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RADIOACTIVITY AND URANIUM CONTENT OF THE SHARON SPRINGS
MEMBER OF THE PIERRE SHALE AND ASSOCIATED ROCKS

IN WESTERN KANSAS AND EASTERN COLORADO
By E. R. Landis
ABSTRACT

As a part of the Geological Survey's program of investigating
uranium-bearing carbonaceous rocks on behalf of the Division of Raw Ma-
terials of the U. S. Atomic Energy Commission, a reconnaissance of the
Sharon Springs member of the Pierre shale in western Kansas and eastern
Colorado was conducted during 1954.

The Sharon Springs member of the Pierre shale and its lateral
equivalents ranges from 155 to about 500 feet in thickness and generally
contains about 0. 001 percent uranium, but some beds contain larger amounts.
A 6-foot thick shale bed in Cheyenne County, Colo., contains about 0. 006
percent uranium, a 4 1/2-foot thick sequence of beds in Crowley County,
Colo., is estimated to contain between 0.004 and 0. 005 percent uranium,
and a 3 1/2-foot thick sequence of beds in Kiowa County, Colo., contains
about 0. 004 percent uranium. At several outcrop localities, sequences of
beds as much as 9 1/2 feet thick contain about 0.003 percent uranium.
Data from wells indicate that the 4 1/2- foot thick sequénce of beds in
Crowley County, Colo., may have a lateral extent of at least 5 1/2 miles.

A gamma-ray log of a well in Y!f‘u‘iiab(}ounty, Colo., indicates the presence



of a sequence of beds 66 feet thick which contains 0.005 to 0.010 percent
equivalent uranium.

No definite pattern of areal distribution of radioactivity and uranium
content in the Sharon Springs is indicated by available data. Lateral vari-
ation in uranium content of individual beds was not noted in outcrops, which
seldom extend more than 150 feet, but subsurface data from gamma-ray logs
of wells indicate that both the maximum radioactivity and the thickness of
radioactive beds are variable within distances of a few miles. Vertical
variation in radioactivity and uranium content of the more radicactive beds
is usually abrupt, but in the rocks as a whole the range of uranium content
is so small that large variations in content are absent.

In most of the gamma-ray logs examined there is only part of the
sequence of rocks comprising the Pierre shale and Niobrara formation:
that exhibits radioactivity in excess of the average radioactivity of the two
formations. Comparison of features of gamma-ray logs of wells in north-
eastern Colorado suggests that the most radioactive part referred to above
is a laterally correlatable sequence of beds.

The stratigraphic position of the radioactive unit relative to the
Pierre shale-Niobrara formation contact in oil industry scout reports, as
identified from electric logs of wells, is variable within short distances.
This may indicate that some of the Pierre-Niobrara contacts picked from
electric logs may not correspond to the boundary that would be selected

by examination of the rocks themselves, or may indicate that there is a



facies relationship between the lowermost part of the Pierre shale and the

uppermost part of the Niobrara formation.
INTRODUCTION

During the field season of 1954, reconnaissance and detailed studies
of uranium-bearing black shales of Late Cretaceous age in western Kansas
and eastern Colorado were carried on as part of the Geological Survey's
program of investigating uranium-bearing carbonaceous rocks on behalf of
the Division of Raw Materials of the U. S. Atomic Energy Commission. Con-
current investigations were made in western Nebraska (Dunham, R. J., re-
port in preparation) and western South Dakota (Kepferle, R. C., report in
preparation). The primary objective of these studies was to determine the
content and distribution of uranium areally and stratigraphically in the
Sharon Springs member of the Pierre shale of Late Cretaceous age. Other

shales of Late Cretaceous age were also examined.
STRATIGRAPHY

The Sharon Springs member of the Pierre shale was named by Elias
(1931, p. 56) from exposures in Wallace and Logan Counties, Kans. At the
type locality, the Sharon Springs consists of 155 feet of flaky, black shale
containing an abundance of small fish remains. Dane, Pierce, and Reeside
{1937, p. 225) extended the name into eastern Colorado as an equivalent of
the "Barren zone' of Gilbert (1897). Searight (1938, p. 137) used the name

for the basal member of the Pierre in South Dakota and Condra and Reed



(1943, p. 17) applied the name to the lowermost part of the Pierre in
Nebraska.,

In western Kansas the Sharon Springs is overlain by the Weskan
member of the Pierre shale, which is the lowest of three units named by
Elias (1931, p. 56) in 430 feet of Pierre overlying the Sharon Springs. In
eastern Colorado the Sharon Springs is overlain by the "Rusty‘zone" defined
by Gilbert (1897). Dane, Pierce, and Reeside (1937, p. 225) correlated
the "Rusty zone' with the three units named by Elias (1931, p. 56) that
overlie the Sharon Springs in western Kansas.

The Sharon Springs member is underlain in western Kansas by the
Smoky Hill chalk member of the Niobrara formation; in eastern Colorado
this is called the Smoky Hill marl member of the Niobrara formation. In
the extreme western portion of the report area the Sharon Springs is under-
lain by the Apishapa shale member of the Niobrara formation. The Apishapa
is equivalent to the upper part of the Smoky Hill marl and chalk of eastern
Colorado and western Kansas (Cobban and Reeside, 1952, (p&l‘ﬁ” As seen
in the field, the lithologic contact between the Pierre shale and Niobrara
formation appears to be conformable and at some localities seems to be
gradational. At a few localities, an alternation of dark gray to black cal-
careous and noncalcareous shales was observed. The contact between the
Pierre and the Niobrara is generally placed at the top of the youngest lime-

stone or calcareous shale that is observed in the outcrop.



The Sharon Springs is predominantly black to dark brown, ‘noncal-
careous, organic-rich shale. The shale commonly breaks and weathers
into tough, angular, fragments from 1/20 to 1/5 of an inch thick and as
much as 2 inches in diameter. Scales, spines, scutes, and other minute
remains of fish are so common as to be a definitive feature of the Sharon
Springsi Other fossils are so rare, though, that this portion of the Pierre
was named the "Barren zone' by Gilbert (1897). Fragments of mollusk
shells were noted in several limestone concretions and at one locality in
Wallace County, Kans., a few bone fragments, probably of a marine reptile,
were found.

Bentonitic clay beds are common in the Sharon Springs and are not
restricted to any particular stratigraphic horizon. The beds are commonly
less than 6 inches thick and the majority range from 1/4 to 2 inches in thick-
ness. Tourtelot (1956, p. 63) repcrts bentonite beds almost 20 feet thick
in the Sharon Springs near the Black Hills, but none of that magnitude was
observed in western Kansas or eastern Colorado. In most places the ben-
tonitic clay beds, which are light gray where unweathered, are fepre sented
on weathered surfaces by an intimate mixture of soft, iron-stained, tan to
yellow clay, red-brown limonite or hematite, and small, randomly oriented,
prismatic crystals of selenite.

Selenite, in the form of rosettes as much as 6 inches in diameter,
and as individual crystals, is usually abundant on weathered outcrops. Con-

tact twinning of tabular crystals is common. On several weathered outcrops,
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small veinlets of selenite cut across the bedding planes of the shale. Sele-
nite and rock gypsum commonly encrust the concretions present in the
Sharon Springs.

Ellipsoidal concretions consisting of concentrically banded dense
gray limestone or shaly limeétone are present in the Sharon Springs. Oval
calcareous shale concretions, some of which contain rock gypsum or sele-
nite, are also common. The larger and more conspicuous concretions are
of the septarian type, in which the dense microcrystalline gray limestone
is divided by radiating septaria of calcite and barite. A few of the non-
septarian limestone concretions have an outer crust of tan to light-gray
cone-in-cone limestone. Several concretions noted consisted of opposed
layers of cone-in-cone limestone without intermediate material. Small
tabular concretions consisting of limestone and mudstone are common in
parts of the Sharon Springs. A few of the oval iron carbonate concretions
that are common in the overlying "Rusty zone' are also present in the
Sharon Springs.

Elias (1931, p. 65) assigned a thickness of 155 feet to the Sharon
Springs at the type locality in western Kansas, and fifteen miles southwest
of the type locality the author measured about 194 feet of Sharon Springs.
In eastern Colo:r'ado,rﬁane, Pierce, and Reeside (1937, p. 225) assigned
-~ a thickness of about 400 to 500 feet to the Sharon Springs. The author
measured a section in Las Animas County, Colo., in which the strata

probably assignable to the Sharon Springs are less than 260 feet thick.
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Totrtelot (1956, p. 63) states that in South Dakota the Sharon Springs and
strata correlated with it range from 17 to 150 feet in thickness, and Condra
and Reed (1943, p. 17) assign é thickness of 20 to 80 feet to the Sharon
Springs in Nebraska.

There are few distinctive laterally correlatable units in the Sharon
Springs, hence the stratigraphic relations between parts of the member in
different outcrops is often unknown, or at best, uncertain. Elias (1931,
p. 59) subdivided the Sharon Springs into upper and lower parts, differen-
tiating by the abundance of large concretions in the upper part as contras-
ted to the scarcity and smallness of the concretions in fhe lower part.
Elias (1931, p. 60-61) also indicated that a zone of septarian concretions
that occurs in the upper part of the Sharon Springs is laterally correlatable
in Wallace and Logan Counties, Kans, Septarian concretions are also
present in the Sharon Springs of eastern Coloadoe (Dane, Pierce, and
Reeside, 1937, p. 225). As the concretions are the most resistant con-
stituents of the Sharon Springg, they crop out more often than does the
remainder of the member and the tendency is to correlate the zones in
which they occur. Several tenuous correlations of septarian concretion
zones are indicatedon figures 2 and 3, but some of them may be erroneous.

RADIOACTIVITY AND URANIUM CONTENT
Surface data
Figure 1 shows the locations of exposures of the lower part of the

Pierre shale in Kansas and Colorado that were examined for radioactivity,
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measured, and sampled during this investigation. Figures 2, 3, and 4
show columnar sections of the rocks at each of the localities and the equiva-
lent uranium and uranium content of samples collected from the rock units.

Lateral correlation of portions of the Sharon Springs member of
the Pierre shale and associated rock units exposed at the various sample
localities is rather tenuous, but the probable stratigraphic position of the
beds examined at each locality relative to nearby localities is indicated on
the columnar sections (figs. 2, 3, and 4), No definite laterally correlative
stratigraphic sequence was consistently more uraniferous than other por-
tions of the Sharon Springs. The radioactivity and uranium content of in-
dividual beds were found to be laterally consistent within the outcrop area
of the portions of the Sharan Springs an d the adjacent parts of the Pierre
which were examined. However, few of the beds were exposed for a dis-
tance of over 150 feet at any of the localities.

The lower part of the Pierre shale in the area of this report gen-
erally contains 0. 003 percent equivalent uranium or less and 0. 001 per-
cent uranium or less. Following is a tabulation of all units containing
over 0.002 percent uranium and the thickness of each unit. Where thick-
ness and grade figures are separated by ''and", units containing 0.002 per-
cent uranium or less are present between the two tabulated units. Uranium
contents listed as ''estimated' are interpolated from scintillation counter
readings of the tabulated unit and scintillation counter readings and anal-

yses of contiguous beds.
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Locality number Thickness U content
(figs. 2, 3, and 4) (percent)
2 1 ft. 10 in. 0.003
3 2 ft, . 004
and
3 ft. .003
1 ft. . 004
9 1 ft. . 004
10 6 ft. . 006
12 0 ft. 6 in. . 003 estimated
1 ft. .006
2 ft. . 003 estimated

13 4 ft, .003 to . 002

15 1 ft. 4 in. .004 to . 003
2 ft. 2 in. . 005

1 ft. . 007 to . 005

egtimated
17 3 ft. 1 in. . 003
18 1 £t. 2 in. . 003
20 9 ft. 6 in, . 003

and

4 ft. 9 in. . 003

The disequilibrium between the equivalent uranium conﬁg‘ént and
the uranium content in most of the samples may be due to leaching of
uranium from the shale. Tourtelot (1956, p. 68) suggested that the
equivalent uranium content of weathered shale of the Sharon Springs
member in South Dakota and Nebraska may be representative of the
uranium content of some of the unweathered shale. Lending support
to this suggestion is the fact that many samples collected during the

present investigation contained exactly as much uranium as equivalent
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uranium. In general, however, the equivalent uranium and uranium de-
terminations in the majority of the weathered shale samples reported
here differ by 0.001 to 0. 002 percent uranium; for example, sarﬁpies
with 0. 003 percent equivalent uranium generally contain 0. 001 to 0. 002
percent uranium. Some of the excess radioactivity indicated by these

relationships probably results from potassium in the shale.
Subsurface data

Figure 5 shows the location of wells in northeastern Colorado
for which radioactivity logs were studied. Radioactivity logs normally
consist of two curves: the gamma-ray log which records the natural
gamma radiation emitted by the rocks through which the well passes;
and the neutron log which records the gamma radiation emitted by the
rocks as a result of neutron bombardment from a source introduced
into the hole, the gamma radiation given off by the introduced source
and reflected back to the gamma-ray detector, as well as the natural
gamma radiation of the rocks. Only the gamma-ray curve indicating
the natural radiation of the rocks was considered in the present study.
Significant portions of the gamma-ray logs of those wells indicated on
figure 5 by a solid circle and a number are shown on figure 6. The
equivalent uranium content of the shale in some of the wells indicated
by an X on figure 5 is taken from gamma-ray logs reported by
Tourtelot (1956, fig. 6) and the others are based on the author's exami-

nation of logs.



w Y o M | N G i_ N £ B R_A_ S K A _
L e e I = R T | |
X .
I\ o ! ||5EDGWICK=
N ! ! o s a w | B
B
d ) | |
\\ L A rR 1 v e r ! e r| 0076y 006 eu 'f '|
\\ g l ?E)OSeu ).<009eu :
L VTR B EAe l
) hl
\
N
\
‘k_ _____
\
Bou LD ER
EXPLANATION
5

Locality of gamma-ray
log shown in figure 6.

X

Locality of other selected L—
gamma-ray logs. (Noft
shown in figure 6)

.009 eu

Maximum equivalent
uranium content as

calculated from gam-
ma-ray log using the
following ratio: one

inch of deflection on
a ten inch sensitivity
scale equals 0.0007 % eu

—

G

Outcrop line of Pierre
shale. (Dashed where
approximately located)

N

FIGURE 5-MAP OF EASTERN COLORADO SHOWING THE LOCATION OF WELLS USED IN
THE RADIOACTIVITY LOG STUDY OF THE PIERRE SHALE AND NIOBRARA FORMATION

10 0 20 30 40 Miles



Locality §
McMahon and Bullington
hring

,, No.1 Bel Locality 3 Locality 2 Locality 12
SE. &eec35 Lol REIW. Carter 0il Co. Halbert and Jennings eaiiny
OEPTH | 2 3 4 SN Nicholson No. 4 No.| Fritts ,"'r':c:'(‘e’
o N.W. Y sec. 29, TEN,RS4W. - SE. Y sec.25 T.3N,RSOW. e g HOLIE L
Locality 7 . . LOGAN COUNTY WASHINGTON COUNTY SE % SE’«‘:‘J,"[ 205 RETW.
W.E. Atkiason Prod. Locality € Locality 4 DEPTH | 2- 3 4 IN. DEPTH | 3 4 n. ogpwc'uowz, v 1,,,.; v .
B.1.Q. Unit No.l California Co. Nebraska Drillers {\‘ 1
NE. / sec. 3|, T.5N,, R.68W. inder No. No.| A.G.Nay L
LARIMER COUNTY N.E. % sec. 4, T.6N.,R.67W. S.E. s sec.14, TON., R.58 W, Locality | E
" DEPTH 2 3 4 N, WELD COUNTY WELD COUNTY A %
550 DEPTH 3 N - DEPTHI 2 3 4 IN. 4050 mmga ouNm' d
59 itzmiller No. 255
> 5400" ig SE. Vg sec.32, T.4 N, R4S W. 4 p
{ < 3050 DEPTH Y"”‘z “"3“" ™ *5/
28 . >
s R NN o : b Ko SO === 7
mi. 38 mi. i Ki : " . =
s eBimh " 29 mi o0 K}nr 32 mi. Kn ) 27 mi. 3 R i
oo . <] SN 5
2 - . 200030505005 %039,
52:202024':.%‘0‘0“ S
2500" & 4
PRI P
e i IORRR LR L 4
Logs correspond to numbered localities in figure 5. \\\\ S 4
N

EXPLANATION Locality 11
0 fo Sin. to 10in. to I5in. to  20in. ”‘3??.”,“'5£ s

SW. % sec.6, T.7S.,R.46 W.

KIT CARSON COUNTY
OEPTH | 2 3 4 -
h—

Patterns indicate inches of deflection
at 10 inch sensitivity scale on telescoped logs

15004

b __ i

" Kn i

Contact between Pierre shale and Niobrara i

formation as listed in oil industry reports 1550 ;

i

!

Locality 8 ) '

Sun Oil Co. R Locality 10 6od K j‘

No. | Stote Lion Oil Co. s g

N.W. % sec.36,T.3N., R.58W. Downing No.! i
MORGAN COUNTY Locality 9 SW. Y sec.32, TI1S.,,R.56 W. !
OEPTH + 2 3 4 N Y WASHINGTON COUNTY 4

British- American OEPTH 2 3 4 IN.

No. H~1 Johnson od
SW. % sec.12,TIS., R.59 W. :

ADAMS COUNTY 4350
oeeTH) 2 3 4 g m

1650"

16 mi. IS mi.
8230 = === == =

63 mi.

)

4450°

FIGURE 6.-GAMMA-RAY LOGS OF LOWER PART OF PIERRE SHALE ‘AND UPPER PART OF
NIOBRARA FORMATION IN EASTERN COLORADO

LT




The maximum deflection produced by rocks in the Pierre-Niobrara
sequence on the gamma-ray logs of the wells on figure 5 is expressed as
percentage of equivalent uranium. Gott and Hill (1953, p. 70) found that
in the Rangely field of northwestern Colorado, an equivalent uranium con-
tent of about 0.0007 percent in core samples of the Weber formation caused
a deflection of one inch in the gamma-ray curve at a 10-inch sensitivity
scale. The accuracy of this figure is dependent on many complicating
factors, such as the thickness versus the radioactivity of the bed, fluid
content of the well, shielding effect of the casing in cased wells, differences
in individual instruments, and the rate of movement of the ionization cham-
ber. However, analyses of samples of core from a well penetrating the
Bakken formation in North Dakota were compared with the gamma-ray log
of the well, and the Gott and Hill factor was found to be applicable to with-
in an accuracy of 0.001 percent equivalent uranium (Kepferle, R. C.,
personal communication). The maximum radioactivity shown by the gamma-
ray logs is at locality 1, where a sequence of beds about 66 feet thick has
an estimated equivalent uranium content of 0. 005 to 0.0l percent.

The available data do not indicate any definite areal distribution
pattern of radioactivity in the Pierre-Niobrara sequence. A greater num-
ber of the wells in the northeastern and eastern parts of the map area
{fig. 5) exhibit ra dipactivity near tl"xe indicated maximum than do the wells
in the central and western portions, However, no definite conclusions on
this point can be reached until more subsurface information is available in

the southern part of the area in which the Pierre and Niobrara are present.
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The contact between the Pierre shale and the Niobrara formation as
shown on figure 6 is as listed in oil industry scout reports. The contact in
such reports is generally picked by resistivity apd self-potential electric
logs without reference to radioactivity logs. In Lsome cases, however, the
radioactivity log itself was probably used to pick the contact. For one well
(loc. 7) no contact was listed but the portion of the gamma-ray log shown
in figure 6 probably includes the Pierre-Niobrara contact. Examination of
the electrical log of several wells shown on figuj‘.-e 5 indicates a change in
lithology at the depths listed by oil industry reports as being the Pierre-
Niobrara contact. At locality 10 (fig. 6) for insﬁance, the Pierre-Niobrara
contact agrees closely with changes in the electrical log curves that may
indicate a change in the lithology of the rock. The portions of the gamma-
ray logs shown in figure 6 include the Pierre-Niobrara contact as picked in
oil industry scout reports, and the portion of the upper Cretaceous series
considered is hereafter referred to as the PierrE-Niobrara sequence,

The gamma-ray logs that were examined show that there is usually
|

only one part of the Pierre-Niobrara sequence that exhibits radioactivity
far in excess of the average amount of radioactivity shown by these forma-
tions. The gamma-ray logs indicate that the po;tion which is more radio-
active than other parts of those formations ranges in thickness from less
than 10 feet to about 150 feet. Many individual peaks of radioactivity with-
in the more radioactive portion can be correlate;d in the gamma-ray logs

of wells in northeastern Colorado. This suggests that the most radioactive
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portion of the Pierre-Niobrara sequence in northeastern Colorado is a
definite, correlatable sequence of beds.

In northeastern Colorado the radioactive unit is in all ca.sés located
stratigraphically within about 200 feet of the Pierre-Niobrara ‘clontact as
picked from electric logs. The fact that the radioactive unit varies in
stratigraphic position relative to the Pierre-Niobrara contact may indicate
that the contact as picked from electric logs does not in all cases corres-
pond to the lithologic boundary that would be picked by examination of the
rocks themselves. Another possibility is that the radioactive unit crosses
formational boundaries, and there is a facies relationship between the lower-
mo st part of the Pierre and the uppermost part of the Niobrara.

The gamma-ray log of the well at locality 12 (fig. 6) is interesting
for several reasons. The Pierre-Niobrara coatact is listed in scout re-
ports as having been picked approximately by use of rock samples from
the well; it is about 130 feet below the base of the most radioactive portion
of the Pierre. Examination of outcrops in the same area showed that the
most radioactive and uraniferous part of the Pierre is a sandy shale unit
that contains iron carbonate concretions and that is located some distance
above the top of the Niobrara formation (loc. 15, fig. 3). That the radio-
active unit shown in the gamma-ray log at locality 12 (fig. 6) is the same
as that observed at the surface is suggested by the presence of a sandy
gray shale unit with a limy layer at the top that is present 155 feet above
the top of the Niobrara in a well 3 1/2 miles west of locality 12 and absent

in a well about 10 miles north of locality 12 (Hallgarth, W. E , personal

communication),
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ORIGIN OF THE URANIUM

Most of the problems of the origin of the uranium in such black
shales as the alum shales of Sweden and the Chattanooga shale of the
eastern United States are unsolved. As a group, the uraniferous black
shales of the world are sapropelic, highly carbonaceous and bituminous,
high in sulfides, noncalcareous, somewhat phosphatic, and are believed
to have accumulated slowly, probably under anaerobic conditions (McKelvey,
1955a, p. 15). The Sharon Springs shale member of the Pierre shale
possesses most of these distinguishing characteristics, though quantita-
tive data are lacking for some of them.

The uranium in most of the black shales thus far studied has a
definite relationship to the organic and bituminous fractions. Bates and
others (1953, p. 2), in their study of thin-section autoradiographs of the
Chattanooga shale, found that the observable alpha tracks emanated from
the interstitial organic matter and larger organic fragments associated
with pyrite. The uranium in the uraniferous upper Cambrian shale of
Sweden is present in kolm, a black kerogen of obscure origin (McKelvey,
1955b, p. 17). However, Breger and Deul (1955, p. 190) have found that
their study of a pyrite-rich sample of the Sharon Springs member from
South Dakota indicates that the uranium in the shale may be associated
with the mineral fraction.

. Conditions producing a low redox potential seem to have been con-
ducive to the formation of most uraniferous black shales, but other physi-

cal and chemical factors, such as the rate of accumulation of sediments,
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variation in the available supply of uranium, variation in the relative con-
centration of other elements in solution, and the pH, which affect the pre-
cipitation of uranium from aqueous solution, may be as important.

The uranium in the shale may have been deposited syngenetically;
that is, adsorbed by organic matter or precipitated from aqueous solution
and deposited simultaneously with the associated material of the shale.

All or part of the uranium may have a penecontemporaneous origin, that
is, adsorbed by organic matter subsequent to deposition and prior to com-
paction and burial.

At several of the localities at which outcrops of the Sharon Springs
were examined, the most uraniferous beds in the exposure were associ-
ated with bentonitic clay beds though the clay itself generally contains very
little uranium. In South Dakota, the part of the Sharon Springf;s that contains
the most uranium is commonly associated with bentonites (Kepferle, R. C.,
personal communication). However, many of the portions of the Sharon
Springs in Kansas and Colorado which are associated with bentonitic clay
beds are no more uraniferous than the remainder of the exposed rocks,
and at several localities where parts of the Sharon Springs were found to
be most uraniferous, no bentonitic clay beds were apparent. At several
exposures, concentrations of uranium believed to be secondary accumu-
lations on the present land surface are intimately related to the presence

of bentonitic clays.
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No obvious relationship exists between the syngenetically or pene-
contemporaneously deposited uranium in the shales and the bentonitic clay
beds in the sequence, but Tourtelot (1956, p. 78) suggested that the urani-
um content of a sea in which volcanic ash was deposited might be increased
during the alteration of the ash to bentonite. In this manner the bentonitic
clays could have contributed uranium and other metals to other parts of
the Sharon Springs without any direct relationship being apparent between
the bentonitic clays and the uranium content of adjacent sediments.

Concentrations of uranium believed to be epigenetic in origin are
associated with bentonitic clays at localities 12 and 15 (fig. 3). Many ben-
tonitic clay beds and the adjacent shales were sampled and found to con-
tain no more uranium than the exposed rocks as a whole, but at locality
12 (fig. 3) the shale unit exhibiting the greatest radicactivity in the field
and containing 0.004 percent equivalent uranium and 0.006 percent urani-
um is associated with a 1/2-inch bed of altered bentonitic clay that con-
tains 0.005 percent equivalent uranium and 0.006 percent uranium. It is
probable that only part of the uranium present in the shale is epigenetic,
and the remainder syngenetic or penecontemporaneous but no quantitative
estimate is possible. At locality 15 (fig. 3)the portion of the measured sec-
tion containing the most uranium immediately overlies a sandy shale and
clay unit that is evidently the lateral equivalent of a 4-inch bentonitic clay
bed present a short distance away. The 4-inch bentonitic clay bed contains
0.002 percent equivalent uranium and 0.001 percent uranium, but the weath-
ered mixture of clay, limonite or hematite, and selenite that underlies the

bentonitic clay contains 0. 007 percent equivalent uranium and 0.006 percent
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uranium and the weathered mixture above the clay contains 0.018 percent’
equivalent uranium and 0.020 percent uranium.

In the exposures examined, a zone of weathered shale and clay is
generally present where the Eentonitic; clay beds crop out. In these zones,
which range in thickne::ss from half an inch or less to about three feet, the
bentonitic clay is usually almost totally altered and replaced by a mixture
of soft clay, limonite or hematite, and selenite; the- adjacent strata are
coated and permeated with iron oxide and selenite. A possible explanation
of the relationship of the bentonitic clay to the epigenetic concentrations of
uranium is that the clay, by virtue of its impermeability, creates a local
perched water table that controls the direction of flow of water in the rocks
superjacent to the bentonitic clay beds. At locality 15 (fig. 3) there is a
marked differential in uranium content between the weathered mixture above
the clay bed and the weathered mixture below the clay bed. The sampling
procedure at locality 12 (fig. 3) does not indicate whether or not this dif-

ferential also exists at that locality.

The persistence of iron oxide in the more radioactive units suggests
that the concentration of uranium in these units is at least partially due to
the iron. The mechanism may be that suggested by Lovering (1955, p. 186)
who concluded that when acid sulfate waters carrying uranyl sulfate and
ferric sulfate are neutralized, the ferric‘ sulfate hydrolizes to form col-
loidal ferric oxide hydrate which adsorbs the uranyl ion, and later expels
it to form secondary uranium minerals when the ferric oxide hydrate crys-

stallizes to form goethite.
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The uranium may also be present in the selenite. A sample of a
selenite veinlet at loca,l.ity 3 (fig. 2) contained 0. 001 percent equivalent
uranium and 0. 002 percent uranium. Bain (1953, p. 207) has shown that
calcium can precipitate uranium from uranyl sulfate solution by appropri-
ating the sulfate ion. Substitution of uranium for calcium may occur, as
their respective ionic radii are similar, but it is unlikely because of the
difference in ionic charge (McKelvey and others, 1955, p. 9).

The presence of the bentonitic clay beds and zones of weathered
shale adjacent to them does not insure the presence of uranium, however,
because many of the zones and clay beds of this type that were examined
and sampled contained no more uranium than did the adjacent rocks as a
whole. Other factors which appear especially important in concentrating
uranium on weathered outcrops are the amount of uranium available in
aqueous solutions for concentration, and the preservation of the uranium
from subsequent leaching after it is concentrated. The availability of
uranium is a function of the uranium content of the unweathered shale and
the preservation of the uranium is a function of the mechanisms of con-
centration, and possibly of the topographic setting.

Some other uranium occurrences are believed to be partly or totally
epigenetic in nature. At locality 2 (fig. 2) uranium is concentrated in one
portion of a limestone concretion, and at locality 3 (fig. 2) the outer crust
of a concretion contains twice as much uranium as-does its center. At lo-
cality 2 the uranium is evidently concentrated in the part of the concretion
that contains-the most organic material. Studies on the Colorado Plateau

and other areas indicate that carbonaceous and organic material may assist
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in the precipitation of uranium from solution by the creation of a localized
reducing environment, This mechanism may be responsible for the concen-
tration at locality 2. At locality 3 the calcareous shale that makes up the
interior of a concretion contains 0. 002 percent equivalent uranium and 0.002
percent uranium that is probably of syngenetic origin. The outer, cone-in-
cone, limestone crust of the concretion contains 0. 002 percent equivalent
uranium and 0. 004 percent uranium. The crust must have formed after the
deposition of the enclosing sediments, but whether the uranium was emplaced
in the crust at the time of formation or has been subsequently concentrated

in it, is unknown.

OTHER TRACE ELEMENTS

Table 1 shows the results of semiquantitative spectrographic analy-
ses of samples of the Sharon Springs member of the Pierre shale and other
shales of Cretaceous age collected in western Kansas and eastern Colorado.
Table 2 lists the standard sensitivities for the elements. Table 3 describes
the samples shown in table 1. The chemical, radioactivity, and spectro-
graphic analyses were made by the Washington laboratory of the U. S. Geo-
logical Survey.

The sample analyses shown in table 1 include a black shale from the
Cheyenne sandstone member of the Pyrgatoire formation, a black shale from
the Blue Hill shale member of the Carlile shale, a calcareous shale from the
uppermost part of the Smoky Hill chalk member of the Niobrara formation,
and twelve samples from various horizons in the Sharon Springs member of

the Pierre shale.



Table 1, --Trace elements composition of some Cretaceous shales from Kansas and Colorado. _l./

Sample
number Be B Na Mg Al Si K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Sr Y Zr Mo Ag Sn Ba La Yb Pb Ce Nd Se i/ As 1/ U3/
139759 - 5 7 7 1111 8 7 2 7 3 4 5 9 3 4 3 - 4 5 3 5 - - -3 - 1 3 - - 2(<.001) 3(.002) 3(.002)
139758 - 5 9 9 1011 9 7 3 7 4 5 5 9 3 3 3 - 3 5 3 5 - - - 6 5 1 3 5 2(¢.001) 3(.002) 2(<.001)
139726 - 5 7 8 9 9 8 11 3 6 5 5 5 9 3 5 3 &5 3 5 3 3 4 = -5 - 1 3 - - 3(.005) 4(.007) 3(.002)
139727 - 5§ 7 9 101 9 9 3 7 5 7 5 9 3 5 4 - 3 5 3 3 3 - -5 - 1 3 - - 3(.002) 3(.002) 2(.001)
139732 « & 7T % 11 I1 9 9.3 7 4 3 5 9 3 5 3 - 4 5 3 3 4 - -5 - - 3 - - 2(.001) 3(.004) 3(.002)
139733 - 5 8 7 11 9 9 3 7 5 3 4 9 - 4 5 - 4 6 3 3 4 1 -5 - - 3 - - 3(.005) 4(.006) 3(.004)
139734 - 5 8 7 1011 9 9 2 7 5 3 4 9 4 4 - 4 5 3 3 5 2/ . 5 o - 3 - - 3(.002) 4(.006) 3(.004)
139754 - 5 8 7 1101 9 9 3 755 4 9 - 3 5 =~ 3 & 3 3 5 =~ - 5 - 1 3 - - 2(.001) 3(.004) 4(.006)
139755 - 5 7 7 01 9 7 3 7 5 5 5 9 - 3 4 - 3 5 3 4 3 - - 5 - 1 3 - - 2(,001) 3(.005) 3(.002)
139756 - 5 ¢ & 10 11 9 7 3 7 5 5 5 9 - 3 4 - 3 5 3 4 5 - 4 6 - 1 5 - - 3(.002) 3(.004) 3(.002)
139757 - 5 9 9 101 9 9 3 7 5 5 5 9 3 5 5 - 3 6 3 4 3 - - 6 - 1 3 - - 3(.003) 3(.002) 3(.003)
139760 1 5 9 9 1011 9 9 3 7 4 4 6 9. 3 4 3 - 35 3 4 - - - 6 - 1 3 - - 2(¢.001) 2.001) 2(.001)
136761 1 5 9 9 101 9 9 3 7 4 5 5 -9.3 4 3 = 3 5 3 4 « = -7 - 1 3 - = 2(<.001) 3(.002) 2(<.001) ~D
139762 1 5 9 8 101 9 8 3 7 5 5 5 9 - 3 4 - 3 5 3 5 4 - - 6 - 1 3 - - 2(.001) 3(.002) 3(.003) -
139763 1 5 9 9 10611 9 9 3 75 5 5 9 5 4 - 3 5 3 5 3 - = 6 = 1 3 = = 2(.001) 3(.003) 2(.001)
Parts per million Code 1/ Analysts, M. Delevaux, J., Goode, B. A. McCall, P. Moore, and
- C. Annell, U, S. Geological Survey.
More than 100,000 11
50,000 - 100,000 10 2/ 0.1to 0,5 ppm Ag present.
10,000 - 50,000 9 -
5,000 - 10,000 8 3/  Selenium, arsenic, and uranium contents were determined chemically.
1,000 - 5,000 7 - The figures shown in the table in parentheses are percent.
500 - 1,000 6
100 - 500 5 - Indicates that the element, if present, is in quantities less than the
50 - 100 4 minimum detectable concentrations listed in Table 2. Other elements
10 - 50 3 listed in Table 2 were also looked for but are not present in detectable
5 - 10 2 amounts.,
1 - 5 1
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Table 2. --Minimum concentrations of the elements detectable by the
semiquantitative spectrographic method, in parts per mil-
lion. Revised January 13, 1954. Washington laboratory,
U. S. Geological Survey.

Minimum Minimum Minimum
Element concentration Element concentration Element concentration

Ag 0.1 Hf 300 Re 400
Al 1 Hg 800 Rh 40
As 100 Ho 10 Ru 80
Au 10 In 4 Sb 100
B 50 Ir 300 Sc 10
Ba 10 K 3,000 Si 50
Be 0.5 La 30 Sm 80
Bi 50 f4 400 Sn 44
Ca 100 Lu 50 Sr 10
cd 50 Mg 0.3 Ta 1,000
Ce 300 Mo 5 Tb 100
Co 80 Mn 7 Te 800
Cr 6 Nb 10 Th 800
Cs 8,000 Na 100 Ti 5
Cu 0.5 Nd 60 Tl 400
Dy 60 Ni 50 Tm 10
Eu 30 Os 1,000 U 800
Er 30 P 700 v 10
F 800 Pb 10 W 700
Fe 8 Pd 30 Y 30
Ga 40 Pr 100 Yb 3
Gd 60 Pt 30 Zn 80

Ge 10 Rb 70,000 Zr 8
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Table 3. --Description of samples in table 1.

Sample no.

139759

139758

139726

139727

139732

139733

139734

139754

139755

Description

Black shale six inches thick separating sandstone units
of the Cheyenne sandstone member of the Purgatoire for-
mation,

Sec, 34, T. 28 S., R. 51 W,, Las Animas County, Colo.

Black shale representative of uppermost 50 feet of Blue
Hill shale member of the Carlile shale.
Sec. 34, T. 23 S., R. 55 W., Otero County, Colo.

Gray calcareous shale from uppermost ten feet of Smoky
Hill chalk member of Niobrara formation. Collected on
same exposure as 139727.

Sec. 33, T. 12 S., R. 36 W., Logan County, Kans.

Black shale from lowermost ten feet of Sharon Springs
member of Pierre shale. Collected on same exposure
as 139726.

Sec. 33, T. 12 S., R. 36 W,, Logan County, Kans.

Black shale representative of four feet of shale underiy-
ing lowest septarian concretion zone in Sharon Springs
member at McAllaster Buttes.

Sec. 13, T. 12 S., R. 37 W., Logan County, Kans.

Medium gray shale from Sharon Springs member, repre-
sentative of one foot unit six feet above upper concretion
horizon at McAllaster Buttes.

Sec. 13, T. 12 S., R. 37 W., Logan County, Kans.

Black shale from Sharon Springs member, representative
of two foot unit at upper concretion horizon, McAllaster
Buttes.

Sec, 13, T. 12 S., R. 37 W., Logan County, Kans.

Brown weathered shale from Sharon Springs member.
Representative of six feet of shale below septarian con-
cretion horizon.

Sec. 29, T. 15S., R. 46 W., Cheyenne County, Colo.

Brown weathered shale from Sharon Springs member.
Represents 1 1/2 feet of section.
Sec. 26, T. 18 S., R. 52 W., Kiowa County, Colo.
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Table 3. --Description of samples in table 1. —~ Continued

Sample no. Description
139756 Dark gray iron-stained shale from Sharon Springs mem-

ber. Represents 1 2/3 feet of section.
Sec. 30, T. 20 S., R. 56 W., Crowley County, Colo.

139757 Black shale from Sharon Springs member, in upper
100 feet, represents 3 feet 1 inch of section.
Sec. 4, T. 22 S., R. 59 W., Crowley County, Colo.

139760 Black shale adjacent to igneous dike. Sharon Springs
member., ‘
Sec. 30, T. 32 S., R. 68 W., Las Animas County,
Colo.

139761 Black shale from Sharon Springs member.
Sec. 29, T. 33 S., R. 62 W., Las Animas County,
Colo.

139762 Black shale from Sharon Springs member.
Sec. 8, T. 19 S., R. 65 W., Pueblo County, Colo.

139763 Black to dark brown shale from Sharon Springs
member. »
Sec. 35, T. 19 S., R. 65 W., Pueblo County, Colo.
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The sample of shale from the Purgatoire formation (139759) contains
less barium than any other sample. In general, the trace element consti-
tution of the sample is similar to the samples of the Sharon Springs mem-
ber except that it contains less scandium, vanadium, and barium, and more
zirconium, than do most of the Sharon Springs samples.

Although the trace element composition of the Blue Hill shale sam-
ple (139758) is in general very similar to the analyses of the Sharon Springs,
several striking differences are apparent in the comparative contents of
the rare earth elements. Three of these elements, cerium, lanthanum,
and neodymium, are present in the semiquantitative range from 100 to 500
ppm, whereas these elements were not detected in any of the other samples.
The relative concentration of lanthanum and neodymium in the Blue Hill
shale sample (139758) is particularly noteworthy because the minimum
concentra.tions detectable by the spectrographic method are 30 ppm lantha-
num and 60 ppm neodymium. Thus the sample contains more than 3 times
as much lanthanum and more than twice as much neodymium as do any of
the other samples. Cerium, lanthanum, and neodymium are closely rela-
ted in chemical properties (Goldschmidt, 1954, p. 310), and their associ-
ation is not surprising. The other elements of the cerium earth elements
group, praseodymium and samarium, are probably also present but in
quantities less than the minimum detectable concentration by semiquanti-

tative spectrographic analysis.
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The sample of the-Smoky Hill chaltk member of the Niobrara for-
mation (139726) is distinct from all of the other samples by virtue of the
larger calcium content and smaller silicon and aluminum contents. In
addition to these differences the sample contains more zinc, selenium,
and arsenic than most of the other samples although the contrast in se-
lenium content is not great. Compared to the Sharon Springs samples in
general, the Smoky Hill sample (139726) contains less sodium, magnesi-
um, potassium, titanium, and copper. The arsenic and selenium con-
tents of this sample are as high or higher than the contents of these ele-
ments in any of the Sharon Springs samples, some of which contain three
times as much ufanium.

Several areal distribution patterns of specific elements are indi-
cated in the Sharon Springs samples. Those samples from the Sharon
Springs along the Front Range of Colorado (139760, 139761, 139762, 139763) -
contain more beryllium than the other samples and also tend to contain
more sodium, magnesium, zirconium, and barium. The samples from
the McAllaster Buttes locality (13l9732, 139733, 139734) all contain more
gallium and less chromium than samples from any other locality. These
elemental variations may be largely due to differences in the detrital
mineral content of the shale.

Sample 139756 contains more than twice as much lead as does
any other sample. This increased concentration may indicate that at
time of deposition reducing conditions were greater than was the case at

the time of deposition of the other rocks from which samples were
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collected,or it may indicate an increased available supply of lead at the
time of deposition.

No definite affinity between uranium and any other element or
elements is apparemnt from the spectrographic analyses. However, in
a general way and with seeming exceptions, the molybdenum and arsenic
contents are greater in the samples containing the larger amounts of
uranium. An even less definite relationship of the same type may exist

between selenium content and uranium content.
SUMMARY AND CONCLUSIONS

The Sharon Springs member of the Pierre shale in western
Kansas and eastern Colorado is slightly uraniferous at all of the locali-
ties at which it was examined and sampled. Surface examination and
sampling does not indicate the presence of any widespread zone that is
more uraniferous regionally than the remainder of the member. At
any locality, the more uraniferous beds of the exposed shale vary little
within the outcrop area, but individual beds were seldom exposed for
distances exceeding 150 feet. Closely spaced samples indicate that the
s}iértical variations in uranium content can be very sharp, especially
adjacent to the more uraniferous portions, but the range of uranium
contents in the shale is not usually large.

Snrfaceam} subsurface data suggest that the most radioactive

Lpé,-,xgs;gﬁfthe Pierre in Crowley County, Colo. is persistently so for a
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distance of at least 5 1/2 miles (loc. 15, fig. 3, and loc. 12, fig. 6). The
gamma-ray logs of wells penetrating the Pierre shale and Niobrara for-
mation in northeastern Colorado indicate that the maximum radioactivity,
thickness, and the stratigraphic position of the most radioactive parts of
the Pierre-Niobrara sequence relative to the Pierre-Niobrara contact
picked on electric logs are variable in distances of a few miles. In most
of the gan;xma-ray logs studied, only part of the sequénce exhibits radio-
activity in excess of the average radioactivity of the remainder of the
formations. The fact that individual features of this most radioac;;ive
part can be correlated in the gamma-ray logs of wells in northeastern
Colorado suggests that the most radioactive part is a laterally correlat-
able sequence of beds. If the Pierre-Niobrara contacts picked by use of
electric logs are accurate placements of the lithologic boundary between
the Pierre and Niobrara, the radioactive unit crosses formational boun-
daries and there may be a facies relationship between the Pierre and
Niobrara, Another possibility is that some of the contacts picked from
electric logs do not correspond to the lithologic boundary between the
Pierre shale and the Niobrara formation that would be picked by exami-
nation of the rocks themselves.

The Sharon Springs member of the Pierre shale and the other
portions of the lower part of the Pierre, that were examined, contain
an estimated average of about 0. 001 percent uranium. The most uran-

iferous sequence of beds of any appreciable thickness is 6 feet thick and
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contains about 0.006 percent uranium, as indicated by one sample (loc. 10,
p. }4)i* Another sequence of beds 4 1/2 feet thick contains 0.004 to 0.005
percent uranium (loc. 15, p. 14) and one 3 1/2 feet thick is estimated to
contain about 0. 004 percent ura.niurﬁ (loc. 12, p. 14). At several 10ca4i=
ties sequences of beds up to 9 1/2 feet thick contain about 0.003 percent
uranium. (See p. 14.) The maximum radioactivity observed in gamma-
ray logs is in Yuma County, Colo., where a 66-foot sequence of beds ex-
hibits radioactivity from 0. 005 percent equivalent uranium to a maximum
of 0.010 percent equivalent uranium (loc. 1, fig. 6).

The uranium contained in uraniferous black marine shale is gen-
erally believed to have a syngenetic or penecontemporaneous origin. Inas-
much abs this report contributes no data to the contrary, it is presumed
that the uranium in the Sharon Springs member of the Pierre shale has a
similar origin,

Several occurrences of uranium believed to be epigenetic in ori-
gin were located, but the magnitude of the concentrations is very small.
In Crowley County, Colo., a 2-inch thick bed of mixed bentonitic clay,
hematite or limonite, and selenite, contained 0. 020 percent uranium;
and in Logan County, Kans., an organic-rich part of a limestone concre-
tion contained 0.016 percent uranium. Several other occurrences in which
part or all of the uranium is believed to be epigenetic contain as much as
0.006 percent uranium. At two localities at which uranium of pogsible

epigenetic origin is present, the occurrences are believed to be related
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to weathering effects and the presence of bentonitic clay beds, although
other factors such as the amount of uranium in aqueous solution that was
local ly available for concentration also probably had a direct relationship
to the concentrations.

No definite relationship is gpparent between uranium and any
other element in the semiquantitativg spectrographic analyses, but in a
general way, and with exceptions, the samples containing the larger
amounts of yranium also contain larger amounts of molybdenum, arse-

nic, and selepium.
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