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ABSTRACT

The University of Kansas in conjunction with the Kansas Geological
Survey and Texas Instruments Incorporated completed a preliminary study
of the uranium potential of the Central Great Plains sponsored by the
Energy Research and Development Administration.

The study area extends from longitude 99° to 104°W and is bounded
by the North Platte River on the north and the Canadian River on the
south. This region has no known commercial uranium accumulations, but
is an area which contains formations with similar facies to those known
to have deposits in other areas.

A new method of utilizing petroleum exploration gamma-ray well log
data was tested in the western Kansas portion of the survey area. Gamma
activities in the Dakota and Morrison formations were computer-processed
by trend surface analysis, statistically analyzed, and the anomalies
were compared with regional geomorphic lineaments derived from satellite
imagery as well as regional geology, to draw conclusions as to their
origin and significance.

Conclusions are:

1) Possible uraniferous provinces have been outlined in the
subsurface of western Kansas

2) The new well log data approach can be used to define
potential uraniferous provinces in any well-explored
petroleum region

3) The close spatial correlation between anomalies and
regional geomorphic lineaments provides strong support
for the concept that the lineaments represent vertical
fracture zones which can act as preferred pathways
for vertical fluid migration

4) The location of the strongest anomalies over impervious
salt bodies indicates that any uranium bearing mineral-
izers must have moved down through the geologic section
rather than upward.

Recommendations are made to extend the application of the well-log
approach, to do drilling and sampling to prove whether the anomalies are
really due to uranium, and to add geobotanical and emanometric measure-
ments during future studies.
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INTRODUCTION

GENERAL

This report covers the results of an ERDA-sponsored study to pro-
vide a preliminary evaluation of the uranium potential of the central
portion of the Great Plains. It was carried out by the University of
Kansas under contract number AT(05-1)-1642. This work is part of the
ERDA National Uranium Resource Evaluation (NURE) Program. Texas Instru-
ments Incorporated contributed to the study as a subcontractor.

It was initially planned to conduct a literature study to determine
the identity and location within the survey area (central Great Plains)
of any known uranium occurrences and potential uraniferous host rocks
based on their characteristics and the general principles of uranium
geochemistry and geology. This was to be supplemented by a geomorphic
lineament study using satellite imagery as well as field traverses to
attempt to delineate potential uraniferous provinces. The literature
and geomorphic lineament studies were completed; however, weather condi-
tions severely limited the amount of field work, and another, better,
approach was developed to map the potential uraniferous provinces in the
Kansas portion of the survey area. This was based on the study of the
Kansas Geological Survey library of gamma-ray well logs from oil wells.
The overall results of this change in direction of effort was that the
Kansas portion of the area was evaluated more thoroughly than the re-
mainder, and a new approach in uranium province delineation was devel-
oped. This technique may prove to be of considerable value in detecting
uraniferous provinces in buried potential host rocks in areas where

fairly extensive oil exploration has been done.



LOCATION AND GEOGRAPHIC SETTING

The study area lies between the 99th meridian on the east and the
104th meridian on the west. It is bounded on the north by the North
Platte River and on the south by the Canadian River. Portions of the
states of Kansas, Colorado, Nebraska, Oklahoma, Texas, and New Mexico
are included in the project boundaries (see Figure 1). The region com-
prises a major portion of the Central Great Plains and, except for the
southwestern corner, is generally of low relief with limited outcrops of
bedrock. A large portion of the surface is covered with clastic de-
posits of terrestrial origin which were derived from the Rocky Mountains

during previous periods of uplift and erosion.
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Figure 1. Index map of study area showing geologic section locations
(Figures 5-9).



KNOWN URANIUM OCCURRENCES AND POTENTIAL

More than 20 years ago Nininger (1954) indicated this region to be
favorable for Colorado Plateau-type deposits of uranium. Potential host
beds known to be uraniferous elsewhere are present in the area, includ-
ing formations of Tertiary, Cretaceous, Jurassic, and Triassic age.
Malan (1972) suggested this general area to be favorable for stratiform
deposits, particularly in Tertiary host rocks, based on the regional
pattern of uranium enrichment in Precambrian inferred source rocks for
the sediments.

To date, very little exploratory work has been done in the survey
area, and no deposits of commercial size and grade are known. Butler,
Finch, and Twenhofel (1962); Finch, Parrish, and Walker (1959); and
Finch (1967) have shown the locations of the known uranium deposits in
the U.S. Within the study areas only four occurrences have been re-
ported (see Figure 18). They are all in Colorado and are described by

Finch (1967) as follows:

Finch's
No. Identity Host Rock
1 Name unknown White River
81 Name unknown Morrison (?)
82 Name unknown Morrison (?)
83 Booster No. 1 Dakota/Morrison

Comprehensive bibliographies on the geology and uranium deposits of
this region are presented by Cooper (1953, 1954, 1955); Krusiewski
(1970); and Finch, Wright, and Sullivan (1975). Finch (1967) presents a
detailed listing of formations known to contain uranium deposits in
sandstone together with a summary of the geologic characteristics of

these units.



Other types of known concentrations of uranium in this survey area
include black shales, notably the Sharon Springs member of the Pierre
Shale (Tourtelot, 1956; Swanson, 1960), and uraniferous asphaltic rock
which overlies the gas reservoir in the Panhandle gas field (Pierce,
Gott, and Mytton, 1964). Although these occurrences are not commer-
cially exploitable at present, they may become important eventually and
their distribution can be of assistance in defining uraniferous provinces
within the Central Great Plains area.

The Sharon Springs member of the Pierre Shale contains on the
average about 10 ppm U with selected beds running between 40 and 50 ppm
U (Landis, 1959). It is conceivable that it could eventually become an
exploitable very low grade source of both o0il and uranium.

Pierce, Gott, and Mytton (1964) concluded that the uraniferous
asphaltic sediments could be the source of the helium in the Panhandle
gas field leading to the concept that the presence of heliumbearing
natural gases may be a valuable indicator of potential uraniferous pro-

vinces in their general wvicinity.

URANIFEROUS PROVINCE CONCEPT
From a broad regional viewpoint it has been observed that known
uranium deposits are grouped generally in areas characterized by some-
what higher uranium content in:
. Groundwaters (Scott and Barker, 1958)
. Igneous rocks (Everhart, 1958)
. Possible Precambrian source areas for stratiform

deposit host rocks (Malan, 1972)



On a somewhat more local scale, Darnley (1973) showed that these
"uyraniferous provinces" could be detected and mapped using high-sensi-
tivity airborne gamma-ray spectrometers. They may be used in regional
reconnaissance for economic uranium deposits following the concept that
new uranium finds will be made more frequently in such areas than in
areas where the uranium content in associated soils, rocks and ground-

waters is comparatively low.

SPECIAL PROBLEMS IN URANIUM RESOURCE EVALUATION RELATED TO THE GEOLOGY
OF THE CENTRAL GREAT PLAINS

Before proceeding to the evaluation of the uranium potential of the
Central Great Plains, it may be appropriate to summarize the ways in
which the exploration techniques must differ from those conventionally
applied in the Rocky Mountain province. In any prospecting program the
success-to-failure ratio is not a simple relationship between the areal
extent of the prospecting district and the physical size of the target
mineral deposits. Clearly, the ability of the prospector to recognize
potentially favorable targets is a major factor in his probable success.
In the Rocky Mountains, the target is frequently readily recognizable
because of the good quality of the exposures. However, in the Central
Great Plains, the target deposits are most likely to be hidden under an
overburden which does not reveal substantial information about their
structure or extent.

Since lack of bedrock outcrops limits direct observation of favor-
able host zones, a much heavier reliance must be placed on subsurface
techniques. Data obtained from bore holes assume a much more signifi-

cant role in the preliminary evaluation of the Plains than would be the



case in the Rocky Mountain province. Obviously, however, the density of
bore hole information will not be very high and the small-scale lateral
variations in sedimentary facies which are often critical to emplacement
of uranium ore bodies will be more difficult to trace than they are in
the Rocky Mountain region.

Direct observation of outcrops is limited but the lack of such
outcrops must not be interpreted as a lack of potential deposits. 1In
the Rocky Mountain region substantial portions of many deposits may have
been lost to erosion. On the plains any deposits which do exist are
probably still present and erosional losses have been minimal.

In the Great Plains area it appears that substantial quantities of
the source material from which uranium deposits might be derived are
still retained. Furthermore, it appears that weathering and decomposi-
tion of some of these deposits is releasing uranium to ground and sur-
face waters and the deposition of uranium in favorable host rocks may be
going on at the present time. In view of this fact it is clear that
much more attention must be given to the nature and distribution of
source materials and to their hydrologic environment in the Great Plains
region.

Although much of the foregoing discussion is obvious, it has been
included to remind the reader that the direct transfer to the Central
Great Plains of methods and thinking which have been highly successful
in the Rocky Mountains province could result in unwarranted discourage-
ment and lack of success. This could cause the abandonment of an area

which, in fact, may have a high, real potential for uranium resources.
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GAMMA-RAY WELL LOG ANALYSIS

GENERAL

Data obtained from drill holes becomes especially important in
attempting any regional evaluation of the uranium potential of rocks in
an area of nearly horizontal bedding and low relief. This is particu-
larly true in regions which are lacking broad-scale surface radioactiv-
ity surveys and in which active uranium prospecting has been minimal.
Since this is clearly the case in the study area, it was concluded that
a substantial effort should be made to attempt to use all available
radiation measurements of rocks in the area for assessing its uranium
potential. Neither time nor funding was adequate to permit the entire
study area to be surveyed by this method, but through the cooperation of
the Kansas Geological Survey, which provided partial funding for the
program, it was possible to examine all of the state of Kansas which
lies west and north of the Mesozoic outcrop boundary.

Each county was examined to determine the availability of wells
which had gamma-ray logs extending from the surface downward. Since
gamma-ray logging is frequently limited to the zones of interest for
petroleum production, most of the well logs were unsuitable for the
study. It was, however, possible to obtain usable logs from approxi-

mately 335 wells scattered with rough uniformity over the area.

LOG INTERPRETATION METHODS AND LIMITATIONS
In order to test the potential usefulness of gamma-ray logs from
oil drilling for assessing uranium potential, specific stratigraphic

zones were chosen. In this case the Morrison and Dakota were selected



because they are widespread over the area and they are easily identifi-
able in logs. Furthermore, these formations produce uranium in the
Rocky Mountain area from zones which are lithologically similar to those
in the study area. Their selection for this test of the method must not
be interpreted as implying that they are the only formations present
which have significant uranium potential (see Stratigraphic Sections,
pages 24-29).

Before proceeding to any discussion of the maps, it is necessary to
examine the limitations of both the data and its treatment to produce
the maps.

First, it must be assumed that the various well logging service
companies make use of standardized radiation counters in their bore hole
logging operations. Modern logs are calibrated in API units. Many of
the older well logs made use of a standard which was calibrated in units
of grams Radium equivalent per ton. A conversion factor of 16.5 API
units per one old g.Ra eg/ton can be used in cases where GNT-F or G
gamma-ray logs were used, and a factor of 11.7 API units per old g.RA
eq/ton must be used for GNT-F K gamma-ray logs (Schlumberger, 1972).

In spite of the fact that these calibration factors are fixed
guantities, it must be recognized that gamma-ray measurements on indi-
vidual wells may not be comparable on a strict quantitative basis with
those of adjacent wells. A qualitative check of the gamma-ray response
can be made, however, by comparing the measured intensities from some
stratigraphic zones which are known to be of uniform lithology over
large areas. In this study any logs which showed either uniformly low
or uniformly high readings were rejected on the assumption that they
resulted from faulty calibration. In logs run after 1965, such in-

stances are rare.



Another problem encountered in the interpretation of well log data
results from the effect of casings on the gamma activity which is mea-
sured (see Gott and Hill, 1953). The obvious effect is shielding due to
the steel casing which reduces the total gamma-ray flux reaching the
counter probe. Casing locations are usually marked clearly in most logs
and these zones can be avoided. A more serious problem arises from the
entry of formation liquids or gases into the well around the end of a
casing. This is especially significant where the gamma-ray logging was
not performed immediately after completion of the well. 1In such instances,
very high gamma activity may be found at the ends of casings. Radon
transported by fluids moving into the well is usually considered to be
the cause of such gamma-ray anomalies.

In any gamma-ray logging system, a number of factors can affect
individual readings at specific points in the well. Variations in hole
diameter, mud deposition on the walls, and local fluid influx may affect
the amount of radiation reaching the logging probe from the adjacent
formations. Instrument errors resulting from faulty recording equipment
can further degrade the accuracy with which the signals from the probe
are transferred to the log record. Inadequate calibration of individual
logging units within or between logging companies can and does add to
the inaccuracy of the data. Finally, it is obvious that the individuals
who examine the logs and record the data may make errors in reading and
tabulation. Accordingly, it is clear that no individual point should be
accorded undue significance and that a statistical treatment of the data
must recognize the potential for error which is inherent in this type of
investigation. Nevertheless, substantial deviations from average back-
ground values must be considered significant. Furthermore, trend surface
analysis can be applied by computer techniques in such a way that the

significance of individual points is reduced.
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ISORAD MAPS

The five isorad countour maps (Figures 5 through 9, pages 18-22),
which have been prepared from the well log data, have been plotted by a
computer. The values and locations of the individual data points are
also plotted on each map. The map contouring program makes use of a
grid system consisting of 60 vertical columns and 50 horizontal rows.
The numerical value of each of these 3,000 grid points is calculated
from the eight nearest surrounding data points. In making this calcula-
tion, the computer weights the value of the eight data points in inverse
proportion to their distance from the grid point. For this reason data
points frequently show somewhat different values than do immediately
adjacent contour lines.

After the grid point values have been calculated, the contours are
plotted automatically using a three-point smoothing function. 1In effect,
this permits three additional points to be calculated between the indi-
vidual grid points and helps to prevent excessively sharp curvature of
the contour lines.

The data points shown in each of the maps (Figures 5 through 8)
were evaluated statistically to determine the anomalies that are indi-
cated by shading. Histograms were prepared and the data were plotted on
probability paper to determine the nature of the distributions. Figures
2 and 3 show the probability plots for the average Morrison and Dakota
distributions respectively. Each consists of two linear segments show-
ing the background distribution to be normal and indicating a grouping
of anomalous values in the high counting rate region. Figure 4 shows
the histograms from which these plots were constructed. Table 1 con-

tains the values for the means and standard deviations for the Dakota
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Table 1

Statistical Parameters - Well Log Data

(Values in AP Units)*

Mean Standard
Stratigraphic Counting Deviation No. of
Unit R ate (M) (SD) M + 1SD M + 25D M + 38D Samples
Morrison (average) 106. 32.6 139. 172, 204. 114
(~18& ppm elU)
Dakota (average) 83. 2357 107. 131. 154. 338
(~ 14 ppm eU)
Dakota (top) 87. 29.7 116. 146. 176. 335
(~15 ppm eU)
Dakota (bottom) 89. 337 123 156. 190. 322
(~15 ppm el)

*100 API units are equivalent approximately to 17 ppm eU.

and Morrison average values and also for values at the top and bottom of
the Dakota. Values of the mean plus one, two and three multiples of the
standard deviation were calculated to determine anomalous levels in the
data. For example, with normally distributed data for a single-point
anomaly equal to the mean plus three multiples of the standard devia-
tion, the probability that a single position value is due to random
variation is approximately 0.0013 or about one chance in 768. For a
value of the mean plus two standard deviations, the equivalent probabil-
ity is 0.0228 or one chance in 44; and for a value of the mean plus one
standard deviation, it is about one chance in 6. It is less probable to
find groups of anomalous points caused by random variations, and statist-
ical theory tells us that 2 adjacent high values which exceed the mean
plus 1.9 times the standard deviation are approximately equivalent to a
single value anomaly equal to the mean plus three times the standard

deviation (see Table 2).
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Table 2

Single- and Multiple-Point Probabilities

Single Point

Value of Probability That a Single Point Anomaly
Point Is Due to Random Variation*
2Mean +1 Std. Dev. 0.159 1:6
2 Mean +2 Std. Dev. 0.23 1:44
= Mean +3 Std. Dev. 0.0013 1:768

Multiple Point (from Elkins, 1940)

No. of Points Minimum Deviation from the Mean for a
Supporting Anomaly Limiting Probability of 1:768

3x std. dev.
1. 8x std. dev.
1.2x std. dev.
0.9x std. dev.
0.6x std. dev.
0.4x st. dev.
0. 3x std. dev.

o = ALS T S SR o
+ + 4+ + + + +

*Probabilities determined by the ratio of the area below the standard
normal distribution curve above the point value to the total area under
the distribution curve.

The shaded anomaly levels on the maps Figures 5 through 8) were
chosen as the nearest contour line value to the mean plus one standard
deviation and the mean plus two standard deviations. The "more signifi-
cant" anomalies (heavy dashed outlines) were picked on the basis of size
of the included values and the number of points determining the anomaly.
Only those exceeding the limiting probability of 1:768 were designated

as "more significant."
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INTERPRETATION OF ISORAD MAPS

The values shown on the isorad maps are in terms of gross gamma-ray
activities which can originate from the thorium decay series or potas-
sium -40 as well as from the uranium decay series so that caution must
be used in interpretation. Minor regional gamma-ray activity variations
could be due to changes in the thorium content of the heavy mineral
fraction of the formations or to changes in the potassium concentration
which will vary with the clay content or arkosic nature of the forma-
tion. Any major increases in gamma activity are probably due to varia-
tions in the uranium content but should be checked by examination of
other types of logs, core examination, and if at all possible, by sampl-
ing and uranium analysis before drawing any final conclusions.

Examination of Figure 5 shows that there are three more significant
anomalies in the Morrison Formation in Norton, Graham, Sheridan, and
Wallace counties.

Figure 6, the average values for the Dakota, shows three more
significant anomalies; the largest covering much of Wallace, Wichita,
Scott, Kearny, and Hamilton counties. The next largest covers parts of
Gove, Logan, and Ness counties; and the third is located in Norton
County. Superposition of Figure 5 on Figure 6 shows that anomalies in
Wallace and Norton counties are found in both the Dakota and the Morrison.

Figure 7, values for the top portion only of the Dakota Formation,
also shows four more significant anomalies spread over part of Sherman,
Thomas, Wallace, Logan, Greeley, Wichita, Scott, Hamilton, Kearny,
Sheridan, Graham, Gove, Trego, and Ness counties. The high values in
Ford and Cloud counties are single-point anomalies and are not considered

to be in the "more significant" classification.
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Figure 8 shows the values for the bottom portion of the Dakota For-
mation. Four of the anomalies are considered to be more significant.
They occur in portions of Sherman, Thomas, Sheridan, Graham, Wallace,
Logan, Gove, Trego, Greeley, Wichita, Scott, Lane, Ness, Hamilton, and
Kearny counties. Other anomalies are also indicated but they are based
on too few wells to be considered in the "more significant" category.

It should be emphasized that the data used for the construction of all
of these maps was obtained from well logs and the stratigraphic identi-
fication was accepted as it appeared on the log. Any inaccuracies in
stratigraphy on the part of the geologists who logged the wells has
necessarily been carried over to these maps. At the same time, there is
no reason to believe that major stratigraphic errors are common or that
they would result in any substantial bhange in the form of the anoma-
lies.

Superposition of Figures 5, 6, and 8 shows that the strongest and
most "reinforced" anomalies are in Norton, Wallace, Logan, Gove, Greeley,
Hamilton, Kearny, and Scott counties. Landis (1960) found large amounts
of uranium in surface water and groundwater samples collected in the
valley of the Smoky Hill River in Wallace, Logan, and Gove counties. It
is tentatively concluded that these areas are probably relatively
enriched in uranium and may indicate potential uraniferous provinces.
This must be confirmed by drilling and sampling the subsurface forma-

tions for specific uranium analyses.
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Figure 8. Isorad contour map of gamma-ray values for bottom
portion of the Dakota Formation.
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Figure 9. Highest gamma-ray log values in the Dakota Formation.




DISTRIBUTION OF DAKOTA HIGHEST VALUES

Figure 9 shows the highest values found in any part of the gamma-
ray well logs in the Dakota Formation. The contoured data has been
shaded to show the distribution of the highest of these values. The
levels for shading were chosen to bring out the shape of the surface and
are not based on a statistical analysis of the data.

As would be expected, the groupings of very high values reflect
generally the uraniferous provinces defined on Plates II-1 through II-4
with additional minor areas appearing in Rawlins, Decatur, Graham,
Osborne, Ellis, and Grant counties. These represent high readings not
reflected in the upper or lower parts of the Dakota and not sufficiently
strong to be seen as anomalies in the average values for the Dakota.
They may represent additional areas of uranium enrichment and are in-

cluded here for completeness.
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STRATIGRAPHIC SECTIONS

Each of the stratigraphic sections which appear in Figures 10
through 14 were prepared as a composite from several well logs in the
county and state listed (see Figure 1 for index to localities). They
are intended only as graphic representations of the average strati-
graphic columns which are present in these counties. The section from
Union County, New Mexico was prepared from information given by Baldwin
and Muehlberger (1959).

In conducting this research, special attention has been paid to
Finch's (1967) 1list of stratigraphic units known to produce uranium.
The Dakota and Morrison formations were selected for the subsurface
study in western Kansas largely on this basis, together with the fact
that their lithologies are similar to those in areas where they are
known to produce and are distinctive and easily recognized in the sub-
surface. An attempt was made to examine all of the equivalents of pro-
ducing formations which occur in the study area either in outcrop or in
the subsurface. The list included:

Ogallala (Pliocene)

Arikaree (Miocene)

Whiteriver (Oligocene)

Dakota (Cretaceous)

Lakota (Cretaceous)

South Platte (Cretaceous)

Morrison (Jurassic)

Dockum (Triassic)

Quartermaster (Permian)

Whitehorse (Permian)
Among the total formations examined, anomalously high radioactivity was
found in all except the Quartermaster. The distribution of anomalous

radioactivity in the stratigraphic units is best seen in the strati-

graphic sections which appear in Figures 10 through 14.
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NEAR-SURFACE GAMMA-RAY WELL LOG ANOMALIES

In order to establish any possible correlation between the subsur-
face anomalies in the Dakota and Morrison and near-surface radioactivity,
a survey of all of the well logs was made to determine whether near-
surface rocks showed similar high radiation levels. In this study, all
wells which show gamma-ray intensities of 100 API units or more, (V17
ppm eU) within 100 feet of the surface are indicated with heavy dots on
the map in Figure 15 (see also Appendix A). Since most wells are cased
in the upper 100 feet, the true anomaly would actually be somewhat
higher than that recorded in an open hole below the surface pipe.
Although no statistical significance can be attached to the selection of
100 API units as a limiting value, it is roughly double the average
radiation level in the upper 100 feet of the total number of wells
examined.

Attention should be called to the fact that the data from which
this map is produced is not differentiated on the basis of the litho-
logic character or geologicc age of the beds penetrated. Along the
eastern and southern border some of the high values are produced by the
Dakota sandstone which is exposed at the surface. Most of the wells
north and west of this Dakota outcrop band are started in sediments of
Tertiary age, however, and the anomalous values are probably within
these sediments.

A rough correlation is evident between these shallow subsurface
anomalies and the deeper subsurface uraniferous provinces in the Dakota
and Morrison formations of western Kansas. Counties that contain more
than one near-surface high value which is unrelated spatially to the
underlying anomalies are: Rawlins, Decatur, Graham, Osborne, Ellsworth,

and Grant.

30



*saTTRWOUR BOT TTom Aei-eumreb soejans-IeeN

*GgT @2anbta

I FTLRE] [T
WINTS SNIAILS NOLHON
32V4¥NS 40 1334 001 NIHLIM S ﬁ
A¥IOVWI 3111131vS SLINMN 14V 0Ol SONIOVI¥ O01113M » o
WOH4 INIWVINIT  ST1IM SNOTYWONY-NON 40 NOIIV301  + Hstay St
JIHdYOWO3ID 1YNOIOIY aN3Iodn 5 e
£y
CETIL] il “n
L a3nnns ¥inuve % gan | MW
. = = Yo NOLNYIS
NIIMBOIS A :
- - S 2 =
Ivos 3
VRSN VMol . JULLE '
p i . " i
e 2 - " L 5N
. ; oy .
0B044¥1S . 1w . .
Z : YWI900H wait
STNYMO] e Avey
INHYH = . ’ o®
4 = ..‘.,-iou; -
N3y 4 T p o uam £ e ’
EEIT 5 ] \. )
; o anyay NOLURVH
-
v " e . .
- * . -
¢ s .. W
L : i . . s,
dIN . % u._oo ) & : ho.._of.
; NOLNYE HSAY Y 4 C OSSN | k 95 Venam 1373308
. : sim 3 w | . 4 n T}
HLHOMSTT : 3 B K ;
: ! o % e s R
WS El % ! :
. Ll )
L] .
mssng a W3 g e
0/0.
. N109N & . .
SO N NYNEIHS
YMYLL0 W . . e
. . )
. * o
%3303 ANYS ® 5 A ’ oft— (
\ 4 ® g > | . oo ’
T1IHILIN IWH08S0 008 . WYHY -\ NYOININS 7 svmony o : y
: 2 5 v 2 A
anay : -
NeNdIE iown : .
[~ ey . o
4 L] ii‘dﬁ‘
.pe-..t... L . *
[ - 113M30 | HLINS sanme ; " ¥nivaig - g - wenti

3l



REGIONAL LANDSAT (ERTS) LINEAMENT STUDY

GENERAL

Geomorphic lineaments derived from imagery obtained by the Earth
Resources Technology Satellite (ERTS-1; now termed LANDSAT-1) are used
in this analysis as indication of regional structure. Saunders, Thomas
et al. (1973) observed that uranium mining districts in the Colorado
Plateau appeared to be "loosely associated" with (i.e., scatterered
along) regional lineaments which are apparent on ERTS-1 imagery as
linear arrangements of topographic features such as linear stream seg-
ments or tonal contrasts. A similar relationship was noted in Wyoming
(Texas Instruments Incorporated, 1974). These lineaments are most
easily seen on 1:1,000,000 scale imagery, and on the basis of much
recent study, are interpreted to represent major planes of weakness in
the earth's crust. It is believed that many of these "geosutures" or
shear zones have been present since the Precambrian and were active at
various times throughout the earth's history, exerting influences on
sedimentation processes as well as folding, faulting and the emplacement
of intrusives and associated lode mineralization (Saunders, Thomas et
al., 1973; Saunders, 1974; Freden et al., 1974). Their spatial associa-
tion with uranium deposits is believed to be caused by the lineament
functioning as vertical transmission paths for mineralized groundwaters.
The concentrated zone of high angle faults and joints controlling stream
drainage and other geomorphic effects to make the lineaments visible
provides an easy route for downward percolation of waters from a source
bed 'to a potential host rock where horizontal migration to a proper
geochemical environment could allow an ore body to form (Saunders,
1974). These zones of faults and joints may be as much as several miles

wide.
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The general association of Laramide lode mineralization (including
uranium veins) in the western U.S. with northeast trending vein systems
and shear zones has been pointed out by several authors (Saunders,
Thomas et al., 1973; Landwehr, 1967; Stokes, 1968; and Tweto and Sims,
1963). Many mineral deposits (again including uranium veins) have been
observed to occur along the well-known Texas and Lewis and Clark linea-
ments (Wertz, 1970; Hobbs and Fryklund, 1968), both of which strike
generally west-northwest.

Even though the exact mechanisms of possible lineament control on
mineral deposition are not yet well understood, it appears reasonable to
use the observed empirical relationships as one of the guides in future

prospecting operations.

PREPARATION OF REGIONAL LINEAMENT MAPS

The regional lineaments shown in Figures 5-9, 15, and 18 were
mapped from LANDSAT (ERTS) mosaics obtained from the USDA Soil Conserva-
tion Service, Hyattsville, Md., using the techniuges developed by
Saunders, Thomas et al. (1973) and Saunders (1974). Separate mosaics
for spectral bands 5 (0.6 to 0.7 micrometers) and 7 (0.8 to 1.1 micro-
meters) were prepared by the Soil Conservation Service using imagery
collected during the period from July 23 to October 31, 1972. Both were
used in annotating the regional lineaments. Experience has shown that
the linear drainage features generally are more easily annotated on the
band 7 imagery, and tonal features are more easily discerned on band 5
imagery. For annotation the mosaic was placed on a light table and
backlighted in a dimly lighted room. The linear drainage and tonal

features were recorded on a clear mylar film overlay using wax pencils
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or drafting tape. The band 7 (1:1,000,000 scale) mosaic was used first,
followed by the band 5 mosaic. The lineaments were then enlarged to
overlay on 1:500,000 scale mosaics where the annotation was completed.
Relatively strong reliance was placed on major drainage features in
locating these lineaments. Linear arrangements of tonal features supple-
mented the drainage in defining them. Names have been assigned based on

nearby mapped features.

RELATIONSHIP OF LINEAMENTS TO WELL LOG DATA

Examination of Figures 5-9 and 15 shows that nearly all the high
gamma-ray log anomalies lie on or adjacent to the regional geomorphic
lineaments. This is compatible with their postulated function as pre-
ferred vertical migration paths for mineralized groundwaters.

The more significant anomalies in the Morrison Formation (Figure 5)
appear to be related to the Goose Cr., Prairie Dog Cr., Holly, Lenora,
and Sand Cr. lineaments. Even the minor anomalies appear to be linea-
ment-controlled.

In Figure 6, the more significant anomalies in the average values
for the Dakota Formation appear to be related also to the Goose Cr.,
Prairie Dog Cr., and Holly lineaments and additionally to the Gove, Wild
Horse, Lamar, Modoc, and Kirwin lineaments.

The more significant anomalies at the top of the Dakota (Figure 7)
appear to be related to the Goose Cr., Prairie Dog Cr., Gove, Lamar,
Modoc, and Kirwin lineamegts with no apparent association with the Holly
and Wild Horse lineaments. Three of the less prominent anomalies are
closely alligned with the Cedar Bluff lineament.

The bottom part of the Dakota (Figure 8) shows apparent control of

the anomaly locations by the Prairie Dog Cr., Goose Cr., Gove, Wild
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Horse, Lamar, Holly, Modoc, Friend, and Kirwin lineaments. Most of the
less prominent anomalies also show apparent relationship to the regional
lineaments.

In Figure 9, even the additional minor Dakota highs not reflected
in Figures 5 through 8 appear to be related to the regional lineaments
also.

Examination of Figure 15 shows that more than 75% of the near-
surface high values are on or near the regional lineaments.

Overall, the data lead to the conclusion that the gamma-ray anoma-
lies appear to be controlled by fluid movements in the lineament frac-
ture zones. This type of behavior is more consistent with the geochem-
istry of uranium and its daughters than with the expected behavior of
potassium or thorium, and is taken as support for the tentative conclu-
sion that the anomalies are largely due to variations in uranium content.
It should be noted the lineaments may have controlled paleostream chan-
nels as well as modern drainage and could be the locations for placer-
type heavy mineral concentrations. Those placers containing significant
gquantities of thorium are usually found much nearer crystalline source-
area rocks than the western Kansas region is to its postulated sources.
On this basis, it is doubted that any significant contribution to the
gamma-ray logs are from placer thorium. This must, of course, be con-
firmed by sampling and analysis.

In this map area the only lineaments which have shown apparent
relationships to uranium deposits outside the study area are the Apache,
San Juan, and Elk Mountains - Apishapa. The San Juan and Elk Mountains -
Apishapa lineaments are at very edges of the well log study area and are
not adequately sampled. The Apache is adequately sampled and shows a

possible relationship to three of the less significant anomalies only.
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The data tend to negate the hypothesis that certain lineaments may
be more favorable for uranium than others over large distances. It
appears more likely that any zone of concentrated fracturing or jointing
may control solution movement, but the formation of an anomalous concen-
tration of uranium is primarily dependent on such factors as the pre-
sence of a suitable source and host rock from both the geochemical and

structural viewpoints.

RELATIONSHIP OF LINEAMENTS TO SURFACE RADIOACTIVITY

At the beginning of this study is was hoped that field traversing
across the lineaments with a car-borne gamma-ray spectrometer might
reveal their presence in terms of slightly higher counting reates. This
is reasonable because radon can be expected to migrate up fracture or
fault zones to yield anomalous gamma activites from its daughters.
Several traverses were made across lineaments (see pages 41-47) and no
significant differences were detected in Bi-214 activity. Because of
the limited sensitivity of the gamma-ray spectrometer and wet-weather
limitation on off-road traversing, no definite conclusions can be drawn
from these data as to the detectability of lineaments by this method.

It is concluded that a much more sensitive spectrometer unit should be
used, and that the search should be made using airborne equipment to
obtain better sampling of the surface activity than is possible when
sensing at the surface.

The near-surface gamma-ray log data imply that surface detection
should be possible, and it is suggested that some of these anomalies may
be due to upward migration of radon in the fracture zones. If this be
the case, then emanometer surveys of shallow soil gases may provide a

way to detect them.
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THE INFLUENCE OF UNDERLYING SALT DEPOSITS ON THE DEPOSITION OF URANIUM
The presence of thick, stratified salt deposits in the subsurface
over about 50% of the total study area (Figure 16) is of major signi-

ficance in determining the possible origin of any uranium deposits that

might be present. The isorad maps of the Dakota and Morrision formations

indicate that there is some relationship between the lineament fabric in

central and western Kansas and the subsurface anomalies. However, it is

clear that this relationship cannot have developed through the upward
migration of uranium-bearing solutions from the crystalline basement,

along fractures associated with lineaments. Salt beds are generally

considered to be impermeable because of their plastic properties, and it
is this characteristic which has made such deposits of major interest as
sites for the disposal of high-level radiocactive wastes. Extensive

experimental and theoretical studies have confirmed the effectiveness of

salt in horizontal beds in preventing vertical movement of groundwater
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Figure 16. Distribution of Salt of Permian Age in the Central Mid-

Continent Region (after Mudge, 1967).
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(Bradshaw and McClain, 1971). Fractures cannot remain open because of
plastic flow, thus movement of uraniumbearing solutions along fracture
channels which might exist above or below the salt is effectively pre-
vented across the salt body itself. 1In this sense, the salt body acts
as an impermeable barrier, which serves to isolate the overlying rocks
from the stratigraphic section beneath it. Fracture systems possibly
associated with lineaments could remain open above the salt because of
the brittle nature of most sedimentary rocks. These fractures could
permit downward circulation of groundwater from overlying beds from
which uranium is being leached.

In view of these facts, it appears that any accumulation of uranium
in sediments above a salt sequence must either have been deposited pene-
contemporaneously or by subsequent downward migration of uranium-bearing
solutions. This concept is especially important in the mid-Continent
area, because of the extent and thickness of salt beds of Permian age,
which are distributed from Texas northward to the Canadian border.

Figure 17 shows the relationship between the areas of anomalously
high radioactivity in Figures 5, 6, and 8 and the major salt bodies of
Kansas. It is clear that a very large proportion of the total area of
anomalously high radioactivity overlies the salt bodies. Furthermore,
it is particularly significant to note that the anomalies which occur
above the western Flower-pot salt body are large contiguous areas, while
those not overlying this salt body tend to be smaller and disconnected.
The Flower-pot and Hutchinson salt both exceed 200 feet in thickness
over most of the area covered by the salt bodies. Thinner salt deposits
occur at other stratigraphic horizons in the Permian in the subsurface
of Kansas, resulting in much of western and southern Kansas being under-

lain by salt (Figure 16).
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Figure 17. Relationship between salt bodies and significant radioactive
anomalies (limit of Wellington salt after Kulstad, 1959;
limit of southern Flower-pot salt body after Schumaker, 1966).
Several factors could account for the apparent relationship between
radiocactivity anomalies in the Dakota and Morrison and the existence of
extensive stratified salt in the underlying Permian sediments. Theoret-
ically, all of the anomalous radiocactivity might result from potassium
40 being transported upward from the salts into the Dakota and Morrison.
This obviously is not the case, however, as potassium minerals are not
present in the stratified salt deposits of Kansas. The halite and
anhydrite beds of Kansas are characterized by gamma-ray activity which
is lower than any other part of the stratigraphic section.
The Permian salt beds might cause the development of geochemical
conditions in the overlying Dakota and Morrison which would favor the

accumulation of uranium. Uranium compounds tend to be soluble under
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oxidizing conditions, and the solubility is further increased if car-
bonate ions are present. Under these conditions, the uranium can form
complexes with the carbonate ions and can be removed from solution only
if reducing conditions are encountered. Hathaway et al. (1975) showed
that groundwaters from the Ogallala Formation in southern Wallace,
Greeley, Wichita, Scott, and Lane counties are basically calcium-magne-
sium bicarbonate in nature. Test borings made in western Kansas show
that the Dakota sandstones are saturated with waters containing roughly
1,000 mg/l, total dissolved solids. It appears likely that any perme-
able beds in the underlying Morrison are also saturated with these
brines. Of particular significance is the fact that the major constitu-
ent of the Dakota waters in west-central Kansas is not sodium chloride;
it is instead sodium bicarbonate (K.M. Keene, Kansas Geological Survey,
report in progress).

Such waters would be highly favorable as a transport medium for
uranium. Solubility would be higher than in normal fresh waters, and
the uranium would tend to remain stably in solution until it was trans-
ported into regions where reducing conditions might be encountered.
Pyrite and disseminated carbonaceous fragments are common in both the
Dakota and Morrison in the subsurface of western Kansas, and this mate-
rial would provide a favorable environment for the precipitation of
uranium from the dilute brines saturating the formations.

The waters in the Dakota sandstones overlying the Hutchinson salt
body (Figure 17) are much higher in sodium chloride and total dissolved
solids than those over the western Flower-pot salt. Sodium chloride
brines are probably less favorable as transport media for uranium in
solution, and this may account in part for the fact that the large

contiguous anomalies are located over the western Flower-pot salt body.
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ROAD TRAVERSES AND SURFACE FIELD INVESTIGATIONS

GENERAL

The routes of surface traverses made during this program and the
location of specific surface examinations are shown in Figure 18.

All road traverses and field measurements were made using a Scin-
trex GIS-3 gamma-ray spectrometer equipped with a 2 in. x 2 in. NaI (T%)
detector, and a scintillometer manufactured by Atomic Research Corpora-
tion. The latter instrument provides only total count.

Although road traverses are clearly of value for uranium resource
evaluation studies, they are perhaps less than normally useful in the
Central Great Plains area because of low relief, soil cover and related
farming practices, together with poor outcrops, which combine to make
this type of reconnaissance of limited value. In most instances mate-
rial used in road surface contributes more to radiation levels measured
from vehicles than does the area of interest adjacent to the road.
Extensive tillage of the soil in fields along roads conceivably may
result in leaching and partial removal of low-level surface uranium
concentrations. If this occurs, the pre-existing surface anomaly may be
reduced or virtually eliminated and may become undetectable by wvehicle
traverses on unimproved roads or even on foot.

Substantial portions of the Central Great Plains area are covered
by wind-blown sand deposits. Large presently inactive dune fields exist
in parts of Kansas, Colorado, and Nebraska as well as in the Texas and
Oklahoma panhandles. Small areas of active dunes are also present,
mostly as remnants of the much more extensive dune development which

occurred during the dust bowl period in the early 1930's. The existence
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of these recent eolean deposits decreases still further the usefulness
of surface traverses because the sands tend to mask any anomalies that
may be present in the underlying soils. Despite these difficulties,
however, it will continue to be necessary to make road traverses and
field measurements in areas where anomalies are suspected.

Experience during this study bears out the conclusion of Lovborg
(1973) that the 2 in. x 2 in. detector must generally be considered
inadequate in sensitivity for use in a field spectrometer, and it is
recommended that at least a 3 in. x 3 in. detector be used in any future
field studies.

Emanometer measurements or hydrogeochemical techniques may ulti-
mately prove to be the most valuable in locating concentrations below
the present soil surfaces (Miller and Ostle, 1973; Dyck, 1969, 1972,
1975). Furthermore, botanical methods may also aid in location of
favorable zones which can then be subjected to detailed evaluation by

drilling (Cannon and Kleinhampl, 1956; Cannon, 1957, 1960, 1964).

TRAVERSES ACROSS REGIONAL LINEAMENTS

Several traverses were made across regional lineaments (see Figure
18) to see if they could be detected by air-borne gamma-ray spectro-
metry. No anomalous readings were found that could be definitely asso-
ciated with any of the lineaments, however, it was concluded that this
is not a practical way to determine whether the lineaments are detect-
able by associated gamma radiation anomalies. A detailed airborne
gamma-ray spectrometer survey should be undertaken to provide the re-
quired higher sensitivity and more thorough sampling of selected linea-

ments and their surroundings than can be done by surface gamma-ray
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spectrometer measurements (see also page 36). The detection of radon
migrating up the fracture zones by emanometry is another distinct possi-

bility.

DESCRIPTIONS OF INDIVIDUAL LOCALITIES (See Figure 18)

1. Locality 1

Kimberlite pipes occur at several locations in Riley County in
north-central Kansas (Brookins, 1970). A field radiometric survey
showed that the intrusive which outcrops near the town of Bala is anoma-
lously radioactive. It shows activities in excess of four times the
background measured on adjacent Permian shales. Another kimberlite
intrusive located near Leonardville shows only about half the radio-
activity of the Bala pipe, but it is still substantially above the
background of surrounding rocks. Since the locality is outside the
study area, it has not been explored in detail. It appears possible
that these intrusives may be similar to alkaline basalt diatremes found
in the Colorado Plateau which sometimes contain uranium deposits and
nearly always appear to be anomalously radioactive (Shoemaker, 1955).
If so, then further exploration is certainly warranted.

2. Locality 2

Approximately 58 miles east of the study area, at Kanapolis State
Lake, radiation levels in excess of 10 times background were discovered
in coarse-grained sandstone beds outcropping at water level on the east
side of the lake. The radioactive rocks were found near the center of a
channel sandstone which also incorporates small fragments of dark car-
bonaceous material. Limonite nodules and masses of marcasite are abun-

dant in the clay shales which flank the channel. At this locality, the
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Dakota Formation is overlain by gravels of Ogallala age and the gamma
radiation readings from these gravels are one and one-half to two times
higher than those found in the oxidized outcrops of the Dakota sand-
stones. Since the area is also underlain by thick layers of bedded salt
which would prevent upward migration of uranium-bearing solutions, it
appears most likely that uranium released by the decomposition of
minerals in the Ogallala has been concentrated at geochemically favor-
able locations in the Dakota channel.

A detailed examination of this channel was not made because it lies
outside the study area, and such a program would be beyond the scope of
the present project. We did, however, cooperate with the Kansas Geolog-
ical Survey in making several test drillings in the channel. Highly
radioactive zones a few feet thick were found in several of the holes
and cores were taken. The uranium concentrations in the radioactive
zones are now under study by the Kansas Geoclogical Survey.

The presence of this type of deposit in a channel sandstone along
the eastern edge of the Dakota outcrop suggests that further exploration
is warranted. BAn airborne survey of the area followed by surface check-
ing of anomalies and utlimately test drilling in promising localities
should be undertaken.

3. Locality 3

Outcrops of the Smoky Hill member of the Niobrara Chalk show anoma-
lous radioactivity over a wide area in Gove County, Kansas. The radia-
tion levels are about twice that of the associated shale beds and three
to four times higher than chalk of the same age and stratigraphic posi-
tion in eastern Colorado. Small faults and fractures in chalk outcrops

in western Gove County show evidence of still greater localized enrich-
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ment. Although no substantial concentrations of radiocactive minerals
were detected, it should be noted that Gove County shows anomalies in
the Dakota in the subsurface (see pages 16-36) and also shows anoma-
lously high uranium in surface and groundwaters (Landis, 1960).

4. Locality 4

The lower portion of the Pierre Shale outcrops along State Highway
25 about 6 miles west of Russell Springs in Logan County, Kansas. This
zone shows a background radioactivity at least three times higher than
the shales in the upper Pierre as measured with our field instruments.
This anomalous concentration is very widespread and occurs in the sub-
surface in northwestern Kansas and in southwestern Nebraska (see Tourte-
lot, 1956; Landis, 1959; and Swanson, 1960).

The radiocactive zone appears to be much less prominent in east-
central Colorado and cannot be detected in southeastern Colorado. The
activity may be related to the presence of bands of small phosphatic
concretions.

5. Localities 5 and 6

Outcrops of volcanic ash are anomalously radioactive adjacent to
the road at Locality 5 on State Highway 23 about 2 miles east of Crooked
Creek. The volcanic ash beds show background count rates roughly three
times higher than the soils overlying them. Locality 6 is located in a
roadcut on U.S. Highway 160 in Clark County, 23 miles east of Meade.

Iocal concretionary masses of opalized volcanic ash show anomalous

radiocactivity.
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6. Locality 7
Approximately 9 miles north of Farley on New Mexico Highway 193 in
Colfax County, large masses of dark greenish to greenish-gray igneous
rocks form a small mountain west of the road. Similar rocks also out-
crop 3 to 5 miles east of this locality along the western edge of Union
County. Feldspathoids forming phenocrysts are scattered sparingly
throughout the rock. The entire igneous body is anomalously radiocactive
showing count rates four to five times higher than the backgrounds
measured on surface soils near the outcrops. A detailed study could not
be conducted at the time of examination, but the area should be examined
further to determine whether local concentrations of radiocactive minerals
might be present.
7. Locality 8
The Morrison Formation forms a series of prominent outcrops along a
road on State Highway 18 about 2 miles south of the junction with State
Highway 325 in Union County, New Mexico. The locality is about 5 miles
southwest of Kelton, Oklahoma. Localized concentrations of radioactive
minerals occur in blocky shale beds where they form thin dark brown
coatings on vertical fractures in the shale. These concentrations are
most prominent at the north end of the roadcut.
8. Locality 9
Redbeds of the Whitehorse Formation outcrop along the shores of
Lake Meredith just north of Sandford Dam in Hutchinson County, Texas.
In some parts of the section above the water level, local greenish
splotches can be found, and these frequently show substantially in-
creased count rates over the adjacent redbeds. A thorough search of the
area could not be made, but it might be expected that some radioactive

concentrations could occur.
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SUMMARY OF CONCLUSIONS

GAMMA-RAY WELL LOG DATA

The western portion of Kansas has provided a test area for the
development of a new method of outlining potential uraniferous provinces
in the subsurface. The gamma-ray logs from oil or gas wells or explora-
tory holes have been subjected to trend surface analysis, computer con-
touring, and statistical evaluation outlining areas of anomalously high
gamma-ray activity in the Dakota and Morrison formations. The most pro-
minent of these are located in central western Kansas where they corre-
late quite well with areas of high uranium content in the shallow ground-
waters (Landis, 1960). No ore-grade readings were obtained, but some
groups of wells showed high readings as great as 50 ppm eU. Examination
of the maps showed that in some cases vertical stacking of anomalies in
the Morrison, the base of the Dakota, and the top of the Dakota occurs
and in others it does not.

Examination of other well logs throughout the remainder of the
study area has identified other potentially favorable beds and general
geographic areas which may contain deposits.

It is concluded that gamma-ray logs from wells drilled for petro-
leum exploration are valuable aids in delimiting uraniferous provinces
in subsurface formations. Since this type of information is gathered on
a routine basis in many parts of the world, it appears that it should

serve as a valuable new technique for uranium evaluation in these areas.
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REGIONAL LANDSAT (ERTS) LINEAMENT STUDY

In attempting to link the uraniferous provinces with geologic
factors which might influence their distribution, several possible
correlations were discovered. It was found that the anomalies located
by this technique are related to lineaments visible on the surface in
earth satellite imagery. The spatial association of lineaments with
uranium deposits is thought to be caused by the lineaments acting as
vertical transmission paths for mineralizing groundwater. The ground-
water in the western portion of the study area is known to contain
anomalously high wvalues of uranium, and downward percolation of this
water into formations where conditions of chemical reduction occur could

result in some of the observed anomalies.

RELATIONSHIP OF ANOMALIES TO SALT BEDS

The area of anomalous well log readings is underlain by thick beds
of salt which are sufficiently plastic that fractures cannot remain
open. Since the salt has not dissolved, it is clear that any uranium
which is present must either be penecontemporaneous or from downward
migration of uranium-bearing solutions. An examination of the anomaly
maps shows that the largest contiguous anomalies are located over one of
the main salt bodies and are approximately coincident with its margins.
This suggests that the salt acted as a barrier to downward percolating
waters, and its presence may be an important factor in the genesis of

any uranium concentrations which may be present.
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RECOMMENDATIONS FOR FUTURE INVESTIGATIONS

GENERAL

A full evaluation of the uranium resource potential of the study
area has not been completed and, in fact, could not be accomplished
within the time, budget, equipment, or personnel constraints of this
research program. New methods for data evaluation have been developed
and uraniferous provinces have been defined. Potential geological
relationships between the uraniferous provinces and geomorphic linea-
ments as well as subsurface salt bodies have been discovered. Neverthe-
less, this study would be incomplete without a consideration of the
problems which remain unsolved and some suggestions as to potential

methods for obtaining practical solutions.

EXTENSION OF GAMMA-RAY WELL LOG DATA EVALUATION

Uraniferous provinces based on gamma-ray well log data have been
defined only in Kansas. Obviously, this technique should be expanded to
cover the entire study area and to include more stratigraphic units.
Formations other than the Dakota and Morrison should be tested and might
prove to be of more potential value. Zones in the Whitehorse Formation
of upper Permian age have been found to show high levels of radioactivity
in some wells in both Kansas and Nebraska, and this zone should be
examined in detail. The Pierre Shale and portions of the Niobrara Chalk
sequence also show anomalous radioactivity. Several Tertiary clastic
units merit examination over a broad area. Extension of the gamma-ray
well log study over the entire area would aid greatly in further defin-
ing potential uraniferous provinces and would facilitate more systematic

exploration planning.
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In addition to the gamma-ray well log study, an investigation of
the relationships between lithofacies and gamma-ray anomalies should be
undertaken over the entire area. This is essential to the understanding
of the potential effect of sedimentary environment upon the genesis of
uranium concentrations. Such a study could be accomplished with geo-
physical and sample logs already available. This would be particularly

valuable in planning any future drilling program.

DRILLING AND SAMPLING PROGRAM

As soon as the comprehensive well log study is underway, a drilling
program should be started to evaluate those anomalies which have been
discovered by this investigation. Selected formations should be cored
and detailed analysis of the cores should be made to confirm that the
anomalies are truly due to uranium. Core petrography and sedimentary
environment studies will also be required to provide a full evaluation
of the potential of specific formations to serve as host rocks for
uranium deposition. Such a core analysis program would be necessary if
full utilization of the drilling program is to be had. The drilling
program should be started in the next field season and core analysis
should begin as soon as possible.

Apparatus which permit rapid and accurate determination of radio-
active equilibrium should be used to study deposits in the zones of
leaching near the surface. It is already obvious that uranium is moving
in present ground and surface waters; it is imperative to know its
source and ultimate fate in the hydrologic system of the area. A compre-
hensive water sampling study should be set up and carried out over a
three-year period to aid in determining sources and rates of uranium

release from potential source beds during different seasons of the year.
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Although correlations between lineaments and radiation anomalies
and between uraniferous provinces in the Dakota and Morrison and the
underlying salt bodies have been suggested, a rigorous test of these
relationships is still needed. This should include data from core
drilling and water analyses together with a more thorough water sampling
program. In addition, an understanding of the influence of brine com-
position on uranium transport in ground and formation waters is re-
quired. Any information obtained as a result of this study would have

broad application outside the specific region under investigation.

GEOBOTANICAL STUDY

A geobotanical study is particularly appropriate in the Great
Plains environment. Prairie plants tend to have much deeper root sys-
tems than plants living in wet climates; they can often provide a sample
of chemical constituents present well below the zone involved in agricul-
tural activities. A specific search for indicator plants in the area
might prove to be expecially useful. This study, coupled with low-level
aerial photography to aid in rapid scanning of broad areas, might yield

very valuable information and would be relatively inexpensive.

ATIRBORNE GAMMA-RAY SPECTROMETRY

This region of the Central Great Plains should be surveyed by air-
borne gamma-ray spectrometry to determine whether surface anomalies can
be correlated with anomalies in subsurface units, and to search for
surface leached areas which may occur along lineaments and provide clues
to possible underlying deposits in the form of low U/Th ratios or for
high U/Th ratios if radon is concentrated in the lineaments. Since such
a survey is already planned, it should receive a high priority and its

date of completion should be advanced as far as possible.
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SURFACE SURVEYS

Surface surveys must be continued and expanded to include emano-
meter measurements. Localized concentrations of uranium have been found
in outcrops and these can only be evaluated by ground-based survey
methods. Furthermore, outcrops are good in a few portions of the study
area, and ground surveys are the cheapest and most practical method for

obtaining information about the exposed rocks.

EXPANSION OF STUDY AREA

Finally, it is suggested that the actual study area be modified
somewhat in outline. From the point of view of physiography and geology,
it appears most reasonable to extend it westward to the Front Range.
This would make the western boundary roughly egquivalent to the 105th
meridian. In view of the fact that Kansas already makes up a substan-
tial portion of the total area and considering the ready availability of
data from all of Kansas through the Kansas Geological Survey, it would
improve efficiency to expand the eastern boundary to include the entire

state.
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APPENDIX A

STATISTICAL ANALYSIS OF FIGURE 15, NEAR SURFACE GAMMA-RAY WELL LOG
ANOMALIES

An attempt has been made to determine whether the near surface
gamma-ray well log anomalies can be related to lineament zones. In
testing this potential relationship, it has been assumed that each
lineament zone has a total effective width of 5 miles. Therefore, any
well which lies within 2.5 miles of the center line of the lineament
plotted on the map is considered to be within the zone of potential
geological influence of the lineament. It is recognized that this type
of assumption constitutes a major oversimplification of the actual
condition. Obviously the true effective width of the fracture zones
associated with lineaments may vary greatly at specific points along
their length. Nevertheless, an average lineament width of 5 miles does
appear to be reasonable and based upon this assumption the following
results have been obtained.

Total number of wells recorded on map 338

Total of all wells located within

lineament zones 102
Total of all wells showing anomalies 58
Total anomalous wells in lineament zones 24

. 24% of all of the wells drilled in lineament zones show anomalies.

. 14% of all of the wells drilled outside lineament zones show
anomalies.

Although it is obvious that a larger total sample is needed, the
data does imply a positive correlation between the shallow radioactive
anomalies and lineament zones. If the gamma-ray well log studies are
expanded in the future, a valuable test of the significance of these

results could be expected.
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APPENDIX B

CHEMICAL ANALYSIS DATA

Chemical analyses for U were performed by the Bendix Field

308
Engineering Corporation which serves as contractor to the ERDA office at

Grand Junction, Colorado. The results obtained are listed as follows:

Locality 2, (p. 44-45) Ellsworth County, Kansas,
channel in Dakota Sandstone. 22ppm

Iocality 6, (p. 46) Clark County, Kansas,
concretionary mass of opal and cristobalite. 150ppm

Locality 7, (p. 47) near boundary between

Colfax and Union County, New Mexico,
greenish extrusive igneous rock. 41ppm
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