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THE CLASSIFICATION OF THE PUBLIC LANDS.

By Groree Oris Syrre and others.

THE PURPOSE OF LAND CLASSIFICATION.

In the latter half of the nineteenth century the spirit of the public-
land laws in the United States was settlement and development.
With a public domain of one and a third billion acres, acquired in the
preceding half century—1803-1853—by purchase, discovery, explora-
tion, and cession, and with another third of a billion acres in Alaska
constituting a later purchase, the Nation felt that it could be lavish
with its lands. The wilderness called for pioneers of every type, and
large premiums were held out to capital enterprise and individual
initiative. Development was desired whatever the cost in lands that
. were intrinsically of little value without settlement. The same cen-
tury that saw the creation of this national domain—an empire in
itself—also witnessed the distribution of more than one-half of its
acreage. This shrinkage of the national domain has naturally been
coincident with national development in all lines of industry. West-

_ern prairies have become the world’s granary, and western moun-
tains, once wholly in public ownership, are now. contributing to their
private and corporate owners the profits on no small proportion of
the world’s output of metals and of mineral fuels.

With advancing years a wise nation, like a prudent man, learns
to husband its resources. Land values are now recognized, the pur-
pose in both legislation and administration has changed, and highest
development alone is sought. With the most and the best of the
Nation’s land already alienated, the national duty is to put to its
best use what remains.

Utilization of lands for their greatest value necessitates the detcr-
mination of that value, which is, briefly, land classification; and,
to be adequate, land classification must be based upon first-hand
acquaintance with the particular land under consideration. With a
national estate including country ranging from salt-incrusted deserts
to valleys knee-deep with nutritious grasses or giant forests almost
impenetrable because of luxuriant undergrowth, no general statutes
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8 CLASSIFICATION OF THE PUBLIC LANDS.

that may be enacted can be made so definite as not to require the
exercise of well-informed judgment in their execution. To this end
examination and classification of the public lands constitute an initial
step in their disposition for development and settlement. That a few
decades ago settlement and development commonly outstripped clas-
sification and often far preceded even the legal disposition of the land
itself is no good reason for failure to follow the more logical pro-
cedure now. . '

The principle of land classification is inherent in many of the
public-land laws, and classification of lands*has in late years been
specifically recognized by Congress as a step indispensable to the ad-
ministration of the national domain. This public estate is even now
so extensive and valuable as to demand a business policy. Making
allowance for the alienated lands included within the land units de-
scribed in the various coal-land areas withdrawn by executive order
for classification, and also estimating the expected reduction of these
withdrawals by classification of parts of them as noncoal land, the
people of the United States possess to-day 44,000,000 acres of coal
lands, exclusive of the Alaskan coal fields. A large proportion of
this acreage, however, is underlain by the lower-grade coals. In the
almost equally important items of oil and phosphate rock the exist-
ing withdrawals indicate national ownership of over 2,000,000 acres
of oil and gas lands and nearly 3,000,000 acres of lands which will
furnish our agricultural regions their future supply of mineral phos-
phate. Nor have all the agricultural lands been alienated. Public
and private irrigation projects will reclaim several millions of acres
of arid land, and dry farming under the enlarged-homestead act will
materially add to the area of farm lands.

To insure appropriate disposition and to secure highest use of
the Nation’s lands, scientific land classification by the United States
Geological Survey has been made an integral part of public-land
administration. Quantitative knowledge of the land and its re-
sources is now made a preliminary, first, to disposition of lands
under the various settlement and development laws; second, to reser-
vation of lands from present acquisition pending the enactment of
adequate legislation; and third, to valuation of lands under a
statute which provides for their disposition at prices expressing
known value.

The purpose of land classification, then, is highest utilization, and
to attain this end it has been necessary to coordinate the work of
scientific investigation with the administrative functions of the
Department of the Interior. The large participation of the Geo-
logical Survey in the public-land administration has naturally pre-
sented problems involving changes both in office and field organiza-
tion and in executive and scientific methods. For these changes
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there has been little or no precedent. Scientists and public men of
older countries have been outspoken in their interest in this new
application of science to governmental administration, and requests
have been made for more detailed information on the subject than
is available in the references appearing in administrative reports of
the Secretary of the Interior and his subordinates.

A new application of any branch of science necessarily affects the
science itself. New use involves added requirements and in turn may
contribute in by-products even more than it demands. The general
effect of this direct application of the Geological Survey’s investiga-
tive work to large problems of public administration is believed to
have been beneficial to science itself. It has broadened the outlook
of the investigator, but especially it has demanded that results be
sought which are quantitatively exact as well as qualitatively true.

‘A full statement of the policy of land classification and a detailed
description of the procedure and methods so far found necessary to
carry out that policy, in the stage of development already reached,
are presented in this bulletin. This information is believed to be of
value both to students of government and to geologists and engineers
interested in the application of scientific investigation to practical
business. The historical and legal phases of the discussion may be
of greatest interest to the citizen concerned in his country’s highest
development, while the description of field methods should be of
immediate value in indicating new requirements imposed upon sci-
entific education, for details of this business policy of the Govern-
ment are already being adopted in private and corporate land exam-
inations.

This bulletin represents contributions by many authors—members
of the land-classification board and of the field branches of the Sur-
vey. The description of the development of the Survey’s organiza-
tion for land classification, which immediately follows this introduc-
tion, was written by W. C. Mendenhall, who as chief of the land-
classification board has been directly responsible for the preparation
of the bulletin. The discussion of the history and legal basis of
classification was prepared by M. W. Ball, a geologist who has been
identified with the work of land classification from its beginning and
is now chairman of the oil section of the board.

The chapter on the classification and valuation of coal land was
written by G. H. Ashley, until recently State geologist of Tennessee
and now the chairman of the coal section of the land-classification
board. At the time of his earlier connection with the Survey Mr.
Ashley, who has made a special study of coal problems in both the
eastern and the western fields of the United States, wrote the chapter
on “ Thé value of coal land ” which appears in Survey Bulletin 424.
In the preparation of the present paper Mr. Ashley has been most
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efficiently assisted by C. E. Lesher, who is independently responsible
for the short section on “ The preparation of data for classification.”
Mr. Lesher should be credited with many of the office methods which
facilitate the prompt and accurate handling of data contributed by
the field men of the Survey.

Field methods are discussed by E. G. Woodruff, C. H. Wegemann,
R. W. Richards, and F. R, Clark, all of whom are members of the
geologic branch and have had wide experience in field work leading
up to land classification. Under the topic “ Oil and gas lands,” J. D.
Northrop, who has had experience in the California oil fields, and
C. H. Wegemann, a geologist of broad experience in the Rocky
Mountain fields, have collaborated in the discussion of the geologic
occurrence of oil and gas, while Mr. Northrop has contributed the
section on classification. In a similar way, under “ Phosphate lands,”
A. R. Schultz and R. W. Richards, the former the chairman of the
phosphate section in the land-classification board and the latter a
geologist who has worked out with great thoroughness and detail
the complicated structural problems of the phosphate fields in south-
eastern Idaho and adjacent parts of Wyoming, have collaborated in
the general discussion of phosphate problems, Mr. Schultz being re-
sponsible for the section on classification. The description of potash-
bearing lands and their classification is the joint contribution of A. R.
Schultz and H. S. Gale, Mr. Gale being the geologist in charge of
the section of nonmetalliferous deposits of the geologic branch. E.H.
Finch, of the land-classification board, who has been closely identi-
fied with the cooperative work between the Survey and the General
Land Office, has contributed the section on “ Miscellaneous nonmetal-
liferous lands,” and F. C.- Calkins, one of the experienced economic
geologists of the Survey, who has had much to do with the classifi-
cation of the lands in the Northern Pacific grant, has written the
discussion of metalliferous mineral lands and the problems involved
in their classification. The section on “ By-products of mineral-land
classification ” was written by G. S. Rogers, a geologist of the geo-
logic branch, whose recent work has been done in the western coal
fields.

The discussion of classification in relation to water resources has
been prepared under the direction of N. C. Grover, chief engineer
of the land-classification board, M. O. Leighton, Herman Stabler,
E. C. La Rue, and W. B. Heroy collaborating. Messrs. Grover,
Stabler, and Heroy have prepared the sections relating to classifica-
tion and office procedure, while Mr. Leighton, as-chief of the water-
resources branch of the Survey, and Mr: La Rue, one of the ex-
per ienced field engineers of that branch, have cooperated 1n prepar-
ing the discussion of field methods.
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It is noteworthy that the authors of the sections of this publica-
tion describing the procedure employed in the work have themselves
originated for the most part the methods that are so essential to
successful and authoritative land classification. Mention should also
be made here, however, of the important part played by A. C. Veatch,
the chairman of the land-classification board at the time of its organi-
zation, by C. Willard Hayes and Waldemar Lindgren, former chief
geologists of the Survey, and by M. R. Campbell, who has been in
charge of the geologic work in the western coal fields continuously
since 1906 and has supervised the preparation of the sections on
geologic field methods in this bulletin.

DEVELOPMEN"‘ OF THE SURVEY’S ORGANIZATION FOR
LAND CLASSIFICATION.

The report of the committee of the National Academy of Sciences
on the surveys of the Territories, prepared in accordance with the
terms of a. clause in the sundry civil bill approved June 30, 1878
(20 Stat., 206, 230), contains these statements indicating the opinion
of the committee as to the land-classification functions of the bureaus
whose organization its members were recommending:

The best interests of the public domain require, for the purposes of intelli-
gent administration, a thorough knowledge of its geologic structure, natural
resources, and products. The domain embraces a vast mineral wealth in its
soils, metals, salines, stones, clays, etc. To meet the requirements of existing
laws in the disposition of the agricultural, mineral, pastoral, timber, desert,
and swamp lands, a thorough investigation and classification of the acreage of
the public domain is imperatively demanded. * * *

The Land Office shall also call upon the United States Geological Survey for
all information as to the value and classification of lands, * * *

The publications of the Geological Survey should consist of an annual report
of operations, geological and economic maps illustrating the resources and classi-
fication of the lands, reports upon general and economic geology in all its
branches, with the necessarily connected paleontology.

Maj. J. W. Powell, reporting to the Secretary of the Interior on
November 1, 1878, in response to the request of the acting president
of the National Academy of Sciences to transmit any information
available in the Department of the Interior as to surveys then in
existence, after listing the classes of lands recogmzed under the laws,
adds the following comment:

An examination of the laws * * # will show that the classes of lands
mentioned above are therein recognized, and in the administration of the laws
relating to these lands those' belonging to each specific class must be deter-
mined; but no adequate provision is made for securing an accurate classifica-
tion, and to a large extent the laws are inoperative or practically void; for ex-
ample, coal lands should be sold at $10 or $20 per acre, but, the department
having no means of determining what lands belong to this class, titles to coal
' lands are usually obtained under the provisions of statutes that relate to lands
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of other classes—that is, by purchasing at $1.25 per acre, or by homestead or
preemption entry. An examination of the laws will exhibit this fact—that for
the classification contemplated therein a thorough survey is necessary, embrac-
ing the geological and physical characteristics of the entire public domain.

After extended hearings before the House and Senate committees
and the publication of many documents bearing upon the questions
involved, Congress, in March, 1879, agreed upon a law which em-
bodied the recommendations of the Academy of Sciences for the
abolition of the Territorial surveys and the establishment of the
United States Geological Survey but made no provision for the
mensuration survey also recommended by the Academy.

Under the law approved March 3, 1879 (20 Stat., 377, 894), estab-
lishing the office of Director of the Geological Survey, it is pro-
vided—

That this officer shall have the direction of the geological survey and the
classification of the public lands and examination of the geological structure,
mineral resources, and products of the national domain.

Clarence King, the first Director, who entered upon his duties
May 24, 1879, discusses the functions of the then newly created
organization in his first annual report to the Secretary of the Inte-
rior dated November 1, 1880. In this discussion he states that—

Two special and distinct branches of duty are imposed upon the Director of
the Geological Survey— (1) the classification of the public land and (2) the
examination of the geological structure and mineral resources.

As regards the classification of the public lands, the text of the law leaves
an uncertainty whether this classification is intended to be a scientific exposi-
tion of the kinds of lands embraced in the national domain, such as arable,
irrigable, timber, desert, mineral, coal, iron, showing the practical values and
adaptabilities of the various classes or kinds of soil and surface, or whether,
on the other hand, it was intended to furnish a basis of classification upon which
the Government should part title to portions of the public domain, * #* *

Upon examination of the existing land system, I have assumed that Congress,
in directing me to make a classification of the public lands, could not have in-
tended to supersede the machinery of the Land Office and substitute a classifi-
cation to be executed by another bureau of the Government without having
distinctly provided for the necessary changes within the Land Office and ad-
justment of relations between the two bureaus. * % #*

I have therefore concluded that the intention of Congress was to begin a
rigid scientific classification of the lands of the national domain, not for pur-
- poses of aiding the machinery of the General Land Office by furnishing a
basis of sale, but for the general information of the people of the country, and
to produce a series of land maps which should show all those features upon
which intelligent agriculturists, miners, engineers, and timbermen might here-
after base their operations, and which would obviously be of the highest value
for all students of the political economy and resources of the United States.
Studies of this sort, entirely aside from the administration of the Land Office,
can be made of the highest practical value; and to this end a careful beginning
has been made.
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This interpretation by Director King of the duties imposed upon
the new bureau by that clause in the organic act charging him with
responsibility for the classification of the public lands prevailed in
part until about 1906, when the pressing need of the Department of
the Interior for an adequate classification of mineral lands for pur-
poses of administration led to a revival of this suspended function
of the Geological Survey, not, as Director King seemed to think
necessary, by superseding the machinery of the General Land Office,
but by cooperation, financial and administrative, between that bu-
reau and the Survey and by a series of orders from the Secretary
of the Interior, to whom both bureaus report. These orders so de-
fine the part that each is to bear in public-land administration as to
make the Survey chiefly responsible for the physical classifications.

At first the work was concentrated largely on the classification and
valuation of coal land, and this phase continues to be quantitatively
the most important. In the Twenty-eighth Annual Report of the
Survey, for the fiscal year ended June 30, 1907, in discussing the
work on the coal lands Director Smith makes this statement :

Special invéstigations were conducted last year to determine the extent of
the coal lands remaining in the possession of the Government and the quality
and value of the coal deposits on these public lands. This work will be contin-
ued on a larger scale and under a more comprehensive plan. Special attention
will be given to the classification and valuation of the coal lands and their
prompt segregation. from the noncoal lands. This work is to be provided for by
a joint allotment from the appropriations for the geologic and topographic sur-
veys and that for testing coals belonging to the Government, and the General
Land Office is also cooperating.

The Twenty-ninth Annual Report of the Survey, for the fiscal year
ended June 30, 1908, includes with some matter on the special fea-
tures of the work of the Survey a discussion of land classification,
which contains the following statement:

In the last few years the Geological Survey has broadened the scope of its
work in the classification of the mineral lands of the public domain. At the time
of the organization of the Survey the classification intended by Congress was
believed to be general in character and such as could be expressed on maps
issued for the general information of the people. The present interpretation
of the law is that the classification should be more definite, and therefore,
during the last year, the Survey has continued its special field surveys of the
coal lands belonging to the Government. * * *#

Increased demands have also been made on the mining geologists of the
Survey for assistance in determining the mineral or nonmineral character of
land for which title from the Government is sought.

This work, which has become an increasingly important feature of
the Survey’s activities, was definitely recognized by the organization,
in December, 1908, of a land-classification board as a section of the
geologic branch, and by the reorganization of the board on May 1,
1912, into a branch coordinate in rank with the other Survey branches.
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The Geological Survey has been in existence as a distinct organi-
zation for about 34 years. The organizations which it succeeded and
whose functions it continued to perform and gradually to enlarge
upon as new duties were given it by Congress collected engineering
material that was epitomized in topographic maps and geologic ma-
terial that appeared either as geologic maps, as reports on geologic
problems, or as data on the mineral resources of the Territories.
Early in the Survey’s history the necessities of its geologic work
required the organization of a topographic branch for the prepara-
tion of base maps. Although these maps were intended to serve
primarily as bases on which to delineate and present geologic mate-
rial, they have proved to be of great value for other and wider uses.
Not the least of these uses is that to which they are put in land
classification. The thousands of maps issued are graphic engineer-
ing reports on the physical and cultural features of the areas they
represent. They are essential to the study of drainage areas, irriga-
bility of lands, possible power development, and rights of way, and
supplemental sheets now prepared give additional data on the dis-
tribution of timber and of springs, of desert and of grass land, and
of cultivated and irrigated areas.

On March 20, 1888, Congress, by joint resolution, directed the Sec- ®
retary of the Interior, through the United States Geological Survey,
to make a special investigation of the practicability of constructing
reservoirs for the storage of water in the arid regions of the United
States. This work was supported for a time by appropriations but
was later discontinued by Congress after many reservoir sites had
been examined and segregated and a number of reports valuable in
the classification of the lands of the arid regions had been published.

After the irrigation survey was abolished the division of hy-
drography was organized within the Geological Survey, at first as
a part of the topographic branch and later with special small appro-
priations, its purpose being to continue that part of the work of the
irrigation survey that involved the study of the available water
resources of the Western States and Territories. As the value of
this work to reclamation became manifest, Congress responded by
increasing the amount of the funds annually available for this pur-
pose until in 1903 they reached the sum of $200,000 a year.

On June 17, 1902, the reclamation act (32 Stat., 388) was passed.
This act represented the culmination toward which the work of the
division of hydrography had up to that time been tending. That
work gave definite information as to available supplies of water and
the lands on which the water could be used. The reclamation act
authorized the construction of works for the application of these
waters and the reclamation of the tributary lands. But the reclama-
tion fund is not available for general studies of water supplies; it can
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be used only for studies of water available for use on specific projects.
The work of the division of hydrography therefore did not cease with
the organization of the Reclamation Service but has been continued
in the Geological Survey by the water-resources branch.

Developments within the geologic branch since its organization
have likewise marked a steady evolution from its original type. The
brarich has grown, its appropriations and its force have increased,
and its work has been more closely subdivided and specialized and
has attained greater refinement in all departments; and while this
evolution has been taking place it has steadily accumulated a great
mass of facts bearing on the geology and mineral resources of the
United States. '

The material accumulated since their organization by the field
branches of the Survey—the geologic branch, the topographic branch,
the water-resources branch and its predecessors, the irrigation survey
and the division of hydrography—constitutes a vast body of infor-
mation concerning the public domain—its geology, its geography,
and its water supplies and the engineering_features that control the
distribution of these supplies. This store of information is by no
means complete, for many problems are still untouched and many
areas are unexamined, but nevertheless the archives of the bureau
contain a greater mass of material of the kind required for classify-
ing the remaining lands of the public domain into types that accord
- with their various uses than exists anywhere else in the public records.

With the accumulation of the data indicated the Department of
the Interior and its bureaus have become increasingly ready and will-
ing to call on the Survey for assistance in that phase of public-land
administration which requires as its basis a classification of the
lands into the types recognized in the statutes.

The requests made by the department for information contained
in the Survey’s records were at first sporadic; later they became
more frequent and numerous, so that it became necessary to create
within the Survey itself an organization to assemble this informa-
tion systematically and transmit it to the department and to other
bureaus in the department in such form as would be most readily
applicable to the solution of administrative problems. This organi-
zation was named the land-classification board and was first formed
as a section of the geologic branch and finally made a branch of the
Survey coordinate in functions and responsibility with the field
branches whose evolution has been briefly outlined.

The Survey’s organization for classifying the public lands con-
sists, then, fundamentally and primarily, of three field branches—
geologic, topographic, and water resources—and finally of the re-
cently organized office branch known as the land-classification board,
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with its staff of geologists and engineers, who analyze ard translate
into terms of public-land administration the data collected by the
geologists and engineers of the field branches.

In its organization the land-classification board is in a sense a
replica in miniature of the bureau of which it is a part. It consists
of two divisions-—a division of mineral classification and a division
of hydrographic classification. The first corresponds to the geologic
branch and receives, digests, and issues as land-classification data
the material collected by the field geologists; the second bears a cor-
responding relation to the topographic and water-resources branches
-and similarly utilizes the engineering data gathered by the field force
of those branches. Again, the division of mineral classification con-
tains a number of sections which correspond closely with similar sec-
tions in the geologic branch. These sections, in the organization as
it exists at present, are the coal section, the oil section, the phosphate
section, and the metalliferous section, corresponding roughly to
similar sections in the geologic branch as well as to the principal of
the natural resources with which the board deals.

The work of the coal section, described elsewhere in detail, is
to define the principles that shall control coal-land classification, to
determine the character of the data necessary for this purpose, to
receive these data as collected by the field geologists of the geologic
branch, and to make and promulgate the classifications and valuations
by the use of these data—this in accordance with principles already
carefully defined. The coal section consists of a chairman, who is
a member of the land-classification board and one of the most ex-
perienced coal geologists of the Survey, and a number of additional
members, who are familiar with coal problems and are chosen usually
from the geologic branch, although some have been chosen from
other sections of the board. The coal section thus organized holds
frequent sessions, which are attended by coal geologists who have
data to present for consideration. At these sessions the problems that
have arisen in the field are discussed and solved in accordance with
the established rules of the board. The form and the procedure for
the submission of data, including data for classification and valua-
tion, are prescribed, and after these data are received appropriate
recommendations are made to the Director for withdrawals or restora-
tions, and valuation plats are prepared for his approval and for
promulgation by the Commissioner of the General Land Office.

Each step of these various processes is carefully recorded, in order
that all evidence considered and all action taken may readily be
reviewed at any future time should questions arise as to the correct-
ness of the action or should new evidence be presented. Thereafter
when reports on any subdivision classified are called for by any
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(Government department, by other bureaus, by public officials, or by
_citizens, prompt response can be made in the light of all action there-
tofore taken affecting that subdivision.
Because the laws applicable to coal lands, unlike those providing
~ for the disposal of lands containing other minerals, authorize not
merely the classification of the public domain as coal or noncoal land
but the valuation and sale of the coal land at prices to be fixed in
accordance with the quantity, quality, and accessibility of the coal,
more complete action is possible in dealing with coal lands than with
others, and the very completeness of action required involves corre-
spondingly difficult problems,

Similar sections have been organized within the division of mineral
classification for dealing with lands that may contain oil and gas,
phosphate, and other nonmetalliferous minerals and for such limited
and special classifications of metalliferous land as are required by law.
The organization of each of these sections is similar to that of the
coal section, and the action taken by them follows similar lines.
Members of the land-classification board act as chairmen of the oil
and gas section, the phosphate section, and the metalliferous section.
- Other members of the sections are selected from geologists who are
engaged in field work on the particular resource which is the subject
matter of the board’s action.

A similar but less formal organization has been effected for the
division of hydrographic classification. This division deals with
those phases of land classification that depend on water supply and
that involve the solution of engineering problems. The division’s
chief task is the classification of lands according to their irrigability
and their power value, but it also reports on various complex prob-
lems which are involved in the consideration of miscellaneous rights
of way. This division is administered by the chief engineer of the.
board. As occasion may demand, sections are organized within it
for disposing of the various problems that arise. At present (1913)
there are two such sections, one dealing with water powers and the
other with irrigation. Each section consists of a chairman and two
or more additional members, usually chosen from the engineers or
hydrographic geologists of the water-resources branch. The section
thus constitutes a committee which, like the sections in the division
of mineral classification, may give preliminary consideration to a
problem of classification (under the enlarged-homestead act, for
example), or 1t may prepare instructions for the guidance of the
field engineer or geologist and later give consideration to the data
that he has obtained and prepare appropriate recommendations. The
field branch with which these sections necessarily maintain closest
relations is the water-resources branch, although their relation with

78894°—Bull. 537—13——2 ‘
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the topographic branch is but little less close. The graphic data
on drainage areas, stream grades, reservoir sites, and general topo-
graphic features which result from the work of the topographic
branch, when combined with the data on water supply assembled
by the water-resources branch, furnish the basis for determining most
irrigation and power problems, :

In addition to the work done by these technical divisions and sec-
tions, certain miscellaneous duties are performed by means of a less
well-defined administrative. division of the board, whose functions
are closely interwoven with those of the technical divisions and are
participated in by some of the same officers. A committee, of which
the secretary of the board is chairman, has charge of the filing and
docketing system. The chairman of the oil section is responsible for
the records in the division of mineral classification and for the details
of cooperation with the Land Office and the Indian Office; the chair-
man of the water-power section is chiefly responsible for the records
in the division of hydrographic classification.

The more important elements in the organization are set forth
in the following outline:

LAND-CLASSIFICATION BOARD.

Administration.

Chief of board.
Chief engineer.
Secretary.

Division of mineral classification.

A geologist in charge.
Coal section.

0il section.
Phosphate section.
Metalliferous section.

Division of hydrographic classification.

A chief engineer in charge.
Water-power section.
Irrigation section,

HISTORY AND LEGAL BASIS FOR LAND CLASSIFICA-
TION. .

INTRODUCTION.

Ever since the policy of selling the lands of the public'domain as
a source of national revenue was abandoned and the contrary policy
of so disposing of them as to promote settlement and development
was adopted, the administration of the land laws passed by Congress

#
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has required a segregation of the lands into classes according with
their character. It is apparent, although it has nowhere been ex-
pressly stated by Congress, that the fundamental principle guiding
that body has been to dispose of each tract of the public domain for
the use to which it is best adapted. Thus the laws have provided
that agricultural entry should not be made upon valuable mineral
lands, that lands containing deposits of coal should be sold only as
coal lands, and so on for all other classes of lands. The underlying
theory of devoting the public lands to their highest use and the
consequent necessity for classification of uses may easily be recognized
from a study of the brief outline of the more 1mportmt existing land
laws given on pages 20-32.

’lhe same recognition by Congress of the necessity for land classifi-
cation is shown by numerous acts calling for the classification of
specific areas. Nearly every law providing for the opening of an
Indian reservation has required the lands to be classified preliminary
to their disposition. The act of February 26, 1895 (28 Stat., 683),
provides and appropriates for a definite classification of lands within
the limits of the Northern Pacific Railroad grant in portions of
Montana and Idaho, and the sundry civil bill of June 25, 1910 (36
Stat., 739), makes further appropriation for the same purpose. The
act of October 2, 1888 (25 Stat., 526), makes provision for a classifica-
tion that was not necessary to the administration of the land laws
then in force by appropriating $100,000 to the Geological Survey
“for the purpose of investigating the extent to which the arid region
of the United States can be redeemed by irrigation and the segrega-
tion of the irrigable lands in such arid region and for the selection
of sites for reservoirs and other hydraulic works necessary for the
storage and utilization of water for irrigation and the prevention of
floods and overflows.”

A relatively recent indication of Congressional belief in land
classification is afforded by the two acts of June 25, 1910, providing
for the withdrawal of lands from entry, the one of public lands, the
other of lands in Indian reservations. As withdrawals constitute one
step in the process of classifying the public domain, the passage of
bills authorizing withdrawals clearly reaffirms the established policy
of land classification. One of these acts (36 Stat., 847), in terms
sanctions the classification of lands, providing—

That the President may at any time, in his discretion, temporarily withdraw
from settlement, location, sale, or entry any of the public lands of the United
States, including the District of Alaska, and reserve the same for water-power
sites, irrigation, classification of lands, or other public purposes to be specified

in the orders of withdrawals, and such withdrawals or reservations shall remain
in force until revoked by him or by an act of Congress.
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The other (36 Stat., 855) provides—

That the Secretary of the Interior be, and he is hereby, authorized, in his
disc1:eti0n, to reserve from location, entry, sale, allotment, or other appropria-
tion any lands within any Indian reservation, valuable for power or reservoir
sites, or which may be necessary for use in connection with any irrigation
project heretofore or hereafter to be authorized by Congress.

Thus the plain intention of Congress that the public lands shall
be classified and that they shall be disposed of in accordance with
their classification is shown by definite provisions for the classification
of certain areas, by the authorization of land withdrawals, and by
the creation of an organization—the Geological Survey—among
whose prescribed duties the classification of the public lands is spe-
cifically stated. But were there none of these evidences the fact that
Congress has consistently recognized the necessity for the classifica-
tion of public lands would be established beyond question by a study
of the land laws, which, as the following brief outline will show,
could not be administered without some sort of segregation into
classes. This outline does not purport to set forth in detail all the
laws under which disposition is made of the public lands; it only
sketches the principal features of the more important laws.

LAND LAWS.
GENERAL DIVISIONS.

The land laws of the United States may be divided into two dis-
tinct classes—public-land laws and land grants. The first are general
laws providing for the disposition of lands to any duly. qualified
person who may wish to avail himself of the prescribed conditions;
the second are special laws granting certain areas to specified indi-
viduals, corporations, or State governments. The laws of each of
these two classes may in turn be subdivided, the public-land laws
falling loosely under the headings of agricultural, mineral, and coal
land laws and laws relating to public and quasi-public uses, whereas
land grants may be divided into grants made to States and grants
made to railroads.

PUBLIC-LAND LAWS.

AGRICULTURAL-LAND LAWS.

Purpose—In general, the purpose of the laws relating to agri-
cultural land is to promote the settlement of the public domain.
The principal acts are those providing for homesteads, forest home-
steads, enlarged homesteads, desert-land entries, entries under the
reclamation act, the sale of isolated tracts, and timber and stone
entries. Every tract of land to which these laws are applied must
be nonmineral in character.
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Homesteads.—The homestead act was passed by Congress in 1862
and was approved by President Lincoln on May 20 of that year
(Rev. Stat., 2289-2303). It marked the final abandonment of the
policy of disposing of the national domain as a means of providing
public revenue. Until 1912 the homesteader was required to estab-
lish a residence on his land and to reside thereupon for a period of
five years. No definite amount of cultivation was required, but the
building of houses and barns and the cultivation of a part or all of
the area were regarded as evidence of the good faith of the entryman
in entering the land for the purpose of building a home for himself,
this being the fundamental object of the homestead act. On June
6, 1912 (87 Stat., 123), the law was amended by reducing the five
years’ residence theretofore required to a residence of three years.
The requirement as to residence is modified by what is known as the
“ commutation clause” (Rev. Stat., 2301, as amended by the act of
March 8, 1891, 26 Stat., 1098), which provides that after 14 months’
residence and cultivation title may be obtained by paying a fixed
price per acre, this price being either $2.50 or $1.25, the first if the
land is within, the second if it is without the limits of a railroad grant.
Homesteads reserving coal or oil and gas to the Government under
the acts of June 22, 1910 (36 Stat., 583), and August 24, 1912 (37
Stat., 496), described later (p. 45), may not be commuted. The
amendment of June 6, 1912, also provides that the entryman must
. cultivate “not less than one-sixteenth of the area of his entry be-
ginning with the second year of the entry and not less than one-
eighth beginning with the third year of the entry and until final
proof.” The homestead act contains the clause “nor shall any
mineral lands be liable to entry and settlement.” The area of the
homestead is restricted to 160 acres.

Forest homesteads—Lands in national forests are not in general
‘open to” agricultural entry, but under the act of June 11, 1906 (34
Stat., 233), forest-reserve lands which are chiefly valuable for agri-
culture, which are not needed for public purposes, and which, in
the opinion of the Secretary of Agriculture, may be occupied with-
out injury to the forest, may be entered under the homestead laws.
Application for a particular tract desired, which must not exceed 160
acres in area nor 1 mile in length, must be made to the Secretary of
Agriculture. The land is then examined by a field agent of the Forest
Service, and if his report is favorable the land is listed to the Depart-
ment of the Interior, where homestead entry is allowed. The entry
thereafter proceeds as would any other entry under the homestead
law, but no commutation is permitted. The law differs from all
other agricultural-land laws in that the land must be chiefly valuable
for agriculture and that the entry may be described by metes and
bounds instead of by legal subdivisions of the public-land survey.
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Enlarged homesteads—An act known as the enlarged-homestead
act, approved February 19, 1909 (35 Stat., 639), provides that in
the States of Colorado, Montana, Nevada, Oregon, Utah, Washington,
Wyoming, Arizona, and New Mexico a homestead entry may com-
prise 320 acres of nonmineral lands which have been designated by
the Secretary of the Interior as not susceptible of successful irriga-
tion at a reasonable cost from any known source of water supply.
On June 17, 1910 (36 Stat., 531), a similar act was approved apply-
ing to Idaho, and on June 13, 1912 (37 Stat., 132), one applying to
California and North Dakota. The requirements as to residence and
cultivation on an “enlarged homestead ” are, under the act of June 6,
1912 (37 Stat., 123), the same as those for other homesteads, but
enlarged- homestead entries may not be commuted by cash payment.
The enlarged-homestead acts further provide that tracts in the States
of Utah and Idaho which have not upon them “ such a sufficient supply
of water suitable for domestic purposes as would make continuous
residence upon the lands possible ” may be subject to entry without the
necessity of residence, but one-eighth of the area of the entry must
be cultivated from the beginning of the second year and not less than
one-fourth from the beginning of the third year until final proof has
been submitted.

Desert land.—Under the desert-land acts entry may be made on
lands which, by reason of lack of rainfall, will not produce native
hay or other agricultural crops or trees without irrigation. Such
lands may be entered by irrigating and producing crops on not
less than one-eighth of the area. No residence is required. Any
person duly qualified may enter an area not exceeding 320 acres of
such lands. It should be noted, however, that this 320-acre area is
limited by the fact that one person is not permitted to acquire more
than 320 acres of land under the public-land laws, mineral entries
not being taken into account. The entryman is given three years
in which to reclaim his land, which must be nonmineral in character.

Reclamation act.—Under the act of June 17, 1902 (32 Stat., 388),
the Government is building great irrigation projects for the reclama-
tion of arid and semiarid lands in the West. Lands thus reclaimed,
which must be nonmineral in character, may be entered by any person
qualified to make a homestead entry. The enterable area is not more
than 160 acres but is different in the different projects and in different
parts of the same project. No charge is made for the land, but the
entryman must pay his proportional part of the cost of the project
in ten yearly installments. Three years’ residence on the land is re-
quired, as under other homestead laws, and at least one-half the area
of the entry must be cultivated before title can be obtained.

Isolated tracts—Small tracts of public land surrounded by lands
which have already been entered may be purchased as isolated tracts
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under section 2455 of the Revised Statutes as amended by the act
of June 27, 1906 (34 Stat., 517). Under the act of March 28, 1912
(87 Stat., 77), mountainous tracts which are not isolated by entered
land but which are unfit for cultivation may be purchased by the
owner of adjoining land in the same manner as isolated tracts. A
person desiring to purchase land in this manner files with the local
land officers an application to purchase, whereupon, if the lands are
nonmineral and are in fact isolated or mountainous, a public sale is
advertised, at which the lands are sold to the highest bidder. No
residence or cultivation is necessary, but the land must be nonmineral.
Timber and stone lands—The foregoing five classes of laws con-
stitute the principal types under which agricultural entry may be
made. There remains a sixth class of considerable importance, which,
while applying only to lands more valuable for other purposes than
for agriculture, is nevertheless more nearly allied to the agricultural
laws than to the laws relating to minerals, coal, or quasi-public uses.
Under the act of June 3, 1878 (20 Stat., 89), and acts amendatory
thereof nonmineral lands which are valuable chiefly for the timber
and stone thereon and which are unfit for cultivation may be ap-
praised and sold at not less than $2.50 per acre. Application to
purchase is made in a manner similar to that required by the laws
relating to isolated tracts, but there is no public sale. There is instead
an appraisement of the value of the land by an appraiser designated
by the Government, and the lands are purchased at the price so fixed.

MINERAL-LAND LAWS,

General provisions—The mineral-land laws were in the main for-
mulated in the 10 years between 1865 and 1875. They are based
largely on local mining customs which had attained the force of law
in the mining camps on the public domain. Their constant purpose
has been to promote mineral development. The act of May 10, 1872
(Rev. Stat., 2319), provides that “all valuable mineral deposits in
lands belonging to the United States, both surveyed and unsurveyed,
are hereby declared to be free and open to exploration and purchase,
* * % Dby citizens of the United States and those who have declared
their intention to become such.” No important amendment of the
mining laws has been made since the date of this act. At that time
the known deposits of importance on the public domain comprised
only metalliferous minerals, and the laws were framed with such
deposits in mind, provision being made for two classes of claims—
lode and placer. From time to time since the adoption of the mining
laws one and another nonmetalliferous mineral has become important,
and its entry under the placer law has been authorized by Congress,
which has thus specially provided for the entry of lands that are
chiefly valuable for petroleum, salines. and building stone.
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The general procedure under the mineral-land laws is the same
for all classes of deposits. The person who desires to obtain mineral
lands must first make a discovery of valuable mineral within the
limits of the claim that he wishes to locate. This discovery, as in-
terpreted by the Department of the Interior and the courts, must be
such a showing of mineral as would warrant a man of ordinary pru-
dence in expending his time and labor upon the claim in the reason-
able hope and expectation of developing a paying mine thereon,
or, as expressed in one of the latest decisions (40 L. D., 271) in--
terpreting the lode law, “ there must be actually physically exposed ”
within the limits of the claim “a vein or lode of mineral-bearing
rock in place, possessing in and of itself a present or prospective
value for mining purposes.” The method of location, the posting
of location notices, and other similar matters are determined by the
local customs or miners’ rules of the district in which the claim is
situated. In order to hold a claim against possible adverse claim-
ants—in other words, to prevent its being jumped—at least $100
worth of work, called “ assessment work,” must be performed on it
each year. After $500 worth of assessment work has been done and
certain requirements as to recording and surveys have been met, the
applicant, on payment of a fixed price per acre, is entitled to patent.

Lodes.—Claims for veins of quartz or other rock in place are
known as lode claims (Rev. Stat., 2320). Their size is governed by
the rules of the mining district in which they are situated but must
not exceed 600 feet in width and 1,500 feet in length. Claims need
not conform to the public-land system of surveys and may be in al-
most any shape, provided only that the end lines of each claim shall
be parallel to one another. When patent is sought, a purchase price
of $5 an acre must be paid. -

All veins that come to the surface within a given claim are the
property of the owner of that claim through their entire depth
(Rev. Stat., 2322) but only for such portion of their extent as lies
between the end lines of the claim. Thus the owner of the outcrop
or apex of a lode may follow it downward indefinitely so long as
he stays within his end lines and may mine it without regard to the
ownership of the land under which it passes. This provision, which
is known as the “law of the apex,” has unquestionably been more
provocative of litigation than any other provision of American land
law.

The lode law provides also for the discovery in driving tunnels
of veins not outcropping on the surface and not previously known to
exist. It grants to the discoverers the right to 1,500 feet of extent
of each vein so discovered within 3,000 feet of the face of the tunnel,
with the same apex right as if the discovery were made at the
surface. Failure for six months to prosecute work on a tunnel acts
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as an abandonment of the right to veins which may subsequently be
encountered.

The number of claims which may be entered by one person under
the lode law is unlimited, provided he does the necessary assessment
work and otherwise complies with the law for each claim. More-
over, the owner of a group of claims may concentrate his assessment
work on one claim of the group if such work tends to the develop-
ment of every claim in the group.

Placers—The placer law, which was approved July 9, 1870 (16
Stat., 217), was intended to apply to gold and silver distributed
through deposits of sand and gravel. As at that date there were no
known important mineral deposits except veins and placers, the law
provides (Rev. Stat., 2329) that “ placer ” claims shall include “all
forms of deposit, excepting veins of quartz or other rock in'place.”
These placer claims are subject to entry and patent in a manner
similar to lode claims, but where the lands have been surveyed the
claim must conform to the legal subdivisions of the survey. The
purchase price is $2.50 an acre. The maximum area that may be
included in one claim by an individual is 20 acres, although, as in
lode. claims, there is no limit to the number of claims that may be
entered. An association may enter in one claim an area equal to 20
acres for each member but not more than 160 acres. Only one dis-
covery of mineral is required to support a placer location, whether
it be of 20 acres by an individual or of 160 acres by an association.
The applicant for a placer claim must make affidavit that there is
not within the limits of the claim any valuable vein or lode and also
that title is not sought-in order to control watercourses or to obtain
valuable timber. 'The assessment work on each claim, whether of
20 or 160 acres, must amount to $100 a year and to $500 before patent
may be issued. On placer as on lode claims annual assessment work
to the amount of $100 for each claim in a group may be done on any
one of the claims in the group, prowded it tends to the exploratwn
or development of all.

Building stone~By the act of August 4, 1892 (27 Stat., 348), the
placer law was extended to apply to lands chiefly valuable for build-
ing stone. The requirements as to discovery, assessment work, area,
and price are the same as for other placers. It is to be noted that
in this act the factor of relative value was for the first time specifically
introduced into mineral-land law. The earlier laws provide for
mineral entry on lands which are valuable for their mineral deposits.
It has been argued that only lands whose mineral value is greater
than their agricultural value are properly enterable as mineral land,
and the decisions of the department and the courts can not be said
to have settled the matter conclusively. In the building-stone and
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subsequent extensions of the placer law, however, it is specifically
stated that the lands must be chiefly valuable for the mineral upon
whose discovery the claim is based.

This extension of the placer law to cover building stone neither
repealed nor conflicts with the timber and stone act of June 3, 1878
(20 Stat., 89), already discussed. Thus lands chiefly valuable for
building stone may be purchased at an appraised value not less than
$2.50 per acre or may be entered under the placer law and patented
after the completion of the required amount of assessment work, on
payment of $2.50 per acre.

Oil—About a quarter of a century after the passage of the placer
law valuable deposits of petroleum were discovered on public lands.
The discoverers, finding themselves without an appropriate law un-
der which to apply for a patent, made application under the placer
law—not because it was fitted to the needs of the situation but be-
cause of its gemeral provision that all forms of deposit excepting
veins of quartz or other rock in place should be entered thereunder.
The Department of the Interior, recognizing the undesirability of
applying the placer law to oil and gas, refused to allow the applica-
tions. On an appeal to Congress for relief, the act of February 11,
1897 (29 Stat., 526), was passed, providing that lands chiefly valuable
for petroleum and other mineral oils should be enterable under the
placer law. On February 12, 1903 (32 Stat., 825), specific authority
was granted for doing assessment work on any one of a group of oil
claims lying contiguous and owned by the same person or corpora-
tion,; not exceeding five claims in all, provided that such assessment
work tends to develop or determine the oil-bearing character of all
the claims. The requirement of discovery of valuable minerals as a
prerequisite to location—a requirement reasonable enough when ap-
plied to veins outcropping at the surface or to gold placers—is
applied as rigidly to deposits of oil and gas, which, as a rule, can be
discovered only after long and expensive exploration, as to other
minerals. Lands included in petroleum placers, like those entered
for building stone, must be chiefly valuable for the purpose for which
they are claimed.

Salines—The act of January 31, 1901 (31 Stat., 745), extends
the placer law to cover lands that contain salt springs or deposits
of salt in any form and that are chiefly valuable therefor. This has
been interpreted as including only sodium chloride, no specific pro-
vision having been made for other soluble salts. The requirements as
to area, assessment work, and price are those contained in the original
placer law, except that the same person may not locate or enter more
than one claim. The consideration of relative worth is again intro-
duced. ‘ :
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COAL-LAND . LAWS.

The law under which disposition is made of coal differs so radi-
cally from the laws regarding other minerals that it is not ordinarily
classed with the mineral-land laws. It was approved March 3, 1873
(17 Stat., 607), and was incorporated into the Revised Statutes as
sections 2347 to 2352. Any qualified person may purchase an area
of coal land not exceeding 160 acres on payment of not less than $10
an acre if the land is more than 15 miles from a railroad and
not less than $20 an acre if the land is within 15 miles of a railroad.
An association of persons severally qualified may purchase 320 acres.
An association of four or more persons who have opened and im-
proved a coal mine upon the public lands and have expended not less
than $5,000 in working and improving it may enter an area not ex-
ceeding 640 acres. No person may make more than one coal entry,
either individually or as a member of an association, and no asso-
ciation any member of which has previously exhausted his coal right
may purchase coal land. A person or association opening a mine
on the public lands is entitled to a preference right of entry for the
lands on which the mine is situated, provided that a “ coal declara-
tory statement” is filed within 60 days from the initial date of
actual possession and the commencement of improvements upon the
land. This preference right is good for one year only. The opera-
tion of the law is restricted to surveyed lands, which must not be
valuable for their content of gold, silver, or copper:

For over 30 years after the passage of this law all coal lands were
sold at the minimum prices of $10 and $20 an acre prescribed by the
statute. Since 1907 the selling prices have been fixed by the Geo-
logical Survey and have ranged from the minimum prices up to $600
an acre. ,

LAWS RELATING TO PUBLIC AND QUASI-PUBLIC USES.

The laws governing public and quasi-public uses of land differ
from the other laws under discussion in that they provide for the
use of rights of way for various specified purposes and do not con-
template the transfer to the beneficiaries thereunder of fee title to
the land affected.

Railroads.—By the act of Marcn 3, 1875 (18 Stat., 482), Congress
granted to railroad companies right of way to the extent of 100 feet
cn each side of the center line of a proposed railroad through the
public lands, under prescribed conditions. Upon the approval by
the Secretary of the Interior of the location map filed by any rail-
road company, the road as located is noted on the plats in the Gen-
eral and local land offices, and thereafter all public land over which
such right of way passes is disposed of subject to such right of way.
By act of March 2, 1899 (30 Stat.,990), Congress provided for similar
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rights of way across Indian reservations, and by the act of March
3, 1899 (30 Stat., 1233), the Secretary of the Interior was authorized
to approve rights of way for wagon road, railroad, or other highway
across any forest reservation or réservoir site when in his judgment
the public interest would not be injuriously affected thereby.

Irrigation—By act of March 3, 1891 (26 Stat., 1095), Congress
granted to canal and ditch companies formed for the purpose of
irrigation the right of way for canals, ditches, and reservoirs to the
extent of the ground occupied and 50 feet on each side of the mar-
ginal limits thereof, across public lands and reservations, provided
_that no such right of way shall be so located as to interfere with the
proper occupation by the Government, of any such reservation and
that all maps of location shall be subject to the approval of the
department of the Government having jurisdiction over such reserva-
.tion.- Upon the approval by the Secretary of the Interior of the
location map the right of way is noted on the plats in the General
and local land offices and thereafter all public land over which the
right of way passes is disposed of subject to such right of way. By

“act, of May 11, 1898 (30 Stat., 404), the use which may be made of
the canals, ditches, and reservoirs for which right of way is secured
under the act of 1891 was extended to include purposes of a public
nature, water transportation, domestic purposes, and the develop-
ment of power, as subsidiary to the main purpose of irrigation. The
act of February 15, 1901 (81 Stat., 790), which provides for the
issuance of revocable permits for the development of power, covers
also canals, ditches, pipes and pipe lines, flumes, tunnels, or other
water conduits and water plants, dams, and reservoirs used to pro-
mote irrigation. ‘

Power.—Power development on the public lands and reservations
can at this time (February, 1913) be accomplished only under the
act of February 15, 1901 (31 Stat., 790), except that power develop-
ment subsidiary to the main purpose of irrigation may be made
under the irrigation acts and that power development on national for-
ests for mining, milling, and municipal purposes may be made under
the act of February 1, 1905 (33 Stat., 628). The act of February 15,
1901, authorizes the Secretary of the Interior to issue revocable per-
mits, under general regulations to be fixed by him, for rights of way
for electrical plants, poles, and lines for the generation and distri-
bution of electrical power to the extent of the ground occupied by
the works and not to exceed 50 feet on each side of the marginal
limits thereof. The law provides that permits issued under this act
shall not be held to confer any right, easement, or interest in, to, or
over any public land, reservation, or park. The act of March 4, 1911
(36 Stat., 1253), authorizes the head of the department having
jurisdiction over the lands to grant rights of way for a period not
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exceeding 50 years upon the public lands, national forests, and reser-
vations for poles and lines for the transmission and distribution of
electrical power, to the extent of 20 feet on each side of the center
line. :

Mining and milling—The act of February 1, 1905 (33 Stat., 628),
grants rights of way within or across nat.lonal forests for dams,
reservoirs, water plants, ditches, flumes, pipes, tunnels, and canals
for mining purposes and for the purposes of the milling and reduc-
tion of ores. Outside of the national forests the use of similar rights
of way for these purposes may be made only under revocable permit
under the act, of February 15, 1901.

Municipal uses—Rights of way for municipal use for procuring’
water supply or for developing power may be obtained within a
* national forest under the act of February 1, 1905, and outside of the
forests under the act of February 15, 1901.

LAND GRANTS.

GmTS TO STATES.

In aid of schools and State institutions.—~The Continental Con-
gress, about the year 1785, declared that to each State created out of
the public domain there should be given a certain portion of each
township in the State, the proceeds derived therefrom to be used for
public education. Accordingly, when the first State, Ohio, was ad-
mitted into the Union from the public domain, April 30, 1802 (2
Stat., 173), sec. 16 of each township was granted for the estab-
lishment of a school fund. As other States have been admitted this
practice has been ‘deviated from only in addlng to the. acreage
granted. Sec. 16 has been a school section in every pubhc-land
Qtate to this sec. 36 has been added in many States, and in some
States secs. 2, 32, and 36. The title of the State to these sections
attaches immediately upon survey, unless the lands are at that date
known to be mineral in character or are included in a valid settle-
ment or other claim under the public-land laws or are within a forest,
military, Indian, or other reservation. In any of these contingen-
cies the State does not obtain title, but may select an equal area of
nonmineral lands elsewhere. These are known as indemnity lands.
As a rule they are not at once selected by the States but are selected
. only as the demand for specific lands arises.

In addition to granting school lands in place and their associated
indemnity lands, Congress has made to certain States * quantity
grants ”—that is, grants of specified quantitiés of nonmineral lands
wherever the State may choose to select them—in aid of State insti-
tutions, such, for example, as insane asylums., Selection rights under
these grants, like those under the indemnity lists, are as a rule exer-
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cised by a State only when individuals or corporations purchase the
right to select certain desired lands.

In aid of internal improvements—In the early days of the coun-
try’s history the right of Congress to grant public lands in aid of
internal improvements was bitterly contested. The first legislation
of this character was contained in the enabling act of the State of
Ohio, already cited, and provided that one-twentieth of the pro-
ceeds of the sale of public lands within the State should be given
to the State to be used in establishing public roads. The first grant
of specific lands in aid of internal improvements was not made until
February 28, 1823 (3 Stat., 727). This grant also was made to the
State. of Ohio to aid in the construction of a wagon road. Since
that time there have been ten other wagon-road grants, eight canal
grants, three river-improvement grants, and twenty railroad grants. -
The railroad grants to States -alone approximate 40,000,000 acres.
No grant to a State in aid of internal improvements has been made
since the grant to Oregon for the Coos Bay wagon road on March 3,
1869 (15 Stat., 340). Although these grants were in terms made to
the States, most or all of them were in fact made through the
States to corporations that carried out the improvements contem-
plated. ‘

Carey Act.—The act of August 18, 1894 (28 Stat., 372, 422), com-
monly known as the Carey Act, and amendments thereto, the pur-
pose of which is to aid the public-land States in the reclamation of
the desert lands therein and in the settlement, cultivation, and sale of -
such lands in small tracts to actual settlers, authorlze—

(@) The temporary withdrawal of pubhc lands from settlement or
entry pending investigation and survey preliminary to the filing of
an application for segregation, such withdrawn lands to be restored
to settlement and entry at the end of one year from the date of with-
drawal in case application for segregation is not theretofore made.

(b) The segregation of public lands by the Secretary of the Inte-
rior, contracts between the United States and any beneficiary State, -
and the reclamation of such lands by beneficiary States within 10
vears from the approval of the State’s apphcatlon (subject to an

-extenswn of 5 years).

" (¢) The patenting to a,ny beneﬁcxary State of any tract of re-
claimed land when satisfactory proof is made that an ample supply
of water to reglaim it is actually furnished.

Other important provisions of ’bhe Carey Act are in brief as
follows:

" Prior to segregation of lands or execution of contract between the
- United States and any State, such State shall file a proper applica-
" “tion and present satisfactory plans for the reclamation of the lands.
Lands that are not desert, linds that are occupied by bona fide set-



HISTORY AND LEGAL BASIS. 31

tlers or under the mining laws, unsurveyed lands occupied with a
view to entry under the desert-land laws, and lands containing val-
uable deposits of minerals other than coal are not subject to segrega-
tion. Coal lands (in Utah oil and gas lands also) may be segre-
gated, but when patent is issued it must contain a reservation of these
minerals to the United States.

The usual procedure under the Carey Act is about as follows:

A corporation or individual applies to the State for the with-
drawal of certain public lands proposed for irrigation. The State
thereupon submits to the Interior Department an application for
their withdrawal. On the approval of this application the State is
allowed one year in which to investigate the project and prepare:
satiS$factory plans for reclamation. The proposing company con-
ducts the investigations and if a project that is considered feasible
1s developed makes application to the State for the segregation of
the irrigable lands and offers to contract with the State for their
reclamation. The State thereupon applies to the Interior Depart-
ment for the segregation of the lands under the terms of the Carey
Act and its amendments. If the plan of irrigation is found to be
feasible, the irrigation company responsible, and the available water
supply adequate, the lands are segregated and the contract for their
reclamation is entered into between the United States and the State.
When the irrigation works are completed to the satisfaction of the
Government, patent is issued to the State or to its assigns. The
State receives payment for the lands from the settler, and the irriga-
tion company, either directly or through the State, receives payment
from each settler for his proportionate share of the irrigation works
and water rights involved.

~1

RAILROAD GRANTS.

As already indicated, most grants of public lands in aid of internal
improvements have been made through the States. Eight grants,
however, have been made by Congress directly to corporations, to en-
courage the building of railroads. Four of these grants; aggregating
approximately 109,000,000 acres, were made to Federal corporations
created by Congress for the purpose of building the roads subsidized,
and four were made to State corporations. Of the four grants to State
corporations, two were declared forfeited by Congress in 1874, the two
remaining aggregating approximately 6,000,000 acres. The first of the
grants made directly to corporations was the Pacific railroads bill of
July 1, 1862 (12 Stat., 489), which provided for the building of the
Union Pacific-Central Pacific line from Missouri River to the Pa-
cific coast. This act granted to the railroad every alternate section
for 20 miles on either side of the right of way. The Northern Ra-
cific grant of July 2, 1864 (13 Stat., 365), conveyed every alternate
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section for 40 miles on either side of the right of way. Neither of
these grants contained restrictions as to the use to be made of the
lands, but certain of the later grants required the lands to be sold
only to actual settlers at prices not to exceed $2.50 an acre. The last
of the railroad grants was made to the Texas Pacific Railroad Co.
on March 3, 1871 (16 Stat., 573). Since that time Congress has
consistently refused to grant lands, either to States or to corporations,
in aid of internal improvements.

All the railroad grants were restricted to lands containing no
minerals except coal and iron. These two were given to the rail-
roads because of their use in the construction and operation of
the roads. In certain cases the railroads were permitted to select
other lands in lieu of those which, normally constituting a “part
of the grant, proved to be valuable for minerals other than
‘coal and iron or to be included within Indian or military res-
ervations or national forests or to have been covered by valid settle-
ment. The right to make these lieu selections is usually sold by the
railroads in the form of “scrip,” which may be filed on any vacant

unreserved nonmineral land.
A}

NECESSITY FOR LAND CLASSIFICATION.

A study of the land laws shows the absolute necessity of some
form of segregation of the lands into classes as a prerequisite to their
disposition. Agricultural entry may not be made on lands contain-
ing valuable minerals, nor coal entry on lands containing gold, silver,
or copper; lands included in desert entries or selected under the Carey

- Act must be desert lands; enlarged-homestead lands must not be
susceptible of successful irrigation; placer claims must not be taken
for their timber value or their control of watercourses; and lands
included in building-stone, petroleum, or salt placers must be more
valuable for those minerals than for any other purpose. So through
the whole scheme of American land laws runs the necessity for
determining the use for which each tract is best fitted.

No specific financial provision has ever been made for a systematic
classification of the entire public domain into classes representing
the highest use for each area. Such a scheme, with proper provision
for revisions whenever necessitated by changing conditions or in-
creased knowledge, would be of immense value in the administration
of the public domain, and if it had been initiated when the major
portion of the public-land laws were in process of formation it would
have saved to the public natural resources of immense value. It can
hardly be questioned that the National Academy of Sciences had in
mind such a systematic classification of the entire public domain
when it recommended the creation of the Geological Survey, but the
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new organization when created was not supplied with the funds to
carry forward a work of such magnitude. The classification of coal
lands and the segregation of lands valuable for oil, gas, phosphate,
‘potash, water power, and reservoir sites constitute a tardy and very
meager attempt to meet the need for a universal classification.

In default of a classification of the entire national domain the
land department early adopted the expedient of requiring a classi-
fication of each tract of land at the time of its disposition. These
classifications in general originated from four sources—first, from the
applicant for the land; second, from deputy surveyors; thn'd from
members of the Land Office ﬁeld service; and fourth, from the
Geological Survey. It is the present purpose to discuss the first
three types of classification somewhat briefly and the last in consider-
able detail, and to show the weight given to each type and the results,

AGENCIES AND METHODS OF CLASSIFICATION.
CLASSIFICATION BY AFFIDAVIT OF APPLICANT.

Nearly every applicant for public land is required to submit an
affidavit that the land desired is of a character properly subject to
the proposed entry or selection. Every applicant under the agri-
cultural laws must set forth by his own .cath and that of two wit-
nesses that the lands are nonmineral in character. The State in
selecting indemnity or “ quantity grant” lands must make affidavit
to their nonmineral character. Mineral applicants must state under
oath the discovery of valuable minerals, and similar affidavits are
required of most if not all applicants.

Less and less weight has been giver in recent years to classifica-
tions so made. It has been found that the affidavits of interested -
parties, whether furnished by individuals or submitted by sovereign
States, do not furnish a reliable basis for the disposition of public
lands. Furthermore, the determination of the mineral or nonmineral
character of a particular tract may be too difficult and too complex
a problem for solution by other than a special trained expert. At
present all agricultural entries except homestead and desert-land
entries on unwithdrawn lands are classified as to mineral character
and power-site or reservoir value either by examination on the
ground by the Land Office field service or by the Geological Survey
from-information contained in its records or procured by special ex-
amination. Thus, although the affidavit of the applicant has not been -
abandoned, it is of little importance. Similarly mineral claims in-
national forests are subjected to examination before the applicant’s-
affidavit of discovery is accepted, and all along the line classification
by the entryman or selector is being replaced by classifications made
" by the Government.
78894°—Bull. 537—13—3
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CLASSIFICATION BY DEPUTY SURVEYORS.

The regulations for the survey of public lands require the deputy
surveyor to note and report all occurrences of mineral. These re-
quirements have varied from time to time. In certain periods the
deputy surveyor has reported a somewhat detailed classification of
the lands surveyed into first-class agricultural, second-class agri-
cultural, grazing, mineral, timber, etc. At one time all lands re-
ported by deputy surveyors to be mineral ingcharacter were with-
held from agricultural entry, but the inaccuracy of the segregations
and the magnitude of the areas involved led to a general order throw-
ing all such lands open to all forms of entry. The only present
result of a report by a deputy surveyor that land is mineral is to sub-
ject agricultural entries to a more careful scrutiny than would other-
wise be made.

CLASSIFICATION BY LAND OFFICE FIELD SERVICE.

The General Land Office has a well-organized field service en-
gaged in the examination of entries and selections of public. lands.
All agricultural entries or selections, including State selections.and
railroad lieu selections but excepting homestead and desert-land en-
tries on unwithdrawn lands, are examined by this field service as to
their mineral character and power-site or reservoir values, unless the
Geological Survey is able from its records to make a classification
of the lands. TFormerly the reports of the members of the field serv-
ice were accepted as final without review outside of the Land Office
and the Secretary’s office, and, as a result, some classifications by the
Geological Survey were overruled by the Land Office. The resulting
confusion led to the adoption of cooperative agreements between the
two organizations, whereby the information gathered by each is made
fully available to the other. The first of these agreements was en-
tered into July 10, 1910. It has been replaced by a more compre-
hensive and more systematic agreement adopted March 5, 1912. Un-
der this agreement all entries, selections, or applications except metal-
liferous mineral entries, coal applications, and homestead and desert
entries on unwithdrawn lands are referred by the General Land Office
to the Geological Survey. The Survey thereupon renders to the Land
Office a report on each case, classifying the land involved. If the
Survey classifies the land as having no mineral, power, or reservoir
value, questions concerning these values are considered as settled and
the case goes forward if it is otherwise regular. If in a given case
the Survey reports that the lands are mineral or that they have
power or reservoir value the applicant is given 60 days within
which to prove that the land is not- of the character claimed by the
Geological Survey but that it is in fact of the character originally
claimed by him. If he fails so to prove, his application is canceled.
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- If the Geological Survey reports that it has not sufficient informa-

tion to make a definite classification it furnishes to the Land Office

" whatever data it may have, which are placed in the hands of a mem-

ber of the field service for field investigation and report. The report

rendered is forwarded to the Geological Survey for further consid-

eration, and a classification based upon it and other facts at hand

is reported to the General Land Office. Under this agreement the
records of the Survey are enriched by the data gathered by the

Land Office field service and, on the other hand, the great amount -
of valuable information regarding the public lands on file in the
Survey is made available to the Land Office in its administration of
the land laws.

CLASSIFiCATION BY THE GEOLOGICAL SURVEY.

HISTORICAL SKETCH.,

Although the act organizing the Geological Survey definitely im-
posed upon the Director the duty of classifying the public lands, it
was many years before the records of the organization contained a
sufficient fund of information to be of great use in public-land
administration. During its first quarter of a century the Survey
devoted its energies almost entirely to gathering scientific data re-
garding the whole of the United States,-and only within the last
six or seven years has the immense fund of information so gathered
been applied in a systematic way to the solutien of public-land
problems. During the early period there were perhaps but two
practical applications of the Survey’s work to land classification.
The result of the first application was the segregation of reservoir
sites under the act of October 2, 1888 (25 Stat., 527), to which refer-
ence has already been made. Congress in 1891 restored all the
lands that had been segregated under this act except the areas
actually needed for the construction of reservoirs, which still re-
main segregated as reservoir sites and are not subject to entry. The
second application was connected with the administration of the
reclamation act by the Geological Survey. Many withdrawals of
lands to be included in reclamation projects were made by the Sur-
vey prior to the separation from it of the Reclamation Service. With
these two exceptions the Geological Survey devoted its energies to
gathering data rather than to applying the data gathered to the
classification of public lands until the year 1906. Since that date
the Survey has been actively engaged in land-classification work.
The cooperative agreement whereby certain types of information are
made available to the Land Office in its administration of individual
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entries and selections has already been described. In addition coal
lands are being classified and valued as rapidly as the funds at the
disposal of the Survey will permit, and oil, gas, phosphate, and
potash lands and lands valuable for water-power and reservoir sites
are being withdrawn from entry as rapidly as information regard-
ing them is obtained. It is proposed to explain here briefly the
history of the classification undertaken with respect to each of these
resources.
. COAL LANDS,

In the years 1905 and 1906 the general public began to realize that
large areas of valuable coal lands in the West had been obtained from
the Government by means of agricultural entries. The frauds thus
perpetrated were so great as to shock the public mind and to call
for some immediate action to prevent further similar looting. Ac-
cordingly the President, on June 29, 1906, directed the Secretary of
the Interior to withdraw from entry all valuable coal lands. The
Survey had previously been making special studies of certain western
coal fields and its geologists had assisted in unearthing some of the
coal frauds. It was therefore prepared to submit a list of lands
which should be withdrawn from entry, and on July 26, 1906, the
Acting Secretary of the Interior withdrew from all forms of entry
all the lands on the list submitted by the Survey. Other lists for
withdrawal were prepared by the Survey during the summer and
fall of 1906, and one very excellent list. was prepared by the Forest
Service. These withdrawals, being intended to prevent acquisition
of coal lands under agricultural entry, were made in such terms as
to prevent all forms of entry. However, on December 17, 1906, the
form of all outstanding orders of withdrawal was modified to apply
to coal entries only, so that the withdrawn lands became again sub-
ject to agricultural entries but were not subject to coal entry. Thus
fraudulent acquisition again became possible and was prevented only
by the activity of the field service of the General Land Office. On the
other hand, purchase of withdrawn lands as coal land became impos-
sible until after classification and valuation. From time to time

" other withdrawals from coal entry were made until the spring of
1909, when many of the outstanding withdrawals were restored to
their original form and made effective against all forms of entry.
Soon thereafter Congress passed the withdrawal act of June 25,
1910 (86 Stat., 847), and since that date coal withdrawals have pro-
hibited all forms of entry except entries on certain classes of land
which are exempted from withdrawal by that act and agricultural
entries for surface rights only. The policy throughout has been to
withdraw all lands on which there is a reasonable probability of the
occurrence of coal, to examine these lands as rapidly as the funds



HISTORY AND LEGAL BASIS. 37

available will permit, and on the information gathered to base classi-
fications, the lands found to be noncoal land being restored to entry
and those found to contain workable coal being appraised at prices
not less than the minimum prices prescribed by the statute.

For a time the withdrawals worked great hardship. The greater
part of the lands thus withheld were not good agricultural lands, but
the total acreage suitable for agricultural development was large.
The situation was finally relieved by the passage of three acts pro-
viding for agricultural entry upon lands withdrawn or classified as
coal lands, the Government retaining title to the coal deposits and
the -right to prospect for and remove them. These three acts are
more fully discussed below under the heading “ Separation acts”
(p- 45).

The first regulations prescribing criteria for the classification and
valuation of coal lands were approved by Secretary of the Interior
Garfield on April 8,1907. They provided for a maximum workable
depth of 1,500 feet and a minimum workable thickness of 2 feet, all
lands underlaln by coals of less thickness or at greater depth bemg
classified as noncoal land. New regulations were adopted February
19, 1908, and these were in turn superseded by those of April 15,
1908, under which, although the minimum thickness remained un-
changed, hlgh-gmde coals were classified as workable to a depth of
3,000 feet and certain thicknesses of low- -grade bituminous and sub-
bituminous coals to a depth of 2,000 feet. Under all these regula-
tions valuations were based on an estimate in which the number of
beds, the thickness of the beds, and the depth of the beds below the
surface were taken into account; but the methods of computing prices
were such that, for example, a 20-foot bed was valued at no higher
price than an 8-foot bed. On April 10, 1909, Secretary Ba]linger
approved a new set of regulations, drawn on entlrely different prm-
ciples. The minimum thickness was fixed at 14 inches and—a more
important change—computations of value were based on the tonnage
of coal in the land rather than on the number of beds. The maximum
depth was retained at 3,000 feet. These regulations, while far in
advance of those preceding, were nevertheless open to criticism be-
cause they took little account of certain economic and mining engi-
neering features, such, for example, as the relations between lift and
haul, between thickness and mining cost, and between minimum
thickness and workable depth. A new set of regulations has just
been made effective in which these features have been taken into
account and the maximum depth for the highest-grade coals has been
increased to 5,000 feet. The prices are based on tonnage, heat value,
depth, and thickness. These regulations are given in detail else-
. where in this bulletin (pp. 96-97).
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OIL LANDS.

The earliest withdrawals of lands containing oil and gas were
made in order to protect oil operators from agricultural entrymen.
In 1900 certain lands in Wyoming and California were withdrawn
from agricultural entry on representations made by citizens of those
States that the lands contained valuable deposits of oil and gas
and should be withheld from agricultural entry pending a determi-
nation as to their content of oil. These orders and others of similar
character were from time to time issued by the General Land Office.
The first withdrawal recommended by the Geological Survey was
made in 1907. For years the Survey had been doing geologic work
in the oil fields of California. Its geologists, studying the conditions
of the oil industry as well as the geology and occurrence of oil,
early became convinced that unless preventive steps were taken a
great amount of fraud would be perpetrated and oil development
would be seriously hindered by attempts to obtain oil lands through
nonmineral entries. The withdrawal of: certain lands was accord-
ingly recommended, and on August 15, 1907, the Acting Secretary
of the Interior approved the recommendation and the withdrawal
became effective. In 1908 several withdrawals were made in Cali-
fornia for the same purpose, and a withdrawal was also made in the
Caddo field of Louisiana pending an investigation as to possible
means of preventing the enormous waste of natural gas then taking
place in that field.

Within a short time it became apparent that the situation was only
partly covered by withdrawing oil lands from agricultural entry.
The inadequacy of the placer law and its inapplicability to oil lands
was clearly recognized. The law was framed to apply to solid min-
erals; when applied to fluids, such as oil and gas, it at once led to
many abuses. Drilling along the boundaries of one claim in order
to draw off oil or gas beneath a neighboring claim forced activity in
drilling which resulted in production far greater than the demands
of the market. The requirement of discovery as a prerequisite to
title also forced development and overproduction. It became more
and more apparent that oil and gas should be disposed of in terms of
barrels or cubic feet rather than in terms of acres. These consider-
ations, together with the advisability of retaining a supply of fuel
oil for the use of the Navy, caused the Geological Survey to urge the
suspension of all forms of entry on Government oil lands pending
the enactment of new legislation by Congress. In consequence Sec-
retary of the Interior Ballinger on September 27, 1909, withdrew
from all forms of entry, location, or disposition all pubhc lands
believed to contain valuable deposits of oil or gas. As information
has since been obtained indicating other public lands to be valuable
for these minerals, they also have been withdrawn from all forms of



HISTORY AND LEGAL BASIS, ’ 39

disposition under the mineral or nonmineral land laws. Field ex-
amination has shown that certain lands so withdrawn are not val-
uable for their oil or gas deposits, and they have been promptly
restored to public entry. In one State, Utah, the surface of the
lands so withdrawn is open to agricultural entry.

A number of bills providing for the disposal of oil and gas deposits
have been introduced in Congress, but none have yet been enacted
into law, so that the petroleum withdrawals continue in force and
new ones are being made as occasion arises. The need of the Navy
for a supply of fuel oil has recently been more strongly vecognized,
the battleships last authorized being designed to burn oil exclusively.
Fully to insure the Nation an adequate supply of fuel oil two naval
petrolenm reserves aggregating 68,249 acres and estimated to contain
at least 250,000,000 barrels of oil have been created in the San Joaquin
Valley fields of California, one under date of September 2, 1912, and
the second under date of December 13, 1912.

PHOSBPHATE LANDS.

Phosphate lands, like oil lands, are withdrawn because of the in-
adequacy of existing law to dispose of phosphate. Only within
comparatively recent years has it been known that important phos-
phate deposits exist on the public domain, but as soon as such de-
posits were discovered conflicts arose between entrymen under the
placer law and entrymen under the lode law. As a matter of fact
neither lode law nor placer law is fitted to phosphate deposits, which
occur as sedimentary beds interstratified with barren rocks in a
manner identical with that in which coal occurs. The placer law .
provides for the disposition of all forms of deposit except rock in
place. The western phosphate deposits are clearly rock in place.
Moreover, some of them lie at great depth and are as difficult to mine
as coal or any other solid mineral. It is clear that the placer law is
not logically applicable to these deposits. Under the lode law a vein
which outcrops within the limits of a claim may be followed to in-
definite depths and distances so long as the end lines of the claim are
not crossed. A phosphate deposit is essentially an interstratified
bed, some deposits extending for many miles and being involved in
great folds and undulations. The application of the apex law to
such deposits would assuredly result in great confusion. For in-
stance, if two sets or series of lode claims are located along the cui-
crop of a bed of phosphate that occupies a geologic basin and
outerops around its margin, one set of claimants on one side, the other
on the opposite side, each set of claimants might be entitled to the
bed throughout its extent from outcrop to outcrop. Thus the same
property might be disposed of to two separate claimants, each of
whom would have a good title. Tt is obvious that the lode law, under
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which such a condition is possible, is not suited to the disposition of
phosphate deposits.

Still another consideration led to the withdrawal of phosphate
lands. Agriculture in the United States is comparatively young, so
that the exhaustion of lands from long-continued use has mnot yet
begun to be generally felt. In a large part of Europe, however, phos-
phate fertilization has become an economic necessity, and as a result
the greater part of the phosphate mined in this country is being ex-
ported. It has seemed to many students of the situation that the
United States should not part with a deposit so vital to its agricul-
tural future. Pending consideration of this question by Congress, as
well as the enactment of laws more applicable than the lode and placer
laws, the first phosphate withdrawal was made by the Department
of the Interior on December 9, 1908. Other withdrawals have been
made from time to time as additional valuable deposits of phosphate
have been discovered. Since the first withdrawal the known area of
phosphate lands has been greatly increased by the explorations of
the Geological Survey, and the reserves now include lands in Wyo-
ming, Idaho, Utah, Montana, and Florida.

POTASH LANDS.

The agricultural industry of the United States has begun to feel
the need for the rejuvenation of lands by the application of potash.
All of this mineral heretofore used, in manufacturing as well as
in agriculture, has been imported from Germany. A threatened
termination of the supply from that source by the German Gov-
- ernment lent acute interest to the question whether or not potash
deposits are to be found in the United States, and on March 4, 1911,
Congress appropriated $20,000 for research and exploration for pot-
ash deposits by the Geological Survey. This appropriation was re-
‘newed the following year. Promising indications have been dis-
covered, exploration work is being actively continued, and three areas
have been found where the existence of potash salts warrants with-
drawal of the lands. The first potash withdrawal covered one of
these areas and was made on January 16, 1913. It is the present
intention to recommend the withdrawal of all. valuable deposits
found and all lands in which there is a reasonable probability of the
occurrence of valuable potash, these withdrawals to remain in force
until Congress has provided more appropriate legislation than the
existing placer law.

METALLIFEROUS MINERAL LANDS.
An unusual type of withdrawal, designated” * Mineral-land with-

drawal No. 1,” was made in Arizona by the President-on September
23,1912. It covers an area in which investigations made by the Geo-
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logical Survey show geologic conditions favorable to the occurrence
of deep-seated deposits of copper. The deposits in this district are
of such nature that no surface discovery, such as is required: by the
lode law, can be made. As a result valid locations can not be made
upon the lands until valuable minerals have been discovered therein,
either by deep drilling or deep shafting. There was danger that
before either of these types of prospecting could be 00mpleted at-
tempts would be made to obtain title to the lands by means of State
selections or other nonmineral entries. Accordingly the President
directed that the area be included in a withdrawal. By the terms of
the withdrawal act the withdrawn lands are open to exploration and
purchase under the mining laws, so far as they apply to metallif-
erous minerals. Thus the lands are reserved for exploration as to
their metalliferous value but are not open to other forms of entry.

WATER-POWER SITES.

In messages to Congress during 1908 and 1909 President Roose-
velt called attention to the danger of an uncontrolled monopoly of
water-power development and to the desirability of preventing
power sites on the public domain from falling into the hands of
speculators and monopolists. As early as February 26, 1908, in a
message transmitting a report of the Inland Waterways Commis-
sion, he advocated legislation providing for the leasing of such sites
rather than their alienation. The report of the Inland Waterways
Commission contains the following statement:

Wherever water is now or will hereafter become the chief source of power,
the monopolization of electricity from running streams involves monopoly of
power for -the transportation of freight and passengers, for manufacturing,
and for supplying light, heat, and other domestic, agricultural, and municipal
necessities to such an extent that unless regulated it will entail monopolistic
control of the daily life of our people in an unprecedented degree.

Since that time President Taft, Senator Burton, Secretaries Gar-
field, Fisher, and Stimson, and many others have advocated a revi-
sion ‘of the laws pertaining to lands valuable for water powers and
have especially urged the retention of their control by the United
States.

In the winter of 1908 and 1909, under the direction of President
Roosevelt and Secretary Garﬁeld a number of withdrawals were
made covering streams in the Rocky Mountain and Pacific coast
States on recommendation of the Reclamation Service. These orders
of withdrawal covered wide areas, and as the best agricultural lands
in the West are in the vicinity of streams, a great deal of popular
discontent and ecriticism followed. Secretary Ballinger, soon after
his appointment, ordered the restoration of all the withdrawn lands,
and many such restorations were made, mainly in the latter part of
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March and the early part of April, 1909. On April 23, 1909, Secre-
tary Ballinger directed the Geological Survey to make an investiga-
tion of water-power sites on the public domain and to recommend as
early as possible any withdrawals necessary to protect them pending
the enactment of legislation to be recommended by, the President.
The first withdrawal under this order was recommended by the
Survey on May 3, 1909, and approved by Secretary Ballinger on the
following day. Since then many such power-site withdrawals have
been made, so that at the present time it is believed that the greater
number of the valuable power sites on the public domain are with-
drawn from entry pending legislation by Congress for their ap-
propriate disposal. The available information does not indicate that
there is now in existence any all-inclusive, nation-wide water-power
trust such as has been feared by students of the situation. Certain
powerful and far-sighted interests have, however, made very deter-
mined attempts to acquire control.of valuable sites in advance nf
the possibility of developing a market for the power that might be
produced. The passing of these strategic points from public owner-
ship would seriously impair the control by public authority of water-
power operations, which are inherently monopolistic. As soon as
the Survey obtains knowledge of such sites their withdrawal is rec-
ommended. Field examinations have shown that certain areas with-
drawn were not so valuable as had at first been supposed and these
have been promptly restored.

RESERVOIR SITES.

Reference has already been made to the act of 1888-(25 Stat., 527)
and to the fact that certain tracts specially valuable for the con-
struction of reservoirs were segregated under that act and still re-
main withdrawn pending their restoration by Congress. In its study
of the water resources of the public domain the Survey found that
attempts were being made to obtain possession of advantageous reser-
voir sites, not for the purpose of development but for some inferior
use or for speculation. Pending legislation by Congress which would
make such acquisition impossible a number of reservoir-site with-
drawals have been madsé, the first one having been recommended by
the Survey on January 13, 1911, and approved by President Taft on
January 17, 1911.

PUBLIC WATER RESERVES.

In the great semiarid grazing areas of the West watering places
are few and the range is, in places, monopolized by control of the
water holes. It has been common practice for a stock owner to file
some form of land serip or State selection upon all the springs in a
district and thereby to exclude all other stock owners from the dis-
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trict as effectually as if he owned every acre of it. In most places
the public range of the West is greatly overcrowded and the.com-
petition for possession of the water holes has been exceedingly
bitter, with the advantage in favor of the large owner, on account
of his greater ability to purchase land scrip. Exclusion from the
watering places has ruined more than one stock grower and vio-
lence has not infrequently accompanied the struggle for their pos-'
session. This condition of affairs led members of the Land Office
and of the Survey to urge that the watering places on the public
range be retained in Government ownership and thrown open to
the use of all comers. The possibility of the passage by Congress
of a grazing law added to the advisability of such withdrawals.
The present conditions on the public range are by no means sat-
isfactory. They give undue advantage to the large stock raiser
and are resulting in the deterioration and in many areas the ruin
of the range. Several bills have been introduced in Congress pro-
viding for Government supervision of grazing under a leasing sys-
tem. If such a law is passed it is highly important that a sufficient
number of watering places to permit the administration of leases
should remain in Government ownership. On March 29, 1912, pub-
lic water reserve No. 1 was recommended by the Survey and approved
by the President. Other public water reserves are being created as
rapidly as field data can be considered.

WITHDRAWAL ACTS.

The early coal, oil, phosphate, and power-site withdrawals were
made by the Secretary of the Interior in the exercise of his executive
discretion and without specific authority granted by Congress. The
right of the Executive Department to make land withdrawals has
been established by numerous court decisions relating to withdrawals
covering small areas, but as soon as general withdrawals of large
areas were made interested parties began to question their validity.
Many claimants asserted their belief in the department’s lack of
authority by proceeding in disregard and contravention of the with-
drawals. This type of action was especially frequent in the oil
fields of California and it early became apparent that, unless the
validity of the withdrawals was clearly established, millions of
barrels of oil would be taken from withdrawn lands while a decision
was being obtained from the courts. Accordingly, Congress was
urged to pass an act confirming the. power of the Executive to with-
draw public lands, and on June 25, 1910, a law was approved en-
titled “An act to authorize the President of the United States to
make withdrawals of public lands in certain cases” (36 Stat., 847).
That this act was merely confirmatory of powers already reposing in
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the President and his cabinet is shown by the report of the Senate
Committee on Public Lands, from which the following is quoted :

The power conferred upon the President by the proposed substitute is a
power that he has possessed and exercised almost from the inception of our
" public-land system and is a power that he still possesses and exercises.

The power of the President to reserve public lands from sale and entry
rests upon various statutes, upon numerous decisions of the courts, and upon

long-established and long-recognized usage.
% & * * % & ¥

It is only lately thatAthis power has been doubted axid questioned, and the
cbject of the proposed substitute is to make it definite and clear beyond all
dispute that the President possesses this power of withdrawal.

Immediately after the passage of the act of June 25, 1910, Execu-
tive orders were issued by the President ratifying, confirming, and
- continuing in full force and effect all outstanding orders of with-

drawal. Since that date all new withdrawals’ have been made in
accordance with the provisions of this act and have-been approved
by the President. , ‘

The act of June 25, 1910, contains several provisions modifying
preexisting practice. In the first place, it provides that lands which
are embraced in lawful homestead or desert-land entries made prior
to the date of withdrawal or on which valid settlement has been made

~and maintained shall be excepted from the force and effect of the

withdrawal order so long as the entryman or settler continues to
comply with the law. Thus the effect of an order of withdrawal

on a preexisting homestead or desert-land entry depends on the

initial and continued good faith of the entryman, rather than on

the value of his land for purposes other than that under which

his entry was made. The second important provision is that the

rights of any person who at the date of a withdrawal order is a

bona fide occupant or claimant of oil or gas bearing lands and who

at that date is in diligent prosecution of work leading to the dis-

covery of oil or gas shall not be affected or impaired by the order

so long as diligent prosecutiori of the work is continued. It is to

be noted that this provision makes the critical date that of the with-

drawal order, even though that order was made before the passage -
of the withdrawal act. The department has held that what con-

stitutes diligent prosecution of work leading to the discovery of oil

or gas must be decided upon the facts in each case. It is safe to

assume, however, that many of the subterfuges that have been com-

monly practiced for the purpose of holding claims will not be con-

sidered effective against the withdrawal orders.

Section 2 of the act provided that withdrawn lands should “ be open
to exploration, discovery, occiupation, and purchase under the mining
laws of the United States so far as the same apply to minerals other
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than coal, oil; gas, and phosphates.” There were two serions faults
in this provision. For one thing, it did not permit the withdrawal
of lands valuable for other minerals than the four enumerated.
Thus, when interest in the potash situation became general and the
desirability of reserving potash lands from entry was perceived it
was not possible to make the desired withdrawals because of this
provision in the withdrawal act. Furthermore, advantage was taken
of this clause to locate valuable power sites as building-stone placers
and to include oil lands of great value in placer claims located .on
comparatively worthless deposits of gypsum. These conditions led
the President to urge upon Congress the amendment of the section
by providing that withdrawn lands should be open to exploration
and purchase under the mining laws for metalliferous minerals only,
and on August 24, 1912, Congress so amended the original withdrawal
act (37 Stat., 497 ). Public-land ‘withdrawals now segregate lands
from all forms of entry, location, or disposition except metalliferous
mineral claims, preexisting homestead and desert-land entries and
valid settlements, and oil placers on which work is being diligently
prosecuted at the date of withdrawal.

SEPARATION ACTS.

The carrying out of the withdrawal policy for protecting the min-
eral and water resources of the public domain is in' many cases ren-
dered difficult and embarrassing by the agricultural value of the land
withdrawn. If valuable water-power or reservoir sites were inva-
riably valueless for farming, or if mineral and agricultural values
> could not coexist, no hardship would be imposed by and no retarda-
tion of development would result from the making of withdrawals.
But some of the best farming lands in the West are underlain by
coal or phosphate, and some are so situated as to be of strategic
importance in power development. Any hindrance to bona fide home
building or other agrlcultuml development of the public domain is
indeed unfortunate, but in order to protect the public’s natural re-
sources withdrawals resulting in such hindrance have been neces-
sary. For certain lands the situation has been relieved by the passage
of acts separating the surface right from the right to the underlying
minerals. The first of these acts was that of March 3, 1909 (35 Stat.,
644), which provides that persons who have entered or selected under
the nonmineral laws lands subsequently classified, claimed, or re-
ported as being valuable for coal may elect to receive patent to their
lands by reserving to the United States the coal deposits and the right
to prospect for and mine them. The act contains a provision for the
indemnification of the surface owner for damages to his estate by
prospecting or mining and a further provision that the ownér of the
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surface patent shall have the right to mine coal for his own use prior
to the disposal of the coal deposits by the United States. This act
granted relief only for entries or selections antedating withdrawal.
The act of June 22, 1910 (36 Stat., 583), goes a step further with re-
gard to coal lands and provides that homestead entries, desert-land
entries, and Carey Act selections may be made on lands withdrawn
or classified as coal whenever it is stated in the application that the
entry is made to obtain title containing a reservation of the coal to
the United States. In this, as in the previous act, provision is made
for damages to the surface estate by prospecting or mining. The
act of April 80,1912 (37 Stat., 105), extends the act of June 22, 1910,
to include State selections and isolated tracts.

An act approved August 24, 1912 (37 Stat., 496), provides for the
entry or selection of withdrawn or classified oil and gas lands in the
State of Utah, with a reservation ‘to the United States of the oil or
gas. The provisions of the act are similar to those of the coal act
of June 22, 1910, and the classes of entries and selections permitted
are the same as those in that act as amended by the act of April 30,
1912, : '

DESIRABLE NEW LEGISLATION.

In carrying out Its function of classifying the public lands and in
making its fund of information available in the administration of
the existing land laws the Geological Survey has become acutely cog-
nizant of the need for certain new legislation. The-laws desired are
primarily of two types and embody two fundamental necessities—
first, the extension of the principle of the separation of estates, and
second, the application of the leasing principle to the disposition of
natural resources.

As has already been pointed out, the public lands can not be
divided into classes each of which is valuable for one purpose only.
Instead, the same tract of land may be valuable for two or more-
resources. In one tract—for example, agricultural land that is un-
derlain by coal—both resources may be utilized at the same time
without interfering with each other. In another tract—for example,
agricultural land within a reservoir site—the land may be valuable
for one resource only until it is utilized for another. In the first
case the problem is so to frame the laws that no resource will be
forced to await the development of the other. In the second case the
problem is to permit the use of the land for one purpose pending its
use for another without losing public control of the development of
the second. In both cases the answer is found in a separation of
estates. The extension of this principle, now applied to coal, to
withdrawn and classified minerals and to the uses of water resources
would permit the retention of the mineral depesits and power and
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reservoir sites in public ownership pending appropriate legislation
by Congress withotit in any way retarding agricultural development.
Bills have already ‘been introduced applying this principle to oil in
other States than Utah and to phosphate in the State of Idaho. It
is to be hoped that such bills will be passed and approved, or, better
still, that a comprehensive act providing for the-separation of the
various estates will be introduced and enacted.

Nearly every student of the situation is agreed that the leasing
system is far better than any other for disposing of natural re-
sources. This conclusion is based partly on the logic of theoretical
considerations, partly on the experience of -other countries, such as
the Australasian States, and partly on the fact that the leasmg system
is rapidly replacing all others in commercial practice in the United
States. A single instance may be cited: Over 90 per cent of the oil
production of the United States in 1911 came from leased lands. In
the public interest leasing is to be preferred to sale for several reasons.
In the first place, the sale of mineral lands at appraised values
per acre presents problems of great difficulty and of uncertain solu-
tion, because of the number of factors involved. For example, in
valuing coal lands under the present coal-land law or in valuing
phosphate lands, should a similar law be enacted for that mineral,
the items bearing on the value which should be fixed are so numer-
ous, so difficult to estimate, and so variable that it is well-nigh im-
possnble to a1r1ve at conclusmns which give the proper weight to all
the factors involved. In valuing coal lands the end striven for has
been to fix prices which shall be low enough to permit purchases for
immediate development but which shall be high enough to prohibit
speculative purchases or long-term investments.  However, the
proper consideration of transportation charges, market conditions,
competing supply, and cost of labor is affected by so much uncertainty
that it is difficult to fix a thoroughly satisfactory price for which
lands should now be sold. When it is considered that the lands are to
be sold in the indefinite future at the prices fixed now, the difficulties
of the task become apparent. None of these difficulties would attend
in the same degree the administration of a lease law under which
the coal or phosphate would be paid for at a royalty per ton as
mined. The fixing of the royalty would be very much simpler than
the present task.

Attention has already been called to the inappropriateness of sell-
ing oil and gas by the acre. The distance within which oil and gas
may be drawn off by a single well is not definitely known and is, of
course, variable, but it is at least certain that a well drilled close to
a property line will draw these minerals from immediately adjoining
portions of neighboring tracts. Under a leasing law the person re-
quired to pay for deposits of these minerals would not be the person
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under whose land they originally occurred but the person from whose
land they were produced, and the price would be fixed by unit of
quantity. - The fairness of this plan is obvious.

The uncertainties as to market value of potash and other non-
metals except coal, oil, gas, and phosphate make the payment of
a sale price undesirable and the payment for the minerals as mined
much more advantageous to the producer. In fact, one of the
main arguments for the leasing as opposed to the sale system, not
only for potash but for coal, oil, gas, and phosphate as well, is
that instead of being required to advance the entire price of the land
at the outset, the payments are made only as the mineral is pro-
duced, thus enabling the operator to begin operations with a much
smaller initial investment. This is certainly advantagcous to the
small operator. Moreover, under a lease law the many uncertainties
which enter into the fixing of sale prices would be eliminated, since -
only the quantity produced would be paid for.

Probably the present mineral laws are more satisfactory when
applied to the metals than to the other minerals. Without doubt even
here a lease law would effect a marked improvement on present prac-
tice, but if they were modified in three features the laws applicable
to metalliferous lands would be reasonably satisfactory to the miner
and to the public at large. In any event, the law of the apex should -
be abolished, the provisions regarding discovery should be modified,
and the period for which a claim may be held without patenting
should be limited. Regarding the first of these points there is little
need for argument. Mining congresses and bar associations have
alike recommended the repeal of the apex provision and shown con-
clusively the detriment which it is and has been to the mining in-
dustry. That it is possible to do away with it without resultant con-
fusion is shown by the experience of British Columbia. One point,
however, should not be overlooked—if the law of the apex is abol-
ished the width of the claim should be increased in order to assure
sufficient values to warrant the opening of a mine.

The requirement that mineral shall be discovered as a prerequisite
to location is one that works undue hardship to those exploiting deep-
seated deposits that do not crop out at the surface, such as those
included in the mineral-land withdrawal in Arizona. Such deposits
are by no means rare in certain mining districts of the West, and
the law should be so modified as to provide either for some ade-
quately safeguarded substitute for discovery or for the protection
of the miner during the long and expensive prospecting which he
must carry on before minerals can be discovered. Such protection
would be best afforded by a provision for a prospecting permit of
limited duration, to be granted only if the geologic conditions are at
least moderately favorable for the occurrence of the mineral sought.
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Under the law as it now stands a claim may be held indefinitely
without an attempt to obtain patent, and so long as the annual as-
sessment work is performed the claim is secure against adverse
claimants. Until patent is issued no taxes are assessable by the
State, and many producing mines refrain from patenting in order
to avoid taxation. A limit to the number of years that a claim may
be held pending the institution of patent proceedings would correct
this abuse.

It is not only with relation to mineral deposits nor by comparison
with a sale system that a leasing system is advocated. Leasing
should replace the present permit system, under which rights of way
across the public domain are granted for reservoir sites, power devel-
opment and transmission, and irrigation works. Under the existing
laws the right of way granted is either in perpetuity or is revocable
in the discretion of the Secretary of the Interior. Both of these
conditions are undesirable—the first because the resource passes for-
ever beyond the direct control of the public, which thus becomes
powerless to guard against misuse, disuse, or monopoly; the second
because the capital which is required in the construction of such en-
terprises is not sufficiently protected. Between the grant in per-
petuity, which inadequately protects the public, and the revocable '
permit, which inadequately protects the capital invested, lies the
lease, which adequately protects both. By leasing rights of way for
a fixed period of years absolute control would periodically return to
the public, while the investor would be secure for a period long
enough for his investment to return a profit.

If a lease law is to be adopted certain provisions should be incor-
porated in it, whether it is for a single resource or for all. In the
first place the end to be attained is not revenue for the Government
but is rather the retention of control in the public. It would be a
long step backward to return to the early policy of using the public
lands as a means of Federal revenue, and any lease law enacted
should be so framed as to encourage development, prohibit specula-
tion, and add nothing to the cost of the resource to the consumer.
The States in which the lands are situated should be compensated
for the loss of taxes which they would suffer from the permanent re-
tention of the fee to natural resources in the National Government.
Doubtless the simplest way to accomplish this is to provide that a
certain percentage of net receipts from leasing shall go to the State
in which the lands are situated. The term of a lease should be long
enough to permit profitable investment and development. It should
not be longer than is necessary to furnish an adequate return on the
amount invested.

Whatever action Congress may decide to take regarding the natural .
resources now in public ownership should not be much longer de-
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layed. The present withdrawals are a temporary expedient whose
employment should be rendered unnecessary as soon as possible. It
can not be economically advantageous to the country to have mil-
lions of acres of lands, valuable for petroleum, phosphate, or potash
or for power or reservoir sites, absolutely segregated from all forms
of disposal for an indefinite period. Some of the lands have already
been so withdrawn for nearly four years. Congress should be fully
informed concerning all the factors to be considered, but it should
also act promptly.

CLASSIFICATION OF MINERAL LANDS.

FIELD METIHODS.
DEVELOPMENT.

Since the United States Geological Survey was organized the
methods it employs in its diverse field investigations have gradually
become more refined and more precise. If a topographic map made
by the Survey 20 years ago is compared with one of its recent maps
the difference will be patent even to the untechnical critic, yet many
" of the important improvements adopted during that period do not
appear on the map. The closer and more accurate triangulation
net, the great increase in the numbers of intersected points and of
level lines, and the general completeness of both vertical and hori-
zontal control are not directly reproduced on the completed sheet,
but they have been used in its preparation and give it far greater
accuracy and expressiveness than the earlier maps. The methods
employed by the engineers of the water-resources branch and by
the geologists of the geologic branch have likewise undergone steady
and consistent development

Perhaps nothing in recent years has so dlrectly stimulated the em-
ployment of more precise methods in field work than the require-
ments of land classification, and the development here is well ex-
emplified in the work done by the coal geologists. The law under
which coal land is classified, unlike the laws controlling the classi-
fication of lands containing other mineral resources, requires a valu-
" ation of the land. It is therefore especially necessary to trace the
outcrops of coal beds with exactness and to fix their relations to the
units of the public-land surveys by precise methods. This has led
to the introduction of refinements that are not generally considered
necessary in preparing a geologic folio or in determining the general
relations of the formations in any region. It is perhaps worth while
to trace a part of this development of the field methods employed in
the classification of coal lands, as an example of a general improve-
ment and as an introduction to a discussion of the methods now
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generally used by the geologist in the solution of problems of classi-
fication.

The acts separating the mineral and agricultural estates of coal
lands were not passed until 1909 and 1910, so that the withdrawals
of coal land promulgated prior to that time prevented the initia-
tion of both homestead rights and coal entry on the same tract. In
order that this interference with agricultural development might be
reduced to a minimum, the first examinations were directed toward
the correction of the withdrawals by the prompt elimination from
them of the noncoal land. The methods first used, therefore, were.
planned with the idea of covering large areas quickly and did not
involve a marked departure from reconnaissance methods already in
vogue, except that it became necessary to tie the investigations as
closely as possible to such cadastral surveys as existed. One of the
first methods employed at the beginning of the work of coal-land
classification in 1906 and 1907 was that of retracing land lines. In
doing this work the field men rode along the section lines established
by the General Land Office, using the pocket compass to determine
direction and horse pacing to measure distance. Coal outcrops along
the section lines were mapped, the geology. was studied in a general
way, and a sketch of the topography was made.

In areas in which the absence of satisfactory land corners made it
necessary to construct a map independently of the Land Office sur-
veys a different method was adopted. By the use of a 15-inch plane
table and an open-sight alidade a main or control traverse was run,
completing a circuit of the field, distances being measured by inter-
sections from points previously located and altitudes determined with
an aneroid barometer.. The topography and geology were mapped
by means of a network of secondary traverse lines tied to the primary
traverse. As the work progressed a more or less complete system of
triangulation was established which could be used in adjusting the
main plane-table traverse, and in turn the plane-table traverse served
to check meander traverse. In running these meander traverses a
pocket compass was used for obtaining directions, distances were
measured by pacing, and elevations were determined by aneroid.
The meander-traverse lines were plotted in the field as the work ad-
vanced, a small celluloid protractor being used for laying off angles
and a scrlle graduated to correspond to the scale of the township
plats being used for measuring horizontal distances. During the
field work especial care was taken to locate whatever land corners
existed, in the hope that these corners would serve as a basis for
* later adjustment of the township and section lines on the map.

These two methods probably represent fairly the general field
methods in use during 1906 and 1907, in connection with classifica-
tion of coal land. Some idea as to the speed attained in this work
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may be formed from the statement that on an average a township
(36 square miles) was completed by one man in four days. The fol-
lowing figures will also give some idea of the effectiveness of these
methods for the purpose which they were designed to accomplish.

During the last six months of 1906 the total area withdrawn for
examination was approximately 66,000,000 acres, and by the close
of that year, as a result of the field examinations, approximately
2,000,000 acres had been restored to public entry. During 1907 there
was an additional preliminary withdrawal of approximately 2,000,000
acres and by the end of the same year about 34,000,000 acres had been
added to the restorations. Thus, of the 68,000,000 acres withdrawn
during the first two years about 36,000,000 acres were restored as
noncoal land as a result of the rapid methods then used. Had the
Survey attempted a detailed study of these lands from the beginning,
there would have been much undesirable delay in the restoration of
large bodies of noncoal lands to entry. These early relatively inexact
methods were therefore well adapted to the ends they were designed
to accomplish.

The principal areas of coal land having been outlined by recon-
naissance surveys, attention was next turned to more improved meth-
ods of field work to meet the constantly growing need for better and
more detailed classification. The reconnaissance method was then
replaced by that in which plane table and telescopic alidade are em-
ployed. The most satisfactory alidade, which was designed by one
of the geologists engaged in the classification work, is a small instru-
ment carrying a telescope fitted with cross wires for stadia work and
a vertical arc for determining differences of altitude.

The details of method used in plane-table mapping are varied
according to the topography and the forest conditions of the area
mapped, as well as according to the condition of the land survey.
In an area where there have been no land surveys or where those that
have been made are very poor, the triangulation or station method
1s preferred, but stadia work only is practicable in certain areas—
for example, heavily wooded districts or regions cut by deep, narrow’
canyons. Either method, however, gives excellent results, for by
either the coal outcrop is actually traced in the field and the exact
horizontal and vertical positions are determined for every observa-
tion. In connection with these precise locations full data are pro-
cured on the character of the coal. If the region is undeveloped and
no coal mines or prospect pits are available for examination, open-
ings are made and sections are measured wherever such work is neces-
sary to give adequate data for classification.

Perhaps the most detailed work that is now being done in the
coal areas is that carried on :in those districts where the geologist
works in conjunction with the topographer. This method results in
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a reduced cost of the work and a great degree of accuracy in location.
In work of this kind the geologist usually examines the territory in
advance of the topographer, prospecting the coal bed and carefully
marking by means of flags all prospects and coal outcrops which he
desires the topographer to locate. The topographer, in the course of
his mapping, determines both the horizontal and the vertical positions
of all points flagged by the geologist. This work is done instru-
mentally and with great accuracy, the probable limit of error in
the horizontal location of any point being less than 20 feet and
in the vertical location less than 5 feet. With many points on the
outcrop thus accurately located, underground structure can be de-
termined with a degree of accuracy that has seldom been attained in
geologic work.

With this preliminary statement, it is proposed to set forth briefly
some of the methods now in use under the various conditions that
confront the geologist who is assigned to the task of making a mineral
classification of a specific area.

A. Tf he is required to make a detailed survey, he will find one of
the following conditions existing:

(¢) A topographic base is available.

(6) A base map is not available but must be made.

(¢) A topographic base is not available and is not essential, the
land survey sufficing as a base map.

B. If he is making a preliminary survey only he will use recon-
naissance methods. -

DETAILED SURVEY.

METHODS USED WHEN A TOPOGRAPHIC BASE IS AVAILABLE.

It is desirable that the examination of the mineral deposits in
regions of especial economic importance be based on an accurate
topographic map prepared in advance of the Zeologic examination.
Such a map, on which are shown the relief by contours of appropri-
ate intervals, the position and character of the drainageways, and the
location of land corners, roads, houses, and the bench marks and tri-
angulation stations established by the topographers, enables the geolo-
gist to determine by surveyor’s methods the location of the numerous
points at which he makes observations, with a minimum expenditure -
of time and with a degree of precision adequate to the scale of the
map and the work in hand. The scales which are generally used by
the Geological Survey in work of this character are about 1} or 2
inches to the mile, with contour intervals of 10, 20, or 50 feet. The
degree of accuracy attained in work on such maps is represented by
the width of a carefully drawn pencil line, or less than 20 feet for lo-
cations where refined plane-table methods are employed—for example,
along the outcrop of the coal, oil sand, or phosphate bed—and by a
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somewhat variable larger figure for locations requiring a less degree
of accuracy and made with less precise instruments. The actual ele-
_vation of observations along the outcrop of the valuable bed is deter-
mined with surveying instruments, so that the error is rarely in excess
of 5 feet, an amount which is practically negligible in mountainous
regions. In special cases, however, a higher degree of precision is
attained.

The information collected by the geologist in the field relates to .
the quality and thickness of the economic deposit, the position of its
outcrop relative to legal subdivisions, and its depth and accessibility
where covered. He maps the actual position of the outcrop of the
coal bed, oil sand, or phosphate bed by making careful locations at
many points, as described above, and where possible determines the
attitude of the bed by many careful dip readings with a clinometer
or by computation from its elevation at several points. He also maps
the position of the top and bottom of the overlying and underlying
beds, so that the completed map shows the actual area covered by the
outcrop of beds of sandstone, limestone, conglomerate, shale, or such
other rocks as may be present in the region. He further determines
the attitude of these rocks and collects typical samples and fossils
which serve to determine their relative age. Part of this information
. is represented on the map by symbols whose significance is expressed
in the accompanying legend, and part is recorded in suitable note-
books for use in the preparation of reports. This information is put
together in a tabular form showing the normal arrangement of the
beds, which is technically spoken of as a columnar section. Such a
section shows the normal distance through the strata from the economic
bed to the top or bottom of any one of tlie.constantly related overlying
or underlying beds, and it is used in combination with the data on the
outcrop of the overlying rocks in working out the theoretical under-
ground position of the bed. The methods of making the computation
are explained in detail in the following discussion of the examination
of areas for which a topographic base is not available.

The deposits of present economic importance or of promise for the
future are sampled at many points where the natural exposures are
favorable and in other places by means.of pits, trenches, or drill holes.
All the samples from any one deposit are taken by a uniform method
designed for that kind of material.

METHODS USED WHEN A BASE MAP MUST BE PREPARED.

In the detailed geologic study of an area it is usually necessary to
construct a map which shall place before the eye of the geologist all
the available information concerning the area in such space that it
can be viewed as a whole and the correct relations of details compre-
hended as they could not be on the ground. Such a map to be of
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the greatest value should show not only geology but surface relief
. and the positions of streams, roads, and houses, with the legal sub-
divisions of the public-land surveys, in order that the geology may
appear in its true relation to surface features. The construction of a
map giving such details is, strictly speaking, the work of the topog-
rapher rather than of the geologist, but the latter may be called upon
to examine an area. for which no adequate base map has been prepared
and he is therefore obliged to construct a map, either contoured or
plain, on which to record the geology. Such a map may be made by
the use of various instruments, perhaps the most satisfactory in both
accuracy and speed being the plane table and the telescopic alidade.
These instruments used with a system of triangulation are particu-
larly adapted to open country in which signals can be seen for con-
siderable distances. In areas where, for various reasons, it is impos-
sible to sight distant signals the method of stadia traverse is employed,
the same instruments being used in conjunction with the stadia rod.

In constructing a map by a system of triangulation, the procedure
is briefly as follows:

A base line is measured and the plane table is set up at one end of it
and properly adjusted so that one edge of the table lies in a north-
south line. -The base line is then plotted on a selected scale, usually
from 1 to 4 inches to the mile, and sights are taken and lines drawn
in the direction of monuments on prominent hilltops. The plane
table is then transferred to the other end of the base line and cor-
rectly oriented by back sight. Sights are then taken and lines
drawn in the direction of the monuments sighted from the first sta-
tion. The intersection of the two lines drawn in the direction of
each monument establishes its location in relation to the base line as
indicated on the map. After the various signals are located in a
certain area the plane table may be set up at any point whose loca-
tion is not known, and after it is approximately oriented by compass
sights may be taken to the points already located and the position of
the instrument determined by lines drawn from the locations of
these signals on the map. These lines should exactly meet at a point.
If they do not so meet there is some inaccuracy either in the pre-
vious work or in the orientation of the plane table. It is thus pos-
‘sible to keep a close check on the work and points may be located
as accurately as the scale of the map allows.

On a scale of 2 inches to the mile a distance of 10 feet would be
represented by the width of a fine pencil line, and it is not possible
to plot a distance of, say, 5 feet. A distance of 10 or 15 feet, how-
ever, is perceptible, and locations may be accurately made within
such distances. If the scale is increased to 4 inches to the mile the
error in the location of a point should not exceed 10 feet. After
* the primary signals are established over the township the base map
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and the geologic map may be constructed simultaneously—that is,
in tracing the exposures of some particular bed, such as a coal or
phosphate bed or an oil sand, the geologist may sketch in the roads
or streams or topographic features near which his instrument happens
to be set,

In mapping a particular area geologically as many points are
located as are necessary for the degree of accuracy desired on the
map. In critical parts of an oil field, where all dip readings are
located by the plane table, observations may be taken every 400 or
500 feet, but in parts of the area outside of the probable extent of
the oil pool dip readings taken every mile may be amply sufficient if
the dip is regular. Places at which fossils are collected are marked
on the map and also places at which rock specimens and coal, phos-
phate, or oil samples are taken, as well as localities where sections
of the beds or other geologic observations are made. In the con-
struction of such a map any land corners that may be found are
located from the signals previously established, just as rock out-
crops and other features of interest are located. The land net is
afterward drawn in from the corners which have been found, and
any inaccuracies and irregularities in the old surveys will thus be
detected. In land classification the tracts are always described with
reference to these surveys, so it is very essential to locate as many of
the corners as possible in order that the position of the land lines
may be accurately known. The time required to construct a map
of this kind varies greatly with the nature of the country and the
character of the geology. One man can, as a rule, establish primary
control over a township in one to three days, the time required being
dependent entirely on the number of locations made and the nature
of the country traversed.

The method of locating important rock outcrops by stadia traverse
may be successfully employed in conjunction with location by trian-
gulation, or it may be used alone without triangulation. In running
a traverse with stadia the instrument man can not work alone but
must employ the services of a rodman. The plane table is set at some
known point, the stadia rod is held on the point whose location is de-
sired, and the direction from the point occupied to the other point is
drawn on the map by means of the alidade. The distance is read by
means of the stadia and platted on the map by the use of a scale,
in the direction already recorded; this locates the second point. ~The
instrument is then transferred to a third point, the location of which
is determined by a reversal of the method used in locating the second.
The rod is then moved ahead and the process is repeated. Such
a method is most useful when a coal or phosphate bed or an oil sand
is to be outlined in great detail or when the work is done in deep
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valleys or canyons from which it is difficult to sight triangulation
signals.

In the above description no mention has been made of the method
of determining elevations, which in much of the work are of great
importance. With a telescopic alidade the angle of elevation or de-
pression from one point to another can be accurately determined.
This angle being known and the distance between the two points be-
ing measured with a scale from the locations of the points on the map
or by reading a stadia rod, the problem resolves itself into the solu-
tion of a right-angle triangle in which one side and one of the acute
angles are known, the side to be determined representing the vertical
distance between the two points, or, in other words, the difference of
elevation between them. The altitude of a starting point being
known or assumed, it is possible to calculate the altitude of any num-
ber of points in any direction from it. Elevations determined by this
method are not absolutely exact but are of sufficient accuracy for
most purposes of geologic mapping. In ordinary practice they arc
correct within 5 or 6 feet, but with certain refinements of work the
error can be reduced to 1 foot or even less.

It is advantageous to represent on a map in some manner the form
of the rock folds, which may or may not correspond to the surface re-
lief. Ordinarily surface relief is represented on a contour map by lines
drawn to indicate definite elevations above sea level, one line, for ex-
ample, at 4,000 feet, the next at 4,100 feet, the next at 4,200 feet, and
so on. These lines not only show the configuration of the surface but
also give approximately the elevation of any point within the area
thus mapped. It is possible to contour in the same way the surface
of an oil-bearing sandstone or a coal or phosphate bed which has
. been bent into a fold. Such contours are known as structure con-
tours. They bear no necessary relation to surface relief. In fact,
a valley may occupy the axis of an anticline or a ridge the axis of a
syncline.

Sedimentary beds deposited one above another during a period in
which there has been no earth movement are parallel—that is, if
one sandstone so deposited is 2,000 feet above another at one place
it is probably 2,000 feet above the other 1 mile or 5 miles away. If
since their deposition the beds have been tilted from the horizontal,
the dip of a bed at the surface in general represents the dip of the
beds below it. If a certain oil-bearing sandstone dips 5° E. where
it appears at the surface and overlying beds of the same formation
outcropping east of the exposure of the first bed also dip 5° in the
same direction, it is probable that the first bed and all intermediate
beds have the same dip in this area also. A dip of 1° is equivalent
to about 92 feet in a mile, and a dip of 5° to about 460 feet in a mile.
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Therefore a bed that dips 5° E. under a horizontal plain is 460 feet
beneath the surface at a point 1 mile east of the outerop.

If it appears from surface exposures of the overlying rocks that
the dip is not constant, allowance must be made for the variations
in the calculation. In areas in which dmlhng has been carried on
the records of the wells are invaluable as giving accurately the depths
of beds beneath the surface, thus check.ing the deductions from sur-
face evidence.

The locations of structure contours are based on a variety of data.
If a well whose altitude at the surface is 4,000 feet strikes an oil sand,
for example, at a depth of 1,000 feet, it is evident that the 3,000-foot
contour on the oil sand passes through the location of this well on
the map. If the rocks dip toward the east and a sandstone known
to be 2,000 feet above the oil sand outerops half a mile east of the
well at an altitude of 4,500 feet, the oil sand should be at this point
2,500 feet above the sea, or, in other words, the 2,500-foot contour
should pass through the location of this sandstone outcrop on the
map. If the dip of the rocks exposed at the surface is constant be-
tween the mouth of the well and the outcrop of the sandstone it indi-
cates that probably the oil sand dips regularly to the east between
these points, and the contours of 2,600, 2,700, 2,800, and 2,900 feet
may be spaced evenly between the 2,500-foot contour at the sandstone
outcrop and the 3,000-foot contour at the well. Should the dip, as
indicated by the surface exposures, be irregular between the two
points, the contours are spaced accordingly, being placed nearest
together where the dip is greatest and farthest apart where the dip
is least.

After a structure-contour map is completed it is possible to esti-
mate from it the depth of a bed of economic importance at any
required point, if the surface altitude of the point is known. '

METHODS FOLLOWED WHEN THE LAND OFFICE SURVEY AFFORDS A BASE MAP.,

More than half of the coal land still owned by the Government
lies in the rather sparsely settled plains region which has not been
mapped topographically but has been covered by the cadastral sur-
veys of the General Land Office. For such land, a topographic map
not being essential, a method of survey dlfferent in some ways from
those described above has been adopted. Plane table, telescopic
alidade, and stadia rod are used as in the other work, but the results
of the surveys made by the General Land Office are used as a base
{or the work, and the township forms a unit, the results being suffi-
ciently detailed and accurate to permit classification by legal sub-
- divisions. As previously stated, some of these surveys are not accu-
rate, but they are official and in general they provide a suitable base
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for the survey. Locations and measurements are therefore accepted
as recorded on the Land Ofﬁce plats unless the field work proves
them to be in error.

If a preliminary examination of the township to be surveyed
shows that it contains only a few isolated outcrops of coal beds and
no continuous exposures, the geologist locates the outcrops by tri-
angulation and sketches their inferred locations. For the triangula-
tion two convenient land corners are selected from which to begin
work, and for a base line the distance given on the land plats is used,
it being assumed that this distance has been correctly determined
in the land surveys. The corners thus selected are located on a
plane-table sheet, and from them other triangulation stations are
established over the field and their elevations determined by vertical
angles, as already described. After enough points to control the

work in the township have been established the geologist makes a

“detailed examination of the coal. He goes to each outcrop and digs
or bores through the bed to learn the thickness of each bench of
coal and of each parting and to obtain samples of the coal for study
or analysis.

After the bed has been examined and the dip of the strata has been

measured the position of the outcrop is located on the plane-table.

sheet and the elevation determined.

The examination of the coal bed is most 1mportant Tt must be
made carefully and accurately. Each geologist who surveys coal
land is told that “ every inch of the bed must be critically examined.”

If the inspection shows that the coal may contain more than the -

normal percentage of impurities a representative sample is selected
and taken to camp, where an ash test is made with-a small portable
chemical outfit. If there are mines in the area a sample is procured
according to the prescribed method (see p. 106) and is sent to the
chemical laboratory for analysis. The strata in which the coal is
found are also carefully examined to obtain any additional infor-
mation they may give concerning the depth and continuity of the
coal beds where they are covered. ,

The triangulation method of location described above suffices in
areas where there are only a few small outcrops of coal beds, but in
townships which contain more than a few outcrops or in which the
beds can be traced the outcrops must be accurately located by stadia
traverse in -addition to the triangulation. If the triangulation and
stadia work are done properly, locations should be correct within 20
feet and elevations within 5 feet.

In work of this kind the surveyor traverses the outcrop of the coal
bed and with the-aid of an assistant and instruments he locates
points at short intervals along the line of outcrop and sketches its
position between these points. All such locations are tied to land
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corners accurately with instruments, and the elevation of each point
is ascertained, so that the underground relations of the bed can be
determined.

The number of sections measured along the outcrop of the bed de-
pends on the local conditions. If the bed is variable it must be ex- -
amined at short intervals, but if it is regular the measurements may
be made farther apart. Some records show measurements only 50
feet apart, whereas others are half a mile or more, though a shorter
distance is recommended. There is no definite number of measure-
- ments to the township. In some townships few are made, whereas
in others there are as many as a hundred.

At the same time that the geologist is examining the field he pro-
cures any information which may have been obtained by miners, pros-
pectors, well drillers, or others making excavations. Such informa-
~ tion ordinarily consists of records of wells, drill holes, and mine
shafts, mine maps, both exterior and interior, records of production
and use, etc., and is of great value in the proper classification of the
land.

This method may be apphed equally well to materials other than
coal if they occur in or in a definite relation to stratified beds, and
with modifications it may be and is adapted to less regular deposits
of metalliferous minerals. Its chief application, however, in actual
Survey practice is in the coal fields of the plains region, where the
recent and more accurate Land Office plats are available as bases.

RECONNAISSANCE SURVEY.

Reconnaissance surveys are ordinarily only preliminary and those
made for purposes of classification are intended to determine the
general distribution of the mineral deposits in areas which have not
been described by geologists or which may have been examined only -
casually or with some other problem in mind than that of dis-
covering minerals of economic value. If no reliable information is
at hand concerning an area containing public land, a geologist makes
a reconnaissance to determine the best method of work to be followed
if minerals are found.

The method of reconnaissance varies with the character of the
country to be examined. If the country is suitable for the use of the
plane-table method of surveying, the geologist uses that method. He
proceeds in the manner already described but on a smaller scale and
with less detail. If the country can be readily crossed and little accu-
racy is required, the geologist starts with an assistant and travels'by
buggy to the points to be examined. He determines his location from
traverses based on hand-compass readings to give direction and on
counted revolutions of the buggy wheel to give distance. These
traverses are tied to known points wherever possible, and the inter-
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mediate locations are adjusted from them. If the country can not be
crossed in a vehicle, the geologist goes on horseback or on foot and
determines direction as before and distance by counting the number
of paces taken by horse or man. This method gives considerable
_accuracy in location and provides an adequate basis for determining
the general mineral or nonmineral character of an area.

State or county maps furnish locations for the geologist on some
reconnaissance trips. - When working with such a map he starts
from a town, post office, or some point shown on the map and proceeds
toward some other point also shown. To obtain his location at inter-
mediate points he estimates distance and direction and records his
observations with regard to the estimated locations. - This method is
seldom used, because of its inaccuracy, and it is never used to procure
final data for land classification. It was found applicable to condi-
tions in one of the Western States where large areas were withdrawn
on the basis of a report that later proved to be erroneous. In this
State the general reconnaissance proved the area to contain no coal
of value; hence no careful examination was required.

PUBLIC-LAND SURVEYS.

Public-land surveys made by the General Land Office result in the
official township maps which are the basis of all land titles and to
which, therefore, all data on land classification must finally be ad-
justed. The system now in use was adopted in essentially its present
form in 1785. Under this system a certain initial point is first se-
lected through which a north-south line, called a principal meridian,
and an east-west line, called a base line, are run. At successive inter-
vals, usually 24 miles, north and south of the base line standard
parallels or correction lines are established parallel to the base, and
similarly at intervals east and west of the principal meridian guide
meridians are established. Because of the convergence of meridians
toward the poles these guide meridians are not parallel to the prin-
cipal meridian but approach it toward the north. In order to
correct this narrowing the guide meridians are offset at each stand-
ard parallel and started anew northward at their original dis-
tance apart. The quadrilateral thus defined is subdivided into
townships, each approximately 6 miles square, and each township in
turn is divided into 86 sections 1 mile square. Each section is fur-
ther subdivided into quarters, and each of these is held to contain
four 40-acre tracts, or quarter-quarters, the smallest commonly recog-
nized legal subdivision of ‘the public-land system. Appropriately
marked monuments are set at all township and section corners and at
the middle points of the side lines of sections, thus indicating the
limits of the quarter sections. Posts indicating the quarter-quarters
are not set, but this unit, and indeed in special cases smaller units of
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10-acre or even 2}-acre tracts, may be recognized in land classifica-
tion.

This general plan, where properly carried out, is simple and effec-
tive and has furnished a satisfactory basis for land records and titles
for more than a century and a quarter. Its execution, however, has
not in all localities been satisfactory. -For a great many years the
work was done by contract under State surveyors general, despite
the repeated and urgent requests of many Commissioners of the Gen-
eral Land Office for authority to do the work directly. In earlier
years the contracts were sometimes distributed as rewards for po-
litical services, and the inspections were not always of a character
to guard against the acceptance of inadequate surveys. Some of the
contracts were obtained by honest men who did their work well, but
others fell to inefficient or dishonest contractors who made poor sur-
veys or none at all, although they prepared township plats which,
were submitted under oath as to their accuracy and which were ac-
cepted. In the older fraudulent surveys of this type all sorts of
errors and omissions are encountered. In certain localities no monu-
ments can be found and there is every reason to believe that the lines
were never run. In other localities the work was done so carelessly
that the corner posts are found far from the proper locations. The
General Land Office, under the contract system, required that monu-
ments were to be made of stone wherever 1t could be procured, but
the use of wooden posts was permitted in other places. In some lo-
calities where advantage was taken of this permission the stakes set
were so small or so poorly fixed in position as to constitute merely a
nominal observance of the requirements, and many of the stakes thus
set have disappeared.

Within recent years the Land Office has adopted the plan of mark-
ing corners permanently by deep-set iron posts and has been au-
thorized by Congress to make surveys directly instead of by contract.
These modern surveys provide a highly satisfactory basis for land
titles, and some of the special surveys made on the Indian reserva-
tions by a combination of cadastral and topoorraphic methods are
models of complete and satisfactory base mapping.

For purposes of land classification it is imperative that the data
procured by the geologist shall be tied to the land net because his
classifications must be expressed in terms of the public-land surveys.
Furthermore, these identifications must be exact, because it may oc-
casionally be necessary to estimate values of the public lands in tracts
of 40 acres, 10 acres, or even 2} acres. It is obvious that in such cases
the land lines must have been accurately run and the corners suffi-
ciently.well established to permit undoubted identification. In a few
places classification has been impossible because the land lines could
not be found and the official surveys could therefore not be identified.



CLASSIFICATION OF MINERAL LANDS. 63
PREPARATION OF DATA FOR CLASSIFICATION.

The, geologist, on returning to the office from a field examina-
tion of land for the purpose of classification, informally presents to
the appropriate section of the board a general outline of his work,
the area covered, and the problems met. Thereupon the section de-
cides the particular form of map and report desired. The essential
factor in determining in just what form the data shall be submitted
is the requirement that all pertinent facts determined by the field
investigator shall be recorded and that the finished report shall be
as accurate as the field work in location and interpretation. The
importance of accuracy and completeness becomes apparent when it
is realized that the record once submitted must form the basis not
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Frcurp 1,—Township map showing classification and valuation of coal lands.

only for the classification of the land as mineral or nonmineral, a
classification which may affect the interests of a large number of
people, but also, in the case of coal land, for valuations aggregating
millions of dollars. As an example, a copy of a township classifica-
tion and valuation plat as transmitted to the General Land Office is
given in figure 1. In June, 1912, private individuals purchased from
the Government sec. 12 of this township, for which they paid the
classified price as shown, amounting to over a quarter of a million
dollars.

In general the data are compiled by the field geologist from his
original maps and notes in two forms. The first consists of a small-
scale map with an accompanying general report presenting the re-
sults of a study of the whole field. In this report the geologist dis-
cusses the stratigraphy and structure of the field as well as the oc-
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currence of economically important minerals. On the map accom-
panying this report most of the finer details are omitted and only
geologic formations and the outcrops of coal, phosphate, or oil sands
are shown. The general report on a field contains a description of
all that is known of the physical and chemical properties of the
minerals occurring in that field. This report then serves as a basis for
a set of general minutes, in which the appropriate seetion of the board
outlines the application of the regulations governing the classifica-
tion of lands containing those minerals to that particular field.
After the general report has been considered by the proper section
and the general minutes have been written, the field geologist pre-
pares the classification data and in the case of coal land makes the
valuation, under the immediate supervision and with the assistance
of some member of the coal section of the board. Later the record
is reviewed and passed on in detail by the entire section. Each 40-
acre tract, and sometimes even each 2}-acre tract, is considered indi-
vidually and all facts affecting its classification as mineral or non-
mineral are weighed. A report of the proceedings of the section for
each township is prepared, giving in detail the result of the classifi-
cation and the reasons therefor. This report becomes part of the
permanent records of the land-classification board. :

Detailed reports on each township examined, with accompanying
large-scale maps, constitute the second form of data. These are pre-
pared in addition to the general report for all areas on which the
smaller-scale map will not suffice for classification. On these large-
scale township maps every feature that is possible of cartographic
portrayal is represented—the outcrops, dips, and measured thick-
nesses of all coal or phosphate beds or oil sands, all mines, prospects,
or. lodes, the location of these features with respect to established
land lines, and, if essential, the topography of the surface. Each
map is supplemented by a description which gives the dates and
methods of field work, the condition of land surveys, the proximity
to railroads, and a discussion of the geology. In the valuation of
coal land all calculations by which the price per acre for each tract
has been derived are given in detail.

These reports and maps are all permanently mounted, arranged
in order of State, range, and township in loose-leaf locking binders,
and filed in fireproof steel cases. As new information is acquired,
from whatever source, with regard to the mineral character of any
township, it is added in its proper place in the binder. Such ‘in-
formation consists of reports from field agents of the General Land
Office, data obtained by members of the Geological Survey on subse-
quent examinations, affidavits of public-land claimants, and other
matter, The original field sheets and notebooks are likewise de-
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posited in the files of the land-classification board and are always
readily available for use. Card indexes are maintained covering
both sets of files.

! ,COAL LANDS.

PURPOSE OF CLASSIFICATION.

By act of March 3, 1873, Congress provided for the sale of coal

lands belonglng to the Umted States, specifying the conditions of
sale and the minimum prices. To carry out the act it is necessary
-to determine, first; what lands are coal lands (classification), and
second, at what price they shall be sold (valuation). To give uni-
formity to Executive action in this work certain rules have been
prepared by the Geological Survey and approved by the Secretary
of the Interior under the title “ Regulations for the classification
and valuation of coal lands.” These regulations provide exclusively
for the classification and valuation of coal lands and are not, to be
confused with the regulations providing for the disposition of coal
lands issued by the Land Office under the title “ Coal-land laws and
regulations thereunder.” It is the province of the Geological Sur-
vey to determine what lands are underlain by coal within the limits
set by the classification regulations, and to it has also been assigned
the work of valuing the lands classified as coal land. Classification
and valuation must follow three antecedent steps—(1) the adoption
of regulations formulating the principles and practice which are
to govern classification and valuation; (2) the field examination to
determine the presence, position, quality, and other features of the .
coal in the land; (8) the assembling of the field data in such form
as to facilitate the work of classification and valuation by making
possible the simultaneous consideration of all the facts. Finally,
classification and valuation involve a consideration of all the known
facts to determine what legal subdivisions of land are coal lands
under the regulations and at what price they shall be sold.
" Preliminary to the detailed consideration either in the field or
office of any area believed to contain valuable coals the lands
are withdrawn from entry under the authority of the act of June
25, 1910 (36 Stat., 847), as amended by the act of August 24, 1912
(37 Stat., 497). A typical coal-land withdrawal order is appended
with the accompanying letter of transmittal:

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, January 21, 1918.
The honorable the SECRETARY OF THE INTERIOR.
Sir: Information on file in the Survey indicates that the land listed below
contains valuable deposits of coal, and I therefore recommend the submission to

" 78894°—Bull. 537—13——5
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the President for appropriate action of the following order of withdrawal,
involving 1,600 acres. :
Very respectfully, Geo. Or1is SMITH,
' : Director.

~ JaNuAry 28, 1913.
Respectfully referred to the President with favorable recommendation.
' SAMUEL ADAMS,
Acting Secretary.
ORDER OF WITHDRAWAL.

Coal-land withdrawal—Montana No. 10.

Under and pursuant to the provisions of the act of Congress approved June
25, 1910 (36 Stat., 847), entitled “An act to authorize the President of the
United States to make withdrawals of public lands in certain cases,” as amended
by act of Congress approved August 24, 1912 (Public No. 316), and subject to
the provisions of the act of Congress approved June 22, 1910, entitled “An act
to provide for agricultural entries on coal lands,” as amended by the act of
" Congress approved April 30, 1912 (Public No. 141), it is hereby ordered that
the following-described lands be, and the same are hereby, withdrawn from
settlement, location, sale, or entry and reserved for classification with respect to
coal values:

. Montana meridian.

T.3 N, R. 3 E,, sec. 25, NE. 1, 8%;

sec. 26, SE. };
see. 35, E. 3;
sec. 36, all.
WM. H. TAFT,
President.

JANUARY 29, 1913.
METHODS OF CLASSIFICATION.
PRINCIPLES INVOLVED.

In preparing the regulations for classification three principles are
paramount: (1) The regulations must be based on demonstrated
facts or on well-founded and generally accepted inferences; (2) they
must be based on all the stable, permanent factors involved; (3)
they must be as definite yet withal as simple as possible. Ideally the
regulations should be so simple that anyone at all acquainted with
the subject could correctly apply them, and they should be so definite
as to admit of little or no disagreement in interpretation. Neither
cf these ideal requirements can be realized.

The workability of coal at a given point to-day depends on factors
of two types. Those of the first type—such as quality, thickness,
and depth—are intrinsic; those of the second type—such as rail-
road transportation and markets—are extrinsic. To-day the extrin-
sic factors may determine absolutely the commercial workability of -
a bed of coal at any locality. A coal bed 75 miles from a railroad
and 50 miles from the nearest town, no matter how valuable it may
be some day, has to-day a value that is purely prospective, depend-
ing on an unknown factor—the time when transportation shall
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reach it. A new railroad may “make” a coal-mining district by
opening new markets or may “break ” it by bringing in competition
that it can not meet. To be stable, therefore, the regulations must
be based directly on the intrinsic factors involved. Tracts classified
as noncoal land are disposed of as such without further question as
to their content of coal. Classification should therefore anticipate
and assume the ultimate coming of conditions favorable for mining
and marketing any coal if the coal is otherwise workable.

If an 18-inch coal of a certain grade occurring under certain con-
ditions is workable in Missouri to-day, hundreds of thousands of
tons being mined yearly, it would appear to be a reasonable assump-
tion that a coal of like thickness and quality occurring under similar
conditions elsewhere will be workable some day and should there-
fore be classed as a workable coal; especially does this assump-
tion appear reasonable when it is considered that everywhere the
tendency is to extend the limits of workability. Coal mining.
has nearly always been conducted on a very close margin. In any
new field—and most of the coal fields of the West to-day are
new—only the most accessible, thickest, and best of the coal beds
can be worked at a profit. Twenty years hence the most accessible
coal will have been largely mined out and mining will be done on
coal that is a little less accessible and that costs a little more to
mine and that necessarily will sell at a little higher price. This
bigher price will permit the mining of other coal—a little thinner
and a little poorer—which could not be mined profitably to-day, and
the process will continue until all coal within minable limits is ex-
hausted. The regulations attempt to define what these minable limits
are, not in view of the conditions that may exist as the coal supply
approaches absolute exhaustion, but in view of actual practice to-
day under favorable conditions of transportation and of market.

FACTORS INVOLVED.

ESSENTIALS OF WORKABILITY,

The workability of any coal will ultimately be determined by two
offsetting-factors—(1) its character and heat-giving quality, whence
.comes its value, and (2) its accessibility, quantity, thickness, depth,
and other conditions that affect the cost of its extraction. It must
be considered a workable coal if its value, as determined by its char-
acter and heat-giving quality, exceeds the cost of extraction, either
as judged by actual experience at the point where it is found or as
judged by actual experience on similar coals similarly situated else-
where. There are no absolute limits to any of the factors. The min-
ing of 1 inch of coal that may involve the mining of 8 feet of rock is
physically possible but would not pay. Most unworkable coal beds
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lack one or more of three things—quality, thickness, accessibility—
that is, they are too poor, too thin, or too deep.  Other things—such
as poor roof, gas, water, faults, pitch, and lack of timber-—may
render mining difficult and temporarily unprofitable, but most or all
of them are subject to engineering control. They may depreciate
the value of the coal and defer its mlmng but may not make it
unworkable.

QUALITY,

Coal is essentially a fuel. The heat afforded by burning coal is
derived mainly from its carbon and the hydrogen that is free to
burn. Associated with these are oxygen, nitrogen, water, and ash.
A pound of the best coal, which contains about 90 per cent of carbon
and “available ” hydrogen and 10 per cent of the other ingredients,
will yield from 14,000 to 15,500 British thermal units. A British
thermal unit (“B. t. u.”) is the amount of heat required to raise the
temperature of 1 pound of water 1° F. under certain standard condi-
tions. Poorer coals contain larger percentages of noncombustible
constituents and correspondingly less carbon and available hydrogen,
and their heating value (in British thermal units or other units of
measurement) is reduced in much the same ratio. On analysis some
coals show a content of all impurities that is in excess of the average;
others show an excess of ash or water only; but whether the increase
is in ash or water, or both, its effect is to decrease the heating value
of the coal as expressed in B. t. u. Instead, therefore, of specifying
the maximum quantity of ash or water allowable in a commercial or
salable coal the regulations fix a minimum value in B. t. u. which will
cover either one or any combination of these two or any other impuri-
ties. The limit of allowable impurity in a salable coal is affected by
the facts that very wet coals may be improved by air drying and that
coals which are very high in ash may usually be improved by washing
or may, perhaps, be used in a producer-gas plant. The possibility that
improvements may be devised in the utilization of coal—such as its
entire utilization at the mine for producing electric power—makes the
determination of the powest limit of usable quality of coal diffi-
cult and very uncertain. Again, in a study of the B. t. u. value
of low-grade coals that are now worked, difficulty is encountered in
the fact that many of the earlier samples taken were weathered coal.
On account of the possible improvement of the quality of the coal
by drying or by washing, the lowest limit of usable quality is fixed
by analysis of an air-dried sample, and if the coal as obtained in the
mine contains a very high percentage of ash the possibility of its
being washed is considered. -Analyses of samples of coal cut in the
mine from unweathered coal, according to the practice of the Geo-
logical Survey and the Bureau of Mines, indicate that any coal mined
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commercially in the United States to-day will yield, after being
washed or air dried, at least 8,000 B. t. u. This figure has therefore
been fixed as the minimum B. t. u. value of any coal that shall be con-
sidered workable. In practice the washed product of any coal sub-
ject to washing must have: at least 50 per cent of the weight of the
unwashed coal. The washability of any coal is determined on a
sample of one-quarter inch size by a float and sink test, the liquid
used having a specific gravity of 1.5. Even if its workability is thus
indicated in the laboratory it can not be considered workable unless
there is sufficient water in the field for washing it.

THICKNESS.

More coal is unworkable because it is too thin than for any other
reason. The result of a study of the relative cost of mining in
relation to the thickness of beds is given on pages 83-86.

For the purpose of classification a careful study was made of the
thicknesses of coals that are actually mined in a large commercial
way. Many of the facts disclosed by this study have been published.*
By platting these with reference to the B. t. u. content of the coal it
became evident that in actual practice coals yielding 10,000 B. t. u. are
worked with profit down to a thickness of 18 or 19 inches, that coals
vielding 12,000 B. t. u. are worked down to 14 or 15 inches, and that
better coals are mined from beds still thinner. Some coals of the quali-
ties mentioned are mined from beds that are thinner than those noted
above, but under very exceptional conditions. In considering the low-
grade coals three special factors must be noted: (1) Most of them
occur in rocks of more recent age than the others, which have been
less affected by mountain-making forces and are therefore less indu-
rated. On this account it is thought that future extensive mining
may show the frequent necessity of leaving some of the coal for

- roof and of leaving larger pillars. (2) Owing to the air-drying loss
in very wet coals they are likely to shrink considerably before they
are marketed. (3) If the low B. t. u. value of these coals is due to
their high content of ash an allowance should be made for loss in
washing. For these reasons the minimum thickness for beds of the
low-grade coals is set much higher in proportion to B. t. u. value than
for beds of coals of higher grade.

The minimum minable thickness of bed is fixed at 14 inches for all
coals having more than 12,000 B. t. u. For coals having less than
12,000 B. t. u. the minimum minable thickness increases at the rate
of one-tenth inch for each decrease of 100 B. t. u. down to 11,000,
then at the rate of one-tenth inch for each 50 B. t. u. down to 10,500,
then at the rate of one-tenth inch for each 25 B. t. u. from 10,500

1 Fisher, C. A,, Depth and minimum thickness of coal beds as limiting factors in valua-
tion of coal lands: Bull. U. 8. Geol. Survey No. 424, 1910, pp. 56-62.
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down to 10,000. The increase for coals yielding less than 10,000
B t. u. is at the rate of one-tenth inch for each decrease of 10 B. t. u.
in the coal. The following table gives the thicknesses for B. t. u. of
even five hundreds:

Minimum thicknesses for even five hundreds B. t. u.

B.t.u. |Inches.|| B.t.u. |Inches.|| B.t.u. |[Inches.

15,000 14 12,500 | 14 10,000 18
14,500 14 12,000 | 14 9,500 23
14,000 14 1,500 | 143 9,000 28
13,500 14 1,000 | 15 8,500 33
13,000 14 10,500 | 16 8,000 38

An important question that frequently arises is, What value, in
relation to thickness, shall be given to split or broken beds? The
general practice of the United States Geological Survey in classifying
coals has been to give a split bed the value of an unbroken bed with
which it can fairly be compared. It is evident that a solid 3-foot bed
is worth more than two 18-inch benches separated by 6 inches of clay
or shale. After careful study the Survey adopted the simple expedi-
ent of prescribing that any parting or bench of bone or impure coal
included in a bed injured the value of the coal of the bed in amount
equal to the thickness of the parting. Thus the split bed just cited,
with its 6-inch parting, is regarded as equivalent to a solid bed 30
inches thick (86 inches of coal minus 6 inches of parting equals 30
inches). If the benches on either side of the parting are not of the
same thickness the thickness of the parting is deducted from the
thickness of the thinner bench. It is not necessary to consider the
whole thickness of a coal bed. It is the practice of the Survey to
start with the best bench, if in itself not of workable thickness, and
to add the thickness of the next bench above or below after deducting
the thickness of the intermediate parting. If the whole bed thus
included is still not of workable thickness and more benches exist
above or below, the thickness of these benches is added, after sub-
tracting the thickness of the parting between them and the principal
bench. If a parting is thicker than the thinner adjoining coal
bench, that bench is considered as having no value. This practice is
best illustrated by a group of concrete examples. (See fig. 2.)

As a matter of practice two coal layers, each workable, are
treated as parts of a single bed if the two layers both exceed in thick-
ness the parting between them and the parting does not exceed 33
feet. In general two layers of coal are treated as two beds if the
parting between them exceeds either one in thlckness, and their work-
ability is determined on that basis.
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The criteria given in the preceding paragraphs are intended to
determine the workability or nonworkability of a coal measured at
~ any given point. The most difficult problem in classification is the
determination. of the probable limits of workability of an irregular
coal. Coal occurs in beds ranging in thickness from a fraction of
an inch to 100 feet or more and in areal extent from a few square feet
to thousands of square miles. Some beds maintain a nearly uniform
thickness over hundreds of square miles. Others may be traced at
the same geologic horizon over hundreds or thousands of square
miles but vary greatly in thickness, ranging from a few inches to
several feet or back again within a quarter of a mile. Every grade of
regularity or irregularity between these extremes is found, and it is
possible to determine the “ habit ” of some beds as regards regularity.

The simplest problem is that in which two unequal measurements
on a single bed, taken at different places, are available. All such
beds are assumed to grade uniformly in thickness from the thicker
measurement to or through the thinner measurement, and a limit
to the workable coal is thus fixed that, while it may or may not agree
with the unknown facts, is the most probable limit. In general, a coal
bed that can be traced continuously along the face of a cliff, as can
many beds in the West, has usually been assumed to extend under
- the land back from the cliff at least one-half the length of the cliff
outcrop, the lens or bed having the shape of a half-circle, the length

of the cliff outcrop being the diameter of the circle. Obviously, if, -

the outcrop runs along the cliff for many miles, the extension of the
coal back from the outcrop may be modified by many other factors,
such as limit of depth, or outcrop on the opposite side of the hill.
If the bed outcrops along the cliff with irregular thickness, only a
moderate extension of the bed behind the cliff is assumed, the esti-
mate being based on the character of the irregularities shown by
measurements made along the cliff, or by a general knowledge of the
extent of the lenses of that particular coal or of coals of that group,
and depending on the general “habit” of the bed, if known, and
also taking into account all local features. If the exposed outcrop
does not extend in a straight line, but, as is more common, runs in
and out of ravines, careful note is made of the thickening or thin-
ning of the coal between one point of measurement and another in
order to detect, if possible, any general tendency of the bed to thicken
or thin in any direction, and all these measurements and tendencies
are taken into account in determining the probable extent of the
lens in any direction.

Many beds studied are known to be of less than workable thick-"
ness in larger or smaller part, and any measurement showing a work-
able thickness on such a bed must usually be considered as a meas-
ure taken at the center of a small lens of workable coal. A discovery
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or measurement of a coal bed by a well, or by drilling, will have the
same value as an isolated measurement on the outcrop. The content
and shape to be assigned to any lens must depend on conditions and
are largely matters of judgment, and such assignments or determi-
nations especially require a wide knowledge of coals and of the par-
ticular group of coals to which the bed under consideration may
belong. To insure uniformity in treating the thousands of ques-
tions of this kind that may arise—for nearly every field involves
some, and many fields involve a great number—the Geological Sur-
vey has gradually established a series of precedents, and in every
question the attempt is made to reach conclusions by means of mathe-
matical calculation. The limits of this bulletin will not allow the
consideration of these methods here.

DEPTH.

Some of the facts about the deep mining of coal in this éountry
and abroad have been presented and discussed in an earlier bulletin
of the Survey.! Not many years ago it was the common opinion
and practice in parts of the West to consider as coal land only land
on which coal actually cropped out, and requests are still occasionally
sent to the Geological Survey asking thé reclassification of certain
land that had been previously classified as coal land, the writers
contending, and supporting their contention by abundant affidavits,
that the land is noncoal, because no coal shows at the surface and
none has been found on it in wells. If such land should be consid-
ered noncoal land, however, most of the coal now mined in Illinois,
Indiana, western Kentucky, Michigan, Kansas, and some other States
comes from noncoal land, for most of the mines in those States are
on lands where the coal mined does not crop out but is reached by
shafts. The actual outcrop of most of the coal mined in these States
is from 5 to 75 miles away from the shafts.

Two questions are here involved: (1) How deep can coal be mined ¢
(2) Can all coals be mined to the same depth? Coal is now being
mined to a depth of practically 4,000 feet (3,937 feet), and many
shafts in England, Belgium, France, and Germany go deeper than
8,000 feet. Moreover, a consideration of the still greater depths to
which substances other than coal are being successfully mined and
a study of the deepest coal mines have convinced many of the best
engineers of England and Europe that coal mining will be extended
to 5,000 feet.2 The fact .also that some of the largest coal com-
panies of this country have purchased as coal land certain tracts
under which the coal is believed to lie at depths of 5,000 to 6,000 feet

1 Fisher, C. A., Depth and minimum thickness of beds as limiting factors in valuation
of coal lands: Bull. U. 8. Geol. Survey No. 424, 1910, pp. 48 et seq.
3Idem, p. 51.
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shows that some American engineers believe ‘that coal mining will
be carried to those depths.

Although, without regard to profit, there may be a physical limit
to the depth that coal can ultimately be mined, in general the depth
of mining must be determined by its cost. Given a steady market
the depth to which coal can be mined is a question that involves
diminishing profits; every added foot of depth adds to the time re-
quired to lift the coal, thus reducing the possible output of the mine,
to the cost of the lift, to the initial capital required and the interest on
that capital, to the size of pillars, and to other factors. Where coal is
mined at a certain depth with a narrow margin of profit, obviously
mining at a much greater depth will extinguish that margin and ren-
der that coal unworkable until markets are better. Of two coals at
the same depth, of the same thickness, and in other ways equal but
of different quality, one, the better coal, may yield a profit and the
other may not. A similar inequality of profit may exist between two
coals of the same quality but of different thickness. The thicker
coal, which can be mined at a less cost, may be minable at a profit,
while the thinner may not. In brief, the depth to which any coal
can be worked depends, on the one hand, on its quality, which de-
termines the profits where the cost of working is the same, and, on
the other hand, on the cost of mining, which, omitting differences
due to depth, is in general proportional to the thickness of the coal.
Therefore, given a certain grade of coal which sells on the market
at a certain price the profit will be in inverse ratio to the cost of
mining, and hence, other things being equal, the depth to which that
coal can be mined will differ for different thicknesses of coal and is
assumed to vary in direct proportion to the value of the coal as com-
puted from the cost of mining.

The depth to which any coal can be mined is therefore assumed to
be directly proportional to the B. t. u. value of the coal and inversely
proportional to the cost of mining for different thicknesses. Thus
below the adopted minimum depth of 500 feet, a 10,000 B. t. u. coal
can be mined to only two-thirds the depth of a 15,000 B. t. u. coal,
and an 8,000 B. t. u. coal to two-thirds the depth of a 12,000 B. t. u.
coal of the same thickness. If 5,000 feet is assumed as the maximum
possible depth at which any coal can be mined, it is also assumed to
apply only to coal of the highest grade and to the thickness costing
the least to mine—in other words, to a 15,000 B. t. u. coal 6 feet or
more thick. By this assumption a 6-foot coal of 12,000 B. t. u. is
considered as workable to only 4,000 feet or a 6-foot coal of 10,000
B. t. u. to only 3,333 feet.

Elsewhere in this bulletin it is pointed out that the cost of mining
a ton of coal is much higher for thin beds than for thick beds. There
is no great difference in the cost of mining coals between 6 and 10
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feet thick, but, especially in the West, the cost of mining coals less
than 6 feet thick increases as the thickness decreases. It has there-
fore been assumed that a coal of the minimum thickness for its grade
is workable to a depth of not more than 500 feet; that a coal 6 feet
or more thick is workable to a depth of 100 feet for each 300 B. t. u. it
contains; and that a coal between its minimum thickness and 6 feet is
workable to a depth between 500 feet and the maximum depth limit
for that coal proportional to the thickness above the minimum.
Thus, a 12,000 B. t. u. coal 6 feet or more thick has a maximum depth
limit of 4,000 feet and an assumed minimum thickness of 14 inches;
2 bed of 12,000 B. t. u. coal 4 feet thick is workable to a depth deter-
mined by the rule above given as follows: 72—14:48—14::4,000—
500:2; =2,050, which added to 500, the depth limit for a bed of the
minimum thickness, gives 2,550 as the depth limit for the bed ‘under
consideration. A

The accompanying chart (fig. 3) is copied from part of a large-
scale diagram used by the Geological Survey in classifying coal land.
It is arranged to show the depth limit fixed for a coal of any B. t. u.
value of any thickness under 6 feet.

For convenience the readings for the even feet and for the even
thousand B. t. u. are given in the following table:

Limibs of minable depth of coal of warious thicknesses and various heating
values in B. t. u.

British thermal units................ 15,000 | 14,000 | 13,000 | 12,000 | 11,000 | 10,000 | 9,000 | 8,000

Thxckness, in feet:
1%

811 764 | 751|665 | 500 )........|l.......
1,160 | 1,100 | 1,000 | 825 |..ilTillilil
1,950 | 1,830 | 1,665 1,440 950°( .. 10
2,740 | 2,550 | 2,340 | 2,075| 1,650 | 1,140
3,540 | 3,270 | 3,000 | 2,700 2,330 | 1.920
4,330 [ 4,000 | 3,660 | 3,330 [ 3,000 | 2,660

. In general the limit of depth at which a coal bed may be profitably
mined depends entirely upon the thickness of the bed and the quality
of the coal. If, however, a thin but workable bed that lies below
its ordinary minable depth is overlain by a thicker bed that lies
within its own minable depth, the lower thin bed may, perhaps, be
profitably worked by extending downward the shaft sunk to the
higher, thicker coal, whereas the thinner bed could not have been
profitably mined alone. A single shaft may also give access to all
the coals of a group, and, though the cost of raising all the coal will
be the same as if the coal were taken from a single bed, the cost of
the shaft and the interest on that cost will be borne by the proceeds of
a larger product. In some-places the whole cost of a shaft may be
borne by the coal of a thick bed that underlies several thinner beds
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or that lies in the middle of a group of thinner beds. Tt is clear
that no two shafts that penetrate groups of coal beds will present
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FicUrRe 3.—Diagram showing depth limits of coals of different B. t. u. and of different
thicknesses under 6 feet.

similar conditions. The coals of such groups will vary in number
from two to twenty or more and may be included in an interval
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of 50 to 500 feet or more. Every case involving such conditions
must be considered on its merits, and here again the Geological
Survey has found it necessary to establish a series of general prece-
dents in order to make its treatment of such cases reasonably
uniform. In some places it has been found possible to treat a
group of coal beds as if they were all gathered at a “center of
weight ”—that is, at a point determined by multiplying the com-
puted thickness of each bed by its depth from the surface and
dividing the sum of the products by the sum of the compensated
thicknesses, the thicknesses of the various beds being reduced for
partings in the manner already described.

The determination of the limit in depth at which a coal bed can
be mined may be complicated by the fact that in a region of very
rugged topography the coal gets below minable limit in passing
under someé high ridge or peak but is within the minable limit under
a valley on the other side. Again, in some places the coal outcrops
near the foot of a great cliff, such as commonly flanks a high plateau
in the West, and it goes below minable depth within a short distance
from its outcrop. In order to cover all the different occurrences of
this kind the regulations provide that tracts underlain by horizontal
beds of coal that lie at depths below the minable limit may under cer-
tain conditions be classified as coal land. Horizontal beds of coal may
be mined to a distance back from their outcrop equal to 10 times the
depth limit for codl of that particular grade and thickness. It is evi-
dent that, to be commercially minable at a certain depth, a coal bed
must be minable for a reasonable distance from the foot of a shaft
sunk to it, in order to pay the cost of the shaft. It is also evident
that if it is profitable to sink a shaft to the depth limit for a given
coal and then mine out horizontally by drift a certain distance from
the foot of the shaft, it would be profitable to mine farther from the
foot of the shaft if it were not so deep. The relative values involved
in shaft and drift can be easily calculated if unit values are fixed
for the horizontal and vertical components. For purposes of classi-
fication and valuation it has been assumed that 1 foot of vertical shaft
in rock involves as much expense in its construction and maintenance
and in the removal of the coal as 7.5 feet of horizontal drift in coal.
For this reason the horizontal distance to which the drift can be
carried will be no more than the prescribed limit for mining from
the outcrop (in this case set at 10 times the vertical limit) minus
7.5 times the depth of the shaft. Thus if the minable depth of a cer-
tain coal bed is 2,000 feet, but that bed is horizontal and crops out
in a cliff, the area underlain by it is classified as coal land for a dis-
tance of 10 times 2,000, or 20,000 feet, back from the outcrop. If the
bed is horizontal but lies at a depth of 700 feet, it is assumed that the
coal can be mined back 20,000 minus (700X7.5) =14,750 feet from the
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foot of a shaft of -that depth, even if, away from the foot of the
shaft, the coal is more than 2,000 feet below the surface. If the
shaft is 1,200 feet deep the coal can be mined back 20,000 minus
(1,200 7.5) =11,000 feet. If the coal is at the depth limit at the
foot of the shaft it can be mined back 20,000 minus (2,000X7.5)=
5,000 feet, or approximately 1 mile in any direction.

OLASSIFICATION BY 40-ACRE TRACTS OR LOTS.

In ordinary practice coal land is disposed of by parcels composed
of “smallest legal subdivisions,” which are ordinarily quarter-quarter
sections, or 40 acres, except along the north and west sides of town-
ships and in areas bordering meandered rivers or lakes, where the
tracts are usually irregular in size and shape and are called lots.

The price of a tract that is wholly underlain by coal is the price
per acre multiplied by the number of acres. The price of a tract
that is only in part underlain by coal is the price of the coal per acre
multiplied by the number of acres it underlies. To obtain the sale
price per acre of the 40-acre tract or lot, the amount obtained by the
above computation is divided by 40 or by a figure representing the
actual acreage, but no land must be appraised at a price below the
minimum fixed by law. Thus if 24 acres of a 40-acre tract is under-
lain by coal valued at $50 an acre the price of the “ forty ” is 24 times
$50=%1,200, or $30 an acre ($1,200-40=%$30). The value of the coal
in some lands, however, is so small that to charge even the mfinimum
price for them would make the price of the coal abnormally high. For
example, to take an actual case: Five acres of a 40-acre tract is under-
lain by coal 2 feet thick, the total value of which under the regulations
1s about $100. The tract is within 15 miles of a railroad, and there-
fore if it 1s all sold as coal land it- must be sold at the rate of $20 an
acre—that is, the whole tract must be sold for $800. The coal land
in the forty is therefore segregated from the agricultural land, the line
of division following the 10 or 24 acre subdivision. The two por-
tions of the forty thus segregated are treated as separate lots. The 5
acres of coal land is.sold for $100, its value, and the noncoal tract is
subject to disposal as nonmineral land. Such a division of the forty
into two lots, one coal and the other noncoal, is made only along the
outcrop of the coal and only within so short a distance from known
corners that, little doubt can arise as to the exact position of the

outerop. 4
OUTCROP COAL AND BURNED COAL. >

In coal-mining practice it has been found that the coal along the
outcrop and for a distance back of it ranging from 30 to 100 feet or
more, the distance depending on the amount of cover, is more or less
influenced by weathering, which materially decreases its value. Diffi-
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culty due to the thin and weak roof is also encountered in mining on
the outcrop. If only a thin edge or corner of coal extends intoa forty
it may be neglected, as it will give the tract no value as coal land. If
the coal outcrops in bluffs or steep hillsides or has a high dip weath-
ering may be neglected.. If the coal outcrops at the top of a mesa or
on the face of a long, gentle slope an allowance is made for thinness
of cover. The possibility of mining outcrop coal by stripping with
steam shovel or otherwise is generally considered, as such a method of
coal mining has in many places proved highly successful.

In many areas of the West the coal beds have been burned along
the outcrop. In some places one or more or all of the beds have been
burned not only along an outcrop over a whole field but under the
flat tops of mesas where the coal is close to the surface. In a few
places mining has shown that this burning extends back 1,000 feet
or more and lies many hundred feet under cover. In general, how-
ever, the coal does not appear to have burned back more than a

. few rods. All places where coal has been burned are indicated on
the field maps. In classifying the land in these places the edge of
the coal is fixed along a line drawn back of the outerop, only slightly
back of it where the line crosses ravines, but to a considerable dis-
tance back of it where it crosses projecting divides, especially if the
coal is under light cover.

. METHODS OF VALUATION.!
COST OF COAL IN THE GROUND.

The total cost of coal in the ground consists of the original pur-
chase price, interest on investment, amortization charges, taxes, and,
if the coal is leased, the cost of inspection and of collecting royalties.
The following table shows the amortization and ultimate cost of coal
in the ground pér dollar of investment for periods ranging from 20
to 40 years, at 5 and 6 per cent interest.

Ultimate cost of coal per dollar of purchase price.

Totag cltl>st
Annual per dollar
. Annual " Total | of purchase
Amortization period in years. iﬁ&ﬁ%;’é iﬁa;&atl taxes at "’Z’mf)g annual | priceat
* |1 percent. charge. cost. end of
ge. amortiza-
tion period.
Per cent.
2 5 $0.05 $0.01 | $0.03 $0.09 $1.80
....................................... p o " oL 07 - 057 et
30 5 .05 .01 .015 .075 2.25
....................................... 8 ‘o ‘oL 10195 "oTs 55
40 { 5 .05 .01 .008 . 068 2.88
s A 0 h “008 "o 704

1 For a more detailed account of the principles of valuation of public coal land see
Survey Bulletin 424, on the valuation of public coal lands.
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It is generally agreed that the price paid for coal in the ground
should be recovered by the investor during the early years of the
mining, when the cost is lowest. Otherwise it must be recovered
when the inevitable increase in the cost of working the mine has re-
duced the profits and the business has reached a condition that is the
bane of the eastern coal-mining industry to-day. The initial invest-
ment should invariably be refunded within the first 20 years of the
life of the mine. The above table shows that if the mine is opened
and operated immediately and continuously after purchase the total
cost of the coal in the ground will be about two dollars for each
dollar of the purchase price. The value of coal in the ground at
the time of its extraction is measured by the current royalty rate in
the region where the coal is situated. Its value at the time the mine
is opened is, then, approximately one-half the royalty rate, as has
been indicated. Were it possible to know in advance the exact num-
ber of tons that would be recovered from any acre of land, the value
of -that acre at the beginning of mining would be one-half the .
royalty rate per ton multiplied by the tonnage recovered. If the
royalty rate 1s 10 cents a ton, the value of coal per ton in the ground
when a mine is opened is at least 5 cents. To insure profit and safety,
however, the purchaser of coal land, as a rule, in buying demands a
margin on the estimated tonnage value (1) as a consideration for
the risk of the investment, (2) to offset possible delays in the mining
of the coal, and (8) as a contingent against an overestimate of the
recoverable tonnage. If this margin is fixed at one-half the esti-
mated value, the coal should have a sale value of 2} cents a ton if
the royalty is 10 cents a ton. Royalties on bituminous coals in the

_United States range from about 8 to the equivalent of 35 cents a ton.
A comparison of royalties paid in the United States, some of which
are given in Survey Bulletin 424 (p. 10) shows that 10 cents a ton
is not far from the average royalty paid under private leases—some-
what less in the East, somewhat more in the West. Therefore 23
cents a ton is a fair sale price for unmined coal that is to be mined
immediately, where 10 cents a ton is the prevailing royalty. As a
matter of fact, where the character and tonnage of the coal are well
known to both buyer and seller prices often range from one-quarter
the royalty rate almost or quite to the royalty rate. For example,
the Pittsburgh coal, in southwestern Pennsylvania, is worked to a
thickness of about 7 feet. On an estimate of 1,200 tons recovery per
acre-foot this bed should yield 8400 tons an acre; yet it is reported
that 99 separate transfers were made in Westmoreland County be-
tween 1901 and 1910 at <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>