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 ~CONTRIBUTIONS TO ECONOMIC GEOLOGY"

‘GEOLOGY AND MINERAL DEPOSITS OF THE CARLILE
'QUADRANGLE, CROOK COUNTY, WYOMING = -

By M. H. 'BEﬁ'GENDAnL, R. E. Davis, and G. A. Izgrr

ABSTRACT

The Carlile quadrangle is along the northwestern flank -of the Black Hills
uplift in Crook County, Wyo. The area‘is primarily one of canyons and divides
that are a result of downcutting by the Belle Fourche River and its tributaries
through an alternating succession of sandstone, siltstone, and mudstone or shale
beds. The present topography is also influenced by the regional structure, as
reflected by the beds that dip gently westward and by the’ local structural
features such as anticlines, domes, synclines, basms, and terraces, which are
‘superimposed upon the regional setting. '

Rocks exposed include shale and thin limestone and sandstone- beds belong-
ing to the Redwater shale member of the Sundance: formatxon and to the Mor-
rison forrmation, both of Late Jurassic age; sandstone, siltstone, and mudstone
of the Lakota and Fall River formations of Harly Cretaceous age; and shale
and sandstone of the Skull Creek shale, Newcastle sandstone, and Mowry shale,
‘also of Early Cretaceous age. In the southwestern part of the quadrangle
rocks of the Upper Cretaceous series are exposed. ' These include “the Belle
Fourche shale, Greenhorn formation, and Carlile shale. Gravel terraces, land—
.glide debris, and stream alluvium comprise the surficial deposits

The Lakota and Fall River formstions, which make up the Inyan Kara
group, contain uranium deposits locally in thé northern' Black Hills. These
formations were informally subdivided in order to ‘show clearly the- vertical
-and lateral .distribution of the sandstone, siltstone, and mudstone facies within
them.. The Lakota was-subdivided into a sandstone unit and an’ overlying
mudstone unit; the Fall River was subdivided, in ascending order, into a silt-
stone unit; a mudstone unit, a sandstone unit, -and an upper unit. The litho-
logic character of the Lakota changes abruptly locally. and the units are quite
* inconsistent with respect to composition, thickness, and extent.  This is in con-
trast to-a notable consistency in the lithologic character and thickness among
all the Fall River units, with the exception of the upper unit. Petrographic
studies on selected samples of units from both formations show differences in
composition between Lakota and Fall River rocks.

The Carlile quadrangle lies 1mmed1ately east of the monocline that marks
.the outer limit of the:Black Hills uplift, and the rocks.in this-area have a
‘regional dip of less than 2° outward from the center of the uplift. Superlm-
posed upon the regional uphft are many subordinate structural features-—anti-
clines, synclmes, domes, basins, and. terraces—which locally modlfy the region&l
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features. The most pronounced of these subordinate structural features are
the doubly-plunging Pine Ridge, Oil Butte, and Dakota Divide anticlines, and
the Eggie Creek syncline. Stress throughout the area was relieved almost en-
tirely through folding; only a few small nearly vertical normal faults were
found within the quadrangle.

Uranium has been mined from the Carlile deposit, owned by the Homestake
Mining Co. The ore minerals, carnotite and tyuyamnuite occur in a sandstone
lens that is enclosed within relatively -impermeable clayey beds in the mud-
stone unit of the Lakota formation. The ore also includes unidentified black
vanadium minerals and possibly coffinite. Uranium minerals are more abun-
dant in and adjacent to thicker carbonaceous and silty seams in the sandstone
lens. A mixture of fine-grained calcium carbonate and calcium sulfate fills the
interstices between detrital quartz grains in mineralized sandstone, Selenium
and arsenic are more abundant in samples that are high in uranium.

Dnlling on Thorn Divide, about 1 mile west of the Carlile mine has roughly
outlined concentrations of a sooty black uranium mineral associated with pyrite
in two stratigraphic intervals of the Lakota ‘formation. One is in the same
sandstone lens that contains the ore at the Carlile mine; the other is in con-
- glomeratic sandstone near the base of the Lakota. These deposits are rela-

-tively deep, and no mining has been attempted.

The mineralogy of the Carlile deposits. and the lithologic features of the
sandstone host rock suggest that uranium and vanadium were transported in
the high-valent state by carbonate or sulfate solutions, were extracted from
.solution by organic material, and were reduced to low-valent states to form

.an original assemblage of oxides and silicates. These primary minerals were
oxidized in place, and the present carnotite-tyuyamunite assemblage was formed.
_In general, radioactivity analyses correspond fairly closely with chemical analy-
.ses of uranium, thus it is believed that only minor solution and migration of
uranium has occurred since the present suite of oxidized minerals was formed.
. The factors responsible for ore localization are not clear, but probably a com-
bination of three lithologic and structural elements contributed to provide a
favorable. environment for precipitating uranium from aqueous solutions:
. abundant carbonaceous material or pyrite in a thin, permeable sandstone en-
closed within relatively thick impermeable clays; local structural basins; and
a regional structural setting involving a broad syncline between two anticlines.
-The structural features controlled the regional flow of ground water and the
lithologic features controlled the local rate of flow and provided the proper
:chemical environment for uranium deposition.
- Bentonite has been mined from an opencut in the Mowry shale in the south-
-west part of the quadrangle. A bentonite bed in the Newcastle sandstone also
.seems to be of minable thickness and quality.

Exploration for petroleum has been unsuccessful within the quadrangle; how-
. ever, some wells that yielded oil were recently drilled on small anticlines to
the west and southeast. It is possible that similar structural features in the
.Carlile area, that were previously overlooked, may be equally productive.

INTRODUCTION
LOCATION

' The Carlile quadrangle occupies approximately 54 square miles in
southwestern Crook County, Wyo. (fig. 58). It is bounded by lati-
tudes 44°22’30"N. and 44°30’N. and by longitudes 104°45’W. and
104°52°30"W. Carlile, the only settlement within the area, is in the
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anan 58.—Index map showing location of Carlile quadrangle, Wyoming.

northern part of the quadrangle and is about 18 miles north of
Moorcroft on U.S. Highway 14. Devils Tower National Monu-
ment is approximately 9 miles north-northeast of Carlile. -

PURPOSE AND SCOPE OF THE INVESTIGATION

Geologic mapping of the Carlile quadrangle, which includes one
of several uranium-producing areas in northeastern Wyoming, was
undertaken to provide a detailed geologic map that could be used
as an aid to further exploratlon for uranium deposits; to study in
detail the known uranium deposits to determine whether or not:
there are any relations among structure, stratigraphy, lithology, and -
uranium deposits; and to outline, insofar as possible, areas favor-
able for more detailed exploration for uranium. :

Fieldwork was conducted by Bergendahl and Davis during the-
summer of 1955 and by Bergendahl and Izett during 1956. The-
work included geologic mapping of the quadrangle at a scale of
1:12,000, plane-table mapping of the surface workings of the Carlile:
mine and adJacent areas, and mapping of the underground work-.
ings of the mine. :

The work was done on behalf of the Division of Raw Matemals
of the U.S. Atomic Energy Commission.
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ing the Carlile mine and to Shannon Oil Co. for permitting publi-:
cation of data on the Thorn Divide deposit. To Mr. James O.;
Harder, chief Geologist, and Mr. Robert Sargent, geologist, ofi
Homestake Mining Co., to geologists of the Atomic Energy Com -l
mission, members of Defense Minerals Exploration Administration
field teams, and to their colleagues of the U.S. Geological Survey,
the authors extend their thanks. All these people gave freely of
their time and information and cooperate fully in various phases of
the project.

The authors also gratefully acknowledge the analytical work done
by the following members of the U.S. Geological Survey: C. G.
Angelo, C. Annell, G. T. Burrow, N. M. Conklin, Mary Finch, J.
Haffty, J. C. Hamilton, Claude Huffman, H. H. Lipp, D. L. Schafer,
J. P. Schuch, James Wahlberg, and J. E. Wilson.

PREVIOUS WORK

The first systematic study of the geology of the northern Black.
Hills region was made by N. H. Darton and his colleagues. The
Carlile quadrangle was not part of any of the 30-minute quadrangles
mapped by Darton, but it was included in his regional map of the
northern Black Hills (Darton, 1909, pl. IV), which was published
at a scale of 1:250,000. The general geologic features of the Black
Hills region, many of which are represented in the Carlile area,
were described by Darton (1905, 1909) and by Dayton and O’Harra
(1905, 1907). Several years later V. H. Barnett (1915) mapped
and briefly described the geology of the Moorcroft oil field, which
includes the extreme western margin, the northwest corner, and the
southwest quarter of the quadrangle. His small-scale geologic map
shows the general pattern of outcrop and the structure of that area.
. During the period 192224 the northern and western flanks of
the Black Hills were mapped by W. W. Rubey. and his associates;
the Carlile quadrangle was included in this work. Although the.
maps were not published, Rubey has described certain aspects of the
regional geology (Rubey, 1929, 1931).

"More recently, as part of their studies of the bentomte depo:-nts
of the Missouri River basin, Knechtel and Patterson (1955) re-
mapped a part of the northern Black Hills area using stratlgraphlc
nomenclature proposed by Rubey (1931).

In 1954 and 1955, the mapping of Rubey and hlS assoclates, a.long
with that of Knechtel and Patterson, was compiled, locally modified,-
and expanded by C. S. Robinson, W. J. Mapel, M. H. Bergendahl,
and P. K. Theobald. Maps showing the geology and the major
structural elements of the northern and western flanks of the Black
Hills have recently been published (Mapel and others, 1959), and &
report on the geology of the mapped area is in preparation.
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A brief examination was made of the uranium deposits at the
Carlile mine by the U.S. Atomic Energy Commission (R. H. Olson’
and A. C. Tennissen, 1952, written communication) and by W. A.
Braddock of the U.S. Geological Survey, and uranium minerals in'
samples collected from the mine ‘v'vere described by Bodine (1954):

.GEOGRAPHY -
The upwarped rocks that encircle the central Black Hllls exert
considerable influence on the present surface features and to some:
extent on the drainage. Minor anticlines and synclines superim-;
posed on the regional dommg also are expressed by the topography>
This structural control is shown in the Carlile quadrangle ' o
The eastern half of the quadrangle is characterized by broad un-
dulating areas sloping gently to the west and dissected by canyons
cut by the Belle Fourche River and its tributaries (pl 34) Local
relief between canyons and divides is commonly 300 to 400 feet.
Green Hill, a small mesa about 250 feet higher than'the surrounding
area, is a conspicuous landmark in the north-central part of the
quadrangle. In the western part of the quadrangle, theba‘riyon and
divide surface rises abruptly to a northwestward-trending -ridge
formed by the coalescent Pine Ridge and Oil Butte anticlines. The
crest of the ridge stands as much as 500 feet higher than the flat
areas on either side. A number of short deep canyons are cut into
the steeply dipping limbs of these anticlines. In the southwestern
corner of the quadrangle, soft shale beds have been eroded into a
rolling plain that is interrupted locally by northwestward- -trending
hogbacks formed by more resistant limestone and sandstone.

Total relief in the quadrangle is about 800 feet; the altltudes
range from 3,940 feet in the valley of Cabin Creek in the northeast
corner to about 4,750 feet on the Oil Butte anticline near the west-
ern boundary.

The prmclpal stream in the area is, the Belle Fourche Rlver, which,
meanders in a general northeastward direction across -the south-.
ern and eastern margins of the quadrangle Keyhole Dam, in the
southeastern part of the quadrangle, 1mpounds the Belle" Fourche
in Keyhole Reservoir, which fills the river valley and floods. the'
lower reaches of Deer Creek, Eggie Creek, and dry tributary can-
yons along the southern boundary of the-quadrangle. Several small
tributary streams, most of them intermittent, flow southeast toward
the Belle Fourche. These include Deer. Creek Eggie Creek, Spring.
Creek, and Black Gulch Creek. Cabin Creek and Dry Cabin Creek,.
in the northeastern part, flow eastward and northeastward mto the
Belle Fourche River,

The climate of the northwestern Black Hllls area is semiarid w1th
hot summers and cold winters. The average annual precipitation
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is about 15.5 inches, measured at Keyhole Dam, in the southeast
corner of the quadrangle, and at Devils Tower, north of the quad-
rangle (U.S. Dept. of Commerce, 1951). Most of the precipitation
«occurs during the period from late spring to early fall.

The mean annual temperature, also taken from records at Key-
hole Dam and Devils Tower, is slightly more than 42°F'; tempera-
tures range from more than 100°F to less than —30°F.

Canyon rims, as well as higher ridges, northward-facing slopes,
and sheltered canyon sides support heavy stands of tall pine and
juniper. Sage brush, native grasses, and some prickly pear are
common on the flatlands. South-facing slopes and exposed canyon
sides are bare of tall trees and generally are covered with grass and
a few stunted pines.

Carlile (population: 2), near the northern boundary of the quad-
rangle, consists of a general store and a U.S. Post Office. The area
is well settled but thinly populated; the chief activities are cattle
raising, farming, and occasional small-scale logging and sawmill
operations. Much of the land is used as natural pasture, but on
the flat divides and in the valley of the Belle Fourche River, crops
such as alfalfa, wheat, oats, and corn are raised.

GENERAL GEOLOGY

The Carlile quadrangle is an area of sedimentary rocks that range
in age from Late Jurassic to Recent. The total thickness of these
rocks is about 1,850 feet. Uranium deposits occur in sandstones of
the Inyan Kara group, of Early Cretaceous age, and for this rea-
son, considerable emphasis is given to the stratigraphy and litho-
logic characteristics of this group.

The Carlile quadrangle is along a segment of the northwestern
margin of the Black Hills uplift, immediately east of the Black
Hills monocline that marks the outer limit of the uplift. The gen-
eral features of the regional structure have been described by Dar-
ton (1909, p. 62-66) and are shown on a map by Mapel and others
(1959).

The distribution of the formations, a summary of their litho-
logic characteristics, and the geologic structure are shown on plate 34.

STRATIGRAPHY

Most of the formations in the Carlile quadrangle are marine, but
outcrops of these rocks occur only along the western edge, and in a
discontinuous band extending from north to south in the central
part, and in a narrow strip on the eastern edge along the valley of
the Belle Fourche River. The rocks exposed throughout the greater
part of the quadrangle are of continental or fluviomarine origin.
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Marine deposition in Late Jurassic time is represented by the
Sundance formation. The sea receded, toward the end of the Juras-
sic period, and an environment of alternating continental and, prob-
ably, estuarine conditions prevailed well into Early Cretaceous
time. Deposition during this interval is represented by the Morri-
son, Lakota,. and Fall River formations. A return to marine con-
ditions followed the deposition of the Fall River formation and
continued, with minor interruption during Newcastle time, through-
out the remainder of the Early Cretaceous and most of the Late
Cretaceous. A thick section, predominantly of dark shales, com-
prising the Skull Creek shale, part of the Newcastle sandstone,
Mowry shale, Belle Fourche shale, Greenhorn formation, and Carlile
shale was deposited during this submergence.

The formations are conformable with two exceptlons, a discon-
formity occurs between the Lakota and Fall River formations, and
between the Lakota and Morrison formations. These disconformi-
ties represent rather brief periods of nondeposition.

UPPER JURASSIC SERIES
SUNDANCE FORMATION

The Sundance formation, which is about 350 feet thick in this
region, is the oldest rock unit exposed in the Carlile quadrangle.
The rocks of the Sundance are of marine origin and consist pre-
dominantly of greenish-gray shale with many sandstone beds, the
thicker beds persisting over large areas.

The Sundance formation in the Black Hills was first described
and named by Darton (1899, p. 387-393). Imlay (1947) subdi-
vided the formation in the Black Hills into the following members
in ascending order: Canyon Springs sandstone, Stockade Beaver
shale, Hulett sandstone, Lak, and Redwater shale members. In the
Carlile quadrangle, exposures of the Sundance formation are lim-
ited to the upper part of the Redwater shale member.

The Redwater shale member forms gentle slopes, grass-covered
and broken by outcrops of thin limestone and sandstone beds that
form resistant ledges. Locally slope wash from the overlying Mor-
rison and Lakota formations effectively conceals much of it. Soil
formed on the Redwater shale member is easily recognized by its
characteristic dark-greenish-gray color and by the presence of fos-
siliferous limestone fragments.

The total thickness of the Redwater shale member in this region
is about 175 feet. In the northeastern corner of the quadrangle,
along the lower reaches of Cabin Creek east of its junctien with-
Dry Cabin Creek, the Redwater shale is exposed on the lower slopes
above the alluvium and lower stream terraces. These exposures
continue intermittently southward along the eastern margin of the
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_ quadrangle to the mouth of Black Gulch. It is exposed locally at
lower elevations along the Belle Fourche River in secs. 10 and 11,
T. 51 N,, R. 66 W., and at the south end of the Pine Ridge anti-
cline where the river has cut its channel across the southwa,rd-
plunging anticlinal axis.

The Redwater shale member is composed of dark- -greenish-gray
glauconitic shale with several coqu1n01d limestone beds from-1 foot
to 8 feet thick that occur chiefly in the upper half. A few thin
calcareous and glauconitic sandstone beds from 6 inches to 3 feet
thick also are present in the upper part. Gray limestone concre-
tions, which range from a few inches to 2 feet in diameter, are com-
mon in the shale, and in many places the slopes are littered with
belemnite fragments that have weathered out of the shale.

The uppermost bed of the Redwater shale member is a buff-
colored, fine-grained, very friable, calcareous sandstone from 4 to 7
feet thick. Some of the quartz grains appear oolitic, owing to con-
centric deposition of thin layers of calcite around a quartz nucleus.
Most of the quartz is etched and corroded by the interstitial calcite,
and some quartz grains are almost completely replaced by calcite.
Plagioclase feldspar and chert comprise a minor fraction of the
detrital grains in the sandstone.

At two localities (sec. 35, T. 52 N., R. 66 W., and sec. 2, T. 51 N,
R. 66 W.) the buff sandstone is overlain by a bed of massive white
gypsum, which is also assigned to the Redwater. The. gypsum bed
is at least 5 feet thick and forms a narrow, northwestward-trending
lens about 600 feet wide and at least one-half mile long. In sec. 2,
T. 51 N,, R. 66 W., the gypsum can be seen to pinch out to the south.

The contact of the Redwater shale member with the Lak member
is not exposed in the mapped area. Imlay (1947, p. 260) reports
the basal contact of the Redwater as sharp, with glauconitic sand-
stone resting on the nonglauconitic redbeds of the Lak; however,
C. S. Robinson and others (written communication, 1957) state that
locally the contact between the Lak and Redwater members may
be gradational through a 2- to 3-foot interval of -interbedded, non-
glauconitic sandstone and greenish-gray shale.

The contact of the Redwater shale member of the Sundance with
the overlying Morrison formation is fairly sharp. The buff sand-
stone grades upward through a few inches to a thin crinkly lime-
stone that is the basal bed of the Morrison in this area. Where
gypsum is the uppermost unit of the Redwater, the contact with
the Morrison also is gradational but fairly sharp
. Late Jurassic marine fossils are abundant in the Redwater shale
member, and Imlay (1947, p. 262-263) has pubhshed faunal lists
from his collections in the Black Hills.



MINERAL DEPOSITS OF CARLILE QUADRANGLE, WYOMING 621
MORRISON FORMATION

‘The Morrison formation is the uppermost unit of the Upper J uras-
sic series in the Carlile quadrangle. It consists of variegated clay-
stone beds containing minor thin lenses of sandstone and fresh
water limestone. It was first described in the Black Hills by Da,r-
ton (1899, p. 393-394) as the Beulah shales.

‘'The Morrison formation forms moderately steep slopes that ex-
tend upward from the more gentle. slopes underlain by the Red-
water shale member of the Sundance. Slumped blocks of. sand-
stone from the overlying Lakota formation. commonly cover the
upper part. The soil cover is thin, clayey, and contains chlps of
weathered claystone. 3

The thickness of the Morrison ranges from 80 to 100 feet in t:he
Carlile quadrangle. It is exposed in the northeastern corner of the
quadrangle, in the eastern part in a narrow band along the valley
of ‘the Belle Fourche River, at Keyhole Reservoir, and in several
of the deeper canyons eroded into the limbs of the Pme R1dge and
‘Oil Butte anticlines.

. The bulk of the Morrison formation con31sts of maroon, green,
gray, and yellow claystone. The upper 10-15 feet .of the forma-
tion is dark-brown claystone that probably contains finely divided
carbonaceous material and, locally, as in Black. Gulch (sec. 34, T.
52 N., R. 66 W.), contains barite nodules 15 inch to 2:inches in
diameter; thin papery seams of soft yellow clay occur in the upper-
most few feet. The claystone in the upper 15 to 20 feet of ‘the
formation is noncalcareous. X-ray determinations of the.clay min-
‘erals of Morrison samples were made by A. J. Gude, 3d: Tllite,
chlorite, and montmorillonite are the major constituents of both
the calcareous and noncalcareous claystones. Calcite, quartz, and
kaolinite are present in minor and trace amounts. :

Beds of gray, subhthographm, slightly sandy limestone, less tha.n
1.5 feet thick, occur.in the calcareous part of the Morrison. The
calcite is cryptocrystalline, and the sand grains are predominantly
quartz, with minor amounts of chert and feldspar. The limestore
‘beds are distinctive in that they weather into white 1rregu1ar blocks
and nodules.

nght-gray to white, fine- gramed calcareous sandstone - lenses
‘occur in the lower one- th1rd of the formation. - In any section meas-
‘ured not more than one sandstone bed was found, and none of them
-could be traced laterally for more than a mile. The thicknesses of
the sandstone lenses range from a few inches to 8 feet; crossvedding
at angles of 4° to 12°-is conspicuous in the thicker parts. Stringers
‘and galls of green clay are common along planes of stratification.
The sand grains are quartz, with minor chert, microcline, and pla-
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gioclase feldspar; crystalline calcite is the intergranular material.
The sand grains are etched and corroded by the calcite to such an
extent that grain boundaries do.not join.

At most exposures a bed of well indurated sandy limestone, 6
inches to 1.5 feet thick, is the basal unit of the Morrison. Wavy
laminae less than 1 inch thick are characteristic of this unit. Py-
rite cubes less than three-eighths of an inch across and veinlets of
crystalline calcite are present locally

The lower contact of the Morrison is rather sharp.. An interval
of 3 to 4 inches of sandy claystone separates the wavy-laminated
limestone from the buff sandstone of the Redwater shale member of
the Sundance. Where the limestone bed is absent, the buff sand-
stone of the Redwater grades from an iron-stained layer in the top
2 inches upward through 4 inches of structureless sandy claystone
to a relatively sand-free claystone.

The upper contact of the Morrison is sharp and unconformable
at most places. The basal conglomeratic sandstone of the Lakota
formation lies on carbonaceous claystone of the Morrison with no
gadational interval. Locally, as in the SW1j4 SE1 sec. 19, T. 51 N.,
R. 66 W., the lowermost 8-5 feet of the Lakota is composed of gray,
thin-bedded, carbonaceous siltstone that weathers into platy chips.
It is underlain by 2-3 feet of gray claystone assigned to the Morri-
son. The dark-brown carbonaceous claystone unit of the Morrison
is exposed on the slopes below.

Although in the past the Morrison formation was regarded by
some as Early Cretaceous in age (Darton, 1909, p. 37), Reeside
(1952, p. 22) states that in recent years opinion is heavily in favor
of assigning the Morrison to the Upper Jurassic. Vertebrate and
invertebrate fossils have been found in the Morrison throughout
the northern Black Hills. Darton and O’Harra (1907, p. 3) and
Darton (1909, p. 40) reported dinosaur bones of Late Jurassic or
Cretaceous age in the Morrison at various localities. Darton (1909,
p. 40) also reported ostracodes belonging to the family Cypridae
from the upper part of the formation. Yen (1952) describes the
molluscan fauna of the Morrison, but none of his collections were
from the Black Hills. Robinson and others (written communica-
tion, 1957) report saurian bones, ostracodes, charophytes, and the
mollusk Unio nucalis Meek and Hayden from various exposures in
the northwestern Black Hills. In the Carlile quadrangle, Morrison
outerops yielded only a few unidentifiable bone fragments and m1-
croscopic fragments of tests, presumably of ostracodes.

. In the following four sections, measured at. various localities in
the Carlile quadrangle, the hthology of the Morrlson formatlon is
given in detail. .
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Morrison formation, NEY,, NW1, sec. 29, T. 51 N., R. 66 W., Crook County,
Wyo.
Lakota formation. Covered.
Morrison formation : ' Feet
8. Claystone, greenish-brown, carbonaceous; contains papery seams
of yellow clay in upper 1 ft; contact with Lakota formation not
exposed, but unslumped sandstone of Lakota crops out less than

2 ft above top of this interval 15
7. Claystone, variegated maroon and dark-greenish-gray; slightly
sandy in upper part 13.6

6. Claystone, variegated maroon and green, calcareous; four beds,
less than 1 ft thick, of gray sublithographic limestone that
weathers into white nodules in this interval —________________ 48.4
5. Limestone, gray, slightly sandy, massive, blocky; weathers to
white; contains green clay parting 0.1 ft thick, 0.5 £t below top- 15
4. Limestone, gray, sandy; composed of wavy laminate with green
clay partings 13
3. Mudstone, greenish-gray, calcareous, thinly laminated —__________ 11
2. Sandstone, grayish-tan, very fine-grained, calcareous, firmly ce-
mented ; composed of wavy laminae; thin limonite and calcite
veinlets at base 4

Total thickness of Morrison formation (rounded) ... ______. 81
Sundance formation, Redwater shale member (in part) :
1. Sandstone, buff, very fine-grained; grains isolated in calcareous
matrix; very friable, slightly crossbedded; contact with over-
lying unit is sharp _ 24

Morrison formation, NEYs, SEY sec. 19, T. 51 N., R. 66 W., Crook County, Wyo.

Lakota formation (in part):
12. Sandstone, light-gray, fine- to coarse-grained; contains lenses of
chert granules; forms a cliff; contact with underlying unit not

exposed 304
Morrison formation :
11. Claystone, dark-green, brown in upper part 12.0
10. Covered 23.7
9. Claystone, variegated greenish-gray and maroon; calcareous ... 11.0
8. Siltstone, greenish-gray, clayey, calcareous; contains partings of
green clay _ 4

7. Claystone, variegated maroon and green; calcareous ___________ 13.8
6.- Sandstone, light-greenish-gray, very fine-grained, calcareous, thin-
bedded, massive- cross-stratified ; green clay galls, and stringers
along bedding 8.5
5. Claystone, variegated maroon and greenish-gray; calcareous___. 217
4. Claystone, greenish-gray, calcareous; contains several beds of gray
sublithographic white-weathering limestone less than 1 ft thick;

poorly exposed 5.5
3. Limestone, gray, slightly sandy, laminated ; contains pyrite cubes,
14 in across, and veinlets of calcite , 1.2
2. Claystone, dark-gray, sandy, calcareous 38
Total thickness of Morrison formation (rounded) ————__-—_. 98

Sundance formation, Redwater shale number (in part) :
1. Sandstone, buff, very fine-grained, calcareous, friable, thick-
bedded i :

551308—61——2

24
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Morrison formation, SEY,, NEY sec. 10, T. 51 N., R. 66 W., Crook County, Wyo.

Lakota formation. Sandstone, gray, medlum-gralned
Morrison formation : ’ Feet
7. Claystone, variegated maroon, blue-gray ; calcareous in lower part;
very poorly exposed; unslumped sandstone of Lakota formation
exposed at top i 65
6. Claystone, dark greenish-gray in lower 19.5 ft; variegated maroon
and light greénish-gray in upper 8 ft; calcareous chips of con-
cretionary barite in float 27.5
5. Claystone, dark greenish-gray, calcareous; bed of gray sublltho-
graphic limestone 4 in thick at top; limestone weathers into

white nodules 2.4
4, Sandstone, light-gray, very ﬁne-g1a1ned calcareous, firmly ce-

mented .5
8. Covered ' 2
2. Claystone, greenish-gray, sandy, gypsiferous 25

Total thickness of Morrison formation (rounded) ——————-_____ 100

Sundance formation, Redwater shale member (in part) :
1. Sandstone, buff, very fine-grained, calcareous, friable to firmly
cemented; lower 1 ft contains shale partings; upper 1 ft con-
tains intergranular gypsum; upper 2 in is iron-stained; grada-
tional through 4 in with overlying unit 7.3

Morrison forma,tion, Nw1,, NW1i, sec. 15, T. 562 N., R. 66 W., Crook County,
: Wyo.
Lakota formation (in part) :
7. Sandstone, gray, medium- to coarse-grained; conglomeratlc lenses
composed of chert granules; limonite stained in lower 6-8 in;
forms a rounded cliff 254

e

Morrison formation :
6. Claystone, dark-maroon; becomes dark brown and carbonaceous
in upper 1 ft; sharp contact with overlying unit ______________ 30
5. Claystone, variegated maroon, purple, grayish-green, yellow, cal-
careous; contains several beds of gray limestone less than 1 ft
thick that weather to white nodules i 345
4, Sandstone, light-gray, fine-grained, calcareous; low-angle cross-:
bedding in middle 6 in; green clay galls 3§ in. in diameter, and
bone fragments along bedding; forms a bench . ___________ 2.5
3. Claystone, variegated maroon, grayish-green, calcareous; contains
two beds of white-weathering gray sublithographic limestone,
. 6-8 in thick : 155

Total thickness of Morrison formation (rounded) ———.—__._. 82

Sundance formation, Redwater shale member (in part):

2. Shale, dark-green and buff, silty, calcareous sandstone; thinly
interlaminated shale and silty sandstone is interbedded  with
sandstone in units 2—4 in thick - . 25

1. Sandstone, buff ﬁne-gramed calcareous, very friable; contains
scattered wavy lenses of chert less than. %% in thick;. poorly
exposed ______.___._ —~ 15

'Measured thickness of Redwater shale member —__.__._.____ 4
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LOWER CRETACEOUS SERIES
INYAN KARA GROUP

Throughout the Black Hills, the lowermost rocks of Cretaceous
age are those of the Inyan Kara group—a controversial collection of
enigmatic units with a shadowy past and an uncertain future. The
group is composed of complexly interfingering sandstones, mud-
stones, claystones, and siltstones of continental and possibly fluvio-
Jnarine origin, underlain by the Morrison formation and overlain by
the Skull Creek shale. :

The group was named by Rubey (1931, p. 5) from exposures along
Inyan Kara Creek in southern Crook County, Wyo., and he in-
cluded within it, in ascending order, the Lakota sandstone and the
Fuson formation of Darton (1901, p. 526-531) and the Fall River
formation of Russell (1928, p. 136), which he called the Fall River
sandstone.

Owing primarily to the discovery of uranium in the Inyan Kara
group in recent years, the U.S. Geological Survey has been engaged
in large-scale mapping in areas underlain by this group. The com-
plex lateral and vertical lithologic changes and the inconsistency of
the boundaries of the subdivisions as originally defined by Darton
(1901, p. 526-531) were magnified on this enlarged scale of mapping;
thus it soon became apparent to field. parties in the Black Hills that
it was impossible to retain the threefold subdivision of the Inyan
Kara group. '

As a result of a regional study of the Inyan Kara group made
by K. M. Waagé (1959) in 1955 and 1956, a twofold subdivision
was recommended, wherein the terms Fall River and Lakota were
retained, but Fuson was dropped. The present authors recognize
the twofold subdivision of the Inyan Kara group as the most prac-
tical solution from the viewpoint of the field geologist, and the re-
vised nomenclature as proposed by Waagé (1959, p. 32, 33) is adopted'
herein.

In the Carlile quadrangle, the Fall River formation is equiva-
lent to rocks that Darton and O’Harra (1907, p. 3-4) mapped as
Dakota sandstone in the adjoining Devils Tower quadrangle and
probably to part of their Fuson formation. The upper part of the
Lakota formation in this report includes beds -probably equivalent
to those that Darton and O’Harra interpreted as belonging to the
lower part of their Fuson near Cabin Creek, in the Devils Tower
quadrangle (Darton and O’Harra, 1907, p- 3). ’

I.AKOTA FORMATION

The Lakota formatlon, the . lowermost; .unit of the Inyan Kara
group, is comopsed of lenticular sandstone, claystone, and mudstone
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beds deposited in a continental environment. It was first mentioned
by Darton (1899, p. 887), who described it in more detail in a later
report (Darton, 1901, p. 526-529), although the location of a type
section was not given.

The Lakota formation is well exposed throughout much of the
quadrangle, especially in the dissected areas. The thicker sandstone.
units form rounded cliffs or steep slopes overlain by softer clay-
stone and mudstone layers that locally weather back to form benches..
The Lakota crops out almost continuously along the valley cut by
the Belle Fourche River and for considerable distances up Cabin
Creek, Dry Cabin Creek, Black Gulch, and Spring Creek. On the
southern half of the Pine Ridge anticline, the formation is ex-
posed across the crest; it is exposed also in numerous canyons eroded
into the limbs of the Pine Ridge and Oil Butte anticlines. Within
the quadrangle boundaries, measured sections of the Lakota range
from 81 to 166 feet in thickness. The thickness throughout most of
the quadrangle is between 120 and 140 feet; the formation thins
abruptly towards the southwest corner.

Within the mapped area, the Lakota was informally subdivided
into two units designated as the sandstone unit and the mudstone
unit. The distribution and generalized lithologic character of these
units are depicted in plate 35.

BANDSTONE UNIT

The sandstone unit is the basal unit of the Lakota formation in
the quadrangle. It is essentially a composite sandstone lens, char-
acteristically massive, that weathers into rounded cliffs. It ranges
in thickness from 25 to 110 feet; the thinnest part is in the SE14
NwW1, sec. 30, T. 51 N., R. 66 W. Throughout the remainder of
the quadrangle the thickness ranges between 80 and 110 feet.

In some places the sandstone unit is composed of a single sand-
stone bed ; elsewhere three or more sandstone lenses may be separated
by thin beds of fissile carbonaceous siltstone or silty sandstone. The
‘bulk of the sandstone is light gray fine to medium grained, quartzose,
friable, poorly sorted, and contains lenses composed of granules and
pebbles of chert and quartzite.. Locally, as in the SW1j sec. 15,
T. 52 N., R. 66 W., pebbles and cobbles of fine-grained sandstone
occur. The sandstone contains very little interstitial clay or iron
oxides,-and carbonaceous material is absent except in the silty part-
ings and, locally, in the finer grained part near the top. At most
exposures, the uppermost 3 to 10 feet is very fine grained, firmly
cemented, and iron stained on the weathered surface. Stratification
is thin and irregular, and sets of cross strata are abundant through-
out. - -
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A petrographic study was made of the sandstones of both the
Lakota and Fall River formations, and the details of this study are
given on pages 660-667.

MUDSTONE UNIT

The mudstone unit, which overlies the sandstone and forms steep
slopes above the sandstone cliffs, is a heterogeneous assortment of
variegated claystone, unconsolidated mudstone, and beds of very fine
grained sandstone, mostly less than 5 feet thick. The thickness of
the mudstone unit ranges from 25 to 110 feet, and it is thickest
where the underlying sandstone is thin.

The claystone beds within the unit are variegated in shades of
maroon, purple, and yellow. Locally near the base and near the
top of the unit, the claystone beds are black, owing to finely divided.
carbonaceous material. The variegated claystone beds have swell-
ing properties, and weathered slopes commonly have a “popcornlike”
surface encrustation.

X-ray determinations of the minerals of the clay-size fraction of
the mudstone unit were made by Gude. Montmorillonite and kaolin-
ite commonly were the most abundant constituents. In a few samples
a mixture of montmorillonite and chlorite or montmorillonite, chlor-
ite, and illite were the major minerals. Quartz was present in nearly
all samples in minor or trace amounts. Mica was a trace constituent
in a few samples. ‘

The sandstone beds in the mudstone unit, most relatively thin,
differ from those in the underlying sandstone unit in that they are
rarely conglomeratic, contain less chert, and locally contain abund-
ant carbonaceous material. A prominent sandstone lens, 15 to 40
feet thick, occurs in the northeastern quarter of the quadrangle.
This lens is the uranium-bearing unit at the Carlile mine and is
designated on the maps of the mine and mine area asthe upper
sandstone subunit (pls. 36 and 37). It has an area extent of about
4.5 square miles and is elliptical in plan, with the long axis trend-
ing approximately northward. This is by far the thickest and most
extensive sandstone layer in the mudstone unit.

In the lower part of the mudstone unit, beginning a few feet
above the sandstone unit and extending upward for at least 10 feet,
the unconsolidated mudstone contains highly polished pebbles and
cobbles of quartzite and chert. These are scattered randomly or
are arranged as stringers in a matrix of clay, silt, and sand. The
pebbles are dull gray to red and range from less than one inch to
more than 4 inches in maximum diameter. An assortment of these
pebbles and cobbles is shown in plate 39.

These polished pebbles and cobbles, which characteristically occur
in poorly sorted fine clastic deposits have a wide distribution in
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continental sediment of Early Cretaceous age throughout the west-
ern interior of the United States. They occur at various horizons
'in the Lakota throughout the northern and southern Black Hills
(C. S. Robinson and K. M. Waagé, written communications, 1956).
From the Cedar Mountain formation, of Early Cretaceous age, in
eastern Utah, Stokes (1952, p. 1771-1773) reports “peculiar pebbles:
known as ‘gastroliths’”; about 8 miles south of Morrison, Colo.,
Waagé (1955, p. 22) recorded in a measured section of the Lytle
formation “rare polished pebbles (‘gastroliths’)  as much as 3 inches
in diameter” in a red silty claystone near the base; and in. the
Bighorn Canyon—Ha,rdm area, Wyoming and Montana, Richards
(1955, p. 43), in describing the middle member of the Cloverly for-
mation, mentions numerous gastroliths occurring in red shale beds
that overlie the Pryor conglomerate member. -

" The upper 10 feet of the mudstone unit is composed either of
claystone or silty claystone, which is moderately iron stained. This
interval contains scattered limonite and siderite nodules or pellets,
most 1 to 2 millimeters in diameter; the pellets are more abundant
in the upper 2 or 3 feet. Locally the upper 3 or 4 feet may be
yellow or white, resembling a weathered zone, in contrast to the
variegated hues in the slopes below.

STRATIGRAPHIC RELATIONS AND AGE

The conglomeratic sandstone of the lower, or sandstone, unit rests
sharply on the carbonaceous claystone of the Morrison formation
throughout most of the-quadrangle. Locally, channels probably
were cut into the Morrison; in sec. 16, T. 52 N., R. 66 W., along
the northwest side of Dry Cabin Creek, angular blocks of gray
silty claystone, which could be of Morrison origin, are incorporated
into the lower part of the massive conglomeratic sandstone unit of .
the Lakota.

. The upper contact probably is disconformable, according to K. M, .
Waage (1956, written communication). The claystone and sﬂty'
claystone in the upper few feet of the mudstone unit commonly is.
impregnated with the sidérite pellets and may be moderately stained
with limonite. A change from claystone of the Lakota to laminated.
sandy siltstone of the Fall River formation generally is evident
immediately above the zone of leached claystone and iron accumu-
lation. C. S. Robinson and others (written communication, 1957).
cite additional information on the regional characteristics of the
Lakota~Fall River contact throughout the northwestern Black Hills.

Although no fossils were found in the Lakota in this area, remains
of ferns, conifers, and cycads have been collected by others at vari-
ous exposures throughout the Black Hills from beds probably equiva-
lent to the Lakota. These plants have been identified as Early Cre-
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taceous in age (Ward, 1894, 1899). K. M. Waagé (written com-
munications, 1957) reported unidentified ostracodes from claystone
in the lower part of the Lakota in the area near Sturgis, S. Dak.
Darton (1901, p. 527) found -saurian bones in the Lakota near
Buffalo Gap. S. Dak.

'FALL RIVER FORMATION

- The Fall River formationi is the uppermost formation of the
Inyan Kara group, and it represents a transition from the conti-
nental environment of deposition shown by the Lakota to a shallow
marine environment indicated by the black shale beds of the over-
lying Skull Creek shale. The Fall River is a sequence of relatively
évenbedded sandstone units separated by siltstone or mudstone layers
that locally are fissile. This formation differs from the Lakota in
that the lithologic units are more consistent in composmon, lateral
extent, and thickness. : .

" The Fall River formation generally is well exposed over most’ of -
the quadrangle except where it has been eroded away in the deeper
canyons and in the Belle Fourche River valley, and where it dis-
appears beneath the younger Cretaceous rocks in the southwestern
part of the quadrangle. Extending for miles along the canyon rims
is a thick ledge-forming sandstone, below which is a moderately
steep slope formed by shaly mudstone. A sandy siltstone unit at
the base of the Fall River forms a less prominent ledge below the
mudstone. The thickness of the formation ranges from 125 to more
than 150 feet in this area. It is thickest in the northeastern part
ot the quadrangle. :

The Fall River was informally subdivided into four mappable
lithologic units in this investigation. These are, in ascending order,
the siltstone unit, -the mudstone unit, the- sandstone unit, -and the
upper unit (pls. 34 and 35) ‘

SILTSTONE UNIT

The siltstone unit is the basal unit of the Fall River formation in-
the Carlile quadrangle. It is composed of a sequence of thin beds
and laminae of sandy siltstone intercalated with clayey siltstone and
claystone laminae; its thickness ranges from 22 to 38 feet. Sandy,
siltstone strata are tan:in color and range from less than 1 inch
to 5.5 feet in thickness, although most beds are less than 1 foot thick.
The clayey laminae are dark gray and do not exceed a few inches
in thickness. Wavy stratification is a distinctive feature of the
thinner bedded portions of this unit. Although planes of stratifica-
tion are undulatory, individual beds maintain a fairly uniform
thickness. These beds are cross laminated on a very small scale.
It is possible that the wavy stratlﬁcatlon is caused by supenmposedA
sets of.¢ross laminae. = '
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The uppermost beds of the siltstone unit commonly are impreg-
nated with hematite, forming a very dense hard rock that crops out
throughout much of the quadrangle as a ledge 2 to 5 feet thick.
Beds in the lower part of the unit are coated with limonite along
bedding planes.

Detrital quartz and clay are the most abundant constituents of this
unit. Mica is a conspicuous, though minor component. Carbona-
ceous material occurs as small scattered fragments in the siltstone
and as finely divided disseminations in the clayey siltstone and
claystone. v

The siltstone unit is characterized by an abundance of structural
features that resemble trails, burrows, and castings of worms or
other soft-bodied organisms. Some are narrow vertical tubes filled
with silt; most of them, however, occur along bedding planes.

Throughout most of the area the siltstone unit is fairly consistent
in lithologic character and thickness with one exception—a narrow
ribbon of sandstone that extends diagonally from the northeast to
the southwest across the quadrangle. This sandstone ribbon, which
resembles a stream channel fill, is only 150 to 250 feet wide, and
grades laterally into the siltstone along either side. The sandstone
is light gray, fine grained, friable, massive, crossbedded, and locally
contains finely divided fragments of carbonaceous material. From
the eastern margin of the quadrangle, in the NW1; sec. 35, T. 52 N.,
R. 66 W., the sandstone extends beneath Thorn Divide, bearing
about S. 75° W., to Black Gulch, where it is exposed in the SW14
sec. 34, T. 52 N., R. 66 W. Here the bearing changes to S. 40° W.
and is maintained for a distance of at least 5 miles, as shown by
outcrops seen in the tributary canyons of Spring Creek (W. 14
sec. 4, T. 51 N., R. 66 W. and the SE1/ sec. 5, T. 51 N., R. 66 W.)
and again in the SE1 sec. 18, T. 51 N., R. 67 W., on the westward-
dipping limb of the Pine Ridge anticline. Here the Fall River for-
mation disappears beneath younger rocks, and the channel fill sand-
stone is not further traceable.

MUDSTONE UNIT

The mudstone unit is a drab, slope-forming sequence of very thin
bedded sandy siltstone, silty claystone, and claystone rocks. The
coarser grained rocks are laminated; the more clayey portions are
subfissile to fissile. This unit maintains a uniform thickness of
about 45 feet throughout the Carlile quadrangle. The overall
color is dull brownish gray, although some clayey beds are black
because they contain finely divided carbonaceous material, and the
sandy beds generally are buff to brown. The sandy siltstone and silt-
stone laminae are less than 3 inches thick and commonly are cal-
careous. Locally, 25 to 30 feet above the base of the unit, iron-
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oxide-impregnated sandy siltstone crops out as a ledge about 1 foot
thick. Contacts of this unit with the siltstone unit below and
the sandstone unit above are garadational through a thickness of

about 2 feet.
: SANDSTONE UNIT ~

The sandstone unit is the most conspicuous subdivision of the
"Fall River formation in this area. It is the rimrock of the canyons
“in the eastern part of the quadrangle, and it forms steeply dipping,

dissected hogbacks along the flanks of the Pine Ridge and Oil Butte
anticlines in the western part of the area. It ranges from 30 to 52
feet in thickness, and in most places it is composed of firmly ce-
mented sandstone that weathers to a vertical cliff. Locally, in the
northeastern part of the area, two sandstone units are separated by
about 10 feet of thin-bedded sandstone, clayey siltstone, and silty
‘claystone.

The sandstone is tan to light gray. Very fine grained detrital
‘quartz is the most abundant constituent, and mica, chert, and feld-
spar occur in very minor amounts. Feathery seams of carbonaceous
material are present locally. Although the unit is thin-bedded, it
weathers as a single massive cliff. Prominent vertical joint sui‘faces
are coated with limonite, and spherical limonite concretions, as
much as 6 inches in diameter, are abundant throughout the sand-
‘stone. Spherical concretionary bodies of calcite-cemented sandstone
that range from a few inches to more than 5 feet in diameter are
‘common. The lowermost 6 inches to 1.5 feet of sandstone is ce-
mented with calcite and is crossbedded on a small scale. The upper
2 to 8 feet of the unit is slightly coarser grained and contains more
abundant carbonaceous material in the form of irregular fragments
of wood and remains of roots, which, on a weathered surface, give
the sandstone a pitted or pock-marked appearance. Locally, in the
upper 1 to 2 feet, abundant carbonaceous material colors the sand-
stone black.

" The contact of the sandstone unit with the upper unit is sharp.

UPPER UNIT

Overlying the sandstone unit is a varied interval of thin-bedded
sandstone, siltstone, and silty claystone that covers much of the
intercanyon areas. It ranges from 6 feet to more than 30 feet in
thickness, although locally it either pinches out or changes to sand-
stone indistinguishable from the underlying unit. It is thickest on
Thorn Divide, but it thins abruptly to the west, and for a short
distance along the eastern side of Green Hill it is absent. North-
west of Green Hill, the upper unit reappears for several miles, but
in the northwest corner of the quadrangle it could not be recognized.
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~Throughout the remamder of the quadrangle the upper umt has an
average thickness of about 20 feet. :

The lowermost 6 inches to 1 foot of this unit is a bed of charred
wood fragments. This bed rests on the sandstone of the underlying
unit and is overlain by soft clayey silt:and laminated brittle sandy

.siltstone with some carbonaceous, micaceous, fine-graned sandstone.
,A layer of sandstone, 2 to-6 inches thick, is the top bed of this
unit at most places. - Predommant colors in this unit are various
“shades of gray that contrast with the tan hues of the underlymg
sandstone unit.

. Lenticular fine-grained sandstone beds of vaned thickness occur
,loca.lly in this unit. -They are crossbedded on a small scale, and
some of them contain many clay galls or abundant carbonaceous ma-
terial. Along the western side of the Pine Ridge anticline, one of
these beds can be traced from sec. 13, T. 51 N., R. 67 W., northwest-
‘ward to sec. 2, T. 51 N,-R. 67 W. - From here.northwai'd,_ the bed
thickens until it makes up the bulk of the upper unit, with only
“the layer of carbonized wood fragments marking the base. At
some places the sandstone lens can be seen as fills of scours:in the
layer of carbonized wood:

The silt and clay characteristic of the upper unit are absent in
the northwestern corner of the quadrangle.  Here the. Skull Creek
‘shale is in sharp contact with an interval of silty beds, less than
‘2 feet thick, that is underlain by a massive sandstone bed that was
‘mapped as the sandstone unit of the Fall River formation. Possibly
the upper part of this sandstone is equivalent to the upper unit;
however, the layer of carbonaceous material that generally marks
_the base of the upper unit-elsewhere in the quadrangle is not pres-
ent throughout 3 square miles in this area.

" STRATIGRAPHIC RELATIONS AND AGE

The contact of the Fall River formation with the superjacent
Skull Creek shale is gradational in most places. Transitional beds
‘composed of dark-bluish-gray or dull-gray silty clay form a unit
ranging in thickness from a few inches to less than 2 feet between
-the highest micaceous sandstone that can be unquestionably assigned
‘to the Fall River and the lowest black shale of the Skull Creek.

- No fossils were found in the Fall River formation in this investi-
_gation, but W. W. Rubey (written communication) reported part of
_a scute of a crocodile (identification by J. B. Reeside, Jr.) from the
““uppermost bed of the upper Dakota” in- the south-central part of
sec. 29, T. 52 N., R. 66 W. One-half mile to the north of the
.quadrangle, in_the center of sec. 10, T. 52 N., R. 66 W., W..J. Mapel
(written communication, 1957) found the fresh water pelecypod
'Protelliptio douglassi (Stanton), identified by W. A. Cobban as of
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Early Cretaceous age. This pelecypod was collected from the lower
1 foot of the formation.

Rubey (written communication, 1957) considers the upper part of
the Fall River formation to be of marine origin, based:on plesio-
saurian remains (identified by C. W. Gilmore in- 1923) collected
from what he called in 1923 the upper Dakota in sec. 86, T. 55 N.,
R. 66 W., Crook County, Wyo., and .from a locality.5.5 miles north-
east of Upton, Weston County, Wyo. The upper Dakota, according .
to Rubey (written communication, 1957), consists of a
_widely persistent unit of relatively non-resistant, tan, regularly bedded and
"thin-bedded, sandy siltstone and sandstone that occupied the stratigraphic inter-
val, commonly about 15 to 25 feet thick, between the highest strongly resistant
ledge of “Dakota’” sandstone and the base of the black Skull Creek shale,

The following ‘measured sections of the Inyan Kara group give
additional details ‘on the thickness and lithological characteristics
of the formatlons of this group in the Carhle quadrangle

Partml section of Fall River formation, NEY, sec. 28, T. 51 N., R. 66 W.,
Crook County, Wyo. (section 1, pl. 35)

Fall River formation : . ‘
Upper unit (part) : Feet

9. Claystone, gray, fissile, silty, poorly exposed forms a slope-- 10.0
8. Carbonized wood : 1.0

Sandstone unit :
7. Sandstone, gray, fine-grained, micaceous, porous; contains
fragments of carbonized wood; grain size is gradational
from underlying unit into this unit-through a thickness of
10 ft; stained with iron oxides near top; carbonaceous ma-
terial gradually disappears downward through 3 ft; weath-
ers to pitted, rough surface; forms ledge . _______ 2.5
_ 6. Sandstone, yellowish-gray, very fine grained, micaceous, thin-
bedded, massive; cross laminated at low angle!; containg
iron oxide concretions, siltstone partings; forms cliff._____ 26.4
Mudstone unit:
5. Siltstone, dark-gray, clayey, carbonaceous; covered near top__ 46.5
Siltstone. unit (part) :
4. Ironstone (iron oxide cemented sandstone), brown, very fine
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