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DISTRIBUTION OF SAMPLES BY GEOLOGIC UNIT
FROM THE EDGEMONT DETAILED GEOCHEMICAL SURVEY, SOUTH DAKOTA; WYOMING

Geologic No. of No. of
Unit Groundwater Sediment
Geologic Unit Code Samples Samples
Alluvium QAL 1 34
Niobrara Marl and KNC 0 1
Carlile Shale
Greenhorn Limestone KGCG 0 9
Graneros Group KGDS 0 83
Inyan Kara Group KFL 105 191
Unkpapa Sandstone and JMOR 0 v/
Morrison Formation
Sundance Formation JRSU J 39
Spearfish Formation TRSP 0 50
Minnekahta Limestone PEMO 0 4
and Opeche Shale
Minnelusa Formation PMIN 0 1

Total 109 419
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contains high uranium values in groundwater and deposits of uranium: (1)
uranium has precipitated out of solution updip of the wells which are low
in uranium and is not undergoing active leaching, and/or (2) a reducing
environment is present which restricts the solubility of uranium in
groundwater.

The correlation matrix (Table A-2) indicates a significant positive
correlation coefficient of 20.25 for both Pearson and Spearman correla-
tions between the logs of uranium, calcium, magnesium, potassium, stron-
tium, uranium/specific conductance, and uranium/sulfate. There is a
significant negative correlation between uranium, pH, and sodium.

Specific Conductance

The 84th percentile for specific conductance in the Edgemont project area
is 3,014 pmhos/cm. Concentration of these high values for specific con-
ductance are in two trends. One trend runs northeast-southwest from the
Black Hills National Forest to south of the community of Burdock. Two of
the high values in this trend are from the Sundance Formation and the
others are produced from the Inyan Kara Group. The other trend is in the
southern part of the project area and consists of scattered samples that
run northeast-southwest from Chilson Canyon to south of the town of
Edgemont. The greater than 84th percentile specific conductance values
are from groundwaters of the Inyan Kara Group.

Geochemical plots for groundwater show associations of above 84th per-
centile values for specific conductance with calcium, lithium, magnesium,
sodium, and sulfate. The correlation matrix indicates a significant
positive correlation coefficient of 20.25 for both Pearson and Spearman
correlations between the logs of specific conductance, calcium, potas-
sium, magnesium, sodium, silicon, strontium, lithium, sulfate, and boron.

The 16th percentile for specific conductance .is. 1,319 pmhos/cm. The
largest cluster of these "low" conductance values is between lat. 43°35'
and 43°25' and roughly includes most of the groundwater samples taken
along the Wyoming and South Dakota border eastward to the communities of
Dewey and Burdock. These groundwaters produce from the Inyan Kara Group
where it is overlain by the Graneros Group.

Related Variables

Three groups of variables are important for understanding the groundwater
geochemistry and its relation to uranium in the Edgemont project area.
The first group defines basic water types in the area and includes
calcium, magnesium, pH, specific conductance, sulfate, and total alkalin-
ity. High calcium and magnesium values form a trend in a northwestern to
southeastern direction starting at 1lat. 43°30' along the northeastern
edge of the sampled area. Sodium values above the 84th percentile (283.5
ppm) are Jlocated southwest of the high calcium and magnesium ground-
waters. High sulfate values in groundwaters are located in two major
trends running northeast to southwest. One is in the vicinity of the
community of Burdock and the other is south of the town of Edgemont. The



NRC-084-B

32

lowest values for sulfate are located directly west of Edgemont and
correspond to the groundwater samples having the highest total alka-
linity. Two of the groundwaters containing higher amounts of sulfate are
produced from the Sundance Formation; all others are produced from the
Inyan Kara Group. The groundwater geochemical plots for wuranium,
calcium, and sulfate show a good areal correspondence east of the Dewey
Terrace. The strong negative correlation of sodium with uranium on the
correlation matrix is confirmed by the geochemical plots.

The second group of elements considered are pathfinders for wuranium
sandstone deposits and include arsenic, molybdenum, and selenium. Al-
though above 84th percentile values of these elements are not always in
exact coincidence with above 84th percentile values for uranium or each
other, in combination with uranium and one another they define areas of
favorability. Observing the areal associations of these elements in the
area sampled, one area of interest is directly west and northwest of the
town of Edgemont near and within the Cheyenne River Valley. Here, a
cluster of high uranium groundwaters also shows high values for molyb-
denum and in the southwest there is a cluster of groundwaters containing
the highest values for arsenic and selenium in the project area. A
smaller group of high molybdenum values is on the western side of this
cluster. Groundwaters containing anomalous amounts of uranium near Dewey
and along Beaver Creek on the Dewey Terrace are associated with high
molybdenum values. There are several smaller areas with uranium and
molybdenum in association. The high uranium groundwaters that are known
to be near old uranium mine operations do not necessarily have areal
associations with all of these pathfinder elements. Sample 405089, a
groundwater sample taken on the Doran Ranch and near an inactive uranium
mine, contains only a moderately high selenium value. This is also true
for most of the other samples known to be taken near uranium mines.

The final group of variables to be considered are the sulfide well
waters. The main body of sulfide water is located in the south central
section of the sampled area west to northwest of the town of Edgemont.
Sulfide is coincident with above 84th percentile values for uranium in
some of the groundwaters sampled; however, most often they are associated
with the very low to nondetectable values of uranium in groundwater west
of Edgemont. Gott, et al (1974) considers sulfate reduction in ground-
water as a major factor in the creation of an environment favorable to
uranium precipitation. The interface between groundwaters containing
high sulfate and sulfide groundwaters includes favorable areas.

Summary of Groundwater Data

Geochemical data for groundwaters in the Edgemont project area show two
regions of separate character. They are easily divided by their specific
conductance values. Well waters on the Dewey Terrace show overall lower
specific conductance values than those to the south, along with Tlower
values for calcium, magnesium, sulfate, and total alkalinity. Uranium
values in these groundwaters as well as pathfinder elements are high and
the area is shown to be distinct in geochemical plots for ratios of
uranium/specific conductance and uranium/sulfate. The Inyan Kara Group
overlain by the Graneros Group on the Dewey Terrace and to the southwest
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of the terrace appears to be favorable for uranium deposition. Uranium
deposition here would probably be controlled by the Dewey Fault and
Structural Zone.

Groundwater samples taken along the outcrop of the Inyan Kara Group are
few. In many cases, they are near inoperative uranium mines. These
groundwaters appear to reflect this with high values for uranium, occa-
sional association with molybdenum, and consistent association with
selenium.

The most interesting area geochemically is west of the town of Edgemont
on the alluvial plain of the Cheyenne River. Here, very low uranium
values are combined with above 84th percentiles for arsenic, molybdenum,
and selenium waters low in sulfate, high in bicarbonate, and containing
hydrogen sulfide. Updip are high uranium values and uranium mines.

The model of groundwater chemistry and its relation to uranium deposition
proposed by Gott, et al (1974) is reflected in data collected by this
project. Calcium sulfate waters appear to be confined to ares where the
Inyan Kara is exposed at the surface and run in a northeast to southwest
trend in the -area sampled. Sodium sulfate waters are always downdip of
these calcium sulfate waters. The most noticeable trend of sodium
bicarbonate waters coincides with suifide wells in the same area as
mentioned 1in the preceding paragraph. The pH values however do not
follow the exact model that Gott, et al (1974) noted for them. Calcium
sulfate waters having high uranium values do not have higher pH values
than other water samples. Data indicate that low pH values do exist in
areas of sodium bicarbonate groundwaters with 1low wuranium values
indicating reducing conditions.

GEOCHEMICAL DISTRIBUTIONS IN STREAM SEDIMENTS

The sample site locations for stream sediments in the Edgemont detailed
geochemical survey are shown on Plate 4. The symbol plot for the hot-
acid-soluble uranium as determined by fluorometric analysis (U-FL) is
presented on Plate 5 and in Figure B-1b. The symbol plot for thorium is
presented on Plate 6 and in Figure B-4b. The number of stream sediment
samples (419) which were collected from each of the major geologic and
lithologic units of the survey area is presented in Table 3. Results
from all stream sediment samples collected from the survey area are
included in the microfiche in Appendix D.

Values for soluble uranium (U-FL), total uranium as determined by neutron
activation (U-NT), thorium, arsenic, cobalt, copper, nickel, selenium,
vanadium, zinc, and zirconium are listed in Table B-3. The figures in
Appendix B present log frequency, lognormal probability, percentile, and
areal symbol plots for the preceding variables plus U-FL/U-NT, aluminum,
boron, calcium, cerium, chromium, iron, lithium, manganese, molybdenum,
niobium, phosphorus, potassium, scandium, titanium, and yttrium.

Uranium

The areal distribution of uranium (Plate 5 and Figure B-1b) and U-NT
(Figure B-2b) outlines four areas of uranium concentrations above the
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84th percentile (5.50 ppm). In the northwestern corner of the sampled
area, there are several sediment samples with uranium values above the
84th percentile. They are located near the community of Dewey, South
Dakota and drain the immediate vicinity and to a small extent the western
side of the Elk Mountains. The sediments are mostly from units of the
Graneros Group. A trend of high uranium values that extends from near
Pass Creek to Cheyenne and Dick Canyons is located in the southeast of
the project area. These samples are primarily from basins draining
formations of the Inyan Kara Group. From data provided by field per-
sonnel and information provided by the Tennessee Valley Authority on
location of uranium mines, it appears that most of these samples are from
basins draining open-pit uranium operations. The only exceptions to this
are Samples 405643 and 405644 located on tributaries of Pass Creek. In
the southeastern part of the survey area are two additional groups of
samples with uranium values above the 84th percentile. Both clusters are
located south of the Cheyenne River. One group drains the alluvium of
the Cheyenne River and the Graneros Group immediately around the town of
Edgemont.. In the southwest of the project area, there is a cluster of
high uranium values from basins draining the Graneros Group. Percentile
plots for U-FL, U-NT, and U-FL/U-NT indicate that the Graneros Group
contains high amounts of soluble uranium.

Less than 16th percentile (1.81 ppm) values for uranium are found in
small clusters along the northern to northwestern boundary of the project

. area. These samples are from streams draining the Spearfish and Sundance

Formations. A large cluster of uranium values below the 16th percentile
are located in approximately the center of the sampled area east of the
town of Burdock. These streams are in the Inyan Kara Group.

Geochemical and percentile plots for U-FL/U-NT indicate that all of the
rock units within the sampled area contain high percentages of soluble
uranium,

The correlation matrix (Table B-2) shows a significant positive corre-
lation of 20.20 for both Pearson and Spearman correlations between the
logs of U-FL, U-NT, aluminum, arsenic, cerium, chromium, cobalt, copper,
iron, lithium, nickel, scandium, selenium, thorium, titanium, vanadium,
yttrium, zinc, and zirconium. There is a negative correlation between
U-FL and calcium.

Geologic distribution of thorium in stream sediments is shown by the
percentile plot (Figure B-4a). Values above the 84th percentile (9 ppm)
are concentrated in units of the Inyan Kara Group; Graneros Group; the
Niobrara, Carlile, and Greenhorn Formations; and the alluvium. These
high values for thorium appear to be associated with greater than 84th
percentile values for arsenic, barium, cobalt, copper, nickel, and zinc
in samples from the Graneros Group. Best areal associations of greater
than 84th percentile values for thorium in sediments from the Inyan Kara
Group are with arsenic, iron, and titanium.
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The correlation matrix (Table B-2) shows a significant positive correla-
tion coefficient of 20.20 for both Pearson and Spearman correlations
between the 1logs of thorium, U-FL, U-NT, aluminum, arsenic, boron,
cerium, chromium, cobalt, copper, iron, 1lithium, manganese, nickel,
niobium, phosphorus, potassium, scandium, titanium, vanadium, yttrium,
zinc, and zirconium.

Related Variables

The correlation matrix shows positive associations between the log of the
concentration of uranium and many other elements. Included among these
are cerium, chromium, cobalt, copper, iron, nickel, scandium, yttrium,
zinc, and zirconium. Areal plots indicate that most areas with stream
sediment samples that have values greater than the 84th percentile for
these elements which correspond with greater than 84th percentile values
for uranium are in sediments of the Graneros Group. In most cases,
percentile plots for these elements indicate the Graneros Group to have
higher median values than the other rock units. In the.  northwestern
section of the project area, where the Graneros Group crops out, the
U-FL/U-NT values are moderate. Here, there is also a close areal associ-
ation with thorium. These factors indicate an association of uranium
with resistate minerals. In the southwest where the Graneros Group crops
out, most of the same elements appear to be associated with uranium, the
notable exceptions being a lesser amount of zirconium associated with
uranium and the presence of phosphorus and barium. The U-FL/U-NT values
are often above the 84th percentile and indicate a higher amount of
soluble uranium in the southwest than in the northwest.

In the correlation matrix, arsenic, selenium, and vanadium are the most
closely correlated with uranium. High uranium values in the Graneros
Group correspond areally with above 84th percentile values for these
three elements. However, median values are also generally higher in the
Graneros Group for these elements than those of the other rock units. In
the southwest, there is also a strong areal association between uranium
and molybdenum.

In the Inyan Kara Group, there is an association of above 84th percentile
values for molybdenum with above 84th percentile concentrations of
uranium in the southern part of the survey area. Arsenic, selenium, and
vanadium are also associated with high uranium values in the Inyan Kara
Group.

Summary of Stream Sediment Data

Areal distribution and percentile plots for uranium in stream sediments
indicate highest concentrations to be from basins draining the Graneros
and Inyan Kara Groups. The ratio of U-FL/U-NT shows a high proportion of
soluble wuranium in the Graneros Group, with accompanying high concen-
trations of arsenic, selenium, and vanadium. There is also a positive
association between uranium and a suite of elements that indicate the
presence of resistate minerals. The anomalous uranium and pathfinder
elements could possibly be associated with the bentonite beds contained
in the Belle Fourche and Mowry Shales that are the dominant rock units
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cropping out in the southwestern part of the project area. The Skull
Creek Shale is the dominant unit of the Graneros Group cropping out in
the northwest and the different units outcropping are probably the reason
for the different associations of elements with uranium in this area as
compared to the southwest. As shown on the geochemical distribution
plot, the high .uranium values that are located in the Inyan Kara Group
are almost exclusively draining open-pit uranium mines. The samples
which are high in uranium also are high in the pathfinder elements
arsenic, selenium, and vanadium.

Greater than 84th percentile concentrations of molybdenum are associated
with above 84th percentile concentrations for uranium in the southern
part of the area sampled in both the Graneros and Inyan Kara Groups.
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| ~ Table A-1
STATISTICAL SUMMARY FOR GROUNDWATER OF THE EDGEMONT DETAILED GEOCHEMICAL SURVEY, SOUTH DAKOTA; WYOMING
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NOTE:
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(1) Pearson correlation/Spearman correlation/(sample size).

(2) Significance levels:

If either element has a concentration below the labora-
tory detection limits, it is omitted from the pairwise
computations. :
*-10%, **-5%, ***_1%.
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