PHOSPHATIC OIL SHALES NEAR DELL AND DILLON,
BEAVERHEAD COUNTY, MONTANA.

By C. F. Bowen.

INTRODUCTION. -

Reported "occurrences of oil shale in Montana led to a prelimi-
nary investigation by the United States Geological Survey in the
early part of October, 1916, of two localities, one in what is known
as Muddy Creek basin} 8 or 10 miles west of Dell, and the other
in Smallhorn Canyon, about 10 miles south of Dillon. .(See fig.
33.) The oil shale that promises to be most valuable occurs at about

¥

I"GURE 83.—Index map showing location of Dell and Dillon, Beaverhead County, Mont.

the same horizon as the phosphate deposits of Montana, Idaho, and
Wyoming and, in addition to the oil it yields, contains considerable
phosphate. Laboratory tests have shown that the phosphate is
not driven off by distillation, and the fact that the shale yields oil
on distillation and yet retains a notable quantity of phosphate in
the ash presents to the technologist a problem whose solution may
be economically as valuable as it is scientifically interesting.
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STRATIGRAPHY AND STRUCTURE.

‘The strata are greatly disturbed by folding and faulting; at some
places they. are very much shattered and stand nearly vertical, so
that the sequence of formations is difficult to determine by hasty
examination, but the sequence in the Muddy Creek. basin seems to
be as follows:

"1. A hard vitreous quartzite, probab]y a few hundred feet thick,
seems to be the oldest sedimentary rock. This quartzite was not
seen in normal position at any place, but on Muddy Creek and at
. the mouth of Smallhorn Canyon it appears to underlie limestone
of probable Mississippian age. No fossils were obtamed from the
quartzite, and its age is therefore not known.

2. Apparently upon the quartzite lies a gray, massive to thick-
bedded crystalline limestone, which at Smallhorn Canyon and at
Sheep Canyon, about 2 miles southeast of Smallhorn Canyon, seems
to be conglomerate at the top. The congiomerate is overlain by
a bed of red shale, and both the conglomerate and the shale may
belong to an overlying formation. A few fossils obtained from this
limestone are believed by G. H. Girty to be of Mississippian age.

8. Overlying the limestone (No. 2) is a great thickness of sand-
stone containing some highly calcareous beds and possibly some true
- limestone and chert. This formation was not studied in detail, arid
no fossils were obtained from it. It seems to-correspond in posi-
tion to the Quadrant quartz1te ) ‘

4. The thick sandstone (No. 8) is overlain by a few hundred feet
of gray limestone, which is covered by sandy beds. Fossils obtained
both from the limestone and from the sandy beds are assigned by
" Mr. Glrty to “ the Phosphoria formation, now regarded as of Per-
mian age.”

5. The gray limestone (No. 4) is overlain by 1,500 feet or more of
thin-bedded pinkish limestone, in which there may be some beds of
shale. Fossils obtained from the lower part of this limestone are
provisionally referred by Mr. Girty to the Lower Triassic.

6. Upon this thin-bedded limestone (No. 5) perhaps unconform-
ably lies a series of red beds, which are highly conglomeratic at the
base.

7. The greater part of Muddy Creek basin is occupied by a series
of fresh-water conglomerates, sandstones, shales, and limestones,
from which were obtained a few fossil shells and leaves that indi-
cate Tertiary.age. These fossils are not sufficiently distinctive, how- |
ever, to fix the age more definitely. The beds appear to overlap
the underlying formations and vary considerably from place to
place in lithologic character and in color, the prevailing colors being
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green, gray, brown, and white. Some of the sandstones appear to be
tuffaceous. Conglomerate is distributed more or less through the
mass but is most abundant in the lower part.

THE OIL SHALE.
OCCURRENCE AND PROPERTIES.

The interesting thing in connection with the section described
above is the occurrence in it of oil shale at two horizons, one at the
top of No. 4 (Phosphoria (?) formation) and the other in the Ter-
tiary lake beds. Both these shale zones are exposed in Muddy Creek
basin but only the lower one is exposed in Smallhorn Canyon, the
Tertiary beds not being represented there.

The lower shale is exposed on the east side of Muddy Creek basin
and dips westward at an angle of 25° to 30°. The shale is black,
gives a brownish streak, and has an oolitic texture. In general the
oolites seem to be distributed promiscuously, but in some specimens
there are narrow bands nearly devoid of them. On fracture the shale
shows what appears to be slipping planes, which have a ghstemng,
oily, or waxy-looking surface on which a slight iridescence is in
places noticeable. When rubbed a freshly broken surface emits an
unmistakable odor of petroleum, and when placed in a fire the shale
will burn. A dry distillation test on a small sample yielded 9 gallons
of oil per ton, but a test made on a larger sample gave only 7.5 gal-
lons per ton. As this shale resembles shales that are associated with
the phosphate beds of Idaho and Wyoming it was tested roughly
for phosphate. The test showed that it contains considerable phos-
phate and led to a more detailed analysis of a larger sample.

The upper shale horizon occurs about the middle of the Tertiary
lake beds (No. 7 above) and is exposed about one-fourth mile west
of MacKay’s oil rig. This shale, when fresh, is light brown, but it
weathers nearly white, though in places it bears a yellowish coating.
In the process of weathering the shale breaks up into thin laminae
or flakes resembling manila paper. It contains an abundance of
vegetal remains and some well-preserved leaves, chiefly of Sequoia.
This shale, like that from the lower horizon, will burn when exposed
to a strong flame, but does not give an odor of petroleum on freshly
broken surfaces. On distillation it yields about eight gallons of oil
per ton. The bed is about 100 feet thick. Thinner beds occur in other
parts of the section, some of which contain thin streaks of lignite. In
fact, except for its somewhat lighter color, the shale has very much
the aspect of an ordinary carbonaceous shale, such as is commonly
associated with coal beds.

o
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About 10 miles south of Dillon, 2 miles above the mouth of Small-
horn Canyon, a bed of oil shale that is believed to lie at about the
- same horizon as the lower shale in Muddy Creek basin is exposed.

The bed has been opened up by a tunnel about 150 feet long, driven
in the hope of finding coal. The shale is dark brown, tough, and
dense, without oolitic texture. It contains numerous megaspores
and minute bodies of vegetable origin. A sample representing a
thickness of about 5 feet taken from the tunnel mentioned above
yielded, on distillation, 24 gallons of oil per ton. In its natural
_state, however, it does not give any odor of petroleum. It also con-
tains only a small quantity of phosphate.

ANALYSES OF THE SHALE.

Analyses of a sample of the shale from Muddy Creek basin and
. from the lower horizon in Smallhorn Canyon are as follows:

Amnalyses of oil shale fvjom Muddy Creek basin and Smallhorn Canyon, Mont.

[Chase Palmer and R. M. Kamm, analysts.)

Petroleum. Phosphoric acid.
- N Equiva~
Carb - é:lnt in
arbon cium
Ether | tetra- After hos- Potash.
Dry dis- y Original s p
3 extrac- | chloride incinera-
tillatlon. | “ion " | ‘extrae- | S8MPIe. | o, (Cae( P 04)2)
tion.
Gallons
: per ton. | Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent.
Mudt}g Creek basin .......... 7.5 0.2 0.45 15.56 15.57 33.96 | 0.39
Smallbhorn Canyon............ 24,0 [ceneecane]iecnnanann 2.62 2.53 5.70 .46

Perhaps the most interesting and significant fact in connection
with the analyses is the association of phosphate and oil in consider-
able quantities in shales which seem to occur at or near the same
horizon as the extensive phosphate beds of Idaho, Wyoming, Utah,
and parts of Montana. Evidences of petroleum or bituminous com-
pounds have been observed over wide areas.by those who have worked
on the phosphate deposits, but few if any tests have heretofore been
made to ascertain the quantity of oil in the rocks. The quantity of
phosphate is much greater in the oolitic than in the nonoolitic shale,
which suggests that there may be some relation between oolitic texture
and phosphate content. Another feature is the fact that the content
of phosphoric acid is not affected by burning the shale, for the quan-
tity of phosphate in the ash is almost éxactly the same as that in the
original sample. The phosphate seems to be present as a mineral
and not as an organic compound, its form being probably a result of
the metamorphlsm of the rocks. The fact that the phosphate occurs
as a minéral and is not decomposed by the heat required to distill the
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shale may have an important technologic application, as the oil in
the shale might be used as fuel to calcine the phosphate if calcination
is desirable. A more promising investigation, however, would be
directed to the utilization of the ammonia in the oil to produce
ammonium phosphate, a small quantity of oil being obtained as a by-
product. Unless some such combination can be worked out the
samples tested are not rich enough in either phosphate or oil to be of
present value. However, as the shale was sampled at only one place
in each locality and as its phosphatic character was not surmised at
that time but was discovered later in the office, it is possible that
richer material may be discovered, especially material richer in phos-
phate, as high-grade phosphate occurs at Melrose, about 30 miles
north of Dillon.

Considered as to their oil content these are true oil shales for they
contain no free oil. The oil is obtained from them by the destructive
distillation of their vegetable matter, almost no oil having been ob-
tained by extraction tests. Furthermore, as noted by Chase Palmer,
the ethereal extract seems to be of mineral rather than vegetable com-
position—that is, it probably exists as some form of mineral wax or
other hydrocarbon produced by the distillation of a part of the
original organic matter in the shale. This distillation could have
been effected by the metamorphism to which the rocks have been sub-
jected, shown by the folding, faulting, and squeezing manifest at
many places and by the crystallization of the limestone. A consider- -
able part of the organic matter that was originally in the shale may
therefore have undergone partial distillation, a supposition that in
turn may account for the relatlvely small quantity of oil obtained .
from these shales. If the shales have already undergone partial
distillation, what has become of the distillate? Obviously one of two
things has happened. Either the oil has escaped into the atmosphere
or it is still retained in the rocks. Where the shales are exposed, as
in Muddy Creek basin, the oil has undoubtedly escaped, and this
may account for the slight yield on extraction from shale that gives
off a strong odor of petroleum. Where the shales are not exposed
they may have been a source of supply of petroleum in areas where
the structural conditions are favorable to its accumulation. It may
therefore be possible that commercial accumulations of oil have
been formed in these older (Paleozoic) rocks. If this should prove
to be true, it would open-up a new field for exploration in the West.
Thus far the Lander oil field, in Wyoming, seems to be the only place
where o0il has been obtained in commercial quantities from the Pale-
ozoic rocks in the Rocky Mountain region, though indications of oil
have been noted at several other places in Wyoming and in southern
Utah. -
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DISTRIBUTION.

In the preliminary examination here described no attempt was
made to trace these shales and determine their distribution. The
writer received numerous reports of the occurrence of similar shale in
other places, particularly around Lima and in Horse Prairie. As’
the shale at the lower horizon is interbedded in Paleozoic rocks and
is closely related to if not identical with the shale at the phosphate
horizon it is probably widely distributed. Whether or not it is
equally petroliferous throughout the known phosphate area remains
to be determined, for the phosphate shales at other localities have not
yet been tested for oil. ’

The shale in the Tertiary lake beds.is probably much less widely
distributed than that in the Paleozoic rocks, for the lake beds, which
show considerable variation in lithology, were probably deposited in
small areas, _ '
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