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Preface

John Wesley Powell told the Allison Commission in 1885 that ‘‘Sound
geologic conclusions cannot be reached by following a few narrow lines of in-
vestigation, but all such lines of research must be followed that each may shed
light upon the other. Unless this principle is fully recognized, a geologic survey
might lead to conclusions of no value to the people at large, or conclusions
might be reached so erroneous as to be misleading.”” The principle is sound,
but Powell, like many others of his time, did not fully comprehend the
magnitude of the task that he proposed of encémpassing all knowledge of a
given science before applying any part of it.

The same principle may be applied to history but would obviously produce
the same impossible task, and therefore, it is customary to deal with limited
portions of history or with a particular aspect. Nonetheless, as explained in
Volume 1, it was decided not to treat Survey history from a thematic point of
view, although it would have been possible to consider the Survey in that way,
as a Government agency, as a fesearch institution, in terms of its-contribution
to the industrial development of the country, or to the conservation of its
natural resources and preservation of its environment. All of these are only
facets of the total Survey, and rather early in the study of Survey history it was
discovered that focusing on a particular aspect could easily, and in fact has, led
to conclusions far different from those drawn from consideration of the whole.

In the traditional view of the Survey’s first 25 years, which are the subject of
much of this volume, John Wesley Powell, with his broad view of science and
advanced ideas of land and water in the West, is the heroic figure. Clarence
King is dismissed as brilliant but with a limited view of science as mining
geology, and Charles D. Walcott is regarded primarily as a brilliant paleon-
tologist chosen by Powell to succeed him. The Survey’s first quarter century,
however, spanned a watershed in American history that separated a primarily
rural and agrarian nation and a primarily urban and industrial nation, a nation
intent on conquering the continent and isolated from the Old World and 2 na-
tion involved in world politics, 2 nation that believed in the virtues of competi-
tion and limited government and a nation that saw the virtue of cooperation
and insisted on reform and regulation to ensure equal opportunities to all.
Science itself changed during this period. The age of insttuments was just
beginning when the Survey was established; by the turn of the century, in-
struments had almost revolutionized science and the era of the lone investigator
had to give way to an era of organized effort in the solution of problems.



When these facts are taken into consideration, it can be concluded that the
importance the Geological Survey achieved in its first 25 years, in fact its
longevity, should be attributed not to the broad view of science taken by John
Wesley Powell, but to the foresight of Clarence King in organizing the Survey’s
research to aid in the industrial progress of the country while seeking ultimately
the advancement of science and to the perspicacity, administrative skill, and
seemingly limitless enetgy of Chatles D. Walcott, who held that the Survey’s
field was geology and not all science, who ditected its research toward the aid of
not just the mineral industry, as envisioned by King, but of all industries and
practical undertakings that would benefit from a knowledge of the Earth and
its resources, and who insisted that basic research and applied science cannot be
sepatated. The development of economic geology as a science and not just ap-
plied geology must be consideted one of the achievements of this era, and to
this development, the Geological Survey was a major contributor.

Economic geology, however, was not the sole achievement. There were ad-
vances in other fields, sometimes as part of economic geology, sometimes apart
from it, to name but a few: the growth of pettography and petrology, the
development of glacial geology, the definition of mapping units, stratigtaphic
classification, and geologic time divisions, the conservation of water, changing
standards of topographic mapping, the emergence of geophysics and
geochemistry. Each of these could fill a separate book. The detailed indexes will
help those who wish to follow a particular development or to obtain a
bird’s-eye view of the variety.

Basic to all, however, is the idea that Federal science must tespond to na-
tional needs as perceived at the time in order to remain healthy. And so the
presentation must be chronological rather than thematic. In time-honored
Survey fashion, the facts are presented and a conclusion drawn, but acceptance
of the conclusion must rest of the facts, not on any special pleading.

I should like to acknowledge my indebtedness to many membets of the
Geological Survey for their help in preparation of this volume. In particular, I
wish to thank Thomas B. Nolan, Director, 1956-1965, for his interest, en-
couragement, advice, and many useful discussions; Arthur A. Baker, former
Associate Director, Vincent E. McKelvey, Director, 1971-1978, and Clifford
M. Nelson, Associate Historian, 1976-1980, for thorough and detailed reviews
of the manuscript; and other reviewers, including R. H. Lyddan, R. P.
Southard, Motris Thompson, Geotge H. Brett, G. D. Robinson, and E. Roy
Hendricks for valuable suggestions.
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Chapter 1.
A New Order

There is nothing more difficult to take in hand, more perilous to conduct, or
more uncertain in its success, than to take the lead in the introduction of a new
order of things.

—Niccolo Machiavelli

On March 3, 1879, the U.S. Congress established the U.S. Geological
Survey, placing it in the Department of the Interior and charging it with
responsibility for the classification of the public lands and examination of
the geological structure and mineral resources and products of the national
domain. In the same act, Congress created a public lands commission and
asked it to provide a codification of laws relating to the survey and dispo-
sition of the public lands, a system of land-parcelling surveys, and recom-
mendations in relation to the best method of disposing of the public lands
to actual settlers.

The United States was then a primarily rural and agrarian nation, con-
sisting of 38 States, 8 Territories, the District of Columbia, Indian Terri-
tory, Alaska, and a piece known as Public Land or Land Strip southwest of
Kansas and north of Texas, unattached to any State or Territory. The edge
of settlement, or frontier, was at about longitude 102° West; beyond the
frontier were only isolated pockets or belts of settlement, many of which
owed their initial existence and some their continued existence to miners
and prospectors. In vast areas beyond the frontier, the population was of-
ficially less than 1 per square mile. The Federal Government still held title
to more than 1.2 billion acres of land, only 200 million of which had been
surveyed. Nearly all the public lands were in the Territories and States west
of the Mississippi River; only 26 million acres in Florida, Alabama, Mis-
sissippi, Arkansas, and Louisiana were still part of the public domain.

Agriculture was the principal occupation of nearly half the working force.
Thirteen States—Delaware, Virginia, North and South Carolina, Georgia,
Alabama, Mississippi, Tennessee, Kentucky, Illinois, Missouri, Iowa, and
Wisconsin—were classed as successful agriculeural regions by the Census of
1880. About half as many people were employed in the manufacturing,
mechanical, and mining industries combined as in agriculture. Only two
States—Rhode Island and New Jersey—were regarded as industrialized,
although eight others—Massachusetts, Connecticut, New York, Pennsyl-
vania, Maryland, Ohio, Indiana, and Michigan—were more industrialized
than agricultural.

There were very few Federal scientific and mapping agencies when the
U.S. Geological Survey was established in 1879. The oldest were the map-
ping agencies. The Office of the Surveyor General had been established in
1796 to map the public lands, but since 1836, it had been part of the
General Land Office, which came under the Department of the Interior in
1849. The Coast and Geodetic Survey in the Treasury Department had been
authorized in 1807 to chart the coasts in aid of commerce. In 1832, it had
acquired responsibility for standardization of weights and measures, and
under its second and third superintendents, Alexander Dallas Bache and
Benjamin Peirce, it had begun various scientific studies as well. In 1871,

A New Order 1



the Coast Survey was authorized to make a coast-to-coast triangulation, and
in 1878, its name had been changed to Coast and Geodetic Survey. The
U.S. Army Corps of Engineers had been responsible for mapping the western
Territories. The Naval Observatory had been established in the early 1840s,
and the Naval Hydrographic Office had been set up during the Civil War.

The Department of Agriculture had been established in 1862 and au-
thorized to make practical and scientific experiments in order to acquire and
diffuse useful information on subjects connected with agriculture. In estab-
lishing the department, Congress acknowledged that its power to provide
for “the common defence and general welfare” warranted sponsorship of
continuing scientific research in the older of the two basic industries. In
1869, Congress authorized the Army Signal Corps, which had collected
meterological information during the Civil War, to continue the service,
again sanctioning continuing scientific investigations. Then in 1871, as a
conservation measure, Congress established the Fish Commission to study
the diminishing fish population in the Atlantic.

In addition to these continuing organizations, Congress had in earlier
years also ordered commissions or surveys to perform certain tasks, such as
the surveys of mineral lands or various exploring and mapping expeditions.
In 1867, two surveys had been authorized: the Geological Exploration of
the Fortieth Parallel, administratively under the War Department but di-
rected by a civilian, Clarence King, and a survey under the General Land
Office of the resources of the new State of Nebraska. The latter, headed by
Ferdinand V. Hayden, had developed into the Geological and Geographical
Survey of the Territories. In 1871, two other western surveys were author-
ized. One was the outgrowth of the daring exploration of the Colorado River
by Major John Wesley Powell in 1869; it was at first under the Smithsonian
Institution but in 1874 was transferred to the Department of the Interior
where it was first the second division of the Geological and Geographical
Survey of the Territories and later the Geographical and Geological Survey
of the Rocky Mountain Region. The second survey authorized in 1871 was
the Geographical Surveys West of the One Hundredth Meridian, directed
by Lieutenant George M. Wheeler of the Corps of Engineers. None of these
surveys was regarded as permanent; they had been established to accomplish
certain tasks. The Geological Exploration of the Fortieth Parallel had in fact
completed its fieldwork in 1872 and its reports in 1878.

Rivalries among the remaining surveys had led Congress to ask the Na-
tional Academy of Sciences in June 1878 to consider all surveys of a sci-
entific character under the War or Interior Departments and to report to
Congress a plan for surveying and mapping the Territories of the United
States on a system that would secure the best possible results at the least
possible cost. A committee of the National Academy of Sciences concluded
that it was absolutely essential that there be only one geodetic system, one
topographic system, and one land-parceling system, all under one head, and
had recommended that the Coast and Geodetic Survey be transferred from
the Treasury Department to the Interior Department, renamed the “Coast
and Interior Survey,” and given responsibility for all mapping and sutvey-
ing. The committee also recommended that a second survey, the United
States Geological Survey, be established to obtain a thorough knowledge of
the geological structure, natural resources, and products of the public do-
main to meet the requirements of existing law on the disposition of the
public lands, and that a public lands commission be formed. The committee
noted:
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By far the larger part of the public domain lies in the region where, from geo-
logical and climatic causes, the lands are for the most part not valuable for
field culture, and where the system of homestead pre-emption and sale in ac-
cordance with existing laws is both impracticable and undesirable.

The prairies and Rocky Mountain country had been passed over in early
westward migrations, as farmers sought new land to replace land that had
lost its fertility, but by the end of the Civil War, suitable new land was
becoming difficult to find. During the 1870’s, therefore, farmers had settled
large areas in Dakota, Nebraska, Kansas, and Texas, moving the frontier
westward scores of miles. The plains and prairies country into which they
were moving was especially suited to the growing of grains and cereals, a
type of agriculture that had begun to change from a subsistence to a com-
mercial operation with the introduction of farm machinery in the 1850’s.
To be successful, however, such agriculture required large farms and many
workers, and therefore a substantial investment in lands, buildings, and
equipment. As early as 1875, the Commissioner of the General Land Office
reported that the lands most desirable for homestead settlement, because of
the fertility of the soil and the presence of conditions necessary for honest
observance of the requirements of the homestead law, had already passed
into private ownership.

Farmers who had to borrow money were at a disadvantage, for farm prices
had been declining since 1869. Although the principal crops were produced
in ever-increasing quantities, the total value of farm products in 1879 was
less than it had been a decade earlier. Farmers in two sections of the country
were especially affected by the problem of credit: those in the South, who
lacked both land and capital, and those moving into the Great Plains, who
needed large amounts of capital.

The farmers had begun to organize shortly after the end of the Civil War,
at first simply to promote agricultural interests, but when prices began to
decline, some of the farmers' associations, particularly the Patrons of Hus-
bandry, more commonly known as the Grangers, began to lobby politically
against monopolies, especially the railroads, and for farm credic.

The farmers tended to look toward politics rather than science for aid,
for agriculture had not as yet greatly benefited from science. Alchough
scientists in the private sector had made studies of soil chemistry, fertilizers,
plant nutrition, diseases, and pests, their work had not had any great impact
on farming practices. The Department of Agriculture had been authorized
to conducr scientific experiments, but the first commissioner had organized
the scientific work along the lines of the scientific disciplines. Appropria-
tions lagged, and by 1879, many despaired of any useful scientific contri-
butions from that department.

Crop yields were more dependent on weather conditions than any other
factor, and that was a matter of particular importance to those moving into
the Great Plains area. Cyrus Thomas of the Interior Department’s Geolog-
ical and Geographical Survey of the Territories had pointed out early in the
1870’s that the 100th meridian was a dividing line between two regions of
very different climate, and he urged that climatological studies be under-
taken. It was well known, he said, that on the eastern side of the plains,
the average rainfall was sufficient to supply the moisture necessary for grow-
ing grains; it was almost as well known that irrigation was necessary at all
points on the plains along the east base of the Rocky Mountains, and it was
very important to determine the exact boundary between the two regions.

In 1878, John Wesley Powell of the Interior Department’s Geographical
and Geological Survey of the Rocky Mountains had pointed out in his Report
on the Lands of the Arid Region that two regions were involved: The Arid
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Region proper, where the mean annual rainfall was less than 20 inches and
therefore insufficient for agriculture on the basis of the traditional patterns
of the Humid Region; and a Subhumid Region, where the mean annual
rainfall was 20 to 28 inches. Most of the region west of the 100th meridian
was part of the Arid Region proper. The Subhumid Region extended east-
ward from that meridian to about the 97th meridian. Powell pointed out
that droughts would be frequent in the western part of the Subhumid Region
and that irrigation would be undertaken at an early stage, whereas in the
eastern part of the region, droughts would be less frequent and farming
could be undertaken for long periods without irrigation.

A slightly different definition of the Arid Region was given by Henry
Gannett, geographer for the Tenth Census. Gannett said that irrigation was
necessary for cereal crops where rainfall was less than 20 inches annualfy or
less than 12V5 inches during the growing season. This limit was reached
along a line described as running approximately along a meridian passing
through the middle of Dakota, western Nebraska, western Kansas, and
central Texas, or presumably between longitude 100° and 101° West. Near
this line and perhaps a degree on either side of it, according to Gannett,
was debatable ground—Powell’s Subhumid Region.

In the plains country where influx of people had been heaviest, rainfall
had been sufficient for successful agriculture for several years, and there was
a widespread belief that the Timber Culture Act, which encouraged the
cultivation of trees, had actually changed the climate. However, in Kansas
and Nebraska, ribbons of settlement progressing toward the western bound -
aries of the States clung to the South Platte, Republican, Kansas, and
Arkansas Rivers where water would be available for irrigation.

In most of the belts and pockets of settlement west of the frontier where
agriculture was practiced, irrigation was already a recognized necessity. The
Mormons of Utah had developed a highly successful agriculture based on
irrigation. Many settlements in Colorado, Idaho, and Montana followed the
streams. In California and Nevada, where mining had ceased to flourish and
agriculture had become more important, the problem of irrigation had been
recognized early. In 1873, Congress had appointed a commission to inves-
tigate the possibilities of irrigation in the San Joaquin, Tulare, and Sacra-
mento Valleys in California. The commissioners concluded that extensive
systems of irrigation could be buile only by the State or by private capital
and could be built only after a complete instrumental survey had been made
to determine the location of dams, canals, and ditches and to divide the
country into different irrigation districts.

Major Powell in his 1878 report on the Arid Region went beyond the
commissioners. He included drafts of two bills for the organization of irri-
gation and pasturage districts by homestead settlements, following classi-
fication of the lands. Major Powell’s proposal, like that of the commissioners
in 1874, was essentially a political solution of the problem.

The farmers’ groups had some success in securing enactment of State
legislation controlling railroad freight rates, but the problem of money and
credit was more intractable. At first, the farmers favored the continued use
of greenbacks. During the Civil War, the Government had issued about
$450 million in paper currency, greenbacks, not redeemable in gold or
silver. After the war, public opinion had been almost unanimously in favor
of retiring the greenbacks from circulation until the postwar depression
caused a decline in prices.

Eventually sentiment changed from support of greenbacks to support of
silver-based money. Monetary legislation had undervalued silver for many
years. Silver prices had remained high; silver dollars, being worth more
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than gold dollars, had gone out of circulation, and the Coinage Act of 1873
had dropped silver dollars from the list of coins. Silver production had begun
to rise, however, with the discovery of the Comstock in 1859; the price of
silver had begun to drop, and in 1873, gold and silver reached parity. A
month after silver dollars were dropped, a new bonanza was discovered at
the Comstock, production soared, and silver prices declined still more, so
that by 1876 the bullion in a silver dollar was worth less than 90 cents on
the market. Several European governments had by this time adopted the
gold standard, but American currency was still on a bimetallic standard.
Silver money would satisfy the demand that the currency have a metallic
base, coining silver at the ratio of 16:1 would expand the money supply,
s0 a combination of silver interests, inflationists, and farmers brought about
passage of the Bland-Allison Silver Purchase Act in February 1878, direct-
ing the Secretary of the Treasury to purchase not less than $2 million nor
more than $4 million worth of silver bullion each month at market value.

The West was particularly interested in silver legislation, for almost all
the precious metal resources came from the Western States and Territories,
whereas almost all the minerals needed by industry, then chiefly coal and
iron, were mined in States east of the 100th meridian. There were, in effect,
two distinct mining industries, separated geographically and by product.
Mining laws were also different. In the Eastern States, English common law
was the rule for transfer of property, and surface rights carried with them
the minerals vertically below. In the public-land States and Territories,
mineral land could be obtained from the Federal Government under the
Mining Law of 1866 and the Mining Law of 1872, which recognized local
customs and regulations and other relations between surface and mineral
rights.

The larger and more profitable mining industry was in the States east of
the 100th meridian; of the top 10 mining States and Territories in 1880,
6 were east of that line. Pennsylvania was the leading mining State of the
Union, the value of its mineral products more than three times that of the
second State, Colorado, and more than that of the next three States, Colo-
rado, California, and Nevada, combined. In the census year of 1880, when
28.6 million tons of anthracite and 42.7 million tons of bituminous coal
were mined, nearly all the anthracite and 45 percent of the bituminous coal
came from Pennsylvania, and nearly 70 percent of the bitruminous coal came
from the Appalachian fields. Nearly 8 million tons of iron ore were produced
in 1880, about half of it in Pennsylvania and Michigan. New York and
New Jersey ranked third and fourth, and these four States produced more
than 75 percent of all the iron ore produced in the United States.

Copper, lead, zinc, and petroleum were then of far less importance in
industry, but of these, copper, zinc, and petroleum also came chiefly from
States east of the 100th meridian. More than 90 percent of the 55.8 million
pounds of copper mined in 1880 came from the eastern part of the country;
more than 90 percent of eastern copper came from the Lake Superior district
and more than 50 percent, from the Calumet and Hecla mines alone. Nearly
half the zinc came from New Jersey and Pennsylvania, most of the rest from
the Mississippi Valley. Nearly all the petroleum came from northwestern
Pennsylvania, only small amounts being obtained elsewhere in Ohio, West
Virginia, and Kentucky. Petroleum production in 1880 was only about 7
million barrels, but petroleum was the subject of a special report by the
Tenth Census. It was then used chiefly for illumination, lubrication, and
medicinal purposes. S. F. Peckham reported, however, that there had been
some theoretical consideration of its use as a fuel and that a “novel appli-
cation” had been made by exploding petroleum vapor behind the piston
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of an engine and that the expansive force had been made available as a
motor. Such uses, if developed, could affect future production.

Lead was the only one of the nonprecious minerals that came chiefly from
west of the 100th meridian, and the lead industry was troubled by over-
production. After 1849, the United States had been a lead-importing nation
until 1877, when the large new production from the silver-lead industry
of Nevada and Utah once more made it independent. The new production,
however, brought about a decline in the price of the metal, and in 1878,
the American Pig Lead Association had been organized in an effort to hold
the price at not less than 4 cents a pound. The effort was unsuccessful.
Toward the end of the year, an increase in domestic consumption coupled
with a falling off in production and the shipment of Nevada’s surplus to
China gave rise to optimism until reports began coming in of the devel-
opments at Leadville, Colorado.

Gold and silver, iron, coal, copper, lead, zinc, and petroleum were the
only minerals given special consideration by the Tenth Census of 1880.
Lumped together, and valued at little more than 1 percent of the total
mineral production of that year, were asbestos, asphaltum, barytes, chromic
iron, cobalt, corundum, garnet, glass sand, graphite, hydraulic cement,
hydraulic lime, infusorial earth, kaolin, magnesian limestone, manganese,
mica, mineral soap, nickel, nickel and cobalt matter, ocher oilstone, pyrite,
quartz and feldspar, scythestones, shoemakers’ sandstones, soapstone, talc,
and whetstone.

The mineral industry, unlike agriculture, had had a long and close re-
lationship with science. The study of minerals was the oldest phase of the
earth sciences. Chemistry had its beginnings in the alchemists attempts to
transmute base metals into precious metals. Geology began to separate from
natural history as a distinct science in the mining school at Freiberg in
Saxony. Government geological surveys, which began in the eastern part of
the United States, were first inaugurated to atd agriculture but very quickly
shifted to investigations of mineral resources. The Federal Government also
employed geologists in the evaluation of mineral resources, particularly in
the classification of mineral lands. These surveys in turn led to advancements
in the science of geology. Thus Josiah Dwight Whitney was led to say in
1875:

It is chiefly through its intimate connection with the art of mining and the
development of the mineral resources of the country that geology has acquired
the importance it now has.

The mineral industry of the United States had not neglected political
action. Some of the earliest efforts to establish the protective tariff system
originated in the iron industry. The copper industry had also resorted to
the tariff. However, the American Institute of Mining Engineers was estab-
lished in 1871 because, in the words of one of its first members:

The time has come when scientific research is to assume its true position—the
day of ‘sheer force and blind stupidity,” whose only protection was a high tariff,
has gone by forever. *** the physicist, the geologist and mineralogist, the chem-
ist, the engineer and mechanic, are as essential to success as the furnace itself,
or the labor that works it.

Congress did not follow all the recommendations of the National Academy
of Sciences in the legislation of March 3, 1879. The Coast and Geodetic
Survey was not transferred to the Interior Department. The West was op-
posed to any change in the public-land surveys that might hinder devel-
opment. A decision on national-mapping policy was thus postponed, and
the hope of the Eastern States for Federal assistance in topographic mapping
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to aid in the development of natural resources was left untulfilled. The Coast
and Geodetic Survey would continue to survey the coasts and to extend
triangulation from the Atlantic to the Pacific, but for the time being, the
States would have to do the mapping within their own boundaries.

In establishing a public lands commission, Congress acknowledged that
the public lands of 1879 were very different from those of the early years
of the Republic and that it was time for a new look at public-land law. The
inclusion of the Director of the Geological Survey as one of the commission
of experts conceded the usefulness of science in the formulation of public-
land policy.

Federal geologic work was given an entirely new status, for Congress
went beyond the recommendations of the National Academy of Sciences
when it established the U.S. Geological Survey. The Academy had recom-
mended that the Survey be established to obtain a thorough knowledge of
the geological structure, natural resources, and products of the public do-
main; Congress required the Survey to classify the public lands but to ex-
amine the geological structure, mineral resources, and products of the na-
tional domain. The change was significant. Congressman A. S. Hewitt of
New York, author of the legislation and a well-known ironmaster and former
president of the American Institute of Mining Engineers, told Congress in
February 1879 that the Geological Survey was needed to determine,

What is there in this richly endowed land of ours which may be dug, or gathered,

or harvested, and made part of the wealth of America and of the world, and
how and where does it lie?

His friend, Clarence King, said that the “discontinuance of the several
Geological Surveys under personal leadership, and the foundation of a per-
fanent Bureau charged with the investigation and elucidation of the geo-
logical structure and mineral resources and production of the United States’
was the “step necessary to give the highest efficiency and the most har-
monious balance to the National geological work.” The Organic Act of
the U.S. Geological Survey in 1879 thus acknowledged the increasing im-
portance of the second basic industry in the national economy and so marked
the beginning of a new era.

Within the next 25 years, the United States was transformed from an
isolated, rural, and agrarian nation into an urban industrial world power.
The population increased from 48.9 million in 1879 to 81.8 million in
1904; settlement of the West proceeded so rapidly that by 1890 the frontier
had disappeared. The number of manufacturing establishments and the value
of manufactured products more than doubled in the period. Money in cir-
culation per capita increased from $16.75 on July 1, 1879, to $30.77 on
July 1, 1904.

Transportation was an important factor in the change. There were 35,000
miles of steam railroads in the United States and more than five times as
much at the turn of the century. The first transcontinental railroad was
completed in 1869, and only 15 years later, three other lines had been
completed to the west coast. Railroads were especially important in devel-
oping the West, increasing its population and transporting its products,
both mineral and agricultural, to eastern centers.

A second factor in the transformation was the development of science and
technology. The use of electricity, improvements in the quality of steel, and
new metallurgical processes that made available the ores of precious and
industrial metals previously considered intractable, all aided in the industrial
revolution. An agricultural revolution during this same period was similarly
aided by science. Federal scientific bureaus in the Departments of Agricul-
ture and the Interior contributed to both revolutions.
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Political and economic conditions were also important. Laissez faire—
which has been described“as a shorthand abbreviation for a whole complex
of economic and social thought, economic organization, political policy,
judicial theory and decisions, and popular belief“~was then at its height.
As first formulated in Europe, laissez faire was a reaction against mercan-
tilism and its strict governmental regulation of the economy. Laissez faire
promoted the interests of a rising class of farmers and business entrepreneurs
by stressing the virtues of competition in the economic well being of the
community. Implicit in the system was the idea that the State should not
interfere with the economic life of the community. After the Civil War,
laissez faire came to have a new meaning in the United States. Charles
Darwin’s Origin of Species had been a major revolution in scientific thought
when it was published in 1859. By 1879, the theory of natural selection
had been translated into other spheres of thought, notably into what has
been called Social Darwinism, the idea that the evolution of society and
social institutions also came about by competitive scruggle and survival of
the fittest exactly as did biological evolution. Social Darwinism originated
with Herbert Spencer in England but was widely accepted in the United
States, where it reinforced an old American belief that that government
governed best that governed least and also justified the actions of the captains
of industry. By the tenets of Social Darwinism, the rich achieved their
wealth because they were superior, more industrious, or more virtuous, and
the poor were poor because they were inferior, lazy, or evil. If the most fit
survived in the struggle for business success, their methods were sanctioned
and the Government should in no way interfere. Thus, businessmen used
ruthless tactics to destroy competition and establish monopoly, and bankers,
to extend control over railroads and industries and build up interlocking
financial empires. Thus, also, the railroads and the large industrial combi-
nations were able to acquire vast holdings in land, timber, and mineral
resources.

There were dissenters to the theory from the 1870’s on. On the intel-
lectual level, one of the most eloquent was Lester Ward, pioneer sociologist
and paleobotanist of the U.S. Geological Survey, who pointed out that
competition in the economic sphere did not assure survival of the fittest and
often had the opposite effect. Ward was a firm advocate of economic plan-
ning. So were Richard T. Ely and other young economists critical of ortho-
dox economics, who formed the American Economic Association in 1885
with a declaration that the positive assistance of the State was one of the
indispensable conditions for human progress. The popular revolt against the
philosophy of laissez faire began with the farmers, in the Granger movement
of the 1870’s, and with industrial workers, in the formation of labor unions.
Others, mostly Easterners, were concerned with tariff reform, the merit
system in government, and later with anti-imperialism. The philosophic
response to the ferment was a distinctly American system of philosophy,
pragmatism, which regards truth as not absolute but relative and tested by
its consequences. After 1890, nearly all aspects of American life—political
practices, economic institutions and practices, social relationships—were
examined and changed. Not even science was exempt.

Science, which was the root cause of much of the change, was itself in
a transitional state in 1879. Many scientists still reflected the influence of
the naturalists of earlier decades, who collected and classified objects by
collecting and classifying facts, sometimes only to add to the sum of human
knowledge without further synthesis and application. There were scientists
who believed it possible to learn everything about a particular subject; there
were even those who thought that everything had already been learned about
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some subjects except, perhaps, a few details. The use of tools, such as
petrographic microscopes and cameras, which added new dimensions, was
then in its early stages.

Scientists themselves, consciously or unconsciously, often subscribed to
the current philosophy. Most scientists in 1879, in a sort of scientific laissez
faire, cherished the right to select and pursue their own interests in inves-
tigations and resisted direction and standardization. Scientists who accepted
the Darwinian theory for biological evolution were among the most critical
of Social Darwinism. Curiously, however, some of them, bureau chiefs not
excepted, in their enthusiasm for science and its potential for contributing
to human welfare, accepted a role as superior products of evolution, and like
their business counterparts attempted to establish scientific monopolies.
Progress in science, however, was so great and so rapid that organization
and cooperation became necessary and accepred.

Clarence King, who became the U.S. Geological Survey’s first Director,
organized the Survey into two independent divisions, Mining Geology and
General Geology, and then into geographic divisions after the fashion of the
Coast and Geodetic Survey. Conceiving it to be his duty to obtain immediate
results of strictly practical value, he allotted most of the funds to mining
geology and planned a two-fold program: a study of mining districts and
the collection of mineral statistics. Although general geology had the lesser
role, basic research was not neglected. In addition to the work of the General
Geology Division, some of the earliest geophysical and geochemical studies
were undertaken in support of mining geology. The Survey was thus mission
oriented in its first years.

King remained Director of the Geological Survey for only 2 years, and
in 1881, John Wesley Powell succeeded him. Powell, who had favored a
single survey for topographic and geologic mapping in 1878, immediately
initiated an independent topographic-mapping program. In 1882, he ob-
tained from Congress authorization to continue preparation of the geologic
map of the United States and took that as authorization to prepare a topo-
graphic map of the United States as well. This brought about some overlap
with the work of the Coast and Geodetic Sutvey. In that same year, the
Treasury Department fought off an attempt by the Navy Department to
take over the Coast Survey.

With the authorization to prepare a geologic map of the United States,
the Geological Survey reverted to an older tradition of science. The geologic
map was a task that could be completed; it would develop the science, add
to human knowledge, and ultimately provide the basis for application to
practical problems. Stratigraphic and paleontologic studies were expanded,
and mining geology investigations were limited. Coincidentally, there was
a return to individualism, most scientists being allowed to choose their own
investigations if such investigations fitted into the overall plan for a geologic
map.

In 1884, Congress called for a joint commission of the Senate and House
of Representatives to consider the organizations of the Signal Service, Geo-
logical Survey, Coast and Geodetic Survey, and the Hydrographic Office of
the Navy Department to secure greater efficiency and economy of admin-
istration of these scientific bureaus. The proposed investigation, ostensibly
a general one, was actually a combination of two investigations. One was
an attempt to save the Coast and Geodetic Survey from the encroachment
on its functions by the Geological Survey and from another attempt by the
Navy to take it over; the other investigation was the Signal Service, in
particular of the meteorological investigations. Many people questioned
whether a weather bureau was properly a military function. The Naval
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Observatory was not included in the investigation, but the struggle to make
that agency a civilian one was an internal affair.

The National Academy of Sciences was called on for advice and suggested
that the topographic work of the Coast and Geodetic Survey and the Geo-
logical Survey be combined under one executive department and that the
civilian and military functions of the Signal Service be divided. The Acad-
emy went on to suggest that the scientific functions of the Federal Govern-
ment be divided among four bureaus: the Coast and Interior Survey, con-
cerned chiefly with geodesy and hydrography; the Geological Survey; the
Meteorological Bureau; and a physical laboratory, which would include the
Office of Weights and Measures, then part of the Coast Survey. The Acad-
emy also suggested that a Department of Science be established, or alter-
natively, that all scientific bureaus be transferred to one executive depart-
ment.

The congressional investigation spanned two sessions of Congress and a
change of administration. The majority report in 1886 did not recommend
any immediate changes in the organization of any of the bureaus and spe-
cifically accepted the wisdom of a geological survey of the entire country.
Publication funds, however, were thereafter restricted. The minority report,
signed by two members of Congress from the newly industrializing South-
east, attempted to restrict research in general geology and paleontology.

The congressional committee made no investigation of the scientific work
of the Department of Agriculture. That Department had begun to develop
as a scientific organization when it became more mission oriented, after the
Entomological Commission, which had investigated the locust plagues of
the Great Plains in the 1870s, became its Division of Entomology in 1880.
A Bureau of Animal Husbandry was established in 1884 to study a specific
problem of animal diseases, and a Division of Mycology the following year
to study the problem of plant fungi. All three divisions aimed investigations
at the solution of a practical problem, using whatever means were necessary
or practicable. As the prestige of the Department grew, farmers demanded
that it be raised to Cabinet status, and in February 1889, Congress passed
the necessary legislation.

During the early part of the 1800’s, agricultural production continued
to increase. Prices, however, did not, and agriculture on the whole lagged
behind other segments of the national economy. The portion of the national
income earned by farmers and their share of the national wealth declined.
Then in 1886, for the first time in several years, rainfall on the Great Plains
was inadequate for farming and crops were a failure. During the following
winter, blizzards and ice storms devastated the cattle ranches. The drought
continued, and a series of crop failures together with declining prices dealt
the farmers west of the 97th meridian crushing blows. Many soon realized
that their land was worth less than the mortgages and let the loan companies
foreclose, and large areas of the plains from Kansas northward became almost
depopulated as farm families moved back east. Protest movements that had
declined at the end of the 1870's again became important.

Irrigation of the arid lands, especially of the Great Plains, became a
matter of importance. Congress at first turned to the Department of Agri-
culture for information, and that Department submitted a lengthy report
in December 18806, stating that the area of irreclaimable arid land was quite
moderate in extent, but in a large part of it, the water supply was both
inadequate and irregular. In 1888, Congress turned to the Department of
the Interior. Major Powell proposed that a topographic map be made of the
arid region to determine the hydrographic basins and that this map be
supplemented by stream-gaging and engineering surveys to designate res-
ervoir sites, irrigable lands, and canal lines. Congress authorized the U.S.
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Geological Survey to make such a survey and, to prevent speculation, with-
drew all irrigable lands from entry until the survey could be completed.

In the spring of 1890, officials of the Department of Agriculture ques-
tioned the concentration of the Survey’s work in the area west of the Rocky
Mountain front rather than in the Great Plains area. In the summer of
1890, the Department of Agriculture issued a report on the water problems
of the Great Plains that suggested geologic studies, rather than topographic
maps, were needed and that underground water resources should be inves-
tigated. Many of the engineers of the Irrigation Survey had already dis-
counted the usefulness of topographic mapping for designating reservoir
sites or laying out canal lines. The Attorney General also ruled that the
entire public domain had been closed to entry by the reservation clause in
the 1888 legislation because no one knew which lands were irrigable until
the Geological Survey designated them. Western interests raised a storm of
protest, and Congress discontinued the Irrigation Survey and amended the
1888 legislation to reserve only the reservoir sites. Two months later,
Congress separated the civilian and military functions of the Signal Corps,
as the National Academy of Sciences had recommended in 1884. The ci-
vilian functions were transferred to the Department of Agriculture, there to
become the Weather Bureau, with responsibility, among other duties, for
climatological studies and for gaging streams.

In the following spring, Congress made major revisions in the public-
land laws, in accordance with the recommendations of the Public Lands
Commission of 1879, bringing to an end most cash sales of public lands,
repealing the Preemption and Timber Culture Acts, and providing more
stringent conditions for entries under the Desert Land Act. In a major step
toward the conservation of natural resources, the President was authorized
to create forest reserves. Mineral-land laws, which had been a major concern
of the Public Lands Commission, were unchanged.

Industrial progress had continued unimpeded, and therefore, most of the
mineral industry in the Eastern States had prospered during the decade. In
1890, the value of the nonprecious minerals produced was nearly double
that of 1880. The United States had become the world’s leading iron- and
steel-making country. In fact, the United States in 1890 produced more
than 34 percent of all the pig iron produced in the world and more than 35
percent of all the steel; it mined more than 28 percent of the iron ore and
nearly 28 percent of the coal. James M. Swank of the American Iron and
Steel Institute said proudly:

Such industrial progress in a brief time as is here illustrated the world has
never before known.

Mining of iron and coal remained very much an eastern affair, although
a shift westward and southward from the original centers had taken place.
Pennsylvania was still the leading mining State in 1890; the value of its
mineral product more than double that of the second-ranking State, Mich-
igan. Pennsylvania and the Appalachian fields in general dominated the coal
industry, producing all the anthracite and 65 percent of the bituminous
coal. The Central coalfield of Illinois, Indiana, and Kentucky produced
another 18 percent of the bituminous coal. Only 17 percent came from west
of the Mississippi. Michigan had become the leading iron-producing State,
by itself producing nearly 45 percent of all the iron ore mined in the United
States in 1890. Owing to the rapid industrial progress in the Southeast,
Alabama had outstripped Pennsylvania and was the second-ranking iron-
producing State. Wisconsin and Minnesota had also made rapid strides in
iron mining and ranked fifch and sixch.
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Copper had become important because of the rapid progress of the elec-
trical industry. Copper production had more than quadrupled during the
decade, and the United States had become the world’s leading copper pro-
ducer. The Lake Superior mines had produced more copper in 1890 than
the whole country had produced in 1880 but had yielded first place to the
Montana mines, which produced more than 43 percent of the copper mined
that year. Arizona was a distant third. As the West for the first time became
an important producer of an industrial mineral, so industry became involved
in western mining law, resulting in epoch-making litigation with the war
of the copper kings.

Among the other minerals, lead and zinc were still of less importance.
Aluminum was produced commercially for the first time in 1882, and the
newspapers had written glowingly of the advent of the age of aluminum.
Its future, however, was still uncertain, for although 61,000 pounds were
produced in 1890, aluminum was not being used as widely as expected.

The future of petroleum was also still uncertain. Production had more
than doubled in the decade, and petroleum was being found in nearly every
State and Territory, but it was being produced in quantity only in western
Pennsylvania, West Virginia, and Ohio and in small amounts in Colorado
and southern California. A leading observer thought it highly unlikely that
any other State, with the possible exception of Wyoming, would ever be-
come a large producer, but took the precaution of adding that there had
been so many surprises in petroleum that his statement should be regarded
as only setting forth current indications.

The production of gold had continued to decline during the 1880’s and
the value of gold mined in 1890 was only $32.8 million. California’s
annual production had declined to only $12.5 million chiefly because of the
prohibition of hydraulic mining, and the other leading gold-producing
States produced at the most $3 to $4 million each. Silver production, on
the other hand, had increased to $70.5 million, about 1.7 ctimes that of
1880. The monetary situation was thus even more precarious than it had
been in 1879.

The year 1890 was a turbulent one in American politics. The increasing
agrarian unrest organized itself into powerful farmers’ alliances, which
plunged into politics with a vigor that alarmed business and industrial
interests. The farmers’ parties opposed the moneyed interests of the East
and again joined with western silver interests who were pressing for silver
coinage.

The protective tariff had become a partisan issue after President Cleveland
called for lowering of duties in his annual message to Congress in 1887.
The Democratic party was thereafter opposed to the existing system, and
the Republicans felt constrained not only to support the protective tarift but
to advocate its extension.

When the Republicans regained control of Congress after the elections of
1888, they felt compelled to propose new tariff legislation; to make the
measure more palatable to the agrarian West, Republican leaders decided
first to accede to western desires for antitrust and silver legislation. The
Sherman Antitrust Act and the Sherman Silver Purchase Act were passed in
July 1890, the latter requiring the Treasury to purchase 4.5 million ounces
of silver, the estimated total production, each month at the prevailing-
market price and to issue in payment legal tender Treasury notes redeemable
in gold or silver. The McKinley Tariff Act was then passed in September.

In 1892, a Presidential election year, Congress again took a hard look at
the scientific agencies. Passage of the Silver Purchase Act of 1890 had not
provided the ample money supply that the farmers demanded, and a new
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downward spiral of commodity prices began. There was a drain on the gold
reserve, and the Treasury announced, for the first time in 20 years, an
impending deficit. In a mood for economy, Congress slashed appropriations
for scientific agencies, especially items that seemed to have little immediate
practical purpose. The Geological Survey’s appropriations for geologic sur-
veys, for paleontology, and for chemistry and physics were drastically re-
duced; only the appropriation for the report on mineral resources went
unscathed. The Survey became principally a mapping agency. Appropria-
tions for the Coast and Geodetic Survey, the Fish Commission, and the
Smithsonian Institution were cut, and the Bureau of American Ethnology
came close to being eliminated altogether. Appropriations for the Depart-
ment of Agriculture, then even more mission oriented, were unchanged.

In 1893, Grover Cleveland succeeded Benjamin Harrison as President as
the worst depression of the 19th century was beginning. Scientific bureaus,
remembering the difficulties of the first Cleveland administration, were
fearful, and at first, their fears seemed justified. The Secretary of the Navy
and the Secretary of the Treasury came to an early agreement on a dismem-
berment of the Coast and Geodetic Survey, part of its mapping functions
to go to the Hydrographic Office, part to the Geological Survey. In the
Department of Agriculture, Secretary J. Sterling Morton announced that he
would drop all “useless scientists” from the Department. There were,
however, no drastic changes. Congress refused to go along with the proposed
changes in the Coast and Geodetic Survey. Secretary Morton chose as his
Assistant Secretary a German-trained chemist, Charles Dabney, who, as
head of the North Carolina agricultural experiment station, had discovered
the phosphate deposits of eastern North Carolina and tin deposits of the
western part of the State and had helped to revitalize the economy of North
Carolina. Dabney directed an expansion of the scientific work of the De-
partment. In the Geological Survey, Powell remained nominally Director
until 1894, but Secretary of the Interior Hoke Smith named Charles D.
Walcott geologist in charge of geology and paleontology on July 1, 1893.
In the field season of 1893, the geologic-mapping program was related to
economic problems. Walcott became Director of the Geological Survey a
year later. He revived the mission orientation of the Survey's work as out-
lined by King in 1879, bur at the same time, he broadened the mission.
The Survey would aid not just the mineral industry, but any industry, in
fact any practical object that could be aided by a knowledge of geology.
Both Walcott and Dabney succeeded in placing the scientists in their agen-
cies under civil service, thus removing the threat of patronage.

Walcott emphasized at first that the principal work of the Geological
Survey was geology, and although he stressed the practical aspects, he made
it clear that basic and applied science could not be separated, that basic
science would be undertaken when and where it was needed in the solution
of a problem. Mining geology studies were resumed and extended into the
Eastern States, and in view of the gold crisis, an intensive study of gold
deposits, including exploration for new sources, was begun. An appropria-
tion for gaging streams and determining the water supply of the United
States was obtained, and the importance of the geologic aspects of water was
indicated by assigning some of the most experienced geologists to water-
resources investigations. When a congressional commission recommended
transfer of the Geological Survey’s topographic-mapping program to the
Coast and Geodetic Survey, the move was forestalled when Congress accepted
instead the Geological Survey’s proposal to map Indian Territory, including
the subdivisional surveys, and to make a geological survey at the same time.
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With an upturn in the cconomy in 1896, Federal science and mapping
programs were able to expand. In both the water-resources investigations
and the topographic-mapping programs of the Geological Survey, coopera-
tion with the States and with che Deparement of Agriculture was extensive.
In 1895, an interdepartmental committee on irrigation was formed. In
1897, the Geological Survey was given responsibility tor surveying, map-
ping, and classitying the forest reserves of the United States; for the work
of classification, there was close cooperation with Agriculture’s Forestry
Division. When James Wilson of lowa became Secretary of Agriculture in
1897, he took for himself the role of its chief scientific officer. Under
Wilson's guidance, the Deparement quadrupled in size in the next dozen
years. Studies of soils, grass and torage plants, and the use of fertilizers, and
investigations of dry-land tarming were begun. In the Coast and Geodetic
Survey, the new Superintendent, Henry Pritchett, made plans for increasing
the scope and the support of the work of the Office of Weights and Measures.

Although general geology was not neglected, it was the Geological Sur-
vey's work in economic geology that won for it increasing recognition. The
production of precious metals increased dramatically during the 1890's. The
deposits at Cripple Creek in Colorado, first recognized in 1891, were studied
by the Geological Survey in 1893—-1894. By 1900, the value of annual
production there was $18 million. The gold ores at Mercur, Utah, were
investigated in 1894, just about the time development of the cyanidation
process made its ores practicable. Investigations of the gold resources of
Alaska began in 1895, a year before the big strikes. By 1900, the value of
gold produced annually in the United States had reached a record $79.2
million, and the United States adopted the gold standard as its monetary
base. The silver yield in 1900 was one of the largest in history, but two-
thirds of it was a byproduct of mines that would be operated regardless of
the price of silver, so the currency issue ceased to be controversial.

Copper production in 1900 was 600 million pounds, more than 10 times
what it had been in 1880, but it still could not meet the demands. The
Geological Survey began a study of the Montana mines in 1896 and of Utah
copper in 1897; as the decade ended, it began studies of eastern copper
deposits and the Arizona deposits. Aluminum was replacing copper in the
electrical industry and also replacing iron and steel in parts of industrial
machinery, as well as being used for such diverse purposes as railway cars
and houschold utensils. As a result, production had increased nearly 1,000-
fold in just 10 years. In 1893, the Geological Survey had begun a study of
the aluminum ores of Georgia and Alabama, which were the major source
of the metal, and in the spring of 1900, it began a study of the Arkansas
deposits, which had just begun to produce.

The metal-mining industry called for greater support of the Geological
Survey, and there was a move to establish a Cabinet-level Department of
Mines with the Survey as a nucleus. The gold discoveries spurred congres-
sional interest in addicional studies of the precious metals, but the Survey
took a broader view and suggested thar studies of coal, coke, petroleum and
asphalts, building stones and clay be undertaken as well.

Walcott said that the work of the Geological Survey had just begun and
that the task would take decades if no changes were made in either the
scope of the work or the size of the working force. He predicted, moreover,
that the standards of the future would be progressively higher, that the
scope of investigations would become broader, and that as the science pro-
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gressed and new uses were tound for mineral resources, the number of faces
to be determined would increase. Geologises would never lack worlds to
conquer.

By the turn of the century, however, Federal science was more and more
oriented roward the utilitarian. In 1901, the National Bureau of Standards
replaced the Office of Weights and Measures, which had been pare of che
Coast Survey since 1832. The new bureau was not modeled after the national
physical laboratory of Germany, as Pritchete had hoped, but was an Amer-
ican model drawn up on the basis of consultation wich both scientists and
manufacturers. A Bureau of Plant Industry was established in the Depare-
ment of Agriculture, and the Divisions of Chemistry, Soils, and Forestry
were raised to the status of bureaus. The Department of Agriculeure and
the Department of the Interior, largely through che Geological Survey, were
by that time cooperating in the effort to preserve forests on watersheds and
to develop waterpower. In 1902, when the Federal Government assumed
responsibility for construction of irrigacion works to water the lands of the
arid West, the Reclamation Service was made an adjunct of the Geological
Survey. In 1903, when che Deparement of Commerce and Labor was formed
to foster and promote industry, the Bureau of Standards, the Coast and
Geodetic Survey, and the Fish Commission were all made part of the new
Deparement. Recognizing that che trend was not easily reversed, Walcoct
and several other scientists persuaded Andrew Carnegie to donate $10 mil-
lion as an endowmenct for an institution for the promotion of pure research.

In 1903, a committee on the organization of the sciencific work of the
Government appointed by President Theodore Roosevelt concluded that in
general the work of scientific research on the part of the Government should
be limited nearly to utilitarian purposes and that research in pure science
on broad and general grounds should be within the scope of private insti-
tutions. As a basic principle, the committee stated that the scientific work
of the Government should be organized so that an administrative unit com-
prised all the elements necessary for the solution of a distinct scientific
problem or group of closely related problems, and that, in general, indi-
vidual sciences should not be segregated in separate bureaus or offices. The
committee also recommended that several bureaus be transferred to the
Department of Agriculture, which already included one-third of all Federal
scientific bureaus, received three-fifths of all appropriations for scientific
work, and employed two-thirds of all Federal scientific investigators. The
transfers would have concentrated the scientific bureaus in one deparement
and in effect would achieve the recommendation of the National Academy
of Sciences in 1884, but few of them were ever made.

The second Public Lands Commission, appointed later that year, more
effectively altered the relations of the scientific agencies. President Roosevelt
asked it to report on the condition, operation, and effect of the land laws
and to recommend such changes as were needed to effect the largest prac-
ticable disposition of the public lands to actual settlers, requests not unlike
those Congress had made of the Commission of 1879. To them he added
a furcher charge, to recommend changes in the public-land laws “to secure
in permanence the fullest and most effeccive use of the resources of the
public lands.”

As in 1879, most of the public lands were west of the Mississippi River;
the Federal Government still held citle to 1 billion acres. The West, how-
ever, was no longer a thinly populated little-known area. The Reclamation
Act had dramatically increased the availability of western lands for agricul-
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ture by irrigation. The vast wealth of western mineral resources was better
known, not only the precious metals but other metalliferous and nonmet-
alliferous minerals as well. The mineral industry began looking toward its
iron and coal resources. In 1904, the West produced more petroleum than
the East. Steps had already been taken to conserve the forests and to make
the best use of water and land. Classification of the public lands in advance
of disposition before long became an important element of the Geological
Survey program for the first time, and research and mapping programs were
altered accordingly. The shift in priorities in accord with national policy
brought about a new order within the Geological Survey and among the
Federal scientific agencies that lasted for many years.
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Chapter 2.
The Most Ancient Art, 1879—1881

Indeed, the subject of mining is a very extensive one, and one very difficult
to explain; no part of it is fully dealt with by the Greek and Latin authors whose
works survive; and since the art is one of the most ancient, the most necessary,
and the most profitable to mankind, | considered that | ought not to neglect it.

—Georgius Agricola

The appointment of the first Director of the new U.S. Geological Survey
was critical to the success of the new agency, for the first director would
create as well as direct the organization. Ferdinand V. Hayden, director of
the older of the two Interior surveys discontinued by the legislation estab-
lishing the U.S. Geological Survey, was at first considered the leading
candidate; however, a small group considered Clarence King, who had di-
rected the Exploration of the Fortieth Parallel, better qualified for the po-
sition and worked to obtain his appointment. On March 20, 1879, Presi-
dent Hayes sent to the Senate the nomination of Clarence Rivers King as
first Director of the U.S. Geological Survey. The nomination was confirmed
by the Senate on April 3, and King took the oath of office on May 24,
1879, although no funds would be available for the new agency until July 1.

King represented a new professionalism in American geology. He had
studied under James Dwight Dana and George Brush at Yale's Sheffield
Scientific School as a member of the first class to receive the degree of
bachelor of science. He had studied briefly under Louis Agassiz and had
spent 3 years with the California Geological Survey under Josiah Dwight
Whitney before undertaking the Exploration of the Fortieth Parallel in
1867. The King survey had completed its fieldwork in 1872, and the last
of its reports, King's Systematic Geology, had been published in 1878. King
had been only 25 when placed in charge of the Exploration of the Fortieth
Parallel; in the dozen years since, he had achieved an extraordinary position
for a young man. Acclaimed for his literary as well as his scientific talents,
he was the youngest member of the National Academy of Sciences, and had
a wide circle of friends in positions of influence in political, educational,
and literary circles as well as among scientists.

Although the Organic Act of the Geological Survey assigned what seemed
to be very specific duties to the new agency, the brevity of the legislation
actually lefc much to the judgment of the Director. King decided chat the
initial work of the Survey should be directed toward production of imme-
diate results of strictly practical value. His own experience in the Fortieth
Parallel Exploration had shown the wisdom of early publication of a volume
on the mining industry and engagement in pure science in later years. He
laid out the work of the Geological Survey on the same basis.

Almost immediately, however, he was confronted with problems in inter-
pretation of the Organic Act. The first duty enjoined on the new bureau
was the classification of the public lands, but Congress had at the same time
asked the Public Lands Commission to determine a system and standard of
classification and had not made any changes in the General Land Office,
which had for more than 90 years made the classification of the land 1n
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advance of disposition. Moreover, the National Academy of Sciences com-
mittee in its 1878 report had stated that investigation and classification of
the public domain was needed to meet the requirements of existing law bur
had proposed only that the Geological Survey be responsible for investigation
of the public domain. King therefore decided that the Survey's classification
was not meant to supersede that of the General Land Office but was to be
a scientific one that would provide information for all the people. He
planned a series of land maps which would show “all those features upon
which intelligent agriculturists, miners, engineers, and timbermen might
hereafter base their operations,” and which would also be of value for
“students of the political economy and resources of the United States.”
That decision was later confirmed by the Public Lands Commission, which
concluded after careful study that it would be impracticable for the Survey
or any other branch of the Interior Department to classify the lands in
advance of sale without seriously impeding settlement.

The remaining tasks were the examination of the geological structure,
mineral resources, and products of the national domain; of these, King chose
to emphasize first the examination of mineral resources. Americans could
take pride in the development of their natural resources, he said, but the
methods of the past were no longer enough, and only the Federal Govern-
ment could do what was needed. Because of the size of the country, infor-
mation was lacking on the primary industries—those that yielded the raw
materials, mineral, vegetable, and animal. The Agriculture Department had
begun the systematic collection of information on crops, but the only efforts
to acquire knowledge of mineral production were the “highly useful but
teebly endowed” mining commissions, and those had been ended in 1874
for lack of appropriations.

There were at the time some outstanding problems. The year 1878 had
been one of great monetary uncertainty. The Secretary of the Treasury had
to buy silver each month as required by the Bland-Allison Act. At the same
time he had to accumulate a gold reserve of about $200 million in antici-
pation of the resumption of specie payments for greenbacks on January 1,
1879. The gold product of the United States had been as high as $53
million in 1853 but had been steadily declining; in 1878, it was less than
$39 million. The silver product, on the other hand, had been increasing
since 1859 and tn 1878 had a coining value of almost $41 million. Knowl-
edge of the precious-metal resources of the Nation could clearly be of great
value at such a time.

At the same time, industry was growing at a phenomenal rate. Since the
Civil War. the natural resources most in demand for industry had been iron
and coal. Although there was general optimism that these resources were
well nigh inexhaustible, certain problems were becoming evident. Steel-
making processes in common use required a low-phosphorus, low-sulfur pig
iron, and pig iron was being imported because steelmakers were finding it
difficult to obtain sufficient American iron of suitable composition.

In King’s mind:

In the history of the United States, whatever may be the final adjustment ot
the machinery of National government—upon one great field of American ac-
tivity, the pride of to-day and the judgment of the future will agree. That field
is the development of our material resources. In the industrial conquest of a
continent the tide of victory has never ebbed.

in possessing ourselves of this broad, virgin area, we have shown a power
unprecedented in the slower past—to discern, to seize, and to utilize the na-
tional wealth with which the United States is so liberally endowed. With an
energy never relaxed, with an originality which has revolutionized and improved
nearly all industrial methods, we grasp the problem ot material development,
and grasping, solve it.
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He went on

Every intelligent student of the country knows that we are yet at the very thresh-
old of the industrial life of the Republic.*** The modern method of distributing
population by means of the network of railroads which is rapidly threading the
last remaining wilderness, greatly accelerates the progress of the industries.”**
Our fifty millions will equalize its grasp on the Jifferent sections by rapid mi-
gration, till the population finds an equilibrium with the local resources. That
equilibrium will soon be attained. Our real industrial problem is then to utilize
with the highest technical skill and with the utmost scientific economy, all
elements of national wealth.

The decision about program having been made, King organized the Sur-
vey first into two independent divisions, Mining Geology and General Ge-
ology, and then into geographic divisions, after the fashion of the Army and
the Coast Survey. In each geographic division, there would be a permanent
corps under a geologist whose personal experience and background fitted
him to undertake the chief problems of that division.

The region west on the 101st meridian was divided into four districts on
geological, rather than political, lines. The Rocky Mountain District, with
its headquarters at Denver, Colorado, included Colorado, New Mexico,
Wyoming, Montana, and a small part of Dakota, “an area enclosing the
whole great chain of the Rocky Mountains, whose geographical function is
the dividing of the watershed of the Atlantic from that of the Pacific.”
The Division of the Colorado, embracing the plateau and canyon country
between the Rocky Mountains and the Great Basin, was a temporary one
until such time as the extensive work that Major Powell had been carrying
on could be completed. Its headquarters were at Salt Lake City, Utah. The
Division of the Great Basin, which also had headquarters in Salt Lake City,
included the region of primarily interior drainage between the Rocky Moun-
tains and the Colorado Plateau on the east and the Sierra Nevada, Cascade,
and Pacific Coast Ranges on the west, a region of great importance because
of its abundant silver districts. The Division of the Pacific included all of
Washington Territory, Oregon west of the Blue Mountains, and all of Cal-
ifornia, except the desert region east of the Sierra Nevada and south of the
38th parallel, which belonged to the arid region of the Great Basin. Pacific
Division headquarters were in San Francisco.

King also planned four divisions east of the Rocky Mountains. The
Appalachian Region would be divided into two districts, one embracing
Maryland, Delaware, Pennsylvania, New Jersey, New York, and New Eng-
land, and the other, West Virginia, Virginia, North and South Carolina,
Georgia, Florida, Alabama, Tennessee, and Kentucky. The Mississippi
Basin, although geologically, he said, but one field and one problem, would
also be divided into two districts. The boundary line between the two would
be the Ohio River east of the Mississippi and the southern boundaries of
Missouri and Kansas west of the river.

A problem arose, however, about the meaning of the term “nartional
domain” in the Organic Act. The Academy committee had consistently
used the term “public domain”—it considered its field of inquiry limited
to the surveys that pertained to the public domain, concluded that a thor-
ough investigation and classification of the of the public domain was needed,
and recommended the establishment of a survey to study the geological
structure and economic resources of the public domain. The law as passed
by Congress, however, had used two different terms, charging the Geolog-
ical Survey with classification of the “public lands” and examination of the
geological structure, mineral resources and products of the “national do-
main.” The latter term, King said, was “supposed by the first framers of
the law to cover the entire United States.” That language was chosen,
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according to Dutton, to “‘authorize by a reasonable construction the survey
of the states without making it obligatory upon the Survey to go into each
and every one of them.” Opponents of the Survey took advantage of the
ambiguity to incite the fears of several State geologists and other leading
scientists that the national survey would override the State surveys. The
Attorney General was asked for an opinion and ruled that the term “national
domain” meant the public lands to which the United States had not parted
title. If the Director had to use that opinion as his guide, Dutton said, “he
might as well ‘shut up shop & take in his sign’ at once. It puts him in the
position of the little girl who asked

Mother may I go out to swim?

O? Yes my darling daughter

Hang your clothes on a hickory limb
But don’t go near the water.”

King turned to Congress for clarification. On June 28, Congressman J.
D. C. Atkins introduced a joint resolution to amend the Sundry Civil
Expenses Act by adding after “national domain” the three words “and the
States,” explaining that “the Geological Director desires to make surveys
of the mineral resources of the entire country, not only in the Territories
and in the States where there are public lands.” “And,” Congressman
Joseph Hawley of Connecticut added, “to collect what the States have already
done for themselves.* * * In order to make a correct estimate of the mineral
resources of the country, it is necessary that the information which has
already been collected by the States be secured.” Congressman A. J. War-
ner of Ohio wanted reassurance on the intent. “We should know before
acting on this measure whether or not it is a proposition for a general
geological survey of the States.” “Not at all,” Atkins insisted, “the object
I had in offering this joint resolution was simply to enable the Geological
Director to make in his next report a practical presentation of the mineral
resources of the entire country.” The problem of Federal-State relations
and the possible trespass of State rights by a national survey was thoroughly
aired, and the amendment was changed before being passed, first to “and
he may extend his examination into the States,” and finally to “and he
may extend his examination into the States, not to interfere, however, with
any geological survey now being made by the State.” In the Senate the
resolution was referred to the Committee on Appropriations, but Congress
adjourned on July 1 before it was acted upon.

King deemed it wise to choose the conservative course and to restrict the
first year's operations to the public-land States. In any event, the size of
the appropriation would not permit any extensive operations. He still felt
that it “was his duty to bend the energies of the Bureau first of all to the
production of immediate results of strictly practical value,” the emphasis
would be on mining geology and only “a very small proportion” of the
funds and force would be “diverted” to pure geology. The mining geology
program would be twofold; a study of mining districts and the collection
of mineral statistics.

With regard to mining district studies, King wrote:

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

20 The Most Ancient Art, 1879-1881

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Notes and Bibliography

The chapter notes identify the sources of directly quoted material and a
few indirect statements, some incidental biographical data, and give the
reference to the U.S. Statutes at Large for all laws mentioned in the text.
These have been related to the relevant page and either to the first few words
of the quotation or to a significant phrase. Complete citations for most
published material used as background, including the more extensive
biographical works, and for quotation or illustration are given in the
bibliography. Citations are arranged alphabetically by author, and include
the Congressional documents (in parentheses at the end of the citation), the
serial number of the volume in which the document appears. Annual reports
of the Ditector of the U.S. Geological Survey and the Secretary of the Interior
are cited in the notes.
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listed as temporary in 1890 __________________________ 192
at International Geological Congress, 1891 ______________ 201
corresponds with Walcott in 1892 ____________________ 213
part-time employee ________________________________ 215
Conference on Geologic Atlas, 1895 __________________ 252
assists Walcott in Geologic Branch administration ________ 275
pursues special investigations ________________________ 277
editor of Journal of Geology __________________________ 286
differs with Kelvin ____________________________ 294, 295
consulted on Geological Branch organization, 1900 ______ 302
heads Division of Pleistocene Geology __________________ 303
Survey activities limited ____________________________ 307
Carnegie Institution of Washington ________________ 338, 349
Chandler, William E __________________________ 105, 209, 301
Chatard, Thomas M ___________ ___ _ _ o _____ 78
Chauvenet, William __ _ ______ _ _ __ ____ o ___ 30, 31
Chittenden, Colonel _ _ _ _ __ __ 311
Church, John A _____________________________ 23
Clark, C. D 271
Clark, F. A _______ . 25, 26, 29, 34, 47
Clark, W. A ____ 165
Clark, W.B __________________ 152, 200, 255, 263, 316, 336
Clacke, J M ___________ . 117
Clatke, F. W ____________________ 76, 78, 95, 212, 264, 317
Claypole, Edward W __________________________________ 139



Clements, J M ______________________________ 277, 306, 316
Cleveland, Grover:

portrait _____________ B 100
nominated for president, 1884________________________ 101
problems of first administration ______________________ 114
calls for reform of executive departments________________ 115
on scientific bureaws________________________________ 13
on Coast and Geodetic Survey, 1885 __________________ 117
on tariff reform____________________________________ 140
relations to Secretary of the Interior Vilas ______________ 141
recommends changes in public-land laws________________ 157
comments on irrigation legislation ____________________ 157
nominated for second term, 1892 ____________________ 206
elected president, 1892 ____________________________ 218
urged to call special session ——________________________ 220
blames depression on silver legislation__________________ 223
difficulties of second administration____________________ 224
creates uncasiness in scientific bureaus__________________ 225
nominates Walcott as 3d Director of Geological Survey ____ 238
denounces Wilson-Gorman tariff - ____________________ 247
callsin J. P. Morgan ______________________________ 248
creates additional forest reserves __________________ 271, 272
action during stritke ________________________________ 340
Clover, Lt. Richardson__________________________________ 190
Cockrell, Francis M _________ __ __ o _______ 223
Collier, A. ) 277, 305, 347, 349
Colonna, B. A ____________ o _____ 117, 118, 120
Comstock, Cyrus _______________________ 102
Conkling, Roscoe ________________________________ 44, 45, 52
Coverse, George ______ D 37
Cook, George H ______________________________ 80, 132, 148
Cope, EED ________ 102, 116, 117, 125, 126, 132, 149, 164, 167
Coxey, Jacob S __ 237
Croffut, W. A __________________________ 145, 181, 192, 193
Cross, C. Whitman:
portrait - _________ o __ 244
appointed to Geological Survey ______________________ 46
works with Emmons ______ 72, 114, 131, 137, 148, 189, 201
mineral investigations ______________________ 75, 114, 122
petrographic studies ____________________________ 84, 102
listed as temporary in 1883 __________________________ 76
collects rocks for educational series ____________________ 98
attends conference on cartographic system, 1889 ________ 150
first secretary of Geological Society of Washington .. _____ 225
laccotith study . __________________________________ 228
Cripple Creek investigations________ 231, 243, 245, 258, 347
San Juan district ____________________ 243, 262, 294, 316
Telturide district __________________________________ 253
member, committee on classification of igneous rocks ____ 263
member, committee on petrography __________________ 264
on definition of a straitigraphic unit __________________ 307
member, committee on geologic nomenclature __________ 336
coauthor of Quantitative Classification of Igneous Rocks ______ 337
Crozier, William _______________ ____ ___ ________________ 343
Cullom, Shelby M ________________________________ 133, 233
Curie, Marie . _________________________________________ 228
Curtice, Cooper— . _____________________ 98, 286
Curtis, Joseph S __________ 60, 61, 73, 74, 76, 82, 84, 97, 102

D
Dabney, Charles ______________ . 13
Dale, T. Nelson ____________________ 255, 263, 277, 347, 353
Dall, W. H.:
head of a paleontological division, 1884 ________________ 94
works with collections __________________________ 98, 111
fieldwork, 1887 ____ o ___ 136
prepares manuscript, 1888 __________________________ 147
assigned to prepare correlation essay on Neocene__________ 152
listed as temporary in 1890 __________________________ 192
survives cut of 1892 ____________________ . ___ 212
fieldwork on Coastal Plain __________________________ 232
Alaskan coal deposits, 1895______________ _______ 251-252
accompanies Harriman Expedition to Alaska _ . ______ 294
given assistant ___________________ 349
Daly, R. A 345
Dana, E. S _______ e 102
Dana, J. D __..________ 17, 35, 36, 44, 57, 63, 148, 149, 216
Darrah, W. C _____ e 212
Darton, N. H.:
maps in Appalachian region__________________ 146, 244, 255
studies Coastal Plain stratigraphy ____________________ 163
completes McGee’s work on New York State map —_______ 232
maps in Great Plains______________________ 256, 264, 288
investigates ground water in Nebraska__________________ 278
maps water resources of Central Great Plains ____ 310, 353, 354
heads Section of Western Hydrology __________________ 339
Darwin, C. C  _ _ e 80, 95
Darwin, Charles _____________________ . 8
Darwin, G. H _____ __ 227
Davis, A. P.:
portrait - __ 257
maps in Wingate Division __________________________ 77
listed as temporary in 1890 __________________________ 192
in charge of topographic mapping in New Mexico - _____ 199
in charge of topographic mapping in California - _____ 211
attends Second Irrigation Congress, 1892 ______________ 235
principal assistant to Newell, 1894 ____________________ 246
hydrographic work, 1894..__________________________ 247
Gila River irrigation project —___________ 259, 278, 279, 288
prepares first report on operations of river stations ________ 264
Nicaraguan Canal Commission investigations —_______ 283, 284
Isthmian Canal Commission investigation ______________ 310
reconnaissance of lower Colorado ______________________ 317
joins Reclamation Service ____________________________ 326
Davis, C D ____________ o ____ 77,96, 111
Davis, Henty G 53, 64
Davis, William Morris __ .o _________ 96, 98
Dawes, Henry L ____ ________ o ____ 44
Day, Arthur L ______________________ 307, 337, 338, 341, 350
Day, David T ___ . _____ 131, 192, 196, 303, 330
Dayton, Alston G ________ . ________________ 290, 325, 326
Diller, J. S.:
appointed to Geological Survey ______________________ 82
studies Mount Shasta ______________________________ 95
in charge petrographic laboratory . _____________________ 98
studies Lassen Peak area __________ 109, 127, 136, 151, 231
in charge Cascade Division __________________________ 145
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educational series of rocks ______________________ 147, 245
attends conference on cartographic system, 1889 ________ 150
survives cut of 1892________________________________ 211
studies ancient topography of California - _______________ 224
secretary Geological Society of Washington______________ 224
reconnaissance surveys in western Oregon __________ 254, 262
Crater Lake studies ________________________ 262, 316, 323
member, committee on classification of igneous rocks ____ 263
member, committee on petrography __________________ 264
tirst investigation of Pacific coalfields _________________ 277
maps in northern California - ____________________ ____ 316
Dingley, Nelson ______________________________________ 223
Dockery, Alexander M ______________________ 180, 223, 250
Doheny, E. L ___________ . 306
Donaldson, Thomas ___________ _________________________ 37
Douglas, E M ________ 92, 136, 192, 211, 233, 243, 309, 351
Douglas, James _______________________________ ______ 119
Dubois, Fred T __________________ 209
Dunham, H. § __________________ ____________ 41
Dutton, C. E.:
portrait ________________ . 33
geologist-in-charge Colorado Division - _________________ 29
on meaning of “national domain” ____________________ 20
detailed to Public Lands Commission —_______________ 36, 37
report on High Plateaus of Utah ______________________ 38
appraisal of King - ________________________________ 42

Colorado Plateau fieldwork and publica-

€ONS — o 50, 51, 53, 62, 102
adviser to Powell __________________________________ 59
Hawaiian Islands visit - ___________________________ 70, 82
heads Division of Volcanic Geology, 1884 ______________ 92
investigates Mount Taylor, New Mexico, region________ 93,95
in charge of earthquake investigations __________________ 98
comments On government organizations ________________ 103
reconnaissance of Cascade Range ______________________ 109
election to National Academy of Sciences ______________ 116
Crater Lake investigations________________________ 127, 128
Charleston earthquake investigations ______________ 131, 136
in charge itrigation investigations ____________________ 145
attends conference on cartographic system ______________ 150
Irrigation Survey ____________________ 169, 170, 171, 172
status in 1890 _ 192
recalled by War Department ________________________ 198
attends International Geological Congress, 1891__________ 201

E
Eakins, L. G _______________________ 114, 137
Eaton, Willlam W ___________ . ___ 44
Eckart, W. R __________ o __ 46, 65
Eckel, E. C _____________ 334, 335, 347
Eldridge, George:
portrait _________ o ______ 281
Tenth Census expert________________________________ 41
appointed to Survey ________________________________ 60
assigned to Emmons’ division ________________________ 97
works in Colorado - _________________ 98, 131, 137, 147, 189
attends conference on cartographic system ___.___________ 150

Florida phosphate investigations ____ 197, 199, 200, 210, 263

reconnaissance in Wyoming __________________________ 231
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reconnaissance in Idaho__________________________ 243, 258
work on Indian reservations mineral resources - _______ 253, 277
heads work in Alaska______________________ 281, 282, 283
prepares report on asphaltum deposits of U.S.  __________ 294
begins study of petroleum resources of Pacific slope ______ 306
Elkins, Stephen B __________________________ 259, 280, 313
Ely, Richaed T ___________ . 8
Emerson, B. K ____________ 46, 129, 150, 255, 263, 277, 316
Emmons, Ebenezer _______ __ __ o ____ 136
Emmons, S. F.:
portrait - ______________ o _____ 26
appointed geologist ________________________________ 25
in charge Rocky Mountain Division __________________ 29
instructed by King - ___________________________ 31
plans for mining district stady  ____________________ 32-33
Tenth Census investigation _—_________ 41, 47, 48, 49, 60, 72
Leadville district studies —_____ 21, 42, 46, 54, 137, 138, 243
appraisal of King - ______________________________ 55-56
has less influence with Powell ________________________ 59
differs with Powell on mining work of Survey __________ 65
mining district studies, 1882 ________________________ 72
proposes bulletin series______________________________ 75
given statutory position, 1883 ________________________ 76
assigned to collect rocks for educational series —___________ 81
mining discrice scudies, 1883 ________________________ 83
retains office in Denver, 1884 _____ _______ ____________ 85
in charge Colorado Division of Mining Geology, 1884 ____ 95
Crested Butte investigations ______ 95, 97, 98, 137, 147—148
on water resources of Plains region ____________________ 929
allowed no fieldwork, 1885 ______ _ __ __ _ _ __ _________ 113
paper on genesis of ore deposits __________________ 130, 131
fieldwork limited, 1886 _ __ __ _ __ ____ ________________ 131
paper on structural control of ore deposits ____ 137, 138, 139
attends conference on geologic cartography ______________ 150
fieldwork limited, 1890 _________ o _____ 189
given testimonial dinner in Leadville __________________ 194
Secretary-General of 1891 International Geological

Congress _____________ 201
elected to National Academy of Sciences ________________ 203
work cited in Congressional debate - ___________________ 210
services dispensed with__________________________ 211, 215
quoted on reason for 1892 cut in appropriations __________ 212
approves Walcott plan for geologic surveys . ___________ 214
on precious metal industry —_________________________ 220
helps establish Geological Society of Washington ________ 225
on progress in science, 1893 ________________________ 228
on geologic distribution of useful metals ________________ 230
reinstated, 1894 _____ _ _ _ _ _ ___ __ _ _ o _______ 243
advises Walcott on mining geology ____________________ 246
works for creation of Mount Rainier National

Park ___________ 247, 248, 292
member of committe revising text of Geologic Atlas,

1895 _ 252
Aspen mining districe, 1895 ________________________ 253
examines mining districts to plan future work __________ 254
Butte mining districe study - _____________________ 262
influence shown in Walcott statement__________________ 266
responsible for part of Geologic Branch work ____________ 175
attends 1897 International Geological Congress in Russia __ 176
protégés selected for Alaskan work ____________________ 281



reconnaissance of western mining districes, 1898__________ 285
field season, 1899 ____________________________ 293-294
on Survey’s relation to mining indusery ________________ 296
on secondary enrichmenc, 1900 ______________________ 297
helps plan organization of Geologic Branch, 1900 ________ 302
in charge Metals Section, 1900 ______________________ 303
field season, 1900 _______ _________________________ 305
field season, 1901 ________________________________ 315
tield season, 1902 ________________________________ 331
on genetic classification of ore deposits ____________ 332-334
helps establish Contributions to Economic Geology __________ 334
attends 1903 International Geological Congress in Vienna __ 350
Endlich, F. M _______ 116
F
Fellows, A. L _______ o ___ 351
Felcon, Chartles N _________________ ___________________ 207
Fenneman, N. M ____________ o ____ 346
Fisher, C. A ______ . 339, 353
Fisher, Osmond ______________________________________ 227
Fitcch, Charles H ________________ 251, 262, 289, 310, 317, 326
Fontaine, W. M _____ _ __ __ ___ o ____ 102, 112
Forney, William H ____________________________________ 154
Frazer, Persifor __ ________________ 132, 135, 139, 148, 149, 164
Fuller, M. L ______________________ 304, 315, 334, 339, 352
G
Gallinger, JacobH ______________________ 209, 210, 279, 280
Gannete, Henry:
portrait _________ L __ 68
geographer for Tench Census . __________________ 4
appointed to Geological Survey ______________________ 68
named Chief Geographer ____________________________ 76
describes work in Southern Appalachians________________ 91
author of early bulletin  __________________________ 102
reports improvements in topographic mapping __________ 137
tirst recording secretary National Geographic Society ______ 140
research on rainfall ____________ 142
on New York Ciey maps ____________________________ 145
divides responsibility with A. H. Thompson ____________ 160
testimony of Irrigation Survey promised ________________ 172
Board on Geographic Names ____________________ 189, 190
listed as temporary in 1890 __________________________ 192
in charge Eastern Division of Topography ____ 198, 199, 211
not affected by cucin 1892 __________________________ 211
objects to American Geologist editorial ________________ 217
Manual of Surveying ______________________________ 233
in charge Topographic Branch, 1894 __________________ 242
attends conference on geologic atlas, 1895 ______________ 252
transferred to ocher duties, 1896 ______________________ 261
in charge forestry survey, 1897 ______________________ 274
Harriman Expedition to Alaska ______________________ 194
Chief Geographer, Twelfth Census ____________________ 308
Assistant Director, Census of Philippine Islands . 399
heads Division of Geography and Foresery ______________ 351
Gannett, S. S o _________ 198, 211, 252, 289, 351

Garfield, James A —___________________ 45, 46, 51, 58, 62, 75

Garfield, James R __________ _____ 343
Garrey, George__ . _______ . _______ . _________.___ 316
Geiger, HH R ________________________ 83, 95, 110, 128, 136
Geikie, Archibald________________________ 36, 42, 46, 103, 149
Gerdine, T. G e 305, 349
Gibbon, General __. . _________________ . _______ 128
Gibbs, Wolcott - 270
Gibson, A. M __ _ ___ o ____ 83
Gilbert, G. K.:
portrait ______ o _____ 28
appointed to Geological Survey ______________________ 28
in charge Division of Great Basin __________________ 29, 43
Lake Bonneville studies ________ 34, 35, 49, 50, 51, 82, 127
Henry Mountains report _—_____________________ 35, 36, 37
adviser co Powell ____________________________ 61, 62, 70
on stratigraphy in Grand Canyon____________________ 71-72
given statucory position, 1883 ________________________ 76
on lakeshore features . ___________________ . ______ 80
on subject classification of geology . _____ . ___ 81
in charge Appalachian Division, 1884________________ 92, 95
atcends conference on earthquake investigations - ______ 98
Tertiary and Quaternary history of Appalachian
Division - _________ 110, 127, 136
election to National Academy of Sciences ____ . _______ 116
on scratigraphic classification __ 134, 135, 136, 146-147, 287
on rainfall necessary for agriculeure _________ . ____ 142
in charge Division of Geologic Correlation - ___________ 145
artends 1888 Incernational Geologic Congress in London __ 148
artrends conference on geologic cartography, 1889 ________ 150
appointed to prepare discussion on principles of correlation - 152
appointed Chief Geologist, 1889 - ____________ 163
testimony before Senate Irrigation Committee, 1890 __ 172—173
letter to Alpheus Hyace ____________ . _____ 181
on local and general geology ________ . _______ 185
listed as temporary, 1890 __________________________ 192
prepares for 1891 International Geological Congress ______ 201
demorced, 1892 __ 211
not chosen to lead Survey, 1892 ______________________ 215
possibly auchor of Powell’'s 1893 paper ________________ 218
fieldwork on water resources of
Great Plains __________________ 232, 233, 256, 257, 258
attends conference on geologic atlas, 1895 ___________ . 252
studies history of Niagara River ______________________ 263
views on stratigraphic classification, 1898 ______________ 287
accompanies Harriman Expedition to Alaska . _______ 294
Chairman Committee on Geologic Names ___ . _______ 336
investigations on behalf of Carnegie Insticution, 1903 ____ 349
Gilleee, . H ___ 342, 349
Gilman, Daniel C  __ _ __ ____ o ___ 329, 330

Girty, George o ___________________ 286, 307, 349

Glen, L. C  ____________ 277, 315, 334
Gooch, F. A 30, 60, 78, 96
Goode, George Brown ______________________ . ____ 269
Goode, R. U.:
appointed topographer ______________________________ 25
previous experience ___ ________ .o ____________ 26
maps in Colorado Plateau_______________ . _________ 50
given charge of work in Missouri and Kansas ____________ 2
heads section in Western Division, 1890________________ 198
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maps in Kansas, New Mexico, and Texas ______________ 233
directs four parties in Texas __________________________ 233
in charge of Pacific Section, 1894 ____________________ 243
supervises Idaho-Montana boundary survey — . _________ 273
chairman, Topographic Committee, 1900 ______________ 308
prepares plans for work in Alaska _ 330
dies suddenly ____________________________________ 351
Goodnight, Isaac H._______________________ 180
Goodrich, H. B, __ L ___._ 262
Gore, J. Howard _________________ .. 62, 69
Gorman, Arthur  ________________ 166, 177, 181, 183, 210, 258
Gorman, N. W. _____ 274
Gould, B. A. . 26
Grant, U. S, ___ 45, 53
Graves, Henry __________________ . 274
Greely, A. W . o 142
Gregory, HOE ________ L ___ 286, 316
Griswold, W. T. __________________ 77, 211, 233, 252, 333, 346
Groff, Lewis A _ . 176
Grosvenor, Charles H. __________________________________ 290
Grover, N.C, ________________ o ___ 339, 351
H
Hague, Arnold:
portrait _________ . 27
appointed to Sutvey as geologist ______________________ 25
in charge Division of the Pacific —_____________________ 29
inChina ________________ 34
entersonduty ____________________________________ 42
Eureka district ____________________ 46, 47, 51, 61, 71, 72
has less influence with Powell ________________________ 59
advises Barus  ____________________________________ 73
given statutory position, 1883 ________________________ 76
assigned to collect rocks for educational series ____________ 81
moves to Washington ______________________________ 85
in charge Yellowstone National Park Division __________ 92
fieldwork in Yellowstone area ________ 96, 111, 128, 147, 232
election to National Academy of Sciences ______________ 116
attends conference on cartographic system, 1889 ________ 150
recommends first forest reserve, 1891 __________________ 196
attends International Geological Congress, 1891__________ 202
retains position, 1892 ______________________________ 211
first treasurer Geological Society of Washington __________ 225
Yellowstone report ____________________________ 245, 255
attends conference on geologic atlas, 1895 ______________ 151
National Academy of Sciences Committee on Forest
Reserves _____ _ _______ ________ _______ 271
chairs committee on 9-sheet geologic map ______________ 294
Home Secretary, National Academy of Sciences __________ 344
Hague, James D. ________________________________ 22, 26, 27
Hainer, Eugene J. ___________________________________ 237
Hale, Eugene ______________ 87, 124, 183, 209, 222, 312, 313
Hall, James __________________________ 28, 64, 80, 148, 149
Hall, L. B. __ o ___ 49
Hall, M. R. o . 351
Hallock, William ________________________ 76, 77, 96, 128, 200
Hammond, John Hays . _______________________________ 48
Hancock, Winfield S. - _ - _____ 45, 52
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Hanna, Mark
Hansbrough, Henry C. ____________________________ 207, 321
Harrison, Benjamin __ 13, 157, 159, 160, 191, 196, 206, 218, 219

Haskins, C. W. _______________ L ___ 250
Hawkins, G. T. ______ . ____ . ____ 251
Hawley, Joseph R. ________________________________ 20, 207
Hay, Robert . _______________________________ 147, 247, 258
Hayden, F. W.:
head of predecessor survey ____________________________ 2
leading candidate for Director of Geological Survey ______ 17
appointed geologist ________________________________ 25
requested to prepare summary report __________________ 34
retires to Philadelphia ______________________________ 36
possible successor toKing ________________________ 45, 46
mentioned in Congressional debate ________________ 67, 181
position on Laramie ____________________________ 71, 164
returns to field in 1883 _____________ _____ _______ 83
unmentioned in organizationof 1884 _________________ 92
adopts name Montana Division ______________________ 94
fieldwork ________________________ 96, 97, 107, 111, 129
resigns fram Survey ________________________________ 129
Hayes, C. Willard:
portrait _________________ 304
begins work for Survey______________________________ 136
Appalachian Division 1887 ________________ 136, 146, 182
takes over Russeit'swork ____________________________ 146
finds overthrust faules ______________________________ 182
season in Alaska, 1891__________________________ 200-201
reads Powell’s paper to AIME, 1893 __________________ 218

economic geology, southern Appalachians ____ 231, 243, 254,
255, 263, 277, 304

folios published __________________________________ 233
geologist for Nicaraguan Canal Commission, 1897 ________ 283
heads Nonmetals Section, 1900 ______________________ 303
gulfcoastoil ____________________________ 304, 314, 333
Arkansas bauxite __________________________________ 304
directs mapping in Pennsylvania coal fields._____________ 309
expands survey’s oil investigations ________________ 315, 333
heads Division of Geology and Paleontology, 1902________ 330
helps to found Contributions to Economic Geology __________ 334
expands Survey’s work in nonmetals ______________ 334, 335
conference on nomenclature, 1902 ___ _________________ 336
Hayes, Rutherford B. ____________________________ 37, 45, 340
Hearst, George - ______________________ o ___ 48
Helmholtz, H. L. F., von ______________________________ 227
Henderson, David . __________ ___ ______ . _______ 320
Herbert, Hilary:
portrait - _______ 102 -
appointed member of Allison Commission ____ 117, 118, 119,
120, 123, 124
requires Survey to itemize request for funds ________ 126, 132
on irrigation and flood control ____________________ 153, 310
opposes Irrigation Survey . _____________________ 158, 159
member House Committee on Irrigation________________ 169
proposed elimination of paleontology __________________ 204
on cost of Geological Survey ________________________ 205
quotes Alexander Agassiz ____________________________ 206
opposes basic research by Governmene __________________ 212
Cleveland’s Secretary of the Navy, 1893 ________________ 224
tries to abolish Coast and Geodetic Survey ______________ 237



Hergesheimer, Edwin ______________________________ 117, 120
Hermann, Binger _____________________________ ________ 342
Hess, F. L. _______________ 347
Hewte, A. S, o ____ 101, 125
Hicks, L. E. ____ e __ 139
Hilgad, E. W, _____ _______ __________ 200
Hilgaed, . E. _______________________________ 62, 106, 115
Hill, David _____________ o _______ 224
Hill, Robert T. ____________ 111, 232, 245, 247, 255, 263, 316
Hillebrand, William F. ______ 46, 56, 75, 76, 114, 122, 212, 276
Hillers, John ______________________________________ 59, 62
Hills, R. C. ___________ o _____ 245, 253
Hinton, Richard J. - _______________________ 132, 169, 188
Hiscock, Frank _______ __ ____ __ ____ ______ _____________ 66, 67
Hitchcock, C. H. ______________________ 64, 78, 131, 149, 209
Hitchcock, Ethan Allen __________________ 299, 310, 320, 326
Hiecheock, Heary 299
Hobbs, W. H.___.__._ ____________________ 255, 263, 277, 316
Hollick, Arthar __ ________ o ___ 349
Holman, William S.  ____________________ 154, 159, 203, 204
Holmes, J. A. ______________ 147, 163, 200, 202, 256, 302, 310
Holmes, W. H. ________ 50, 54, 76, 95, 97, 150, 163, 216, 225
Hood, O. P. ______ _ o _____ 264
Hoover, Herberce C. ___________ __ _ __ _ __ . ____ 253
Horton, R. E. _________ __ ___ L _____ 339, 351
Hoye, JoonC. __________________________ 339
Hubbard, Gardiner G. ___ _______________________________ 140
Humphreys, D.C. _______________ _ __________________ 256
Hune, T. Seerry —________________________ 22, 148, 149, 164
Hunton, Eppa ________________________________________ 45
Hyatt, Alpheus____________________________________ 163, 181
I

Iddings, Joseph P.:

portrait___________ L ___ 201
appointed to Geological Survey ______________________ 46
work with Becker ____________________________ ______ 47
part of King legacy ________________________________ 56
microscopic petrography of Eureka rocks ______________ 61, 83
studies Fortieth Parallel rocks ________________________ 72
fails to get statutory position, 1883 __________________ 76
Yellowstone Park work __________ 77, 96, 98, 111, 128, 200
on origin of igneous rocks __________________________ 141
attends conference on cartographic system ______________ 150
on classification igneous rocks ______ 202, 263, 264, 316, 337
leaves Survey in 1892 ______________________________ 212
folio published - __________________________________ 233

member, committee on classification of igneous rocks __263, 264
coauthor Quantitative Classifcation of Igneous Rocks ____ 316, 337

Irving, John D.  ____________________ 293, 304, 315, 331, 347

Irving, R. D.:
portrait __________________________________________ 89
Tenth Census expert________________________________ 47
copper-bearing rocks  __________________________ 51, 102
appointed to Geological Survey, 1882 __________________ 70
given statutory position, 1883 __ ______________________ 76
disagrees with Agassiz on age of Eastern sandstone________ 91
heads Lake Superior Division, 1884____________________ 92

studies ancient crystalline rocks ______ 95, 98, 110, 129, 137

on origin of iron ores of Lake Superior region ____________ 110
J
Jackson, Andrew _________________________ . 318
Jackson, William H. ___________________________ ______ 77
Jacob, Ernest __________________________________ 46, 72, 84
Jaggar, T A. oo ___ 232, 285, 293
James, L E. 22
Jenney, Walter P.  __________________________ 163, 189, 195
Johnson, Chatles ¥. ____________________________________ 30
Johnson, Edward ______________________________________ 352
Johnson, Willard D.:
appointed to Survey as topographer 1882 ______________ 70
maps in Great Basin______________________________ 77, 81
invents planetable for traverse work____________________ 134
Ierigation Survey ____________________ 161, 172, 173, 187
supervises mapping in California ______________________ 211
transfers to Hydrographic Branch ____________________ 264
studies Great Plains hydrography - ____________________ 288
Jones, James K. ______________________________ 177, 210, 223
K
Karl, Anton _ __ 76, 83
Kean, John _.____________ 324
Keith, Archur:
begins work with Survey, 1887 ______________________ 136
maps in southern Appalachians ________ 146, 199, 231, 243
folio published - ___________________________________ 233
maps in Maryland ________________________________ 255
studies Ocoee serte€s o _______ 277, 286, 316
Kelvin, Lord (William Thompson) __________ 226, 227, 294, 295
Kemp, James F. ________________________ 277, 316, 331, 333
Kenna, John 8 _______________________________ 67
Kennedy, Willtam ________________________________ 315, 333
Kerr, Mark ______________ 189
Kerr, W. C. _ e 69, 76, 81
Keyes, W. S. o 22
Kindle, EE. M. _________ o _ 286
King, Charles¥. ________________________ 30
King, Clarence:
POTEratt - _ 24
head of predecessor survey ____________________________ 2
appointed Director __________________________ __ 9, 17, 67
gives mining geology precedence __________________ 9, 18-19
problems with organicact ________________________ 18, 20
organizes Survey __________________________ 9,19, 62, 94
chooses mining districts for first work ________________ 20-23
plans collection of mineral statistics—————————___________ 23
Tenth Census investigations - _________ 24, 25, 28, 41, 60, 73
sets standards for appointment ________________________ 25
instructions to Emmons _____________________ ______ 31
approves Emmons’ plan of work ______________________ 33
dismayed by Gilbert’s inactivity ... _______ 35
Public Lands Commission ____________________ 36, 37, 40
Dutton’s opinion of . _________ 42
writes to A. S. Bickmore on behalf of Powell ____________ 43
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decides to resign _________________ 45

promoted Becker __________________________________ 46
writes 1st Annual Repore______________________ 51-52, 129
resigns as Director ______________________________ 54, 57
contribution to Survey ____________________________ 55-56
administration of science ____________________________ 59
sets up headquarters in New York ____________________ 60
on Laramie ___ _ __ _ _ _ _ o _____ 71, 92, 164
on Shasta glaciers . ____________________________ 74
arranges geothermal investigation, 1891 ________________ 200
protégés elected to National Academy of Sciences ________ 203
possible successor to Powell __________________________ 213
approves Walcott's plan for geologic surveys ____________ 214
relation to Walcote ________________________________ 215
on age of the Eartch ______________ 225, 225, 227, 228, 294
cited by Emmons __________________________________ 230
praises Walcote_ ___________________________________ 241
King, ¥ H _________________ 70, 322
Kirkwood, S. J o ___ 52, 57, 64
Knight, Wilbur C _________________ L __ 316
Knowlton, ¥ H ________________________ 136, 212, 286, 307
Kohlrausch, F. W. G _ . _ _____ _ o _________ 46
Kubel, S. J . 193, 318
Kyle, James H ________________ 207, 246
L
Lamar, L. Q. C ________________ 114, 115, 118, 126, 140, 141
Lamoureux, S. W  ___________ __ o _____ 248
Langley, S. P __________ L ___ 102, 213
Lawson, Andrew _ _ _ _ 201, 255, 263
LeConte, Joseph _ 201
Lee, Willis T __ . ______ 339, 353
Leiberg, J.E L _____ 274
Leighton M.O ______________________________ 317, 339, 353
Leith, C. K ________________ 277, 305, 316, 347
Lesley, J. Peter . _________ _______ o ___ 49, 62, 80
Leverett, Frank ______________________ 128, 189, 245, 256, 316
Lincoln, Abraham______________________________________ 318
Lincoln, Robert  ___ _____ _ _____ o _____ 106
Lindgren, Waldemar:
begins work for Survey______________________________ 112
maps in California gold bele ____________ 131, 137, 148, 163,
189, 201, 231, 243, 253
describes Sierra Nevada river systems —_________________ 218
on origin of quartz veins in Ophir mining district ________ 221
folio published ___ . ___ . 233
on replacement ____________________________________ 249
maps inIdaho __________________________ 262, 276, 285
member, committee on petrography __________________ 264
reconnaissance in Montana __________________________ 294
on metasomatic processes in fissure veins________________ 297
maps in Oregon __________________________________ 305
studies copper districts in Utah and Arizona ____________ 315
placer deposits of California - ______________________ 331
on genetic classification of ore deposits ________________ 332
Cripple Creek investigations ____________________ 346-347
water resources of Molokai __________________________ 352
Lippincott, J. B __________ 288, 295, 309, 317, 352, 353
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Little, George A _ . 49
Lloyd, James T - ____ o _____ 324, 325
Lodge, Henry Caboe_ . ________________ . 301
Logan, John ______________________________________ 57. 67
Lord, Eliov  _________ ______________ 51, 102, 118
Lod, N. W _______ . 49
Lowry, Robert ____________________________________ 87, 124
Lyman, Theodore ________________________ 87, 89, 90, 102, 117
M
MacArthur, Arthur __ 285
MacCauley, Clay . ____ 59
McChesney, John . _________________________________ 192, 342
McCord, Julia _______________________ __________ 59
McGee, W J:
works with Russell, 1882 _________ _________________ 70
appointed assistant geologist, 1883 ___ _________________ 78
begins compilation of U.S. geologic map__________ 78,79, 80
heads Geologic Map Division ________________________ 112
revises manuscript by Alabama State Geologist __________ 112
represents Powell at meeting of American Committee ____ 127
investigates water supply, head of Chesapeake Bay ________ 128
investigates Chatleston earthquake ____________________ 128
Towa glacial studies ____________________________ 147, 187
attends conference on cartographic system ______________ 150
attends first meeting of Geological Society of
America 149
transferred to Division of Geologic Correlation __________ 152
unrestrained by organization ________________________ 163
correlation studies__________________________________ 189
heads Potomac Division ____________________________ 200
retains position in 1892 ____________________________ 211
urges Powell to die in his tracks - ____________________ 213
explains Survey work to AIME, 1892 __________________ 215
embroiled in controversies ____________ 216, 225, 227, 228
writes preface to annual report, 1893 ______________ 228-230
resigns from Survey, 1893 __________________________ 230
McKee, R H ______________ o _____ 211, 233
McKinley, William ______ 165, 269, 272, 296, 299, 311, 318, 320
McMillin, Benton __________________ . 180, 191
McPherson, Joon R - 187, 199
Maginnis, Marein _________________________________ 45, 165
Manderson, Charles ¥ _________ _______ __________ 153, 222, 246
Manning, Van H  ____________________________________ 262
Marcou, John B ______ __________________ 83
Marcou, Jules ______________________ . 212
Marsh, O. C.:
POSTIANE - o 35
on Dinocerata ____________________ 51, 71, 110, 129, 130
appointed paleontologist, 1882 ______________________ 70
given statutory position, 1883 ________________________ 76
fieldwork, 1883 _ _______ _ __ o ____ 83
heads ancillary division, 1884 ________________________ 94
appoints National Academy Committee to advise
Congress, 1884 _______________ o ___ 102
field season, 1885 _____ ____ o _____ 111
field season, 1888 ___ __ ___ _ __ __ _ _ o ______ 147
attends International Geological Congress, 1888 __________ 148
assigned preparation of correlation essay —_______________ 152
mentioned in Congressional debate ________________ 158, 208



attacked by Cope ______________________________ 164, 167
position eliminated, 1892 _______________ . ______ 212
on the dinosaurs of North America ____ ________________ 267
Marshall, R. B _____ o ______ 233, 351
Martin, George C ________________________________ 347, 349
Marvin, C. ¥ ___ o __ 98
Marvine, Georgie . ____________________________________ 59
Machews, E. B ___ ____ ______ _ _________________ 231
Matthes, . £ ___________________________________ 272
Matcthes, Geraed _________ o _____ 295
Meigs, M. C _____________ o ___ 102
Melville, W. H _____________________________ 47, 84, 112
Mendenhall, W. C __231, 244, 254, 277, 283, 294, 305, 339, 353
Merriam, C. Hare ____________________________________ 329
Merriam, W. N ___ e 129
Merill, G. P ________ o _____ 129, 225
Mesler, R. D ________ _____ o ___ 334
Milleec, W. H. H ______ o _______ 159
Mills, Roger Q 259
Moffie, . H  _ __ o ______ 316, 349
Mondell, F. W __________________ ___ ___ 321, 322, 342
Moody, Gideon - _______________ 165, 168, 175, 176, 180, 186
Morgan J. P ________ o ___ 248
Morgan, John T _ o __________________ 117, 119, 123, 153
Morison, S. E _____________ o ____ 194
Morrow, William W _____________ ______  ____________ 145
Morton, J. Sterling - ________.______________ 13, 195, 224, 247
Muldrow, Heney L ______ 115
Muldrow, Robert __________________________________ 281, 283
Murphy, E. C _____________________ 264, 339
N
Newberry, JohnS ________________ 25, 29, 148, 149, 164, 201
Newcomb, Simon . ____________________________ 102, 120, 227
Newell, F. H.:
portrait . __ . . 256
at Embudo camp, 1888 ____________________________ 160
on relation of rainfall to streamflow____________________ 171
Eleventh Census expett on itrigation ______________ 198, 233
continues stream gaging under Topographic Branch ______ 199
retains position, 1892 _____ ______________ ___________ 211
works with Gilbere, 1893 __ _ __ ____ __ _ _ __________ 232
attends Irrigation Congress, 1893 ____________ 234, 235, 236
attends Irrigation Congress, 1894 ____________________ 246
begins fieldwork under new appropriation, 1894 ________ 247
reports on water supply of public lands ___.____________ 258
on Gila River Dam ________________________________ 278
reotganizes work in hydrography ._____________________ 317
consulted by Governor Roosevelt ______________________ 318
authotized to draft part of Roosevelt’s first annual message __320
on irrigation of arid lands - _______________________ 321
Chief Engineer, Reclamation Service __________________ 326
Chief Hydrographer, U.S. Geological Survey, 1902 ______ 326
contribution to passage of reclamation law ______________ 327
retains autonomy in organization of Geologic Branch ______ 330
establishes Hydrology Division, 1903 __________________ 339
Reclamation Service, 1903 _ ______ o ___________ 351
member second Public Lands Commission, 1903 ________ 356
Newlands, Francis _________ __ _____ _____ ___________ 203, 321

Nettleton, E. S 161, 169, 193
Noble, John W ____159, 160, 163, 166, 167, 176, 179, 191, 217

o
Qates, William C  ________ ____ __ .. 180
Ogden, Herbert G ___________________________________ 190
Orcutt, C. R __ o ___. 114
Orton, Edward ___ ______ _________ o ___. 49
Osborn, Henry Fairfield . ______________________________ 307
Owen, F. D ____ 49
P
Paddock, A. S ______ o ___ 144, 182, 223
Paige, Sidney __ ______ . 349
Palmer, Joha M _________________ 269
Parker, E. W ______ 340
Paul, EEG _____ 264, 339. 351
Paul, H M _____ . 98
Peale, A. C.:
in field with Hayden ________ 83, 94, 96, 97, 107, 111, 129
completes mapping of Three Forks sheet ____________ 136, 147
attends confetence on cartographic system, 1889 ________ 150
services dispensed with, 1892 ________________________ 212
Peckham, S. F  __ _______ _______ )
Peffer, Willaim A ___________________ .. 207
Peirce, Benjamin ___ ___________________________________ 26
Peirce, C. S _ e 1, 115
Pendleton, George _______________________ 87, 102, 117
Penfield, S. L ____________ o __ 111, 128
Penrose, R.A. F ________________________ 153, 245, 258, 347
Perkins, E. T _____ __ __ __ 273, 342
Perkins, Geotge C  ________________________________ 265, 280
Petkins George D ________________________________ 258, 281
Peters, W. J 251, 281, 282, 294, 305, 315
Pettigtew, Richard __________________ 165, 209, 213, 272, 292
Phinney, A. J . 147, 186
Picketing, E. C _______ 102
Pierce, Gilbert A __ __ e 165
Pilling, James C __________________________ . . 59, 192
Pinchot, Gifford ____________ 271, 272, 310, 318, 320, 343, 356
Pirsson, L.V ___________________ ___ 231, 232, 263, 316, 337
Pitman, J 30
Platt, Orville H _____________ o ___ 207, 321
Plumb, Preston B ______________ 127, 140, 153, 167, 170 176
Post, W.S _________ o _______.__281,283
Potter, Charles ___ _______ o _____ 48, 49
Potter, W. B _____ __ o 49
Powell, J. W.:
portrait 58
leader of predecessor survey ____________________________ 2
Report on the Lands of the Arid Region __________________ 3.4
Colorado Plateau work continued by Geological Survey __ 19, 35
heads General Geology Division ______________________ 28
member Public Lands Commission ___ _______________ 37, 40
plans to give up geology for ethnology ________________ 43
appointment as director planned by King ______________ 16
appointed second director of Survey __________________ 9, 57

merges work of Geological Survey and Bureau of Ethnology .59
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report to [nternational Geological Congress on stratigraphic
classification and geologic cartography, 1881 __________ 63

on role of mining geology in Survey 1882 ____________ 64, 65
expands topographic mapping - ____________________ 68, 69
on Grand Canyon stratigraphy ______________________ 71,72
establishes chemistry laboratory in Washington __________ 78
begins compilaton of geologic map of U.S. ______________ 78
enlists aid of State geologists ________________________ 80
classifies geology __________________________________ 81
orders Gilbert to close down work in Great Basin __._____ 82
growth of Survey 1881-1884 ________________________ 85
shares interest in Indians with Secretary Teller __________ 93
sends Dutton to investigate Mount Taylor region ________ 95
confers on earthquake observations ____________________ 98
explains Survey’s irfrigation investigations, 1884 __________ 29
quoted by Chamberlin on irrigation __________________ 101
increases size of annual reports________________________ 102
Allison Commission testimony, 1884—1885 ______ 105, 106,
107, 109, 185
criticized by Engineering and Mining Journal . ___________ 114
replacement as Director rumored, 1885 ________________ 115
direction of Survey questioned ________________________ 117
mismanagement of Survey reported ____________________ 116
Allison Commission testimony, 1885—-1886 _______ 118, 119,
120, 121-123, 125
sends McGee to meeting of American Committee, 1886 ____ 127
appointed to prepare report on Quaternary, Recent, and
Archeology . _______ 132
opposes acceptance of American Committee reports ______ 135
orders Emmons to close Denver office __________________ 137
initiates Survey conference on stratigraphic classification____ 139
helps establish National Geographic Society ____________ 140
maintains 20 inches of rainfall necessary for agriculture ____ 142
estimates cost of irrigation survey ____________________ 143
on itemization of Survey budget ______________________ 144
his “law of river deporement” ________________________ 147
diverted from stratigraphic classification by irrigation______ 148
objects to reports of American Committee, 1888 ________ 149
on cost of irrigation survey __________________________ 152
on Mississippi floods ______________________________ 153
shifts administration of Geologic Btanch to Gilbert __ 162, 163
attacked by Cope ___ _______________________________ 164
tours West with Senate Irrigation Committee, 1889 __ 166—-167
proposes his own irrigation bill to Senate ______________ 167
testimony before Senate Irrigation Committee___ 169, 171, 173
testimony before House Irrigation Committee 170, 174, 175, 176
attempts to explain position to public __________________ 173
interviewed by Washington Star ______________________ 178
Senate discussion of interview ____________________ 179, 181
at House Appropriation Committee hearings, 1890 ______ 180
at Senate Appropriations Committee hearings, 1890 ____ 1, 82
replies to Senate resolutions __________________________ 183
Bureau of Ethnology appointment questioned ____________ 192
at International Geological Congress, 1891 ___ ___________ 202
at National Association of Government Geologists ________ 202
criticized in Congress, 1892 ________________ 204, 205, 208
leaves town ________________________ 213
control of Survey geology ends_.__________________ 13, 215
papers listing himasauthor ______________________ 217, 218
mentioned in Wolcott speech, 1893 __________________ 222
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inspects proposed new headquarters ____________________ 223
absent from office _ _ _ __ _ _ _ ____ _ ____ _____________ 228, 233
attends Irrigacion Congress, 1892 ________________ 235, 236
favors transfer of Survey to Department of Agriculeure ____ 237
resigns as Director of Survey ________________________ 238
on stratigraphic classification, 1900___..________________ 307

260, 289, 308, 310
165, 192, 207, 223, 237

references to
Power, Thomas C

Pressey, H. A __________________ L __ 310
Prindle, L M ____________ ___________________ 335, 336, 349
Pritchett, Henry S ________________________________ 14, 313
Proctor, John R ___________________ _____________ 49, 225
Pumpelly, Raphael:
porerait - __ o ___ 30
appointed to Geological Survey ______________________ 25
previous expefrience ________________________________ 26
Tenth Census  ________________________ 29, 31, 49, 51, 97
heads Northern Transcontinental Survey ________________ 60
heads Archean Division, 1884 ________________________ 92
fieldwork __________________________ 110, 129, 135, 146
attends conference on cartographic system, 1889 ________ 150
confers with Van Hise and Willis ________________ 163, 189
directs work in New Jersey _________________________ 199
services dispensed with 1892 ___________ 211, 215
Purington, Chester W ________________________ 251, 252, 262
Putnam, Bayard T ______________________________ 30, 31, 97
Q. R
Quay, Matthew ____________ . 209-213
Ransome, F. L.:
works in California under Becker ____________ 253, 276, 285
works in Colorado under Emmons ____________ 293, 294, 305
Arizona copper studies ____________________ 308, 315, 330
Canadian Boundary Survey __________________________ 317
Cripple Creek investigations ____________________ 346, 347
Ray, George W ___________ ___ . 290
Raymond, Rossiter W ______________________________ 22,55
Reaburn, D. L __ __ ___ L _____ 289, 335, 336
Reagan, John H ________________________ 153, 169, 177, 182
Reed, Thomas B _ _ __ _ _ __ _ o _____ 165
Reid, T. J o __ 22

Renshawe, John H __ 25, 26, 36, 69, 76, 127, 211, 242, 309, 351

Richards, W. A __ __ 343, 356
Richardson, George B - ______________ 277, 305, 315, 339, 353
Richardson, James D __ ________________________________ 223
Richmond, W. R ___ e 30
Richthofen, Ferdinand von ______ ___________ _____________ 23
Rickard, T. A 137

Ricksacker, Eugene ____________________________________ 70

Ries, Heinrich __ o ___ 334
Rockwood, C G ____________ 98
Roosevelt, Theodore:
portratt . 319
member Civil Service Commission ____________________ 225
nominated for Vice-President _____ ____ _______________ 31
succeeds McKinley as President ______________________ 318
authorizes Newell and Pinchot to prepare part of first
annual message__________________________________ 320



consults Senators __________________________________ 321
orders reclamation service be under Walcote and Newell __ 326
sets up commission on anthracite coal strike ____________ 340
annual message December, 1902 _____________________ 341
recommends transfer of forest reserves to
Department of Agriculeure ________________________ 342
recommends establishment of Department of Commerce____ 343
appoints commission on federal science ____________ 15, 343
consults National Academy of Science on Philippine Islands 344
appoints Public Lands Commission - _________________ 356
Roy, Andrew _____________ 49
Rusk, Jeremiah . ___________________________ 159, 188
Russell, I. C.:
portrait ___ __ __________ o __.___ 203
joins Survey in 1880 ______________________________ 49
background ______________________________________ 50
works in Great Basin  __________________ 61,70,78,81,111
left in temporary position, 1883 ______________________ 76
works in Appalachian region ______________ 110, 128, 146
works in Alaska ____________________ 163, 189, 200, 205
work in Pacific Northwest __________________ 206, 262, 327
joins faculty of University of Michigan ________________ 211
S
Safford, James M ____________________________________ 192
Salisbury, R. D ________ 70, 82, 110, 128, 189, 216, 307, 349
Sanders, W. E  _______ oo ___ 96, 207
Sanders, Wilbur ______________________________________ 165
Sargent, Charlee H _____________ __________________ 25, 271
Sawyer, Philecus ______________________________________ 213
Sayers, Joseph D __ . ___ . 180
Schaller, Waldemar _____________________ ____ ___________ 349
Schrader, F. C __________________ 262, 283, 284, 294, 305, 315
Schurz, Carl _____ ____ _ __________ 25, 52, 59, 101, 114
Scudder, S H ________________ e 112, 164
Schwatka, Frederick ___________ _________________________ 200
Sells, E. W __ ___ __ o 250
Shafroth, John ¥ ______________________________ 266, 324, 325
Shaler, M. K _________ 334
Shaler, N. S.:
recommends Eldridge to King ________________________ 41
Tenth Census expert_ .. _____________________ 49
Massachusetts Commission on topographic maps ——-—_____ 91
work on Atlantic Coastal Plain for .
Geological Survey________________________ 92, 110, 111
work on inundated lands __________________ 110, 111, 128
maps surficial deposits in Massachusetts ________________ 146
reportonsoils _________________________ ___________ 174
listed as temporary in 1890__________________________ 192
work on geology of common roads ________________ 231, 258
recommends A, H. Brooks __________________________ 243
surveys of Narragansett coal field______________________ 245
begins study of geology of Cape Cod __________________ 263
Sherman, John - ____°_____________________________ 45, 165
Shutt, George __________________________ 59, 62, 99, 193, 198
Siebenthal, C.E ______________________________ 332, 339, 353
Simpson, Jeremiah ____________________________________ 204
Sinclair, C. H ___ 316
Slichter, Charles ________________________

317, 322, 352, 353

Small, John H  _____ 324, 325
Smith, Carl D ____ 334
Smith, Eugene A ____________________ 49, 112, 132, 200, 202
Smith, George Otis —_____________________ 254, 262, 275, 317
Smith, Glenn S __ __ 273
Smith, Hoke:
appointed Secretary of the Interior . _____________ 224
sees need for civil service regulations . _____________ 225
appoints Walcott to head Geologic Branch ______ 13, 215, 230
requests reduction in Powell’s salary - - _______ 238
chooses Walcott as Director — . _________ 238
approves change in surveying public lands . _________ 249
recommends change in surveying Indian lands __________ 250
asks National Academy for advice on forest
reserve management _ . _____ 270
rules oil land not patentable under Placer Act— - ________ 306
Smith, W. S. Tangier ___ 332
Smock, John C 49
Sparks, W. A. J 115
Spencer, Arthur C  __________ 262, 285, 294, 305, 315, 330, 347
Spencer, Herbere ____________________________________ 8, 60
Spencer, J. W __ __ 102
Spooner, John C ___ . 187, 321
Spurr, J. E.:
begins work for Survey______________________________ 246
Mercur district studies _____ _______________ 246, 247, 258
Aspen district studies ____________________ 248, 253, 276
Alaska ________________________ 262, 264, 281, 282, 283
Great Basin reconnaissance __________________________ 294
Tonopah district studies . __________________ 331, 347
proposes genetic classification of ore deposits ________ 332-333
Squire, Watson C . _______________________________ 165, 247
Stanley-Brown, Joseph - _____________________ 46, 76, 112, 232
Stanton, Timothy W ________________ 212, 255, 286, 302, 336
Steele, W. G ___ 274
Stegner, Wallace ____________________________________ 212
Steiger, George 212
Sternberg, George M __________________________________ 329
Stevenson, Adlai _______ oo o ___ 45
Stevenson, James ____ __ . ______________ 43,54, 62, 67, 145
Stevenson, John J ________________________________ 132, 149
Stewart, W. M.:
portrait - ___ .. 168
bill and resolution to encourage irrigation ______________ 140
resolution on funding irrigation surveys ____________ 142, 143
debate on irrigation ________________________________ 152
invites Powell to accompany Senate Committee __________ 166
Irrigation Committe hearings, 1890 ________ 168, 169, 171
Irrigation Committee report__________________________ 176
resolution on topographic mapping - _________________ 178
attacks Powell’s administration of Geological Survey __. 179, 181
attends House Appropriations Committee ______________ 180
attends Senate Appropriations Committee ______________ 182
questions selection of reservoir sites __ . _________________ 183
questions value of topographic survey for irrigation________ 184
on value of geology ________________________________ 187
defends reports on mineral resources __________________ 196
questions organization of Survey ______________________ 197
presides at First Irrigation Congress____________________ 203
attacks Survey _________________ 207, 223
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votes for cut in funds, 1892 ________________________ 213
calls for mining seaeistics - __________________________ 265
opposes forest reserves __________________________.___ 271
calls for Division of Mines and Mining in Survey ________ 290
praises Survey _ __ 302
Stockbridge, Francis B____________________________ 213
Stokes, H. W ___________ 307, 349
Stone, George H __________________________________ 96, 290
Stone, R. W 315
Storrs, James - 277
Stose, George W _______ 286, 288
Stratton, S. W ___ 313
Strouhal, Vincent . ____ _______________ . 99
Sullivan, E. C _______ 349
Sumner, Willitam Graham ____________________________ 60
Sweet, Willis _ . _ o __ 205

Symes, George G

T
Tabor, H. A. W ___________ . 22
Taff, J.A o __ 244, 254, 263, 277, 286, 315, 334, 347
Taft, William Howard _____ _____________________________ 179
Tauwssig, F. W _____________________ 191
Taylor, £. B _____ 316
Taylor, T. U o ___ 264, 339, 352
Teller, Henry ____________________________ 93,152, 258, 269
Thomas, Cyrus o ___ 3
Thomas, Governor _ _ ___ __ 202
Thompson, A. H.:
portrait - __ . _ o ___ 158
appointed geographer to Survey ______________________ 68
instructed to complete map of Plateau region ____________ 69
given statutory position, 1883 ________________________ 76
supervision extended to Kansas, Missouri, and Texas —_____ 91
vice-president for cartography,
National Geographic Society ______________________ 140
in charge topographic work of Irrigation Survey __________ 160
opinion on accuracy cited by Dutton __________________ 171
testifies before Senate Irrigacion Commictee ________ 172, 173
listed as temporary in 1890 __________________________ 192
heads Western Division of Topography __ 198, 199, 211, 233
demoted in 1894 ____ _______ o __ 243
triangulation surveys . _________________ 243, 252
Thompson, Gilbert:
appointed to Survey as topographer ____________________ 50
Acting Chief Topographer __________________________ 60
heads topographic party in Wingate Division ____________ 62
in charge Districe of the Pacific ____________________ 69, 77
maps Mount Shasta ________________________________ 74
appointed to statutory position, 1883 __________________ 76
transferred to southern Appalachians, 1884 ______________ 91
not affected by cuc in 1892 __________________________ 211
demoted in 1894 __________________________________ 243
Todd, J. B - 61, 70, 82
Toole, Joseph K _____ ____ o ___ 145
Town, F. B _ . 274
Trowbridge, W. P _____ L ____ 25, 102
Turner, H. W.:
begins work for Survey . ____________________________ 84
396  Name Index

assists Becker in quicksilver investigations __________ 84, 112
maps in California Gold Bele 131, 137, 148, 163,
189, 201, 231, 243, 253, 262

committee on classification of igneous rocks ____________ 263
maps Yosemite quadrangle __________________________ 277
Tweedy, Frank - ___________ 211, 233
U
Ulrich, E. O . 139, 332, 349
Underwood, Oscar  ___ o __ 290
Upham, Warren __________ 110, 189
A%
Vandever, William ____________________________________ 191
Van Hise, C. R.:
portrait - __________ . ____ 264
assistcs R. D. Irving . ____________________ 70, 98, 102
Lake Superior Division__________________________ 110, 129
attends conference on cartographic systcem, 1889 ________ 150
confers with Willis and Pumpelly ____________________ 163
studies Precambrian of Norch America_____ ___ 189, 199, 265
resigns from Survey, 1892 _ _________________________ 211
recommended for directorship, 1892 __________________ 213
studies Lake Superior iron districts —_______________ 244, 254
attends conference on geologic atlas, 1895 ______________ 252
chairs Committe on classification of igneous rocks ____ 263—264
responsible for parc of Geologic Branch work, 1897 ______ 275
studies structural and metamorphic geology ____________ 277
confers on Ocoee problem____________________________ 286
presents paper on ore deposition ______________________ 297
helps plan organization of Geologic Branch, 1900 ________ 302
heads Division of Precambrian and Metamorphic Geology . 303
supervision of lead-zinc project transferred ______________ 305
member, committee on revision of rules
on geologic nomenclature__________________________ 336
on the problems of geology . _______________________ 337
Carnegie Institution Advisory Committee on Geology_.____ 338
becomes president Universicy of Wisconsin______________ 349
accends 1903 Incernacional Geological Congress __________ 350
Van Orstrand, C. . _______ ___ . _____ 316, 350
Vaughan, T. Wayland ________________ 245, 255, 263, 307, 315
Veatch, Arthar . ________________ 351
Vest, George G . 206, 207
Vilas, W. F  ________________ 114, 140, 141, 142, 143, 195
w
Wade, Melvin _____ e 83
Wait, John T ___________________________________ 117, 124
Walcote, Charles D.:
appointed assistant geologist, 1879 ____________________ 25
background _____________________________________ 28
first season’s work  ________________________________ 36
Eureka, Nevada __________ ______________________ 46, 83
headquartered in New York__________________________ 61



stratigraphy of Grand Canyon ______________________ 71-72
appointed to statutory position, 1883 __________________ 76
directs paleontological work in Ease ___________________ 83
heads paleontological division, 1884 _______.___________ 94
identifies fossils for Hayden and Peale __________________ 96
author of early bulletin  ____________________________ 102
summoned to AAAS meeting, 1887 __________________ 135
studies Taconic system ______________________________ 136
studies Cambrian along Canadian border ________________ 147
attends 1888 International Geological Congress __________ 148
attends conference on cartographic system, 1889 ________ 150
Olenellus zone paper ______________________________ 175
identifies strata in Eaton’s 1824 section ________________ 178
confers with Van Hise on Precambrian ________________ 189
prepares paleogeographic map of Algonkian-Cambrian time __ 190
listed as temporary in 1890 __________________________ 192
becomes chief paleontologist, 1892 ________________ 213-214
corresponds with T. C. Chamberlin _______________ 213-214
takes charge of geologic work ________________________ 215
possibly author of Powell paper ______________________ 218
helps establish Geological Society of Washington ________ 225
appointed geologist-in-charge, 1893 __________ 230, 231, 233
appointed Director, 1894 ____________________ 13, 238-239
concept of Survey work ________________ 13, 14, 241-242
attitude on reports . ____ . ________________ 245, 278
confers with mining geologists and engineers ____________ 248
on public-land surveys ____ . ________________________ 250
confers with Emmons on work in Montana and Idaho ____ 254
annual report for 18941895 ________________________ 258
asks deficiency appropriation for stream gaging —________. 259
asks legislation on monumenting_.________________ 260, 261
takes immediate control of Topographic Branch __________ 261
appoints committees on specialized subjeces ____________ 263
asks increased funds for geology and topography __________ 264
testifies on need for precious-metal mining studies ____ 265-2066
appointed Assistant Secretary Smithsonian Insticution______ 269
on forest reserves management ________________________ 272
inspects forest reserves and national parks, 1897 __________ 274
on water resources in seteled areas ____________________ 279
on appropriations for 1899 __________________________ 280
associate editor, Journal of Geology ____________________ 286
discovers Precambrian fossils ________________________ 287
on appropriations for 1900 ______________________ 289, 290
on investigations in relation to mines and mining ____ 290-292
on Teton National Park _______________________ 292
on role of Survey in relation to mining industry ______ 296-297
relations with Secretary Hitchcock _______________ 299
on hydrographic work of Survey __________________ 299-300
organizes Geologic Branch __________________________ 302
directs Willis to study mapping unies - _____________ 306
on topographic mapping __ . _________________________ 307
relinquishes control of Topographic Branch ______________ 308
on future of Survey, 1901 __________________________ 319
on forest reserves in southern Appalachians ___._________ 323
Director of Reclamation Service, 1902 _______ ____ 326
contribution to passage of reclamation law ______________ 327
helps establish Carnegie Institution of Washington____ 329-330
delegates some administrative control to Hayes __________ 330
chairs committee on scientific work of the

government ____________________________ 15, 343-345

chairs Board of Scientific Surveys of the Philippine Islands__ 344

Walker, Francis A ______________________________ 25,91, 102
Walling, Henry - _________ . 76
Ward, Lester F.:
portrait - _ - 61
appointed paleobotanist _.__________________________ 60
opponent of Social Darwinism _.____________________ 8, 60
writes sketch of Powell for Popular Science Monthly __._____ 62
begins work in paleobotany ____________________ 62,71, 72
publishes Dynamic Sociology - _____________________ 71
not given statutory position, 1883 ____________________ 76
investigates Laramie flora __________________ 71, 83,92, 164
heads paleontological division, 1884 __________________ 94
differs with Powell on irrigation ______________________ 101
studies Potomac formation ______________________ 11112
busy with manuscripts, 1888 ________________________ 147
assigned preparation of correlation essay ________________ 152
survives catof 1892________________________________ 211
studies Comanche-Dakota relations in Texas ____________ 286
continues work on Compendium _.____________________ 307
Warman, P. C ___ 288
Warner, A. ] o __ 20
Warren, Francis B ______________________ 210, 213, 231, 260
Washington, H. § ________________________________ 316, 337
Watkins, C. E  _ __ __ _ . 74
Weaver, James B __________________________________ 206, 218
Webster, Albert _____ __ ______ _ ________________ 50, 62, 69
Weed, W. H.: ’
appointed to Survey, 1883 ________________________ 77
Yellowstone project __________ 96, 111, 128, 146, 200, 198
attends conference on cartographic system, 1889 ________ 150
names Livingston formation __________________________ 198
examines Montana coal fields, 1891 ____________ _____ 200
Litcle Belt Mountains, Montana -~ _______________ 232
folio published —____________________________ 233
being drawn nto economic work___________________ 254
Butte, Montana, economic geology —_____ 262, 276, 3095, 330
member, committee on classification of igneous rocks ____ 263
presents paper on secondary enrichment, 1900 __________ 297
studies eastern copper deposits_ - _____________________ 330
proposes genetic classification of ore deposits ________ 332, 333
field season, 1903 ______________________________ 347
Weeks, F. B _______ __ o ______274, 288
Wescoate, N ____ . __ . 22
Wheeler, Geotge M _______________________ . 2,181
Wheeler, H. A ___ 49
Wheeler, Joseph __________________________________ 210, 261
White, C. A.:
pottrait _______________ . _____ 60
appointed to Sutvey as paleontologist, 1881 ____________ 60
commissioner for location of artesian wells ______________ 62
studies Laramie formation______________________ 70, 71, 83
not given statucory position, 1893 ____________________ 76
heads ancillary division, 1885 ________________________ 94
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Mineral statistics ____________ 18, 47-49, 60, 75, 265-266, 291
Mineralogy - _________________________ 75, 114, 122, 294
Mines and mining, federal support ____________ 14, 65, 125, 296
Mining and Scientific Press - _______________________________ 266
Mining laws . ___________________ 40, 306
Minnesota:
Cambrian fossils  ____ . ___ 98
copper-bearing rocks  ______________________________ 47
northern, geology . 110
Lake Agassiz __________________________________ 110, 189
Mesabi districe - _____________________ 305-306
Precambrian rocks  __ . ______ _ ____ _______________ 70, 95
St. Louis River - _____________________ 249
Mississippt - o ___ 255
Missouri:
Joplin distrier ____________________________________ 305
topographic mapping ________________ 90, 91, 92, 109, 145
ZINC OreS 163, 189, 195, 305

Money and currency —_  4-5, 13, 18, 101, 203, 223, 236—237, 296

Montana:
Bear Paw Mountamns _ . ___________________________ 83
Bitterroot Range __________________________________ 294
Bozemanarea ____________________________________ 136
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Butte district ______ 201, 254, 262, 276, 293, 301, 305, 315
coalfields __ . 200
Elkhorn region - ____ ______________________________ 294
forest reserves . __ . ____________.____ 274
Fort Ellis region 129
Gallatin Range ____________________________________ 96
glacial geology - ____________________________ 110, 316
Great Falls  ____________________ 83
Helena region __ __________________________________ 294
Judith Mountains __________________________________ 263
Laramie beds _ ___ ___ _ _________ . ___ 70, 71, 83
Little Belt Mountains ___ _ _______ _______________ 231, 245
mining district reconnaissance ____________________ 148, 285
north of Yellowstone Park ______________________ 96, 200
Square Butte______________________________________ 232
Sun River irrigation survey __________________________ 161
Three Forks area __________________________________ 147
topographic mapping ______________________________ 160
N
National Academy of Sciences —_______ 2, 6, 10, 90, 99, 102-103,
116, 203, 270-271, 312, 344
National Association of Government Geologists ____._________ 202
National Bureau of Standards ____________________ 15, 313-314
National Educational Association Council _____________ 329
National Geographic Society ____________________ 140, 189, 248
National parks:
Crater Lake ________________________ 127-128, 316, 323
General Grant ____________________________________ 191
Kings Canyon ____________________________________ 191
Mount Rainier ______________________ 247, 248, 292-293
Sequoia . _____ . ____ 191
Teton 292
Yellowstone __________ 77-78, 85, 96, 109, 111, 128, 141,
146, 147, 274
Yosemite _______ _________ 191
Naval Hydrographic Office ______________________ 2,9, 89, 90
Naval Observatory ________________________ 2
Nebraska:
eastern part not inarid region ____________________ ____ 182
ground water ________________________ _______ 264, 278
Platte Valley_____________________ 264
reconnaissance along 102d meridian  __________________ 247
topographic mapping __________________________ 211, 233
vertebrate paleontology ______________________________ 83
Nevada:
Comstock . ____.___ 21, 23, 43, 44, 46, 47, 117118
Eureka districe ____________ 21, 22, 33, 34, 43, 46, 47, 61,
73, 82, 83, 84, 97, 117-118
geologic reconnaissance ____________________________ 294
irrigation survey ______________________________ 160, 161
Lake Lahontan __________________________ 61, 70, 81, 111
Tonopah districe —_____________________________ 331, 347
topographic mapping ________________________ 34, 90, 160
Truckee-Carson reclamation project - __________________ 351
New England:
geologic mapping . _______________________ 146, 231, 263
Narragansett coal field ______________________________ 254
Pleistocene geology ________________________________ 307



slate belt __________ ____ ___ . ___ 255

structural and metamorphic geology __________________ 277
SWAMPS - ____ 128
topographic mapping ______________________________ 211

See also the individual New England States.
New Hampshire:

Monadnock and Kearsage districts ____________________ 97
Pleistocene geology —_______________________________ 316
stratigraphic correlation ____________________________ 199
topographic mapping __________________________ 145, 233
New Jersey:
Cenozoic _____________ 136
Coastal Plain  ___________ o ____ 200, 255
COpper MineS  _ - 330
crystallinerocks . ____ . _ __________________ 199
Franklin Furnacearea . ____________________________ 285
Franklin quadrangle ________________________________ 263
glacial geology - _______________ 307
Green Pond Mountain district - _______________________ 233
Highlands___________________________________ 231, 349
iron deposits .- ______________________________ 199, 231
Passaic floods ______________________ . _____ 350
topographic mappiag ______________________ 91, 109, 145
New Mexico:
geologic mapping __________________________________ 316
irrigation survey ___ . ________________________ 160, 161
Lower Cretaceous __________________________________ 164
mining district reconnaissance —_______________________ 285
Mount Taylor region . _________________________ 93, 95
Red Beds_______________ L ___ 336
FiVer Stations_ . __________________________________ 247
topographic mappiag ——-—_—____________ 62, 145, 160, 211
New York:
Adirondack Mountains ________________ 263, 277, 285, 316
areal and economic geology . _________________ 315, 316
Cambrian ___________________ 83
correlation of strata with New Eagland ________________ 199
Devonian _ . _ _ 83, 98
glacial geology - _____________ 62, 70, 189, 307
Long Island __________________________________ 352-353
New York City  ___________ 263
stream gaging __ . ________________________ 339
Survey headquarters ________________________________ 60
swamp lands . _____________________________________ 128
topographic mapping__________ 145, 211, 233, 261, 288, 338
Niagara River _______________ o _____ 263
Nicaragua _____________________ o ____ 283, 284
Nickel . 254
North Carolina:
copper mines ________________________________ 294, 330
crystallinerocks  ___________________ ______________ 255
forest conditions __________________________________ 310
fron 244
mountain region _._________________________________ 310
Ocoee formation __________________________________ 316
Stream Gaging — oo 256
topographic mapping . _______________ 77, 94, 261, 310
North Dakota:
admitted to statehood ______________________________ 158
artesian areas o ___ ____ o ____________ 211, 247, 256

constitutional convention - ___________________________ 166
eastern half not in arid region ________________________ 182
topographic mapping . _______________________ 211, 233
o
Ocoee problem ________________________________ 233, 263, 277
Ohio:
Bereaoil sand . _________________________________ 315
Carboniferous fossils - - _____________________________ 286
Devonian rocks L ___ 98
glacial geology . ______________ 62, 96, 189, 200, 307
Ohio River terrace system __________________________ 110
petroleum-producing region__________________ 315, 333, 346
topographic mapping __________________________ 309, 338
Oklahoma Territory:
boundary survey __________________ . ____ 293
eastern half not in arid region ________________________ 182
hydrographic reconnaissance ._________________________ 247
opened to settlement ______________________________ 160
topographic mapping __________________________ 211, 233

Ore deposits, origin __ 130, 138—139, 249, 296-297, 307, 332-33
See Economic geology and the geographic listings for individual

deposits.
Oregon:
black sands __ . _________________ L _____ 254
Cascade Range ____________________________ 82, 97, 109
coalfields _____ ____________ 254, 277
Coast Raage . __________________________ 252, 254, 277
Crater Lake ___ ____ __________.___ 127—-128, 262, 316, 323
mining district reconnaissance _ _______________________ 305
river-station reconnaissance __.________ . ______._ 247
Snake River _________________ o ____ 161
P
Paleobotany - _____________________________ 62, 72, 195, 307
Paleoatology, government versus private __________ 117118, 342
Paleontology, invertebrate:
Cambrian ___________._____ 72, 84, 85, 98, 136, 147, 185
CenozoiC o __ 136
Cretaceous - o oo o 111, 114
Devonian ________________________________ 96, 98, 147
fossil iasects _ . ____________ L _______ 112
Grand Canyon __________________________________ 71-72
Jurassic ._____ __________ 113
Nevada, Fureka __ ________ __________ . ____ 84, 85
New Jersey 108
Paleozoic .. 111
Permian ___________ . _____ 147
Precambrian - ____ . _____ 287
Silurian_______ . 136
Tertiaty . 111
Paleontology, vertebrate ______________ 39,70, 71, 83, 98, 110,
111, 129, 136, 267
Pan-American Exposition - ________________________ 317-318
Pennsylvania:
coalfields _ _____ ________________ 110, 162, 304, 315, 333
crystalline rocks  __________________________________ 316
Devoniaa - ___ 98
glacial geology —_______________________________ 96, 189
lower Paleozoic_ - ______________________ 233
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petroleum-producing areas __________________________ 346
Philadelphia area ______________________________ 277, 349
Pleistocene geology ________________________________ 307
quality of water __________________________________ 353
topographic mapping . ______________ 162, 211, 338
Uniontown and Masontown quadrangles - ______________ 304
Petroleum, natural gas, and asphalt:
accumulation_ __ _ _______ _____________ 312, 318, 333, 334
geologic distribution_______________________________ 186
Importance __ . __ o ______ 5,119
production  __________________________________ 5, 12, 16
Tenth Census repore__________________________________ 5

See also Economic geology and the geographic listings.
Petrography and petrology:

andesite _ __ _ _ _ _ __ ___ _ _ o ____ 75, 84
crystallizationof glass - _____________________________ 141
crystallization of laccolieh ____________________________ 228
differentiation in laccolith _________________________ 232
ferruginous schists of Lake Supertor ____________________ 110
laccoliths . 228, 232
mechanics of intrusion ______________________________ 345
metamorphism of gabbro ____________________________ 121
metasomatism _ __ . ______________________________ 249
quicksilver rocks ______________________________ 136—137
Yellowstone rocks __ __ ___ _______________ 7778, 141, 146
Philippine Islands ________________________ 284-285, 308, 344
Phosphate __________________ 153, 163, 197, 200, 254--255, 263
Physiography_______________________________ 53, 55, 80, 286
Placer Ace_ __ _ _____ o _____ 306
Platinum _______________ _____________________ 254, 334
Popular Science Momthly ______________________________ 62,217
Potomac formation - - - _ 111, 112
Potomac River ___ ____ _______________________ 256, 279, 280
Precambrian ______ 70, 90, 91, 110, 129, 135, 163, 189, 199, 265
Precious metals _________.______ S, 14, 219, 220, 280, 331, 334
See also Gold and Silver.
Preemption Act ____ _____________________________ 11, 196
Public lands:
classification - __ ___ . ____________________ 18, 38—39, 172
Cleveland’s recommendations - ______________________ 157
disposal  _ . _____ 11, 39, 115, 196, 245
effect of October 2, 1888, law on ____ 11, 157, 176, 179, 181182
forests ___ __ _________ 191, 196, 270-272, 274, 275, 289,
292, 320, 321, 322, 323, 342, 343
frauds ___ o __ 342-343
General Revision Act o ___ 11, 196
parks . __ 191, 247-248, 323
SUCVeYing oo ___ 249-250
watet supply — o ____ 258
Public Lands Commission:
Fiest _ o ___ 2,7, 11, 15, 17, 36-41
Second _ _ e 356
Puerto Rico ____ o 308
Q. R
Quicksilver. See Mercury.
Reclamation Act _ . __ __________________ 319, 321-322
Reclamation Service ___ ______ ___________________ 15, 326, 351
Rhode Island  ___ _____________ o _____ 145
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Roads and road-making material ______________________ 231, 245

S
Salt - 306
Science ____________ 59, 98, 115, 124, 159, 216, 227, 294, 333
Science (general) _________-___________-_______.~____ 7, 8-9
Science, Federal ______ 1-2, 7, 9-10, 12—13, 15, 16, 102—-103,
105, 106—-107, 115-116, 343-345
Setsmology 98
Signal Service._________________________ 2,9, 11, 89, 120, 188
Silver____________ 4-5, 12, 14, 18, 97, 101, 165, 224, 236, 254
See also Precious metals and the individual silver-producing States.
Social Darwinism ___ ________ . ______________________ 8, 60
Smithsonian Institution _____.___________________ 70, 78, 269
Soils oo 110, 174, 200
South Atlantic States ____________ _______ ____ ___________ 339

See also the individual States of the region.
South Carolina:

Charleston earthquake ______________________________ 128
forest area - ____________ . 310
South Dakota:
admiteed to statehood - _____________________________ 158
artesian areas_ _ ___ _____________.__________ 247, 256, 278
Black Hills ________________________ 274, 285, 293, 310
Deadwood  _____ ____ __ o ____ 269, 274
forest reserves _ __ __ _____ ______________________ 274, 289
James River valley ____________________________ 211, 247
part not in arid region ______________________________ 182
topographic mapping . __________________ 211, 233
Water resOurces ————__ . ____________ 247, 256, 278, 310
Steel e 18, 99, 119
Stratigraphic classification __________ 62—64, 132, 134, 145, 147,
149-152, 286-288, 306—307
Seructural geology L ___ 192
Structural marerials ____________________ 14, 200, 262, 291, 335
Surveying and mapping ____ 1, 2, 6, 13, 134, 136, 137, 249, 250
Swamplands ______________________________________ 128, 172
T
Taconic system - _______________________________________ 136
Tariff _____ _____  __________ 12, 165, 191, 242, 245, 272
Tennessee:
clay resources __________ __________________________ 304
coal ____ _____________________ 231, 243-244, 254, 263
Columbia quadrangle ______________________________ 304
corundum _ - _________________ o _____ 231
Ducktown copper mines ____________________________ 294
eastern region ________________ 95, 110, 136, 146, 199, 231
Estilville sheet _________________ ____ _______________ 199
gold . 254
fron ___ 231, 244, 255
Ocoee series _ . 316
phosphate resources ____________________________ 255, 304
proposed forest reserve ______________________________ 310
Texas:
artesian watelr - - - e 245, 247
asphaltam 255
Austinsheet - _____________________________________ 245
coal __ 255
CretaceouS  —— - - oo 136, 164, 255, 256



El Paso County . __________________________________ 353
El Pasodamy __________________________________ 161-162
irrigation survey _._._______ . _________________ 161-162
Lake McDonald _____________________ 264
oil fields - _______ o __ 304
Permian _______________ o ______ 98, 147
Spindletop _____________________________ 316-317
stream gaging ____________________________________ 339
topographic mapping __ 90, 91-92, 109, 145, 211, 233, 289
trans-Pecos region ____________________________ 255, 316
Uvalde quadrangle ________________________________ 263
vertebrate paleontology ______________________________ 98
water resources ____ _____ _____________ 256, 263, 264, 353

Timber Culture Act - - __ o _____ 11, 191, 196
____________________________________________ 305, 334

Tungsten 334

8]

Uranium - _____ 294
admission to statehood ______________________________ 258
asphalv _ . ________ L ____ 253, 277
Bingham districe ______________________________ 305, 315
Cretaceous and early Tertiary stratigraphy ______________ 111
Henry Mountains _ _________________________________ 35
hydrographic reconnaissance - ________________________ 247
irrigation survey __________________________________ 161
Lake Bonneville ____________________________ 34, 49-50
Mercur district - oo _____ 246, 247, 258
Park City districv - ___________________________ 331, 347
Pleistocene geology ____________________________ 316, 349
San Francisco district ______________________________ 33
Tintic district - ___ 215
topographic mapping __________________________ 90, 199
Uinta Indian Reservation - ___________________ 253, 277, 295
Uncompahgre Indian Reservation ________________ 253, 277

\'%
Vanadium - _____________ o ___ 276, 294
Vermont:
Cambrian 98, 147
correlation of strata with New York . ________________ 199
Green Mountains . _________________ 110, 135, 136, 146
topographic mapping - - ____________________ 162

Virginia:
crystalline rocks _________________________________ 255
Estilville sheee ________________________ L ___ 199
Greenbrier-New River section - _________________ 110, 136
Halifax copper diserict . __________________________ 294
Ocoee series _ . ____ o ______ 277
southwestern coal area ____ __________________________ 231
Staunton sheet ____________________________________ 146
stream gaging ____ . __________________.________ 256

Volcanoes:

Alaska 252
Crater Lake ____________________ 127-128, 262, 316, 323
Hawail - 70, 82
Lassen Peak ________________________ 109, 127, 151, 231
Mount Taylor region ____________________________ 93, 95

shape____________ __________________ 112—-113, 253, 285
w
Washington:
admitted to statehood ______________________________ 158
artesian water ____________________________________ 206
Cascade Range _ . _________________________________ 277
forest reserve . __ o _________________ 274
glacial geology L ____ 110
hydrographic reconnaissance __________________________ 247
mining district reconnaissance ________________________ 285
Mount Rainier . ___________________ 254, 262, 292-293
northwestern, economic geology —_____________________ 254
Tacoma sheet ____________________________________ 262
topographic mapping __ . ____________ 211, 233, 252, 338
Washington Memorial Institution ________________________ 329
Water:
artesian ____ 62, 99—101, 128, 174—175, 188, 200, 206, 234
pPOWer o 15
rainfall necessary for agriculture ____________ 3-4, 142, 236
rainfall in Rio Grande Basin ________________________ 162
rainfall-runoff relations _ . ____________________ 234
rights . 161-162, 166, 167
See also the geographic listings, floods, and irrigation.
Weather Bureau . ______ o __ 11, 188
Weights and measures ____________________ 1, 14, 15, 313-314
West Virginia:
Buckhannon sheet  ________________________________ 254
coalfields __ _ o ____ 95, 110, 244, 285
Elk Garden coalfield________________________________ 244
Greenbrier-New River section -___________________ 110, 135
Kanawha River valley ___________________ . __________ 95
Lewisburg sheet __________________________________ 146
oil fields - ____ 346
Pleistocene geology . _________________ 307
White Sulphur Springs . __ 95
Wisconsin:
Cambrian fossils 98
copper-bearing rocks . _________________________ 47
glacial geology - __________________ 200, 245, 316
Precambrian rocks  ___ _ __ ___________________ 47, 70, 254
topographic mapping . _ . _________________ 145, 162
Wyoming:
Absaroka Range __________________________________ 232
Big Horn and Wind River basins ___________________ 231
Bighorn Mountains __._____________________________ 349
Crow Creek water storage __________________________ 317
forest reserves ____________________________ 274, 275, 292
Grand Encampment Mountains - ________________ 305, 331
Laramie quadrangle ________________________________ 316
mining district reconnaissance —_______________________ 148
New Rambler mine - ______________________________ 331
river diversion investigations - _______________________ 310
vertebrate paleontology - - _______________ 70, 83, 98, 147
Yellowstone National Park __.______ 77-78, 85, 96, 109, 111,
128, 141, 146, 147, 274
4
ZinC o 5, 12, 189, 332, 305, 332, 334
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