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GEOLOGY AND URANIUM DEPOSITS IN THE CAVE HILLS AREA
HARDING COUNTY, SOUTH DAKOTA

By G. N. Preringos, W. A. CrisHorM, and R. C. KEPFERLE

ABSTRACT

The results of field and laboratory investigations of uranium
deposits that occur locally in coal, carbonaceous clayey siltstone,
and phosphatic silty claystone in the Fort Union Formation of
Paleocene age in the Cave Hills area are presented.

The Cave Hills area includes 215 square miles of rolling farm-
land or grazing land and flat-topped timbered buttes and ridges
that rise 200-500 feet above the surrounding country. Maximum
relief is about 800 feet. The area is drained principally by
southeastward-flowing tributaries of the South Fork of the
Grand River.

The rocks exposed in the Cave Hills area are, in ascending
order, the Hell Creek Formation of Late Cretaceous age, the
Ludlow and Tongue River Members of the Fort Union Forma-
tion of Paleocene age, and the Chadron Formation of early
Oligocene age. Eocene rocks being absent, the Chadron Forma-
tion rests disconformably on the Tongue River Member. The
rocks exposed below the Chadron consist mainly of swamp and
stream deposits, together with lesser amounts of brackish-
water or near-shore-marine deposits, all of Late Cretaceous
and Paleocene age. Their aggregate thickness is about 800 feet.
A small remnant of gravel on McKensie Butte in the southern
part of the area is of probable Pleistocene age.

The Hell Creek Formation consists principally of sandstone,
siltstone, shale, and carbonaceous shale. Coal beds were not
noted in the formation. Only the upper part of the formation
is exposed, but logs of holes drilled in the area suggest that the
formation may range from 435 to 575 feet in thickness. The
contact with the overlying Ludlow Member of the Fort Union
Formation is gradational.

The Ludlow Member consists principally of gray clay shale,
greenish-gray siltstone, gray yellowish-weathering fine-grained
sandstone, coal, and minor amounts of carbonaceous shale,
carbonaceous siltstone, and phosphatic claystone. Analcite
spherulites are abundant in the upper 90 feet of the Ludlow
Member. The thickness of the member ranges from 310 to 420
feet and averages about 365 feet. The contact with the over-
lying Tongue River Member appears conformable and is marked
by a change from slope-forming interbedded shale, siltstone, and
sandstone in the upper part of the Ludlow Member to cliff-
forming massive sandstone at the base of the Tongue River
Member.

The Tongue River Member consists principally of massive,
locally crossbedded, sandstone but includes lesser amounts of
interbedded claystone, siltstone, coal, and carbonaceous shale.
The lowermost 110 feet of this member is a cliff-forming homoge-

neous sandstone sequence whose base throughout much of the
area is marked by springs. Analcite beds and spherulites are
abundant throughout this member. Locally, it contains fossil
shark remains indicative of a marine or brackish-water environ-
ment of deposition. The maximum thickness observed (about
260 ft.) is less than the original thickness of the Tongue River
Member because of erosion prior to deposition of the overlying
Chadron Formation.

The Chadron Formation consists of a basal conglomerate, very
coarse grained sandstone, tuffaceous sandstone and claystone,
silicified limestone, bentonite, and tuffaceous bentonitic clay-
stone. It does not contain coal. A maximum thickness of 50
feet was measured at the outlier that caps the south-central part
of the South Cave Hills. The surface on which the Chadron was
deposited had a maximum relief of about 60 feet. In the South
Cave Hills the Chadron Formation contains vertebrate fossils of
early Oligocene age.

A small remnant of poorly consolidated conglomerate on Me-
Kensie Butte consists of a variety of rock fragments that prob-
ably were derived from Miocene rocks in adjacent areas. The
conglomerate probably is of Pleistocene age.

In general the rocks in the Cave Hills area dip eastward and
northeastward into the Williston Basin at an average rate of
about 25 feet per mile. Locally the regional dip is interrupted by
shallow synclinal and anticlinal folds; the most clearly defined
of these folds in the Cave Hills area is a syncline trending north-
westward across the South Cave Hills. The folding is probably
of late Eocene age.

Coal occurs in beds that range in thickness from a few inches
to 21 feet and are within a stratigraphic interval of about 550
feet in the Fort Union Formation. In ascending stratigraphic
order these beds are the lower coal beds, Lonesome Pete coal
zone, coal beds B and C, and Carbonate coal zone of the Ludlow
Member and coal beds E and F of the Tongue River Member.
Those in the Ludlow Member are more numerous, generally
thicker, and of better fuel quality than those in the Tongue
River Member. Analyses of some of the coal beds indicate that
they are lignite. The ash content of the coal beds ranges from
11 to 94 percent and averages about 40 percent.

Nearly all the coal beds in this area contain at least 0.001
percent uranium, but ore-grade (0.1 percent, or more) occur-
rences are confined to the Lonesome Pete coal zone, the C coal
zone, the Carbonate zone of the Ludlow Member, and coal beds
E and F of the Tongue River Member. Discrete uranium min-
erals are meta-autunite, metatorbernite, metazeunerite, saleeite,
and sodium autunite.
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The Chadron Formation contains about 0.001 percent
uranium, and most rocks in the Fort Union Formation contain
less than 0.001 percent uranium.

The uranium content of water from springs, wells, streams,
ponds, and reservoirs ranges from less than 1 to about 2,250
parts per billion. The water samples with high uranium con-
tent were found near localities containing relatively high con-
centrations of uranium, and the uranium in the water was prob-
ably derived from leaching of the uranium deposits. The pH
ranges from 7.4 to 9.6 but apparently does not correlate with the
uranjum content of the water samples.

Analytical data on the 716 rock samples collected include 716
radiometric and chemical analyses for percent equivalent
uranium (eU) and uranium (U) and 556 chemical analyses for
percent ash (A) and percent uranium in ash (UA).

Bight stratigraphic units of the Fort Union Formation were
chosen for study of the distribution of uranium and for study
of radioactivity equilibrium relations. These units include the
coal beds, the Lonesome Pete ore zone—a phosphatic silty clay-
stone bed that occurs within the first few feet above the
Lonesome Pete coal bed—and the Carbonate ore zone—a carbona-
ceous siltstone facies of the Carbonate No. 1 coal bed. In gen-
eral, the uranium content of these units decreases stratigraphi-
cally downward. All the higher-grade-uranium occurrences
are closely related to aquifers; the lower coal beds, being far-
thest from the aquifers, contain the least uranium. The degree
of radioactive disequilibrium (U>eU or U<eU) likewise
is apparently associated with proximity to aquifers. The unit
that overlies, and the three units that underlie, the principal
aquifer are the only ones with ratios indicating an excess of
equivalent uranium (eU) over uranium (U); in all other beds
the ratio is U>eU except for one sample in the Lonesome Pete
zone which contains a small excess of equivalent uranium.
Presumably those samples with excess equivalent uranium have
been leached of some of their uranium; samples with excess
uranium have had uranium added at some time during the last
250,000 years, and samples in radioactivity balance (which in-
cludes most samples) were mineralized more than about 250,000
years ago.

The close stratigraphic association of analcite with the more
highly mineralized zones suggests that analcitization and initial
principal uranium mineralization were penecontemporaneous.
Field relations in this and adjacent areas indicate that anal-
citization occurred in post-Miocene and pre-late Pleistocene
time. Probably most uranium mineralization occurred during
the late Miocene or early Pliocene time.

The studies in the Cave Hills area indicate that pyroclastic
debris, principally in the Arikaree Formation (Miocene) and
to a lesser extent in the Chadron Formation (Oligocene), was
the source of uranium and that the uranium was leached from
the formations by ground water. Circulation of uranium-bear-
ing ground water subsequently resulted in the concentration of
uranium in favorable host rocks. The probable sequence of
Cenozoic events that resulted in the localization of uranium
deposits in the Cave Hills area is summarized in the following
paragraphs.

The Cave Hills area was the depositional site of coal-bearing
rocks of Paleocene and probably of Eocene age. Sometime be-
fore deposition of the Oligocene rocks, the Paleocene rocks were
jointed and gently folded; and erosion removed any Eocene
rocks that may have been present as well as the upper part of
the Fort Union Formation (Paleocene). The surface of erosion
formed at that time coincides approximately with the highest
parts of the Cave Hills. During this period of erosion, ground

URANIUM INVESTIGATIONS IN THE CAVE HILLS AREA, HARDING COUNTY, 8. DAK.

water circulated in some of the rocks of the Cave Hills area;
but the depth and the extent to which weathering and erosion
affected rocks in the Tongue River and Ludlow Members of the
Fort Union Formation are unknown.

During Oligocene time and again during Miocene (and prob-
ably Pliocene) time, the erosion surface was buried by slightly
uraniferous tuffaceous rocks. Uplift and erosion occurred after
each of these periods of sedimentation, and during the Pleisto-
cene as well. Some uranium may have been deposited by circu-
lating ground water during each period of erosion, but most of
it was deposited during the weathering and erosion of Miocene
rocks. Most of the uraniferous rocks tested are in radioactive
balance, which indicates that they have not been subjected to
further mineralization within about the last 250,000 years.

The samples that are now in radioactive disequilibrium indi-
cate that erosion and progressive lowering of the water table
has continued, probably intermittently, since about the middle
of the Pleistocene Epoch. During this time, uranium was
leached from mineralized rocks and redeposited ; probably little,
if any, uranium was added to the Fort Union rocks, as most of
the Oligocene and Miocene source rocks had been removed by
erosion and the remnants depleted of most of their uranium
by the beginning of late Pleistocene time. The formation of
visible uranium minerals and, locally, the complete separation
of uranium from its daughter products probably occurred in the
late Pleistocene and Recent.

INTRODUCTION
LOCATION

The Cave Hills area, in the north-central part of
Harding County at the northwest corner of South
Dakota, comprises about 215 square miles and includes
Tps. 2022 N, Rs. 4 and 5 E. The east edge of the
area is about 3 miles west of Ludlow, S. Dak. (fig. 1).

EARLIER INVESTIGATIONS

The general geology, coal geology, and structural
geology of the Cave Hills area were described by Win-
chester and others (1916) and by Baker (1952). The
occurrence of uranium in small quantities in the lignitic
coal beds of this area was discussed by Wyant and
Beroni (1950) and by Denson, Bachman, and Zeller
(1959, p. 40-44). Denson, Bachman, and Zeller (1959,
p. 30-40) first advocated the ash-leach hypothesis that
is accepted here as the most probable explanation for
the occurrence of uranium deposits in the Cave Hills
area.

Gill and Moore (1955) investigated the carnotite de-
posits at Cedar Canyon in the southern part of the Slim
Buttes area. Their conclusions on the origin of those
deposits and the source of the uranium are very similar
to those proposed in this report for the Cave Hills de-
posits. Preliminary results of the present investigation
were reported by Kepferle and Chisholm (1956, 1955)
and by Pipiringos, Chisholm, and Kepferle (1957).
White (1958) studied samples from the uranium de-
posits in a coal bed in the South Riley Pass district and
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from a uranium occurrence in another coal bed in the
southern part of the North Cave Hills. His findings
are largely applicable to the other uranium occurrences
in the area.

Denson and Gill (1965) summarized the results of
investigations begun in 1950 concerning the structural
and stratigraphic relations of uranium occurrences in
eastern Montana and in adjacent parts of North and
South Dakota. These and other general or reconnais-
sance reports on the uranium geology of the Cave Hills
and surrounding areas that have been published are
listed in the table with figure 1.

PURPOSE OF PRESENT INVESTIGATION

In the present investigation the uranium deposits in
the Cave Hills area were studied to ascertain the origin
of the deposits and the source of the uranium, The
Cave Hills area is one of several areas in the northern
Great Plains region in which uranium is known to occur
in carbonaceous rocks of the Fort Union Formation.
Information gathered in the Cave Hills area may be
applicable to the study of many of the other deposits
in the surrounding region. Deposits in the Cave Hills
are particularly advantageous for study because the
uranium is present in three types of rocks—coal, car-
bonaceous siltstone, and phosphatic claystone. Detailed
information was gathered on the stratigraphic and
structural relations of the outeropping rocks to aid in
understanding the uranium deposits. Coal is potentially
an important fuel resource in the area, aside from its
importance as a host rock for uranium, and some in-
formation is presented on the quality and distribution
of the most important coal beds; however, calculation
of coal and uranium reserves is beyond the scope of this
report.

METHODS OF WORK

Detailed geologic mapping and sampling of surface
sections and auger cuttings were done in five selected
areas in the North and South Cave Hills (pl. 1) in the
summers of 1955 and 1956. The North and South Riley
Pass districts, the Carbonate prospect, and the Lonesome
Pete mine were mapped with planetable and alidade;
the Traverse Ranch district was mapped by using aerial
photographs.

In addition, miscellaneous samples were collected,
stratigraphic sections were measured, and vertical con-
trol was established in areas adjacent to those studied
in detail. The stratigraphic sections were measured
with Brunton compass and tape measure, and the alti-
tudes were established by planetable methods and single-
base altimetry.

More than 700 lithologic samples were collected for
the purposes of chemical, radioactivity, X-ray, and
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semiquantitative spectrographic analyses and micro-
scopic examination. Most of the chemical and radio-
activity analyses made during the course of the work are
listed in tables at the end of this report under the head-
ing “Analytical data.” Results of the study of the
semiquantitative spectrographic analyses and of the
microscopic examination of samples will be given in
subsequent reports in this Professional Paper series.
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GEOGRAPHY
SURFACE FEATURES

The most prominent topographic features of the Cave
Hills area are several level-topped timbered buttes and
ridges that rise 200-500 feet above the surrounding
prairie. North and South Cave Hills, Table Mountain,
and McKensie Butte are the largest of these features.
All the flat-topped buttes are capped by thick beds of
yellow, brown, and moderate pink sandstone that make
steep cliffs 50-100 feet high. Locally, weathering of the
sandstone results in a honeycombed surface and many
small caves—from which the North and South Cave
Hills derive their name. Altitudes within the map area
range from about 3,620 feet above sea level, at the west-
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ern tip of Table Mountain, to about 2,800 feet, at the
point where Bull Creek leaves the east margin of the
area.

DRAINAGE AND WATER SUPPLY

The Cave Hills area (pl. 1) is drained by southeast-
ward-flowing tributaries of the South Fork of the
Grand River and by northward- and northeastward-
flowing tributaries of the Little Missouri River and of
the North Fork of the Grand River (fig. 1). Natural
springs are numerous in the upper part of the Ludlow
or at the contact of the Ludlow and Tongue River Mem-
bers of the Fort Union Formation along the flanks
of Table Mountain and the North and South Cave Hills.
The area also contains some water wells and artificial
ponds (pl. 1).

CLIMATE AND VEGETATION

The Cave Hills are in a semiarid region that has
an average annual rainfall of about 15 inches. Pre-
dominant vegetation includes willows, cottonwoods,
and boxelders along streams and yellow pines on top of
the buttes. Other vegetation includes grasses, scattered
patches of sagebrush, and some “buffalo berry” and
wild plum along streams and around springs.

SETTLEMENTS, ROADS, AND INDUSTRY

The Cave Hills area is populated only by the resi-
dents of small farms that occupy the valleys and the
more level parts of the area. The nearest settlements
are Ludlow and Buffalo, S. Dak., and Bowman, N.
Dak. Ludlow (population 5 according to 1960 census)
is about 8 miles east of the map area; Buffalo (popula-
tion 652) is about 22 miles south of Ludlow; and Bow-
man (population 1,780), which has the nearest railway
terminal, is about 24 miles north of Ludlow (fig. 1).
These settlements are connected by U.S. Highway 85.
Graded dirt roads leading west from Highway 85 in
the vicinity of Ludlow and a graded road leading north
from the highway at the north edge of Buffalo provide
easy access to most of the area (pl. 1).

The buttes of Cave Hills and the peripheral slopes are
a part of Custer National Forest and are used for cattle
raising. Formerly the mining of coal and lignite was a
major industry in the region, but lack of markets and
problems of transportation have caused this industry
to deteriorate in recent years.

LAND SURVEY

The base map was compiled from aerial photographs,
and land control was established from Bureau of Land
Management land plats. The Cave Hills and adjacent

747-474 0—65——2

Ab

areas in northwest South Dakota were surveyed by the
General Land Office in the period 1885-95. Most of the
section corners were marked by notched stones, but some
were marked by wooden stakes and pits. Probably
most of the stones, if not the pits, are still in place and
recognizable because many of the stones were recovered
during field mapping. Magnetic declination was 14°
E.in 1964.

Altitudes in the area were established by planetable
and telescopic alidade in a traverse extending from the
U.S. Coast and Geodetic Survey bench mark V-26 (alt.
2,975 ft; see pl. 1, sec. 85, T. 21 N., R. 5 E.) to the South
Cave Hills and thence to the North Cave Hills. From
these control points, altitudes were established on key
beds by single-base altimetry. Spot checks revealed
that most of the altimeter altitudes are within 5 feet of
the planetable altitudes. The altitudes of the U.S.
Coast and Geodetic Survey triangulation station
“Cave” (shown in fig. 10) and that of “Sheep Moun-
tain” (near the top of the small butte where strati-
graphic section 18 was measured (pl. 1)) were not avail-
able from the U.S. Coast and Geodetic Survey as of
1962. An altitude of about 3,441 feet was established
by planetable for “Cave” and an altitude of about 3,587
feet was established by altimeter for “Sheep Mountain.”

STRATIGRAPHY

The rock units exposed in the Cave Hills are, in
ascending order, the Hell Creek Formation of Late
Cretaceous age, the Ludlow and Tongue River Mem-
bers of the Fort Union Formation of Paleocene age, and
the Chadron Formation of early Oligocene age. A
small remnant of gravel on McKensie Butte in the
southern part of the area is probably of Pleistocene age.
(The remnant is too small to be shown on pl. 1.)

The rocks consist mostly of swamp and stream
deposits but include brackish-water or near-shore-
marine deposits. Their aggregate exposed thickness is
about 800 feet. The general distribution of these rocks
is shown on the geologic map (pl. 1) ; their lithology,
stratigraphic position, and correlation are shown on the
composite columnar section (fig. 2) and on the correla-
tion chart (pl. 2).

The thickest coal beds in the area are in the Ludlow
Member of the Fort Union Formation (fig. 2). The
coal beds in the Tongue River Member for the most
part are thin and impure.

Small quantities of uranium occur throughout the
Fort Union Formation, but ore-grade concentrations
(0.1 percent or more) are confined to the coal beds
E and F of the Tongue River Member and to the Car-
bonate ore zone, coal zone C, and the Lonesome Pete ore
zone of the Ludlow Member (pl. 2, fig. 2).
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TaBLE 1.—Fossils collected from the Cave Hills area, Harding County, S. Dak.
[Collected in 1955 by R. C. Kepferle and W, A. Chisholm]

Locality Stratigraphic
Collection position above Fossil identification Age
base, in feet
Sec. T.N. R.E (fig. 2, pl. 2)
Chadron Formation
[Fossil identifications by G. E. Lewis, U.S. Geol. Survey (written commun., May 14, 1958)]
F4 | SELNWHUNWY 5 20 5 10-30 | Mesohippus sp. ) Early Oligocene.
brontothere, gen. and sp. undetermined
(?) Leptomeryzx sp.
Tongue River Member of the Fort Union Formation
[Fossil identifications by D. H. Dunkle, U.S. Natl. Mus. (written commun., May 2, 1956)]

F2 | NWUNWX,NEY 32 21 5 65 | Selachii: asterospondylic vertebral centrum | Late Cretaceous
very possibly pertaining to one of the through Eocene,
isuroid (porbeagle) families of sharks.

F1 | SE4SEXSW4 10 22 5 50 | Odontaspis macrota var. striata Winkler; Paleocene through

Teleostei: indeterminate vertebrae, skull Eocene.
bones, and scales.
F3 | SELSEYSWY 12 21 5 40 | Lamna obliqua Agassiz; Late Cretaceous
Crocodilia: Indeterminate dermal scute. through Eocene.

of Harding County, South Dakota. Perhaps the Can-
nonball shoreline at times extended as far west as the
west side of the North Cave Hills where it had a north-
ward trend, because the lateral change eastward from
siltstone and shale to sandstone occurs within a few
hundred feet in that area. Stratigraphic equivalents of
the D- and E-bed sandstones persist eastward for many
miles beyond the map area where they occur as outliers
capping isolated buttes. The basal sandstone sequence
of the Tongue River Member in the Cave Hills area
may represent a beach-and-bar sandstone phase of the
Cannonball sea.

CHADRON FORMATION

The small remnants of the Chadron Formation that
cap the highest buttes in the Cave Hills area are of
early Oligocene age. The largest and thickest remnant,
which caps the south-central part of the South Cave
Hills (fig. 4), is about 50 feet thick and consists of
conglomeratic very coarse grained sandstone, tuffaceous
sandstone and claystone, bentonite, tuffaceous ben-
tonitic claystone, and silicified limestone. Other outliers
of the Chadron in the west-central part of the North
Cave Hills are lithologically similar except for the
smallest and thinnest remnant, found at the Carbonate
prospect (stratigraphic section 11, PL 2), which con-
sists of a residuum of limestone 2 feet thick and silicified
wood of a type common to the Chadron of adjacent
areas. Early Oligocene fossils collected from South
Cave Hills are listed in table 1.

Within the area of this report, the surface on which
the Chadron was deposited has a relief of about 70 feet.

Altitudes around the base of the large outlier in the
South Cave Hills range from about 3,370 to 3,380 feet
and average about 3,375 feet above sea level. The re-
siduum at the Carbonate prospect is at an altitude of
about 3,400 feet, and the northernmost small outlier in
the North Cave Hills is about 8,430 feet above sea level.

Remnants of rocks of late Oligocene, Miocene, and
Pliocene age occur in some of the surrounding areas.
Probably, rocks of similar age were also deposited in
the Cave Hills area but have since been removed by
Quaternary erosion.

QUATERNARY (?) ROCKS

Near one of the highest parts of McKensie Butte
(pl. 1, NW1,SW1/ sec. 20, T. 20 N, R. 5 E.), a poorly
consolidated conglomerate is exposed in a prospect pit
to a depth of about 3 feet. Because of the grass cover,
the areal extent and the total thickness of the con-
glomerate could not be ascertained. The conglomerate
appears not to exceed 100 quare feet in area and to be
not more than 4 feet thick. The coarser constituents
of the conglomerate are pebbles of quartzite, chal-
cedony, silicified wood, silicified limestone, and tuffa-
ceous sandstone. These rocks were probably derived
from the Arikaree Formation of adjacent areas (N. M.
Denson and J. R. Gill, oral commun., 1956), and prob-
ably are a remnant of a Pleistocene terrace deposit.

STRUCTURE

The Cave Hills area lies on the southwest flank of
the Williston basin. The area is very little deformed;

there are no faults or sharp folds, although joints are
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conspicuous in the Paleocene rocks. The rocks dip
gently northeastward at an average rate of 25 feet per
mile into the Williston basin and have only slight local
reversals of dip. These features, shown on plate 1 by
structure contours at 25-foot intervals, are generally in
agreement with the work of Winchester and others
(1916, p. 37), Rothrock (1937, p. 33), and Baker (1952,
geologic map) as well as with the previous structure
map of this area by Kepferle and Chisholm (1955,
p. 241).

As a basis for constructing the structure contours,
altitudes were established on the E-bed sandstone
throughout the North Cave Hills and on the Carbonate
No. 1 coal bed or its equivalent throughout the rest
of the area. All altitudes were then converted to the
same datum—the base of the Tongue River Member.
Well data were used in compilation of the structure-
contour map of the southeastern and west-central parts
of the area where the E-bed sandstone and the Car-
bonate No. 1 coal bed have been eroded. A thick car-
bonaceous shale near the middle of the Ludlow Member
(at the bottom of stratigraphic section 10, pl. 2) was
used to correlate between the North and South Cave
Hills. Although the sequence is predominantly car-
bonaceous shale in the South Cave Hills, it is definitely
recognizable in stratigraphic sections in the North Cave
Hills (section 9, pl. 2) where it is predominantly car-
bonaceous siltstone. This correlation allowed conver-

URANIUM INVESTIGATIONS IN THE CAVE HILLS AREA, HARDING COUNTY, 8. DAK.

sion of structure control points, established on various
horizons throughout the area, to a single datum plane—
the Tongue River-Ludlow contact.

Joints do not occur in the Chadron Formation, but
in the Fort Union Formation the more firmly cemented
sandstone beds of the Ludlow Member and the massive
well-cemented sandstone beds of the Tongue River
Member show two conspicuous sets of joints (fig. 8).
The joint pattern correlates well with direction of
stream flow (fig. 5). The trend of the most conspicu-
ous joint system approximates the trend of the syn-
cline in the South Cave Hills, suggesting that the fold-
ing of the syncline and the formation of the joints may
have been contemporaneous.

A system of sandstone dikes is exposed in prospect
pits at the Carbonate prospect (fig. 16, pl. 83C). These
dikes thin and pinch out upward. The thickest dike,
about 6 inches thick, is in the north pit. The dikes range
in vertical length from 2 to 5 feet, and they apparently
originate in the sandstone bed directly beneath the car-
bonaceous siltstone bed in which they occur (lateral
equivalent of the Carbonate No. 1 coal). In plan view
the dikes are essentially parallel to nearby joints (pl. 8¢)
and probably were intruded along former joint planes
or along planes of weakness related to the joints. In-
trusion of the sandstone dikes probably occurred after
consolidation of the Paleocene sequence in general but,
in particular, before the underlying source bed was com-

TABLE 2.—Analyses of coal samples from the Fort Union Formation, Cave Hills area, Harding County, S. Dak.
[Analyses by U.S. Bur. Mines. Form of analysis: A, as received; B, air dried; C, moisture free; D, moisture and ash iree]

Feet » Proximate Ultimate Forms of sulfur
w -
5 R
Lab- Source Member | Coal bed § s S &
oratory 2 s E ‘;6 a a a o k 83,
=) ,_gu e a 2 @ ) =2
5| g ARk §1E8|5|&8|s 88|52z 25
& g E|l8|2E|R8 g B |58 k|23 E. g1 28| wal
B A |2 |la |4 |H|S |2 |o & S| d <
F-5061 Prospect pit in the SEL4- | Tongue | E.._______ 3.6 17-20.6 | A [41.6 [23.1 [24.9 1.1 (0.12 |0.26 |0.73 | 5,680 | (53-64)
SWINWI sec. 21, T. River. C |----- 39.5 [42.7 1.9 |.19 ) .45 [1.25 | 9,720 | Lignite.
22N., R.5 E. D |-_... 48.1 |51.9 2.3 | .23 .55 (1.52 {11,810
E-83320 | USGS core hole in the |.__do..... Foo . 45 | 31.00-31.45 | A [46.0 |16.7 |20.2 0.5 |.04].27 .21 4,170 f7—51)
SEUNWILNWI4 sec. (o I 30.9 |37.4 1.0 | .07 | .50 | .39 | 7,720 | Lignite.
26, T.22N., R. 6 E. D |- 45.3 |54.7 1.4 | .10 .74 | .58 |11,300
E-83321 |..__. s [+ Y —-.do.___. Foo ... 3 |32.42-32.72 | A [41.9]20.1 [21.0 | .8 .02 .24 .49 | 4,940 | (53-61)
(o 34.6 (36.1 1.3 | .03 |.42 | .84 | 8510 | Lignite.
D |- 48.9 |51.1 1.8 .05 .59 (1.19 12,030
E-83322 |...._ dOme o __do._... Foo______. .27 | 82.88-33.15 | A |41.4 |22.8 |28.0 1.2 | .03 .47 | .71 | 6,240 | (56-68)
(o 38.9 |47.8 2.1 {.05| .80 [1.21 (10,650 | Lignite.
D ... 44.9 155.1 2.4 |.06].92 [1.40 12,290
E-83323 |--_.. [+ 1 S, —-.do._.__ Fo__.___. .52 | 33.15-33.67 | A |33.9 [17.4 [13.8 1.0 |.03 (.53 | .45 3,530 | (50-57)
C | 26.3 121.0 1.5 | .05 .81 | .67 | 5340 | Lignite.
D oo 65.5 [44.5 3.2 .11 {171 [1.42 [11,280
E-83324 [..__. A0 _.do.._.. Fo_ .. .78 | 83.67-34.45 | A [42.3 [24.4 |24.1 .6 |.0t|.06|.57 (50980 (51-67)
C feeeoe 42.3 |41.7 1.1 |.02 .08 |.99 10,360 | Lignite.
D |.... 50.4 149.6 1.3 | .03 (.10 |1.18 (12,340
E-83325 |..___ Ao ——.do.-._. E.o .. 3 | 48.80-49.10 | A [49.2 |12.9 | 4.8 .3 |.04(.10] .14 (33)
(o2 I 25.4 9.5 .6 | .09 .27
E-83326 |.-._. s (S _-do..._. B 23 | 49.97-50.20 | A |46.9 [18.1] 9.8 1.3 .07 .13 (39)
C feooe- 34.1 |18.4 | .6 |.13 .24
D ... 64.9 |35.1 12 | .2 .45
13221 Hilton mine in the | Ludlow | Lonesome | 9.2 | ..._________ A [39.8 (25.3 [23.8 .96 (50-62)
NWUSEY sec. 6, T. Pete. B [10.2 (37.8 [35.5 o144 Lignite.
20N, R.5E3. C |aoe 42,0 (39.6 1.59
D .- 51.6 |48.4 | ____|_____ - JE D IS

1 Determined by modified method.
2 Fixed carbon on the dry basis (to the nearest whole percent) and Btu on the moist
basis (in hundreds of Btu, to the nearest hundred), respectively, calculated on the

mineral-matter-free basis. Rank was determined as specified by the American
Society for Testing Materials (1939).
3 From Winchester and others (1916, p. 42, 67).
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sections 16 and 18, pls, 1, 2) it consists of carbonaceous
shale. The Carbonate No. 1 coal bed is about 20 feet
below the top of the Ludlow and occurs in Table Moun-
tain, the South Cave Hills, and McKensie Butte. It has
not been recognized in the North Cave Hills. It is gen-
erally a purplish-black-weathering carbonaceous silt-
stone, but locally it contains coal (pl. 2). The uranium
deposit at the Carbonate prospect is in the Carbonate
No. 1 coal bed (see p. A22). Thisbed is probably correl-
ative with coal bed D of Denson, Bachman, and Zeller
(1959) in the Table Mountain area and in the South
Cave Hills.

The unnamed coal bed at the base of the Carbonate
coal zone merges with the Carbonate No. 1 bed in the
vicinity of the Lonesome Pete mine (stratigraphic sec-
tion 12, pls. 2, 4; see also fig. 17). It has a distribution
similar to that of the Carbonate No. 1 bed and consists
of a coal or carbonaceous shale bed between the Car-
bonate No. 1 and C No. 1 coal beds (sections 14, 18, and
19, pl. 2). It has not been recognized in the North
Cave Hills or in Table Mountain, but it may be cor-
relative with coal bed C No. 2 in the north-central part
of the area (stratigraphic sections 2 and 8, pl. 2). The
ash content of the Carbonate coal zone, excluding the
carbonaceous siltstone facies of the Carbonate No. 1
bed, ranges from 24 to 92 percent and averages about 45
percent (tables 7, 9).

COAL BEDS IN THE TONGUE RIVER MEMBER

Only in the North Cave Hills area does the Tongue
River Member contain coal beds E and F (fig. 2).
These beds consist of thinly interbedded lignite, impure
lignite, and lignitic silty shale. They are generally less
than 1 foot thick; but, locally, as in the vicinity of the
Traverse Ranch (fig. 15, NW1/ sec. 21, T. 22 N, R. 5
E.), bed E reaches a thickness of about 4 feet, and its
quality is comparable to that of the coal beds in the
Ludlow Member. (See analyses F-5061 and 13221,
table 2.) The interval from the top of coal bed E to
the top of coal zone F averages about 80 feet.in thick-
ness (fig. 2).

Analyses, made by the U.S. Bureau of Mines, of core
samples from coal beds E and F (lab. Nos. E-83320 to
E-83326, table 2) in the U.S. Geological Survey drill
hole in the North Riley Pass district (fig. 6) indicate
that this coal is generally similar in composition and
heating value to coal in the coal bed E and coal zone F
in the Traverse Ranch district but that the coal in coal
bed E in the Riley Pass district is of considerably
poorer quality. The ash contents of coal beds E and F
range from 11 to 94 percent and average about 51 per-
cent (tables6,7).
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URANIUM

DISTRIBUTION AND SIZE OF THE DEPOSITS

Uranium has been found at several places in the
Cave Hills area. The main deposits are in the Trav-
erse Ranch, North Riley Pass, and South Riley Pass
districts, all of which are in the North Cave Hills, and
at the Lonesome Pete mine and the Carbonate prospect,
which are in the western and eastern parts of the South
Cave Hills, respectively. For convenience of discus-
sion, rock containing 0.1 percent or more uranium in
quantities of many tons shall be termed a uranium
“deposit.” All other uranium concentrations, which
may locally contain as much as 0.1 percent uranium but
in quantities of only a few tons or less, shall be termed
uranium “occurrences.”

The largest and richest deposits are in coal bed E
in the Tongue River Member and in a phosphatic clay-
stone bed just above the Lonesome Pete coal zone in
the Ludlow Member of the Fort Union Formation.
Known uranium deposits in coal bed E total about 200
acres, and those in the phosphatic claystone total about
50 acres.

In addition, fairly rich concentrations of uranium
of much smaller areal extent occur fairly commonly
in coal zone F in the Tongue River Member and in coal
zone C and the carbonaceous siltstone facies of the Car-
bonate No. 1 coal bed in the Ludlow Member.

The richest sample of uranium-bearing rock collected
in the area was from coal from coal bed E in the South
Riley Pass district; it contained 2.76 percent uranium.
Several samples from nearby parts of the same coal
bed and from coal in zone C in the Traverse Ranch and
South Riley Pass districts contained almost as much
uranium. For the most part, however, the average
grade of the larger deposits is less than 0.5 percent
uranium. Minor occurrences of uranium have been
found in other coal beds of the Ludlow Member, but
none contained more than 0.085 percent uranium.

MINERALOGY

Most of the uranium in the host rocks of the Cave
Hills area is probably in the form of organouranium
complexes (Breger, Deul, and Rubinstein, 1955, p. 226).
Uranium in this form is not visible and can be detected
only be radiometric instruments or by chemical
analyses.

Relatively minor amounts of uranium occur as visible
films and scaly masses of yellowish uranium minerals
encrusting cleat faces of the coal or more rarely as small
concretionary mineral aggregates. The uranium min-
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erals that occur in the area are, in order of decreasing
abundance:

Metatorbernite Cu(UO:)2(PO:):nH:0 [n=4-8]

Meta-autunite Ca(UO:):(PO:): nH:0 [n=214-615]

Metazeunerite Cu(UO:):(AsO.):-8H0

Saléeite Mg (UO:):(PO4):°8-10H.0

Sodium autunite Na.(UO:):(PO,): 8H:0

These minerals were identified by A. J. Gude III, of

the U.S. Geological Survey laboratory, Denver, Colo.,
with the exception of sodium autunite which was identi-
fied by E. W. White, of the Pennsylvania State Uni-
versity, Department of Mineralogy. The mineral
names and formulas are from Frondel and Fleischer
(1955, p. 184-188) and from White (1958, p. 87). X-
ray-diffraction, crystallographic, and other data were
given by Frondel (1958) and by White (1958).

URANIUM MINING

Prospecting for uranium in the Cave Hills area be-
gan about 1950. Potential commercial deposits were
reported in 1954 when autunite-bearing lignite was
discovered in coal bed E of the Riley Pass district.
Shortly afterward, uranium deposits were discovered
in carbonaceous siltstone beds at the Carbonate prospect
and in phosphatic claystone beds at the Lonesome Pete
mine. Later, in 1955, sporadic occurrences were re-
ported from coal zone C along the west margin of the
North Cave Hills. Prospecting of this zone was con-
centrated in the Traverse Ranch district (fig. 15).
Abandoned workings along the southeastern slopes of
Table Mountain and in the isolated buttes near the
southern tip of Table Mountain indicate that some
uranium concentration was also found in a zone that
is probably correlative with coal zone C of that area.
From 1954 to 1956 (when the area was last visited by
the authors) several truckloads of mineralized rock
was mined, mostly for assaying; and several acres was
prospected by trenching, stripping, and shallow core
drilling.

LOCALIZATION OF URANIUM

The localization of uranium in the Cave Hills area
requires (in addition to the presence of suitable host
rocks) access to the host rocks for circulating uranium-
bearing ground water. General ground-water move-
ment depends on the structural attitude, whereas local
ground-water movement depends on differential perme-
ability of aquifers. Structural and stratigraphic con-
trols are closely interdependent, and it is difficult to say
which predominates.

Inspection of plate 1 shows that most of the districts
containing relatively rich uranium concentrations are
on the flanks of synclines, but smaller folds revealed by
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5-foot contours in the North and South Riley Pass dis-
tricts (figs. 6, 10, 12, 14) show no consistent relations
to uranium concentration. Uranium deposits occur
near crests of anticlines in the western and eastern parts
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