 233

stratigraphy of oil sands in Rocky Mountains _.____..__....._.. 226, 249
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Leggette, R. M _____.____. 278, 289, 301, 308, 320, 331, 340, 354, 357, 373

Leighton, M. O.:
oLl wd Y1 77
heads Hydro-economics Division ; ... 28
investigates pollution of Lake Champlain ....____.._..__....____...... 29
becomes Chief Hydrographer ... 48
flood-relief plan 71
attends White House Conference _.__...o..oooooooemoommoeoeeeaeeees 74
National Conservation Commission reports _..__.................. 82, 83
Land Classification Board _ . , 88
field examinations for land classification 125
resigns as Chief Hydrographer e 11, 140

Leith, C. K.:
200 41 & Y1 S 364

reconnaissance of western iron deposits __.
editor of Economic Geology .................

U.S.-Canadian stratigraphic commission __.._._._..___._....._.__..._.... 27
examines western iron districts ______ 35, 46
considered for Director ___ [ 57
student Harder joins Survey _____ 64
on Lake Superior iron ores 115
mineral adviser in World War I ... 12, 192
urges passage of minerals control bill _____________...___._.__________.. 193
adviser at Peace Conference ... 198
Committee on Foreign Mining Policy ... 222, 227

at Williamstown Institute of Politics . 262
on duty of economic geologists ...

on manganese problem ... 282
chairman of Mineral Inquiry ... ... oo, 300
member, Science Advisory Board ... ... ... 339
chairman of its committee on Geological Survey __.__... 342-343, 358
plans Boulder Dam survey ... 343
writes to President on mineral policy .____.__..__..___.______..__ 347-348
rejects plan for Assistant Secretary . . 350
member, land use committee, Science Advisory Board ___..__.___. 351

minerals committee, National Resources Board __________._._________ 360
Science Advisory Board committee on surveying

and mapping ... 363-364
on waste of mineral resources _._____ 368
suggests post-NIRA legislation ___.. o 369-370
arranges Brookings’' mineral conservation study ___________.___._____ 371
chairman, War Department’s Mineral Advisory
COMMULEE _ oo eeemeeeemaeemee e 19, 408
Leonard, A. G e e 35, 46, 62
Lesher, C. E . 135, 159, 184, 198, 218
Leverett, Frank .._....___ 27, 80, 141, 253, 281, 293
Levorsen, A. I 391
Lewis, J. G . - . 244
Lillie, E R 370
Lindgren, Waldemar:
s T34 Y 132
started in 1903 American Men of Science _.......oooooooooooonnni_. 2
discusses precious-metal production ... __. .. 23
editor of Economic Geology ......ocooeooeeeeeeei_ s 27
supervises ‘collection of precious-metal statistics _....______.....____... 36
at 10th IGC e .47
heads Metals Section ... 64
at 1907 American Mining Congress ... oeoiiio. 67

occupied with reports ...
reports for National Conservation Commission ..
elected to National Academy of Sciences
on ore deposits of New Mexico
on study of large geographic areas
attends 1910 IGC ___________________....

on methods of investigation in economic geology .__....._..... 118-119
becomes Chief Geologist ... .oooioooeeeeeeeeeeene. 124-125
on Sierra Nevada gold .. ... ... 133
resigns from SUtvey ..o 140, 169
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succeeded by Ransome as head of Metals Section .__...._....__..... 141

completes work in Atizona ... 234
Loughlin follows in his footsteps ... ... .o oot 252
chairs NRC Division of Geology and Geography ....... 16, 280, 281
succeeded by Arthur Keith at NRC _ .. 293
helps Survey celebrate 50th anniversary ... 298
Grass Valley, California, study updated ..._..._...oooocoommmeemioeees 312
honored on 70th birthday ... 331
Livingston, Pean -... 308, 331, 390, 401
Lloyd, J. V 166
Locke, AUGUSTUS __...._..ocooooo.. .. 261
Lodge, H. C oo 33, 141
Lohman, K. E oo 358, 382
Lohman, S. W ____. 308, 331, 356, 357, 390, 401
Longwell, C. R . 224, 289
Lord, N W et ee e mm e 26
Louderback, G. D oo ... 289

Loughlin, G. E:
studies ore deposits of Utah 161
Magdalena district, New MeXicO _..ooooveemaameemeeaees 171, 304
searches for war minerals 195

heads Metals Section, Division of Minera! Resoutces 198
heads Division of Mineral Resources . 218
heads Metals Section, Division of Geology and
Paleontology - - . 252
Leadville reports ____. 262, 273
Cripple Creek studies _..__._._..._ ... 262, 273, 282
helps plan Annotated Bibliography of Economic Geology ........ 294
coauthor, U.S. gold report for 1929 IGC 305
studies Utah-Colorado carnotite deposits 312
appointed Chief Geologist _. 371
Lovering, T. S ____........ 262, 273, 282, 294, 304, 312, 322, 357, 371, 381
Ludlow, L. L ___. e e e e mmmm——mm e em e mnnnnn 394
Lugn, A. L 336
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McCumber, Porter .. R 165
MacDonald, D. F e 143, 154
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McHenry, John 73
Mackenzie, Alexander e 68, 71
Mackenzie, J. H ____. . 195
McKinley, C. P __._. - 332
McKinley, W. G ... . ... 220, 221
McKaight, B T oo 274, 281, 312, 371, 382
McNair, E. L e 204
McNary, Chatles .. e meeeen 297
Maddren, A. G oo 123, 135, 185
Madigan, J. J __... . 307
Madison, James ... oo 116
Maher, J. C e 401
Maier, C. G e 303, 304
Manning, V. H.:
Acting Director, Bureau of Mines .. 153
succeeds Holmes as Director ______._. 162, 166
at 1915 American Mining Congress ... .. ....ooooooiioiioe. 162
represents Iaterior on National Research Council ___________.___..._ 168
member, Committee on Coal Production . 181
member, Committee on Oil Production . 188
urges passage of minerals control bill ... 193




letter to Fuel Administrator 199
on need to develop foreign oil sources 211
joins American Petroleum Institute 217
member, Leith committee on foreign mining policy __....___..___. 222
Mansfield, G. R.:
phosphate-land classification
Idaho phosphate deposits
search for nitrates
heads Nonmetals Section ..
report on southwestern Idaho
chairman, NRC committee on tectonics
aids Hewett’s manganese investigations
studies Ohio flood deposits
Mansfield, Joseph ____ .-

.. 110, 122
172, 219, 235

Marsh, G P

Marsh, O. C e

Marshall, Robert:
L] £ L 75
heads Topographic Branch reorganization committee _________..____. 56
becomes Chief Geographer ___.__..___.__.._____ vmmn 66
detailed to Secretary’s Office ... oo 164
supetintendent of national patks ___ ... 165
serves with National Park Service ... 166

commissioned Major in World War 1 ... 186

Central Valley plan ___. 204, 225

resigns from Survey _______ - 205
Marshall, To R e 235
Martin, Franklin 174
Martin, G. C 24, 27, 36, 86, 93, 111, 134, 135, 241
Martin, Lawrence 36
Mather, K. F o e 222, 258
Mather, S. T e 152, 164
Matson, GeOrge .o 110, 160, 222
Matthes, E E _____.._____. 162, 203, 253, 275, 281, 293, 303, 310, 382, 395
Matthes, Gerard e 355
Matthew, W. D __.__. 264
Mead, Elwood 247, 343, 371
Mead, D. W . 289
Mead, W. ] 290
Meek, E B 328
Meinzer, O. E.:

portrait -

summer employee of Sutvey
studies ground water in three Utah counties ___.
studies ground water in Utah and New Mexico .____.___.______....._.
Sulphur Spring Valley, Arizona
Tularosa Basin, New Mexico .
head of ground-water projects _.
special projects in Montana _____
Guantanamo Bay naval station ...
Pecos Valley, New Mexico .__.__._.
exploratory drilling for ground water
organizes field work in Idaho cooperative _________________.._..______
honorary member, North Dakota Well Drillers
completes major report on hydrology
completes paper on large springs ___.._
continues Mendenhall’s fundamental work _.___.._____.______.___...__.
devises method to determine annual yield __

organizes well-drillers’ associations _____.____._____.
presents paper to Society of Economic Geology _......._............
presents paper at AIME symposium
Advisory Council, American Association of Water Well

Drillers - 301
first chairman, AGU Section of Hydrology ... 310
committee of river-development plans __. oo 351
cooperates with CCC _____._.__.._..___._____ .. 356
sets up committee on observation wells ___________._______.__ e 357

president, Washington Academy of Sciences _________________________ 380
outlines ground-water provinces 400, 401

Melcher, A. F 157, 161, 170, 195, 219, 252
Mellon, A. W e eeeeeen 221, 244
Melton, E A . 253
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portrait - 319
in M. R. Campbell’s party ... ... —eee 16
joins Western Section of Hydrology . ... 29
ground water in Southern California _._...___......_... 14, 51, 111, 356
in charge of ground-water projects ......... .- 66
work in Alaska supplemented ___._..__..._...._.._. 69
reports for National Conservation Commission ___....__....__.... 82-83
Land Classification Board ... ...

Mesa Verde National Patk _______._____..
heads Land Classification Branch ___.
on David White ...
Siderastrea mendenhalli .........ooooeoomeooeeeeeaeeen
San Jacinto Valley work taken up by Waring
appointed Chief Geologist _.___.......ooooooooooo.
influenced by Gilbert
on basic research .
aids plans for Annotated Bibliography of Econimic Geology ._... 294
General Secretary, 1933 IGC
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Director
difficult first years
joins P S. Smith in Alaska _____________.................
elected to National Academy of Sctences _.__._.__........_._..__._._
meets with Congressmen and mining men _____._._______.__
member, Agriculture-Interior land planning committee

Land and Minerals Committees, National Resources Board ___.___ 360
letter on surveying and mapping __.. .. 364
in appropriations hearings, 1935 .- 367
in appropriations hearings, 1936 ... ... 377
president, GSA 380
presidential address - 380, 381
influence on Water Resources Branch 383
on cooperative funds for topographic mapping __..___..._........... 387
on appropriations for fiscal year 1939 ... - 400
repoft on energy resources 406
on topographic mapping in 1939 ____. 408
influence on Survey 411
Meissner, O. E e 78
Meitner, Lisa 407
Merriam, C. E 339, 359

Merriam, J. C
Merrill, O. C
Mertie, J. B., Jr.:

259, 280, 339, 351, 370, 379
183, 213, 215, 250

searches for antimony and tungsten in Alaska ________..____..____._. 169
investigates heavy placer minerals _______.._..___.__..___.. . 185
production of cameras for aerial surveying ... 187
explores area north of Fairbanks ________... ... ... 241
mapping in the Yukon ._._..__........... 265, 272, 280, 302, 313, 322
begins comprehensive report .- 333
Ruby-Kuskokwim region ... ... 357
Nushagak region ..o e 372.
difficulties in field in 1936 ____ 382
Goodnews platinum deposits __.__.__ 389, 393
Yukon Valley e 404

Miller, A C e

Miller, W. G o

Millikan, R. A ___

Mills, R-. Vo A L

Miser, H. D.:
examines Arkansas manganese deposits ... ... 162
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Virginia manganese SUIVeY __ .. _ococoooieeiiicieeaemeeeecemcaena- 184
Paleozoic sections along Colorado and San Juan ___.._...___......__ 224
heads Areal Geology Section ..o oo eeeeeaeees 273
Coastal Plain water-laid volcanic material ____.___.___.._._.___. 274, 279
heads Fuels Section . oo 280
reviews Avalon Dam report ______.__._ .. 290
committee on stratigraphic nomenclature ... 310
supervises preparation of Ashley code .. ... ... 332
contributes to Congressional document on petroleum _____..____.. 359
Mitchell, Billy _____ 259
Mitchell, John ... 78
Mitchell, W. € e 339, 359
Mitchell, W. D e -- 297
Moffit, E H.:
investigates Kenai Peninsula gold placers .......___.....__._.....___. 24
Seward Peninsula ..o 36, 47
Kasaan Peninsula copper deposits ___. 65
cameras for aerial surveying _____....._____.. 187
Prince William Sound mineral deposits 241, 265
Copper River __.___..__.._...... 273, 280, 295, 302, 322, 333, 393, 404
Kantishna district .. oo oo e 313
Alaska Range ... .. 357, 372, 382
Mondell, F W.:
explains relation of topographic map to geologic map ._____..___... 42
on approptiation for stream gaging _____...........__......._...... 43, 76
on coal teStING . e 44
objects to coal-land withdrawals ________________________________ 51, 54, 55
bill for phosphate-land disposal ... .. ... 85, 87
on water-power development ______.___ ... 105
on structural-materials investigations ... 108
on coal-land leasing in Alaska __._..___ ... 116
complains about coal-land evaluation __ B 121
proposes Survey potash investigation ___....._______...._____....._____. 122
Monical, Doska e 193
Monroe, James e mmammemmeameeeeemenemmneeneeennene 379
Monroe, W. H 310, 393
Moore, B. N e 312, 322, 358
Moore, P N e 183, 200
Moore, R. C oo 222, 310
Morgan, A. M _. 389
Morgan, J. P e mcemmmeenmmean . 99, 126
Morgan, J. T oo e emeeeee 33
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Morrow, D. W 283
Muller, S, W s 313
Munn, M. J 28, 64, 79, 93, 102, 123, 137, 141, 160
Murata, K. ] e 310
Murphy, E. C 125, 131, 137
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Murtay, W S e 216
Mussolini, Benito 276, 404
N
Needham, James - 75, 76
Neill, C. P _ 236
Newcomb, Simon ... 22
Newell, E H.:
member, 2d Public Lands Commission 6
Survey’s Chief Hydrographer and Chief Engineer, Reclamation
L T

relinquishes direction of Hydrographic Branch
2d Director of Reclamation Service
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