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HYDROCARBONS IN THERMAL AREAS, NORTHWESTERN WYOMING

North Fork and at the bottom of Cedar Mountain. The entire
area has been at the bottom of Shoshone, or Buffalo Bill, Lake
for more than forty years. The late J. K. Rollinson, who punched
cattle on the upper Stinking Water before the irrigation dam
was constructed in 1906, is authority for this statement. Mr.
Rollinson described the boiling tar spring, which he saw several
times, as being situated with several other hot-water springs
that were surrounded by a number of small semi-geyser spouters.

Rollinson’s statement, quoted by Harris (1952, p.
170),is as follows:

In the years prior to the government Shoshone Reclamation
Project * * * there was a spring of water highly impregnated
with sulphur and magnesium located on the extreme north end
of the ranch then known as the Buffalo Meadows, which lay at
the junction of the Forks of the Stinking Water River. There
were also a half-a-dozen little ‘“‘puffer” or semi geyser spouts
#* * % these small sulpho-sodium geysers which steamed up all
the time and bubbled up mud and minerals. Then exactly at
the very foot of Cedar Mountain close to these incipient geysers
there was a forty foot cut bank or cave-in, and from the bottom
of this came a considerable flow of asphaltum, which travelled
by gravity about eighty feet before it disappeared for a few
feet (about 30 feet) where it again appeared in one of the hot
Sulpho-Magnesia Springs. While the temperature was (in my
time) never hot enough to boil, still the gasses came up and
gave the spring the bubbling appearance * * * I suppose the
temperature was about 90 degrees and with the foam and
gas from the subterranial passage, it gave the complete effect
of a boiling tar spring. This spring and all others on the side
of Cedar Mountain were inundated by the impounding of the
flood waters.

The various descriptions of the oil as “tar” or
“asphaltum” by nontechnical observers suggest that it
is much more like the viscous high-sulfur oils charac-
teristic of Paleozoic rocks in the Bighorn Basin than
like the typically lighter colored more fluid Cretaceous
oils (Stone, 1967; Wenger and Lanum, 1954 ; open-file
crude-oil analyses, Rocky Mountain regional office,
Laramie Petroleum Research Center, U.S. Bureau of
Mines). This is compatible with the interpretation that
the “tar spring” emerged from Pennsylvanian or
Permian rocks.

Fisher (1906) postulated that the origin of the hot
water (he says about 98°F) in the sulfur springs
which emerge chiefly from Permian rocks at locality E
could be accounted for on the basis of thermal gradient.
Woodruff (1908), however, disagreed. On the basis of
his study of the sulfur deposits, he concluded (p. 454) :

As the source of the water is not known, the cause of the
bheat remains undiscovered. There is no evidence of solfataric
origin and the indications are that only a small amount of the
heat is derived from chemical reactions, because but little of
the material produced by chemical changes below is brought
to the surface. It is known that intensive activity must neces-
sarily take place to maintain the water at a temperature above
98°F., the temperature found in these springs. It is supposed,
therefore, that the heat is derived from slowly cooling magmatic
bodies, probably intrusions, and increased slightly by heat from
chemical reactions.
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Pierce (written commun., 1968), as well as Fisher,
considered a thermal gradient as a sufficient explan~tion
for the hot water. His interpretation used evidence of
high temperatures in wells 5 miles to the soutl sast.
Water heated by thermal gradient in the deep part of
the Dry Creek syncline (Pierce and others, 1947; Zapp,
1956), 15 miles southeast of Cedar Mountain, could have
flowed northwestward up the trough of the syncline,
then divided, continued around both sides of Cedar
Mountain, and emerged in the hot springs at localities
A, B, C, and E (fig. 15). The temperature at De I1aris
Springs (loc. E) ranges from 75° to 100°F. No detailed
figures are available on magnitude of flow, but one
spring that formerly provided water for a swimming
pool emitted 50-100 gallons per minute.

It is apparent that an interpretation of the geologic
history of the Cedar Mountain area must include an
explanation of the oil spring closely associated with
the hot-water springs, sulfur, open conduits, and
caverns. The hot-spring conduits would have to be so
open that the observed volume of water could reach
the surface rapidly enough to retain the heat acquired
at depth, regardless of the nature of the heat source.
Active solution of the Madison Limestone (Mississip-
pian) has gone on for a long time, as is indicated by the
location and elevation of an extensive network of caves,
such as Spirit Mountain caverns and Frost Cave (Jones,
1875, p. 17; fig. 15, this rept.) on Cedar Mountain, more
than 1,000 feet above the oil spring to the west and
De Maris springs to the east.

It is probable that cavern solution began before the
pyroclastic rocks were stripped from, the area. At least
locally, the caves developed first, and sulfur was then
precipitated in them. For example, great bulbous masses
of crystalline sulfur, forming stalactites and stalag-
mites, were encountered in some of the caves cut by the
Bureau of Reclamation tunnel on the south side of the
Shoshone Canyon, 200 feet or more above the present
river level. Descriptions of this sulfur have not been
published, but samples of the sulfur collected by Love
in 1935 at the time the tunnel was being driven are in
the University of Wyoming mineral collections.

It seems unlikely that these caves would have been
formed by cold-water solution on an anticline that had
hot springs emerging from both sides and that th- sul-
fur found in the tunnel that cut these caves would be un-
related to the adjacent thermal phenomena.

In summary, the source of oil at locality C was prob-
ably Paleozoic rocks at a relatively shallow depth. The
close association of the oil and sulfur with hot water
suggests that all three were boosted to the surface to-
gether. The absence of oil from locality E might be ac-
counted for by the emergence of these springs from
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Paleozoic rocks that had previously been flushed of any
oil that was originally present. On the other hand, oil
may be present but could have been overlooked.

All these various shreds of evidence indicate or sug-
gest a long and complex episode of solution and thermal
activity, at least some of which is involved in the emer-
gence of the oil. Sulfur isotope studies of the various oc-
currences of sulfur in the Cedar Mountain area may
determine whether the deposits are of magmatic-hydro-
thermal or bacteriogenic origin. More detailed studies
of the composition, temperature distribution, and flow
of the thermal springs and of the adjacent wells should
provide additional pertinent information.

CONCLUSIONS

Localities 1, 3, and 4 should be studied in detail before
they are destroyed or damaged further and vital evi-
dence is lost. As the foregoing discussion indicates, data
are not sufficient as yet at any locality to justify unequiv-
ocal conclusions about the origin or the geochemical
processes involved in emplacement of the oil. Neverthe-
less, the data are so encouraging that they provide im-
petus for detailed studies which may lead to a reasonable
explanation for these occurrences. It is pertinent to con-
sider whether the problems of origin and emplacement
of oil in thermal areas are worth investigating. We
think they are. The literature on origin and emplace-
ment of hydrocarbons in general is voluminous, and re-
search on these subjects is continually expanding. How-
ever, oil in thermal areas is rare and in most places has
not been studied in detail. These occurrences may offer
previously overlooked clues as to the role of heat in
natural processes of oil extraction from source rocks,
the subsequent migration and emplacement of the oil,
and the changes that occurred in it along the route.

The five described occurrences of oil in thermal areas
are the only ones of any type that are known to us in
this part of Wyoming. This suggests that hot water is
an integral part of the process that liberates the oil
from the source sediments adjacent to the hot-water
conduits. The primary source of heat at localities 1 and
3 is believed to be igneous rocks or possibly magma, at
depth.

Publication of descriptions of the known localities
will, hopefully, result in the discovery of additional
ones that will broaden our knowledge of what types
of phenomena are related to oil in thermal areas, what
characteristics can be predicted for these occurrences,
and how the data can be utilized elsewhére.

Locality 1 (Calcite Springs) shows evidence that
there were periods of spasmodic outflow of oil, sepa-
rated by periods of quiescence. Observations of these
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petroliferous vents over a considerable period of time
may show whether these intervals of outflow are re-
lated to earthquakes. If such a relation is established,
the remnants of semilithified and partly buried old
oil flows here and perhaps in other areas may give clues
to the age, magnitude, and frequency of prehistoric
earthquakes. It is possible that the youngest flow at
Calcite Springs, now rapidly breaking up, may have
been formed at the time of the severe eartlquake of
1959 in and near Yellowstone National Park.

The source of the abundant sulfur at localities 1 and
4 has not been explained. When studies of other sulfur
occurrences in Yellowstone National Park and areas
to the east are assemled, the significance of those associ-
ated with oil may become more apparent.
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