PHOSPHATES,

PHOSPHATE DEPOSITS IN THE WESTERN UNITED STATES,

By F. B. 'WEEKS.

"INTRODUCTION.

The field work on the western phosphate deposits in 1907 occu-
pied about six weeks in August and September. It has been con-
sidered advisable that a brief statement of progress be prepared for
publication, to be followed later by a detailed report to be published
as a separate bulletin. The present report will, therefore, be limited
to a general description of the field developments in 1907 and the
various conditions which affect the industry.

THE PHOSPHATE SERIES.
GENERAL CHARACTERISTICS.

‘The phosphate-bearing series ranges from 60 to over 100 feet in
thickness. The main phosphate bed, which is the one of commercial
importance under present comditions, usually occurs at the base of
the series and is from 5 to 6 feet thick. It is almost entirely oolitic in
structure, the small, black, well-rounded grains being readily dis-
tinguishable in the hand specimen. There is very little matrix ma-

‘terial, and it effervesces slightly with hydrochloric acid. The lower

part of the bed is hard and blocky; its upper part is softer and more
shaly. The material has a bituminous odor which in early days was
taken to indicate the presence of oil or coal, and considerable pros-
pecting was done to find these materials. This bed averages high
in its content of P,0; and the whole bed is mined and shipped.
Above the main phosphate bed there are alternating layers of
phosphate, limestone, and shale. Some of the phosphatic beds, a
few inches thick, show a high percentage of P,0,, but they can not

@ For a preliminary paper on these deposits, including considerable general information
in regard to them, see Bull, U. 8. Geol. Survey No. 315, 1907, pp. 449-462.
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be mined separately, and at present there is no practicable method
of separating the valuable material from the waste. In the upper
and middle portions of .the series there are also large lime nodules
associated with shaly material. The upper part of the phosphate
series is shaly in structure and contains a much larger proportion of
impurities. ) : ' ' '

The general character of the series is very persistent, and, as a rule,
the rocks are easily recognized where exposed. A prominent excep-
‘tion occurs at the Hot Springs locality, in Idaho, on the eastern side
and near the north end of Bear Lake. Here a considerable part of
the lower portion of the series has become so completely silicified
and the beds have been so displaced by faulting that it is difficult to
recognize their original character.

GEOGRAPHICAL DISTRIBUTION.

The phosphate series has been found in nearly every mountain
range from central Utah to eastern-central Idaho and in western
Wyoming. The beds are in many localities tilted at high angles, and
the area of outcrop is then correspondingly small. Where the dip is
low the series usually forms a considerable portion of a mountain
slope and is covered by soil.

UTAH.

A few miles northeast of Thistle Junction, Utah County, Utah, a
bed of phosphate 12 to 18 inches thick has been found. In the vicin-
ity of Midway, on the east side of the Wasatch Range, and in one
of the canyons east of Salt Lake City, a bed of about the same thick-
ness and character occurs. These beds are not commercially valua-
ble. The phosphate series, having a thickness of 60 to 90 feet, is
exposed in Weber Canyon, and the side gulches from 1} to 3 miles
west of Devils Slide station, on the Union Pacific Railroad. Irom
this point northward the beds become of economic importance, their
present value depending on their accessibility. "The next known
locality toward the north is about 16 miles west of Woodruff. The
series is extensively exposed on the western slopes of the Crawford
Mountains, along the Utah-Wyoming boundary. During the last
year a new discovery has been reported in the high ridge east of
Bear Lake about 10 miles northeast of Laketown.

WYOMING.

The northern extension of the phosphate beds exposed in the Craw-
ford Mountains has been found in the low isolated hills 3 miles west
of Sage, Wyo. The series also occurs several miles northeast of this
railroad station along the slopes of Rock Creek. Two miles east of
Cokeville the beds are exposed on the north side of Smith Fork and
they follow the trend of the Sublette Range northward for a distance
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of 25 miles. To the north the extension of the same belt lies on both
sides of the Salt River valley

IDAHO.

In Idaho the most southerly outcrop of the phosphate beds occurs
near the Hot Springs, on the eastern side of Bear Lake near its north
end. The beds are extensively exposed in the Preuss Range east of
Montpelier, and follow the trend of this range northward until they
pass beneath the lavas of the Snake River plain. Reports have been
received that the beds occur on the western slope of the Bear River
Range in the vicinity of Paris.

GEOLOGIC OCCURRENCE.

<o

The general character and sequence of the Paleozoic sealmenmry
strata of this region are given in the following section:

Section of Paleozoic strata in southeastm n Idaho, southwestern Wyoming J, and
northeastern Utah.
Carboniferous:
Mostly light-colored hmestones phosphate beds near base.
Series of red, white, and green quartzites and sandstones.
Massive blue and gray limestones.
Devonian : : .
Limestone, where present. o
Silurian :
Thin-bedded limestone, where present.
Ordovician :
White and green quartzites.
Light-colored, generally thlck-bedded limestone.
Cambrian :
Thin-bedded blue and gray limestone.
Quartzites, mainly white in some areas, purple in others.

The phosphate series, as shown in the above section, occurs in the
lower part of the upper division of the Carboniferous strata. The
underlying sandstones and quartzites are usually exposed and the
phosphate series lies approximately 200 to 400 feet above it. The
lithologic character of the series renders it very susceptible to erosion
and its outcrop is usually concealed by soil or slide material. A care-
ful study of the overlying and underlying strata and the occurrence
of phosphate float will generally indicate the position of the phos-
phate beds.-

DEVELOPMENTS IN 1907.

"At the time the previous report was prepared, about the'close of
the year 1906, an average of 2 carloads of phosphage per day was
shipped from Montpelier, Idaho, by the San Francisco Chemical
Company. It was found that the margin of profit after paying the
freight charges was too small to warrant the continuation of opera-
tions and the work was discontinued. The period of shipments
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extended from September, 1906, to March, 1907. It is doubtful if
there is another locality where mining and transportation can be
carried on at less cost than at Montpelier. The result indicates
that the successful exploitation of the phosphate deposits depends
in large measure on the cost of transportation from the.field to the
consumer. The operations of the Bradley Brothers near Sage and
of the Union Phosphate Company near Cokeville, \Vyo corroborate
the above statement.

Development during the summer of 1907 was for the most part
limited to the annual assessment work. In the greater number of
localities this consisted of digging shallow trenches to expose the
phosphate series where covered. Considerable work was done in the
Crawford Mountains for the purpose of securing a patent to the
ground. In the Preuss Range in Idaho the phosphate field was
shown to extend northward to Blackfoot River.

CONDITIONS AFFECTING THE INDUSTRY.

In considering the question of the commercial value of the western
phosphate beds three important factors should be borne in mind— (1)
other sources of supply that will be brought into competition, (2) the
local and physical conditions which determine' the cost of production,
and (3) markets. ° ‘

: COMPETING FIELDS.

The production of the South Carolina phosphate field has steadily
declined for several years and it seems probable that this decline will
continue. ,

The increase in production from the Tennessee field has been con-
siderable, but has been due to added facilities rather than to new dis-
coveries or extension of the phosphate-producing area. At the present
time the life of this field can not be estimated, but it will continue to
~ be an important factor in the phosphate industry for a number of

years. ’ ‘

The extent of the Arkansas phosphate field is not definitely known.
The production to the present time has been small. It apparently
contains an important bed of phosphate which in the future may come
into competition with the product of the western field.

The production from the Florida phosphate field has steadily in-
creased until it now amounts to 1,300,000 tons per annum. It appears
to be the consensus of ‘opinion tlnt this field_can not be greatly ex-
tended. The present rate of production may be continued or even in-
creased, but this will be due to added facilities rather than to new
dlscoverles

LOCAL CONDITIONS.

Among local conditions which affect the industry as a commercial

enferprise are the topography and geologic structure of the region.

a
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Where variations in elevation are considerable so that the material
can be handled by machinery run by gravity, the cost of mining is
much less than in a region where it must be elevated. The continuity
of the beds and their angle of dip materially affect the cost of han-
dling the phosphate and the amount of timbering that must be done.
The most favorable situation, and one which is of rare occurrence, is
found where the beds dip with the surface slope and the strata over-
lying the phosphate have been removed by erosion. In such a locality
the work is quarrying rather than mining.

At present most of the main phosphate bed, 5 to 6 feet in thick-
ness, is being worked, and this constitutes a small part of the phos-
phate series. A The remainder consists of interbedded thin layers of
limestone, shale, and phosphate, no part of which can be mined
separately because the waste or low-grade material would reduce the
average content of P,0, below a paying basis. The most pressing
need, which if successfully met will increase the possible production
of this field to an enormous extent, is a process which will separate .
the thin phosphatic layers from the associated lime and shale and
also concentrate the low-grade material. The possibilities of pro-
duction from this field can hardly be realized until an attempt is
made to estimate the amount of phosphate rock in a given drea. To
this must be added the acid, which forms about one-half the bulk of
the treated rock.

Accessibility to the railroad is another important factor affecting
cost of operations. Wagon roads in a mountainous region are ex-
pensive in first cost and in subsequent maintenance. Heavy snow-
falls are liable to interfere with transportation. In some localities
it will be possible to develop water power to generate electricity for
operating tramways and electric railways to transfer the material to
* the steam roads. o

In any mining enterprise where the bulk of material to be handled
is large and its relative value small, local and physical conditions
frequently determine whether it can be made profitable. A careful
study of these factors in some of the recent attempts to work these
phosphate beds would have shown that under present conditions or
those which are likely to exist for a number of years the enterprise
could not°be made a financial success. '

MARKETS.

At the present time the raw phosphate rock must be shipped by
rail to the Pacific coast and there manufactured into a commercial
fertilizer. The home market is a small but growing one and is con-
fined mainly to California. This fertilizer when shipped abroad
comes into competition with the product of foreign™ phosphate
fields. With the completion of the Isthmian-Canal it will hardly
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be possible for this product to compete successfully with the Florida
phosphate, at least while the present large output from that State
" is maintained. In order to market the product of the western
phosphate field successfully existing conditions must be materially
changed, and this seems possible only by a considerable reduction
in the cost of rail transportation.

This field embraces the largest area of known phosphate beds in
the world, and at some future time it will doubtless furnish a large
part of the world’s production of commercial fertilizer. The devel-
opment of intensive farming as the result of the reclamation of arid
lands in the West will afford an increasing home market.

MINERAL LOCATIONS UNDER THE PRESENT MINING
LAWS.

The mining laws of the United States do not adequately provide
for locating beds of phosphate or other beds of economic value hav-
ing a similar occurrence and origin. The phosphate beds must be
entered as placer or lode locations, but they do not properly belong in
either class. It may therefore be desirable to consider briefly the
characteristics of lode and placer deposits. .

A lode is formed by the deposition and concentration of metallic
substances from mineral-bearing solutions circulating in the crevices
of a rock mass. It is therefore a process taking place subsequent to
the formation of the material with which it is associated or of which
it forms a part. A placer is formed of material which results from
disintegration and erosion of a rock surface and which by the aid of
gravity and running water is removed to a lower level and spread out
as a covering of the underlying material. The formation of a lode
1s largely the result of chemical and mechanical action, whereas the
formation of a placer takes place, for the most part, by mechanical
action and in a measure resembles the formation of a sedimentary
stratum. A lode varies in width but is generally confined to so-
called “ walls.” A placer may and usually does have a larger areal
extent, but this is limited by the " carrymg power of the running water
by whloh it was formed.

The western phosphate beds were probably deposn:ed on the ocean
bottom as a part of the sédiments which had been brought down from
a land surface subjected to erosion during a long period of geologic
time and were in part also the result of chemical precipitation in the
ocean waters during the same time. They therefore constitute a part
of the sedimentary strata of the earth’s crust. By warping and fold-
ing of the crust the strata have become land. They are therefore
bedded depos1ts covermg a wide extent of territory, and they differ
materially in origin and formation from either lode or placer
dep051ts
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If the phosphate beds were located as lodes it would be possible,
according to the present interpretation of the law, to follow these
beds for long distances and therefore defeat the implied purpose of
the law. If located as placers.the limits of a claim would be deter-
mined by the areal extent of the surface, which the law defines. It
would appear, therefore, that to comply with the spirit of existing
mining law the phosphate beds should be located as placers.

In actual practice locations have been made both as lodes and
placers, and in some instances both forms of locations have been made
on the same ground. To avoid useless expenditure of time and money
. and legal controversies in the future it seems desirable that a deci-

sion should be made that would determine the form of entry for
which patent to the ground could be obtained. One precedent has
been made by granting patent to phosphate ground as a placer, but
1t was specifically stated in the decision that this applied only to the
patent-in question, and it can not therefore be considered as an
established precedent
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'SURVEY PUBLICATIONS ON PHOSPHATES AND OTHER

MINERAL FERTILIZERS.

The following papers relating to phosphates, gypsum (land plaster),
and other mineral materials used as fertilizers have been published by
the United States Geological Survey or by members of its staff. Fur-
ther references will be found under the head of “ Gypsum.”

Apayms, G. I, and others. Gypsum 'deposits in the United States. -Bulletin
No. 223. 127 pp. 1904.

DartoN, N. H. Notes on the geology of the Florida phosphates In Am. Jour.
Sci., 3d ser., vol. 41, pp. 102-105. 1891.

EckeL, E. C. Recently discovered extension of Tennessee white-phosphate
field. In Mineral Resources U. S. for 1900, pp. §12-813. 1901.
Utilization of iron and steel slags. In Bulletin No. 213, pp. 221-231.

1903.

The white phosphates of Decatur County, Tenn. In Bulletin No. 213,
pp. 424-425. 1903. )

ErLpripeE, G. H. A preliminary sketch of the phosphates of Florida. In
Trans. Am. Inst. Min. Eng., vol. 21, pp. 196-231. 1893.

FERRIER, W. F. (See Weeks, F. B., and Ferrier, W. F.)

Haves, C. W. The Tennessee phosphates. In Sixteenth Ann, Rept., pt. 4,
pp. 610-630. 1895. )
The Tennessee phosphates. In Seventeenth Ann. Rept.,, pt. 2, pp.

1-38. 1896 ,
The white phosphates of Tennessee.. In Trans. Am. Inst. Min. Eng.,
vol. 25, pp. 19-28. 1896.
A brief recofinaissance of the Tennessee phosphate field. In Twen-
tieth Ann. Rept., pt. 6, pp. 633-638. 1899.
The geological relations of the Tennessee brown phosphates. ‘In
Science, vol. 12, p. 1005. 1900. ‘
Tennessee  white phosphate. In Twenty-first Ann. Rept., pt. 3, pp.
473-485. 1901. '

——— Origin and extent of the Tennessee white phosphates. In Bulletin
No. 213, pp. 418—423 1903.

IuLsENG, M. C. A phosphate prospect in Pennsylvania. In Seventeenth Ann.
Rept., pt. 3, pp. 955-957. 1896.

MEMMINGER, C. G. Commercial development of the Tennessee phosphates. In
Sixteenth Ann. Rept., pt. 4, pp. 631-635. 1895.

.Mosges, O. A. The phosphate deposits of South Carolina. In Mineral Re-
sources U. S. for 1882, pp. 504-521. 1883. )

OrTON, B. Gypsum or land plaster in Ohio. In Mineral Resources U. S. for
1887, pp. 596601, 1888, :
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PeNRrosE, R. A. I, -Nature and origin of deposits of phosphate of lime. Bul- ]
letin No. 46. 143 pp. 1888.

Purpug, A. H. Developed phosphate deposits of northern Arkansas. In Bul-
letin No. 315, pp. 463—-473. 1907.

Stosk, G. W. Phosphorus ore at Mount Holly Springs, Pennsylvania. In
Bulletin No. 315, pp. 474-483. 1907. ’
Phosphorus. In Mineral Resources U. S. for 1906, pp. 1084-1090,

1907.
* Stupss, W. C. Phosphates of Alabama. In Mineral Resources U. S. for
1883-84, pp. 794-803. 1885,
" WegEeks, I B, and Ferrigr, W. F. Phosphate deposits in western United
States. In Bulletin No. 815, pp. 449-462. 1907.
WiILBER, . A. Greensand marls in the United States. In Mineral Resources
U. S. for 1882, pp. 522-526. 1883.
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SURVLY PUBLICATIONS ON QALI\IES INCLUDING SALT,
BORAX AND SODA

The more important publlmtlons of the United States Geologlcal
Survey on the natural lime,. eodlum, and potassmm salts included in
this' group are the following:

CAMPBELL, M. R. Re_connaissance of the borax deposits of Death Valley and
Mohave Desert. Bulletin No. 200. 23 pp. 1902.
Borax deposits of eastern California. In Bulletin No. 213, pp. 401-
405. 1903.

CuaTarp, T. M. Salt-making processes in the United States. In.Seventh
Ann. Rept., pp. 491-535. 1888, . ’

DARrTON, N. H. Zuifii salt deposits, New Mexico. In Bulletin No. 260, pp. 565-
566. 1905

DAy, W. C. Potassmm salts, In Mineral Résources D S. for 1867 Dpp. 628-

- 650. 1888.

Sodium salts. In Mineral Resources U. 8. for 1887, pp. 651-65S.
1888

EckrL, E. C. Salt and gypsum deposits of southwestern Virginia. In Bulletin
No. 213, pp. 406-416. 1903.

Salt industry of Utah and California. In Bulletin No. 225, pp. 4S8-

495. 1904.

Hirgarp, E. W. The salines of Louisiana. In Mineral Resources U. 8. for
1882, pp. 554-565. 1883,

Kinpre, E. M. Salt resources of the Watkins Glen district, New York. In
Bulletin No. 260, pp. 567-572. 1905. -

Pacxarp, R. L. Natural sodium salts. In Mineral Resources U. S. for 1893,
pp. 728-738. -1894.

RICHARDSON, G. B. Salt; gypsum, and petroleum in trans-Pecos Texas. In
Bulletin No. 260, pp. 573-585. 1905,

Yare, C. G. Borax. In Mineral Resources U. S. for 1889-1890, pp. 494-506.
1902.

Borax. In Mineral Resources U. s. for 1906, pp. 1059-1062. 1907.
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