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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
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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
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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-
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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
of the South Riley Pass district (figs. 12, 14) ; but they
are also found in the troughs of synclines in the western
(fig. 12), in the central (fig. 13), and eastern (fig. 14)
parts of the district.

In the Traverse Ranch district, the principal struc-
tural feature is the depression whose lowest part is out-
lined by the 8,175-foot contour (pl. 1, fig. 15). This
district contains more springs per unit area than any
other part of the Cave Hills. Data on plate 1, which
shows all the water-sample localities, suggest that the
next largest concentration of springs, on the north side
of the North Riley pass district, occurs in another part
of the structural depression. Most of the uranium oc-
currences in the Traverse Ranch district lie within or
near this structural depression ; but, inasmuch as the re-
lation to structure of other such uranium occurrences
along the west margin of the North Cave Hills is un-
known, this relation may be coincidental.

The close relations of uranium deposits to the strue-
ture and permeability of enclosing rocks are illustrated
in sections A—A’ and B-B’ of the central part of the
South Riley Pass district (fig. 13). Section A-A’
shows uranium deposits in coal that are not only under-
lain by the E-bed sandstone but also are bounded lat-
erally by sandstone bodies within the coal bed itself.
One of the sandstone bodies interfingers with and grades
laterally into the coal. The other sandstone body is a
well-defined ridge that is in sharp contact with the coal.
The ridge was formed prior to the deposition of the coal,
probably by current action, and may have variable
permeability that allowed uranium-bearing solutions to
flow in restricted directions. The permeability-barrier
effect of the sandstone ridge on the distribution of the
uranium deposits is well illustrated in the central part
of the South Riley Pass district (loc. 23, fig. 13) where
the uranium deposits end abruptly against the south
side of the ridge. For another part of the same district
(near locs. 61, 68), section B-B’ shows that the uranium
content of the coal ranges from less than 0.1 percent
where it underlies sandstone to as much as 1 percent
where it underlies shale. These relations suggest that,
at this locality, uranium-bearing solutions moving
laterally through permeable sandstone met impermeable
shale and were forced to pass through the coal bed itseif ;
thus the coal was more intensively mineralized here than
where the solutions were free to pass through the perme-
able sandstone overburden.

Another example of the close interdependence of
structural and permeability controls on the localization
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of uranium concentrations is found at the Carbonate
prospect. This prospect is on the north side of a syn-
cline (pl. 1). Smaller structural features associated
with uranium occurrences are joints and several small
sandstone dikes. The dikes originate in the sandstone
bed directly beneath the Carbonate No. 1 coal bed, cut
vertically through the host rocks, and pinch out in the
overlying sandstone bed (fig. 16, middle and lower).
The close relationships of the sandstone dikes with
uranium and certain elements associated with uranium
are shown in the cross sections of the pits, plate 34.
These relations suggest that uranium-bearing ground
water entered the host rocks through the dikes.
The sharp decrease in uranium content of samples
only a few feet away from the dikes further sug-
gests that the relative impermeability of the host
rocks prevented the wuranium-bearing ground water
from penetrating the host rocks farther. It is unlikely
that uranium occurrences associated with sandstone
dikes will be found in commercial quantity. Sandstone
dikes are scarce; even where they may occur in other
host rocks such as coal or phosphatic claystone, which
are no more permeable than the carbonaceous siltstone
of the Carbonate prospect, the mineralization of such
host rocks will probably be as localized as it is at the
Carbonate prospect.

Study of the radioactivity-equilibrium status in sam-
ples from various stratigraphic units indicates that
leaching of uranium also is closely associated with
structural and permeability controls. For example,
samples from coal bed E in the Traverse Ranch and
North Riley Pass districts and in the western part of
the South Riley Pass district contain the greatest per-
centage of disequilibrium both in favor of equivalent
uranium and in favor of uranium. These areas are near
anticlines or synclines. Samples from coal bed E in
the central and western parts of the South Riley Pass
district show the smallest percentage of radioactivity
disequilibrium. These areas are not near well-defined
structural features.

The close relations of the radioactivity-equilibrium
status of uranium deposits and occurrences to permea-
bility and stratigraphic position of the enclosing rocks
are discussed in detail under the heading “Radioactiv-
ity-equilibrium status of samples from different strati-
graphic zones.”

DESCRIPTION OF THE URANIUM DEPOSITS AND
OCCURRENCES

The uranium deposits and occurrences are here
grouped for discussion according to the lithology of the
host rock. Because deposits in coal are the most numer-
ous, they are described first, followed by descriptions of
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deposits and occurrences in carbonaceous siltstone, phos-
phatic claystone, and all other lithologies. Deposits and
occurrences in coal are further grouped according to
their stratigraphic position, the youngest and largest
being described first. In general, the richer deposits
are stratigraphically higher, and the less mineralized
occurrences are successively lower.

URANIUM IN COAL

COAL BEDS E AND F

NORTH RILEY PASS DISTRICT

The North Riley Pass district is in the east-central
part of the North Cave Hills (pl. 1). The areal dis-
tribution of coal beds E and F in the district, the struc-
ture of the coal bed E, and the distribution of uranium
in the coal bed E are shown in figures 6 and 7. Assay
data shown in figure 7 as well as the structure-contour
data are taken principally from study of drill cores,
but they include data from several surface prospects.
In addition to the sample localities shown in figures 6
and 7, coal bed E was sampled in adjoining districts
to the north and east of the North Riley Pass district,
as listed in table 7 (samples 5-63).

The meager information available on coal zone F in-
dicates that mineralization is restricted in area, princi-
pally because of erosion of the zone. It is improbable
that valuable uranium deposits will be discovered in
coal zone F. Samples of zone F from five core holes
contained from a trace to as much as 0.33 percent ura-
nium (core hole R-24). A sample from coal zone F in
one other core hole (R—48) contained 0.1 percent ura-
nium. The thickness of the coal tested ranged from 0.7
to 1.5 feet.

According to Schopf and Gray (written commun.,
December 1956), coal zone F in the USGS core hole
(fig. 6) is about 3.5 feet thick and has an average
uranium content of about 0.02 percent. The lower part
of the principal coal bed in zone F (comparable to that
part of zone F just described) is about 1.6 feet thick
and averages about 0.024 percent uranium. The upper
few inches of this zone contains 0.11 percent uranium;
the rest contains considerably less than 0.1 per-
cent. Two samples collected from coal zone F in the
district adjacent to the North Riley Pass district on the
north (samples 1, 2, table 7) contain 0.22 percent and
0.027 percent uranium, respectively, and the average
thickness of the bed is 0.25 foot at those localities. Un-
identified uranium minerals visible locally in coal zone
F are probably similar to uranium minerals that have
been identified in coal bed E.

Coal bed E is generally less than 1 foot thick and con-
tains an average of about 0.2 percent uranium in the
North Riley Pass district (samples 10-18, table 7; com-
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FIGURE 6.—Geology of the North Riley Pass district. Kntire area shown isin Fort Union Formation. Coal bed E rests directly on a cliffi-forming
sandstone whose top is about 110 feet above the base of the Tongue River Member of the Fort Union Formation. (See stratigraphic section
5, pl. 2.) Planetable survey by G. N, Pipiringos and W. A. Chisholm, 1956.

pany data, fig. 7). Channel samples from adjacent dis- The principal visible uranium mineral in coal bed
tricts (samples 19-63, table 7) indicate that the thick- | E in the North Riley Pass district is meta-autunite,
ness of the bed ranges from 0.1 to 2.2 feet and averages | which occurs mainly as thin films on the cleat faces of
about 1.25 feet. The uranium content ranges from 0.003 | the coal and was first recognized by Gill (1954b, p.
to 0.85 percent and averages about 0.13. 149). Metatorbernite is apparently a minor constituent
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F1GURE 7.—Structure contours and variation in grade of uranium deposits in coal bed E, North Riley Pass district.

Chemical assays supplied in

part by Homestake Mining Co. and by Peter Kiewit Sons’ Co. (See fig. 6.) Planetable survey by R. C. Kepferle and W. A, Chisholm, 1955.

among the visible uranium minerals; it was identified
in only one sample from the north-central part of the
North Riley Pass ‘district.

TRAVERSE RANCH DISTRICT
The Traverse Ranch district is in the northwestern
part of the North Cave Hills (pl. 1). Coal zone F is

absent in this district. Coal bed E, although present,
was not studied in detail. Locally coal bed E is as much
as 4 feet thick, but it probably averages less than 1
foot in thickness. Several samples collected from coal
bed E in the vicinity of the Traverse Ranch district
(samples 5-9, table 7) contain from 0.004 to 0.41 per-
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cent uranium and average about 0.084 percent. This
average may not be representative for this district, in-
asmuch as considerable excavating was in progress at
the close of the 1956 field season and several tons of
mineralized rock had already been strip mined from
bed E. Uranium minerals are visible in coal bed E in
this district, but they were not identified.

SOUTH RILEY PASS DISTRICT

The South Riley Pass district is in the east-central
part of the North Cave Hills (pl. 1). A southeastward
view encompassing all the South Riley Pass district is
shown in figure 8, and a northeastward view of Riley
Pass is shown in figure 9. The areal distribution of
coal beds E and F in the South Riley Pass district, the
structure of coal bed E, and the general distribution
of uranium deposits in the coal bed E are shown in
figures 10 and 11.

The rectangular areas on figure 11 show the location
of the subareas here referred to as the western part (fig.
12), the central part (fig. 13), and the eastern part (fig.
14) of the South Riley Pass district. The maps of these
subareas show the structure of coal bed E and the varia-
tion in grade of its uranium deposits. Hand-auger holes
were drilled at 25-foot centers, and samples were col-
lected at the numbered localities. Analyses of the sam-
ples from the western, central, and eastern parts of the
South Riley Pass district are listed by map-locality
number in table 6.

In the South Riley Pass district, the thickness of coal
bed E ranges from 0.2 to 1.6 feet and averages 0.8 foot.
The uranium content of the coal bed ranges from 0.002
to 2.76 percent. The uranium content of the samples
from the western, central, and eastern parts of the dis-
trict averages 0.3, 0.26, and 0.53 percent, respectively.

The most common uranium mineral in the South
Riley Pass district is metatorbernite. It was identified
by X-ray techniques in samples collected in the central
part of the district at or near localities 14, 17, 20, 31, 36,
37, and 61 (fig. 13) and in samples from localities 20,
25, 31, and 32 in the eastern part of the district (fig.
14). The analyst noted that the X-ray patterns of
metatorbernite and metazeunerite are nearly identical
and that minerals from some of these localities may be
metazeunerite.

In addition to the above, the mineral saléeite was
identified from locality 14, figure 13, and meta-autunite
was identified from locality 14, figure 14. White (1958,
p. 18, 38) collected samples from coal bed E in the
western and central South Riley Pass districts and
from the flat-topped butte in the NW1,NE14 sec. 36,
T. 22 N, R. 5 E. He identified the mineral sodium
autunite as a new member of the torbernite-metatorber-
nite series.

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

CARBONATE COAL ZONE

The uppermost bed of the Carbonate coal zone, the
Carbonate No. 2 coal bed, contains only minor uranium
occurrences; and it includes visible uranium minerals
only at the Carbonate prospect. There (stratigraphic
section 11, pls. 1, 2) it contains a maximum of 0.012
percent uranium. At the top of the first spur south-
east of the Carbonate prospect and at stratigraphic
section 19, this coal bed exceeds 4 feet in thickness but
probably contains considerably less than 0.012 percent
uranium. At the Lonesome Pete mine (stratigraphic
section 12, pls. 1, 2) this bed contains only local occur-
rences of uranium, and these have maximum uranium
concentrations of 0.053 percent.

The Carbonate No. 1 bed consists mostly of carbona-
ceous siltstone. Samples from the Carbonate prospect
and vicinity, where the Carbonate No. 1 bed is mostly
coal, contain a maximum uranium content of 0.056
percent. Except in the Carbonate prospect pits, the
carbonaceous siltstone facies of this bed generally con-
tains less than 0.01 percent uranium. (See columnar
sections 1-10, pl. 3D.) These uranium occurrences in
the Carbonate No. 1 bed are discussed in the section on
“Uranium in carbonaceous siltstone.” The unnamed
lowest coal bed in this zone, found only at the Carbon-
ate prospect and at the Lonesome Pete mine, contains
less than 0.03 percent uranium.

COAL ZONE C

Coal zone C contains sporadic uranium occurrences
in an area extending from the vicinity of the Traverse
Ranch southward along the western margin of the North
Cave Hills to the vicinity of stratigraphic section 7 near
the south end of these hills. Although selected samples
from coal zone C (samples 18T, table 6, and 85B, table
7) contain 2.5 and 1.9 percent uranium, respectively, the
rest of the samples average about 0.04 percent uranium.
The average uranium content of all the samples col-
lected from coal zone C is about 0.11 percent. Samples
84, 85T, and 85B (table 7) illustrate the erratic dis-
tribution of uranium. Sample 84 is a channel sample
of a 1.4-foot-thick coal bed that contains 0.015 percent
uranium. Six feet away, a small but strongly radio-
active area was discovered at the base of the bed by
means of a scintillation counter. Sample 85T from the
upper 1-foot of this area contains 0.07 percent ura-
nium, and the strongly radioactive area (sample 85B)
contains 1.9 percent uranium. Samples 82 and 82a
from a nearby locality also illustrate the unpredictable
distribution of uranium in this coal zone.

Very little is known about coal bed C No. 2. Locally,
it is as much as 4 feet thick, but the average thickness
is probably considerably less. The uranium content of
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URANIUM IN PHOSPHATIC CLAYSTONE

LONESOME PETE MINE AND VICINITY

The Lonesome Pete mine is at the northwest corner of
the South Cave Hills (pl. 1). The deposit is in a bed of
phosphatic silty claystone, generally less-than 5 inches
thick, that occurs from a few inches to 2 feet above the
Lonesome Pete coal zone and about 90 feet below the top
of the Ludlow Member. The areal extent of the deposit
probably does not exceed 50 acres. The phosphatic clay-
stonebed is referred to locally as the Lonesome Pete ore
zone; it is a “uranium deposit” as that term was previ-
ously defined under the heading “Uranium.”

The Lonesome Pete ore zone was sampled principally
in auger holes drilled at 25-foot centers and at several
surface localities in the Lonesome Pete mine (pl. 40, fig.
17). 1In addition, several samples were collected from
nearby localities in the surrounding area (pl. 48, D).
Study of the samples revealed that the host rock con-
tains almost as much silt as it does clay and that analcite
spherulites and amorphous carbonate fluorapatite are
abundant. In addition, nodules and well-formed crys-
tals of marcasite are common; and some dolomite is
present as indicated by X-ray data.

Chemical analyses of the samples indicate that the
phosphate content of the deposit (P:Os in the carbonate
fluorapatite) ranges from about 0.1 to 17 percent and
averages about 1.2 percent, and that the uranium content
ranges from 0.007 to 0.6 percent and averages about 0.16
percent uranium (table 9). A sample containing 0.5
percent uranium was leached of apatite and analcite
(which formed 25 percent of the sample) and was re-
analyzed. It then contained only 0.014 percent ura-
nium. X-ray spectrometry indicated that the residue
consisted of quartz, hydromica, and a trace of uniden-
tified minerals (lab No. 143365, United States Geol.
Survey lab., Washington, D.C.; analysts, William Vir-
gin and Jerome Stone). In another sample the ura-
nium was equally divided between the analcite and the
apatite. In still other samples the uranium was asso-
ciated principally with the carbonate fluorapatite (Kep-
ferle and Chisholm, 1956, p. 251).

The foregoing statements suggest that the apatite and
the analcite contain most of the uranium in the Lone-
some Pete ore zone. This suggestion is partially sup-
ported by the parallelism in the distribution of the phos-
phate and the uranium in the Lonesome Pete mine (pl.
44). Uranium minerals are scarce in the Lonesome
Pete district. Metatorbernite was identified in one sam-
ple from the vicinity of columnar section 5 (pl. 47).
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No other uranium minerals were identified from this
district.

The extent of the Lonesome Pete ore zone is uncer-
tain, but it is known from the vicinity of columnar sec-
tion 1 to the vicinity of columnar section 5, a distance
along the outcrop of about 2,000 feet. Holes drilled by
private companies are reported to have penetrated the
mineralized zone at localities near the trail (pl. 4D) that
passes northeast of the Lonesome Pete mine. The ex-
tent of the Lonesome Pete ore zone still farther eastward
isunknown.

URANIUM IN OTHER ROCKS

To determine the geographic and stratigraphic dis-
tribution of uranium, samples were collected from rocks
overlying or underlying uranium-rich beds and from
localities and stratigraphic units not known to contain
ore-grade material. The analyses and the sources of
these samples are listed in table 12. This information
is useful in calculating the general level of uranium
concentration in the potential uranium host rocks and
in some of the possible uranium source rocks in this
area. A few samples contain significant amounts of
uranium. Most of these samples were collected near
larger uranium occurrences or near deposits already
described. In addition to the analyses reported in table
12, many other analyses are given by Denson and Gill
(1965) for similar rocks in nearby areas.

LUDLOW MEMBER OF FORT UNION FORMATION

Most samples from the Ludlow Member were collected
near uranium deposits and occurrences and therefore do
not represent typical unmineralized rocks of the Ludlow
Member of the Cave Hills area. The analyses of these
samples are listed in tables 8 and 10 according to the
districts from which they were collected. All except
two samples were from either the Carbonate prospect
or the Lonesome Pete district. The uranium content
of the 48 samples analyzed ranges from 0.001 to 0.15
percent and averages 0.013 percent. Only four samples
contain 0.002 percent or less uranium. Nearby uranium
deposits indicate a favorable environment for concen-
tration of uranium in these districts inasmuch as core
samples of the Ludlow from the Slim Buttes district
area contain an average of only 0.002 percent uranium.

Two samples of mineralized sandstone (samples 21,
22, table 10) were collected from a pit dug in the north
slope of a canyon cut into the eastern margin of the
North Cave Hills (NW14,NE1,NE1, sec. 22, T. 22 N.,
R.5 E.). No visible uranium minerals were found in
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FIGURE 13.—Structure contours and sections of the central part of the South Riley Pass district, Harding County, S. Dak., showing

variation in grade of uranium deposits.
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values were from localities close to known ore-grade
uranium occurrences. The uranium in the ground
waters and in the surface waters probably was leached
from the deposits. The waters are moderately alkaline,
but no correlation seems to exist between the pH and
the uranium content of samples.

RADIOACTIVITY EQUILIBRIUM IN SAMPLES

Chemical and radiometric analyses of samples from
the Cave Hills area show a large percentage of the sam-
ples to be in radioactivity disequilibrium. A study of
the relation of uranium to its radioactive daughter
products in deposits at different stratigraphic levels
suggests the origin of the deposits, the source of the
uranium, and the time of mineralization.

The radioactivity of samples from the Cave Hills
area probably is entirely due to the daughter products
of uranium 238, thorium 230 and radium 226, and to
the daughter product of uranium 285, protactinium
231. These radioactive uranium daughter products
have been detected in Cave Hills samples (table 4, this
report; White, 1958, p. 67). Other radioactive daugh-
ter products of these parent elements, with the excep-
tion of radon 222, which is discussed with total
equivalent-uranium—uranium ratios, need not be con-
sidered because of their short half lives (Rosholt, 1959,
fig. 1). Thorium 232 and potassium 40 also decay to
radioactive daughter products, but neither element has
been detected in any of the uranium-bearing coal
samples analyzed from this area (J. N. Rosholt, Jr., oral
commun., 1958); and their daughter products, there-
fore, are assumed to be absent.

The reported uranium includes three isotopes, 123,
its daughter product U+, and U25. The last-named,
though not a daughter product of U2, normally
“will remain in constant abundance with [z * * *»
(Rosholt, 1959, p. 2), and it makes up only 0.7 percent
of the total uranium present (Thode, 1954, p.144). The
radioactive decay series of U?*® and U%* normally may
be expected to be in equilibrium in unaltered uranium-
bearing samples. Rocks containing an excess of equiva-
lent uranium (eU) over uranium (U) have been sub-
jected to processes other than spontaneous radioactive
decay, and either have had daughter products added
after the rock had achieved equilibrium or have had
uranium removed. In rock containing an excess of
uranium over equivalent uranium, radioactive daughter
products have been removed after the rock achieved
equilibrium or uranium has been added to the rock and
has not yet reached equilibrium with its daughter prod-
ucts. Literature concerning the relative solubility of
uranium and its daughter products is scant, but it re-
veals that uranium compounds are more soluble than
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compounds of daughter products responsible for the
radioactivity reported as equivalent uranium. There-
fore, where disequilibrium exists between equivalent
uranium and uranium, it is probable that uranium
compounds have been dissolved and moved in solution
away from the locality of original deposition (eU>TU)
or that uranium compounds have been deposited out of
solutions and have not yet reached -equilibrium

(eU<TU).

Rosholt’s (1957, 1959) preliminary studies of radio-
activity disequilibrium indicate that:

1. Uranium deposited under conditions approximating
those under which the Cave Hills coal beds prob-
ably were mineralized would normally attain equi-
librium in about 250,000 years.

2. Samples showing an excess of uranium probably
have had uranium added rather than daughter
products removed.

3. Samples showing an excess of equivalent uranium
probably have had uranium removed rather than
daughter products added.

Theoretically the time in which uranium would
achieve equilibrium with its daughter products is about
500,000 years. In practice, however, the exact quanti-
ties of uranium and daughter products cannot be de-
termined. Rosholt (oral commun., 1959) conserva-
tively estimated that analytical errors prevent correctly
determining degrees of equilibrium beyond 90 percent.
Thus, the figure 250,000 years used in this report is more
realistic with regard to analytical results.

Figure 18 shows the rate of growth and the rate of
decay of the longer lived daughter products of uranium
238—thorium (Th2%®) and radium (Ra?**)—and of
uranium 235—protactinum (Pa2!). The half life of
U=e (4.5 billion years) is about 56,000 times longer
than the half life of its daughter product Th*° (80,000
years) and about 2.8 million times longer than the half
life of its daughter product Ra??® (1,622 years). There-
fore, the quantities of daughter products in a sample
in radioactive balance would be extremely small com-
pared to the quantity of the parent uranium. For that
reason, it is more convenient to speak of equivalent
rather than actual daughter-product quantities. Thus,
in figure 38, eTh?* means that amount of U?*® which
would be in equilibrium with a given amount of Th*°.

The isotope-ratio scale at the left of figure 18 repre-
sents, in effect, percent equilibrium. In those samples
containing an excess of uranium over daughter prod-
ucts, if the original quantity of uranium and daughter
products has not been changed by processes other than
spontaneous radioactive decay, the ratio of the indi-
vidual daughter products to their parent can be used
to determine the age of uranium deposition.
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TaBLE 4.—Radiochemical analyses and age determinations of uranium mineralization in seven samples from coal bed E in the central
.part of the South Riley Pass district and from the North Riley Pass district, Harding County, S. Dak.
{Analyses of radioactive daughter products by J. N. Rosholt, Jr., U.S. Geol. Survey Lab., Denver, Colo.]

Age of uranium mineralization
Analyses, in percent
Locality Labora- Isotope ratio Age, in years, on the basisof ! ;
tory No.
Uin eUin ePat eTh20 eRa?6 eRn22 ePbh21o ePa23l eTh?20 eRa8 Pat Tha0 Ras
sample sample U U U

178 ol 237052 1.17 0.99 2.08 2.02 1.96 0.89 (U1 S SR SO ORI (NP VIR U
17b 237053 .43 .24 .30 .21 .20 .12 .19 0.70 0.49 0.47 60, 000 78, 000 76, 000
glg - §7048 2. gg 1.24 3. gg 4. g; 3. %} 1. gﬁ 1. g ............................................................
1b__ 7049 . . . . . . RT3 PO S S SN S S
6le_.. 237050 =22 .12 077 . 055 .057 05 . 091 35 .25 26 22, 000 34, 000 38, 000
61d 237051 . 046 . 037 . 058 .038 .038 03 084 | .83 83 |oocn 200, 000 210, 000
GSD-580 2. 223487 4.2 2.3 3.96 3.51 3.85 1.78 0 94 .84 92 | 140,000 | 210,000 290, 000

1 Determined from figure 18.

2 From Rosholt (1959, p. 25).

The fact that a sample with excess uranium will
achieve equilibrium in a given time is fairly well
known; somewhat less obvious is the fact that a sam-
ple with excess equivalent uranium will achieve radio-
activity equilibrium in the same length of time. If a
sample were to have all of its uranium leached, all of its
radioactive daughter products would disappear in
about 500,000 years. Similarly in a sample leached of
only part of its uranium, the excess amount of radio-
active daughter products would disappear in about
500,000 years, and again the sample would be in equi-
librium.

Analyses of radioactive daughter products in one
sample (GSD-580) from coal bed E in the North Riley
Pass district were reported by Rosholt (1959, p. 25).
These analyses together with analyses of six additional
samples are shown in table 4. Samples 17a, 61a, and
61b are actually uranium deficient according to the iso-
tope analyses, although radiometrically they appear to
be in disequilibrium in favor of uranium; and they
cannot be used for determinations of the age of uranium
mineralization. The rest have an excess of uranium;
and their age determinations, based on the ratio of
equivalent isotope to uranium, are shown in the right
half of table 4. Samples 17a, 61a, and GSD-580 con-
tain uranium minerals coating analcite spherulites and
fracture surfaces in the coal.

Geologic evidence discussed under the heading “Ori-
gin of the uranium deposits and source of the uranium”
indicates that the principal uranium mineralization
took place in late Miocene or early Pliocene time and
that there have been minor periods of mineralization
since. Therefore, it is probable that the ages of min-
eralization shown in table 4 are those of secondary
enrichments of uranium that took place at various in-
tervals throughout late Pleistocene time.

The amounts of radon (Rn???) and of its daughter
product lead (Pb2'°) are small in all these samples

(table4). Some of the radon undoubtedly was removed

from the coal by weathering, but most of it probably was
lost during the grinding of the samples preliminary to
analysis. Radon loss results in lowered apparent radio-
activity in the sample so that some samples apparently
in disequilibrium in favor of uranium are in reality in
balance or may be uranium deficient, as are samples 17a,
61a, and 61b. The equivalent-uranium—uranium ratio
in the seven samples under consideration does not ex-
ceed 2. Yet in four samples of the seven, apparent
equivalent-uranium-uranium relationships are real.
Thus most of the samples in tables 6, 7, 8, and 9 that
reportedly contain an excess of uranium over equivalent
uranium probably do contain an excess of uranium,
particularly when the uranium content exceeds the
equivalent uranium content by 2 or more times. In-
asmuch as radon loss is not significant in samples that
contain an excess of equivalent uranium, it is probable
that radon loss does not seriously affest general con-
clusions drawn from overall equivalent-uranium-—
uranium relations as illustrated in most of the figures,
such as in figures 2023 which are discussed in the last
part of this section.

To summarize the preceding discussion, the following
conclusions seem valid:

1. Disequilibrium in rocks is the result of enrichment or
leaching of uranium rather than of its daughter
products.

2. Rocks in which U=eU were mineralized more than
about 250,000 years ago and have not been sub-
jected to either leaching or enrichment of uranium
content within the last 250,000 years.

3. Rocks in which U>eU either were mineralized more
than about 250,000 years ago and have been en-
riched in uranium approximately within the last
250,000 years, or the uranium was deposited within
the last 250,000 years and has not reached
equilibrium.

4. Rocks in which eUU>TU have been leached of uranium
within the last 250,000 years.
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RELIABILITY OF RADIOMETRIC AND CHEMICAL
ANALYSES

Radiometric and chemical analyses for equivalent
uranium and uranium were made for all 716 samples
collected in the Cave Hills. Of these samples, 556 were
also chemically analyzed for percent ash (A) and per-
cent uranium in ash (UA). Inasmuch as the validity
of several lines of reasoning and conclusions presented
in the succeeding pages depends on the state of equiv-
alent-uranium—uranium disequilibrium, it was desir-
ahle to eliminate from consideration most of those sam-
ples whose true state of equilibrium might be in doubt
and to minimize the amount of apparent disequilibrium
in the samples.

The percent expectable error in analyzing for equiv-
alent uranium and uranium in the sample by radio-
metric and chemical methods is shown in table 5. The
limits of error shown in figures 19-23 and 25 were con-
structed from table 5 by plotting maximum equivalent
uranium versus minimum uranium and maximum ura-
nium versus minimum equivalent uranium for a series
of values ranging from 0.0003 percent through 10 per-

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

cent and connecting the points thus obtained with
sméoth curves.

Thus, the plot of a sample, which appears to be in
disequilibrium in favor of uranium and whose equiva-
lent-uranium and uranium contents are reported to be
0.009 and 0.012 percent, respectively, is assumed to be
in balance (sample 43, fig. 25B). Sample 7 has
equivalent uranium and uranium contents of 0.008 and
0.15 percent, respectively (fig. 258). Ithasanapparent
excess of uranium of 0.007 percent. However, the ex-
cess uranium is assumed to be only 0.004 percent be-
cause that is the amount that would have to be deducted
from the reported uranium content (0.15) to bring the
plot of this sample to the edge of the “in balance area.”

A similar procedure is followed in determining the
equilibrium state of samples that have an apparent
excess of equivalent uranium. The manner in which
the equilibrium state was determined in each sample,
as well as the percent disequilibrium and the average
excess of equivalent uranium or uranium found in the
sample groups, is illustrated in figure 19.

TABLE 5.—Percent and limits of expectable error in radiometric and chemical analyses for eauivalent uranium and uranium in samples
[Error estimated by J. N. Rosholt, Jr., and W. W, Niles, U.S. Geol. Survey lab., Denver, Colo.]

Equivalent uranjum (eU) Uranium (U)

Error (percent) eU (percent) Maximum 1 Minimum ! Error (percent) U (percent) Maximum ! Minimum !
0. 0003- 0. 002 0. 0006- 0. 004 0. 00015~0. 0005 0. 0003 0. 0006 0. 00015
.003 - 004 . 0045~ . 006 .0015 - . 002 . 0005~ 0.00075 . 00075~ 0.00113 . 00025-0. 00035
.005 - . 007 . 0065~ .009 . 0035 - . 005 .001 - .004 L0012 - . 0048 . 0008 - . 0032
.008 - .010 .0096- . 012 .0064 - .008 .005 - . 007 .0058 - .008 . 0042 ~ . 006
.015 .017 .013 .008 - .015 .0088 - .0165 L0072 - . 0135
.02 - .04 L0224~ 045 0176 -~ . 035 02 - .2 .021 - .21 .019 -.19
.05 - .2 L0856 - .22 .045 - .18 .3 -L0 .31 -1.03 .29 -9
3 -10 .32 - 107 .28 -.93 2.0 -10.0 2.04 -10.2 1.96 -9.8
2.0 -10.0 2.2 -11.0 1.8 -9.0

1 Used in constructing limits of analytical error shown in figures 19-23 and 25.

RADIOACTIVITY-EQUILIBRIUM STATUS OF SAMPLES
FROM DIFFERENT STRATIGRAPHIC ZONES

Radioactivity equilibrium and disequilibrium, as well
as the kind and intensity of disequilibrium, of samples,
are closely related to the stratigraphic position of the
beds. Samples in radioactivity equilibrium show a de-
creasing intensity of mineralization stratigraphically
downward. Samples with the greatest excess equiv-
alent-uranium content are stratigraphically high ; those
with the greatest excess uranium content are strati-
graphically lower. The general direction of uranium
transfer was from stratigraphically high source rocks
to stratigraphically lower host rocks. As a consequence,
the equilibrium status of sample groups is discussed in
descending stratigraphic order.

Although the uranium content and equilibrium status
of sample groups are in general dependent upon strat-
igraphic position, they are even more closely dependent

upon proximity to aquifers. This is true not only
of sample groups from host rocks that closely underlie
and overlie the principal aquifer in the area, the D- and
E-bed sandstones, but it is true also of sample groups
from host rocks in the vicinity of other porous beds
such as the sandstone dikes and the sandstone bodies
in coal bed E of the central South Riley Pass district
(fig. 18). This association suggests that the initial
uranium mineralization, as well as the subsequent leach-
ing and redeposition of uranium in host rocks was ac-
complished by circulating ground water.

Graphic illustrations were compiled as a means of
studying the equilibrium status of all the sampled
groups, but only the diagrams that showed unusual
equivalent-uranium-uranium relations in sample groups
were included in the text.

Analyses of eight samples from the Chadron Forma-
tion of the Cave Hills area show that all the samples
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eU, Equivalent uranium in sample.

eUb, Equivalent uranium in balance with uranium in sample.
eU—eUb, Excess eU in sample.

© A, Plot of sample A containing 0.01 percent eU and 0.003 percent U.
© B, Plot of sample B containing 0.025 percent eU and 0.01 percent U.
Procedure used to determine percent disequilibrium and excess eU in

sample group:
Sample eU eUb eU—eUb
Ao aaee 0.01 0.005 0.005
) : SO, .02  .013  .012

.035 .018 .017
Percent disequilibrium in sample group AB:
Total eU—eUb
Total eUb
0.017

0.018
0. 94X100
94 percent
Average excess eU in sample group AB:
Total eU~eUb
Total number of samples
0.017
2
0. 0085

U, Uranium in sample.

Ub, Uranium in balance with equivalent uranium in sample.

U-—Ub, Excess uranium in sample.

©C, Plot of sample C containing 0.007 percent eU and 0.02 percent U,
OD, Plot of sample D containing 0.0025 percent eU and 0.01 percent U.
Procedure used to determine percent disequilibrium and excess U

in sample group:
Sample U Ub U-Ub
[ 0.02 0.01 0.01
Do 01,005 .005

.03 .015 .015
Percent disequilibrium in sample group CD:
Total U~Ub
Total Ub
0.015

0.015
1X100
100 percent
Average excess U in sample group CD:
Total U~Ub

Total number of samples
0.015

2
0. 0075

FiouRE 19.—Procedures used to determine percent disequilibrium and average excess equivalent uranium (eU) or uranium (U) in sample
groups.

are essentially in balance but that there is a slight sug-
gestion of imbalance in favor of equivalent uranium.
Each of these samples contains 0.001 percent uranium.
It has been shown by analyses of seven samples from the
Cedar Canyon deposits in the Slim Buttes (Gill and
Moore, 1955, p. 259) that the equivalent-uranium con-
tent ranges from 0.036 to 0.14 percent and averages
0.076 percent, whereas the uranium content ranges from
0.001 to 0.23 percent and averages 0.1 percent. All
these samples are in disequilibrium. Five of the seven

samples contain an excess of uranium; the other two,
including the sample with the lowest uranium content
(0.001 percent), contain an excess of equivalent
uranium. The general equivalent-uranium-uranium
relations indicate that these samples were enriched in
uranium and then locally leached of uranium. These
samples contrast with samples from the Chadron For-
mation in the Cave Hills both in uranium content and in
radioactivity-equilibrium status. Samples from the
Chadron Formation in the Slim Buttes, other than those
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F1cURE 20.—Equivalent-uranium-uranium relations in 69 samples from coal bed E, North Riley Pass district and vicinity, Cave Hills, Harding

County, 8. Dak,

from the Cedar Canyon deposits, contain small quanti-
ties of uranium (0.0003 percent or less). This indi-
cates either that they have been subjected to more leach-
ing than have the samples from the Cave Hills or that
they originally contained less uranium. The latter pos-
sibility is the more likely and suggests that the outliers
in the Cave Hills are remnants of slightly enriched
parts of the Chadron analogous to the carnotite deposits
in the Slim Buttes.

(See table 7 for sample data.)

The equilibrium relations in coal zone F are not un-
usual, but those in coal bed E in the Traverse Ranch
and Riley Pass districts (figs. 20-23) show that a large
proportion of the samples contain an excess of uranium
over equivalent uranium.

The equilibrium relations of samples from coal bed
E in the Traverse Ranch and Riley Pass districts are
summarized in figure 24. As shown in column 4 of
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FIGURE 21.—Equivalent-uranium—uranium relations in 80 samples from coal bed E, western part of the South Riley Pass district, Cave Hills,

Harding County, S. Dak.

figure 24, only in the central and eastern parts of the
South Riley Pass district are most of the rocks sampled
in balance. In the other three areas most of the sam-
ples are in disequilibrium; in the North Riley Pass dis-
trict and in the western part of the South Riley Pass
district, 70-80 percent of the samples contain an excess
amount of uranium. This indicates that the equilibrium
status of rocks in the central and eastern parts of the
South Riley Pass district has been affected only slightly,

(See fig. 12 and table 6 for sample data.)

whereas in the other three areas the radioactivity dis-
equilibrium has been affected greatly by the ground-
water movement.

The fifth and sixth columns of figure 20 show only
the samples that are in disequilibrium. Column 5 indi-
cates the intensity or efficacy of the processes that re-
sulted in the disequilibrium of the rocks sampled, and
column 6 shows the actual amounts of excess equivalent
uranium or uranium in the rocks sampled regardless of
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Fi¢urp 22.—HEquivalent-uranium—uranium relations in 82 samples from coal bed E, central part of the South Riley Pass district, Cave Hills,
Harding County, 8. Dak. (See fig. 13 and table 6 for sample data.)

the degree of disequilibrium in each area of sampled
rock.

Study of the data in columns 5 and 6 suggests that the
degree of mineralization, or of leaching, is not con-
sistently related to the total quantities of uranium or
equivalent uranium involved. For example, the sam-

ples containing an excess of uranium in the North Riley
Pass district indicate more than four times as much
disequilibrium as those in the eastern part of the South
Riley Pass district (75 percent compared with 17 per
cent, col. 5, fig. 24). Yet the average excess uranium in
samples from the South Riley Pass district exceeds that
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F16URE 23.—Equivalent-uranium-uranium relations in 38 samples from coal bed E, eastern part of the South Riley Pass district, Cave Hills,

Harding County, 8. Dak.

in samples from the North Riley Pass district (0.12 per-
cent compared with 0.062 percent uranium, col. 6, fig.
24).

In each district considered in columns 5 and 6 (fig.
24), a larger percentage of uranium was added than was
carried away; thus, the radioactivity-equilibrium status
of these samples is not simply the result of the uranium

(See fig. 14 and table 6 for sample data.)

being shifted from one spot to another. More probably
it indicates that some of the uranium was contributed
to these beds from an outside source and that the
uranium was enriched relatively recently.

Equilibrium relations in samples from the Carbonate
coal zone are almost normal. In contrast, most of the
samples from the carbonaceous siltstone in this zone at
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FI16URE 24.—Equivalent-uranium-uranium relations in coal bed E; summarized from data shown in figures 20-28, and in tables 6 and 7.

the Carbonate prospect show considerable disequilib-
rium. In the north pit, 85 percent of the samples are
either in balance or contain an excess of uranium; in
the south pit, about 80 feet away (see pl. 3C), 98 per-
cent of the samples are either in balance or contain an
excess of equivalent uranium (figs. 25, 26).

The disequilibrium relations shown in figures 25 and
26 are interpreted as follows: At some time after the
sandstone dikes were intruded into the Carbonate zone
(pl. 34, fig. 16 middle and lower), uranium-bearing
ground water entered the host rock at the Carbonate
prospect through the sandstone dikes; the host rock
probably was mineralized only in the vicinity of the
sandstone dikes because little if any uranium-bearing
water, whether flowing through aquifers above or be-
low the host rock, could enter the relatively impermeable
host rock without a means of access such as the dikes.
The permeability characteristics of the overlying sand-
stone beds in the Tongue River Member and of the floor
rock with its dikelike extensions probably are similar
to those of the samples from the E-bed sandstone that
underlines coal bed E at the U.S. Geological Survey

drill hole (fig. 6). As discussed under the heading
“Stratigraphy,” the lateral permeability in these
samples is greater than the vertical permeability ; thus
features such as sandstone dikes would be the most
probable conduits through which ground water might
enter beds such as the carbonaceous siltstone.

Uranium was probably concentrated in the host rocks
during several periods of time. These periods possibly
include the time of erosion of the Oligocene rocks and
a later interval of erosion of any Miocene or Pliocene
rocks which perhaps may have once overlain the
Oligocene. Sufficient time elapsed after each period of
mineralization for the uranium to achieve equilibrium
with its daughter products. Samples in which the
uranium is approximately equal to the equivalent ura-
nium probably represent earlier periods of mineraliza-
tion. The rocks represented by these samples have not
been affected by subsequent periods of enrichment, nor
by weathering and leaching. The excess uranium in the
rocks sampled from the Carbonate prospect was prob-
ably deposited within about the last 250,000 years.
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If an examination of the Carbonate prospect could
have been made prior to the last period of equilib-
rium disturbance, the south pit probably would have
shown a higher uranium content than the north pit,
principally because it contained more dikes and there-
fore more entrances for uranium-bearing water.

The equivalent-uranium -content may be taken as a
measure of the original uranium content of the south
pit immediately following enrichment; that its equiva-
lent-uranium content is greater than the uranium con-
tent of the north pit would tend to support the inference
that the original uranium content of the south pit was
greater than the original uranium content of the north
pit. Subsequent dissection by erosion caused the level
of the water table to drop. Eventually the host rocks
at the Carbonate prospect were in the zone of weather-
ing and subsequent leaching of uranium above the water
table. Because the south pit had more sandstone dikes,
the uranium deposits there were more exposed to weath-
ering and leaching than were the deposits in the north
pit.

The distribution pattern of uranium in the south pit
as shown in the section on plate 34 tends to support the
suggestion that leaching has been greatest in the vicinity
of the sandstone dikes. The long arcuate dike near the
middle of the pit parallels a band whose uranium con-
tent (0.05-0.1 percent) is lower than that of the host
rock farther from this dike. The pinched effect in the
isochemical contours as they cross the upper and lower
parts of the dike at the left side of the south pit like-
wise suggests leaching. The discontinuous distribution
of the richest parts of the host rock in the south pit, in
general, also tends to suggest.leaching.

The north pit, with fewer points for water entry,
showed only scattered evidence of leaching. Most sam-
ples from the north pit are either in balance or out of
balance in favor of uranium. Thus the north pit is
probably more nearly representative of a typical de-
posit after the latest period of mineralization and be-
fore leaching. It presents an appearance probably
much like that which the south pit would be expected
to have shown prior to leaching of uranium.

Column 5 (percent disequilibrium) in the summary
diagram of equivalent-uranium-uranium relations
(fig. 26) shows a greater intensity of both enrichment
and impoverishment of uranium in the south pit. Of
the two processes, leaching far exceeds enrichment, per-
haps because the period of leaching to which the pit was
and is being subjected has been longer than the preced-
ing period of mineralization.

The average excess equivalent uranium or uranium in
the samples from the north and south pits of the Carbon-
ate prospect is indicative of the addition or subtraction
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of uranium (col. 6, fig. 26). The greater percentage of
excess equivalent uranium in samples from the south pit
in comparison with that in samples from the north pit
indicates that leaching of uranium has been more ex-
tensive in the south pit than in the north pit. Con-
versely, the greater percentage of excess uranium in
the samples from the north pit indicates that more
uranium was added to the rocks in this locality than to
the rocks represented by the samples from the south pit.

Although the percent disequilibrium of uranium is
greater in the south pit than in the north pit (col. 5, fig.
26) and is indicative that the south pit was more in-
tensely mineralized than the north pit, it is not clear as
to why the amount of uranium added in the vicinity of
the south pit was less than that in the north pit.

Evidence supporting the suggestion that leaching fol-
lowed enrichment, during the disturbance of the equilib-
rium in the sampled rocks with the past half million
years, is found in a group of samples taken from and
alongside the large dike shown in the north-pit diagram
(pl. 34). Samples 3,17, 18, and 38 (pl. 3£ and fig. 25
left) are out of balance in favor of equivalent uranium.
Samples (C5-C13) from the channels on either side of
the dike as well as the grab samples (15, 16) are either
in balance or contain an excess of uranium.

The original distribution of uranium in the vicinity of
the south pit has been too greatly altered to allow any
conclusions to be drawn concerning the order of enrich-
ment and leaching. All but five of the samples in the
left three-quarters of the south-pit diagram (to the left
of a line drawn between sample localities 29 and 30)
contain an excess of uranium (pl. 3% and fig. 25 right).

The equivalent-uranium-uranium relations in 60 sam-
ples from coal zone C (tables 6, 7) are nearly normal:
68 percent of the samples is in approximate equilibrium,
27 percent contains an excess of uranium, and 5 percent
contains an excess of equivalent uranium. Sample 7T,
from the upper part of coal bed C No. 1 in the Traverse
Ranch district (table 6), exhibits an anomalously high
imbalance in favor of equivalent uranium ; whereas sam-
ple 7B, from the lower part of the bed, is in balance. In
contrast, samples from an adjacent locality (8T and 8B,
table 6) show the reverse—the bottom of the bed con-
tains the excess equivalent uranium. In the samples
containing an excess of equivalent uranium, 7T and 8B,
the ash contents are 48 and 49 percent, respectively;
whereas in the samples that are more nearly in balance,
7B and 8T, the ash contents are 34 and 37 percent, re-
spectively. It is suggested that the more impure
(higher ash content) parts of the bed were more per-
meable and conducive to surface and ground-water
movement and were leached to a greater extent than
was the rest of the coal bed.
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North pit (53 samples).

FIGURE 25.—EQUIVALENT-URANIUM-URANIUM RELATIONS IN CARBONACEOUS SILT

The radioactivity-equilibrium status in the four re-
maining stratigraphic units in this study is almost
normal. Twosamples from coal zone B, 7 samples from
the Lonesome Pete ore zone, 6 samples from Lonesome
Pete coal bed, and 10 samples from the lower coal beds
contain an excess of uranium. The rest of the samples
are in equilibrium with the exception of one sample
from the Lonesome Pete ore zone which contains a small

excess of equivalent uranium. These equilibrium con-
ditions suggest that since the earlier periods of mineral-
ization these units have been subjected to some addi-
tional uranium enrichment but to practically no weath-
ering and leaching of uranium.

The equivalent-uranium-uranium relations in samples
from the Cave Hills area are summarized in figure 27.
Radioactivity equilibrium of the Chadron apparently
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has not been disturbed for the last 250,000 years. Cha-
dron outliers that are perched on the butte tops are sub-
ject to leaching only by rainfall, and apparently the
rainfall has not been great enough to upset the radio-
activity-equilibrium relations in this formation.
Within the Fort Union Formation the most striking
features shown in figure 27 are the relatively intense
or more recent disturbance of equilibrium and the gen-

(See table 8 and pl. 3F for sample data.)

% FROM THE CARBONACEOUS PROSPECT, SOUTH CAVE HILLS, HARDING COUNTY, 8. DAK.

erally large average quantities of equivalent uranium
and uranium involved in the leaching and enrichment of
coal bed E, the Carbonate coal and ore zones, and coal
zone C. The stratigraphically high coal zone F and all
the units below coal zone C, with the exception of one
sample from the Lonesome Pete ore zone, were unaf-
fected by leaching.

The four leached stratigraphic units underlie and
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Fi1GURE 27.—Equivalent-uranium—uranium relations in the Chadron and Fort Union Formations; summarized from data shown in tables 6-10.

overlie the thick homogeneous sandstone sequence at the
base of the Tongue River Member of the Fort Union.
The sandstone is the principal aquifer in the area, and
the leaching and enrichment of adjacent units are di-
rectly related to it. Coal zone F, like the Chadron out-
liers, has not been affected by the aquifer. However,
locally coal zone F is overlain by younger rocks of the

Tongue River and conceivably could have been enriched
with uranium leached from them.

The intense leaching in the units above and below the
aquifer and the relatively intense enrichment in the two
stratigraphically lowest units suggest that part of the
uranium removed from the higher zones eventually was
redeposited in the lower beds. However, the descending
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intensity of enrichment from coal bed E down through
the Lonesome Pete ore zone probably is not due solely
to redeposition. If only “balanced” samples are con-
sidered, the downward-decreasing intensity of miner-
alization is still the same. This suggests that an early
period of enrichment probably occurred when the
aquifer was continuous throughout the area. The sub-
sequent leaching and redeposition, however, could have
happened either while the aquifer was still intact or
when the valleys dissecting the aquifer were shallow
and filled with permeable sediments that formed a
closed circulatory system between valley fill and the
aquifer. In either case, disturbance of radioactivity
equilibrium could not have occurred earlier than 250,-
000 years ago. The gravel remnant on McKensie Butte
mentioned under “Stratigraphy” might have been part
of the hypothetical alluvial fill, and it may further in-
dicate that the topographic level of the fill was high
enough to have buried most of the aquifer remnants.

White (1958, table 1, p. 33, and p. 67-68) found radio-
active barite closely associated with uranium minerals
at several localities in the South Riley Pass district.
“One flat analcite lens was found to be coated by a layer
of the uranium mineral (sodium-autunite) which in
turn was coated by a thin layer of radioactive barite.”
He concluded “the figure for the maximum age of the
radioactive barite (15,000 years) together with the ob-
servations on the variable radioactivity of the uranium
minerals and their very close association with the barite
suggest that the uranium minerals have formed re-
cently.” The foregoing indicates that the formation of
visible uranium minerals followed by deposition of
radioactive barite are two of the most recent geochemi-
cal events in the Cave Hills area.

ORIGIN OF THE URANIUM DEPOSITS AND SOURCE OF
THE URANIUM

There is little doubt that uranium mineralization was
effected by circulating uranium-bearing ground water
after the Paleocene host rocks were coalified or lithified
and that subsequent leaching of the host rocks and re-
deposition of uranium likewise resulted from circulat-
ing ground water. The principal reasons for these
beliefs are summarized below :

1. Uranium content of host rocks generally decreases
downward, which suggests descending mineraliz-
ing solutions.

2. Uranium content generally is greatest in host rocks
adjacent to aquifers and is least in host rocks that
are farthest from the aquifers.

3. Uranium is commonly localized in areal extent and in
stratigraphic range.

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

4. Localization of uranium and degree of radioactivity
disequilibrium is controlled partly by structure but
mostly by proximity to aquifers.

5. Host rocks adjacent to stratigraphically high aqui-
fers show both excess uranium and excess equiva-
lent uranium (enriched and leached); those ad-
jacent to stratigraphically low aquifers show only
excess uranium (enriched).

Analcitization and initial uranium mineralization
seem to have occurred at about the same time, but some
of the analcite probably was formed slightly earlier than
the uranium occurrences with which it is now associated.
This is suggested by the fact that some coal samples that
have abundant analcite spherulites contain as little as
0.002 percent uranium. Chemical analyses of a sample
of Lonesome Pete phosphatic claystone indicate that
both the analcite spherulites and the matrix from which
they were supersonically separated contained 0.04 per-
cent uranium. The analcite spherulites may have
formed at the time of deposition of the uranium, or they
may have formed preceding mineralization; but it is
unlikely that they formed after mineralization.

Dating of the formation of the analcite and of the
accompanying uranium mineralization is possible from
observations noted by Denson and Gill in areas adjacent
to the Cave Hills area (Denson and Gill, 1965; Gill,
1962). Denson and Gill noted that throughout large
areas in South Dakota, North Dakota, and adjacent
parts of Montana rocks beneath the pre-Oligocene ero-
sion surface are abundantly analcitized where directly
overlain by the Arikaree Formation but are rarely
analcitized where directly overlain by the Chadron
Formation. Bedded analcite occurs at the contact of
the Arikaree and the underlying Brule Formation (Oli-
gocene) at the level of the perched water table in the
Slim Buttes, sec. 29, T. 17 N., R. 8 E. Furthermore,
analcite was abundant in the fault planes bounding
fossil landslide blocks of the Brule Formation (Oli-
gocene) in the Finger Buttes, Carter County, Mont.,
sec. 32, T. 5 S., R. 60 E. These landslide blocks are
unconformably overlain by the Arikaree Formation.
The landslides, therefore, occurred after the Brule was
deposited and before deposition of the Arikaree, and
analcitization took place after the landsliding.

If one considers all the foregoing evidence, it is high-
ly probable that analcitization of the rocks was accom-
plished by ground water, that the Arikaree Formation
was the principal source of the analcite found in older
rocks, and that the analcitization of these rocks occurred
after the deposition of the Arikaree Formation—prob-
ably after consolidation, uplift, and erosion of that
formation in late Miocene and possibly early Pliocene
time.
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A coincidence in stratigraphic distribution of anal-
cite and uranium and the probability that the Arikaree
Formation was the principal source of analcite suggest
that most of the uranium was also derived from that
formation in Miocene or post-Miocene time.

According to J. R. Gill (oral commun., 1960), at
many places in the Northern Great Plains where the
Chadron Formation is absent and the Arikaree Forma-
tion of Miocene age rests directly on the Fort Union
Formation, uranium mineralization in the Fort Union
is generally greater than where the Chadron Forma-
tion is present. The lithology and permeability of the
Brule Formation of middle and late Oligocene age
resemble those of the Arikaree Formation. Presum-
ably, uranium mineralization in host rocks directly
overlain by the Brule should also be generally greater
than where the Chadron Formation is present, but this
suggestion has not been tested by field observations.

In the Slim Buttes and in the White River Badlands
of South Dakota, the Chadron Formation also contains
a few sporadic uranium occurrences (Moore and Levish,
1955, p. 2, 4) between impermeable beds, indicating
that it was also a potential source for uranium.
Ground waters from the Chadron, Brule, and Arikaree
Formations contain about the same amounts of uran-
ium—=8, 8.5, and 10 ppb—as well as an abundance of
sodium and other elements needed to form analcite
(J. R. Gill, written commun., 1960).

The widespread occurrence of impervious bentonitic
claystone and bentonite beds in the Chadron Formation
(some of the bentonite beds are as much as 25 ft. thick
(Gill and Moore, 1955, p. 253)) suggest that ground
water containing uranium released by devitrification of
volcanic material would have difficulty percolating
downward into the underlying host rocks of the Fort
Union Formation. As a result of the differences in the
permeability of these two sequences, the top of the
Chadron Formation supports a perched water table
and water flows from springs along the contact with
the overlying Arikaree Formation throughout most of
the Slim Buttes district. Carnotite deposits also occur
near the Chadron-Arikaree contact, and “* * * ab-
normal radioactivity readings have been obtained at
the contact of the White River group and the Arikaree
formation throughout the Slim Buttes” (Gill and
Moore, 1955, p. 259).

Host rocks overlain by the Arikaree Formation gen-
erally are more highly mineralized than those overlain
by the Chadron Formation because the Arikaree For-
mation is more permeable; this conclusion not only
constitutes a convincing explanation as to why Miocene
rocks contributed more uranium than did the Oligocene
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rocks but also serves to strengthen the original sugges-
tion (inferred from the stratigraphic association of
uranium and analcite) that the Miocene rocks did in-
deed contribute more uranium than the Oligocene rocks.

The foregoing observations suggest methods of pros-
pecting for uranium. Prospecting for uranium de-
posits in older host rocks such as coal beds of Paleocene
or Eocene age by searching in areas that are now di-
rectly overlain by permeable source rocks such as the
Brule and Arikaree Formations should be more re-
warding than searching in areas that are now directly
overlain by impermeable source rocks such as the Chad-
ron Formation. Furthermore, in areas where perme-
able source rocks occur, uranium is likely to be localized
at the contact of the source rocks with the host rocks if
the host rocks are impermeable, or it is likely to be dis-
tributed through the upper part of the host-rock se-
quence if the sequence is permeable (as in the Cave
Hills). Host rocks are not likely to be highly mineral-
ized where both impermeable and permeable source
rocks overlie them in that order, but uranium deposits
may occur at the contact of the impermeable and perme-
able source rocks, as exemplified by the carnotite de-
posits in Cedar Canyon, Slim Buttes.

The Cave Hills area is a small part of a larger
region—including adjacent parts of Montana, Wyo-
ming, North Dakota, and South Dakota—whose nu-
merous uranium-in-coal occurrences have been under in-
vestigation by N. M. Denson and others since 1950. In
1950, Denson, Bachman, and Zeller (1959, p. 30) pro-
posed that the uranium in host rocks of this region “is
epigenetic in origin, being derived from unconform-
ably overlying tuffaceous source rocks and carried by
ground water percolating downward or moving later-
ally along aquifers near the lignite beds and extracted
by the lignite after coalification.”

The present investigation substantiates and amplifies
in detail the conclusions of the earlier regional study by
Denson, Bachman, and Zeller. Syngenetic and dia-
genetic hypotheses that have been proposed to explain
the origin of these uranium occurrences (Wyant and
Beroni, 1950, p. 18; Beroni and Bauer, 1952, p. 39;
Gruner, 1956, p. 515; and others) seem to be inadequate
and untenable.

The probable geologic history of the deposition and
concentration of the uranium and the history of other
pertinent geologic events in the Cave Hills area are
summarized as follows:

1. Deposition of potential host rocks and aquifers of
the Fort Union Formation in Paleocene time.

2. Deposition of rocks of Eocene age.

3. Folding, jointing, regional uplift, and erosion near
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the end of Eocene time. Exposed and near-sur-

face parts of the Fort Union Formation probably
were oxidized at this time.

4. Deposition of source rocks (the Chadron Forma-
tion) of Oligocene age that buried and preserved
topographic features resulting from erosion dur-
ing stage 3.

5. Leaching of some uranium from the Chadron For-
mation by ground water and deposition of it in
underlying host rocks. Mineralization ceased
with, or was retarded by, the formation of im-
pervious bentonite and bentonitic claystone beds.

6. Deposition of Brule Formation of Oligocene age.

7. Regional uplift and erosion; landsliding in late
Oligocene or early Miocene time ( post-Brule, pre-
Arikaree). Most of the Brule and much of the
Chadron Formations were stripped from the area.
Some uranium mineralization occurred locally.

8. Deposition of the Arikaree Formation of Miocene
age. More intense mineralization of underlying
Fort Union host rocks began and continued
throughout Miocene time wherever the Arikaree
Formation rested directly on the host rocks.

9. Regional uplift and erosion. All the Miocene se-
quence was stripped from the Cave Hills area,

HILLS AREA, HARDING COUNTY, 8. DAK.

concluding the principal period of mineralization
in this area.

10. Deposition of slightly uraniferous rocks of Pliocene
age. Uranium mineralization of host rocks may
have continued but at a greatly diminished rate.

11. Regional uplift and erosion at or near the end of
Pliocene time resulting in the exhumation of
topographic features buried by deposition during
stage 4.

12. Minor deposition alternating with major erosion
throughout Quaternary time. Little if any
uranium was transferred from source rocks still
remaining in the area. Locally, part of the
uranium was leached from the host rocks and was
redeposited structurally lower in the same bed or
in other stratigraphically lower host rocks.
Leaching caused a deficiency of uranium in host
rocks, and redeposition caused an excess of ura-
nium. The presence of visible uranium minerals
was the result of redeposition of uranium.
Highly radioactive but uranium-deficient deposits
such as radioactive barite were formed during
this time as the result of extreme leaching of
weathered host rocks and redeposition of the
residual uranium daughter products.
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TABLE 6.—Uranium content of coal samples, Cave Hills area,

[Values in percent.

8.

Dak.
Uranjum content calculated from uranium content of ash,

Samples are of complete coal bed except as indicated by letters included in locality

number (T, top; M, middle; B, bottom; TM, top of middle; and so forth).

Chemi-

cal analyses by Glen Edgington, Joseph Budinsky, Grafton Daniels, and Roosevelt
Moore; radioactivity analyses by B. A. McCall, U.8. Geol. Survey lab., Wash-

ington, D.C.]
Map locality | Labors- | 1Mk | o ym | Um | U
No. tory No. (feet) ash sample | sample
COAL BED E
Western part of the South Riley Pass district
146027 0.5 83 0.73 0.46 .22
146028 .4 69 .16 11 14
146029 .7 56 .95 .53 .23
146025 .3 81 .19 .15 . 098
145777 .4 59 1.9 1.1 .55
146026 Lo 44 1.0 .46 .29
145785 .6 77 .016 .012 . 024
146020 .4 74 .28 .21 .15
146021 .3 55 L0 .55 .33
146022 .5 64 .99 .63 .32
146023 .5 70 .24 .17 .16
146024 .5 80 .12 . 096 . 066
146018 .5 79 . 064 . 050 . 060
145776 1.0 46 2.4 1.1 .48
146019 .8 68 .7 .47 .28
145783 .9 55 14 .78 .41
145794 .7 57 1.2 .70 .35
145784 .9 63 . 50 .31 .24
146014 1.0 59 1.2 .70 .39
1460156 .8 54 .65 .35 .22
146018 1.1 52 .94 .49 .31
146017 .7 61 .54 .33 .18
146042 .4 53 1.8 .96 .59
146043 .6 62 .52 .32 .19
145776 1.3 38 .72 .27 11
146013 11 45 .70 .31 .21
145782 T 51 L9 .4 .44
146011 11 36 .77 .28 .19
146012 .4 68 .63 .43 .27
145790 1.1 51 .37 .19 14
145774 1.4 45 .91 .41 .25
145781 .5 70 .14 .98 . 059
146007 1.0 80 .26 .20 .14
146008 1.0 50 1.0 .50 .36
146009 1.0 43 .30 .12 .075
146010 .6 69 .19 .13 . 095
1 .7 80 .15 .12 .16
145789 .8 53 .88 .47 .26
146005 .85 55 .31 .16 A1
145773 1.0 63 .46 .29 .18
1 .8 58 .10 .058 .038
145780 .4 73 .13 . 004 .053
145906 .5 72 .98 .68 .34
145997 .9 63 .39 .24 .15
145998 .9 45 .12 .053 .038
145999 1.0 4 .96 .42 .29
146000 7 63 . 085 .053 .032
146001 .3 69 .71 .49 .20
146002 .6 59 .58 .34 .16
146003 .3 74 11 .081 . 057
145788 ] 73 .59 .43 .20
145993 .9 63 .45 .28 .14
145772 .9 48 .63 .30 .20
45994 .5 76 .27 .20 .12
145779 T 54 .72 .39 .20
1 5 .8 70 .16 11 .19
145787 1.0 53 .17 . 090 .045
145987 .4 64 .33 .21 .12
145988 .9 62 .27 .16 . 094
145989 7 66 .48 .31 .23
145991 .6 54 .29 .15 .10
144 1.1 66 .78 .51 .31
145778 1.2 39 .46 .18 .072
145786 .9 38 .17 . 064 .028
145992 .4 85 . 007 . 0056 . 014
145793 .4 70 . 068 .048 .048
146037 .8 71 .67 .41 .2
146038 .9 71 44 .31 .18
146039 .9 50 .18 . 090 . 075
146040 .8 56 . 063 .0356 .033
146041 .9 41 .35 .15 .075
146034 T 66 .59 .39 .22
146035 .7 66 .23 .15 .16
145792 ] 66 .14 .09 . 092
146036 .4 77 A1 .084 . 068
146030 1.1 49 . 094 .045 .031
146031 .7 53 .98 .51 .24
146032 .6 69 . 024 .016 .024
146033 .5 76 .26 .19 .18
145791 .5 77 . 006 . 004 . 006
Central part of the South Riley Pass district
) S I 146549 0.8 73 0. 060 0.044 0. 048
A 146548 .6 60 .10 . 060 . 049

TABLE 6.—Uranium content of coal samples, Cave Hills area,
S. Dak.—Continued

Thick-

Map locality Labora- Uin Uin eUin
PNo. tory No. (lfngesg) Ash ash sample | sample
coaL BED E—Continued
Central part of the South Riley Pass district—Continued
146547 0.4 84 0. 060 0.051 0.045
146546 7 66 .30 .20 .18
146545 .8 49 .68 34 .18
146544 .6 74 .16 .12 .13
146543 .7 64 .072 . 046 . 046
146542 1.4 67 2.1 1.2 .63
146541 1.4 52 .68 .36 .19
146540 1.1 37 .56 .20 .18
146539 1.1 48 .32 .15 .12
146538 .7 46 .40 .18 .16
146537 7 37 .28 .10 . 084
146550 7 74 .14 .10 .12
146536 .7 74 . . 036 .042
146535 .5 79 . 036 .028 .032
237052 .6 43 12.7 1.17 2.99
237053 .8 45 1,95 .43 2,24
146534 .2 78 .036 .028 . 035
146533 .5 76 .13 .097 . 076
146532 .6 70 .12 . 083 .071
146531 1.0 68 1.8 1.2 .78
146530 .4 57 .10 . 057 .036
146529 .8 34 1.2 .40 .16
146528 .3 56 .034 .019 .018
146527 .95 79 . 066 . 052 .048
146526 .6 57 .23 13 .083
146525 .4 78 .084 . 0656 . 039
146524 .9 74 . 056 . 041 . 048
146523 1.0 76 .070 .053 . 067
146522 1.0 49 .37 .18 .15
146521 T 62 . 056 . 035 . 045
146520 7 77 . 060 . 046 . 046
148519 .8 45 .22 .098 .082
146518 .76 46 .20 .092 .087
146517 .8 74 . 030 .022 . 028
146516 .9 33 .62 .21 .19
146515 .7 41 .88 .36 .35
146514 7 38 .60 .23 .20
146513 1.1 60 .8 .50 .36
146512 .6 87 . 080 . 045 . 041
146566 1.0 55 1.4 .77 .69
146552 1.0 44 .78 .46 .45
146561 L0 58 .90 .52 .35
146554 Lo 51 2.0 L .79
146511 .6 73 .16 .11 .10
146510 1.0 61 .28 17 .19
146509 7 63 .10 . 083 . 054
146553 .8 60 .42 .25 .17
146508 1.0 59 .38 .22 .21
146823 .8 53 .67 .30 .27
146822 .4 86 044 .038 .036
146821 .9 71 .70 .50 .45
146507 1.0 63 .20 .13 .12
146505 T 45 .50 .22 .21
146506 1.1 40 .80 .33 .36
146504 .5 69 .092 . 063 . 056
146503 1.5 64 .60 .38 .34
146502 1.2 70 .26 .18 .21
146501 1.1 72 .24 .17 .16
238546 (€T [N [ 11.63 21.2
237048 .3 52 15.3 2.76 21.8
237049 .3 36 11.9 .67 2,54
237050 .25 32 1,69 .22 2,12
237051 .25 37 1,12 . 046 2.087
1 1.0 52 .80 .42 .46
146499 .95 51 1.0 .51 .44
146498 .2 69 .016 .01l .011
146497 .8 57 .032 .018 .018
146496 .9 52 . 052 .027 . 026
146493 .9 43 .20 . 087 . 069
146495 1.0 56 .30 .17 .16
146494 .6 80 .022 .018 .017
146492 .5 55 .018 .009 . 006
146491 .3 38 . 020 . 008 . 006
146490 .6 38 .024 . 009 . 008
146489 .8 48 . 022 011 .008
146488 .5 60 . 010 . 006 . 006
146487 .4 48 . 004 . 002 .001
146486 .4 58 . 008 . 005 . 003
146485 .4 59 . 004 . 002 . 002
146484 .7 43 .008 .003 .003
Eastern part of the South Riley Pass district
) 237174 1.5 32 1.6 0.52 0.48
237175 1.6 31 .92 .28 .26
237176 .8 31 .040 .012 .010
237177 1.3 49 1.4 .69 .69
237178 .5 44 3.4 1.5 1.3

See footnotes at end of table.
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TABLE 6.—Uranium content of coal samples, Cave Hills area,

8. Dak.—Continued 8. Dak.—Continued
Maplocality | Labora- | Thik- | | Uin | Um | eUmm Map locality | Lebora- | “oik- | | Uin | Ul | eUin
No. tory No. (feet) ash sample | sample No. tory No. (feet) ash sample | sample
coAL BED E—Continued COAL BED C No. 1
Eastern part of the South Riley Pass district~—Continued Traverse Ranch district

237179 0.5 33 1.6 0.562 0.46 149438 1.0 38 0.021 0. 008 0.007
237180 .5 36 .36 .13 .10 149439 .7 57 . 009 . 005 007
237181 .9 40 .32 .13 .092 149440 2.0 43 . 028 .012 010
237182 L3 59 .50 .30 .27 149441 2.0 30 095 . 030 018
237183 1.4 42 .85 .36 .29 149442 3.3 20 021 . 004 003
237184 1.0 46 1.5 .69 .48 149443 .4 59 008 . 005 011

71 1.4 34 .80 27 225 149444 .4 54 .04 .021 012
237186 1.3 28 1.0 .28 .20 149445 1.0 34 . 065 .022 010
237187 1.4 42 2.7 1.13 .94 149446 2.0 14 .029 . 003
237188 1.4 38 2.4 91 .78 149344 2.0 22 . 095 .021 019
237189 1.4 38 1.6 61 .49 149345 2.0 26 .05 .014 012
237190 .6 63 .12 Q75 . 086 14943 1.5 48 .01 . 002 072
237191 13 58 1.6 .93 .73 149437 L6 34 .015 . 005
237192 10 45 .75 .34 37 149434 L5 37 . 024 .009 012
237193 .4 54 .031 .017 02 149435 15 49 .51 .25 .65
237194 .6 59 .13 .076 094 149433 2.7 42 .017 .007 . 008
237195 12 56 .50 .28 29 149432 1.7 55 1 . 060 . 057
237196 L1 47 .18 .084 087 149430 1.4 43 .09 . 037 021
237197 .9 59 .96 .57 .58 149431 1.4 26 . 046 .012 .o11
237199 b @9 .18 11 1 149429 2.0 49 .08 . 040 . 036
237200 1.2 48 .26 it .13 149428 2.0 37 .06 . 022 .023
237201 13 45 L35 .68 .70 149427 2.0 38 .36 .14 .070
237202 .4 58 2.8 1.6 1.8 149426 7 44 .36 .18 11
237202 .4 36 L9 .69 .56 149350 .8 43 19 . 080 076
237204 .5 42 .13 . 054 . 056 149349 3.6 33 .09 .029 028
237205 1.0 59 . 088 . 052 . 055 149348 3.6 31 .23 . 070 . 063
237206 .9 48 .46 .22 .13 149347 .6 54 4,63 2.5 2.0
237207 .7 53 .78 .41 .17 149346 3.5 41 .03 .013 .013

7208 1.0 50 3.0 1.5 1.2
237209 1.1 45 1.8 .81 .74
237210 1.2 51 2.0 1.0 .78 1 Analysis by J. S. Wahlberg and R. P. Cox, U.S. Geological Survey Laboratory,
237212 1.4 29 4.6 1.3 1.2 Denver, Colo.
237211 .3 42 2.4 1.0 .96 2 Analysis by C. G. Angelo, U.S. Geological Survey Laboratory, Denver, Colo.

3 Grab sample.

TasLe 7.—Uranium content of miscellaneous coal samples mainly from localities peripheral to principal deposits

[Values in percent. Uranium content calculated from uranium content of ash. Samples are of complete coal bed except as indicated by letters included in locality number
(T, top; M, middle; B, bottom; TM, top of middle; and so forth) or by footnotes. Chemical analyses by Grafton Daniels, Roosevelt Moore, A. R. Sweeney, Irving
May, Maryse Delevaux, and Carmen Johnson; radioactivity analyses by B. A. McCall, U.8. Geol. Survey lab., Washington, D.C.; except as otherwise notedzj

Location
Sample No. Laboratory Thickness Ash Uin Uin eU in
No. (feet) ash sample sample
Sec. { T.N. \ R.E.
COAL ZONE F
Riley Pass district and vicinity

145207 | NWYNEYSEY 22 . ... 22 5 0.3 39 0. 565 0.22 0.18
237240 | SWYSWYNEY 22 ... 22 & .2 85 . 032 .027 .032
148787 | SWYNEYNEY 85 .. 22 5 10 66 . 006 . 004 .001
148788 | SWYUNEYNEY 35 . 22 ] 1.2 76 003 . 002 . 002
148819 | NWYNWYNWY 36 ... 22 5 3.0 36 . 007 . 002 . 002
148820 | NWYNWYNWL{ 36 .. 22 5 1.0 55 009 . 005 . 003

COAL BED E
Traverse Ranch district and vicinity

145574 | SWYNEY 165 . 22 5 0.6 61 0. 006 0.004 0. 009
407 WYNWIYNWY 21___ - 22 1] .8 67 . 010 . 007 .016
237408 | SWHUNWLYNWIL 21 - 22 & 1.0 13 .15 .019 .015
37409 | SWiINWIANWI; 217 : 22 5 10 11 045 - 005 004
237410 | SWYNWINWLY 21 - 22 b 1.0 12 034 . 004 . 005
237414 | SWYNWIYNWI{ 21 _ - 22 5 1.0 37 .24 . 089 088

237415 SW}%NW%NW% 21 - 22 5 L0 36 .33 .12 .15

237416 | SWHUNWLNWIL 21 _ - 22 5 .1 26 .92 24 .22
237417 | SWHNWYNWIL 21 - 22 5 Lo 66 .038 .025 .021
242427 | SWHUNWILNWIZ 21, - 22 5 [C) J NN 2,011 2,006

242428 | SWYNWYNWY 21, . 22 5 [O N P F 2.41 2,21

North Riley Pass district and vicinity

145287 | SWYSWYNEY 22, .. 22 5 1.6 40 0. 025 0.010 0.007
145288 | SWhHSWYNEY 22 e 22 5 1.2 43 . 062 .023 .010
145289 | SWHSWYUNEM 22 . .. 22 5 1.7 27 12 .029 009
145290 | SESWYNEY, 22 - 22 5 1.5 30 010 .003 008
145291 NE%NW%SE 422 e 22 & 1.0 56 15 . 082 037
145292 | NWYNEYSEY 22 it 22 5 .9 64 022 .014 019

See footnotes at end of table.
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TaBLE 7.—Uranium content of miscellaneous coal samples mainly from localities peripheral to principal deposits—Continued

Location
Sample No. Laboratory Thickness eU in
No. sample
Sec. T.N. R.E.
coar BED E—Continued
North Riley Pass district and vicinity—Continued
145205 | NWYNEYLSEY 22 2 5 0.1 2 0.080
145203 | NWNELSEY 25, 22 5 8 28 - 067
145296 waNEgsmgzz_-- 22 5 3 79 003
145294 | NWINELSEL 22, 22 5 '8 16 J053
145301 | NEYNEZSEY, 22 . 22 5 1 8 L017
145300 | NEYNELSEY, 22 23 5 8 55 KT
145208 | NEYNERSEL 222277 23 5 10 33 1
145299 | NEY/NEXSE 22 .. 22 5 1.0 19 091
145575 | NWI{SEWSEY 22 .. ... 22 5 ‘9 45 J053
145560 SEWSEK 22T 22 5 10 i 091
145570 SESE 22710 22 5 10 22 ‘029
148571 SESE 221 22 5 18 2 ‘15
145572 SEI{SEY 2017 22 5 17 36 J030
145573 SEB%}E 222 22 5 16 31 (076
145302 | NWYN WIS Wi 23 22 5 19 7y - 068
145303 | NWIENWiZS 22 5 '3 27 088
145304 | NWiENWIaWi{ 23 22 5 2.2 23 1036
145305 | NWH{NWi.SWi 23 22 5 '8 20 - 066
14300 | NWIN WIS Wi 22 5 5 62 J018
145307 | NW mwﬁsw;i;za-.- 22 5 7 49 - 051
145310 | NWINWHSW 22 5 6 60 2007
145308 | NWiZNW swgza.- 22 5 17 22 061
145300 | NWi;NWiSWZ 23 2 5 7 20 J049
145311 | SWYNWIZSWI; 23 2 5 17 30 061
1shes | SWHNWISWL 3 22 5 85 24 086
145567 | SWIENWiLSWi{ 23 2 5 185 23 13
143508 | SWEANWisSWis 08 32 5 ‘6 19 ‘15
Tioaes | SRR AT 22 5 13 24 J087
145504 NW%SW‘VNW}/% 23 5 12 36 15
143068 | NW WiENWif 26, 1 1111 22 5 10 36 i
145695 R 22 5 10 10 ‘10
140500 | NIRRT RI o ™ T 22 5 14 36 062
TN 54Ny ———————— 29 5 L4 34 18
145600 | NESSEVNES 27 11T 23 5 11 28 ‘19
145588 | NEWSEWNEL, 27, . 111117177700 22 5 '8 35 ‘14
145580 | NELSEI{NEL 27, L L . 1 77ITTTT 2 5 8 2 050
145686 SEyNEyNEyw.__- _______ 2 5 75 34 1019
oAb . -
4 X :
145607 | SEYNELNEIL 27.. 22 5 ‘5 4 St
145608 | SEL{NENEI 27.. 2 5 9 60 J010
145690 | SEYNEI{NEI 27, 2 5 L5 2 051
145700 | SEI{NEI{NES 27, I T 22 5 L2 32 10
145701 | SES/NENEY 27, 1T 22 5 14 3 J047
145702 | SEMNENES 27, -1 2 5 6 37 110
145703 | NWYNRIANEY 27, 1007777t 22 5 7 “ | 054
145704 | NWINE{NEL{ 27,0177 2% 5 L0 3 1062
145577 | SWYENEBYNEL, 27,0 I 22 5 L2 36 J016
5578 | SWIFNEINELS 27,0 171707 2 5 12 24 J038
145579 {ANENE 27, . 22 5 L1 2u 1023
145880 | SWHNERNEY 27 oo 11177 2 5 L2 2 053
145581 | SWH{NE{NES 27, . 1107777771 22 5 L4 2 J061
145682 | SWINELNEY 27 11T 2 5 '3 27 1035
145583 | NWIYSE{NEY 27. 2 5 L0 33 “064
145584 I{SEYNELL 27, 22 5 L4 % 1025
145585 | NEI{SWI{NEY, 27 2 5 11 0 “0%2
145705 | NEY{SWI{NEI{ 27 2 5 L3 9 J017
145706 | NEI{SWI,NEL 7. 2 5 14 27 J038
145707 | NE{SWI{NE 27 2 5 12 28 J012
145708 | NWIYSWINEY 27 22 5 11 36 11
148784 | NWHNWIYSWiIZ 281 111111117TTTIIIIIIT 2 5 1 N J001
usrio | SENEUN Wi 55 22 5 12 4 l97
148821 | NWIENWIANWI{ 36, . 1 I 17T 2 5 o 37 1033
CARBONATE COAL ZONE

148782 | NWYNWYSWY 8. 22 5 .9 33 0.013
148783 | NWIINWiZSWi{ 28 " 22 5 8 2 003

NEYNEWNWI 3. . 2 5 g 85 “24
27154 | NEZNEYNWI; 32 " 21 5 7 45 004
27185 NE%NE AINWi 3200 21 5 5 54 “016
237186 | NESNELNWI{ 32" 21 5 7 70 J002
140366 | SWIZSWIZSEM 91T % 4 82 1002

COAL ZONE ©

48780 | SEASBUSWI 12, - oreoooeooocemeeemeeeee 21 5 L1 16 <.001
148790 | SEI{SEl{SWi 12 _____ - 21 5 1.1 30 <. 001
149343 | NEYNWYNWI 4. _ 22 H ® 22 .01
149340 20.._. - 22 5 1.1 15 - 018
149341 0.7 : 2 5 14 2 003
149342 20 . 22 5 .8 25 . 003
149451 wasr% B 22 5 4 21 . 005
149452 e - N 22 5 8 37 .012
140448 SEV§EVSEV29 _________ = 2 5 10 23 -013
140449 | SEIZSEIZSEI 09 1T 2 5 Lo 32 .009

See footnotes at end of table.
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TaBLe 7.—Uranium content of miscellaneous coal samples mainly from localities peripheral to principal deposits—Continued

Location
Sample No. Laboratory Thickness Ash Uin Uin eU in
No. (feet) ash sample sample
Sec. T.N. R.E.
coAL zZONE c¢—Continued
22 5 1.0 28 0.025 0.007 0.007
22 5 1.0 39 .09 -035 1033
22 5 2.3 18 7 .013 .008
21 5 13 35 106 1021 017
21 5 1.4 26 .05 .013 .01
21 5 1.6 35 R ‘019 Lo17
21 5 12 32 .10 T032 1030
21 5 ) 32 2.0 .63 .68
21 5 15 36 36 113 n
21 5 14 37 04 ‘015 J013
21 5 10 34 21 -070 1065
21 5 4 30 63 19 17
21 5 2.0 26 .026 L 007 2006
21 5 3.0 35 04 .015 Lo011
21 5 .8 0 105 021 .06
21 5 3.0 25 .03 1008 -006
21 5 .8 70 1006 1004 -006
21 5 11 30 1069 .019 .018
21 5 12 24 J042 1010 .o11
21 5 12 33 ~065 L2l .018
2 5 4 70 .088 - 060 1060
2 5 7 54 1085 1046 1033
COAL ZONE B
R 21 5 19 15 0.004 0.001 <0.001
148792 (SEUSWIG 12 = 21 5 19 26 005 001 <. 001
148793 iSESWif 120 ] = 21 5 2.0 11 03| <o0 < 001
148794 SE 4sr:ysw 2. _ 21 5 11 28 -005 2001 J001
148785 NW1/SWi{ 28 = 22 5 '8 34 ‘014 ~005 .001
148786 St AINWiSWig 28 B 2 5 '8 25 006 1002 -002
237161 NEyNE;}wasz. - 21 5 16 34 1020 - 007 1004
95T 18 _TTTTIT 237065 | SWiESW 5 _ 2 5 11 47 1026 1012 .013
95B 1.1 Srone | SWisSWisRWis 4TI 2 5 L1 75 003 J002 ~002
LONESOME PETE COAL ZONE
90T 5. .. 148795 | SEYSEMSWY 12 ... 21 5 1.0 7 0.004 0.003 0.002
96B 0. 11T 148796 sr:ﬁsr:ﬁ w}yf 120 _ 21 5 1 1 .011 . 001 <.001
96a0 . 1l 148997 | SEI{SEI{SW 12 . : 21 5 5 38 .003 -001 002
N 145708 | SEISREILOWIS 13- ) o3 : o i o8 o S o0t
er I e | NERNBLRN Wi B - 5 : 1 2 08| o o
98BI ey | NEANEIN WIS a7 2 5 L2 36 “007 1003 003
LOWER COAL BEDS
148800 | SEMSEYSWI{ 12 oo 21 5 1.0 42 0.004 0.002 0.002
148803 | SEM{SEI{SWig 12, ” 2 5 I8 22 " 004 J001 ~00l
14508 | SELSRLSWES 137 - o : 13 o 005 | oo <00
148506 | SEISSERSWIZ 1277 - 21 5 L5 2% -007 1002 <001
e L | 1o | B o om <m
............. {120, = . : . .
w5 . 148809 SEVSE 1{SWl4 12_-. - 21 5 .5 64 . 008 . 005 . 001
106° ... 148810 SE}/SEVSW412___ - 21 5 1.0 23 . 008 . 002 <.801
148812 5SEVSW TN _ 21 5 10 31 1009 1003 1
lissis | 8 SE Wi 15 : o : 3 % 09 | ook <001
148815 4SWif1220] Z 21 5 '8 70 -008 - 006 .001
148816 SEysmyswyu,__ = 21 5 ‘2 76 1007 1005 <001
| SR SO 1A I -1 I R
Sinat | NEAN RN = 21 5 i 16 005 002 2002
00 é‘wﬁsv%?vvvvy‘f” - % 4 9 % el ok ook
237068 | SWi{SWI{SWig 4. = 20 5 8 20 [018 -004 .003
116B 18~ 237069 | SWI{SWI{SWi{ 4 - 20 5 .9 24 .010 . 002 - 002
nmrws_ 237070 | SWYSWi{SWi{4. . 20 5 1.4 41 .003 .001 . 001
usTe_ 237071 | SWYSWI4SWY 4_ - 20 5 .8 26 . 001 .0003 <.001
T Z | guiemienies ST I T A1 1
119B 1801 1T grond | S awisawis i - 20 5 12 19 - 004 0008 oo
U9ats_ ____________ 237074 e// g é B - 20 5 1.2 218 2.003 . 0005 2 <.001
1208 ___________ 237075 ASW. 4l 20 5 .2 38 . 009 -003 - 002

1 Grab sample.

2 Chemical analyses by R. P

Uranium content determined from coal rather than ash.
. Cox, J. 8. Wahlberg, E. C. Mallory, Jr., and Mary

Finch; radioactivity analyses by C.6G. Angelo, U.8. Geol. Survey lab., Denver, Colo.
8 Rider 10 ft above sample 16T.
4 Rider 10 ft above sample 17T.
§ Middle, overlaps samples 20T and 29B.
¢ Locality 6, pl. 3, middle of 2.2-foot bed.

7 Shown on columnar section 11, plate 2.
8 Top of 1.2-ft bed.

9 Shown on columnar section 8, pl, 2.

10 Shown on columnar section 6, pl. 20.
11 Grab sample from sample 82.

12 Top of 4-foot bed.

13 Shown on columnar section 15, pl. 2; sample 119a is a split of sample 119B.
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TABLE 8.—Uranium and trace-element content of carbonaceous silistone and associated rocks, Carbonate prospect and vicinity

[Values in percent. Uranium content of sample calculated from uranium content of ash except for unashed samples. Com%site channel samples are of complete bed emegt
as indicated by letters included in sample number (T', top; M, middle; B, bottom). Samples whose laboratory number begins with either 55— or 65- were analyzed in the
U.8. Geol. Survey lab., Denver; chemical analyses by H. E, Crowe, C. E. Thompson, W. R. Weston, and W, J. Breed; radioactivity analyses by L. M. Lee and W. W
Niles. Samples whose laboratory number begins with either 1 or 2 were analyzed in the U.S. Geol. Survey lab., Washington, D.C.; chemical analyses by Roosevelt Moore,
Grafton Daniels, and Joseph Budinsky; radioactivity analyses by B. A, McCall]

Sample | Laboratory Lithology Thickness Ash Uin Uin eU in v Mo As Fe Cu Se
No. No. (feet) ash sample | sample
NORTH PIT
Grab samples
0.015 0.015 0.015 0. 0006 0. 006 1.9 0. 004 0. 002
.015 . 026 . 030 . 0006 . 010 58 . 004 . 001
. 006 010 . 010 . 0060 .30 9.2 . 004 .001
120 . 058 . 010 . 0015 .010 1.7 .004 . 002
. 030 . 010 . 0015 . 005 1.8 . 003 . 001
008 . 009 .015 . 0008 . 030 2.0 .003 .001
006 . .010 . 0008 . 030 2.4 . 004 .003
016 1) 3 PRORSN (SOOI FIPUSIIsn ERUOUNPR U ) SRR
. 008 .014 .010 . 0004 . 005 1.6 . 006 001
.020 1) [ 2 ORI PSPPI [RRRPRRR DY IR DU SR,
. 012 .017 . 060 . 0015 . 010 5.7 003 002
. 021 N1 2 PRI SURIRPIR PRSP I N oI
.48 IR 2 AR SRS AU SRRy RS S PRI
. 350 .::;)7 . 015 . 0008 . 020 1.5 . 003 . 002
.44 7 S (RPN (RGPS PPt IO IR U
d .350 32 . 050 . 0030 . 020 2.4 004 . 004
Sandstone dike....... 04 . 011 .010 02 | e
Caﬂéonaceous siltstone_ .| ) |- . .39 . 060 . 0160° .030 5.4 . 005 . 006
N7 T DRRURRRIN (USRI YIS NSRRI S i
. 044 .010 0060 . 020 2.0 004 . 002
I T PR (RN FOREORUI RTINS U IS
.23 .010 0040 . 030 1.6 . 003 .00t
PS5 £ T [SURRPR PP FEORRIPII IR S MU FI
ﬁ 015 . 0040 .030 1.4 . 002
. o | NUTH 0 20 [T 21| Jooe | 001
065 4 e
. 025 .020 0400 .920 9.5 . 005 . 002
R0 130 RN PRSI PRSI SIPIPIOIIUOUR IO
.0%0 .010 . 0025 .010 1.7 . 004 . 005
N1 {20 RO FEPURIPIRRSORD MRV DRRRPRNSRUI VR RRepy
. gg; .015 . 0030 .020 2.2 004 . 0005
. o8 | 015 | J0070 | a0 | 23] Jood | L0038
009 | o015 | Jocoa [ o050 | i 8| Jod | - 0007
016 . 050 .0015 . 080 2.6 . 005 .015
.008 .015 . 0015 .010 2.3 003 . 001
0 . 050 . 0040 . 020 3.7 . 006 L0158
030 025 . 0025 .010 2.3 . 004 . 006
.021 025 . 0040 3.0 . 0056 .007
.013 . 025 . 0030 . 020 4.6 . 005 . 005
Upper siltstone.__.________ 0.7 91 0.021
Carhonaceous siltstone_ 1.5 85 .016
di .5 80 . 015
.5 83 . 018
.6 91 .061
- 1.0 75 .82
- .6 83 .21
- .2 94 . 007
Upper siltstone.______ - .55 91 . 065
Carhonaceous siltstone__.. .4 85 .50
_____ s 1/ O .b 69 14
Lower siltstone. - .65 87 .15
Sandstone floor... - .2 99 .
Sandstone roof. - .2 94 .
Upper siltstone.._____ - .7 91 .011
Carbonaceous siltstone.__. .b 87 .ol
- .5 81 .011
- .5 86 . 016
.2 97 .
SOUTH PIT
Grab samples
0. 008 0.011 0.020 0. 0008 0. 008 2.2 0.003 0. 005
. 008 .012 .012 . 0004 .004 2.1 . 004 .001
L0 . 039 .012 . 0008 . 004 L7 . 004 . 0001
015 .014 .012 . 0008 .016 1.9 .003 . 0001
. 015 .016 008 . 0004 . 006 18 .004 . 0001
. . 008 008 . 0002 . 006 2.4 . 004 . 0001
015 . 012 . 0015 040 3.0 . 004 . 0001
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TAB?(.E 8.—Uranium and trace-element content of carbonaceous siltstone and associated rocks, Carbonate prospect and vicinity—Continued

Sabl;lple Lab&ratory Lithology Thickness Ash Uin Uin eU in v Mo As Fe Cu Se
0. 0.

(feet) ash sample | sample

souTH PIT—Continued
Grab samples—Continued

016 030 . 0160 016 2.3 .003 . 0003
021 015 . 0100 010 1.3 .003 . 007
033 026 . 0100 010 2.0 . 004 .003
021 035 - 0200 020 2.5 . 004 . 003
025 025 . 0200 020 2.2 . 004 - 001
010 025 . 0300 030 2.8 . 005 . 007
009 025 - 0800 080 25 . 004 0056

Channel samples

1.2 92 0. 006 0. 006
.6 89 . 008 . 007
.4 92 . 006 . 006
] 95 . 008 . 008
.5 93 .010 .009
.4 92 .017 .015
.4 84 .27 .23
.5 78 .70 .55
.35 85 .16 14
.35 92 .021 .019
.3 96 .01 .o
Sandstone roof .3 95 . 004 . 004
Upper siltst: .6 93 . 009 . 008
L s 1, N [ .4 91 . 090 . 082
Carbonaceous siltstone____ .5 88 .28 .23
ceee@Oo L .5 87 .080 . 069
Lower siltstone_____.._ .5 93 012 011
Sandstone floor__. .3 95 .027 026
Upper siltstone__.___.._.__ 1.0 92 .016 015
Carbonaceous siltstone..... .6 90 .031 . 028
c21l.______ Lower siltstone_.__________ .7 93 .013 012

LOCALITIES ADJACENT TO THE NORTH AND SOUTH PITS

Composite channel 1

2.2 84 0. 008 0.007
L8 84 .010
2.2 90 . 009 008
1 82 . 006 005
.7 89 - 006 005
.4 91 . 006 005
2.2 91 .010 009
11 93 .019 018
.6 85 . 066 056
.5 91 .018 016
2.1 91 .003 003
2.2 90 . 006 005
2.3 91 . 002 005
2.2 91 . 002 002

1 Equals sample 65, table 7.
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TABLE 9.—Uranium and phosphorus content of phosphatic clay- | TasLe 9—Uranium and phosphorus content of phosphatic
stone and associated rocks, Lonesome Pete mine and vicinity claystone and associated rocks, Lonesome Pete mine and
vicinity—Continued
[Valq:ls illl aeé?nt. Urapium a(llnd I[])hosé)l{grus ctgntfnft of thi ashP%f n al te‘ s
calcula rom uranium and phosphate content of sample. osphorus conten! Sample | Laboratory|Thick- Uin|Uin|eUin| Pin| P in | P;0.
of unashed noncoal samples caleulated from phosphate content of sample. Uran- P ry 205
ium content of coal samples calculated from uranium content of ash. Samples No. No. ('f‘:::) Ash | ash sampleisample) ash |ssmplelsample
are of complete bed except as indicated by letters included in sample number
(T, top; B, bottom) or on pl. 4-D and stratigraphic sections 12 and 13 ](\gl. 2).
Chemiecal analyses of noncoal samples by Joseph Budinsky, Roosevelt Moore, Coal samples
and W. P. Tucker; chemical analyses of coal samples by Maryse Delevaux, Carmen
Johnson, and Grafton Daniels; radioactivity analyses by B. A. McCall, U.S. 6 34.010.24 |0.085 | 0.030
Geol. Survey lab., Washington, D.C.] 10 36.9| 004 .035 | ovr |-TTnir
1.0 215 .037 | .008
) .3 39.7| .033 ( .013
Sample | Laboratory|Thick- Uin|{ Uin |{eUin{ P.n | P in | POs
No. No. ness | Ash | ash [sample/sample| ash [sample{sample
(feet) VICINITY OF THE LONESOME PETE MINE
Noncoal samples
LONESOME PETE MINE 0.010 0.3
.011 <.1
Noncoal samples (ore zone) . 004 .2
. 003 .1
.............. .003 .1
0.95| 94 0.17 [0.16 | 0.14 | 0.99 2.1 . 002 .1
751 94 .29 27 .4 |19 4.1 | Toaaa{ MO762__ | .2 |eceeci|amennae - 009 .2
.4 94 .21 .20 17 1.2 2.6 | 8 .| 146763 __ .25 |oceeooo|emonan .27 4.9
.4 94 .32 .30 .29 ] 2.6 5.6 .010 . .2
1.0 94 .016 ( .015| .016 | .19 .4 .005 . .1
.95 1 93 075 .070 ( .068 | .51 1.1 | Moo M6766._... LO ... | . 005 . .1
75 94 .3 .28 .28 .51 11 .002 002 |- <.04 <.t
.5 94 .16 .15 .15 1.1 2.4 . .1
1.1 M4 013 012 .014 | .14 .3 .1
L0 93 .008 | 007 | .007 {<.047 <.1 .1
.86 92 .23 .21 .19 | 2.2 4.7 .1
51 98 .2 .18 .16 1 1.2 2.6 . .2
.8 93 .19 .18 .15 1 1.2 2.6 . .1
.85 92 .19 .17 .16 .90 1.9 .4 .1
W7 92 W17 .16 .16 12 f.o.... 2.5 . .1
.9 92 .038 | .035| .033 | .24 .5 . 4.15
1.2 93 .032| .030| .032( .23 .5 . .52
1.2 92 043 | .040 | .039( .88 f---_._. T .3 .2
.8 92 L013 | 012} 014 | .09 |._.___ .2 .5 .1
.9 92 .11 10 007 [ .62 [ eoaean L3 .5 .1
L8] 92 4 .40 .36 | 3.6 |-ccen—- 7.5 .6 .1
.6 92 .28 .26 I T I P N, 3.16 .4 .1
.85 93 17 .16 .14 .89 L9 .2 .1
T 92 . 087 080 | .078 | .048 .1 .25 .2
L0 92 .16 .15 .14 .85 1.8 .3 8.2
1.1 92 .29 .27 .24 120 4.2 .3 1.4
.9 92 .21 .19 .19 | 12 2.6 .6 .2
.9 92 .28 .26 .25 |29 6.2 .6 .2
.55 92 .21 .19 17 L1 2.3 .6 .1
.6 92 20 .18 17 [ 11 2.4 .2 .2
1.0 92 .13 .12 12 .85 1.8 .3 <.1
.8 92 .12 .11 .10 .52 1.1 .2 .2
.25 92 .31 .28 .25 (L6 fo. 3.2 .2 <.1
.9 92 L0541 .050 ! .047 | .33 W7 .3 .2
.85 92 098 | .09 | .084 | .62 1.3 | 643 .___| 149364.__.. L0 |eiooo|emecaao] L002 ] L0083 | oeeian]emeaee
75 92 .36 .32 .3 2.2 4.7
.7 92 .27 .25 .23 {16 3.3
.4 . .11 .81 L7
.9 . 094 1.2
.8 . 088 10 | 12eceno...| 237054 ... L1
.6 012 [ .20 11
.6 .075 a1 11
1.0 .017 .4 L0
.9 . 030 .4 L0
1.0 .17 2.8 1.0
7 . 094 1.3 L0
.8 . 062 .9 10
.8 .15 2.3 1.0
.8 .076 1.3 -6
.2 .55 16.8 0.6
.5 .22 3.5 1.0
.68 19 feeeea 3.4 1.0
.7 .17 3.1 1.0
.6 L4 2.6 .8
.7 . 055 1.2 1.0
.45 .20 5.6 11
.8 .18 3.7 1.1
.2 .39 8.2 1.3
.9 .044 .8 | 623 ______1237397.___. 1.3
.2 .30 7.9 | 638 ______|237308.._.. 1.3
.9 .15 2.2 149365_ . .- 2.0
1 g i
. . . 1 Selected sample.
-6 B 3.0 2 See stratigraphic section 13, pl. 2.
3 See stratigraphic section 12, pl, 2.
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amples from the Cave Hills area, Harding County, S. Dak.

[Values in percent. Chemical analyses by Roosevelt Moore; radioactivity analyses by B. A. McCall, U.8. Geol. Survey lab., Washington, D.C.]

Location
Sample | Laboratory Sample description Position in formation Uin eUin
No No. sample | sample
Sec. T.N. R.E.
Chadron Formation (Oligocene)

1 148770 | NWYBWIHNWI{28__ 22 5 | Tuffaceous sandstone. 0. 001 0.002

2 148769 | NEI/SWI/NW{28_ __ 22 5 | Conglomerate._-._.._. . 001 <.001

3 148766 SE%NE%‘SW% 21 22 5 | Tuffaceous sandstone . 001 . 002

4 148763 | NWL{NWI/5 ______ 20 5 do. . 001 .001

5 148761 | NWIYNWI{5 . ____ 20 5 . 001 . 002

6 148762 | NWIANWI{ 5 _ - 20 5 .001 . 002

7 148765 | SWI{NWI{ 32 _ - 21 5 . 001 . 002

8 148764 | SWINWI{32 .. 21 5 .001 <.001

Tongue River Member of the Fort Union Formation (Paleocene)

9 148767 | SEYNWI/SWI{ 21 ... 22 5 .001 0. 002
10 148768 | NE{SWIANWI{ 28 __ - 22 5 . 001 . 002
1 148772 | NWIHYNWI/NWI1{ 386, 22 5 - 41t above coal zone (F) . 001 . 001
12 148771 | NWYNWI{BWI 22 [ I P— do.. 10 ft above coal bed E_____. - .001 . 002
13 148773 | NWHYNWYNWI{ 22 51 ... L+ () Directly under coal bed B .001 .003
14 237230 | SEYNEYSEY 23 __ 22 5 | Siltstone.. Directly over coal bed E. .. - . 003 . 602
15 237411 | SEMSWI{NWIY 21. 22 5 .. do.._.. Directly under coal bed E . 003 . 004
16 246 SE}/ SWI{SWl{ 26.. 22 5 { Claystone........ Directly over coal bed E_ . 025 .014
17 237244 E%SW%SWV 26._ 22 5 | Analeiticelaystone_ ... .} o dOoo o .. . 050 047
18 237241 | NEUSWI4NELY 27. 22 5 | Silty clayston,e_ __dn - .003 003
19 237234 | NEYSEYNEY 27 22 5 Claystone__ .o . __jo_._ A0 oo e .010 .008
20 237242 | SEY4N E!} NWM 35 22 5 Analcitlc silty claystone ............ Lo o TR .30 .28

Ludlow Member of Fort Union Formation (Paleocene)
21 237236 | NWYNEYNEY 22 ________ 22 5| Sandstone.........._..cooo.oo Di;gctly under Tongue River Mem- 0.15 0.14
T.
22 237237 | NWYNEYNEY 22 .___._. 22 L7 P [ () T Directly under sample 21 ..._..... . 080 .75
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