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INTRODUCTION.

By Davip WHITE.

The information regarding 50 domes and anticlines in the south
half of the Big Horn Basin, Wyo., given in this report, was gathered
during geologic examinations made for the purpose of classifying the
lands in that region according to their content of oil or other minerals.
The report presents briefly the economic results that pertain to oil
and gas or to anticlines that may be favorable to their accumulation.

The work of the Geological Survey in formally classifying as mineral
or nonmineral the public lands withdrawn from entry because they
were supposed to contain coal, oil, or phosphate was begun in 1906 and
has been prosecuted energetically since that time. A full account of
the withdrawals and restorations of oil lands has been published by
the Survey as Bulletin 623. Of 1,321,316 acres in the State of
Wyoming that were withdrawn for classification, 339,158 acres have
been restored to entry as nonmineral land; and about 668,000 acres,
including parts of the area here described, have been classified as
oil land and now await congressional action that will provide some
method of developing the oil and gas.

The work of organizing and supervising the field investigations
and the mapping necessary for classifying lands supposed to contain
coal or oil was placed in the hands of M. R. Campbell, who had
already established the high standards of structural and economic
mapping that are now followed for the eastern coal and oil fields and
that have been adopted by the foremost oil and gas geologists in
the world, including those engaged in both public and private work.
At first, in order to get immediate results, large areas were covered
by reconnaissance surveys and were mapped by determining direction

by hand compass and distance by pacing. Very soon, however, this -

crude and hasty method was replaced by triangulation and by
plane-table mapping on a large scale with telescopic alidade, the
work comprising stadia traverse and the determination of elevations
by vertical angles. For a considerable part of the area examined the
geologists have been obliged to prepare their own base maps. Mr.
Campbell, with meager allotments of funds and a small geologic
staff, laid out the regions in projects and so organized and employed
7



8 ANTICLINES IN SOUTHERN PART OF BIG HORN BASIN, WYO.

the annual field parties as not only to classify the lands effectively
and economically but also to work out systematically the general
stratigraphy, structure, and geologic history of the broad regions
embracing the coal and oil bearing formations of the West. As
Mr. Campbell has now been largely relieved of the supervision of
the Survey’s investigations of oil and gas in the West in order to
lessen his administrative duties and to afford him more time for
special geologic researches, it is appropriate to note the great advance
in the knowledge of the upper Mesozoic and older Tertiary formations
of the fuel-bearing lands in the Western States that has resulted
directly from the work done under his guidance.

During a large part of the period, approximately 10 years, since
the Survey began its classifications for the use of the Secretary of the
Interior and the General Land Office, the pressure for field examina-
tions and for the preparation of ‘data for classification has been so
great as to leave the geologists little opportunity to prepare for
publication either economic or scientific reports on the areas thus
classified. Yet for Wyoming alone a considerable number of detailed
descriptions or preliminary economic reports on areas that might
contain oil and gas have been issued, as is shown by the subjoined
list, in which the reports are arranged in the order of publication,

Mineral resources of the Bighorn Mountain region [Wyo.], by N. H. Darton: Bull,
285, pp. 303-310, 1906.

Mineral resources of the Bighorn Basin [Wyo.], by C. A. Fisher: Bull. 285 Pp.
311-315, 1906.

Coal and oil in southern Uinta County, Wyo., by A. C. Vea,tch Bull. 285, pp.
331-353, pls. 10-12, 1906.

Geology and water resources of the Bighorn Basin, Wyo., by C. A. Fisher: Prof.
Paper 53, 72 pp., 16 pls., 1906.

Geography and geology of a portion of southwestern Wyoming, with special reference
to coal and oil, by A. C. Veatch: Prof. Paper 56, 178 pp., 26 pls., 1907.

Gasg fields of the Bighorn Basin, Wyo., byC W. Washburne: Bull. 340, pp. 348-363,
pl. 8, 1908.

The Laba,rge oil field, central Uinta County, Wyo., by A. R. Schultz: Bull. 340,
PP 364373, pl. 4, 1908.

The Lander and Salt Creek oil fields, Wyo.: The Lander oil field, Fremont County,
by E. G. Woodruff; The Salt Creek oil field, Natrona County, by C. H. Wegemann:
Bull. 452, 87 pp., 12 pls., 1911.

The Powder River oil field, Wyo., by C. H. Wegemann: Bull. 471, pp. 56-75,
pl. 7; 1912.

The Douglas oil and gas field, Converse County, Wyo., by V. H. Barnett: Bull. 541,
pp. 49-88, pl. 4, 1912.

The Shoshone River section, Wyo., by D. F. Hewett Bull. 541, pp. 89-113, pl. 5,
1912,

Geology and geography of a portion of Lincoln County, Wyo., by A. R. Schultz:
Bull. 543, 141 pp., 11 pls., 1914.

The Moorcroft oil field, Crook County, Wyo., by V. H. Barnett: Bull. 581, pp.
83-104, pl. 3, 1915.
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Possibilities of oil in the Big Muddy dome, Converse and Natrona counties, Wyo.,
by V. H. Barnett: Bull. 581, pp. 105-117, pl. 4, 1915.

Oil and gas near Basin, Big Horn County, Wyo., by C. T. Lupton: Bull. 621, pp.
157-190, pls. 17-18, 1915.

Anticlines in central Wyoming, by C. J. Hares: Bull. 641, pp. 233-279, 1917.

The present report by Messrs. Lupton and Hewett gives the results
of several seasons of field work done by them and by others and is,
in effect, an installment of the economic and scientific results accu-
mulated in the course of the classification of the lands. Others now
nearly completed include a detailed report on the Grass Creek field,
by D. F. Hewett, and a report on the Salt Creek field, by C. H. Wege-
mann. Field examinations in the north half of the Big Horn Basin
are still in progress.

The area described in the following report embraces some produc-
tive oil territory in Wyoming that is undeveloped but very prom-
ising. Besides the Greybull, Torchlight, and Grass Creek anticlines,
which are already sufficiently developed to contribute largely to the
production of oil in Wyoming, there are seven or more domes and
anticlines in which oil or gas has been struck, but which are not yet
sufficiently drilled to indicate their value as oil reservoirs. Thus 11
of the anticlines here described have already proved to be productive.
About as many more anticlines have been tested by one, two, three,
or four holes, though some of the holes have not been theoretically well
located. Most of these anticlines on which the first tests have been
unfavorable are probably barren of oil, though other test wells drilled
more nearly on their crests may find oil. It must be borne in mind
that oil development in Wyoming is still in a very early stage and
that drilling has not yet covered enough ground to indicate the prob-
able productivity of all the anticlines.

The probability that the remaining anticlines and domes described
in this report may contain oil or gas has been carefully considered
by the authors, who have noted their form and prominence, their
mutual relations, their positions in the basin, the formations exposed
on their axes, and their similarity to like domes and anticlines that
carry or do not carry oil or gas. So far as can now be determined
from the surface indications, about half of these are considered
promising, but the drill, which is the final test, may show that some
of them are barren and that others which are now regarded as less
promising may be productive. It is highly probable that half or
more of the anticlines and domes here. described constitute a large
part of the most promising undeveloped oil territory in Wyoming.
The Big Horn Basin seems to be destined to furnish a large contri-
bution to the Nation’s supply of high-grade oil.
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ANTICLINES IN THE SOUTHERN PART OF THE BIG HORN
BASIN, WYOMING: A PRELIMINARY REPORT ON THE
OCCURRENCE OF OIL.

By D. F. Hewerr and C. T. Lupron.

SCOPE OF REPORT.

This report has been prepared to meet demands by oil and gas
operators and others for information regarding possible oil and gas

fields in the Big Horn Basin, Wyo. (See fig. 1.) Some of the anti-
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FIGURE 1.—Index map showing location of area examined.

clines considered now yield oil and gas in commercial quantities;

others are believed to be fairly good reservoirs; and still others

obviously do not contain oil or gas in commercial quantities. The
11



12 ANTICLINES IN SOUTHERN PART OF BIG HORN BASIN, WYO.

field work done in most of the area has been complete enough to
warrant the publication of more detailed descriptions of the geologic
features than those here given, and reports containing such descrip-
‘tions are in preparation. Only reconnaissance work was done in
some parts of the area, however, but all the information obtained
by such work is given here.

The purpose of the authors has been to set forth briefly and clearly,
by means of maps, cross sections, and descriptions, the essential
information collected and the conclusions that may be drawn from
them, so that not only engineers but persons who have had little or
no technical training may learn the possibility of obtaining oil and
gas in any part of the area considered.

With the exception of small upfolds in the Wasatch formatlon all
the known anticlines that are of possible economic value as 011 or
gas reservoirs in the Big Horn Basin south of a line drawn through
Greybull and Cody are considered in this report. These anticlines
are not only described separately but are shown by cross sections and
are represented on the maps by structure contours.

The oil discovered in the Big Horn Basin, except that struck in
two wells in the Lamb anticline, is of the ‘“light” variety—that is,
it contains large percentages of gasoline and kerosene. In general, its
specific gravity ranges from 0.8485 to 0.7865, or from 35° to 48°
Baumé. Most of the gas is ““wet”—that is, it contains some gaso-
line—and ranges in content of methane from 39 to 94 per cent. Its
content of nitrogen ranges from 0.75 to 15.5 per cent. The oil is
piped to the railroad at Chatham and Greybull, where it is refined or
shipped to refineries in other parts of the country. Some of the gas
is used locally to generate power for drilling, but all that is produced
in the Lamb and Greybull fields is appropriated for domestic use at
the towns of Basin and Greybull, which have the distinction of being
the only towns in Wyoming that use gas as a source of heat and light.

ACKNOWLEDGMENTS.

The authors desire to acknowledge the generous cooperation of the
officials of the principal oil companies operating in the Big Horn
Basin. They have furnished logs of wells and other valuable informa-
tion. Special thanks are due to John McFayden and M. D. Woolery,
of the Ohio Oil Co., Homer T. Lamb, of the Bighorn Oil & Gas Co. and
the Greybull Oil Co., W. L. Walker, of the Valentine interests, T. L.
Harrison and C. M. Edgett, of the Enalpac Oil & Gas Co., and J. C.
Tanberg, of the Tanberg Oil Co. Valuable information was furnished
by Good & Drayton, Nathan and Kendrick Levi, Martin McGrath,
F. X. Whiting, R. H. George, J. A. Grant, of Thermopolis; Henry M.
Sherard, Otto Ahrens, and L. E. Cherry, of Greybull; Sam Scoville and
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W. E. Taylor, of Bonanza; and C. A. Fisher, consulting geologist, of
Denver, Colo. The writers desire especially to express their warm
appreciation for all favors granted by residents of the Big Horn
Basin. -

The field and office work was done under the supervision of M. R.
Campbell, whose helpful counsel and advice is hereby acknowledged.
J. D. Northrop, W. P. Woodring, M. W. Ball, R. H. Wood, E. M.
Parks, W. B. Emery, and C. J. Hares, of the United States Geological
Survey, assisted in geologic work in the field. To Millard Massey,
H. C. Evans, and A. C. Sutherland much credit is due for the efficient
manner in which they performed camp and other duties.

The report, except those parts whose authorship is specifically indi-
cated under the individual headings, was prepared by the two
authors jointly.

FIELD WORK.

The field work was of three classes—detailed work with topographic
map, detailed work without topographic map, and reconnaissance
examination. Practically all field work of Mr. Hewett was of the
first class, and all done by and under the supervision of the junior
author was of the second and third classes. Mr. Hewett devoted the
field seasons of 1911, 1912, and 1913 to geologic work in the Oregon
Basin, Meeteetse, and Grass Creek basin quadrangles. In this work
geologic features were located by plane-table and by compass readings
on numerous prominent objects, the positions of which were deter-
mined in making the topographic maps. Mr. Lupton continued the
work during the field seasons of 1914 and 1915, though without
topographic base maps, around the south and east sides of the basin
as far north as Greybull. In this work the anticlines were mapped by
plane-table methods. The first step in the process was the measure-
ment of a base line a mile or more in length, from which a system of
triangulation was developed. From these triangulation stations
detailed mapping wés done, and by means of vertical angles the eleva-
tions of a sufficient number of adjacent points were determined to
enable the geologist to draw structure contours on & chosen bed. In
addition the formations were measured and studied in detail to deter-
mine which of them might serve as reservoirs for oil and gas. In
producing oil fields, samples were collected for analysis so that the oil
and gas of these fields might be compared with one another and with
those of other producing areas.

A reconnaissance examination of part of the west side of the basin
was made in July, 1915, by Mr. Lupton, in company with M. W. Ball
and Millard Massey. At this time the wells drilled and drilling in the
Grass Creek and Little Buffalo Basin fields were located instrumentally
and many of the records were obtained. In October, 1916, Mr.
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Hewett visited all the fields west of Big Horn River and obtained
information concerning the results of the drlllmg that had been done
for a year.

GEOGRAPHY.

LOCATION.

" The Big Horn Basin lies in northwestern Wyoming. (See fig. 1, p.
11.) Itis bounded on the east and northeast by the Big Horn Moun-
“tains, on the south by the Bridger and Owl Creek mountains, and on
the west by the Shoshone Mountains and other ranges that lie east of
Yellowstone National Park. On the north the basin is open toward
the plains of southern Montana.

TOPOGRAPHY.

The Big Horn Basin, as the name suggests, is a depression nearly
surrounded by mountains. It is drained by the tributaries of Big
Horn River, which enters it through the Wind River canyon on the
south and flows northward to the junction with Yellowstone River in
Montana. The most important tributaries of Big Horn River rise in
the Owl Creek, Shoshone, and Absaroka mountains on the west, and
among them may be mentioned Owl Creek, Cottonwood Creek,
Greybull River, and Shoshone River. A few important streams,
such as No Wood and Shell creeks, rise in the Big Horn Mountains
on the east. The surface of the basin is trenched by the numerous
tributaries of Big Horn River and is rolling or hilly except in places
where extensive terraces border the stream courses.

The anticlines and domes form a belt 15 to 25 miles wide around the
border of Big Horn Basin. (See PL. I.) On the east and south sides
of the basin they lie mainly between the outcrop of Wasatch and later
formations and the mountains that limit the basin. On the west side
observations are limited by outcrops of Wasatch and younger forma-
tions, including volcanic tuffs, but there is reason for believing that
the folds persist much farther westward under these-rocks.

ACCESSIBILITY.

The Big Horn Basin is accessible from both the north and the south
by the Denver-Casper-Billings branch of the Chicago, Burlington &
Quincy Railroad, completed in 1914, which follows closely the course
of Big Horn River. By this railroad the anticlines and domes in the
southern and eastern parts of the basin may be reached with com-
parative ease, although some of them are 50 miles from the road.
Many of the anticlines along the west side of the basin may be reached
most easily from Cody, which is about 65 miles distant from the most
remote anticline (Fourbear, No. 41, PL. I),
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GEOGRAPHY. , . 15 .
CLIMATE AND VEGETATION.

The climate of the Big Horn Basin is semiarid. Records of tem-
perature and precipitation kept at a number of places in the basin for
periods of several years show that in general the annual rainfall on the
border of the basin is 11 to 12 inches and that in the interior of the
basin is about 6 inches, and that the interior is colder in winter and °
warmer in summer than the border. The greatest variation in tem-
perature between 1898 and 1903 was recorded at Basin, where the -
thermometer has registered a minimum of 51° below zero in February
and a maximum of 114° above zero in July.

The low winter temperature, as well as the meager rainfall, tend to
increase the cost of development in an oil or gas region. In Okla-
homa, for example, work can be carried on throughout the year, but
in the Big Horn Basin exceedingly cold weather hinders development
work for two or three months during the winter, usually in January
and February and possibly in parts of December and March.

The Big Horn Basin is mainly a grazing region but contains strips
of irrigable and irrigated lands along the perennial streams. Vege-
tation is comparatively scanty. Cottonwood trees, which have little
value except for fuel, border the streams that flow throughout the
year: Scrub cedar and a sparse growth of small pines occur here
and there in the more hilly sections, but timber valuable for lumber
is scarce. Cactus, sagebrush, and greasewood are common in the dry
parts of the basin.

WATER.

Water is all important to those who are exploring or planning to
explore for oil or gas. Hence, in this report, especially in the detailed
descriptions of the anticlines, particular attention is called to the
water supply.

The surface-water supply of the Big Horn Basin includes Big Horn
River, its tributaries, and springs, which occur throughout the basin
but are most abundant in the border zone adjacent to the mountains.
Big Horn River and its principal tributaries, Greybull and Shoshone
rivers, and Owl, No Wood, and Shell creeks, afford an abundant
supply of good water throughout the year. Many of the other
tributaries, though perennial in their upper courses for most of the
year, carry no surface water along their lower courses except in
periods of flood. The springs that yield good water are most numer-
ous along the edges of the basin; those of the interior yield small
flows of alkaline water th&t can be used by stock but that is not good
for domestic use.

In the absence of a surfa,ce supply, water in sufficient quantity for
use in camp may be obtained by drilling to depths ranging from 100



16 .ANTICLINES IN SOUTHERN PART OF BIG HORN BASIN, WYO.

t0 300 feet in the sandstones of the formations that overlie the Cody
shale, preferably the Mesaverde, the Meeteetse, and the Lance.

Both the surface and underground water supplies are described in
the detai ed descriptions of the anticlines and domes.

FUEL.

Fuel is 3ssential to the development of an oil and gas field, and its
accessibility materially affects the cost.of each well and therefore
the develcpment of the field. Thus, in the Grass Creek field, Wyo.,
coal is plentiful and sells for about $4 a ton, whereas in Green River
Desert, Utah coal must be hauled 60 to 80 mllea and has sold for as
much as $20 a ton. This difference in the price of fuel naturally
affects the number of wells drilled.

In the Big I-Yorn Basin the principal oil fields are not far from the
outcrops of coal beds, from which fuel can be obtained easily and
cheaply. The ccal beds that have been most extensively developed
lie in the southern part of the basin in the vicinity of Gebo and Crosby.
A few local mines ha e been opened at places around the edge of the
basin, but some of these have not been operated recently. The extent
and the characteristics of the coal have been described by Wash-
burne * and Woodruff.2

Gas has been discovered in commercial quantities in the Grevbull
Lamb, Grass Creek, Little Buffalo Basin, Oregon Basin, and Byron
fields, and is being used for fuel and light in camps and towns and
for drilling purposes. Crude oil is also used as a fuel in drilling in the
Grass Creek and other fields. Cottonwood, scrub cedar, pine, and
other trees constitute an additional fuel supply.

GEOLOGY.
STRATIGRAPHY.

SEQUENCE AND CORRELATION OF THE FORMATIONS.

The formations outcropping in the Big Horn Basin have been exam-
ined in part and at different times by several geologists. The following
table shows the equivalence of the formations noted by the authors
named and describes them briefly. Fisher,? as the table indicates, is
the only author who has made a general examination of all of the
formations.

1 Washburne, C. W., Coal fields of the northeast side of the Bighorn Basin, Wyo., and of Bridger, Mont.:
U. 8. Geol. Survey Bull. 341, pp. 165-199, 1909.

2 Woodruff, E. G., Coal fields of the southwest side of the Bighorn Basin, Wyo.: U. 8. Geol. Survey
Bull. 341, pp. 200-219, 1909; The coal field in the southeastern part of the Bighorn Basin, Wyo.: U. 8.
Geol. Survey Bull. 381, pp. 170-185, 1910,

8 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Prof. Paper
53, 1906,

o



U. 8. GEOLOGICAL SURVEY BULLETIN 656 PLATE Il

A. TENSLEEP SANDSTONE ON WEST SIDE OF BROKENBACK ANTICLINE.

DB. MADISON LIMESTONE IN ANTICLINE IN SHEEP MOUNTAIN CANYON.,



U. S. GEOLOGICAL SURVEY BULLETIN 656 PLATE m

A. LIMESTONE PART OF THE EMBAR FORMATION NEAR HEAD OF NO WOOD CREEK.

B. RED SANDSTONE IN MIDDLE PART OF THE CHUGWATER FORMATION ON NO WOOD CREEK
NEAR TENSLEEP.



Correlation of formations of the Big Horn Basin described in recent reports.

. . t L 1917 t N i in.
U, Slsher, 1006: Washburne, 1909: Woodruff, 1609: Hewett, 1914: Hintze, 1015: Lupton, 1916: Hewett and Lupton, present report. East and west sides of basin
System Prof. Paper 53 y U.S. Geol. Survey U. S. Geol. Survey U.S.Geol, Survey | Wyoming Geol. Survey| U.S.Geol. Survey
" | Eathe e Horn Bull. 341, p. 167. Bull. 341, p. 202 Bull. 541, p. 91. Bulls. 10 and 11. Bull. 621. Thickness
Basig. East side of basin. West side of basin. Shoshone River. West side of basin. ‘East side of basin. Formation. in feet. Character of rocks.
‘P“I"g"i“!n' deposits Alluvium. Alluvium. .. .......... 0-50 | Valley and flood-plain deposits along streams.
Quaternary.! Lot -Slzrmg ep oy Hot-spring deposits...j............ Local deposits of calcareous tufa.
Egrf; tguacceg gvels: Terrace gravels. Terrace gravels ....... 0-30 | Gravels and boulders washed from adjacent mountains.
Voleanic rock. (¢3] Andesitic tutfs and flows on west side of basin.
iary. v . Wasatch. Wasatch. W . Wasatch. Red and drab clay; buff and white sandstone with gravel
Tertiary Wasatch asatch . asatch . Wasatch asa 1,300+ lenses. Many aréas of badlands around border of basin.
Unconformity Unconformity Unconformity : Unconformity
. . N Fort Union. Undifferentiated Fort ; - - .
Fort Union. Fort Union. Fort Union. Union and Lance. Fort Union. 2.000-5,600 Buff and white gritty sandstone, with drab, red, and
- . . 4 4 green clay; lenses of gravel and lenticular beds of coal.
----------- Unconformity(?)— | Unconformity(?)—— | Unconformity(?) ___ | Unconformity
Tertiary? . ; Buff and drab sandstone with drab and green shale. No
¥ Laramic and associ- Laramie(?). Laramie(?). Ilo. Tlo. Lance. 840-1,800 red shale or coal beds.
"""""" ated formations. - N
Bearpaw. Undiffer- | Meeteetse. Meeteetse. Meeteetse. | 250-1,400 Soft gray and brown shale; gray and buff sandstone and
Montana JTBA 160 | yontana | entiated lenticular beds of coal.
group ClRwegi group. Montana Montana. |Mesaverde. Buff and whit st ab ") 4 lontd
. aggett. . . . uff and white sandstone, gray and brown shale and lentic-
Eaggl%. Eagle. Gebo. Montana. | gagle. ( Montana. {Mesaverde. | 1,120-1,410 | = 2 0 8 e onr base.
a)
> Pierre. G lack shal . N
. U er Tay, green, and black shale, with calcareous concretions
Pierre. p e?ub - Cody. Cody. 1,900-3,400 near base, merging with buff sandstone at top. No per-
m er Basin. sistent sharply marked beds.
Cret: (Niobrara)
Middle Calorad Fronti Fronti 104543 Wes{ ]fide: Sev(;zr,l) or mo;"ﬁableds %f k,;;ra%r al;éi buff sandstone
olorado. ‘rontier. rontier. 19 with gray and brown e and bentonite.
Colorado. Colorado shale. Colorado. member. East side: Two to six or more beds of sandstone.
Colorado. Colorado.
Colorado. Benton. Hard gray shale containing fish scales with lenses of gravel-
Mowry. Mowry. 160-375 bearing sandstone.
Low bz T -
member. i :
Thermop- Thermop- Gray to black shale with one persistent sandstone, the
olis. olis. 400-800 Muddy sand of the drillers. ’
Unconformity -
. 1'wo beds of i ff sandst t
Cloverly. Cloverly. Cloverly. «Cloverly.” Cloverly. Cloverly. Cloverly. 110-300 ‘\zgrieegast‘,:d ;i’lififveub&,ef’;;’ni i?fhseegigrs&u?y gray or
Cretaceous?| Morrison. Morrison. Morrison. 150-580 P‘é?éf‘gd‘;ﬁd pale greenish-gray shales with sandstones in-
............ = Greenish-; sandstones and shales with a little limestone
Jurassic. | Sundance. Sundance. Sundance. 250-530 |~/ terbe (ﬁ:%
s - “Red B 7 R 17 i ick
Triassic. | Chugwater. Chugwater. Chugwater. 700-1,100 o?%y;s?lsm e ae;dtg;x'xds ones and shales with a thick bed
Gray limestone, with gray and red sandy shale and gypsum
Embar. Embar. 250-480 interbedded. Limestone very thin on east side of basin.
Tensleep. Tensleep 30-230 Mafsive gray sandstone, containing thin layers of lime-
. . stone.
Carbonifer-
ous, - 3
Amsden. ’ Amsden. 150-200 Rg% ge:gl?rrfhales and sandstones, with layers of limestone
Madison. Madisou. 600-1,000 | Gray massive limestones.
Ordovician.| Bighorn. Bighorn. 150-300 | Siliceous gray limestone, very hard and massive.
Cambrian. | Deadwood. Deadwood. 700-900 | Sandstone, shale, conglomerate, and limestone.

86133°—Bull. 656—17.

(To face page 16.)

a In U. S. Geol. Survey Bull. 621, through a typographic error, the Montana~Colorado boundary was erroneously drawn at this position.
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STRATIGRAPHY. 17

CARBONIFEROUS SYSTEM.
MADISON LIMESTONE.

The massive gray Madison limestone ranges in thickness from 600
to 1,000 feet. Its upper part is more nearly pure than its lower,.
which is sandy. It contains a Mississippian (lower Carboniferous)
fauna. In the area shown on Plate I this formation is exposed only
in Sheep Mountain Canyon, on Big Horn River about 8 miles north
of Greybull. Its character is shown on Plate II, B, where only the
upper 800 feet of the limestone crops out in the walls of the canyon.

AMSDEN FORMATION.

The Amsden formation overlies the Madison and comprises 150 to
200 feet of limestone, shale, and chert. Its lower 60 to 80 feet is
bright-red shale and contains layers of limestone and considerable
chert. A few fossils collected from it indicate that it is of Penn- -
sylvanian (upper Carboniferous) age.

TENSLEEP SANDSTONE. ¢

The Tensleep sandstone, which conformably overlies the Amsden
formation, is one of the most prominent formations on the east side
of the basin. It consists of 30 to 230 feet of yellowish-gray to white
massive cross-bedded sandstone alternating with beds of limestone.
(See PL.II, A.) The sandstone usually contains water and is believed
to yield the lowest and strongest flow of water in Catherine No. 2 well
(No. 11, Pl. XT, p. 98) near Bonanza.

EMBAR FORMATION.

The term Embar, as used by Darton ! and Fisher,? includes a group
of marine deposits consisting of gray to greenish limestone and chert
beds lying between the top of the Tensleep sandstone and the base
of the nonmarine red Chugwater formation (“Red Beds’’). It ranges
in thickness from about 250 feet near Embar post oﬁice to 480 feet
at Sheep Mountain Ca,nyon

Recent investigations in the Wind River Mountains by Blackwelder
led him to divide the Embar into two formations, the Dinwoody
above and the Park City below. These units were recognized near
Thermopolis and near Sheep Mountain (Black) Canyon, at the south-
ern and eastern sides of the Big Horn Basin but were not separable
over a large part of the area considered in this report. The lime-
stone portion of the Embar is abundantly fossil bearing and is gray
in color; it bears oil in the Lander field.

1 Darton, N. H., Geology of the Bighorn Mountains: U. S. Geol. Survey Prof. Paper 51, pp. 35 and 36,

1906.
¢ Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. $. Geol. Survey Prof.

Paper 53, pp. 17 and 18, 1906.
86133°—Bull. 656—17——2
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In the southern part of the basin the Embar is principally lime- |

stone, but farther east and north it grades laterally into the honmarine
red sandstone, shale, chert, and gypsum with minor limestone that
constitute the lower part of the “Red Beds” or Chugwater forma-
‘tion. (See Pl. III, A.) This change in character naturally makes
it difficult to determine the exact limits of the formation.

TRIASSIO SYSTEM.
CHUGWATER FORMATION. <

The Chugwater formation consists of the rocks commonly desig-
nated “Red Beds.” It is predominantly sandy but includes beds
of sandstone, shale, gypsum, with a little limestone at the top. (See
PL III, B.) Itranges in thickness from 700 to about 1,100 feet. Its
lower part is apparently less resistant than its upper part and conse-
quently forms valleys. The Chugwater is not known to contain any
beds of sandstone which would serve as reservoirs for oil and gas
nor, as the formation is generally sandy, to contain any beds of shale
that would serve as impervious caps for the sandstones. At one place
on Red Spring anticline, however, an oil seep was found in this forma-
tion. In places the sandstone beds carry water, as in the well (Cath-
erine No. 2, P1. X1, p. 98) drilled on Paintrock anticline near Bonanza.
This well encountered water at not less than five horizons, some of
which are in this formation.

JURASSIC SYSTEM.
SUNDANCE FORMATION.

The Sundance is a marine formation of Upper Jurassic age, 250 to

530 feet in thickness, that consists principally of greenish sandstone,

shale, and limestone. The thin limestone beds are fossiliferous
throughout, the formation. In this region the Sundance is pre-
dominantly sandy, and some of the sandstones might serve as reser-
voirs for oil or gas. The formation has, however, been tested
nowhere in the Big Horn Basin except in the vicinity of Bonanza,
* where the sandstones yield no trace of oil or gas but are believed to
have yielded some of the water in Catherine No. 2 well.

CRETACEOUS (%) SYSTEM.
MORRISON FORMATION

The Morrison formation has been recognized throughout the Big
Horn Basin. It consists principally of variegated sandstone and
shale, the latter predominating. It rests with apparent conformity
on the underlying Sundance formation, and in places its lower part
is so nearly like the upper part of the Sundance that it is difficult to
separate the two. The Morrison is characterized by gastroliths or

¥ M
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‘“stomach stones” (very hard, highly polished pebbles of chert,
quartz, and quartzite, 2 to 4 inches in diameter), which are most
abundant near the top of the formation. They occur embedded in
both shale and sandstone, in many places associated with the bones
of dinosaurs, and serve to identify the formation. The Morrison
ranges in thickness from about 150 to 580 feet.

Plants collected from the top of the Morrison near Tensleep indi-
cate, according to F. H. Knowlton,! that it is of Cretaceous age. The
fossils were obtained from the same general locality as the leaves

~ mentioned by Fisher ? in his paper on the Kootenai formation.

CRETACEOUS SYSTEM.
CLOVERLY FORMATION.

The Cloverly formation in places unconformably overlies the Mor-
rison formation. It has an average thickness in the Big Horn Basin
of about 125 feet. In most places its lower part is a fine white con-
glomerate or conglomeratic sandstone 15 to 25 feet thick, the peb-
bles of which are well rounded and are mainly chert. Its middle
part is reddish sandy shale and thin-bedded sandstone about 75 feet
thick. This in turn is overlain by 10 to 20 feet of yellowish gray
sandstone, locally termed the Greybull sand, and here designated the
Greybull sandstone member of the Cloverly formation,® from the
town of Greybull, near which it is typically exposed. It is this sand
that produces practically all the oil and gas in the Greybull field.
Its relation to the underlying Morrison formation is shown in Plate
1V, A.

Darton ¢ believes that this formation corresponds to the Dakota,
Fuson, and Lakota formations in the Black Hills region. Fisher®
collected leaves of Kootenai age from these beds. '

THERMOPOLIS SHALE.

The Thermopolis shale conformably overlies the Cloverly forma-
tion. It consists mainly of a dark shale 400 to 800 feet thick, sandy
near its top and base and containing a persistent bed of sandstone
near its middle. The sandy beds, 100 or more feet thick, near the
base have been termed ‘‘rusty beds’’ by Washburne,® and the per-
sistent bed of sandstone near the middle is termed by the drillers the
“Muddy sand.” It is unusually persistent, and being overlain by

1 Knowlton, F. H., Note on a recent discovery of fossil plants in the Morrison formation: Washington
Acad. Sci. Jour., vol. 6, No. 7, pp. 180, 181, 1916.

2 Fisher, C. A., Southern extension of the Kootenai and Montana coal-bearing formations in northern
Montana: Econ. Geology, vol. 3, pp. 84, 85, 1908.

8 This should not be confused with the ¢ Gray Bull beds,” proposed by Granger (Am. Mus. Nat. Hist.,
vol. 33, p. 203, 1914) as the name of a faunal zone in the Eocene of this region.

4 Darton, N. H., Geology of the Bighorn Mountains: U. 8. Geol. Survey Prof. Paper 51, p. 53, 1906,

5 Fisher, C. A. op cit., p. 85.

6 Washbume,c W., Gas fields of the Bighorn Basin, Wyo U. S Geol. Survey Bull 340, p. 350, 1908.
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shale constitutes a good reservoir for oil and gas. On the east side
of the basin it contains only a trace of oil and a showing of gas, but
on the west side it is believed to furnish the strong flow of gas in the
Oregon Basin field. Near Cody a little oil is yielded by a sand lying
at approximately the horizon of the Muddy sand. In Plate IV, B,
the Thermopolis shale is represented by the floor of the valley on
which the drilling rig stands.

MOWRY SHALE.

The Mowry shale (Pl. IV, B), named from Mowry Creek, on the
east side of the Big Horn Mountains, is a hard, platy bluish-gray shale
which conformably overlies the Thermopolis shale. It weathers light
gray to white and is characterized by large numbers of fish scales.
Its thickness ranges from about 160 feet near Greybull to about 375
feet near Thermopolis. In places it contains thin beds of bentonite
and also beds of sandstone which have been named by drillers the
Kimball and Octh Louie sands, and which yield most of the oil pro-
duced in the Torchlight dome near Basin. The presence of the fish
scales suggests that at least part of the oil contained in the formation
originated there. .
FRONTIER FORMATION.

The Frontier formation (P1. V, B) conformably overlies the Mowry
shale, and includes from about 500 to about 650 feet of sandstones and
interbedded shale. Near Greybull only two beds of sandstone are
present, but in the southern and western parts of the basin there are
five or six beds. In the vicinity of the town of Basin the two princi-
pal sandstones have been named the Torchlight and Peay sandstone
members. On the west and south sides of the basin the top sand-
stone of the Frontier is here called Torchlight (?) sandstone member,
as it is believed to be the equivalent of the Torchlight on the east side
of the basin. The outcrop of Peay sandstone near Greybull is shown
in Plate V, A. The sands of the Frontier formation contain one or
more thin beds of fine conglomerate, the most persistent being at the
top of the Torchlight sand or base of the Cody shale. In places this
conglomerate is unconsolidated and is 1 or 2 inches thick, but else-
where it is consolidated and attains a maximum thickness of 7 feet.
The lower of the two sands, the Peay, yields all the gas produced in
the Lamb-anticline. The sandstones of the formation also yield oil
and gas in the Grass Creek and Little Buffalo fields.

The sandstone beds of the Frontier formation, so far as develop-
ment work has progressed, appear to be the most important reser-
voirs of oil and gas in the Big Horn Basin, and it is believed that future
development will confirm this conclusion.



U. 8. GEOLOGICAL SURVEY BULLETIN 656 PLATE IV

A. UNCONFORMABLE CONTACT BETWEEN WHITE SANDSTONE OF THE CLOVERLY FORMATION
AND VARIEGATED SHALE OF THE MORRISON FORMATION NEAR TENSLEEP.

B. THERMOPOLIS AND MOWRY SHALES NEAR BONANZA.

Standard drilling rig in foreground.



U. 8. GEOLOGICAL SURVEY BULLETIN 656 PLATE V

A. PEAY SANDSTONE MEMBER OF THE FRONTIER FORMATION ON EAST SIDE OF BIG HORN
RIVER NEAR GREYBULL.

B. FRONTIER FORMATION IN LYSITE MOUNTAIN ANTICLINE.
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The name Frontier in its type locality in southwestern Wyoming ¢,
is applied to a group of sandstone, shale, énd coal beds 2,200 to 2,600
feet thick. In Carbon County, Wyo., about 200 miles farther east,
the formation ranges from 400 to 800 feet thick and has no coal beds.
In the Big Horn Basin beds of sandstone and shale occur at the same
stratigraphic position and hence have been given the same name.

As this formation probably contains most of the oil and gas in the
Big Horn Basin, a number of detailed sections are given in order to
show the changes its character undergoes from place to place.

Section of Frontier formation on west side of Sheep Mountain, in T. 58 N., R. 94 W.,
near Greybull, Wyo.

Sandstone (Torchlight), gray, soft, cross-bedded, conglomeratic at  Feet.

top; pebbles mainly chert........ ...l 20+
Shales, gray, drab, and yellowish, contains a few thin sandstone
T P 250

Sandstone (Peay):
Sandstone, yellowish, soft at base; dark gray, weathenng very

rusty brown, harder, and more concretionary in middle;
and white to gray, massive, cross-bedded in upper part... 50

Shale, very sandy, with some beds of sandstone............. 40
Sandstone, gray, weathering brown, soft, shaly............. 10
Shale, gray, drab, and yellowish, sandy.................... 25
Sandstone, yellowish, soft, shaly............coooiiiiitt. 6
4014
Section of Frontier formation in southeastern part of T. 49 N., R. 91 W., near Bonanza,
Wyo.
Sandstone (Torchlight), yellowish gray, soft, slightly conglomer- Feet.
BHEC BB BOD -+« - v e et e et et 33
Sandstone, gray to white, contains yellowish-brown, concretion-
ary, slightly conglomeratic lenses............................ 10
Sandstone, dark gray and brown, carbonaceous, soft, grades into
3 P 20
Clay, SaNAY, BraY- ceeeueeereaneeeateenresssracaerssesnrnnnns 85
Shale, gray and drab, sandy . ....coceiiiiiiiiiiiiiiiiiiiiienn. 100
Sandstone and shale, most of sandstone in upper half; gray, weath-
ers brown; contains a thin bed of shale intermixed with small
chert pebbles; shale weathers to lightclay............c..oo... 45
Sandstone (Peay):
Sandstone, yellowish gray, slightly conglomeratic at top, me-
dium bedded, contains a few thin beds of gray shale...... 50
Sandstone and sandy shale alternating.. .. ................. 17
Sandstone, gray, weathers brown, medium bedded.......... 100
Shale, contains thin beds of bentonite...................... 30
Bentonite . ..... ... ool e et 4
Shale, grayish brown, soft.......ccoeeieiiiiiiiilLL 55
549

1Veatch, A. C., Geography and geology of a portion of southwestern Wyoming, with special reference to
coal and oil: U. 8. Geol. Survey Prof. Paper 56, pp. 65-69, 1907.

|
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Wyo.

Sandstone (Torchlight?), brown, massive at top, thin bedded  F¢. in

atbottom.. ... ..o .. 15 0
Shale, dark, sandy, contains a few thin beds of sandstone.... 150 0
SandBtone. . ... iei i 2 0
Shale. ot i 8% 0
Sandstone, buff, fine grained, massive...................... 22 0
Shale, upper half gray and buff; lower half dark, contains fer-

TUZINOUS MABSLS. « ¢+ e e et ee e e e eaece e aeea e aenanaains 110 0
Sandstone, buff and brown, thin bedded at base, massive at

top; upper 2 feet containis many black, red, and white chert

pebbles ranging in size from sand grains to an inch in di-

ameter......... e et eeer e 80 0
Shale, dark, sandy, contains a few lenses of sandstone. ...... 19 0
Sandstone, pepper and salt appearance, coarse.............. 6
Shale, dark, sandy, contains ferruginous masses that weather )

blackishred.....o.oiiiriii i 20 0
Shale, black, fissile........o.coo .. 5 0
Sandstone, gray, upper part stained greenish yellow, thin

bedded, huge ripple marks at top......... e 13 6
Shale, dark, sandy.... ..ol 30 0
Shale, light gray to blue, resistant .. ....................... 13 0
Shale, dark, fissile, contains fish remains. ................... 23 0
Sandstone. . .. ... 1 6
Shale, dark, fissile. ..o it 30 0
Bentonite ... coce it 6

620 O

Section of Frontier formation along Big Horn River, in T. 43 N., R. 94 W., near Ther-

mopolis, Wyo.
Sandstone (Torchlighté), brown and gray, soft, shaly, some peb- Feet.

bleS At tOP . ot e 48
Shale, light, bentonitic............ et eraeeeneaaaaaas 64
Sandstone, gray .. .. ..coioeoii i e 16
Shale. (e e 50
Sandstone. .. ... 30
Sandstone, gray .. .. ..eonetne e 20
Shale, concealed .. .. .. ... o i 75
Sandstone, gray .. .. ... A 10
Concealed, probably shale........... e 55
Sandstone, gray massive, resistant; forms ridge............ e 15
Shale, partly concealed. ........ .. ... il 25
Sandstone, brown, massive. ...... .. .. iciiiiiiiiiiiiii 10
Shale, brownish. ..... ... e 5
Sandstone, brown, thin bedded and shaly.. . .............. ... 15
Shale, gray, contains thin beds of sandstone near top. ........... 110
Sandstone, gray, Massive. .....coiunrienoniioiiiaiaei i 20
Sandstone, dark, thin bedded. ... ....... ... .. ... .. il 10
Shale, bluish, sandy. ....cooooi ool s 25
Bentonite. - .o iei i 5
Shale, dark...... e 40

648

tern part of T. 44 N., R. 88 W., near Bigtrails,
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Section of Frontier formation on Shoshone River in T. 58 N., R. 101 W., near Cody, Wyo.

Sandstone (Torchlight?), buff, separated into three benches by

thin brown shale bands; upper and lower benches contain chert Feot.

pebbles, the largest half an inch in diameter.................. 24
Sandstone, buff to gray, shaly ..................................
Shale, brown. ... o
Bentonite. .......oooiii
Shale, brown. . ...oi e
Sandstone, buff. .. ...l
Bentonite. ... ... ...
Shale, brown, with 4 inchesofcoal............ ... ..o illL.
Sand, brown, shaly. . ..cceeimiiiiiii i
Shale, brown, with two thin coal beds..................... ...
Shale, dark. . ..ot e
Sandstone, buff. ... ... o L )
Shale, sandy. ..o i
Sandstone, buff............... ettt ieiiitaie e
Shale, 8andy .« eee e e
Sandstone, drab, separable into four massive benches by thin shale

layers; second bench from the top contains black chert pebbles

=]
<

i
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three-fourths of an inch in diameter.........ooeoeeeuneenn.... 40
Shale, 8andY.ceceennrniin i 32
Sandstone, buff, thin bedded.......... .. ... ... ....o.... 18
Shale, 8andy. . cooeoeii i 22
Sandstone, buff, thin bedded............. ... ... ... ...l 12
Shale................. R L R P 16
Sandstone, buff.... ..o 8
Shale. oo e e 16
Sandstone, buff......... ... 40
3] 1T U 24

Sandstone, buff, thin bedded containing nonpersistent zounes of
chert pebbles as much as 3 inches thick near the top and a highly
persistent zone 6 inches thick near the middle; the pebbles
measure from three-fourths of an inch to 2 inches; fragments of
bone and bivalve shells are common......cocvvieieieiinon.L. 36

494

Section of Frontier formation on the east side of Wood River in sec. 15, T. 47 N., R. 101 W.,

near Sunshine, Wyo.
Sandstone (Torchlight?), buff, with two thin persistent zones of Feet.

chert pebbles....... ... 67
Shale, black and brown. . ... i 7
Sandstone, buff, thin bedded............ ... ... 13
Shale, with some sandy zones...................... ... .. ...... 151
Shale, black.....oooo o 2
Sandstone, buff. ... ...l 24
YT L 36

~ Sandstone, L3 S 14
R 1) L 12
Sandstone, buff....... ..ol 48
Shale. .. .o i P 106
Sandstone, buff... ... . 23

- 503
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Section of Frontier formation on the north limb of the Cottonwood anticline south of
Cottonwood Creek in sec. 11, T. 44 N., R. 98 W.

Feet.
Sandstone (Torchlight?), buff to white, persistent. .............. 45
Shale, sandy, with several nonpersistent thin beds of sandstone. . 40
Sandstone, buff ... ... .l 18
Shale, sandy, gray and black................. s 40 .
Sandstone, thin bedded. ....... .. ... ...l 10
Sandstone, shaly, buff to white......... e 30
Sandstone, thin bedded. ..... ... ... . . i 1
Bentonite. .....voiii i 1
Sandstone, white. . ... ... ... i 1
Bentonite. ... il e eeceaneann 3
Shale, sandy....... ..o Ll e 10
Sandstone, buff to gray, persistent; formsridge. . ............... 18
Shale, 8andy........ooii 20
Sandstone, local lens..........oooioii i 2
Shale, sandy, gray. ......cooooiiiiiil e, 18
" Sandstone, locallens....... ... ... 2
Shale, sandy. ..o 6
Sandstone, buff, persistent...... ... ... . il 3
Shale, gray; weatherslight. ... ... ... ... ... 18
Sandstone, shaly.... ... .. . o 10
. Shale, gray; weathers white; resembles Mowry shale............. 25
Shale, dark gray, easily disintegrated.......................... 10
Sandstone, gray to white, persistent; formsridge................ 42
373

CODY SHALE.

The name Cody shale was recently applied by Lupton ! to the
group of shale and shaly sandstone beds that overlie the Frontier
formation near Basin, Wyo. The unit occupies the same position
in the section as that mapped by Fisher 2 as the Pierre shale, as that
described by Hewett ® as the upper shale member of the Colorado
formation on Shoshone River, and as the Basin and Pierre forma-
tions as described by Hintze.* In contrast with the underlying .
Frontier formation and the overlying Mesaverde formation the Cody
shale weathers readily and therefore underlies broad rolling plains or
valleys limited by escarpments of the higher formation. For this
reason, the knowledge of the shale is derived from exposures of parts
of the unit in small badlands areas or stream valleys.

The thickness ranges from a minimum of 1,900 feet on the south
side of the Cottonwood anticline to & maximum of 3,400 feet on the
west side of the North Sunshine anticline. In general, the differ-
ences in the measured thickness appear to result from folding, as
well as from conditions of deposition. Measurements of thickness

1 Lupton, C. T., Oil and gas near Basin, Big Horn County, Wyo.: U.S. Geol. Survey Bull. 621, p. 171, 1916.

2 Fisher, C. A., op. cit., p. 30.

3 Hewett, D. F., The Shoshone River section, Wyo.: U. S. Geol. Survey Bull. 541, p. 98, 1914.

4 Hintze, F, F., jr., The Basin and Greybull oil and gas fields, Wyo.: Wyoming Geol. Survey Bull. 10,
Pp. 24, 27, 1915.
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on the limbs of folds are commonly greater on the steep than on the
flat limbs. The available data indicate that on the west side of the
basin the thickness of the shale increases from 2,150 feet in the lati-
tude of Cody to nearly 3,000 feet on the Enos Creek anticline, then
decreases to about 2,000 feet on Cottonwood Creek. On the east
side of the basin the thickness is 300 to 600 feet greater than on the
west side. It apparently increases to about 3,000 feet on Big' Horn
River near Lucerne, at the south end of the basin, and remains con-
stant along the south and east sides as far as Bonanza. Northwest
from Bonanza it thickens to about 3,350 feet at the south side of the
Torchlight dome, and then thins to about 2,600 feet on Greybull
River, west of Greybull.

The character of the Cody shale and higher formations will not be

“presented in detail. The lower two-thirds of the formation is largely

shale, predominantly dark gray but locally light gray, brown, and
black. This part includes poorly defined interbedded lenses of fine-
grained gray and brownish sandstone and in some sections consid-
erable green glauconite.

Many marine fossils have been found in the shale 200 to 500 feet
above the base, but a larger number are obtained from rounded cal-
careous concretions which occur sporadically in the shale. These
fossils are reported by T. W. Stanton to be characteristic of the Colo-
rado group. There is no sharp limit between the lower shaly part of
the formation and the upper, which is largely thin-bedded buff sand-
stones. Lenses of resistant sandstone 20 to 45 feet thick, which occur
from 100 to 400 feet below the top of the formation, are more conspicu-
ous in basins south of the Oregon Basin. On the south and east sides
of the Big Horn Basin the Cody shale consists almost entirely of
shale with lenses of sandstone near the base and more persistent
concretionary beds near the top.

Several collections of marine fossils from a zone about 1,000 feet
thick at the top of the formation are reported by T. W. Stanton to
belong to the Montana group.! Other collections from the upper
sandy part include shark teeth but are not diagnostic.

At no place in the Big Horn Basin is the Cody shale known to con-
tain oil or gas in commercial quantity. It is possible that these
substances may be found in the sandstone where conditions are

favorable.
MESAVERDE FORMATION.

The Mesaverde formation is a group.of massive resistant sandstones
with thin layers of interbedded coal and shale that overlies the Cody
shale and forms prominent escarpments in many parts of the Big
Horn Basin. The name was first applied to a group of coal-bearing

1 Lupton, C. T., op. cit., p. 172.

rd
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rocks about 1,000 feet thick that overlies the marine Mancos shale
and is in turn overlain by the marine Lewis shale in southwestern
Colorado.! Field work by members of the United States Geological
Survey has shown that a similar coal-bearing group of rocks under-
lain and overlain by marine shale persists through western Colorado
and southwestern and central Wyoming, and fossils have warranted
the correlation of the successive formations with the Mancos, Mesa-
verde, and Lewis formations, except that in central Wyoming the
lower marine shale is known as the Steele shale, as it there represents
only the upper part of the Mancos, the rest of the Mancos being
represented by several older formations. In describing the coal
fields of the Wind River Basin in central Wyoming, Woodruff and
Winchester 2 recognized a group of coal-bearing beds 1,000 to 3,000
feet thick, overlying a thick shale, the lower part of which contains
marine fossils of Colorado age and the upper part marine fossils of
Montana age. The shale was correlated with the Mancos shale and
the coal-bearing beds with the Mesaverde formation, although the
marine Lewis shale known to the east and south was not known to
be present. The character of the Upper Cretaceous beds of the west
side of the Big Horn Basin and the northwest corner of the Wind
River Basin are strikingly similar, and, although the overlying marine
Lewis shale is absent, the use of the term Mesaverde is warranted.
On the west side of the Big Horn Basin the lower part of the for-
mation is characterized by two beds of massive buff sandstone 40
to 60 feet thick, between which there are one or more lenticular but
locally important beds of coal. The lowermost of these two sand-
stones was first identified by Washburne® as the Eagle sandstone
but has been shown by recent work to lie considerably higher in the
section than the type Eagle of northern Montana. (See Pl. VI, A.)
The coal beds of this part of the formation are not important east of
Big Horn River; the higher beds are locally thick enough to warrant
mining, but the separate beds are not persistent over large areas,
and according to the evidence on the west side of the Big Horn
Basin, the thickest beds become thinner and disappear toward the
southwest and are succeeded by overlapping higher beds. The
- upper limit of the formation is the top of a group of gray to white
beds of sandstone 200 to 400 feet thick. In contrast with the sand-
stone of the overlying Meeteetse and Lance formations, that of the
Mesaverde is hard and resistant, so that the beds near the base form
prominent escarpments over the softer Cody shale and the beds at

1 Holmes, W. H., U. 8. Geol. and Geog. Survey Terr. Ninth Ann. Rept., p. 244, 1875,

2 Woodruff, E. G., and Winchester, D. E., Coal fields of the Wind River region: U. 8. Geol. Survey
Bull. 471, p. 522, 1912.

3 Washburne, C. W., Coal fields of thenortheast side of the Bighorn Basin, Wyo., and of Bridger, Mont.:
U. 8. Geol. Survey Bull. 341, pp. 167-168, 1909.
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A, LOWER SANDSTONE (FORMERLY CALLED EAGLE) OF MESAVERDE FORMATION NEAR
ZIMMERMAN BUTTE.

B. ANGULAR UNCONFORMITY (REPRESENTED BY HEAVY LINE) BETWEEN THE FORT UNION
AND LANCE FORMATIONS ON DRY CREEK NEAR GREYBULL.
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the top form persistent ridges that limit the valleys carved in the
Meeteetse beds.

The thickness of the formation ranges from a maximum of 1,410
feet north of the Cottonwood anticline to 1,120 feet on Shoshone
River, and the average thickness throughout the Big Horn Basin
is about 1,200 feet. The age of the formation is fixed by the identi-
fication by F. H. Knowlton of fossil leaves from several horizons.

MEETEETSE FORMATION.

The Meeteetse formation includes the beds of soft gray shale,
sandstone, and coal which overlie the Mesaverde formation. Where
the beds dip more than 10° or 15° narrow valleys follow the outcrop
of the formation, but where the dip is not so steep badlands are com-
mon. On the west side of the Big Horn Basin the thickness ranges
from a maximum of 1,240 feet in T. 50 N., R. 101 W., to 750 feet
in T. 46 N., R. 97 W, east of the Grass Creek basin and is separable
into two nearly equal parts, a lower dominantly sandy part with
shale but no coal and an upper part, which contains a number of
beds of brown shale and of coal, some of which are locally mined.
Throughout this part of the basin the upper limit of the formation
is the base of the first massive sandstone that overlies the upper-
most coal bed. Although the formation has yielded many leaves
and plant remains which are regarded by F. H. Knowlton as Montana
in age no vertebrate or invertebrate fossils have yet been found in it.

It is believed to include the equivalent of the Bearpaw shale
although no marine fossils have been found in it in the area under
consideration. Washburne ! reports marine fossils from shale at the
horizon of the Bearpaw formation near Elk Basin anticline, in the
northwestern part of the Big Horn Basin.

TERTIARY (?) SYSTEM.

LANCE FORMATION.

The name Lance is applied to the beds included by Hewett in
the “Ilo formation’’ along Shoshone River ? and to a similar group
of beds on the east side of the Big Horn Basin which have yielded
enough vertebrate fossils to warrant correlation with the Lance for-
mation of eastern- Wyoming. The base is the first massive sand-
stone that overlies the coal-bearing part of the Meeteetse formation
west of Big Horn River and the shale east of the river. The upper
limit of the formation is the base of a conglomerate or gravel-bearing
gritty sandstone of the Fort Union formation that has been traced

1 Washburne, C. W., Coal fields of the northeast side of the Bighorn Basin, Wyo., and of Bridger, Mont.:
U. 8. Geol. Survey Bull. 341, p. 169, 1909.
2Hewett, D. F., op. cit., p. 103.
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over a large part of the basin from two areas in which it is uncon-
formable on the Lance beds. One of these areas lies in the eastern
part of T. 50 N., R. 100 W, east of the Oregon Basin, and the other
in the eastern part of Tps. 51 and 52 N., R. 94 W., near the mouth
of Greybull River. This unconformity also is Well exposed in Dry
Creek. (See Pl. VI, B.)

The formation is largely soft drab and gray massive sandstone
with shale. It contains no coal on the west side of the Big Horn
Basin, but in the vicinity of Greybull and farther southeast it includes
lenticular beds that are locally mined. Its correlation with the
Lance formation is based on the identification of Triceratops bones
by C. W. Gilmore. On the west side of the basin its thickness
ranges from 1,790 feet on Shoshone River to 840 feet on Prospect
Creek, 50 miles south, and on the east side of the basin it averages
about 1,800 feet.

Although this formation is usually classed in the Tertiary(?) sys-
tem the striking unconformity at its top in the Big Hormn Basin
inclines the writers to believe that it is more properly assignable to
the Cretaceous.

TERTIARY SYSTEM.

FORT UNION FORMATION.

The recognition of the Fort Union formation is based on the iden-
tification by F. H. Knowlton of many species of fossil leaves. In
comparison with most of the regions in which it is known the for-
mation in the Big Horn Basin has yielded few invertebrate fossils.
On the west side of the Big Horn Basin the lowest sandstone of the
Fort Union may be traced from sec. 29, T. 50 N., R. 100 W., where
it rests on the Lance formation 1,360 feet thick, to sec. 2, T. 50 N.,
R. 100 W., where it rests on the lower part of the Meeteetse forma-
tion, which contains no coal. The maximum discordance in dip
occurs in the latter locality, where the Meeteetse beds dip 22° E.
and the Fort Union sandstone 9° E. On the east side of the basin
it may be traced southward from Sheep Mountain to the vicinity of
Tensleep Butte, where the Fort Union and Lance are overlapped by
the Wasatch. Southward from this locality the unconformity was
traced for 10 miles or more. Along the south side of the basin east
of Big Horn River no evidence of an unconformity was observed.
The Fort Union is overlain unconformably by the Wasatch and
younger formations. The best exposures are found where streams
have cut valleys across the strike of the beds, as along Greybull
River and in the “Hole in the Ground” in T. 48 N., R. 99 W. The
maximum thickness of the Fort Union formation, 5,592 feet, was
measured in the Shoshone Canyon and in the east half of T. 51 N,
R. 101 W. East of the Oregon Basin 1t is completely overlapped
by beds of the Wasatch formation.
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On the east side of the Big Horn Basin the Fort Union formation
ranges in thickness from about 1,200 feet near Kirby to about 2,000
feet on Greybull River, about 4 miles above its mouth.

The formation is largely composed of white, buff, and drab sand-
stones with gray, olive, and red shale. On the west side of the
basin, the basal bed is generally conglomeratic and there are also
several higher persistent beds of conglomerate. The pebbles of the
conglomerate are largely white and red quartzite, but there are also
cherts with Carboniferous and Permian fossils, silicified wood that
resembles the variety found in the Meeteetse formation, and pale
red andesite. Granite pebbles are rare and limestone and vein
quartz have never been found. The formation contains important
but lenticular beds of coal at 100 to 150 and at 480 feet above the
base on the west side of the basin. On the east and south sides of
the basin no coal of economic importance is kmown to be present.
Thin beds of coal and carbonaceous shale are known near the top
of the formation on Antelope Creek, about 3 miles southwest of the
town of Basin.

Although the beds of the Fort Union formation are involved in the
folds the relations to the underlying beds show that a slight amount
of local folding took place when the basal beds were laid down. The
persistent occurrence of water-worn fragments of silicified wood sug-
gests that some of the sediment was derived from the Meeteetse

formation.
WASATCH AND YOUNGER FORMATIONS.

In this report the name ‘“ Wasatch” is applied to a group of beds
that are separated from the underlying Fort Union and older forma-
tions by an unconformity commonly recognizable by a discordance
in dip and that are covered by the volcanic tuffs and flows adjacent
to the Shoshone Mountains. As thus defined, the formation includes
beds that attain a probable maximum thickness of 2,500 feet * in the
vicinity of McCulloch Peak and contain the faunal zones recently
given the names Greybull, Lysite, Lost Cabin, and Tatman by Sin-
clair and Granger.

In areas of pronounced unconformity the basal beds contain lenses
of conglomerate and gravel composed of the rock types represented
in the Fort Union formation and of limestone and pale-red granite.
In the matrix of the gravel angular feldspar is an important constit-
uent. The higher beds contain gritty calcareous sandstone and nu-
merous alternations of drab, olive, and red sandy clay. Many streams
of the central part of the basin rise in badlands, the walls of which

1 Fisher, C. A., op. cit., p. 33.

2 Sinclair, W. J., and Granger, Walter, Notes on the Tertiary deposits of the Bighorn Basin: Am. Mus.
Nat. Hist. Bull., vol. 31, p. 57, 1912.

Granger, Walter, On the names of lower Eocene faunal Lorizors of Wyoming and New Mexico: Am,
Mus. Nat. Hist. Bull., vol. 33, p. 201, 1914,
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show many such alternations of somber and highly colored beds. A
very striking feature of the formation is the lenticular character of
each of the beds, the succession in one badland area rarely being the
same as that in an adjacent area. The clay beds of the badlands
areas have yielded bones of a number of mammalian vertebrates,
from which, on the basis of determinations by C. W. Gilmore, the
age of the formation is established. Locally, thin beds of brown
shale yield leaves and the variegated clays yield invertebrate fossils,
but these are uncommon. The formation does not contain coal in

the basin.
STRUCTURE .

DEFINITIONS OF -STRUCTURAL TERMS.

In general, the term ‘‘anticline’ is applied to an upfold in bedded
rocks and the related term “syncline’” to a downfold. Horizontal
folds that are beveled by a surface which is approximately horizon-
tal show nearly parallel outcrops of the beds of rock. In an anti-
cline the oldest beds—those that were originally the most deeply
buried—lie in the middle and are bordered on both sides by belts of
younger rocks—the oldest nearest the middle—which dip outward
from the central older rocks. In a syncline the youngest rocks form

the middle belt and are bordered by belts of older rocks, which dip

inward toward the central and younger rocks. Some anticlines and
synclines show on the surface as exceptionally regular parallel belts
of rock beds 50 to 100 miles long. Most folds, however, are shorter,
. and the outcrops of the beds that form them appear at the surface as
roughly parallel elliptical belts. Where these belts are nearly circu-
lar, or slightly elliptical, and the rocks dip away from the center, the
fold 1s called a dome.
As some of the terms that have been applied to parts of folds have
been very loosely used and as some parts have never been named, it
" seems desirable to redefine some of these terms and to introduce new
names for parts that have heretofore had no specific names. The
term ‘“axis’’ is in.common use, but its usage is variable and not at all
exact. It has been applied to three distinct parts of a fold—(1) the
line on the surface of the ground which separates opposed dips, (2)
the highest part of a chosen bed in an anticline and the lowest part
of the bed in a syncline, and (3) the line of intersection of the axial
plane or axial surface of a fold with a particular stratum. In some
folds these lines will coincide if they are viewed from a point high
above the surface of the ground; but in other folds, such as most of
those in the Big Horn Basin, if thus viewed, they may appear to be
several hundred feet apart. It is important, therefore, to the oil
operator and prospector that the three lines be so clearly discrimi-

&
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nated that they may be easily recognized in the field and that the
terms used to des1gnate them be clearly understood.

The word ‘‘axis” should be used in only one of the three meanmgs
given above, and it is proposed to limit it to the third meaning.
Other names W111 be suggested for meanings 1 and 2. The defini-
tion of ‘“‘axis’ then is, the line'marking the intersection of the axial
plane or axial surface of ‘'a fold with any particular stratum. The
‘‘axial plane’” of a fold has been defined by Willis! as the plane that
bisects the angle between its limbs. (See diagram 1, fig. 2, p. 35.)
For the other two lines to which the term ‘‘axis’ has been applied,
new names are proposed. The term ‘‘crest trace’ is proposed for
that line on the surface of-a folded stratum which passes through
the highest points of all vertical sections that cut the surface at right
angles to the trend of the fold. If the length of an anticline is almost
equal to its breadth, the fold becomes a dome and its crest trace is
short. The term ‘‘crest line’”” is proposed for that line on the sur-
face of the ground from which the beds dip away in opposite direc-
tions. If a given bed has the same dip on both limbs of an
anticline the horizontal position of the crest line will coincide with
both the axis and the crest trace of the bed. It seems desirable that
the term ‘““‘crest’” be left free for application generally to the high
part of a folded bed and not restricted to any particular line.

Where the beds in a fold are strictly parallel (see fig. 2) the crest
trace of a buried bed lies vertically beneath the crest line on the
surface. On the other hand, where the beds are parts of ‘‘similar”
folds, such as are probably formed by the oil-bearing sands of most
of the anticlines of the Big Horn Basin, the crest trace of a buried
bed does not lie vertically beneath the crest line but is offset in the
direction of the flat limb of the fold.

In the simplest type of anticline, the dip of the beds increases
from zero at the crest to the point of its maximum inclination, and
beyond this point it decreases again to zero at the axis of the syn-
cline or at the point where the anticline merges into ﬂat-ly'mg beds.
In many anticlines, however, the dip from the crest first increases,
then decreases for a short distance, and then increases again. That
part of the fold in which the dip thus decreases is called a structural
terrace. (See cross section of Cottonwood anticline, Pl. XXII, p. 150.)
Many of the anticlines of the Big Horn Basin are unsymmetrical—
that is, the maximum dip of one limb is much greater than the
maximum dip of the other.

According to the definitions proposed the axis and the crest trace
are lines on folded beds, and there can be as many axes and crest
traces as there are beds. Therefore, if these definitions are accepted

1 Willis, Bailoy, The mechanics of Appalachian structure: U. 8. Geol. Survey Thirteenth Ann. Rept.,
pt. 2, p. 220, 1892,
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it will be appropriate to refer to the axis or to the crest trace of a
folded bed but not to the axis of an anticline or fold. The axis of a
folded bed can, of course, rarely be determined, as it can be dis-
covered only by means of cross sections of the bed. The crest trace
can be determined only by making a structure-contour map of the
bed. The crest line, however, being a line on the surface of the
ground, may be drawn by making a number of observations of dip.

In discussing many regions in which the folded rocks yield oil,
definitions so precise as those here suggested are not necessary.
Where the dip of the strata in the limbs of the folds is low and almost
uniform the horizontal position of the axis, the crest trace, and the
crest line coincide, or so nearly coincide -that they need not be dis-
criminated, but where the dip differs greatly from place to place the
‘horizontal projection of the crest trace of one bed may be several
hundred feet distant from that of a bed a thousand feet deeper, and
neither may coincide with the projection of the crest line. As oil
and gas tend to occur along the high part or crest of certain folded
sandstones it is necessary, in regions where the difference in dip on
the limbs is great, to place exploratory holes in positions where they
may strike the crest traces of the productive sands. Folds of this
type are common in the Big Horn Basin, and drill holes that may
give conclusive results should be located, not necessarily along the
crest lines but in positions where they may strike the crest traces of
the most productive buried sand. In order to place them in proper
positions careful studies of all available field data may be necessary
in advance of drilling.

GENERAL STRUCTURE OF THE BIG HORN BASIN.

The important general features of the structure of the Big Horn
Basin and the surrounding mountains have been described by
Fisher.! Structurally the Big Horn Basin is a depression bounded
on all sides except the north by prominent upfolds which form the
mountains that surround it. The structure of the Cretaceous and
older rocks along the mountains on the west and southwest sides of
the basin is largely concealed by a thick cover of approximately hori-
zontal volcanic tuffs and lava flows of Tertiary age. The difference
in elevation of the pre-Cambrian surface restored over Cloud Peak,
which has an elevation of 13,163 feet, and the same surface under
the trough of the basin amounts to about 27,000 feet and gives a
measure of the deformation that produced the basin.

On the basis of structure the Big Horn Basin may be separated
into two parts (see P1. I), an inner or central part in which the surface
rocks belonging to the Wasatch and younger formations are almost

1 Fisher, C. A., op. cit., p. 36.
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horizontal, and an outer or border part adjacent to the mountains
in which the beds older than the Wasatch are thrown into a number
of pronounced but comparatively small folds. The Wasatch and
younger beds of the central part are only locally horizontal, however,

_ for they dip slightly toward a fairly defined middle trough trending

roughly N. 40° W, and there are also several minor, approximately
parallel, less extensive folds. One such minor syncline trends south-
east in the southwest part of T. 51 N., R. 99 W. The Neiber anti- -
cline (No. 29, P1. I; see also Pl. XX, p. 140) in the southern part of
the basin is perhaps the most conspicuous fold developed in the
Wasatch formation. The dips of the Wasatch beds are steepest on
the basinward limb of the border belt of folds. Locally, on the east
limb of the Oregon Basin domes, the dip is as great as 33°, but the
usual range is 5° to 15°, and in the central part of the basin it rarely
exceeds 3°.

The border belt of folds is not hharply separable from the upfolds
that coincide with the mountains (Big Horn, Bridger, Owl Creek,
and others) around the basin, because transitions in size may be
found from the smallest folds, most of which lie nearest the middle
of the basin, to the largest, most of which occur near the mountains.
Along the border belt of folds the dip of the beds commonly ranges
from 10° to 45° and in many places from 45° to 75°.

Local but important unconformities (see p. 28) are shown where,
east of the Oregon Basin, the beds of the Fort Union formation rest
upon the middle part of the Meeteetse formation, and west of Grey-
bull along Dry Creek and Greybull River where the Fort Union
formation shows a striking discordance in dip with older beds whose
age has not been definitely determined. These unconformities show
that some of the folding in the border belt took place before the
deposition of the Fort Union formation. The border relations of the
Wasatch and the younger formations show that further folding took
place before the beginning of the Wasatch deposition but was not
completed until after an undetermined but probably large part of
this formation had been laid down. There have been minor folding
and faulting since that time, but the folding has been along axes
that only locally coincide with those of the earlier epochs.

STRUCTURE OF THE ANTICLINES AND DOMES.

The present report describes most of the anticlines and domes of
the border belt of the basin south of the latitude of Cody and Grey-
bull. These folds range from simple anticlines such as the Ther-
mopolis anticline (No. 27, PL. I; see also P1. XXI, p. 146) with sharply
defined crest lines that may be followed for 25 miles or more to domes
such as Little Grass Creek dome (No. 36, Pl. I; see also Pl. XXIV,

86133°—Bull. 656—17—3 e
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p- 160) almost circular in outline and therefore without well-defined
crest lines. One structure, the Half Moon anticline (No. 42, Pl. I;
see also Pl. XXTX, p. 178), may be regarded as half of a simple anti-
cline broken by a fault parallel to the crest line. As the extent of
an anticline, slope of the limbs, and age of the oldest formations that
outcrop along the crest indicate the depth to which a fold probably
- persists, there is little doubt that some of the larger anticlines, such
‘as Sheep Mountain (No. 1), Thermopolis (No. 27), and perhaps
Cottonwood (No. 32), involve pre-Cambrian rocks. Others, such as
Shoshone (No. 48), Sunshine (No. 40), Waugh (No. 31), Lake Creek
(No. 22), Bonanza (No. 11), and Manderson (No. 10) are so narrow
~and have limbs so steep that although they may go down to the
Chugwater they probably do not persist to the Big Horn and Dead-
wood formations.  Other small folds, such as the Gooseberry dome
and anticline (No. 36), may not persmt below the Madison limestone.
Some of the minor structures, such as the terrace in the southeastern
part of T. 45 N, R. 98 W_, clearly lie on the limbs of larger anticlines.

In parts of the basin, pa,rticula,rly on the southeast, the crest lines
of adjacent anticlines are approximately parallel, but in much of the
region the crest lines, even where well defined, curve in broad arcs
whose alignment bears little resemblance to that of those near by.
Locally, several anticlines, such as the Lucerne (No. 28), Sand Draw
(No. 30), and Waugh (No. 31), have nearly parallel crest lines and
are successively offset (arranged in echelon), an arrangement that is
common over large areas adjacent to the east front of the Rocky
Mountains. This arrangement is uncommon in the northwestern
part of Big Horn Basin,

It is an interesting fact that the dips on the anticlines and domes
of the region are usually much steeper on one limb than on the
other—that is, the folds are unsymmetrical. A line drawn N. 30°-
40° W. through the middle of the basin will separate the anticlines
and. domes into two groups, one northeast of the line in which
the limbs nearest the central part of the basin are much flatter and
broader than the limbs toward the Big Horn Mountains, and the
other group southwest of the middle axis, in which the limbs nearest
the basin are much flatter and broader than the limbs nearest the
Owl Creek and Shoshone mountains. There are a few exceptions to
this general rule. (See fig. 2.)

On account of great difference between the dips of the opposite
limbs of several of the anticlines of the Big Horn Basin it is desirable
at this place to call attention to the effect of these relations on the
location of drill holes. (See fig. 2.) Evidence has been collected in
several parts of the basin which tends to show that the thickness of the
Cody shale is not constant throughout the extent of an anticline,
and that the beds are generally thicker on the steep than on the flat
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limb. Thus the thickness of the Cody shale on the west limb of the
Sunshine anticline is 3,400 feet, whereas the average of two measure-
ments on the east limb is 2,600 feet. It seems highly probable that
there are similar variations in thickness of the Thermopolis and
Mowry shales and the Frontier formation. These relations suggest
that the parts of the anticlines that include these formations are
“similar” rather than “parallel” folds. (See p. 35.) It is an
important feature of similar folds that the highest parts or crest traces
of their component beds lie not vertically one above the other but
along a plane that dips in the same direction as the flat limb. One
important consequence of these relations is shown in figure 2,
diagram 4, where a well drilled at X, on the crest trace of the out-
cropping bed, falls to the left of the crest trace of a lower bed at Y.
In order to strike the crest of the buried bed at Y the well must be
located at Z.

A very interesting question that has some economic importance is
whether the pronounced folds of the border belt persist toward the
trough of the basin under the cover of the Wasatch and younger
rocks. The evidence that bears upon this question will not be
summarized here, but reference may be made to two significant
factors. In most parts of the basin the folds of the border belt are
successively shorter and narrower and the dips lower the closer they
are to the trough of the basin; and there is reason for inferring that
these lower and smaller folds do not persist so deeply in the rocks as
the larger folds. It seems probable, therefore, that any folds that
involve the oil-bearing formations under the cover of the Wasatch
and younger rocks are much less pronounced than those of the border
belt. Several folds, whose crest lines trend northwest and are there-
fore roughly parallel to the folds of the border belt, have been noted
in the areas of the Wasatch and younger rocks, but are probably not
so pronounced in rocks as deeply buried as the Frontier. It is well
to bear in mind, however, that very low anticlines may aid the
accumulation of oil and very-low synclines may affect the direction
of its migration.

FAULTS.

Faults occur in many of the anticlines of the basin. Most of them
appear to be closely related to the movements by which the anti-
clines of the border belt were produced, for they displace the beds
along the limbs. Thus, an important fault in sec. 2, T. 50 N., R.
100 W., trends toward the syncline that separates the Oregon Basin
North and South domes. The maximum stratigraphic displace-
ment along this fault is 1,500 feet and the horizontal offset of the
lower Mesaverde sandstone is 3,000 feet. Most displacements along
these faults, however, range from 150 to 200 feet. Several faults,
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such as two in the northeast part of T. 45 N., R. 99 W., are much
more recent than the faults along the folds, for they displace the beds
of Tertiary volcanic tuffs that unconformably overlie the older folded
rocks.

In some localities, such as the Greybull dome (No. 4, fig. 5, p. 57),
groups of parallel faults trend nearly at right angles to the crest line
of a fold, but in other parts of the basin the faults roughly diverge
from the crest of the anticline. This is well shown near the crest of
Cottonwood anticline (No. 32) and around Oregon Basin. Viewed
broadly, more faults have been recognized that displace the sandstone
beds of the Frontier than any other formation; relatively few faults
have been found in the areas of Wasatch rocks. No definite relations
in the distribution of the faults have been recognized. Thus, there
appears to be no reason why faults should be lacking in the Buffalo
and Spring Creek basins and numerous and extensive in the Oregon
Basin on the north and the Grass Creek Basin on the south.

STRUCTURE CONTOURS AND THEIR USE.

In all matters that pertain to geologic structure it is necessary to
bear in mind that although the vertical dimension is important, most
observations are made on the surface of the earth and are fixed by
horizontal measurements only. Thus, most geologic maps show the
surface outcrops, which involve two horizontal dimensions, supple-
mented perhaps by vertical cross sections which show one horizontal
and one vertical dimension. Models may be constructed that show
both horizontal and vertical dimensions in their true relationships,
but these involve much labor in their preparation and can not readily
be duplicated or reproduced in print.

A method of presenting the data of three dimensions, namely, the
two surface or horizontal dimensions and the vertical, that has been
found to be very useful is that embodied in the structure-contour
map. On such a map the structure of beds lying entirely below the
surface may be accurately shown. A contour map of any surface,
whether the surface of the earth or the surface of a folded bed of
sedimentary rock, is one that shows the contours or lines which would
be formed if the surface were cut by many equidistant horizontal
planes. If the surface considered be a plane or flat inclined surface
the contours will be straight, and if it be a folded or irregularly curved
surface the contours will be curved or highly sinuous. Such lines
have been aptly described as the paths that would be traversed if a
person were to walk along the surface, all the while being careful to
maintain the same height above sea level. A structure-contour map
shows many such lines or paths on the surface of a bed of rock as they
would appear if viewed vertically downward from an elevated position.
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In general, the accuracy of structure-contour maps depends on the
amount and kind of data available. In some oil fields where many
well records to a persistent bed are known, exceptionally accurate
maps of the buried bed may be made. Fairly accurate interpreta-
tions of the structure of buried beds have also been made in fields
where only surface outcrops of higher beds were available, but in such
cases the distance between the buried and outcropping beds has been
measured from near-by outcrops and has been found to be fairly con-
stant over large areas. In fields where surface outcrops are poor
structure-contour maps may represent only approximately the form
of buried beds but may yet be very useful in locating wells.

Figure 3 illustrates the meaning of a structure-contour map, and
shows how it represents the form of an anticline. Figure 3, a, is a
perspective sketch of a region in which the surface bevels a part of an
anticline. This should be compared with Plate X, 4 (p. 98), which
is reproduced from a photograph of a similar fold. The aim has been
to represent an anticline from which a part of the fold has been
eroded, as is common in the Big Horn Basin. The soft rocks are
worn down to rolling plains, whereas the thick beds of resistant rock
form prominent ridges, which form roughly elliptical outcrops around
the end of the anticline. Figure 3, @, also shows a vertical cross sec-
tion through the anticline. This type of anticline, where one limb
has a low dip and the other a relatively steep dip, is common in the
Big Horn Basin. If the anticline were cut horizontally by a knife at
intervals of 500 feet, beginning at sea level, the position of some of
these cuts would be represented by the horizontal lines at 3,000, 3,500,
4,000, 4,500, and 5,000 feet elevation; for instance, the line along
which the knife cuts the top of the sandstone X Y'Z would be repre-
sented by the curved lines shown in the sketch. These lines not only
show how the bed of sandstone would be cut, but collectively they
also represent the form of the bed that is cut—that is, they are what
are generally known as structure contours on the bed. Figure 3, b,
shows the structure contours on the upper surface of the bed of sand-
stone X YZ as they would appear if viewed from a point vertically
above the area. The contours are represented as solid lines below
the surface and as broken lines where they are drawn on that part of
the bed which once existed above the present surface but which has
been removed by erosion. It is apparent that the distance between
the contours is a measure of dip of the beds at that point; that where
the distance between the contours is great the dip of the beds is low;
and that where the contours are close together the dip is steep.

In addition to showing the form of a bed a structure-contour map
may be used to determine, at any point on the surface whose eleva-
tion is known, the depth to the bed on which the structure contours
are drawn. The depth to a bed either higher or lower in the section
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than that on which contours are drawn may also be obtained from
the map, provided its distance above or below the contoured bed is

FIGURE 3.—¢, Cross section and perspective sketch of an anticline, showing meaning of structurecontours;
b, structure-contour map of the anticline shown in the sketch.

known. In the maps of most of the fields considered in this report
the structure contours are drawn on the top of the Greybull sand, but
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in others they are drawn on the top of the Madison limestone, the
Embar formation, or the coal beds in the lower part of the Mesaverde
formation. Figure 4 has been prepared to show how the elevation
above sea level and hence the depth from the surface of beds higher
or lower than that on which contours are drawn, may be determined.
If (see fig. 4) the bed pqrs lies below the bed Imno, on which the
structure contours are drawn, the vertical distance from a given
point, b, on the surface of the ground, to the top of the lower bed at »
will be found by adding to the depth to the contoured bed bn an
amount approximately equal to the stratigraphic distance =r
between the surfaces of the two beds, provided the beds are practi-
cally horizontal. The depth to a bed above the contoured stratum
may be obtained by subtracting the stratigraphic distance, provided
the beds are practically horizontal. If, however, the beds at the

FIGURE 4.—Diagram showing the relation of a bed that is contoured to other beds either above or below.

given point dip more than'5°, the distance nr will appreciably exceed
the stratigraphic distance between the beds. It will be equal to the
stratigraphic distance divided by the cosine of the angle of dip.

In many of the fields described in this report a part of the bed on
which contours are drawn and of the overlying beds has been removed
by erosion and the contours represent the inferred position of the
surface of the bed (above the existing surface of the ground) before
it was eroded. Thus, the structure of large parts of several fields is
shown by contours on a coal bed of the Mesaverde formation, which
has been restored in those areas from which the bed has been eroded.
In these fields the sands in which there is some prospect of finding
oil and gas occur in the Frontier or lower formations. The calcu-
lation of the depth to these lower sands is not so simple as it is where
the contoured bed is uneroded. If in figure 4 there are known the
elevations of a point b, on the surface of the ground, and that of the
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point e, vertically over it on the restored surface of a contoured
bed, the depth i to the point 7 on a lower bed is the distance ei
(the stratigraphic distance fh between the two beds divided by the
cosine of the angle of dip) minus the distance be (the difference in the
elevation of the surface of the ground and that of the restored bed).

The foregoing discussion is based on the assumption that the beds
are parallel, which is equivalent to saying that the shortest distance
between the two beds is equal throughout the fold. There may be
areas in which the beds are not parallel, and for these the calculations
are only approximately correct.

OIL: AND GAS.
MODE OF OCCURRENCE.

DATA CONSIDERED.

In order to determine whether or not any particular anticline or
dome in the Big Horn Basin is probably a reservoir for large quanti-
ties of oil or gas the authors have considered three classes of data—
(1) specific information that has been obtained by drilling on each
anticline, in so far as it relates to the character of the rocks that
remain buried beneath the surface on the crests of anticlines, and
the areal relations of the anticlines; (2) general knowledge of the
occurrence of oil and gas in districts in Wyoming where stratigraphic
and structural conditions are similar to those existing at the particular
anticline; and (3) hypotheses relating to the accumulation of oil and
gas in anticlinal folds.

SPECIFIC INFORMATION OBTAINED BY DRILLING.

The beds that have yielded most of the oil and gas in Big Horn
Basin are Cretaceous in age and are parts of the Cloverly formation,
. Thermopolis shale, Mowry shale, and Frontier formation. Gas is
reported also from a sand in the Morrison formation in well No. 4
on the Shoshone anticline. An oil seep is known near the base of
the Chugwater formation on the Red Spring anticline and another is
reported by Washburne * in T. 52 N., R. 90 W., in beds that may be
part of the Amsden, Tensleep, or Embar formations. It is extremely
uncertain at present, however, whether any of the beds lower than
the Cloverly formation will prove to be important sources of oil or
gas. Only one well (on the Nieber anticline) has -tested, under
favorable structural conditions, beds higher than the Cody shale,
which overlies the Frontier formation, but on account of the origin
and lithologic character of the higher beds the prospect that any of
them will yield important quantities of either oil or gas is not good.

1 Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Bull. 340, p. 361, 1908,
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The results of drilling to date in the. Big Horn Basin show that the
sands of the Frontier formation yield the greatest part of the oil
and that the sands of the Mowry shale and the Greybull sand yield
oil as well as most of the gas now produced in the basin. These
facts are cited to indicate not that other formations offer no prospect
for successful drilling, but that preliminary exploration should be
confined to these formations. Areas that are structurally favorable
should not be considered to be proved valueless until all of the sands
of these formations, which include from 1,600 to 1,800 feet of beds,
have been tested.

Some of the anticlines and domes in the Big Horn Basin are not
regarded as good reservoirs for oil and gas because the beds that are
most likely to serve as reservoirs have been eroded from the crests,
thereby permitting the escape of the oil and gas, if those substances
were ever present. '

Some anticlines in this region are considered by the writers to be
unpromising as oil and gas reservoirs for the additional reason that
they pitch in such a way that any oil or gas in them would escape
to the surface at the outcrops of the oil and gas sands. A good’
example is the southeast end of the Lucerne anticline (No. 28,
Pl I), which is developed on the north side of the large Thermopolis
anticline (No. 27, PL. I) and which pitches northwest as far as the
cross syncline separating it from the part designated the Gebo dome.
Any oil or gas that originally may have been in the strata in this
anticline could have migrated up the beds and escaped at the outerop
on the north side of the Thermopolis anticline.

The wells that have struck large quantities of oil and gas in the
Big Horn Basin are near the crests of anticlines and domes. Of those
wells drilled near synclines or where the beds are nearly flat over
large areas a few have struck small quantities of oil and gas and a
few have failed to yield oil, gas, or water, but most have yielded
water. In several of the productive fields that are on anticlines
Water is found in sands both above and below the oil and gas sands.

In generdl, the relations of gas, oil, and water in the anticlines are
those demanded by the simplest interpretation of the “anticlinal”
theory, as set forth by Orton ! in 1886:

If one of these sandstone strata filled with salt water, oil, and gas and freely per-
meable laterally and horizontally for miles at a time were thrown into a system of low
folds, what effect would this movement have upon the contents of the stratum?
Would not a separation of gas, oil, and water be sure to follow, the gas finding its way

to the summits of the arches and the salt water sinking to the bottoms of the troughs?
Such a result would be inevitable under the conditions assumed.

According to the theory, if gas, oil, and water are present in large
quantities and if the adjustment in the pervious bed according to the

lslsé:)rton, Edward, Preliminary report upon petroleum and inflammable gas, p. 13, Ohio Geol. Survey,
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specific gravities of the substances were complete the gas would
occupy a zone at the highest part of the folded beds and be limited
below by the roughly horizontal upper surface of a zone of oil. The
zone of oil, in turn, would be limited below by the roughly horizontal
upper surface of a zone of water. If the proportion of gas were rela-
tively low it is conceivable that all of it could be dissolved n oil
under the existing pressures, and the oil rise to the highest part of the
fold. The available information from the productive fields of Big
‘Horn Basin shows that in this region much less gas is present than is
commonly associated with productive oil pools.

The limits of the oil-producing areas of several of the important
fields of the basin have been approximately determined and in com-
parison with most oil pools are rather sharply defined. Thus, after
two years’ operations, the limits of the productive areas of the Grass
Creek field are rather closely determined, and it appears that a broadly
sinuous line may now be drawn which will separate the inner area,
within which all wells that penetrate the productive part of the
Frontier formation will yield oil with little if any water, from the
outer area, within which all wells will yield water from the same zone
of sands. The limits of the other fields of the basin are not yet so
closely known. Each prominent anticline that contains oil appears
to hold but a single pool.

In the three most productive fields in the area covered by this
report, the Greybull, Torchlight, and Grass Creek, the zone in the
prolific sands that yields the oil extends much lower along a part of
the flat basinward limb of the fold than on the steep mountainward
limb. Thus at Grass Creek the sands are prolific at a lower altitude
in the southeastern part of the field than in the southwestern or
western part. This relation must be considered in formulating any
hypothesis to explain accumulation of valuable pools of oil.

In one well (No. 31, fig. 5, p. 57) in the Greybull field the oil which
was first produced by pumping has given way to water, and in an-
other well (No. 32, fig. 5) the gas has gradually given way to oil. The
latest well is near the line separating oil and gas.

A summary of the results of drilling throws light' on the possible
relation of productiveness of anticlines and domes to their position
with respect to near-by larger basins and upfolds. Fifty fairly dis-
tinct upfolds have been described, but it should be recognized that
it is not possible to ‘distinguish sharply between simple isolated up-
folds and outlying parts of complex upfolds. Thus, the Lucerne
anticline is regarded as a single distinet upfold, although it includes
the Gebo dome, which lies along the extension of its crest lime. Wells
have been drilled sufficiently near the crest.lines of 24 of the 50 up-
folds to indicate the prospect for production from the structures. In
the following summary, compiled from the descriptions in this report,
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upfolds are considered to dip basinward if their beds descend without
reversed dips to the middle trough of the Big Horn Basin. In sev-
eral upfolds—as in Little Grass Creek dome, for instance—the area
within which the beds dip continuously toward the middle of the
basin is only a small part of the total area of the basinward-dipping
limb of the fold, but such upfolds are nevertheless included among

the basinward group.

Upfolds in Big Horn Basin.
East side of middle trough.

BASINWARD UPFOLDS. MOUNTAINWARD UPFOLDS.
Tested by drill: Tested by drill:
Greybull dome.................. oG Shell Creek dome..............
Lamb anticline................. OG Cherry anticline....... aeeeeaeans
Torchlight anticline............ oG Dry dome.....ocoeieieanenan..
Manderson anticline............ ? Mercer anticline.................
Bonanza anticline.............. 0 Paintrock anticline..............
Sherard dome.................. o | Not tested:
No Wood anticline.............. w Zeisman dome.
Not tested: Brokenback anticline.
Tensleep anticline.
Bud Kimball anticline.
Well area.
Sheep Mountain anticline.
West side of middle trough. .
BASINWARD UPFOLDS. MOUNTAINWARD UPFOLDS.
Tested by drill: Tested by drill:
Nieber anticline................. ? Lucerne anticline...............
Grass Creek anticline............ oG Waugh anticline................
Little Grass Creek dome......... w Cottonwood anticline............
East Buffalo anticline.......... g ‘Wagonhound anticline...........
West Buffalo anticline.......... g Enos Creek anticline...........
North Oregon Basin dome. ..... g Spring Creek anticline...........
South Oregon Basin dome. ..... g Gooseberry anticline. ..........
Shoshone anticline.............. og | Not tested:
Not tested: Zimmerman Butte anticline.
Mahogany Butte anticline. Blue Spring anticline.
Lysite' Mountain anticline. Red Spring anticline.
Black Mountain anticline. Wild Horse anticline.
Lake Creek anticline. Thermopolis anticline.
Sand Draw anticline. Gooseberry dome.
Sunshine anticline.
South Sunshine anticline.
Fourbear anticline.
Pitchfork anticline.
Half Moon anticline.
Frost Ridge anticline.

OG Important oil and gas field.

og Unimportant oil and gas field.
Unimportant oil field.

‘Wells near crest line yield gas only.
‘Wells near crest line yield water.

Wells “dry” ; yield no oil, gas, or water.

g Agm o

‘Wellsome distance from highest part of crest yields water.
‘Well near crest line not deep enough to test important sand;
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The data given above may be summarized as follows:

Basinward upfolds tested by wells:

Important oiland gasfields............................... 4
Unimportant oil and gas fields.............................. 1
Unimportant oil fields................ .o .l 2
Fields that yield-gasonly......... ... ... ... ......... .. 4
Fields with shallow wells that do not reach productive sands. 2
Fields that yield wateronly..............coo.ooiil... 2

. -— 15

Basinward upfolds untested.......... ...l 9

Mountainward upfolds tested by wells:

Fields that yield water near crest.......................... 7
Fieldsthat have dry wells.............. ... . ... ... ... 3
Fields that yield water remote from crest................... 2

— 12

Mountainward upfolds untested......... e 14

50

The preceding summary is statistical and does not contain many
details that should be included in a complete review of the results of
the drilling, but its significance should not be overlooked in consider-
ing the chance for success in drilling in this region. It can hardly
be merely a coincidence that every tested field in the Big Horn
Basin which has yielded appreciable quantities of oil and gas lies
near the principal trough of the Big Horn Basin, and that every
tested upfold which is separated from this trough by other folds
has either yielded water and the merest traces of oil and gas or is
barren of either oil, gas, or water. These relations of course do not
necessarily indicate that every basinward anticline should yield
either oil or gas and that no mountainward anticline will yield oil
or gas in commercial quantities. They do suggest, however, that
basinward upfolds offer more favorable prospects for exploitation
and should be tested in advance of the others.

OCCURRENCE IN OTHER FIELDS IN WYOMING.

There are many anticlines and domes in Wyoming that are of
nearly the same size as those described in this report and that,
like them, lie in belts between much larger anticlines or between
regions of uplift and regions of depression. As the structure of the
Cretaceous beds in large areas near these depressions or basins is
obscured by unconformable younger beds it is not possible to be
sure in each locality whether the upfolds adjacent to the limits of the
later beds are basinward, as the word is used in this réport, or not.
It may be noted, however, that the most productive oil field in the
State, Salt Creek,' is basinward with respect to the Powder River

1 Wegemann, C. H., The Salt Creek oil field, Natrona County, Wyo.: U. 8. Geol. Survey Bull. 452, p. 37,
1911, .
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basin, and that several minor oil fields, such as Moorcroft, ! in Crook
County; Big Muddy,? in Natrona County; Byron® in. Big Horn
County; and Elk Basin,* in Park County, are among folds that are
nearest to the larger structural depressions.

Wegemann ® has called attention to the relation of the Salt Creek
dome to the structural basin which lies on the east between the Big
Horn Mountains and the Black Hills. He has noted that this dome
is an important factor in the accumulation of the oil because it has
a large area from which oil might be collected through the selective
action of the differences in specific gravity of oil and water or through -
other agencies. Though the sandstones that contain the important
pools of oil in the Salt Creek anticline rise to the surface in the Powder
River anticline, 15 miles to the northwest, it appears that the larger
accumulations in the Salt Creek field, as shown by the success attend-
ing drilling to date, may be attributed in part to the more favorable
position of the Salt Creek dome with reference to the structural basin
on the east.

HYPOTHESES AS TO ACCUMULATION.

No hypothetical considerations as to which anticlines are apt to
yield oil and gas are to.be compared with those which may be drawn
from the foregoing statistical inquiry as to which fields are likely to
be productive. If with further exploration it should prove true that
basinward folds are much more productive thap mountainward folds
it would suggest, as Wegemann has pointed out, that large accumu-
lations of oil and gas in the Cretaceous beds of Wyoming are possible
only where upfolds are adjacent to large areas of gently rising beds.
In other words, the quantity of oil and gas in the upfolds bears a
close relation to the area of beds from which it is possible for oil and
gas to rise.

If much were known concerning the chemical character of the
water in the Big Horn Basin oil fields, and concerning the pressure of
the water in many wells that tap: persistent sandstones, it might be
possible to draw inferences: concerning the movement of water in the
beds. Although the beds in which most if not all of the oil and gas
are found were laid down in the sea, the waters which some of the
beds in the oil fields now contain are not strongly salty and are appar-
ently feebly alkaline. This suggests that there have been accessions
of surface waters to the beds, probably from the outcrops; and if
such movement has taken place on a large scale it would be reasonable
to conclude that it might produce accumulations of oil and gas in

1 Barnett, V. H., The Moorcroft oil field, Crook County, Wyo.: U. 8. Geol. Survey Bull. 581, p. 94, 1913,
2 Barnett, V. H., Possibilities for ol in the Big Muddy dome, Natrona County, Wyo.: Idem, p. 105.

3 Washburne, C. W., Gas in Bighorn Basin, Wyo.: U, 8. Geol. Survey Bull. 340, p. 357, 1908,

4 Personal communication from C. J. Hares, ,

tWegemann, C. H., op. cit., p. 76,
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upfolds accessible t¢ the paths of movement. If this had taken
place to any great extent some of the mountainward folds should
yield important quantities of oil and gas; but not one of the 12 (out
of a total of 26) mountainward folds that have been tested has
yielded more than a trace of oil and gas.

From all the information now available, therefore, it appears that
the large accumulations of oil and gas in this region have been formed
by slow adjustment of the oil, gas, and water once disseminated in
the beds. As the productive areas of the most important anticlines
of the basin extend lowest in the sands of the limb nearest the middle
trough of the basin, it seems that the adjustment of the moblle sub-
stances is not yet complete.

If the foregoing hypothesis is correct it may be noted, in conclusion,
that a possible explanation of the extraordinary natural low and con-
sequent large yield of the wells in the Salt Creek field, in contrast
with the practical absence of flowing wells in the Big Horn Basin
fields, may be due to the fact that although the structural depressions
of the Powder River and Big Horn basins are almost equal in size,
there are many more, possibly six times as many, upfolds adjacent
to the Big Horn Basin than there are adjacent to the Powder River
basin.

The following table summarizes the principal facts known about
the domes and anticlines:
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PHYSICAL AND CHEMICAL CHARACTERISTICS.

Most, of the oil of the Big Horn Basin is of high grade, averaging
about 45° Baumé. It ranges in specific gravity from 0.8982 to
0.7856 (25.9° to 48.2° Baumé), and yields from 3.5 to 35 per cent of
gasoline by the usual fractionation method. The kerosene content
of the oil as it comes from the wells ranges from 22.5 to 55.7 per cent.
The lightest oil is transparent and has a deep wine color in trans-
mitted light and a dark-green color by reflected light. The heavier
oil is opaque and varies from green to dark green by reflected-light.
Oil from the Lamb anticline near Basin, Wyo., according to one
analysis, is heavier than that known from any other part of the Big
Horn Basin. It contains no gasoline and much less kerosene than
the oil of Torchlight dome a few miles to the south. The small
quantity of oil that has been obtained from the Embar and Madison
formations is also. very heavy. Near Lander, Wyo.,! the Embar
yields commercial quantities of oil that ranges in specific gravity
from 0.9198 to 0.0091 (22.2° to 24° Baumé) and that contains less
than 3 per cent of gasoline and at no place more than 25 per cent of
kerosene.

The gas of the Big Horn Basin is much less valuable at present
than the oil, because it occurs in small quantities and can not be
utilized to a large extent. Large quantities of gas have been tapped

-in drilling on the Lamb anticline, Greybull dome, East and West
Buffalo anticlines, North and South domes of Oregon Basin, and Byron
anticline. A well recently drilled by the Ohio Oil Co. near Byron
in the northern part of the basin but not described in this report is
said to have yielded 40,000,000 cubic feet of gas during the first 24
hours. Plans are already being made to pipe gas from some of these
fields to the nearest large cities, such as Billings and Butte, Mont.,
and Salt Lake City, Utah.

Analyses of gas from the Greybull and Byron fields show that it
is partly ‘‘wet”’—that is, that it contains in addition to methane
considerable quantities of gases from which gasoline can be derived by
compression, as stated by Burrell.? Calvert?® believes that the gas
of the Big Horn Basin is not promising as a source of gasoline because
the greater part of it is under high pressure, and ‘‘the gas from the
high-pressure well is adapted only for use as fuel and illuminant.”
However, gas may yet be discovered in the Big Horn Basin that
may have especial value as a source of gasoline.

All known analyses of oil and gasin the Big Horn Basin are given
in the following tables. All samples, unless otherwise stated, were
collected by members of the United States Géological Survey.

1 Woodruff, E. (}‘,'The Lander oil field, Wyo.: U. S. Geol. Survey Bull. 452, pp. 7-36. 1911.

8 Burrell, G. A., The suitability of natural gas for making gasoline: Bur. Mmes Tech. Paper 57, p. 20,
1913.

8Calvert, W. R., A preliminary report on the utilization of petroleum and natural ges in 'Wyoming:
Bur, Mines Tech, Papet 57! pp- 12! 14, 1913, N
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1. Greybull dome, well 29. Sample collected on June 12, 1915, from the George
Alford No. 2 well of the Bighorn Qil & Gas Co., NW.  SE. } sec. 17, T. 52 N, R.
93 W. .

2. Lamb anticline, well 20. Oil collected from the Wilson No. 1 well of the Grey-
bull Oil Co., NW. $ NW. }sec.1, T. 51 N., R. 93 W., in June, 1914, and stored in an
air-tight barrel until October 15 of the same year, when a sample was sent to the
laboratory for analysis.

3. Torchlight dome, well 27. Sample collected on October 15, 1914, from the Jack-
son No. 3 well of the Greybull Oil Co., NE. SW. }sec. 24, T.51 N.,,R.93W. This
sample reached the laboratory unsealed and probably some of the gasoline had
evaporated.

4. Torchlight dome, well 9. Sample collected on October 15, 1914, from the Kim-
ball No. 3 well of the Greybull Oil Co., lot 13, sec. 19, T. 51 N., R. 92 W.

5. Sherard dome, well 6. Sample collected on August 30, 1915, from well No. 6,
drilled by H. M. Sherard for an association of persons in Greybull and Basin, in the
NE. $ NE. }sec. 19, T. 47 N., R. 89 W. The sample was dipped from the top of the
casing and undoubtedly some of the volatile constituents had escaped.

6. Grass Creek anticline, well 35. Sample collected from well of the Valentine
interests in the N. 3 N. § sec. 20, T. 46 N., R. 98 W., on September 11, 1914, before
the well was completed.

7. Grass Creek anticline, well 28. Sample collected on July 26, 1915, from the
Phelps well of the Ohio Oil Co., SW. $} NW. $sec. 19, T. 46 N., R. 98 W,

8. Shoshone anticline, well 2. Sample collected in October, 1911, from well No. 2
of the Shoshone Oil Co., SE. $ SW. $sec. 21, T. 53 N., R. 10 W,

9.. Shoshone anticline, well 2. Sample collected in October, 1911, from well No. 2
of the Shoshone Oil Co., SE. 2 SW. }sec. 21, T.53 N, R. 10 W.

10. Byron anticline, well 1. Sample collected by W. R. Calvert in the winter of
1912-13 from well No. 5 of the Montana-Wyoming Oil Co., on the E. E. Jones lease in
sec. 34, T.56 N., R. 97 W.

11. Byron anticline, well 2. Sample collected on October 22, 1914, from well No. 12
of the Montana-Wyoming Oil Co., on the E. E. Jones lease in sec. 34, T.56 N., R. 97 W.

Oil from the Bonanza seep in the NW. + SW. } sec. 23, T. 49 N.,
R. 91 W., has been studied by E. E. Slosson, of the University of
Wyoming, who gives the following results of his investigation:

Distillation of Bonanza petroleum.o

[Specific gravity of crude petroleum, 0.850, or 34.6° Baumé.)

Gravity of distillate.
Boﬂiné
point (° C.)

Specific. | Baumé (°).|

60-157 0. 762 53.5

157-200 702 48.5

200-237 822 40,3

237-273 843 36.1

273-297 853 34.1

297-329 867 3.4

320-371 . 876 29,8

371-391 . 861 36.6

53«: Figgefé 0%. A., Geology and water resources of the Bighorn Basin, Wyo.: U. 8, Geol. Survey Prof. Paper
tl p' 3 o
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Five samples of natural gas collected by displacement of air from
wells in the Big Horn Basin have been analyzed in the laboratory of
the Bureau of Mines, as follows:

Analyses of natural gas from the Big Horn Basin, Wyo.
[G. A. Burrell, analyst.)

Anticline. Spe- : Heating

Lab- cific | Car- ) value

ora- No. |grav-| bon |Oxy-| Meth-| Eth- |Nitro-| at 0°C. and

tor No. | of | ity |diox-| gen | ane [ ane en | under 760 Remarks.

Vo | Name. | on |well| @air | ide |(Og).|(CHy).[(C;H).| (Np). | mm. pres-

. . ma]?[. free). ((CO9). sure (cal-
(PLI) culated).
’
3224 | Greybull.. 2 9]0.64]10.20]|0.00]}81.70] 17.3| 0.75| 1,192 B.t.u.. Clgroligg absorp-
on 26.

3222 |..... do.... 2 2| .77{ .00 | .00 51.5547.20( 1.25( 1,427 B.t.u.. CIairoline absorp-
tion 22.6.

6851 |..... do.... 2| 24| .8 .10|3.20]38.70 | 42.50 | 15.50 | 1,203 B.t.u..| Amount of O,
and Ny present
suggest  that
bottle con-
tained  some
air,

5722 | Lamb.... 5 2| .59 .04| .00 93.5 3.5 2.6 | 1,061 B.t.u..

3220 | Byron....|.....i|ienees .68 .47 .00 64,05 ( 32.28 | 3.20 ( 1,282 B.t.u.. Clgjrolhllg 2:,tbsorp-

- on 18.2,

3224, From Island No. 1 well (No. 9 on fig. 5, p. 57) in the NW. } SW. 4 sec. 16, T.
52N., R. 93 W. Collected by W. R. Calvert, winter of 1912-13.

3222. From an unknown oil well in the same field from which some gas escapes.
Collected by W. R. Calvert, winter of 1912-13.

6851. From Thomas Alford No. 1 (No. 24 on fig. 5), in the SE. } SW» § sec. 17, T-
52 N., R. 93 W, in the Greybull field. Collected, June, 1915.

5722. From Lamb No. 1 well (No. 23 on Pl. IX, p. 78) in the SE. } SE. } sec. 12,
T. 51 N., R. 93 W., on the Lamb anticline,

3220. From an unknown well in the Byron field. Collected by W. R. Calvert,
winter 1912-13.

GENERAL DEVELOPMENT.

Details of development are described later in connection with
the individual anticlines and only a chronologic record of the
development of the fields is here presented. Exceptions are made,
however, in certain fields (Byron, Elk Basin, and others) that lie
outside of the area covered in detail in this report.

TESTED DISTRICTS. -

BONANZA REGION.

The first discovery of oil in the Big Horn Basin is believed to have
been made at the Bonanza oil seep in the NW. + SW. } sec. 23, T.
49 N, R. 91 W,, in 1884 by Edward Lloyd. No drilling was done
in this locality until 1888, when a well' (No. 12, PL. XI, p. 98) sunk
to about 1,200 feet encountered a little artesian water but no oil
or ‘gas. Since 1888 & number of wells have been drilled in this
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~ general locality, but none has found oil and gas in commercial
quantities. The total production of this field is estimated to be not

more than 50 barrels.
TORCHLIGHT DOME.

The Torchlight dome was the second field in the Big Horn Basin
to be tested. In 1905 two shallow wells (Nos. 1 and 2, PL. IX, p. 78)
drilled on the top of this dome encountered gas and a showing of
oil. Since 1905 the field has been tested sufficiently to outline the
pool, the development being due largely to the efforts of the Greybull
Oil Co. The daily production of the field on the basis of 50 producing
wells was estimated early in 1915 to be not less than 1,500 barrels.

BYRON ANTICLINE.

Gas was discovered in the Byron field, in the northern part of the
Big Horn Basin, but outside the area covered by this report, in the
winter of 1903 and 1904, but no drilling was done until 1906, when
a well sunk by the Montana-Wyoming Oil Co. found oil. Since 1906
the development of the field has been continuous, and some high-
grade oil and a large amount of gas have been produced. The largest
gas well in the State, said to yield 40,000,000 cubic feet of gas daily,
was brought in by the Ohio Oil Co. in 1915. The daily production
of oil was estimated in 1915 to be 300 to 400 barrels.

LAMB ANTICLINE.

The Lamb anticline was first tested in 1907, but only a showing of
oil and gas was obtained, and it was not until 1913 that a large flow .
of gas was discovered, and not until 1914 that a heavy oil was struck.
No oil is being produced at the present time.

GREYBULL DOME.

The Greybull field was first drilled in 1907, gas being discovered
first and oil the following year. After 1908 many gas wells were
brought in and the field was considered preeminently a gas field;
later, however, wells farther from the top of the dome produced
large quantities of oil, so that now the field is best known for its
oil production. The daily production of oil in the Greybull field on
April 1, 1916, was estimated to be 3,000 to 4,000 barrels.

' SHOSHONE ANTICLINE.

The Shoshone anticline near Cody was first tested in the winter
of 1909 and 1910. Oil and gas in commercial quantities have not
been discovered in any of the wells and probably not more than
200 barrels of oil has been produced during a period of two or three
years. '
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OREGON BASIN DOMES.

The Oregon Basin field was tested first in 1912. Considerable gas
was encountered in two wells which have, however, yielded only traces

of oil, : .
GRASS CREEX ANTICLINE.

The first drilling in the Grass Creek anticline is reported to have
been done in 1913, but the first well to find oil in commercial quanti-
ties was not brought in until 1914. In October, 1916, about 193 wells
had been drilled, 129 of which were pumping. It is estimated that
if all the oil wells in this field were pumped the production would be
between 6,000 and 7,000 barrels daily.

BUFFALO BASIN ANTICLINE.

The Little Buffalo Basin field, like the Grass Creek field, is reported
to have been tested first in 1913; but the first well to produce gas
in commercial quantity was not drilled until 1914. The gas wells
have beén capped and several new wells were being drilled in October,

1916. : :
ELK BASIN ANTICLINE.

Oil in the Elk Basin anticline, situated on the State line between
Wyoming and Montana, was discovered in October, 1915. A number
of wells are producing oil and more are being drilled at the present
time. A pipe line has been constructed from this field to Frannie,
a station on the Chicago, Burlington & Quincy Railroad, where there
is a tank farm and loading racks. On July 1, 1916, it was reported
that 21 wells were producing and that the pipe line was transport-
ing 1,000 barrels of crude oil daily.

OTHER DISTRICTS.

Drilling has been done on a number of other anticlines. The
greatest development is being prosecuted on the Sherard dome on
the east side of the basin, where in 1914 and 1915 seven wells were
drilled, six of which found oil in small quantity. Probably not more
than 25 barrels have been obtained in this locality.

Four wells have been drilled on the Waugh anticline, but none are
productive. ,

The Cherry anticline, Shell Creek dome, Neiber anticline, Gebo
dome on the Lucerne anticline, and Spring Creek anticline were
tested in 1915 and the Wagonhound, Enos Creek, and' Gooseberry
anticlines and Little Grass Creek dome in 1916, but all have thus far
failed to yield oil or gas in commercial quantities. '
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REFINERIES.

The oldest refinery in the Big Horn Basin is at Cowley, on the Chi-
cago, Burlington & Quincy Railroad, in the northern part of Wyo-
ming, outside of the area described in this report. This plant has
been in operation for six years or more and is said to have a capacity
of 160 barrels of crude oil a day. . It is cohnected with the Byron oil

-field by means of a pipe line about 7 miles in length. Up to 1915
this plant was able to refine practically all the crude oil from the
Byron field.

The largest refinery in the basin is at Greybull. It was begun in
the spring of 1915 and was ready for operation by the end of that
year. On July 1, 1916, it was reported to be refining 2,800 barrels
of crude oil daily. It is now being enlarged and will soon have a
capacity of 7,500 barrels of crude oil daily. This refinery is now
under the control of the Midwest Refining Co. Before it was in opera-
tion the crude oil was shipped principally to the refineries at Casper.

It is reported that a refinery is contemplated at Chatham, on the
Chlcago, Burlington & Quincy Railroad, the eastern termmus of
the p1pe line from the Grass Creek oil field.

" PIPE LINES,

Four pipe lines (from the Byron field to the Cowley refinery, from
the Torchlight dome to the Greybull refinery, from the Grass Creek
field to Chatham, and from the Elk Basin field to Frannie) have been
constructed in the Big Horn Basin.

THE ANTICLINES AND DOMES.
SHEEP MOUNTAIN ANTICLINE.

By Crarres T. Lueron.

The Sheep Mountain anticline (No. 1, Pl. I), the southeast end of

“which is shown on the general map, is in the northeastern part of the

Big Horn Basin. It was not examined in detail, and only a few
general statements regarding it can be given.

The anticline is represented on the surface by a prominent ridge
known as Sheep Mountain, the top of which corresponds approxi-
mately to the crest of the anticline. It is about 15 miles long and is
cut by Big Horn River. The canyon thus formed is known as Sheep
Mountain (Black) Canyon and has a maximum depth of about 1,000
feet. The Chicago, Burlington & Quincy Railroad follows the west
side of the river through this canyon.

The lowest rocks outcropping in the anticline belong to the lower
part of the Madison limestone. They dip more steeply on the east
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or mountain side than on the west or basin side, as is shown by
Plate I.

A well drilled for oil and gas to a depth of 1,000 feet near Spence,
on Big Horn River a short distance northeast of the anticline,
penetrated the Madison limestone and is reported to have found a
trace of oil in the Embar and Amsden formations. The mouth of
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the well is said to be 200 feet below the top of the Chugwater forma-
tion (“Red Beds”’). :

This anticline is of doubtful importance as a reservoir for oil and
gas, as all the formations known to contain these substances in
Wyoming and adjacent States are exposed at the surface.
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GREYBULL FIELD.

By CrARrLEs T. Lurron.
GENERAL FEATURES.

The Greybull oil and gas field (No. 4, PL. 1), discovered in 1907,
yields not only a high-grade paraffin oil but also a large amount of gas.
The productive area (see fig. 5), which is nearly circular in outline,
with a diameter of about 2 miles, is fairly well defined by the drill
holes on the eastern and southern sides. Until recently the oil has
been transported to refineries in tank cars by the Chicago, Burlington
& Quincy Railroad, which crosses the central part of the producing
area, but now it is handled by a refinery, estimated to cost $2,500,000
and probably large enough to refine the entire production, which
has just been constructed in Greybull at the northern edge of the
field. The gas from this field is used in Greybull for lighting and
heating.

This field is in the northeastern part of the Big Horn Basin near the
- junction of Greybull and Big Horn rivers in the western part of T.
52 N., R. 93 W. It is the most easily accessible oil and gas field in
the State, as no other producing field is crossed by a railroad. The
most productive wells are within a mile of the railroad station, and
no part of the proved field is more than 2 miles from the business
section of Greybull, a town of 600 or 800 inhabitants. Wagon roads
lead to all parts of the field.

The surface features of the Greybull field consist of broad compara-
tively shallow trenches worn in the rocks by Big Horn and Greybull
rivers and of theterraces adjacent to them. The trenches range in
depth from 75 feet throughout the greater part of the field to nearly
300 feet just east of the mouth of Greybull River, and in width from
half a mile south of the mouth'of Greybull River t6 14 miles just north
of Greybull. As the terrace west of the river has not been greatly
dissected by streams the surface on that side of the river is lower and
much more even than it is east of the stream. TFor 1} to 3 miles east
of the river the surface rock is the thick sandstone which outcrops
as a conspicuous cliff along the river. (See Pl. V, 4, p.21.) It
has been upfolded with ‘the other rocks and its upper surface, which
has been only slightly worn away, now consists in most places of
smooth rounded slopes. Northeast of the top of the dome there
is a structural depression in which a canyon has been cut by an inter-
mittent stream.

The elevation of the smface of the field above sea level is of impor-
tance in determining the depth to any particular sand. (See p. 39.)
It ranges from about 3,775 feet at the northern edge near Big Horn
River to 4,070 feet at the Wilkinson No. 3 well (No. 43, fig. 5). The
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highest point in the area represented by figure 5 is about 4,400 feet
at the southeast corner, but this is outside the oil and gas field.

The Greybull field has an abundance of excellent water during the
entire year. The waters of Big Horn and Greybull rivers, the only
perennial streams, can be used for drilling and, except during flood
seasons when the water is too muddy, for domestic uses. The water
supply at Greybull is derived from two deep wells situated near the
river at the northeast edge of the town. Water is found in some of
the oil wells in the thick sandstone (Peay), which is conspicuous in the
~ east, bluff near Greybull and on the west side of Big Horn River
directly south of the refinery, but in some wells it is alkaline and
sulphurous and hence is not suitable for domestic use or even for
generating steam. Water is found in some of the sands in which oil
and gas are absent but the water best suited for use in boilers is
obtained from the rivers. _

The Greybull field is a part of the area examined by Eldridge,!
Fisher,> and Washburne,® of the United States Geological Survey, and
Hintze,* of the Wyoming Geological Survey.

STRUCTURE OF THE DOME.

The Greybull dome is an upfold or bulge which has affected all
~ of the rocks down to and including the principal oil-bearing sands of
this region. Its shape and extent are shown in figure 5 by structure
contours drawn on the Greybull sand. (See p. 57.) It is roughly
elliptical with its narrow end extending northwest and its broad end
on the southeast. Itssouthwest slope is much steeper than any other,
as indicated by the close spacing of the contour lines on that side.
The beds are nearly flat at the top of the dome in the NW. } sec. 21.
They slope gently, not over 34°, northwest to the end of the dome;
north, northeast, and east to the depression in the rocks or the syn-
cline separating this dome from the Sheep Mountain anticline;
southeast to a shallow syncline separating the Greybull dome from
the Lamb anticline. On the south, southwest, and west sides of
the dome the beds dip gently to a line about one-half mile from the
top of the dome; here the dips rapidly increase and reach a maximum
of 35° in the northwestern part of sec. 19. The depression in the
rocks or syncline to the northeast of the Greybull dome is compara-
tively shallow, being about 250 feet in depth.
The cross section (see fig. 5) shows the positions of the rocks as
they would appear on the sides of a deep trench, if one were cut

1 Eldridge, G. H., A geologic reconnaissance in northwest Wyorhing: U. S, Geol. Survey Bull. 119, pp.
64, 65, map, 1894,

2 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Prof. Paper
53, p. 59, map, 1906.

8 Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U. S. Geol. Survey Bull. 340, pp. 348-3G3,
map, 1908,

«Hintze, F. F., jr., The Basinand Greybull oil and gas fields, Bighorn County, Wyo.; Wyoming Geol.
Survey Bull, 10, 1914,
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northeast and southwest across the dome at its highest point. In
this section the Greybull sand, which contains the oil and gas, is the
lowest bed represented. At the highest point of the dome it is about
850 feet below the surface and at the southwest end of the cross
section about 4,100 feet. This difference in depth is due in part to a
difference in the surface elevation but more largely to the bulging
of the strata, which has brought the Greybull sand, as well as other
formations, nearer the surface at the top of the dome than at other
places.

Gas is found in the top of the dome and oil in a lower zone on the
west and northwest sides. Its accumulation there may be due in
part to the presence of a low wrinkle on the dome, as is suggested by
the irregularity in the structure contours in the E. 1 sec. 18, or to the
presence of water in the Greybull sand close to the gas wells on the
north, east, and southeast sides. In the writer’s opinion the latter is
the more probable explanation, the water having perhaps pushed the
oil toward the west and northwest. Water can easily enter the oil
and gas sand at its outcrop around the south end of Sheep Mountain
3 to 4 miles north of the Greybull dome. Itis well known that water
in a well will prevent the oil and gas from entering the hole, especially
when the rock pressure is less than the pressure of the water. Hence
it seems reasonable to assume that water in the Greybull sand may
have crowded the oil away from the northeast, east, and southeast
sides of the dome and confined it to the northwest and west sides,
where it now occurs.

Faults may have had some eﬁ'ect on the accumulation of oil on the
west and northwest sides of the dome. Several faults of slight throw
cut the beds in the north half of the dome, but they can not be traced
far from the river bluffs. Five of these are shown on the map.
Others not apparent on the surface are known from well logs to be
present west of Big Horn River, where the larger part of the surface
is covered with a veneer of alluvium on the flood plain and of gravel
on the terrace. They trend northeast and are of.the step-fault
variety, having the downthrow mainly on their northwest sides.

The planes of these faults are cut by several wells drilled in this
field. Wherever a well cuts the plane of a normal fault the distance
between recognizable beds is less than where the strata are undis-
turbed. This condition is illustrated by figure 6. In this ideal
figure, wells 1 and 3 do not cut the fault plane; but well 2 does, and
in it the distance between the two beds of sandstone is less than in
" wells 1 and 3. A carefyl study of the well logs in the Greybull field
reveals the fact that the distance between the top of the Peay sand
and the top of the Greybull sand is in places 170 feet less than normal.
In wells 3, 5, 14, 23, 26-28, figure 5, the distance between the sands
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mentioned is less then normal, and it is therefore believed that the
wells cut the planes of normal faults. Faults in the midst of a proved
oil and gas field like the Greybull tend to show that under certain
conditions sands adjacent to fault planes may become sealed and
thus prevent the migration of oil and gas into the faults.

At the highest part of the dome the rocks exposed along Big Horn
River belong to the lower part of the Frontier formation and the
upper part of the Mowry shdle. The prominent sandstone (see Pl
V, 4) exposed in the bluff directly east of Greybull is the Peay sand,
which occurs in the lower part of the Frontier formation. The base
of the Peay is about 75 feet above the top of the Mowry shale, which
outcrops near the water’s edge in the western part of sec. 21. The
Mowry shale is not fully exposed in this vicinity but is shown by

FIGURE 6.—Diagram showing the effect of a fault on the apparent thickness of a formation.

many wells to be about 175 feet thick and to embrace two sandy
beds, the Kimball and Octh Louie sands, which in this field contain
small quantities of oil. In the Torchlight dome (see pp. 75-81) these
sands are the principal reservoirs for oil. Underlying the Mowry is
the dark Thermopolis shale, about 700 feet thick. It contains, about
300 feet above the base, a very persistent sandstone known as the
Muddy sand, which contains a little gas. Directly underlying the
Thermopolis shale is the Greybull sand, which contains the oil and
gas in the Greybull field. It has an average thickness of about 20
feet and constitutes the upper part of the Cloverly formation, which
in this locality is about 115 feet thick.

The logs of one gas well and one oil well are given below in order
to show the character of the rocks intervening between the surface
and the Greybull sand, the reservoir of the gas and oil in this field.
The log of the Minor well (No. 38, fig. 5), the first to find gas, in the
NW. 1 NW. } sec. 21, T. 52 N., R. 93 W., is reported by the drillers
as follows:
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Record of Minor well, Greybull field, Wyo.a

Thick-

ness Depth,

Feet. Feet
1S 0T L T 17 17
Shale, hard, dark; probably the ridge-making layer of the Mowry 3-4 20
L Y O S 300 1320
Clay, soft, white; probably bentonite: caused the well to cave badly.. 3 323
Shale, dark..c....oovuiiieniiia.o. e 127 450
Clay, white,zandy; Muddysand..... ... . i m i 40-50 495
Shale, DIACK. ¢ oo - et aaaan 155 650
Shale, hard...o.ccoouenen..n ?1 651
Shale, DIaCK.. . . . e ettt e e 49 700
Rock, veryhard... ... o i 1 701
Shale, black..... . 49 750
Rock, very hard e 7 757
Shale, blaCKk. ..o en it eee 38 ggg
Sandstone (Greybull sand), containing gas under high pressure...................... 20 820
Shale, red, bottom of hole. ... ..oio i it 5 825

s :rl‘&’ga;in]%y&lflr.oalo%? I305g2 ﬂggg b‘y ‘Washburne, C. ViV., Gas fields of the Bighorn Basin, Wyo.: U. 8. Geol.
The well was drilled originally 801 feet deep, or to the top of the
Greybull sand. The mouth of the well is about 3,800 feet above sea
level and would be 165 feet below the base of the Peay sandstone
were that sandstone extended from its outcrop in the high bluffs
east of the river to the vicinity of the well.
The Meade No. 1 well (No. 8, fig. 3) of Bighorn Oil & Gas Co., in the
SE. 1 NE. } sec. 17, T. 52 N., R. 93 W., is near the refinery but on
the east side of the railroad, in Greybull. The log follows:

Record of Meade No. 1 well, Greybull ﬁeld, Wyo.

Feet
Top of Muddy sand.............oooiiiiiii L 583
Top of Greybull sand (contains oil)... ... ... ... ..ol 915
Bottom of Greybull sand (bottom of hole)... .. et 935

The mouth of this well is 3,810 feet above sea level. Water was
encountered down to a depth of a little more than 100 feet and was

cased off at 115 feet. '
DEVELOPMENT.

The first well in this field (Minor No. 38) was drilled in July, 1907,
and produced only gas, whose initial flow has been estimated at
8,000,000 to 10,000,000 cubic feet daily. The gas became acci-
dentally ignited soon after the well was completed and burned for
more than a year and a half. Fifteen months after this first well was
drilled a well (the George Alford No. 1, No. 40 on fig. 5) yielding high-
grade oil and a little gas was brought in. Since 1908 about 70 wells
have been drilled in this field, mainly by the Bighorn Oil & Gas Co.,
of Greybull. The following table, complete up to October 10, 1915,
shows considerable data regarding the development of the field. If
a well yields neither oil nor gas in commercial quantities it is shown
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on the map as a dry hole. In this table if it contains water, but no
oil or gas, ‘““Water’ is placed in the ‘“Result’ column. If it yields
neither oil, gas, nor water, “Dry”’ is placed in the ‘“Result’’ column.

Wells in T. 52 N., R. 93 W., of Greybull field, Wyo.a

No. Depth
on to Grey- .
map Name. Owner. Result. b bull Date drilled, Location.
§>ﬂ§75) * | sand.
1 | Node No. 1.......| Bj horél 0il & | Water.........| 1,092 Jai]él?nd Feb., | SW. } SE. § sec. 5.
as Co. .
2 Wel}1 nlorttb ofl..... [ 1 TN S [ 1 TR 1 1 § U S I ¢ 5 TO OO, NE. $ SW. }sec. 9.
school section.
3 | Stubbs No. 2..... Ligcoln Land | Oil............ 971 | Sept.,1915..... NE. } NE. }sec.17.
0,
4 | Stubbs No. 1....[..... do..........| Alittleoil.....| 970 |.....do..........
5 | Stubbs No. 3..... U [\ JOUURUPN I 0 | Ry 980 |..... do...ccuunnn iN NE. §sec.17.
6 Scl}\}oolzsection Bi ho!‘él Oil & | Dry.cccenenen- 1,100+ | May, 1910...... NWt 'W.isec. 16.
0.2. .

Ll 40 PO i 940+ Sept., 1915...... NE. }NE tsec. 17.
8 { Mcade No. 1... .- 915 | Mar.,1910......
9 ( Island No. 1...... 882 | Nov.,1910......[ SW. }NW 1sec.16.

10 Scll\xlool section |..... [+ 0 YOO I ¢ 1: | PSPPI 1,060 [ (Meeeeenreenneas Do.

1 ScI}\}ool3section ..... [ 14 TR d0ceeeieer-] 1,066 | (D)eeeavannnnnnn NW.%SE.$sec.16.

0
12 | Hoodoo.......... ceeeed| W . Aug., 1909 SE.1NW.1sec.15.
13 | Island No. 5...... ds ..[ Oil. . : ¥ SW.1 NW. isec. 16.

14 | Stony Point.

SW.1 NE.}sec. 17,
15 | Brickyard N

SE.1 NE.} sec. 18.

16 | Rubel........... . . - ing'a SW.3NE. 1 sec.18.
17 Jucll (never com- cene . ., 1909...... SE.} SE.1sec. 18.
pleted).

18 | Juell No. 1.......
19 ?gﬁoOﬂCo No...

Mar. a.nd Apr., Do.
1911

Sept 1015. ..... NW.1 NW.4 sec. 20.
(€3 1S NW. corner lot 60.

21 | Cusick. ....... -++| Bighorn 0il & ou....’ ........ 1,260 | Aug.,1910...... NE.} NW.4sec. 20.
22 | Alderdice........ Clggl.xpion 0il | Water......... 1,185 | Mar., 1914...... NW.%8E.sec. 20.
23 G%n(;ges .A 1ford { Bi horél .Oil & | Ofleeaaennannn. 1,080 | N ?gl. 4a'nd Dec., | NW.3SE.%sec. 17.
24 Tl}‘tl)(x)l?al.s. Alford |.....d Sept., 1909...... SE.1 SW.% sec. 18.
25 T}I?(IJI.I%? Alford May gnd June, | SE.1 SW.§ sec. 17.
26 | Thomas Alford Mar., 1915. ..... Do.
27 | Thomas  Altord Juneand July, |  Do.
28 Gg?éé’A 1ford 19}1% SW.3 SE.1 sec. 17.
29 C‘rg‘ctrgf;1 Alford Aug and Sept., Do.
30 Island No. 8...... Aug vy 1914...... SW.iNE.}sec.17.
31 | Island No. 4...... A%l ,ind Sept.,| NE.} SE. } sec. 17,
32 | Island No. 2...... Feb., 1909...... Do.
34 | Armstrong No. 1. Ma 1909...... NE.} SW.%sec.16.

35 | Wilkinson No. 4..

36 | Armstrong No. 2.
37 | Durham No. 1...

39 | Homestead No. 1
40 George Alford

No.
41 | Rusk No 1....
42 | 'Wilkinson No. SW.3} NW.tsec.21.
43 | Wilkinson No. 2. . I 8SE.3 NW.}sec.21.

a About 20 additional Wells were drxlled on this dome between Oct. 10, 1915, and Apr. 1, 1916,
b The results given in this column pertain to the Greybull sand only.
¢ Nut reported,

SW.}SW.%sec. 16.

SW.3 SE. 1 sec. 16.
NW.iNE.}sec.21.
NW.:NW.isec.2l.
SW.1SW.}sec.16.
SE. 1 SE. 4 sec. 17.

NE.}NE.1sec.20.
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Wells in T. 52 N., R. 98 W., of Greybull field, Wyo.—Continued.

No.

Depth |
on
map Name.. . Owner. Result. tolg}urﬁy' Date drilled. Location.
(fig.5, sand.
p. 57)
44 | Smith No. 1...... Bj horg Oil & | Oilec.ueennn.n. 854 | Aug.,,1912...... NW.1SW.}sec.21.
as Co.

45 | Wilkinson No. 3..
46 | Durham No. 2...

47 | Lamb No. 1......

.| 1,065 | Sept.,1912...... NW.18SE.{sec.21.
1,078 Selpt ‘and Oct. ., | SW. NE. isec.2l1.

1,070 | July, 1909......| NW. 1 SE.1sec.21.

48 | Neuenschwander .| 1,116 | June, 1910...... SW.} NW.}sec.22.

49 | Madison No. 1........."do. A Drye.......... 1,197 July, 1910...... NW.3SW.}sec.22.

50 | Maloney No. 1.. Joa«isl a& Buell ‘Watere.oo...c.] 936 | (Deeerrnaannnns SW.18W.%sec.21.

51 | Skinner No.1....| B agrélo‘oﬂ & |..... do.eeeee...t 952 | Feb., 1910...... NE.} NE.%sec.28.

52 | Ahrens No. 1..... Migii %%x?tinent ................ @ | (Meeeeaannnnnn NW.1SW.1sec.28.

53 | Himes No. 1......|..... do..c.......| Alittlegas....} 1,200 [ (?)...eoen. ... NE.} SW.1sec.28.
a Not reached.

During the summer and autumn of 1915 an impetus was given to
drilling operations by the discovery in Greybull of larger oil wells
than any previously known in this field. Some of these wells are
- reported to have at first yielded as much as 500 barrels daily, but the
production is said to have dwindled to about 100 barrels daily after
they had been pumped for a few weeks and to have diminished
: greatly since that time.

It is estimated that the daily oil production of the Greybull field
on October 1, 1915, was 1,500 barrels, or at the rate of slightly more
than a half million barrels annually. On April 1, 1916, the produc-
tion was estimated to be 3,000 to 4,000 barrels daily, but in the fall
of 1916 it had declined greatly.

QUALITY OF OIL AND GAS.

The oil is high grade and has a paraffin base. In reflected light it
has a dark-green color and in transmitted light a dark wine color. The
specific gravity of the oil is 0.7856 or about 48° Baumé. An analysis
made by the Bureau of Mines of a sample of oil collected from the
George. Alford No. 1 well (No. 40, fig. 3) in this field is as follows:

Analysis of oil from George Alford No. I well, in the SE. } SE.  sec. 17, T. 52 N.,

_ R. 98 W.

Began to boil at 30° C.

Gasoline: Per cent,
Tob0° C..n e e 3.5
B0 0 750 et e 4
75° 10 0000, e 7.5
100° 60 125°. o ceeee 9
125° 10 1500 iy tarrreeaaaeaas 7

‘ ' 31
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Kerosene: Per cent.
1500 60 1750 - et e e e e aaaaan 6
175% 10 2000, . o et d
200° 10 2250 . 1 et eiiea e 5
2250 10 2500 . o e et e 5
2500 10 275 ettt 5
275% 10 8000 e e 6.5

32.5

Residuum. ccoveniiiiie e 36.5

Sulphur. ... 04

Specific gravities at 60° F.:

Crude oil (48.2° Baumé).................. Neeeerieeaneaas 0. 7856
Gasoline (66.6° Baumé)............o....o.ioiiiiiiiiio... . 7120
Kerosene (47.2° Baumé)........... ettt 7900
Residuum (33.2° Baumé) .......ooiiiiiiiiiiiiaaiaaaai... 8579

A sample of gas (laboratory No. 6851) from the Thomas Alfred
No. 1 well (No. 24, fig. 5), in the SE. } SW. } sec. 17, T. 52 N., R.
93 W., was analyzed by the Bureau of Mines. The analysis shows a
high percentage of nitrogen and much oxygen, suggesting that the
bottle in which the gas was collected must have contained some air
with the gas, because in the analyses of samples of natural gas col-
lected from the Greybull field by W. R. Calvert ! the oxygen content
is zero and the maximum nitrogen content 1.25.

Analysis of natural gas from Thomas Alfred No. 1 well, in the SE. 3 SW. } sec. 17, T. 52
N,R.98W. '

[G. A. Burrell, analyst.]

Specific gravity (air=1)............coiiiiiiiiiiiiii 0.85
Carbon dioxide (COp).unneennmreeie e .10
(009700 (N (0 P e 3.20
Methane (CHyjueueomeeiiii i 38.70
Ethane (CoHg). - ..o oo 42. 50
Nitrogen (Ng)eu. oo 15. 50

' 100. 00

The heating value of this gas at 0° C. and 760 millimeters pressure (calculated) is
1,203 British thermal units.

The analysis by the Bureau of Mines of a sample of gas collected
by W. R. Calvert * from Island No. 1 well (No. 9, fig. 5) is given
below:

t Calvert, W. R., A preliminary report on the utilization of petroleum and natural gas in Wyoming:
Bur. Mines Tech. Papgr 57, p. 13, 1913. !

86133°—Bull. 656—17T—5
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Analysis of natural gas from Island No. 1 well, in the SW. + NW. } sec. 16, T. 52 N.,

R.93W.
[Laboratory No. 3224. G. A. Burrell, analyst.}

Specific gravity oo ee ittt eae 0. 64
Carbon dioxide (COp)--uo it e .20
(0.4 (=) (T (0 .00
Methane (CH)..ooooeeenaaoo ... e e 81.70
Ethane (CoHg) .- o cooemii it eeeees 17.35
Nitrogen (Ng) e e o tm i .75

100. 00

CONCLUSIONS.

The productive and possibly productive areas of the Greybull field
are limited definitely in places by dry holes. This is particularly
true of the southern part, where dry wells 22, 45, 47, 50, and 51 are
near productive wells 43, 44, and 46. It is probable that wells drilled
within one-fourth mile southwest, south, southeast, and east of well -
44 may yield some oil, but it is doubtful if the quantity will be large.
Little gas will be found in this locality unless faults or some other
factor not noticeable on the surface create conditions favorable for
its accumulation. Dry holes (48 and 49, in the W. 1 sec. 22) limit
the field to the southeast. Possibly other gas wells or small oil wells
may be found as far as one-fourth mile east of wells 36, 37, and 46.
‘Well 48 showed. a trace of oil which suggests that more may be found
farther up the "slope of the dome or to the west and northwest.
Between the synclinal axis and wells 10, 11, 34, and 36 oil and gas wells
of slight production may be brought in.

The west side of the dome is the most promising for future devel-
opment. The recent discovery of oil in wells (Nos. 3, 4, 5, and 7)in
the northeastern part of sec. 17 suggest that the oil pool may extend
north nearly to the synclinal axis. The position of oil wells Nos.
23-28, inclusive, in the southern part of sec. 17, and No. 18 in the
southeastern part of sec. 18, indicates that the west boundary of the
oil-producing territory may follow the 2,400-foot structure contour
from a point near the synclinal axis south to a point east of dry hole
15. From this point it probably swings west and south around wells
18-21, and thence goes nearly east, keeping north of well 22 to the
line A-B (fig. 5, p. 57), and thence southeast to a point midway
between wells 22 and 44, there connecting with the line above described.
Well 19, belonging to the Ohio Oil Co., is reported to be absolutely
dry, this suggesting that the productive area is “spotted.”

The northwést boundary of the field, as indicated above, has not
been determined. It seems probable to the writer that the produc-
tive area extends farther toward the southwest than in any other
direction, because In this field the best wells seem to be associated
with faults and the fault zones trend northeast-southwest. At the
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northeast the field is limited by the synclinal axis. The presence of
dry holes 15 and 16 on the north and 22, 50, and 52 on the south of
oil wells 17-21 indicates that the productive belt extending to south-
west is about a mile in width. It seems doubtful if the productive
territory extends far southwest of well 20.

Close drilling within the area outlined above may increase the
present output of oil, but the enormous amount of gas that escaped
from the Minor well in 1907 and 1908 has so reduced the pressure
and quantity that it seems doubtful whether the production of gas
will be greatly increased by further drilling.

SHELL CREEK DOME AND CHERRY ANTICLINE.

By CrArLEs T. LupTON.
GENERAL FEATURES.

The Shell Creek dome (No. 2, PL. I) and the Cherry anticline (No.
3, P1. I) are closely connected upfolds in the drainage basin of Shell
Creek about 8 miles northeast and east of Greybull, a town of 600 or
800 lnhablta,nts on the Chicago, Burlington & Quincy Railroad.
The Shell Creek dome has been fully tested for oil and gas, with nega-
. tiveresults. The Cherry anticline has been tested by one well, which
presumably penetrated the Embar formation, in this locality the
most promising reservoir for oil and gas. According to report, oil
was thought to have been found in this formation, but the quantity
must have been so small as to be negligible. As the probability of
obtaining oil and gas in these upfolds is extremely doubtful, their
descriptions will necessarily be brief. They are considered together,
as.they are closely related structurally.

The Shell Creek dome lies in secs. 29-32, T. 53 N., R. 92 W., and
the Cherry anticline mainly in secs. 3-5, 8-10, T. 52 N., R. 92 W,
about 2% miles southeast of the Shell Creek dome and 8 miles east of
Greybull.

Both anticlines are easily accessible, as a good road leading from
Greybull to Shell, a town on Shell Creek near the west base of the
Big Horn Mountains, follows in general the course of Shell Creek and
lies between the two folds. Numerous secondary roads enable one
to examine both areas with comparative ease.

The principal surface feature in this locality is the valley of Shell
Creek, which crosses the south edge of Shell Creek dome. The surface
along the crests (formerly called axes) of the anticlines is characterized
by basin-like depressions,formed by the wearing away of the soft rocks
by streams tributary to Shell Creek, surrounded by low walls of
variegated sandstone and shale. In places, particularly along the
west side of the Cherry anticline, long, straight, narrow hogbacks
trend northwest. At many places along the smaller tributary
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streams. and particularly near their heads badlands make travel
difficult.

The water supply of both anticlines is abundant, as Shell Creek
crosses Shell Creek dome, and an irrigation canal from Shell Creek,
8 or 10 miles distant, crosses the Cherry anticline near its middle.
Water from this ‘canal and from Shell Creek is used for drilling,
camp, and domestic purposes. Water was also found, according to
report, in the well drilled in the Shell Creek dome, being probably
derived from some of the sands in the Chugwater formation (‘‘Red
Beds”), which overlie the limestone in which the oil and gas were
thought to occur.

' SHELL CREEK DOME.

The Shell Creek dome is elliptical in outline and trends northwest
and southeast. Its steepest slope is on the southwest side, where
the beds dip as much as 25°. At the south end of the dome the beds
dip gently southeast into the low sag separating the dome from the
Cherry anticline. On the northeast side of the Shell Creek dome the
beds are much more nearly flat than they are on the southwest side,
ranging from zero on the crest to about 9° one-half mile distant.
From this region they gradually flatten to 2° in the NW. } sec. 29,
T.53 N, R. 92 W. On the northwest side of the dome the beds dip
slightly for 2 miles to a shallow syncline or depression in the rocks
that separates the Shell Creek dome from the large anticline of Sheep
Mountain (No. 1, PL. I).

The lowest rocks exposed in this dome belong to the Morrison for-
mation, which consists of 200 to 300 feet of variegated shale and
sandstone. Overlying the Morrison is the Cloverly formation, about
125 feet thick, which consists of an upper sandstone—the Greybull
sand—which carries the oil and gas in the Greybull field. Under-
lying this bed there are about 75 feet of variegated shale, mainly red
in color, and underlying this shale is a conglomeratic sandstone about
25 feet in thickness. Overlying the Cloverly formation and sur-
rounding the dome on the southwest and northeast is the Thermopolis
shale, a dark bluish-gray shale 600 or 700 feet thick with a sandstone
bed Muddy sand) about 275 feet above its base. This sand is not
known to contain oil or gas in commercial quantities except in the
Oregon Basin (p. 185). .
~ Directly underlying the Morrison formation, the upper part of
which constitutes the surface rocks at the top of the dome, is the
Sundance formation, about 300 feet thick, consisting mainly of light-
green sandstone and shale. Below these rocks is the Chugwater
formation (“Red Beds”), 900 to 1,000 feet thick, and dlrectly under-
lying the Chugwater is the Embar formation, embracing the lime-
stone in which oil and gas were thought to occur in this locality.
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The structure contours drawn on the top of the Greybull sand (top
of the Cloverly formation) show the shape and extent of the Shell Creek
dome. (See Pl. VII.) From these and from the surface elevations,
which range from about 3,925 feet in the SW. % sec. 31, T. 53 N,
R. 92 W, to about 4,550 feet near the center of sec. 11, T. 52 N,
R. 92 W., the approximate depth to the top of the Greybull sand or
to any other sand whose relation to the Greybull is known may be
determined. (See pp. 39-41.)

CHERRY ANTICLINE.

The Cherry anticline is a northwestward-pitching wrinkle on the
west flank of the Big Horn Mountains. It is unsymmetrical, with
its southwest limb narrower than its northeast limb. The beds on
this flank at points about a mile from the crest, however, have an
average dip of 42° and attain a maximum dip of 50° in the SE. }
sec. 15, T. 52 N., R. 92 W. The dips decrease to zero at the crest
of the anticline and also in the opposite direction to the axis of the
syncline separating this anticline from that of Greybull dome to the
southwest. A mile or more southeast of the Cherry well the pitch
of the anticline to the northwest is less than it is farther southeast,
thus forming a terrace-like structure.

The lowest rocks exposed along the crest of the anticline belong
to the upper part of the Sundance formation, which, with other
formations outcropping and lying beneath the surface in this locality,
as well as the structure contour, are described in connection with the
Shell Creek dome (p. 67). (See also p. 18.) -

DEVELOPMENT.

Two wells have been drilled on these anticlines. One, the Nichol-
son well, near the center of Shell Creek dome, in the SW. } NE. }
sec. 31, T. 53 N., R. 92 W., is about 2,000 feet deep and is reported
to have penetrated the Embar formation, which was thought to have
contained oil or gas. Its mouth is about 3,975 feet above sea level.
The other, the Cherry well, on the Cherry antwhne, insec. 10, T. 52N,
‘R. 92 W, is well located near the crest line of the anticline and is
reported to have reached a depth of about 700 feet but found no oil
or gas. According to careful estimates, the drill did not reach the
limestone but went only a little more than halfway through the
Chugwater formation (“Red Beds”). Its mouth is about 4,100 feet
above sea level. Both wells were drilled during the spring and
summer of 1915, that on the Shell Creek dome by O. W. Nicholson,
of Basin, Wyo., and that on the Cherry anticline, according to report,
by Scott Mills, of Basin, Wyo., for the Cleveland-Wyoming Oil Co.
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CONCLUSIONS.

As the Shell Creek dome has already been tested by a well at the
top of the dome and found not to be a reservoir for oil or gas, further
drilling is inadvisable. The Cherry anticline has not been thor-
oughly tested, but the presence of water in the Shell Creek dome and
the general northwesterly pitch of the Cherry anticline make the
occurrence of oil or gas in commercial quantities doubtful. Hence,
the writer advises against the expenditure of more money in further
attempts to test either anticline.

LAMB ANTICLINE.
By Cmaries T. Lueron.

GENERAL FEATURES.

The Lamb anticline (No. 5, PL. I) and Torchlight dome are shown
on the same map (Pl. IX, p. 78), as they are very closely related
structurally.! They are, however, described separately. The Lamb
anticline yields not only large quantities of gas from wells drilled
near the crest line but also some heavy lubricating oil. The pro-
ductive area of this anticline has not been definitely outlined by
wells except on the east and south. To the west and northwest there
is & broad area a mile or more in width and about 2 miles in length
in which no wells have been sunk. The anticline may yield some
gas and probably considerable oil of a type heavier than that found
in Torchlight dome.

The Lamb anticline is about 3} miles northeast of Basin and
about the same distance from the south edge of the Greybull field.
It lies principally in secs. 7, 17, and 18, T. 51 N., R. 92 W., and secs. 1,
2, 11-14, T. 51 N., R..93 W. It can be reached most easily from
Basin, on the Chicago, Burlington & Quincy Railroad, from which
place good roads to all parts of the anticline make easy the trans-
portation of machinery and supplies.

The central part of the anticline is represented on the surface by
a depression formed by the wearing away of the rocks by a small
intermittent stream, which after flowing south through Torchlight
dome empties into Big Horn River in the western part of scc. 26,
T. 51 N., R. 93 W. The walls of this basin-like depression consist
of ridges of shale from 200 to 400 feet in height. In places, especially
on the eastern side of the anticline, these inward-facing walls of shale
are very steep, and near the heads of gulches the slopes have been
cut into typical badlands, across which it is almost impossible to
travel except on foot. The high ridge on the west whose eastern

1 A more complete description of these anticlines is given in U. S. Geol. Survey Bull. 621, pp. 1567-190,
1916.
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slope is more gentle than its western, separates the depression from
the flood plain of Big Horn River; and the ridge on the east slopes
gently and merges with the broad rolling country which constitutes
the greater part of the area between the anticline and the southwest
base of the Big Horn Mountains. .

The surface elevations range from about 4,150 feet in the SE. }
sec.’ 12, T. 51 N., R. 93 W., to about 4,550 feet near the north quar-
ter corner of sec. 11 of the same township. From these elevations -
the approximate depths to the various sands may be calculated.
(See p. 39.)

The main water supply comes from well No. 18 (Columbia No. 1)
in the SE. } NE. § sec. 12, T. 51 N., R. 93 W., which produces fresh
water from the lower part of the Peay gas sand. It is pumped to
the Torchlight camp 2% miles to the south for domestic purposes.
Water has been found in this sand by many of the wells on the
anticline, but in none of them is it known to be so fresh as in Colum-
bia No. 1. An almost inexhaustible supply of water is found -
the year round in Big Horn River, 3 miles to the west. At no time
since the discovery of fresh water in Columbia No. 1, however, has
water been derived from this source for drilling or camp purposes in
the Lamb anticline. A few reservoirs, made in this general locality,
to catch and hold the surface run-off, have all been successful, as the
water in them does not escape easily through the dense shale.

STRUCTURE.

The Lamb anticline is about 5 miles in length and trends in general
northwest, but its crest line is curved, with the concave side facing.
the northeast. The beds dip more steeply on the northeast flank
of the anticline than in any other part, reaching a maximum of 10°
at a point about half a mile northeast of the axis in the SW. % sec. 7,
T. 51 N., R. 92 W. From this point northeastward the dip is less
for a mile or more, beyond which it increases again to flatten once
more west .of the axis of the syncline separating this structure from
the southeast extension of the Cherry anticline. (See P1. VII.) The
beds at the southeast end of the anticline do not dip more than 5°
but become steeper near the synclinal axis separating the Lamb
anticline from the Torchlight dome. To the west the dips are gentle
(not exceeding 5°) for 2 miles from the crest line, beyond which
they increase rapidly. To the northwest the dips are very gentle,
not exceeding 134° at any known point south of the south bound-
ary of secs. 35 and 36, T. 52 N, R. 93 W.

" A shallow structural sag separates the northwest end of the Lamb
anticline from a small dome about a mile in diameter which lies in
secs. 30 and 31, T. 52 N., R. 92 W, and secs. 25 and 36, T. 52 N.,
R. 93 W. The beds dip as much as 32 northwest of well No. 24 in
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the southern part of sec. 25, T. 52 N., R. 93 W. A shallow cross
syncline lying northwest of the Lamb anticline and of the small
dome which constitutes its northeast extension separates the two
from the Greybull dome.

The structure contours drawn on the Greybull sand show approxi-
mately the shape and position of the anticline. Those for the north
end shown on Plate IX differ from those for the same locality shown
on Plate XVIII of United States Geological Survey Bulletin 621,
the positions on Plate IX being based on more detailed examinations.
The cross section on the map (Pl. IX) represents the shape of the
Lamb anticline and of the southern end of the Torchlight dome.

The surface rocks of Lamb anticline consist of the dark-gray Cody
shale, which is a little over 3,000 feet thick and contains a few sand-
stone beds near the top and one near the base. None of these sand-
stones are exposed in or around the Lamb anticline, except the
lower lenticular bed, which outcrops a mile farther south in the

_Torchlight dome, and the upper beds which outorop 2 or 3 miles
- farther south.

The rocks directly underlying this shale compose the Frontier for-
mation and consist of about 550 feet of beds of sandstone separated
by sandy shale and clay. Two sandstones are present in this for-
mation—an upper one, known as the Torchlight sand, found at a
depth of about 160 feet below the surface in Columbia No. 1 well
(No. 18 on Pl IX), and a lower and thicker one, known as the Peay
sand, about 400 feet lower. It is this lower sand that contains the
gas and some of the oil. Directly underlying the Peay sand 75 to
100 feet of shale, similar to that found between the Torchlight and
Peay sands, constitutes the lower part of the Frontier formation.
The rocks directly below the Frontier formation—the Mowry shale—
consist of 160 feet of hard, dark-gray platy shale, with two or more
sandy beds, characterized by large numbers of fish scales. The
uppermost of the sands is known as the Kimball, and the other,
about 50 feet lower, as the Octh Louie. Both of these sands and
the intervening shale are known to contain oil in the Torchlight dome
but contain little in the Lamb anticline. Below the Mowry shale
there is about 700 feet of dark shale, known as the Thermopolis shale,
which contains a bed of sandstone (Muddy sand) 10 to 20 feet thick
about 300 feet above its base. The Muddy sand is not known to
carry oil or gas in commercial quantities except in the Oregon
Basin. (See p. 181.) Directly below the Thermopolis shale is the
Cloverly formation, about 125 feet thick, the top sandstone of
which (Greybull sand) carries the oil and gas in the Greybull field.
It is uncertain, however, whether or not it contains oil in this field,
as it has never been tested except at well No. 24 in sec. 25, T. 52 N,,
R. 93 W., where it is dry. In the Torchlight dome a mﬂe or more
to the south two wells to the Greybull sand found water, proving
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almost conclusively that oil and gas are lacking in the Greybull sand,

in the Torchlight dome, and probably in the Lamb anticline. .
The following logs of wells drilled in the Lamb anticline are given

to show the depths to the sands that contain oil, gas, and water:

Log of Lane No. 1 well (No. 23, PL. IX), SE,'} SE. } sec. 12, T. 51 N., R. 98 .W.

Feet.
Top of Torchlight 8and.....cccevveneneiaiiiiiiiiiiiiiii. 5
Shale, sandy, dark......c.cooiiiieiii i 2004+
Top of stray sand; contains a'little gas..................o....o.. 225
Shale, dark, 8andy ... vemenaeonn i 2004
Top of Peay sand; contains much gas................. s 435
Bottom of hole. - - .. ooi it 445

Log of Ruth well (No. 24, Pl. IX), SW. } SE. § sec. 25, T. 52 N., R. 93 W.

Feet.
Top of Peay sand; contains water. . ..... ...l 940
Top of Kimball sand, dry.:....coovoemnniiii il 1,140
Top of Muddy sand; shows alittlegas. ......................... 1,735
Top of Greybull sand; dry.........ocoiiiiiiiiiii L 2,060
Bottom of hole....ooumeie e it 2,100

DEVELOPMENT.

Thirteen wells have been drilled in the Lamb anticline, seven of
which are dry,! two yield oil, and four gas. The first well, No. 29,
was drilled on the edge of this anticline in 1907 by the Union Oil &
Gas Co. A little gas was found but not enough to encourage further
drilling, and no other development work was doné until November or
December, 1913, when Lane No. 1 well (No. 23, P1. IX) near the crest
was drilled to the Peay sand. A large amount of gas was found,
the original flow according to information from H. T. Lamb, man-
ager of the Greybull Oil Co., being 5,000,000 cubic feet daily. The
average rock pressure at. present is said to be about 145 pounds.
The well was not drilled entirely through the sand, but it is doubt-
ful if further drilling would have obtained a greater flow of gas.
Near the crest line of the anticline the Peay sand is entered by the
drill at a depth of 450 feet, but this depth increases with the dis-
“tanoce from the crest line. The accompanying table furnishes informa-
tion regarding the wells drilled on this anticline:

1 The term ““dry’’ as used 1n this report means, unless otherwise explained, barren of oil and gas in
commercial amounts. '
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The gas from wells Nos. 18, 22, and 23 is piped to Basin and
Greybull for domestic use. The oil in wells Nos. 20 and 21 is not
being utilized. It is doubtful if drilling will be continued in this
anticline outside the tracts now being drilled until a leasing law
has been passed by Congress, as the area including the anticline is,
for the most part, withdrawn from entry by the Government.

CONCLUSIONS.

Dry holes (Nos. 15-17, 19, 24, 25, 28, and 29) define in a very
general way the outline of the productive area of the Lamb anti-
cline. It seems very doubtful if oil and gas wells of importance
will be discovered at any place more than one-fourth mile east and
‘northeast of the crest line. The presence of dry holes Nos. 15 and
25, both of which are near the southeast end of the crest, suggests
strongly that this part of the anticline is barren of both oil and gas
in commercial quantities.  The same is probably true of the area
lying south and west of both of these wells, at least as far as the
synclinal axis separating the Lamb anticline from Torchlight dome.
It seems reasonable to assume that the area for more than a mile
west of wells Nos. 18, 19, 22, and 23 is worthy of investigation. The
presence of an oil well (No. 21) at a point nearly a mile west of gas
well 23 suggests strongly that the intervening area, as well as an
area lying one-fourth to one-half mile west of well 21, may contain
oil. Gas wells are likely to be found adjacent to the crest line of
the anticline north and northwest of well 23. It is questionable
if the gas-bearing area is more than three-fourths of a mile to 1}
miles in length from northwest to southeast or more than one-half
+ to three-fourths of a mile wide from northeast to southwest.

TORCHLIGHT DOME.

By CrarLES T. LuproN.
GENERAL FEATURES.

A high-grade paraffin oil and a little gas are produced from the
Torchlight dome (No. 6, Pl. I), which within certain boundaries is
~a good producer.! The oil is obtained from the Kimball and Octh
Louie sands of the Mowry shale and is reached by the drill at depths
ranging from 400 to 600 feet.

The Torchlight dome is about 3 miles east of Basin—a town. of
about 1,000 inhabitants—with which it is connected by good roads.
The dome lies principally in secs. 19 and 30, T. 51 N., R. 92 W,
and in secs. 13, 14, 23-25, T. 51 N., R. 93 W.-

1 A more complete description of this dome and of the Lamb anticline is given in U. 8. Geol. Survey
Bull. 621, pp. 157-190, 1916, .
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The surface of the dome is characterized by a basin-like depression
eroded in shale and surrounded by nearly concentric inward-facing
walls with shale above and sandstone below. In places the basin-
ward slopes are cut into badlands. This depression, which in places
is 300 feet deep, has been formed mainly by the wearing away of
the rocks by a stream, which begins near the north end of the Lamb
anticline, flows along the crest of that upfold for more than 3 miles,
crosses through the center of the Torchlight dome, and joins Big
Horn River about 2 miles southeast of the town of Basin. The
depression of the surface directly on the upfold of the rocks is shown
in the cross section (Pl. IX).

The surface elevation ranges from about 4,000 feet above sea level
at well 14, in the southern part of sec. 25, T. 51 N., R. 93 W, to about
4,450 feet near the east quarter corner of sec. 19, T. 51 N., R. 92 W.
The elevations of the structure contours subtracted from the surface
elevations give the approximate depths to the Greybull sand on
which the structure contours are drawn.

The water supply in an oil and gas field in a semiarid region is an
important factor in development. In this part of the Big Horn Basin
the rainfall is unusually small, being about 6 inches annually. At
present the main supply is derived from Columbia No. 1 well (No. 18,
Pl IX) situated on the Lamb anticline, 2 or 3 miles to the north of
the dome. Fresh water from this well is pumped to a large reservoir
and tanks in the central part of the Torchlight dome. A few reser-
voirs to catch surface water have been made and afford an additional
supply for drilling purposes. In some of the sands, particularly the
Peay, water is found, which lessens the quantity that must be pumped
or brought from other places for drilling. "Most of it, however, is
sulphurous. Previous to the discovery of fresh water in the Columbia
No. 1 well (No. 18, Pl. IX), water for domestic and drilling purposes
was pumped or hauled from Big Horn River.

STRUCTURE.

The Torchlight dome is an elliptical upfold in the rocks trending
northwest, with its broad end facing southeast. It is about 3 miles
long and 2 miles wide, and is separated from the Lamb anticline by a
shallow syncline, a depression in the rocks 200 to 300 feet deep.
Along the crest of the dome the beds lie nearly flat, dipping gently
outward. On the north limb the maximum dip (11°) of the rocks is
reached about one-fourth mile away from the crest line; beyond this -
the beds gradually flatten to the axis of the syncline. The dips are
comparatively low, averaging 3° to 4° at the northwest and southeast
ends of the dome. On the southwest the beds gradually increase in
dip from zero at the crest line to 25° near Big Horn River. The dip
is comparatively regular, but here and there changes, particularly in
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the SW. } sec. 25, where a dip of 22° was noted, bordered on either
side by dips of 13° 15° and 17°. The structure contours on the
Greybull sand at intervals of 200 feet above sea level up to 2,800
feet represent the shape and extent of the dome.

The rocks at the surface in the center of the Torchlight dome
belong to the upper part of the Frontier formation, which in this
locality is a little more than 550 feet thick. A prominent sandstone
of this formation encircles the central part of the dome in a line of
cliffs and has been given the name Torchlight sand. It was first
described by Washburne! as the “B’” sand, and later named the
Torchlight sand by F. F. Hintze, jr.,> because of its prominent ex-
posure on this dome. It is not known to contain oil or gas at any
place in this general region. A thicker and more prominent sand-
stone, the Peay, in the lower part of the Frontier formation, is not
exposed in this dome but is well shown along Big Horn River near
Greybull. Although it contains gas and some oil in the Lamb anti-
cline it is of no importance in the Torchlight dome. Directly under-
lying the Frontier formation is the Mowry shale, a hard platy shale
about 160 feet thick in which numerous fish scales occur and which
contains two sands—Kimball and Octh Louie—that yield all of the
oil obtained in this dome. The entire formation, according to H. T.
Lamb, manager of the Greybull Oil Co., yields some oil. Under the
Mowry shale is the Thermopolis shale, about 700 feet thick, mainly
of shale but including a persistent sandstone—the Muddy sand, which
contains a little gas in some wells—about 300 feet above its base.

Directly beneath the Thermopolis shale is the Cloverly formation,
about 125 feet thick, the top sandstone of which is about 20 feet
thick and is known as the Greybull sand. This bed of sand yields
all the oil and gasin the Greybull field. Although the oil and gasin
the Torchlight dome are found in higher beds, it seems advisable to de-
scribe the underlying rocks down to and including the Greybull sand,
because the structure contours are drawn on this sand. The rocks
below the Cloverly formation are fully described in the first part of
this report.

Logs of two wells in the Torchlight dome, Jackson No. 7 (No. 34,
Pl. IX) and Kimball No. 2 (No. 11, PL. IX), are given below in order
to show the positions of some of the beds beneath the surface. The
bottom of theJackson well is probably about the base of the Mowry
shale. This well was ‘“shot’’ while the writer was in the field. (See
P1. VIII, A.)

1 Washburne, C. W., Gas fields of the Bighorn Basin, Wyo.: U. 8. Geol. Survey Bull. 340, p 350, 1808.

2 Hintze, F. F., Jr., The Basin and Greybull oil and gas field, Bighorn County, Wyo.: Wyoming Geol.
Survey Bull. 10, p. 23, 1914.
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Log of Jackson No. 7 well (No. 84, Pl. IX), in the SE. + NW. % sec. 24, T. 51 N.,

" R.93W.

Feet.

Top of Peay sand; contains water. . ... ... ... ... .. ........ 220

Top of Kimball sand; oil bearing................................. 438

Top of Octh Louie sand; oil bearing. ... ... ... ... .. ... 485

Bottom of hole..........oooooi i 538

Log of Kimball No. 2 well (No. 11, Pl. IX), in lot 14, sec. 19, T. 51 N., R. 92 W.

Feet. .

Top of Torchlight sand................ovvvuenn... et 5+
Base of Torchlightsand... .. .. ... . .. .. ... ... et 80
Topof Peaysand........... ... i, 358
Bage of Peaysand...... e e eeaaaaas 458
Top of Kimball sand; oil bearing............... .. .. ......... 560
Baseof Kimballsand............ ... ..o oiiiiao... evn.. D8O
Bottom of hole... .. ... .. ... il 588

The Octh Louie sand was not penetrated by the drill in this well.
DEVELOPMENT.

The first well (No. 1, PL. IX) in the Torchlight dome was drilled in
1905. It penetrated to a depth of 106 feet and encountered a little
gas. Soon a second well (No. 2) 222 feet deep was drilled near the
first and penetrated the Peay sand, in which gas, water, and a little
oil were found. No development work was done from 1905 to 1913,
at which time Jackson No. 1 (No. 6, PL. IX) was drilled to a depth of
410 feet, reaching the base of the Kimball sand and proving that
this sand is oil bearing. This discovery encouraged further pros-
pecting, and from 1913 to October 1, 1915, 37 wells were drilled, the
Greybull Oil Co. keeping two strings of tools in use continually.
Most of the drilling has been done by this company on the Jackson
and Kimball claims, the former including 160 acres in the . 3 W. }
sec. 24, T. 51 N., R. 93 W., and the latter including an equal area in the
west range of lots (Nos. 7, 8, 13, and 14) insec. 19, T. 51 N., R. 92 W.
The Valentine interests drilled five additional wells (Nos. 53-57)
along the east line of the SE. } sec. 24, from October 16, 1915, to
January 5, 1916, all of which encountered oil. A common type of
portable drilling rig in use on the Torchlight dome, as well as other
parts of the Big Horn Basin, is shown in Plate VIII, B.

The daily production of oil from the Torchlight dome in October,
1915, was believed to be between 800 and 1,000 barrels, but by
October, 1916, it had greatly declined and was reported to be about
200 barrels a day. It is transported through a 4-inch pipe line to
the refiriery at Greybull. The gasfrom the Torchlight dome is used
only at the camp near the center of sec. 24, T. 51 N., R. 93 W.

The following table furnishes information regarding the wells
drilled in Torchlight dome up to October, 1915:
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U. 8. GEOLOGICAL SURVEY

A. OIL THROWN INTQO AIR WHEN WELL WAS “SHOT" ON TORCHLIGHT DOME.

B. PORTABLE DRILLING RIG ON TORCHLIGHT DOME,



U. S. GEOLOGICAL SURVEY BULLETIN ‘656. PLATE IX

R.92'W.
LAMB 5
TORCHLIGHT DOME ) ANTICLINE
g _,,?ﬁcm.lﬁﬂ?' - S
GR!YSULL v I-z000”
+2000”
ABOVE SEA LEVEL

Structure contours
% \|lines of equal alti-
%, O \tude) on top of
< Greybull sand.
x Numbers show
distance above or below
sea level. Contour inter-
val, 200 feet

¢ Oil well

#* Gas well

. \ ¢ Dry hole
NG

T.51 N.

¢25
I~

N
r

N
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’ ]
\\

ENGRAVED AND PRINTED BY ThE U.S.GEOLOGICAL SURVEY

STRUCTURE CONTOUR MAP OF LAMB ANTICLINE AND TORCHLIGHT DOME (Nos. 5 AND 6,
RESPECTIVELY, ON PLATE 1) AND STRATIGRAPHIC SECTION

The outcrops of sands are mapped as sandstones
By Charles T. Lupton
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Scale sz500
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TORCHLIGHT DOME.
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The following analysis, made in the laboratory of the Bureau of
Mines, of oil from Kimball No. 3 well (No. 9, P1. IX) in lot 13, sec. 19,
T.51N,,R.92 W, is beheved to be typical of all oil derived from the
Torchhght dome:

Analysis of oil from the Kimball No. 8 well (No. 9, Pl. IX), lot 18, sec. 19, T. 51 N.,

R.92 W.
Began to boil at 34° C.
Gasoline: Per cent.
T0 500 Ceneeee e et 23
L 7 £ 43
75 10 1000 oo et 6
100° 60 125 o 10
125°t0 150°. ..ol e 73
30%
Kerosene:
150° 10 1780 e 6
175% 40 2000« oo aecieeaaaeaans 5%
200°t0 225°. .. e et 5%
2250 10 2500 . i eeiieaeaaas 6
250° 0 275%. e e eeeaeteaaaaan 5%
275° 80 800° . - e ettt e aaaas 93
38
Residuum. ... .o i . 31%
Specific gravities at 60° F.:
Crude oil (49.98° Baumé)................ S 0. 7955
Gasoline (64.00° Baumé). ... ... ....iiiiiiiiiiiiiaaan . 7216
Kerosene (42.80° Baumé)........... ... ol . 8102
Residuum (36.20° Baumé)..........c.coviiiiinninnnaaae. 8425
CONCLUSIONS.

The limits of the productive area of the Torchlight dome are accu-
rately known only in one small area along the northeast side and two
or three small areas along the southwest side. Drilling has been car-
" ried on for the most part in proved territory. Owing to the with-
drawal of the public land by the Government only a few claims
(Jackson, Kimball, and Minor) are open for drilling and it is doubtful
if the field will be definitely outlined until a suitable leasing law
affords an opportunity to continue drilling to the south, southeast,
east, northwest, and west. Conditions in the Greybull field and in the
Lamb anticline suggest that the productive territory probably extends
farther down the slope on the southwest and-west than on the east and -
northwest. It therefore seems probable that the line separating the
productive from the nonproductive oil land follows approximately
the 2,400-foot contour line along the southwest flank. The discovery
of dry holes (wells 15 and 25) along the south flank of the Lamb anti-
cline and one (No. 28) on the north flank of the Torchlight dome shows
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that the oil-producing area is not everywhere bounded by the 2,400-
foot contour, because these dry holes are within that contour, hence
it seems reasonable to assume that possibly near the center of s<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>