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a THE LANDER OIL FIELD, WYOMING.
By E. G. Wooprurr.

INTRODUCTION.

This report is based chiefly on field work done in July and August,
1909, by a party under the direction of the writer. Dean E. Win-
chester, chief assistant in the party, has given valuable aid, both in

collecting data in the field and preparing it for publication. Other

membels of the field party were Sam V. Eakin, A. J. Jarrett, and
Frank J, Hindera. The writer is indebted to opemtors and othcrs
who are either financially or scientifically interested in the develop-
ment of the field, especially to E. W. Hainsworth, C. W. Carlisle,
N. H. Brown, of Lander, and A. A. Cypert, of Dallas, who furnished
information relating to the development, production, and history of
the field.

LOCATION AND EXTENT OF THE FIELD.

The Lander oil field is a rectangular area in central Wyoming 39 .

miles long and from 3 to 11 miles wide, embracing 200 square miles.
It lies in Fremont County and extends N. 30° W. from near the
middle of T. 31 N, R. 98 W., sixth principal meridian, to T. 2 N.,
- R.1 W.,, Wind River meridian. The location and extent of the field
- are shown on Plate I (in pocket). Lander is the largest town and
the principal trading point in the region. It is the terminus of the
Wyoming & Northwestern Railway (Chicago & Northwestern sys-
tem) and the point from which stage lines start northwest and south-
east across the field. Hudson is a coal-mining town in the valley
of Big Popo Agie River, on the northeastern side of the field.
Fort Washakie and Wind River are trading posts in the north-
western part of the area, and Dallas is a post office at a ranch house
in the southeastern district. The part.of the field northwest of Big
Popo Agie River is in the Shoshone Indian Reservation, and devel-
opment in that area can take place only under lease from the Indians
and subject to the regulatlons of the United States Office of Indian
Affairs,

- For convenience in descmptlon the field is divided into three dis-
tricts, which coincide in a general way with the three natural and

commercial subdivisions of the field. These- districts also coincide
. . 7



8 THE LANDER OIL FIELD, WYOMING.

with the three fields defined by IKXnight,* and are here called the Little
Popo Agie district (Popo Agie field of Knight), Big Popo Agie dis-
trict (Lander field of IXnight), and the Little Wind River district
(Shoshone field of Knight). The change of names indicated seems
advisable, because the field is now commercially known as the Lander
field and it seems best to consider the area as one field rather than
three, because it is controlled by one continuous structural feature
with minor modifications. These lesser modifications fall naturally
- into three districts, which correspond to the three fields defined by
Knight. The names of the districts are derived from small rivers,
one of which crosses each district. The streams are sufficiently large
to be familiar to the inhabitants of the region, and the development
work in the field, except possibly that done at one or two places, is
included in their valleys.

The Little Popo Agie district occupies the entire southeastern part
of the field and extends northwestward to a line midway -between
Big and Little Popo Agie Rivers. Practically all the development
work in the field has been done in this area, and a pipe line is now
completed from the oil wells near Dallas to the railroad at Wyopa.

The Big Popo Agie district comprises the central part of the field
and extends from the Little Popo Agie district to a line midway be-
tween Big Popo Agie and Little Wind River. It is crossed by the rail-
road and contains the terminus of the pipe line from the Little Popo
Agie district. Until the sammer of 1909 the only well in the central
part of the field was in Big Popo Agie Valley near the river, but early
in that summer a well was located on the crest of the anticline in the
western part of the district. It was not finished when the area
was examined, but subsequent reports from the operators state that
oil was found at a depth of 250 feet. This well is close to the site
of the Washakie oil spring, which has long been famous because of
the medicinal properties of the oil.

The Little Wind River district 1ncludes the northwestern part of
the field. It contains the hot spring near Fort Washakie and the tar
spring to the north, across the river. One abandoned well is located
at the site of the tar spring and another well was being drilled in the
valley of Sage Creek at the time the field was examined.

"TOPOGRAPHY.

Viewed as a whole the Lander oil field consists of a central highly
dissected ridge with moderately trenched, slightly undulating plains
on either side. It is crossed obliquely in the southeastern district
by Little Popo Agie River, in the central district by Big Popo Agie
River, and in the northwestern district by Little Wind River, all

@ Knight, W. C,, The gtology of the Popo Agie, Lander, and ‘Shoshone fields : Bull. Univ.
Wyoming School of Mines, Petroleum series No. 2, Laramie, Wyo., January, 1897. ~
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of which rise high-in the Wind R1ver Mountfuns, flow down the
slopes in deep-cut canyons, and cross the field in their course to Wind
River, the trunk stream of the region. Besides these streams, Twin

. Creek enters the southeastern district from the east and after cross-
ing the axis-of the field in a narrow canyon turns along the strike of
the beds and flows northwestward to Little Popo Agie River. Simi-
larly Sage Creek enters from the west near the northwestern end of
the field, crosses the beds on that side of the anticline in a diagonal
course, and flows southeastward to Little Wind River.

The topographic expression of the field is believed to. have resulted
from the erosion of a plain composed of loose material that once
covered the area at a much higher altitude than the present surface
and sloped northwestward from the mountains toward the interior
of the Wind River Basin. Streams whose courses approximately
coincide with the present ones rose on the high mountains and flowed
northeastward across this field. They gradually removed the surface
covering of loose material and became superimposed upon the lower
harder beds. At this stage the harder rocks which had been folded
previously in the central part of the area resisted erosion more than the
softer beds on both sides and in consequence a ridge was developed on
the hard rocks along the axis of the field and plains were formed on
both- sides. Furthermore, in the shale beds which lay on both sides
of the hard core, erosion 1s progressing mpidly at this time; conse-
quently the main streams occupy channels in gorges, or hwc only
small flood plains, and the lateral branches are in trenches. As a re-
sult of these conditions the central part of the field is rough. It con-
sists of many sharp-crested steep-sided ridges carved by numerous
ravines. The plains on either side possess an undulating surface
intersected here and there by narrow steep-sided gorges. Roads and
various culture features are controlled by this topography and di-
rected along two lines. The first line extends in the direction of the

. axis of the fold, because the strike ridges prevent easy passage across
the fold, except Wwhere it has been cut by the main streams. The sec-
ond direction in which progress is possible is along the valleys of the
larger streams transverse to the ridges. (See PL I, in pocket.)

I‘he topography and the culture shown on the map were prepared
from data collected by the field party. The survey was accomplished -
by means of the plane table, telescopic alidade, and stadia rod. Ver-
* tical control is based primarily on United States Geological Survey
bench marks, one line of which extends along Little Wind River and
another from Lander to Dallas, and also on the profile of the Wyo-
ming & Northwestérn Railway, which crosses the central district.
From these base lines altitudes were determined instrumentally at
_short intervals and the topography was sketched.
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GEOLOGY.

STRATIGRAPHY.

GENERAL FEATURES.

The strata exposed at the surface in this field belong to the Triassic
(%), Jurassic, Cretaceous, Tertiary, and Quaternary systems. Below
the Triassic (?) are rocks of Permian (?) and Pennsylvanian age,
which do not outcrop in the field but are exposed on the slope of

Wind River Mountains and dip under the field. They are entered

by some of the oil wells and are believed to be the source of most, if
not, all, of the oil, and are therefore included in the discussion of the
stratigraphy of the field. _

The following table shows the relations of these formations:

Geologic formations in the Lander oil field.

Thickness in

Era. System. Series. Group. TFormation. Character. eot
Quaternary. Recent. Alluvium.
Cenor Sandy shale, sh
H y shale, shaly .
zolc. - Wind River for- | _ sandstone, and | ORly the
Tertiary. Eocene. mation. Iocal beds of con- Lc;wgr egart
. glomerate. Xposed.
—_— Unconformity. Massi ehtbatt | Tossihans
. = assive light-bu ess than 200
Montana. M?Sg‘{i%rge - sandstone an d feet ex-
: sandy shale. posed.
Drab sandy shale
Upper Creta- merging upward
ceous. Colorado.. | Mancos shale. into moderately | 6,110.
rusty very sandy
. shale.
Cretaceous. ‘| Dakota sand.| Massive ferrugi
- gi-
stone. nous sandstone. 20 to 56.
Shale, sandy, and
sandstone in both |
, ~ massive and
Meso- T‘é;‘:lzs (C?‘)eta shaly beds and | 400 to 410.
zolic. e beds of conglom-
erate locally de-
veloped.
Vafliefgated dsandy
e shale * an con-
Turassic (?). Mgir(;-lx]son forma- { olomerate com- | 236 to 242.
: posed of water-
worn pebbles.
. Olive-green fossilif-
i Sundance for- f
Jurassic. s erous_ limestone | 347 to 350.
mation. and shale.
) Chugwater for- [ Sandy shale and
Triassic (?). mation (“Red | massive sand- | 1,500.
Beds”). stone.
. Mfl.ssivet andasha{ly
7 Pennsylva- D imestone (local
l;alleo- Carboniferous. nian, with Dlt]l}ggr forma- containing chert),| 344.
ol Permian (?) : shale, and sand-
at top. stone.
A columnar section of the formations is presented in figure 1.

The small type along the margin of the section shows the locality
where each part was measured. The Embar and the lower members of
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the Chugwater formation were not exposed in the field, and were
therefore measured along the canyon of Little Popo Agie River,
where good exposures were obtained a few miles southwest of Dallas
post office. The thickness of the Sundance, Morrison, Lower Creta-
ceous (¢), and Dakota formations was determined along Sage Creek
in the northwestern district and along Twin Creek in the southeastern
district. The Mancos, Mesaverde, and Wind River formations were
measured in the central district west of Big Popo Agie River. -

DETAILED DESCRIPTIONS OF THE FORMATIONS.

EMBAR FORMATION.

Embar is the name applied to the lowest group of beds considered
in this report. Lower Paleozoic formations are exposed on the side
of the Wind River Mountains adjacent to the area and are believed
to pass under the field and to be involved in the structure, but since
they bear no direct relation to the oil they are not discussed here.
‘Although the Embar formation is not exposed in the Lander oil field
it is believed to be the source of some of the oil, and as some of the
wells penetrate it, it will be described.

About half of the Embar formation consists of limestone, most of it
massive and crystalline, but certain members of this half are shaly
and cherty; the other half of the formation is shale. Two members
consist of very shaly sandstone containing a large percentage of
lime and some bituminous matter which comes to the surface in oil
seeps. Pieces of this rock contain small cavities filled with oil or
lined with bitumen. The survey made was insufficient to show the
continuity, character, and extent of the two oil-bearing beds, but it
was determined that both of them are highly fossiliferous. The

upper bed is 43 to 5 feet thick, the lower bed is 9 feet thick, and the
two are separated by strata measuring in.thickness 215 feet These
‘sandstones and adjoining limestones, where they have been folded
into favorable structural shape for the accumulation of oil, form
natural reservoirs which are to be sought in drilling in this region.
Oil may locally accumulate at higher horizons, as at the oil springs
near wells Nos. 1 and 2, Little Popo Agie district, but generally it is
to be sought near the top of the Embar. The following section was

measured in the canyon of Little Popo Agie River 6 mlles southwest
of Dallas: :

Section of Bmbar formation in cenyon of Little Popo Agie River 6 miles south-

west of Dallas.
Feet.

Limestone, shaly and tan-colored; sandy at top; lies immedi-
ately below red shale at the base of the Chugwater formation ;
contains some fossils (collection No. 121, listed below, was
obtained from this member) e 18
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Feet.
Limestone, massive, crystalline, slightly cherty and with dis-
tinet major joints. Contains fossils (collection No, 122) ____ 23
Limestone, concretionary, cherty, slightly shaly--___________ 45
Shale, drab, sandy o - 40
Sandstone, bituminous; the upper oil sand. Not well exposed,
but best measurement obtainable shows it to be about
5 feet and certainly not more than 10 feet thlck Yielded
fossil lot No. 123____. S 5
Limestone, shaly, crystalline - 5
" Shale (?). Surface covered by talus, but underlying rock is
probably shale.___ 24
Shale; small blotches of oil on surface, as if globules had
" oozed from the rock since its exposure ; probably some oil has
seeped into this from below. . __________ 21
Limestone, massive, impure, with well-developed major joint;
_ lower part concealed-—— . ___________ ________ 73
Limestone; contains occasional thin, shaly limestone layers,
one of them (oil sand No. 2) 2 feet thick, sandy and very
fossiliferous _- e 90
344

The ‘age -of the Embar is determined from fossils collected in it
and identified by G. H. Glrty, as follows: "

Fossils of the Embar formation.

Lot 121,

Deltopecteﬁ occidentalis? (Allerisma sp.
Mpyalina aff. perattenuata. . Bakewellia? several sp.
Myalina aff. swallowi. Bellerophon aff. crassus.
Mytilus? sp. Gasteropoda indet,
Sedgwickia? several sp. -
‘Lot 123.
Spirifer? sp.. ) L Pleurophorus? sp.
Leda sp. Small indeterminable gastropods. -
Nucula aff. levatiformis. Fish plate.
Lot 151.

‘Lingulidiscina utahensis?

Regarding the geologic age of these fossils Dr. Girty writes:

Lot 121 very probably belongs to the fauna which occurs in the * Permo-
Carboniferous ” (Ankareh, Thaynes, and Woodside formations) of the Wasatch
Mountaing section in Utah, as defined by the geologists of the Fortieth Parallel
Survey. This fauna ‘is widely distributed in Idaho, Wyoming, and TUtah.
Its geologic age is at present in doubt, having been variously determined as
“ Permo-Carboniferous,” Permian, and 'Triassic.

The faunas of the two other lots are hardly diagnostic enough for a satis-
factory correlation, but 151 is almost certainly Paleozoic, and I would tenta-
tively place both collections at a lower horizon than 121,
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From the Embar Mr. Darton has obtained Spiriferine pulchra, a Pennsyl-
vanian species, and one which seems to be characteristic of the Park City forma-
tion of Utah and Idaho. The data at hand therefore seem to indicate that the

-Embar formation as at present limited includes two faunas very different from
each other and of different geologic ages. The upper is represented by lot 121,
listed above, and the lower by the two other lots collected by Mr. Woodruff and
by the one collected by Mr. Darton, which contains Spiriferina pulchra and on
the strength of Wthh the whole formation was originally 1efe1'ed to the
Pennsylvanian.

The formation is exposed in an almost continuous belt along the
Wind River Mountains and undoubtedly underlies the oil field and
conforms to the general anticlinal structure. Although it comes to
the surface at no point, it lies so near the surface that some of the
wells penetrate it. In the Little Popo Agie district the formation is
reached at a depth of about 700 feet, and in the Little Wlnd River -
district at 1,150 feet

CHUGWATER FORMATION.

The Chugwater (“Red Beds”) is the most easily recognizable
formation in the region, because it comprises brick-red sandy shale
and sandstone nearly 1,500 feet thick. Since there is a very ‘notice-
able difference in the thickness of the formation as determined by the
writer and as given by Knight,® who states that it is nearly 1,000
feet, the writer feels justified in stating the method used by him in
determining its measurement. The base of the Jurassic was located
in a bank on the west side of Little Popo Agie River,; from which
point a stadia traverse was run across the strike of the Chugwater.
Relative elevations were carefully determined and dip and strike
measurements were made at frequent intervals. The thickness of the
beds was computed from these data and further checked by the
known thickness of the beds exposed ‘along Little Popo Agie River
increased by the thickness determined from the logs of wells. A
structure section of the district prepared by Knight shows that all
the Chugwater has been removed and that the Embar is covered by
alluvium only, whereas the records of wells show that the base of
the Chugwater formation is 700 feet below the surface.

About three-fourths of the formation is shale and one-fourth is
intercalated sandstone. The formation also contains some limestone
and thin discontinuous lenses of gypsum. Some parts of both the
shale and sandstone are massive and hard; others are loose and soft.
A thin bed of oolitic sandstone occurs 220 feet below the top and a
bed of dolomite 4} feet thick lies 475 feet lower. The following
section of this formation was measured along Little Popo Agie River
. southwest of Dallas. : .

a Knight, W. C., Petroleum of the Shoshone anticlinal: Bull. Univ. Wyoming School
of Mines, Petroleum series, No. 2, Laramie, Wyo., January, 1897,
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Section of Chugwater formation along Little Popo Agie River southwest of

Dallas.

. . Ft. in.
Shale, red— oo 123
Shale, sandy, gray-—-- 6 6
Limestone, gray, dolomitic, massive, b1eakmg into angu-

lar blocks _______ S, 9
Shale, sandy, red, with occasional thin shaly sandstone
layer e 8 6

" Sandstone, massive, pink, forming ridge_____________ 309

Shale, sandy, dark ved._ .- _________________________ 158 6

Limestone, massive, angular, gray, dolomitic, breaking
into angular blocks. Locally this bed is thin bedded
and irregular, as if deposited from hot springs_______ 4 6
Shale, sandy, dark red. Intercalated in this shale at
intervals there are zones 10 to 20 feet thick, of very
shaly thin-bedded sandstone________________________ 802

1,421

The formation is remarkable for the scarcity of its organic re-
mains. No well-preserved shells or remnants of vegetable life were
found in it. S. W. Williston ¢ reports finding the bones of Triassic
reptiles in beds 40 to 80 feet thick and 200 feet below the top
of the formation. By the identification of species in these collec-
tions the Chugwater is referred provisionally to the Triassic. No
stratigraphic unconformity was observed between the Chugwater and
the Embar below or between the Chugwater and the Jurassic above it.

The exposed portion of- the formation is distributed into four
separate areas, one of which forms a nucleus for the northwestern
district, another for the central, and two for the southeastern district.
The areal distribution of this formation is shown on Plate I.

SUNDANCE FORMATION.

The name Sundance, like several others used in this report, has
been applied to this formation in the Black Hills of South Dakota
and in the Bighorn Mountains and Bighorn Basin, Wyoming. The
correlation between this field and those in which the formation has
been recognized is based on the occurrence of identical fossils and on
similarity of lithological character and stratigraphic position. The
Sundance formation is of marine origin and of Jurassi¢c age. It
comprises olive-green fossiliferous limestone and sandy shale, which
is olive green in the upper part of the formation, but tan in the lower
part. The formation is easily recognized by its position immediately
above the red beds of the Chugwater, by its green color, and by the
abundance of fossils found in both the limestone and shale. The for-

¢ Williston, 8. W., Notice of some new reptiles from the Upper 'Trias of Wyoming, Univ,
Chicago Press, 1904
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mation, as shown by the following sections, is 350 feet thick along
Sage Creek, in the Little Wind River dlstrlct, and only a few feet
less along Twin Creek, near the southeastern limit of the field.

Section of Sundance fmmatwn along Sage Oreeh

. Ft. in
‘Shale, sandy, olive green-~______________________________ 46
Sandstone, shaly, light tan, locally massive-______________ 25
Shale, sandy, light tan generally, but at some places slightly

olive green__________ e e 45
Sandstone, shaly, tan coloved._ .. .—____________________ 5
Shale, sandy, tan colored - —_— _ 40
Sandstone, shaly, locally becoming compact . _______ 3
Shale, sandy, tan colorved— . ______________ . 15 4
Limestone, highly fossiliferous______________ - S
Shale, sandy, tan colored e 3

Shale, sandy, fine grained, tan colored, merging into a
3-foot bed of very sandy, shaly, fossiliferous limestone
At the TP oo 30
Limestone, highly fossiliferous. This bed is regularly
jointed and weathers into pieces from 4 to 10 inches

SQUAL € 1
Shale, sandy, tan colored. In the upper 10 feet there’is an
abundance of Belemmnites ———_____________ 87
Limestone, shaly, highly fossiliferous____________________ T2
Shale, -slightly sandy, yellowish tan; no fossils found______ 43 4
Limestone, shaly______________ o ____ 8
Shale, tan_____________________ - — - 3
) . 350
Section of Sundance formation along Twin Creck.
. ' Feet.
Shale, sandy, pink, gray, and MAroON _—__————____________ 149
Limestone, shaly, thin bedded, highly tossﬂlfelous ____________ 52
Shale, slightly sandy, green. . _____________l_______________ 146
347

The Sundance formation outcrops in a narrow zone bordering the
Chugwater formation in each of the four areas where that formation
is exposed and occurs in much larger tracts where it arches over the
crest of the anticline. (See Pl. I.) The Sundance is exposed on
the flanks of the anticline in each district where the crest has been
eroded and arches over the summit where erosion has not progressed
so far. Plate II, 4 and B, shows the structure of this formation
where it makes a sharp fold along Sage Creek in the northwestern
part of Little Wind River district.

MORRISON FORMATION. . v

The Morrison formation embraces fresh-water sandstone, sandy
.shale, and conglomerate beds. The shale consists of intercalated
beds of maroon, brick red, gray, tan, and green colors, none of which
were found to be continuous beyond a short distance. The conglom-
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A. GENERAL VIEW OF BEDS FORMING THE CREST OF THE ANTICLINE INT. 1 N, R. T W., WIND
RIVER MERIDIAN.
The top of the arch shown near the middle of the picture is in the Sundance formation and the ridges just to the

right and left are composed of Lower Cretaceous sandstone. Along the skyline in the background is the
Mowry shale member.

B. VIEW OF BEDS FORMING THE CREST OF THE ANTICLINE IN SEC. 4, T. 1 N,, R. 1 W,, WIND
RIVER MERIDIAN.

The arch in the center is composed of Jurassic beds. The ridge to the right is formed of Lower Cretaceous
sandstone.
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erate comprises beds of small, well-rounded quartz pebbles, loosely
- cemented. The sandstone occurs in both massive and shaly beds.
The following sections show the character of this formation. (See
also fig. 1.) One section was measured near Sage Creek, in the
Little Wind River district, and the other on Twin Creek, in the
Little Popo Agie district. : ’

Section of Morrison formation dlong Sege Creel.
Fect.
Shale, massive, banded, maroon at the top and brick red and

lighter in color below ; about equal parts of each member_-__ 154
Sandstone, gray and tan in color, weathering tan, generally

coarse-grained and locally becoming a conglomerate. The

upper part of this member weathers to a bright red-_____ 88

Section of Morrison formation along Twin Creek.

feet,

Shale, soft, sandy, subdued colors, maroon, pink, and gmy___Icg(g
Sandstone, massive, gray in the lower part and slightly shaly

in the upper part_ = [§

Shale, sandy, light green________________________ ________ 4

Sandstone, massive, gray 16

Shale, sandy, gray in the upper third, pink in the middle

third, and light pink’ in the lower third-__________________ 63

* Sandstone, massive, gray, forming cliff_____________________ 61

236

The type locality of the Morrison is in Colorado, but the name has
been applied-to the formation in this region by Darton ¢ who based the
correlation on lithologic character. No fossils were found in this
formation, but it occupies the stratigraphic position at which the
Morrison is found in adjacent fields and lithologically is net unlike
the formation as recognized and described by Darton ? in the Bighorn
Mountains and by Fisher ¢ in the Bighorn Basin. Paleontologists do
not agree as to the age of the Morrison formation. Some have re-
ferred it to the Jurassic, but others consider it Lower Cretaceous. In
" this report it is referred provisionally to the Jurassic, though a final
decision can not be made at this time. The Morrison .outcrops in a
zone just outside of and parallel to the Sundance formation in each of
the three districts. Besides these narrow belts there is a larger area
of this formation adjacent to the strike fault in the Little Popo Agie
district. (See PL I, in pocket.)

@ Darton, N. H., Paleozoic and Mesozoic of central Wyoming : Bull. Geol. Soc. America,
vol. 19, 1908, p. 443.

b Darton, N. H., Geology of the Bighorn Mountains: Prof. Paper U. 8. Geol. Survey No.
51, 1906, p. 47.

¢ Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyoming: Prof,
Paper U. 8. Geol. Survey No. 53, pp. 25, 41.

79495°—Bull. 452—11—2
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LOWER CRETACEOUS ROCKS.

The lower part of the Cretaceous, underlying the Dalkota sandstone,
consists of sandy shale and sandstone. The basal member is a mas-
sive gray coarse-grained cross-bedded sandstone, which locally be-
comes conglomeratic.. The conglomerate is formed mostly of water-
worn gray-quartz pebbles, some of which are as large as one-third
inch in diameter. The upper member is a soft sandy tan-colored
shale. The following sections present the character of the beds:

Section of the lowest beds in the Cretaceous along Twin Creek, in Little Popo
Agie district. )

Feet.
Shale, soft, sandy, tan in the lower part, drab in the upper
part; weathers to form slope_____________________________ 267
Sandstone, slightly shaly, rusty, weathers to form cllffs Con-
tains many impressions of wood and stems_.______________ 44
Shale, soft, sandy, gray in the lower part with brick red in
middle and gray above________ . _____ o ____ 88

Sandstone, massive, gray, coarse grained, cross-bedded, and
containing conglomeratic layers. Beds from 1 to 6 inches
thick near the base. Two miles farther east this member is
a gray conglomerate with small, well-rounded pebbles of
chert, both gray and black. - 9

408 -

Section of the lowest beds in the Cretaceous along Sage Creek, in Little Wind
R'i/uer district. '

Teet.
Shale, drab, fissile, w1th a thick bed of bth carbonaceous -
shale near the middle.___________________________________ 123
Sandstone, shaly, rusty, merging into rusty colored sandy
shale at the top— - o ___________ L ____ 158

Sandstone, massive, rusty, but weathering gray in places.
This sandstone is hard and weathers into a distinet shoul-
der. Some imperfect bivalves (Unio?) were found in it____ 12

Shale, sandy, maroon colored, merging into gray at the top_.. 93

- Sandstone, massive, gray, weathering gray. Locally this sand-
stone becomes a gray conglomerate formed of well-rounded
pebbles of quartz, generally about one-third inch in great-A
est diameter, and rarely exceeding 1 inch_________________ 20

406

The age of these beds has not been clearly determined. The study
of the stratlgraphy in the field indicates that the lithologic unit
comprising the Morrison formation terminates upward at the bot-
tom of the gray sandstone and conglomerate beds that form the
~ basal member of the Cretaceous in the above sections. It is also be-
lieved that the beds between the top of the Morrison and the base
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of the Dakota sandstone were deposited under similar conditions and
are therefore a unit of deposition. The opinion that the lower part
of the Cretaceous is of marine origin is based on data furnished by
T. W. Stanton, who examined the beds at several points and col-
lected fossils from the upper member. Dr. Stanton submits the
following statement concerning the fossils:

The interesting faunule of marine shells, concerning which I am not ready
to express a decided opinion, was found at a number of places a short distance
beneath the Dakota saudstone, or at least beu’éath a sandstone which, west
of Lander, yielded a Dakota flora. From its stratigraphic position and its gen-

eral characteristics this faunule ought to be Lower Cretaceous, but I have not
beun able to make specific identifications of any forms chamcteustlc of the
Lower Cretaceous or the Comanche series. :

This group of beds was referred by Inight ¢ to the Jurassic with-
cut any specific separation, and by Darton? to the Morrison.. The
evidence outlined above, produced by the more detailed work recently
undertaken, seems to show that these beds are distinct from the Mor-
rison, which lies below them, and that they are Lower Cretaceous in
" age, and not a part of the Dakota, which lies above, and is Upper
Cretaceous. It is believed that they form a distinet stratigraphic
unit, but the evidence at hand is inconclusive both as to the limits
and age of the strata. Therefore the proposal of a name for them
is deferred until more conclusive evidence can be obtained, in order
to avoid the confusion which may arise from the inaccurate defini-
tion of a formation. ) '

DAKOTA SANDSTONE.

The Dakota sandstone of this area has been described by Eldridge,
Knighte and Darton, all of whom properly correlated it with
the Dakota of the type locality. Mr. Darton, however, has called
this formation the Cloverly sandstone,® but the name Cloverly had
been used previously by him for a tripartite group of beds composed
of “coarse, massive, buff sandstone below, with light-colored shales
and some sandstone above,” believed to include the “ Dakota, Fuson,
and Lakota. To the writer it seems inconsistent to apply a name
to a group of beds at one place and to only one member of the group
in an adjacent area where the strata are similar, and it therefore
seems best either to broaden the application of the term in the Lander
field to include the group (consisting of the Dakota sandstone and
the underlying Lower Cretaceous (?) shale and sandstone) or to

o Bull. Univ. Wyoming School of Mines, Petroleum- series, No. 2, 1897, p. 9.

b Bull. Geol. Soc. America, vol. 19, 1908, p. 442.
. ¢ Eldridge, G. H., A geological reconnaissance in northwest \Vyommg' Bull. U. 8. Geol.
Survey No. 119, 1894 p. 22.

4 QOp. cit., p. 448.

¢ Idem, p. 447.

f Prof. Paper U. S. Geol. vaey No. 51, 1906, pp. 14, 50.
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reject the term entirely.” The latter course is pursued, because the
bed in this area to which Mr. Darton applied the name Cloverly
sandstone is shown to be Dakota sandstone by the list of fossil plants
given below, and because earlier writers properly termed the bed
Dakota. The formation consists of a massive rusty sandstone nearly
60 feet thick in the northwestern part of the field but about one-
third of that amount in the southeastern part. The following sec-
“tions present the thickness of the Dakota:

Dakota sendstone on.Twin Creek, in Little Popo Agie district.
o Teet.

Sandstone, massive, rusty; forms one of the highest ridges in
the region___ e 20

Dalkote sandstone on Sage Creck in Little Wind River district.
Feet.

Sandstone, massive gray, weathers gray except in the upper part,
where it weathers rusty_________________ S meee 56

The age of the formation is determined from the following fossils
collected 2 miles west of Lander and identified by F. H. Knowlton:

I'ossil plants collected from the Dalkota sandstone.

~

No, 1455 (5500). ‘2. miles W. of Lander, Wyo.

Hymenophyllum cretaceum Lesq. Platanus affinis Lesq.

Sassafras acutilobum Lesq. Myrica aspera? Lesq.

Sassafras mirabile Lesq. Myrica longa Heer.

Andromeda pfaffiana Heer. Hedera sp.?

Magnolia pseudo-acuminata Lesq. “Aralia saportana Lesq., or.new.
Laurus proteefolia Lesq. Celastrophylluin ensifolium Lesq.
Rhus powelliana? Lesq. Populus? cordifolia Newb.

Salix proteefolia Lesq.
Dr. Knowlton remarks as follows concerning these specimens:

The specimens are much broken, but doubtless with very close study two
or three other species might be determined with more or less certainty. As
it is there is an ample number to prove its Dakota age. )

The. Dakota and the Lower Cretaceous were not mapped separately
in the ﬁeld therefore both formations are shown by the same color
on the map (Pl I).

MANCOS SHALE,

The Mancos comprises a mass of sandy shale and sandstone more
than 6,000 feet thick, and is therefore the thickest formation in the
field. One member, called the Mowry shale member by Darton,®

o Darton, N. H., Geology of the Bighorn Mountains: Prof. Paper U. 8. Geol. Survey
No. 51,.1906, p. 53
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consists of hard, drab, thin-bedded fine-grained sandy shale, which
.weathers gray. It is believed that the change of color on weathering
is due to the loss of carbonaceous material, which the shale includes.
The shale contains abundant impressions of fish scales but no parts
of the skeleton were found.  This member is near the base of the
formation, and weathers into high, moderately steep ridges, which
form one of the most persistent topographic features of the field.
The fish scales and carbonaceous matter in this member have at-
tracted the attention of investigators seeking the primary source of the
oil in this and other fields in Wyoming. Some have suggested that
the innumerable scales indicate a prolific type of fish, whose remains
were included in the shale and contributed the carbonaceous matter
in the form of fish oil, which has since been segregated in part and
forms the oil pools occasionally fourd.

The great mass of sandy shale in the Mancos is loose and easily
broken up; hence most of the area occupied by that formation is
reduced to broad, open flats. There are, however, small areas where
erosion is progressing rapidly, forming badlands or uneven surfaces
trenched by narrow, steep-sided gullies. The age of the lower part
of this formation is definitely fixed by the abundance of fossils found
in it, but the time in which the middle and upper parts were de-
posited is less certain. No evidence has been obtained concerning
the middle part, but since there is continuous deposition from the
known Colorado the middle part of the formation is provisionally
assigned to that group. The upper part, likewise; seems to indicate
continuous deposition, but. fossils collected from it and identified
by Dr. Stanton are referred to the Montana rather than the
Colorado group. The evidence at hand is therefore insufficient to
indicate the line of separation between the two groups. It is believed
that there is a gradual transition from the Colorado to the Montana
group, and that the deposition of the upper member of the Mancos
began in Colorado time and extended without distinct interruption
into the Montana. This is a condition similar to that at the type
locality of the Mancos, where depesition was continuous from the
Colorado to the Montana, and there is no striking lithologic change
at the boundary between the two groups. The following is a list
of invertebrate fossils collected near the top of the member about 1
mile northwest of Hudson: '

Anomia sp. ‘
Modiola regularis White.

Corbula undifera Meek.

Corbula subtrigonalis M. and H.
Siliqua? sp.

Melania insculpta Meek.
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Because it is impossible in the field to separate this shale into
lithologic units, the entire mass is included in the Mancos, which
extends upward to the base of the Mesaverde formation.
~ The following section of the Mancos was measured north of Big
Popo Agie River, west of Hudson:

Section of Mancos shale west of Hudson, -Wyo.

. Peet.
Shale, light drab, with occasional brown sandstone beds et
up to 12 inches thick - e - 150
Shale and sandstone, shale predommatlng ________________ 90
Shale, gray .- 4,900
Sandstone, light gray, and shale, soft, light drab__________ 80
Shale, thin bedded, light gray, with fish scales (Mowry)_._ 730
Sandstone, heavy, gray - - 100
Shale, sandy, soft;-in color hght___ - 60
6, 110

Areally the Mancos is the most widely distributed formation in
the field. It arches over the axis of the anticline at both ends of
the central and northwestern districts and forms broad flats on both
sides of the main uplift. The Mancos conforms to the general anti-
clinal structure of the field. It lies on the flanks of the uphft where
erosion has removed it from the crest and revealed the lower beds,
and it arches over the crest at both ends of each of the three districts
-except at the southeastern end of the field, where terrace gravel con-
ceals all the pre-Quaternary rocks. On the southwestern side of the -
- anticline the Mancos dips into the syncline and then rises and is
exposed on the flanks of the Wind River Mountains. The northeast
limb of the anticline becomes a part of the monocline which extends
from the oil field toward the interior of the basin.

Tor years oil has been seeping from this formation at the Washalkie
oil spring, in the northwestern part of the Big Popo Agie district.
During the present survey of that part of the field a well was being
drilled near the site of the oil spring, and it was reported that oil
had been found in this well (locally known as the Plunkett well) at a
depth of 250 feet, and at a point which is stratigraphically in the
Mowry shale. ‘

: MESAVERDE FORMATION,

The Mesaverde formation comprises massive light tan-colored
sandstone and sandy shale, deposited apparently conformably to the
Mancos. The basal member is characterized by massive sandstone
and intercalated shale beds containing lenses of coal. This forma-
tion has been determined to be the Mesaverde from invertebrate
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fossils collected by the writer and identified by T. W. Stanton;
previously, however, it had been considered as Laramie.

WIND RIVER FORMATION.

The Wind River formation is composed of sandstone and sandy
shale in about equal parts. The sandstone members are lenticular,
reaching in places a thickness of 20 feet and a lateral extent of 1
mile, and are composed of subangular grains of quartz, feldspar, and
various kinds of igneous rocks. The shale consists of intercalated
gray, pink, and red members. Locally a conglomerate containing
coarse, moderately well rounded pebbles is the basal member of the
formation. The Wind River formation rests unconformably upon
the strata below and has been slightly tilted from the horizontal. It
was deposited in Eocene time but subsequent to the deformation
which warped the Fort Union beds, as determined by the evidence
of fossil plants identified by F. H. Knowlton. The Fort Union is
not exposed in this field because, if it was deposited, it has either
been removed by erosion or is concealed beneath the Wind River
formation. Areally, the Wind River formation is distributed along
. the northeastern border of the field and in an isolated outlier several
square miles in extent lying between Little Wind River and Big
Popo Agie River.

STRUCTURE.

GENERAL FEATURES.

The structural province in which this field lies comprises very
broad synclinal basins bordered by relatively high narrow mountain
ranges with small steep-sided, slightly elevated anticlines that are
exposed about the edges of the basins in a zone between the basins
proper and the mountains. If the strata in the interior of the basins
are folded, the folds are concealed beneath beds which were deposited
subsequent to the major structural movements in the province. It
seems probable that there are folds in the interior and possibly some
of them contain oil, but they can be found only by drilling.

The Wind River basin is typical of the large synclines and the
Wind River Mountains of the high anticlines, and the field here dis-
cussed is embraced in the zone of secondary folds exposed on the
border of the basin. The minor folds are asymmetrical, the beds near
the Wind River Mountains dipping steeply, but those on the oppo-
site side of the field lying more nearly level. '

.

o Eldridge, G. H., A geological reconnaissance in northwest Wyoming; Bull. U. 8. Geol.
Survey No. 119, 1894, p. 24,

-
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The crest of the anticline is not a horizontal line, but undulates
gently, a rise corresponding to each district and a depression lying
between. The general structure is further complicated by faults in
- the southern district and by a spur from the main fold in the Little
Wind River district. Locally, the rocks are sharply folded and may
have been faulted, but there is no direct evidence of breaks except
at places where faults are shown on Plate I. Fractures, however,

may be indicated by oil springs which appear at three points along
the anticline and by a large hot spring which occurs at ‘mothel place
near the crest of the up]lft ' :

The structure of the field is represented by the structural contours
on the map forming Plate I, which shows the position of the base of
the Chugwater formation with regard to sea level. The contour in- -
terval is 500 feet, and the figures placed along the lines show the
distance of each contour above sea level. If a figure is preceded by
the plus sign (+), it indicates that the base of the Chugwater is the
given number of feet above sea level at all points along that line, and
if preceded by minus sign (—), that it is below sea level. Since the

‘surface contours are also based on sea level, the depth of the base
of the Chugwater below any point is the difference between the alti-
tude of the two contour lines.

ARTESIAN CONDITIONS.

’

In this oil field artesian flows of water in drill holes interfere with
the drilling to a considerable extent, and sometimes even stop the
work ; hence a brief discussion of the artesian conditions is presented.
I‘lows of water under pressure may be e\rpected in wells at almost
any depth.

Although the oil field itself is an antlchne artesian conditions
within it are almost ideal because the beds involved are exposed
beyond a neighboring syncline on the flank of the Wind River Moun-
tain high above the oil district, thus producing excellent conditions
for the absorption of water by the porous strata and its accumulation
under pressure. Some of the beds are poorly cemented sandstones
which absorb and transmit water readily, and the bedding planes of
others are suitable conductors. The high portions of the Wind
River Range are covered by snow throughout the year. The melting
of this snow and the rainfall in the same area together give a rather
constant supply of water to the exposed edges of the porous beds.
Thus the structure, character of the beds, and the constant supply of
‘water favor artesmn flows.
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A. VIEW OF ANTICLINE IN LITTLE POPO AGIE DISTRICT, LANDER OIL FIELD, LOOKING NORTHWEST ACROSS TWIN CREEK.

SRR o
Wiy \7—,,-[-,,/‘5/4_@1’0,7.‘-‘_—_

B. DIAGRAM SHOWING STRUCTURE AND STRATIGRAPHY OF ANTICLINE IN LITTLE POPO AGIE DISTRICT.
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DETAILS OF STRUCTURE.
LITTLE POPO AGIE DISTRICT.

Structnrﬂ]]y the Little Popo Acrle district is an asymmetrical anti-
cline which is believed to extend southedstwaxd beyond the limit of
this field, though the beds forming it are concealed at the end of
the field beneath a cover of more recently deposited material which
forms a terrace that slopes northeast from the base of the Wind
River Mountains.” Over the crest- of the anticline the beds are
vaulted into a flat arch that is sharply flexed on its southwest side.
The unsymmetrical character of the fold is best shown in the central
part of the district, where the beds on the southwest side are vertical
in sec. 11 and dip 82° in sec. 24, 'T. 32 N., R. 99 W., where Little
Popo” Agie River enters the anticline. At both ends of the district
the beds on this side of the anticline are less steeply upturned than in
"“the central part. On the northeast side of the field the angle of dip
ranges from 16° to 46°, and is most commonly between 20° and
30°. Along Twin Creek, in sec. 30, T. 32 N., R. 98 W., the beds on
the southwest limb are deflected sharply to the east and form a re-
entrant angle, a condition which is probably brought about in part
by the strike fault in secs. 19, 20, 29, and 32, T. 32 N., R. 98 W.
This fault is of the thrust type, with the fault plane nearly vertical.
It extends 24 miles along the strike of the beds and has a maximum
throw of 1,180 feet. It decreases in throw abruptly at the southeast
end but more gradually to the northwest. The complex areal dis-
tribution of the formations affected by this fault is shown on the
map (Pl I). No springs occur along the line of fault and neither
oil seeps nor asphalt beds were noted near it. The fault is believed
to extend downward to the oil-bearing strata, but the abundant shale
in the Chugwater formation has probably se'Lled the break effectu-
ally and prevented the escape of gas or oil.

There is another thrust fault, much smaller and transverse to the
strike of the strata, in the southwestern part of the district in sec.
9, T. 31 N,, R. 98 W. The trend of the fault is N. 64° E., and the
maximum displacement of 650 feet brings the Morrison formation
against the Chugwater. The fault seems to be a clean break; cer-
tainly the zone of disturbance is not more than 25 feet wide. One
end ‘is lost in the shale of the Chugwater and the other in the Man-
cos. A third fault occurs in the Chugwater east of the oil wells, in
sec. 13, and extends across the southeast corner of the adjacent sec-
tion to the east. The maximum displacement along this fault is
about 100 feet. Along these faults there are no springs of water,
oil seeps, or asphalt beds. Sections A and B, Plate I, show the
structure along the lines A-B and C-D. The structure is also shown
on Plates III and IV.
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BIG POPO AGIE DISTRICT,

The Big Popo Agie district comprises another rise of the crest of
the anticline which has been eroded until the red beds of the Chug’
water formation are exposed in the center. The structure of the
fold is slightly asymmetrical. On the western limb of the anticline
‘the beds are upraised locally as much as 68°, but on the opposite side
the dip of the beds is much less except in a narrow zone extending
from the river for about 2 miles to the northwest. In that area
the dip is as much as 54°. The beds are folded sharply over the
crest of the anticline and are less broadly arched than in the south-
eastern district. An excellent conception of the structure is pre-
- sented to the observer in the field along the walls of the canyon where
Big Popo Agie River cuts the anticline. No faults were observed in
the district. A cross section of the structure along the lines E-F
is shown by C, Plate I.

LITTLE WIND RIVER DISTRICT .

In Little Wind River district the fold 1 1s asymmetrically anticlinal
and embraces a local rise along the summit of the uplift. The north- -
west limit of the fold is concealed beneath one of the large terraces
which spread from the Wind River Mountains into the basin, but
since the anticline decreases in elevation to the northwest, and is not
represented in the escarpment at the opposite edge of the terrace
along Big Wind River, it is concluded that the beds gradually
flatten and the fold d1sappears under the terrace cover. The struc-
ture is complicated in the northwestern part, of the district by a
small structural spur which leaves the main fold in sec. 28, T. 1-N.,
R. 1 W,, and after continuing slightly north of west for about a
mile it curves to the north and follows the general trend of the main
anticlinal axis until it disappears beneath a terrace on the western
edge of the field. The beds dip steeply on the southwest side of the
fold, being vertical at the point where the Little Wind River crosses
the formations between the Chugwater and the Mancos shale, but
on the opposite side the beds lie at more moderate angles. The
strata are rather broadly arched along Little Wind River, but are
lifted into two sharp folds, including a syncline between them, in
the northwestern part of the district. Cross section D on Plate 1
represents this structure along the line G-H, and views 4 and B,
Plate II, further illustrate the same subject. It should be noted
that though no break in the beds was observed in the district an oil
spring occurs in the valley on the northwest side of Little Wind
River near the crest of the anticline and a hot spring discharging
sulphur-bearing water occurs on the southeast side of the stream a
short distance southwest of the axis of the uplift. These may result
from breaks that are concealed beneath the alluvium of the valley.
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VIEW ALONG LITTLE POPO AGIE RIVER NEAR THE MOUTH OF TWIN CREEK, SHOWING OIL WELLS AND STORAGE TANK.
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THE OIL.
OCCURRENCE. .

Oil was first observed in three springs, one in the valley of Little
Popo Agie River, where No. 1 well is situated, another in the north-
western part of the central district, and a third in the valley of
Little Wind River, near the axis of the anticline, and 1 mile north-
west of the hot-water spring. These oil springs are seeps, from
which only a small quantity of oil flowed. In two of the springs
the oil is a heavy asphaltic variety, and when it comes to the surface
the lighter portions evaporate and leave the asphalt to impregnate
the so1l and produce a condition which readlly attracts attention.
In fact, the asphalt bed is so large that it readily deceives the casual
observer into believing that the discharge from the spring has been
very large in rather recent time, but the total quantity of asphalt

results not so much from the amount of discharge from the spring
as from the high percenmge of that substance in the oil. The oil
from the third spring contains much less asphalt, and therefore
leaves less residue.

These springs, together with the favorable anticlinal structure,
lead to prospecting for oil. The wells put down in the Little Popo
Agie district found oil at the following depths, as shown on Plate
V: No. 1, at 300 feet; No. 2, at 400 feet; No. 3, at 750 feet; No. 4,
at 697 feet; No. 6, at 1,025 feet; No. 8, at 918 feet; No. 9, at 848 feet;
No. 10, at 825 feet, and No. 13, at 697 feet. No considerable quan-
tity of oil was found in wells Nos. 5, 7, 11, and 12, which are reported,
respectively, as 1,120, 1,520, 955, and 914 feet deep. The oil is here
generally found in the top of the Embar formation, immediately
" below the base of the Chugwater, the horizon which forms the initial
point in the structure contour map, Plate I. Good wellshave been de-
veloped in local accumulations of oil in the Chugwater, as wells Nos.
1 and 2, whose oil has probably escaped from the Embar.

Oil is reported in a well near the Washakie spring at a depth of
250 feet, in an entirely different formation, the Mowry shale mem-
ber of the Mancos, which is stratigraphically about 8,700 feet above -
the horizon of the oil pool at the top of the Dmbar in the Little
Popo Agie region, and abeut 3,300 feet above the pool in the Chug-
water developed by wells Nos. 1 and 2. It is this Mowry forma-
tion which yields the oil in the Spring Valley field, in southwestern
* Wyoming, where it is a paraffin base oil similar to that encountered
here and different from that found in the Lmbal and the Chugwater
formations.
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SOURCE OF THE OIL.

Investigators who, have worked during recent years in surround-
ing regions assign the source of the oil .to various formations. In -
the Bighorn Basin in northwestern Wyommg C. W. Washburne®
states that the source of the oil and gas is the black shale at the base
of the Colorado. He further remarks, concerning a report of a bed
of asphalt, “Apparently the asphalt has exuded from the Pennsyl-
vanian rocks at this place.” Wegemann? states that in the Salt Creek
field, Wyoming, oil is found in the Colorado and in the Montana,
and adds further that oil occurs in the Dakota in an adjacent field.

Though oil has been found in several different formations, its
occurrence is believed to be controlled strictly by the structure, be-
cause as far as known it occurs only near the crest of an anticline.

CHARACTER OF THE OIL.

The oil is dark brown and flows readily as it comes from the wells
and becomes slightly thicker on exposure to the air for several weeks.
Some of the samples contain a large percentage of water as the oil
flows from the wells, but most of this separates from the oil on stand-
ing, though in some cases an emulsion seems to have been formed.
Samples of oil from six of the wells were analyzed under the direc-
tion of David T. Day, expert in charge of petroleum for the United
States Geological Survey, with the following results:

e Washburne, C. W., Gas fields of the Bighorn Basin, Wyoming: Bull. U. 8. Geol. Sur-
vey No. 340, 1908, pp. 351-361. . '
} b Wegemann, C. H., accompanying report in this bulletin.
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Dr. Day remarks as follows concerning these oils:

With one exception these oils are hea\}y asphaltic oils, differing from one
another only in minor details. - As might be expected, they are very deficient in
gasoline, but yield as much kerosene as can be expected from oils of a specific
gravity of 0.9 or more. )

The oil from the Plunkett well, near Oil Spring, is significantly different
from the others, as shown by the analysis. It is not only free from asphalt,
but contains the proportion of paraftin wax characteristic of paraffin hydro-
carbons, and is as free from unsaturated hydrocarbons as is usual even with
Appalachian oils, That this oil really belongs to the paraffin- series is further
shown by the low specific gravity of the gasoline portion, 0.7183. Oils of the
naphthene or benzol series usually show 0.75 or higher for the gasoline frac-
tion. Although no exact calculation has been made, it is evident that if by
diffusion the heavy asphaltic oils found in this region had been deprived of
their unsaturated hydrocarbons from, say, 58 per cent down to 8 per cent, these
heavy oils would show about 40 per cent of kerosene distillate, instead of 23,
and about the proportion of gasoline distillate found in the light oil, and,
although this analysis can not be set forward as a proof of this velationship
between the heavy and light oils, it makes that relationship somewhat probable.

USES OF THE OIL.

- The oil is adapted to several uses. In its native state, when taken
from the wells, it can be used for almost any purpose to which crude
oil is generally applied. It forms an excellent fuel, comparing favor-
ably with the Texas or California oils, and is now employed for
that purpose in practically all the development work in the Little
Popo Agie district. It can be used to a limited extent in its raw
state as a lubricant, though in general it is not suitable for that
purpose. Since oil from the Little Popo Agie district contains a
heavy asphalt base, it is- a good variety for oiling roads.. Frac-
tional" distillation gives a small amount of gasoline, a fair amount
of illuminating oil, and a considerable residue which can be further
separated by distillation into lubricating oil and a tar suitable for
use as a fuel or asphalt. The oil shown by analysis No. 8 in the
above table is entirely different. It contains a fair per cent of gaso-
line, a large per cent of illuminating oil, and a residue containing
a paraffin base. It is suitable for lubricating purposes. Asphalt is
not present in this oil. - :

MARKET.

The field 1s located in a sparsely settled country, where the demand
for fuel can be supplied from forest and country coal banks and
where very little machinery is employed, and consequently only a
small quantity of lubricating oil is demanded and, where, also, there
is only a small total consumption of illuminants. With these condi-
tions there was practically no demand for the oil previous to the
building of the railroad into the region, in 1907. The completion
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of that work created two markets for the oil. The first was for fuel
on the locomotives of the railroad, the second was for various pur-
poses in the towns and cities to which oil can be shipped. ‘As yet
the first-named market is practically the only one which has been
entered. Oil is reported to have been used on.a locomotive running
between Casper and Lander for one month during the winter of
1907-8. The use was discontinued, probably because a sufficient
quantity of oil was not assured. The local market continues to de-
mand about 50 barrels a day, which is supplied at 75 cents a barrel.
All the oil now marketed is produced from the Little Popo Agie
district. "
PRODUCTION.

The quantity of oil placed on the market has never been large; in
fact, the field has not entered the market as an active producer. Mr.
Carlisle, who is now in charge of the wells near Dallas, states that
their capacity has never been tested, and since they were completed
most of them have remained capped. There has been considerable
leakage, however, and several years ago there was sufficient waste
of oil into Little Popo Agie River to pollute the water. This led
to objection by the irrigators using water from the stream, and is
reported to have resulted in lawsuits for damages. At present the
escaping oil is confined to pools, which are set on fire periodically
to prevent an overflow into the river. Very little gas accompanies
the oil, and most of it is allowed to escape. A small amount, how-
ever, is used about the plant at Dallas, but even in that district the
total quantity of gas is insufficient to furnish fuel for pumping and
development work. A conservative estimate of the annual produc-
tion of 1909 for the field is less than 50 barrels a day.

DEVELOPMENT.
HISTORY.

Practically all the development-in the field has been confined to
the southeastern district, along Little Popo Agie River, in the vicin-
ity of Dallas post office. Previous to 1907 test wells were sunk in
other parts of the area, but with little success. The history of opera-
tions previous to 1897 is presented by W. C. Knight? in  his report
on this region. . Mr. Knight writes:

The history of this field is far more interesting than that of any other oil field
in Wyoming, since it was in this field that Bonneville discovered oil in 1833,

e Knight, W. C., The geology of the Popo Agie, Lander, and Shoshone fields: Bull. Univ.
Wyoming School of Mines, Petroleum series, No. 2, Laramie, Wyo., January, 1897, p. 8.
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and is the place where the first producing oil well was drilled. From the date

of Bonneville’s visit up to 1867 the oil spring was. unknown except to the
hunter and trapper, who frequented the locality to secure the oil for medicinal
purposes. Upon the completion of the Union Pacific Railroad people became
interested in the natural resources of economic importance, and located, among
other things, the Popo Agie oil spring and tpe surrounding country. This
property changed hands several times prior to 1889, but there was no develop-
ment, except pits sunk as assessment holes. In 1881 Dr. Graff, of Omaha,
and associates .purchased the oil claims and did considerable surface work. In
1883 and 1884 they drilled three oil wells, all of which were producers. The
company then purchased a large number of iron barrels and commenced to
market the oil at the Union Pacific Railroad. On account of keen competition
from the eastern oil producers the first Wyoming oil company had to abandon
their enterprise. Since that time the wells have remained packed. The oil
that has flown from the wells through leaks has been utilized by the ranchers
for miles about for lubricating purposes, and, to some extent, by the gold mines
and the flour mills for steam making.

Since the above sketch was written wells Nos. 4 and 5 (see PL. V)
were drilled in 1901, Nos. 6, 7, 8, and 9 in 1902, and Nos. 10, 11, and
12 in 1903. Very little development work was done during the five
years following this period. of activity. Recently operations have
begun on a more extensive scale than at any preceding time. The
present conditions are set forth by districts as follows:

LITTLE POPO AGIE DISTRICT.’

Practically all the development work now in progress is confined
to the Little Popo Agie district. A 6-inch pipe line has been laid
from the group of wells near Dallas post office to a point on the
railroad at Wyopa, near Big Popo Agie River. In August, 1909,
when the field was visited last, steel storage tanks and pumping

machinery were being installed. It is planned to erect receiving

tanks at the intake end of the line and storage tanks where the oil
is to be discharged. At present oil is hauled from the wells in tanks
on wagons to Lander to supply a local market. Three drill rigs were
in operation in the district at points marked O on Plate I. The
Pennsylvama derrick type of standard rig is most ccmmonly used
in the district, but some wells are drilled with the common deep-well
type. These types are shown on Plate VI, 4 and B.

The following detailed information relating to wells in this dis-
trict was furmshed by E. W Hainsworth, of Lander:

‘Well No. 1 (Mmphys No 1); drllled in 1884 : A crevice well drilled along-
side natural oil spring. Depth said to be 300 feet. Shows considerable gas
pressure and flows spasmodically. Tubing is chained to “ dead men.” .

Well No. 2 (Murphy’s No. 2); drilled in 1884-1886: A crevice well. Depth
said to be 400 feet. Shows considerable gas pressure and flows spasmodlcally
Tubing is chained to “dead men,”
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S

o 100 200 300 400 Feet

SECTIONS OF WELLS IN LITTLE POPO AGIE DISTRICT.

Arranged in order of their distance from the axis of the anticline. Numbers of wells (at top) correspond to those shown on map (PI. I).
Data furnished by E. W. Hainsworth.
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A. HANNON OIL WELL, IN LITTLE WIND RIVER DISTRICT.

B. DRILL RIG AT SMITH AND POTTERS WELL, IN SEC. 25, T. 32 N, R. 99 W.
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Well No. 3 (Murphy's No. 3); drilled in. 1S84-1886: Well drilled .just into
the oil sand. Depth said to be 750 feet. Shows considerable gas plessmc and
flows spasmodically. Tubing is chained to “ dead men.”
© Well No. 4; drilled in 1901: Spudding commenced June 20, 1901; drilling
ceased August 21, 1901. Depth of well, 697 feet. Good crevice well; flows spas-
modically. Well stopped in limestone capping.

Well No. 5 (Sulphur well) ; drilled in 1901: Spuddmg commenced September
4, 1901; work stopped October 8, 1901; drilling recommenced November 7,
1901 ; finished November 17, 1902, Depth of well, 1,120 feet. A nonproducer ;
oil sand strong with sulphur water, of which there is a copious flow.

Well No. 6 (Werlen well) ; drilled in 1902: Spudding commenced July 2,
1902; drilling finished September 5, 1902. Depth of well, 1,025 feet. A good
pumping well, )

Well No. 7 (Anéhor well) ; drilled in 1901-2: Spudding commenced No-
vember 6, 1901; stopped, November 26, 1901 ; recommenced February 19, 1902;
stopped again May 14, 1902; recommenced again June 23, 1902, and stopped
June 27, 1902. Depth of well, 1,520 feet. Sulphur water and very little oil in
hole.

Well No. 8 (Litchfield well) ; drilled in 1902: Spudding commenced October
13, 1902; drilling finished October 28, 1902. Depth of well, 918 feet. Well just
in sand and flows oil spasmodically.

Well No. 9 (Skallawag well) ; drilled in 1902-3: Spudding commenced De-
cember 17, 1902; drilling stopped January 7, 1903. -Depth of well, S48 feet.
Well produces oil and sulphur water and is a good pumper.

Well No. 10 (Marguerite well); drilled in 1902-3: Spuddiilg commenced
November 11, 1902; tools lost November 25, 1902; casing drawn and hole
reamed December 28, ‘ 1902; tools recovered and well finished March 31, 1903.
Well is just through capping and ylelds considerable oil and gas. Depth of
well, 825 feet.

Well No. 11 (Neptune well) ; drilled in 1903 : Spudding commenced January
21, 1903; well finished February 26, 1903. Depth of well, 955 feet. A non-
producer, yielding only sulphur water with little oil. :

Well No. 12 (Jupiter well) ; drilled in 1903 : Spudding commenced March 16,
1903 ; well finished April 10, 1903. Depth of well, 914 feet. A nonproducer, -
yielding much sulphur water and little oil. '

Well No. 13 (Titania well) ; drilled in 1903 : Spudding commenced April 20,
1903 ; well finished May 19, 1903. Depth of well, 697 feet. .Good well; flows
spasmodically.

BIG POPO AGIE DISTRICT.

The most active development in the Big Popo Agie district was
undertaken in connection with the pipe line that begins in the south-
eastern district and terminates at the railroad in the valley of Big
Popo Agie River. The Plunkett well, in sec. 25, T. 1 S,, R. 1 E,,
Wind River meridian, near the Washakie oil spring, was being
drilled at the time that portion of the field was surveyed and, ac-
cording to later reports, struck a high grade of oil at a depth of 250
feet. If the statement is true this oil occurs in Mancos shale at a .
horizon that is stratigraphically 3,300 feet higher than that of the
oil in any well in the Little Popo Agle dlstrlct

79495°—Bu]l 452—11—3
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LITTLE WIND RIVER DISTRICT.

Previous to 1909, according to report, no development was begun
in the Little Wind River district. In the spring of 1909 one well,
now abandoned, was sunk by the Washakie Hydrocarbon Mining
Co. in the valley of Little Wind River, at the point marked Tar
Spring on the map (PL I). The following information relating to
this well was furnished by Russel Thorp, president of the Company :

Log of well No. I—Washalkie Hydrocarbon Mining Co.

Thick-
ness, | Depth
Feet.
Soil, some gravel 25
Bedrock........... 65
Clay, blue, very sof 100 165
leestone from which cold sulphur water flows. . 6 171

Shale, blue very soft, oil present (artesian flow of warm sulphur water). ..
Shale, LTS U SR FO. 50 350

T.imestone (second artesian flow warm sulphur water). 5 355
Shale, blue. . ....ooii e 50 405
Sandstone, brown.. .. .. 15 420
. Quartz and flint.. ... ...... .. e 5 425
3T 1 el 75 500
Limestone, slight conglomerate, hard (third flow warm sulphur water). . ... 40 540
Clay, soft blue oil present. . ... ... i 15 555
Limeéstone. . . ... 15 570
Flint............ 5 575
Sand carrying oil 25 600
Limestone...... 25 625
Sandstone; some crystalline formation. .. 25 650
Sand; additional and stronger flowof oil.............. e et . . 25 675
Very hamd white, gritty formation. ... ... . i i _125 800

Water: At 165 feet, cold sulphur water; at 300 feet, artesian flow warm sul-
phur water at rate of 1,450 barrels a day (24 hours); at 350 feet, additional
artesian flow warm sulphur water (flow of water from tar springs decreasing) ;
at 500 feet; third artesian flow of warm sulphur water up to 3,000 barrels a
day; at 540 feet, I'ebruary 23 flow from tar .springs stopped entirely. The con-
tinuous flow since March 16, 1909, has settled down to a steady flow of 20
barrels a day. The different flows of water could be plainly noted, both by the
increase in flow and by the added fumes and gases, which affected the men’s
eyes to such an extent‘that work had to be shut down from one to three days
until the gases subsided, although a decided odor of sulphur may be noted up to
the present time.

Drilling : Spudded January 30, 1909, with 39 feet of 10-inch conductor; 10-
inch bit used to 405 feet, when attempt was made to shut off water in the
brown sand, without success. The diameter of the hole was reduced at this
point to 8 inches and S-inch hole was carried to depth of 555 feet. At 500 feet
bits wore down rapidly; at 540 feet tools stuck in blue clay; at 555 feet to
bottom of rimming casing was set in without successful shut-off or reduction
of water bailing. Casing settled 4 feet in three days. Set 672 feet of 63-inch
casing.  Eighty pounds of wheat used to swell bottom, apparently without
success. From 675 feet to bottom of hole, §00 feet, very hard rock that wore
the bits rapidly.

The entire drilling was conducted in water continuously, from 165 feet down,
and the hole stood up with. practically no casing.
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0Oil was present in the formation at 171 feet. At 650 feet there was a per-
ceptible flow of oil, which increased. "At 670 feet a second oil stratum was
encountered, which shot oil all over the place and afforded a continuous flow
of oil as long as the tools were in motion; when the tools were removed the
flow subsided. 'The fine white sand to the bottom carries oil.

The second well in the district is located in the valley of Sage
Creek, in sec. 22, T. 1 N,, R. 1 W. The following log was reported
July 8 by the driller, who was still engaged in sinking the well.

Log of well in sec. 22, I 1 N., R. 1 W.

Thick-
ess. Depth
: . Feet. | Feet

Gravel. . i e e e e 58 .

NOETEPOIted . . ..ottt 7 65
Sand rock, red .| 38 450
Shale, BTRY . . oottt 5 455
Sandstone, red Y 675 1,130
Limestone with a flow of sulphur water at the b 0. . 70 1,200
Sandstone, gray . 197 1,397
Shale, blue...... . 12 1,409
Sandstone, gray. . . 14 1,423
Limestone to bottom. ... <. 1111l Tl 27| 1450

Subsequent to the examination of the field it was reported that a
bed of asphalt was encountered in this well only a short distance
below the maximum depth shown by the above record. The writer
has been unable to verify the statement or to examine a sample of
the product. - ,

In June, 1910, Mr. Winchester revisited the region to procure any
additional data which might be obtainable as a result of operations
in the field since the survey of the previous year. He found that
although there had been considerable development, nothing had been
discovered by the operations to alter the conclusions here stated
concerning the geology and the oil.

On J uly 1, 1909, only 13 wells had been completed on July 1,
1910, 27 had been complcted and five were being drilled. The pipe
line from Dallas to Wyopa was finished, and was carrying oil from the
wells to two storage tanks having a capacity of 37,500 barrels each.
Oil is supplied to three oil-burning passenger engines which operate
between Lander and Chadron, Nebr. The price paid by the railroad
is reported to be 2 cents a gallon. As had been expected, practical
tests have proved that this o1l is an excellent fuel.

-The Plunkett well, already referred to, is reported by the operators
to be producing 60 barrels of high-grade oil a day, part of which is
sold locally at $1 a barrel and the rest is hauled to Lander, where it is
converted into gasoline and a residue in a small refinery. One of the
wells is reported to have reached a depth of 2,000 feet. It discharges
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daily about 2,000 barrels of water containing carbon dioxide and
sulphur, with only a trace of oil. Thirteen wells, producing about
330 barrels of oil a day, are now supplying oil to the pipe line, and
other wells will be connected with the line as soon as possible. Sev-
eral wells are being drilled, and prospecting has been undertaken in-
earnest. ‘ ’ A



THE SALT»CREEK OIL FIELD, WYOMING.

By Carrorr H, WeGEMANN,

INTRODUCTION.
ACKNOWLEDGMENTS.

In presenting the following report on the Salt Creek oil field of
Wyoming the writer desires to express his thanks for valuable sug-
gestions and criticism to M. R. Campbell, who had general super-
vision of the work, and to R. W. Stone, both of whom were in the
field during the beorinnincr of the investigation. The author is also
much 1ndebted to D1 T. VV Stanton, who visited the field in 1910,
and who made the fossil determinations. The major part of the field
work was done in the fall of 1909, the writer being assisted by Ralph
W. Howell and William Mulholland. The work was completed in
1910 by the author, assisted by C. J. Hares.

" LOCATION OF THE FIELD.

The Salt Creek oil field is located in Tps. 38 to 41 N Rs. 78 and
79 W. of the sixth principal meridian, in the northeftst corner of
Natrona County, Wyo It lies in the drainage basin of Powder
River, about 50 miles due north of Casper and 80 miles southeast of
Buifalo. The country is open and easily accessible, but there has
been little travel in the region and consequently roads are few. The
field may be reached by three roads. The easiest line of approach is
from Casper, on the Chicago & Northwestern Railway, by private
conveyance over a wagon road that runs directly northward to the
field. -The next easiest line of approach is from Sheridan or Clear-
mont, on the Chicago, Burlington & Quincy Railroad, by stage to
Buffalo, thence by stage to Kaycee, and thence by private convey-
ance southeastward over a wagon road directly to Shannon, in the
north erid of the field, a total distance of about 130 miles. The third

' : : 37
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road, least traveled, runs from Buffalo to Sussex, in the valley of
Powder,River, and from that place to Shannon. In traveling from
Shannon to Casper the first permanent ranch is south of the divide,
about 30 miles from the oil field. Between Shannon and Kaycee
there are a few ranches, the nearest being 12 or 15 miles from
Shannon. North of Shannon- the nearest ranches are in the valley
of Powder River, 20 miles distant. In the oil field a road house at
Shannon is maintained for the accommodation of travelers, and
several drilling camps have been established. There is at present
no post office at Shannon. Mail for the field is usually addressed to
Casper.

HISTORY OF DEVELOPMENT.

It is difficult to obtain trustworthy information concerning the
early history.of the Salt Creek field, for the numerous accounts pre-
sented do not entuely agree. Kmaht states that oil was reported
from this area prior to 1880.¢ The occurrence of oil was well known
a few years later. It is said that A. T. Seymore took up the first
oil claims in the field in 1885 or 1886. Seymore was a civil and min-
ing engineer and compiled a map of the oil fields of central Wyo-
ming. C. Y. Iba was also interested in the development of the field.
An “oil spring” which bears his name is’ situated in the bed of Salt
Creek, in the SE. + SW. % sec. 13, T. 40 N, R. 79 W. Samuel
Aughey,? territorial geolorrlst for Wyommg, descrlbes it'as follows:

‘When I last visited this spring, in May, 1884, not less than 20 barrels of oil
had accumulated in the creek bed. The rise of the creek from a rainfall one
night washed it away, but it immediately commenced again to accumulate, and
in less than a week the original quantity was stored.

At the present time oil does not collect in noticeable quantity in
. the creek bed. A small sand bar in the middle of the creek marks the
site of the spring at a point where the creek bends to the north with
" a cut bank on the east side, along the crest of which the Casper road
runs. The surface of the sand is black and greasy, and on digging
into it the smell of petroleum becomes very marked.

P. M. Shannon, of the Pennsylvania Qil & Gas Co., was the first
to begin actual develdpment in the field. The first well, Shannon
No. 1, was located in the SE. 1 SE. % sec. 36, T. 41 N.,, R. 79 W.
This well was drilled in 1889, and three more wells were drilled in
the next' two years. By 1893 rates had been obtained from the rail-
road and the shipment of oil was begun. The oil was hauled to.
Casper by wagon, a distance of 50 miles, 12 to 16 horse teams being

e Knight, W. C., Geology and technology of the Salt Creek oil field: Bull. Univ. Wyo-
ming School of Mines, Petroleum series No. 1.
b Ann. Rept. Territorial Geologist of Wyoming, 1886.
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employed. In 1895 the Pennsylvania Oil & Gas Co. erected a re-
finery at Casper and put down wells 5, 6, 7, and 8, W. H. Smith
being the driller. In 1901 well No. 9 was completed, and in 1902
Nos. 10, 11, 12, and 13.

These wells-yield a heavy lubricating oil of rather high viscosity,
containing little or no naphtha, asphalt, or sulphur, but more than 1
per cent of paraffin. By reflected light its color is olive green; by
transmitted light it is red. Its gravity is 0.9097 (23.9 Baumé). It
is chiefly valuable for lubricating.

In 1905 (?) the Pennsylvania Oil & Gas Co. sold its entire property
to Mr. Lobell. He in turn sold a few acres in the NE. } sec. 2, T.
40 N, R. 79 W. to a French company called the Ascos, under the
management of Mr. Delvaux, who drilled four wells in 1906. In
1906, also, Dr. Porro, an Italian geologist, examined tlie field and
made a private report. It is said that he located the well after-
ward drilled by the Petroleum. Maatschappij Salt Creek, a Holland
company, in the SE. } sec. 23, T. 40 N., R. 79 W., about 8 miles south
of Shannon. The well was not drilled until the fall of 1908. On
October 23 of that year oil under great pressure was struck in sand-
stone-about 1,000 feet below the surface. This well was drilled by
J. E. Stock and was the first to strike the lower sand, here named
Wall Creek sandstone lentil. -

This oil, in contrast to that obtained from the Shannon wells, is
a light gasoline oil containing 16 per cent of naphtha, 29 per cent of
water-white oil, and 6 per cent of paraffin. In color it is a very dark
green by reflected light and reddish brown by transmitted light.
It is valuable, first, for the illuminating oils and, second, for the
Iubricating oils which it contains.

Before this “ gusher” well was put down, a well known as the
“TIba ” was drilled by J. E. Stock in the NE. 1 SE. % sec. 22, on Both-
well Draw. Some oil was encountered in the shale, but scarcely in
paying quantities. After the completion of the “gusher” well the
Stock O1l Co. was formed and a well was drilled in the SW. 3 NE.
sec. 25, T.'40 N.,, R. 79 W. Some oil was encountered in shale,
but the sand was not reached. During the year 1910 several new
companies have entered the field and development has progressed

rapidly. The Lobell interests have been bought out by the Franco-
American Oil Co., which has drilled four new Wells at the northern
end of the dome near Shannon.

The California Oil Company completed the old Stock well and |
drilled several new wells in the south half of the dome, which have
added materially to our knowledge of the extent of the oil pool.
The Maatschappij Company drilled three wells in 1910, all of which
reached the sand.
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Several wells that have been drilled outside of the producing area
deserve mention. The first of these was put down by ‘the Pennsyl-
vania Oil and Gas Company when it first entered the field, at the
junction of Teapot Creek and Salt Creek, in the SE. } sec. 16, T. 39
- N, R. 78 W. The site is marked by a pool of alkaline water close
to the bank of the creek. The record of the well was not preserved.
In 1895 the Wyoming Lubricating Company drilled to the depth
of more than 1,200 feet near the center of sec. 31, T. 41 N., R. 78 W_,
without encountering oil, and abandoned the well. Mr. H. W. Davis,
of Sussex, drilled a well near the east line of sec 12, T. 41 N., R. 80
W., which passed through the Shannon sandstone lentil, and ob-
tained a slight showing of oil. The well was continued to a depth
cof 1 200 or 1,300 feet and was abandoned. In the SW. } sec. 16, T.
40 N R. 80 W, a little east of the outcrop of the Wall Creek sand-
stone lentll a Well_was drilled to a depth of 1,200 feet by the French
0il Company. The well must have passed through the Wall Creek
sandstone lentil, but did not encounter oil. A small amount of gas
was obtained, however. At the present time the well flows a 1-inch
stream of lukewarm sulphur water, and from a hole in the top of
the plug gas rises which, when ignited, burns with a flame about
6 or 8 inches high. It is probable that the gas comes from the Wall
“Creek sandstone.

TOPOGRAPHY.

RELIEF.

The country in general aspect is barren and desolate. Though it
is traversed by numerous deep valleys the effect of relief is lost in
the distance, the somber colors of the treeless hills causing one to
fade into the next, forming a vast, rolling expanse, whose prevailing
tones are brown and gray. Above this expanse rise bold escarp-
ments, formed by the tilted edges of sandstone strata. Some of
these escarpments can be seen for many miles and form conspicuous
landmarks. These escarpments are important in this discussion,
since some of them bear oil, and all of them, being easily recognized,
form convenient key rocks by which the geologist can determine
relative position in the stratigraphic section. These. will be de-
scribed in more detail in the following pages. -

The rocks over the central portion of the Salt Creek dome have
been removed by erosion, which has here formed an anticlinal valley.
Around this valley runs an escarpment formed by the cut edge of
the Shannon sandstone lentil. Outside of this, but not completely
encircling the dome, are escarpments formed by higher beds of sand-
stone, and between them are valleys which are developed on the inter-
vening shale.
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" Within the Salt Creek dome and east of the creek broad flats have
been formed by the stream. The greater part of the area, however,
within the escarpment of the Shannon sandstone lentil is occupied
by bad lands developed on the shale. These represent the mature -
type of topography—the stage when relief is greatest. The streams
have cut deep, narrow valleys in the shale, but have not had time to
lower the hill crests between or to make the slopes gradual. As these
changes take place—as the hills are reduced in height and the valleys
are widened—a type of topography is produced which in this area
is exemplified by the broad flats above mentioned.

In this area several of the streams are located on anticlines, form-
ing what are known as anticlinal valleys. The present relief is thus
the reverse of that produced by the folding of the rocks, the surface
on several of the anticlines being lower than that in the adjoining
synclines. On the flanks of the rock folds, where the dip of the
strata brings alternating soft shale and hard sandstone to the surface,
the shale is eroded rmpldly, formmg valleys, and the sandstone is left
in escarpments.

Three prominent beds of sandstone produce the escarpments—the
Shannon sandstone lentil, the lower part of the Parkman sandstone
member, and the stratigraphically higher sandstone which forms
Little Pine Ridge.  The first of these completely encircles the Salt
Creek dome and forms the ridge trending north and south about 3
miles west of the dome. In the northern part of the area this sand-
stone is less conspicuous as a cliff maker, but toward the south it rises
in sheer cliffs, some of them 100 feet or more in height. So far as
observed the ridge formed by this sandstone does not bear pine trees,
as does Little Pine Ridge and the ridge formed by the Parkman sand-
stone member.

The lower part of the Parkman s‘lndstone membel, about 1,300 feet
above the Shannon sandstone lentil, forms the most mar ked escarp-
ment in the field. Erosion has carved this massive sandstone into
many strange and picturesque forms. Isolated masses stand here and
there like turrets and domes above the rolling, grass-covered surface
of the surrounding country; elsewhere the sandstone rises in great
cliffs, partly covered by pine trees and forming striking features,
which may be seen from a distance of many miles. (See P1. IX| 4.)

Little Pine Ridge is a much less prominent escarpment than those
just described. The sandstone is bluish, and as it almost invariably
bears pine trees it is easily followed throughout the field. (See Pl
- IX, B)

Two other sandstones form local r]daes One of these, between the -
Shannon sandstone lentil and the P‘ermfm sandstone member, forms
a ridge about 4 miles long in the NW. 1 T. 40 N., R. 78 W, and the
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NE. # T. 40 N., R. 79 W. This sandstone is not recognizable in other
parts of the field. The second sandstone, which lies about 325
feet above the standstone forming Little Pine Ridge, can be traced
throughout the field and forms several prominent escarpments.

DRAINAGE.

Salt Creek, the principal stream of the field, rises about 25 miles
southeast of Shannon and flows in the general direction N. 30° W.,
joining Powder River at the Davis ranch, in the SE. 1 sec. 15, T. 43
N, R. 79 W, its total length being about 50 miles. During the sum-
mer the creek flows only in rainy weather, the water ordinarily stand-
ing in pools along a dry bed. It is therefore mapped as an inter-
mittent stream, although it is of considerable size. It enters the area
at the southeast corner of T. 39 N., R. 78 W, and leaves it near the
middle of the north line of T. 41 N., R. 79 W. 1In the southwest
corner of T. 40 N., R. 78 W., it makes a decided bend to the west
and, crossing the outcrop of the Shannon sandstone lentil, enters the
Salt Creek dome, where it is joined in sec. 25, T. 40 N., R. 79 W, by
Castle Creek. It then turns northward and leaves the dome, cross-
ing the Shannon sandstone again in sec. 12, T. 40 N, R. 79 W.

The principal tributaries of Salt Creek in the field are Dugout
Creek, Castle Creek, and Teapot Creek with its branch, Little Teapot.

WATER SUPPLY.

Water for drinking and domestic use is somewhat difficult to
obtain. The surface water and that reached by drilling are both
alkaline. The water in Salt Creek, when that stream is flowing, can
be used, but it is not altogether palatable. The water in Castle Creek
during dry weather is so bad it is hardly fit for the use of stock.
No analysis-has been made of the water, but it probably contains sul-
phates of magnesium and sodium in large amounts. At the oil wells
all water for domestic use is distilled in pipes attached to the boilers.

GEOLOGY.

STRATIGRAPHY.
CRETACEOUS SYSTEM.

The rocks to be directly considered in a study of the Salt 'CreekA
oil field belong to the upper part of the Cretaceous system of the
Mesozoic, ‘which is known as Upper Cretaceous series. (See accom-
panying table.) :
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Rock formations in Salt Creek oil field, Wyoming.
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certain localities hear oil.
Fresh water.

Formations and Thick-
System. Series. Group. .number recognized Character. ness in
in this field. feet.
. ¢ i | Several
] Fort Union forma- | Fine grained fresh-water sand- | /'
Tertiary. | Eocene. tion. stone, shale, and coal beds. "h?éésgmd
Tertiary or Concretionary buff sandstone \
Creta-|? Lance formation. and shale bearing Triceratops 3,200
ceous. remains. Fresh water.
A hil: 3
Fox Hillssandstone. | \Vjiie, sandstone and shale. | 7qp,
Shale with several sandstone
beds, inclnding that which 1,000
forms Little Pine Ridge. !
Marine. . .
. | Parkman | Massive buff sandstonc over-
g sandstone | lain by shale and thin coal 3