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CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

URANIUM CONTENT OF GROUND AND SURFACE WATERS 
IN A PART OF THE CENTRAL GREAT PLAINS

By E. R. LANDIS

ABSTRACT

The uranium content of water from various rock units and geologic terranes 
has been determined in an attempt to locate areas in which large amounts of 
uranium in the water might indicate the presence of nearby accumulations of 
uranium in the rocks of the central Great Plains.

Water samples were collected from three geologic terranes in the report area: 
The tuffaceous-rocks terrane, of Tertiary and Quaternary age; the shale terrane, 
of Cretaceous age; and the sandstone terrane, of late Permian through Early 
Cretaceous age. The average uranium content of 179 water samples from 
tuffaceous fluviatile rocks ranging in age from Pliocene to Pleistocene is 6.7 parts 
per billion (ppb). A total of 48 samples from Cretaceous shale and limestone 
of marine origin contain an average of 20.4 ppb uranium. Sandstone, siltstone, 
and claystone of terrestrial and near-shore marine origin are the predominant 
rocks of the sandstone terrane, and the 83 water samples collected from or related 
to these rocks contain an average of 10.2 ppb. The average uranium-content 
figure derived for the shale terrane may not be representative of the uranium 
content of waters from this unit throughout the report area because most of the 
samples were collected from a small area in which the uranium content of the 
waters may be abnormally large. Compared to the shale terrane, the tuffaceous- 
rocks terrane and the sandstone terrane are both represented by a greater number 
of samples collected over a much larger area, and the data on the average uranium 
content derived for them are believed to be representative of the uranium content 
in the report area.

The data on average uranium content of the different rock units, or groups of 
rock units, are listed according to the source from which the samples were collected 
(well, spring, stream, municipal water system, reservoir, or lake), and for some 
samples by geographic parts of the report area. They are believed to be of more 
potential use in any future hydrogeochemical exploration in the area than are the 
data on average uranium content derived for the three geologic terranes. The 
average uranium content of ground-water samples from 12 individual rock units 
or groups of rock units ranges from less than 1.0 to 38 ppb. Several rock units 
were sampled over areas large enough to indicate that waters from the same rock 
unit in different parts of the report area may range widely in average uranium 
content.
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224 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

Most or all the water samples from certain rock units wherever present in the 
area, particularly those of Permian and Triassic age, contain large amounts of 
uranium. Also, relatively large amounts of uranium are present in water samples 
from some parts of the report area, such as the Cimarron River area of western 
most Oklahoma and northeastern New Mexico, and the Rule Creek area of Bent 
and Las Animas Counties, Colo. Further exploration to determine the source of 
the uranium in the water from_these rock .units and areas may be worth while.

INTRODUCTION 

PURPOSE OF STUDY

During 1954, 1955, and 1956, water samples for determination of 
uranium content were collected in western Kansas, southeastern 
Colorado, northeastern New-Mexico, and the Panhandle of Oklahoma 
by the U. S. Geological Survey on behalf of the Division of Raw 
Materials of the U.S. Atomic Energy Commission.

Fix (1956), Saukoff (1956), and Denson, Zeller, and Stephens 
(1956), have discussed the uranium content of natural waters and the 
value of water sampling in prospecting for uranium deposits and in 
evaluating the potential of an area, a geologic terrane, or an individual 
rock unit, as a source of uranium or as a host for uranium deposits.

Fix (written communication, 1954) and Denson, Zeller, and 
Stephens (1956, p. 673-680) found differences in uranium content in 
waters from different geologic environments. Three widespread 
geologic terranes are present in the area covered in this report and 
samples were collected to determine the average uranium content of 
waters from each of the terranes. The number of samples is sufficient 
to show preliminary data on the average uranium content of ground 
water from some rock units of different ages in the area, and to indi 
cate some areas in which water samples contain relatively large 
amounts of uranium.

SAMPLING

Wells were the sources for more than half the samples, but streams 
and springs were sampled at selected localities, and some reservoirs 
and lakes were sampled where other sources were not available. An 
effort was made to obtain clear samples of water. Wells were sampled 
extensively, both to obtain water from specific aquifers and as a 
necessity in areas that lack surface water. Of the sources sampled, 
reservoirs are considered to furnish the least representative samples 
because of the effects of evaporation and the periodicity and volume of 
rainfall. Stream samples are affected by the presence of reservoirs 
upstream and by the periodicity and volume of past rainfall. The 
most representative samples are from wells obtaining water from 
acquifers deep enough to be relatively unaffected by surface conditions. 
A total of 324 samples were collected from 319 sources: 73 stream 
samples from 72 localities; 5 samples from lakes; 23 samples from 21
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reservoirs; 168 samples from 166 wells; 18 samples from springs; and 
37 samples from municipal water systems. The samples from Kansas 
were collected between July 10 and September 21, 1954, and those 
from Colorado and Oklahoma, between September 21 and November 
4, 1954. Three samples from New Mexico were collected in April 
1956.

In Kansas, the samples from Wallace, Logan, Gove, Scott, Finney, 
Lane, Ness, Hodgeman, Ford, and Gray Counties were collected 
during and after a period of several months hi which little or no rain 
fell in the collection area, whereas those from Clark, Meade, Seward, 
Haskell, Grant, Stanton, Hamilton, and Kearny Counties and the 
northeastern part of Stevens County were collected during a period 
when rain fell generally throughout the area, with quantities ranging 
from a trace to several inches. The samples from Colorado, Okla 
homa, and from Morton County and the western part of Stevens 
County, Kans., were collected during a period of prevailing dryness hi 
which only a few scattered rains fell. The samples from New Mexico 
were collected early in spring after a period of scattered but heavy 
rainfall.

PRESENTATION OF DATA

Table 4 shows the location, source, estimated flow in gallons per 
minute, the rock unit from which the water was obtained (aquifer), the 
uranium content in parts per billion, the acidity (pH), and the terrane 
affiliation pertinent to the individual samples. Samples are listed by 
county and land subdivision. The flow in gallons per minute is 
estimated for most of the samples, but in a few cases definite informa 
tion was available, either orally from interested parties or in the 
geologic literature.

Tables 1 and 2 show the average (arithmetic mean) uranium content 
of ground-water samples from selected rock units and areas in the 
report area. Table 3 summarizes all the analytical data and shows, 
according to source, the number and average uranium content of water 
samples that were obtained from or whose uranium content is related 
to stratigraphic units of different age. For purposes of calculating 
average uranium content, those samples with less than 1.0 part per 
billion (ppb) uranium were considered to contain 0 ppb. For com 
parative purposes the averages are shown to 0.1 part per billion (109) 
but are significant only to the first whole number.

Plate 26 and figure 25 show the areal distribution and uranium 
content of all water samples collected in the area by the author during 
this investigation. The source type of each sample is indicated by 
symbol. Plate 26 shows the general geology of the report area, as 
modified from State and U.S. Geological Survey maps. Rocks that 
crop out in the area are grouped into five units that are differentiated
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by patterns. Figure 25 shows the locations and source types of water 
samples that were collected in part of Wallace County, Kans., that 
could not all be shown at the scale on the map on plate 26.

METHOD OP ANALYSIS

The water samples were collected in pint polyethylene bottles, and 
all were analyzed within 6.5 months after collection. The acidity of 
the water was determined in the laboratory with a pH meter having 
a glass electrode. The uranium content was determined by the ethyl 
acetate extraction method hi the following procedure: An acidified 
aliquot of the sample, commonly 100-500 ml, was evaporated to an 
almost dry residue, to which was then added a dilute solution of nitric 
acid. To an aliquot of this solution was added recrystallized alumi 
num nitrate. The uranium was extracted from solution by use of 
ethyl acetate and then roasted in a platinum dish. The residue was 
fused with a sodium fluoride-carbonate flux. A sensitive fluorimeter 
was used to compare the fluorescence of the fused residue with stand 
ard uranium compounds treated in a similar manner, and the uranium 
content was calculated in parts per billion. The probable limits of 
accuracy of this method range from about 1 ppb for samples contain 
ing 10 ppb uranium, to about 3 ppb for samples containing 100 ppb. 
All analyses were made in U.S. Geological Survey laboratories by 
J. Johnson, J. McClure, D. Stockwell, J. Patton, H. Lipp, J. Schuch, 
J. Wilson, H. Bivens, G. Burrow, and R. Cox, under the supervision 
of L. F. Rader, Jr.

GEOLOGIC TERRANES

In the area in which samples were collected for this report, rock 
units ranging in age from Permian to Recent are present at or near 
the surface. The units may be grouped for convenience according 
to age, lithologic character, structural relationship, and genesis, in 
three geologic terranes for comparison of the uranium content of 
water obtained from the rocks included in each terrane. The most 
widespread is the sequence of tuffaceous fluviatile sediments of Ter 
tiary and Quaternary age, but the shale terrane of Cretaceous age 
occupies large areas in Colorado and Kansas, and the sandstone 
terrane of late Permian through Early Cretaceous age occupies ex 
tensive areas in southeastern Colorado, southern Kansas, northeast 
ern New Mexico, and the Oklahoma Panhandle.

Although many samples of both ground and surface water are listed 
in table 4 as having been obtained from alluvium of Recent age, the 
uranium in the samples is believed to be related to the older rocks 
that are either overlain by the alluvium or drained by waters that 
subsequently furnished the samples from nearby alluvium. As used
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in the tables "alluvium" also includes colluvium, soils, and thin eolian 
sediments. The terrane affiliations of the samples collected from 
alluvium, where determinable, are noted in the tables.

SANDSTONE TERRANE

The sandstone terrane includes all the rocks of Permian, Triassic, 
and Jurassic age in the area of this report a,nd all the rocks of Creta 
ceous age below the top of the Dakota sandstone. The rock units in 
cluded are the Whitehorse sandstone, Day Creek dolomite, the Taloga 
formation of Cragin (1897), and the Cloud Chief formation, all of 
Permian age; the Lykins formation, of Permian (?) and Triassic (?) 
age; the Dockum group, of Triassic age; the Entrada sandstone of 
Jurassic age; the Purgatoire formation, consisting of the Cheyenne 
sandstone and the Kiowa shale members; and the Dakota sandstone, 
all of Early Cretaceous age. Although several of the rock units of 
this terrane are chiefly shale, which normally .yields little or no water, 
the sandstones of the terrane are among the important aquifers of 
the Great Plains region.

This terrane occupies a large area in southeastern Colorado but is 
not well represented at the surface in western Kansas. However, in 
many areas where the rocks.of this terrane underlie rocks of the other 
two terranes, samples of water were obtained from deep wells drawing 
water from the formations belonging to this unit.

SHALE TERRANE

The shale terrane includes all formations of Cretaceous age above 
the Dakota sandstone that are exposed in the northern part of the 
Kansas and Colorado parts of the report area. The shale terrane 
includes the Graneros shale of Early and Late Cretaceous age, and the 
Greenhorn limestone, Carlile shale, Niobrara formation, and Pierre 
shale of Late Cretaceous age. These rock units yield water to very 
few wells and springs, and many of the samples from this terrane are 
stream samples or samples from shallow wells obtaining water at the 
contact of the relatively impermeable shales and the overlying thin 
valley and gully fill.

TUFFACEOUS-ROCKS TERRANE

The tuffaceous-rocks terrane consists of tuffaceous rocks ranging in 
age from Pliocene to Recent. Rock units that are included are the 
Laverne, Ogallala, and Meade formations. The lower portion of the 
Ogallala and its correlative, the Laverne formation, are considered to 
be early Pliocene in age, although Moore and others (1951, p ; 20) con 
sidered them also to be possibly late Miocene in age. The upper and. 
most widespread part of the Ogallala is Pliocene in age, but in eastern

533666 60   2
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Colorado some of the units ordinarily mapped with the Ogallala may 
be Pleistocene in age. Frye and Leonard (1952, p. 66) refer to certain 
rocks in southwestern Kansas formerly included in the Ogallala to the 
Blanco formation that they believe to be of Pleistocene age. In the 
present report they are mapped with the Ogallala. The Meade forma 
tion is of Pleistocene age (Moore and others, 1951, p. 14). Also in 
cluded in this terrane are dune sand and terrace deposits of Pleistocene 
and Recent age and the wide belt of thick alluvium along the Arkansas 
River.

URANIUM CONTENT OF WATER FROM INDIVIDUAL ROCK
UNITS

Table 1 shows the average uranium content of selected samples of 
well and spring water from individual rock units in the report area and 
the location of the averaged samples within the area. The averages

TABLE 1. Uranium content of samples of well and spring water from selected
individual rock units and areas

Rock unit and age Location of samples
Number 

of 
samples

Uranium content 
(ppb)

Range Average

Sandstone terrane

Permian: 
Undifferentiated rocks _ . .........

Triassic: 
Undifferentiated rocks .............

Jurassic:

Cretaceous:

Purgatoire formation.

Do...... ._...... .....  .

Meade and Morton Counties,
Kans.; Texas County, Okla. 

Baca County, Colo.; Texas
County, Okla.

.....do.... ......... ...  .. 

Baca County, Colo.; Morton,
Stanton, and Hamilton Coun 
ties, Kans. 

Lane, Ness, Hodgeman, and
Ford Counties, Kans.

5

2

1

3

11

7

11-28

35-41

11-50

<1-18

<1-14

16. C

38. C

4.C

27. C

7.£

5.1

Shale terrane

Cretaceous:

Carlile shale.
Finney County, Kans ...........

1
2

3

1- 2

11-14

<1.0
1.5

12.7

Tuffaceous-rocks terrane

Pliocene: 
Ogallala formation including the 

Laverne formation. 
Ogallala formation and (or) Meade 

formation. 
Pleistocene: 

Meade formation _________

Total area, 

do

Meade, Seward, and Grant 
Counties, Kans.

69 

9

11

<l-88 
<l-7

2- 7

10.4 

3.7

3.2
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for those rock units that are represented by only a few samples are 
indicative only of the order of magnitude of the uranium content of 
waters from these units in the immediate area of the sample source. 
Average uranium-content figures were derived for each of the two 
areas in which water samples were collected from the Dakota 
sandstone. In table 1 samples that are derived from either or both 
the Ogallala and Meade formations, but cannot be definitely attributed 
to one or the other, are grouped as the Ogallala and (or) Meade 
formations. Samples from wells that obtain water both from the 
Laverne formation and from the Ogallala formation are included in 
table 1 with the samples of water derived solely from the Ogallala 
formation.

Waters from the Ogallala and Meade formations were sampled over 
large parts of the report area and the data on average uranium content 
shown in table 1 are broad generalizations that may not be applicable 
throughout the area. Table 2 shows the average uranium content of 
water samples from these rock units in small parts of the report area. 
The subdivision was made on the basis of geologic and geographic 
setting and the time the sample was collected. Because the source 
of some samples is uncertain, the Laverne and Ogallala formations are

TABLE 2.  Uranium content of grouped samples of well and spring water from rock 
units of Tertiary and Quaternary age in various parts of the report area.

Location of samples
Number of 
samples In 

group

Uranium content (ppb)

Range Average

Ogallala formation

Baca County, Colo.; Morton County, Kans; and Clmarron and

Western Kansas north of the Arkansas River, except northern

Meade and Clark Counties and the part ol Ford County south ol the

7

10

27

13
6
4

3-88

6-15

4-4(1

1-21
1- 4

<l-4

26.4

11.4

10.0

7.3
2.0
1.8

Laverne and Ogallala formations

2 7-7 7.0

Ogallala formation and (or) Meade formation

Meade Coun ty and the parts of Gray and Ford Counties south of the
5
4

3- 7
«^i  3

5.2
1.8

Meade formation

Seward and Grant Counties, Kans.. _________________
2
o

7- 7
2- 4

7.0
2.3
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considered as a unit for Meade County, Kans., and the Ogallala and 
Meade formations are so considered for parts of southwestern Kansas.

AREAS HAVING A LARGE CONTENT OF URANIUM IN
WATER

Appraisal of the results of the water sampling allows delineation of 
several areas in which most or all the water samples contain uranium 
in quantities larger than do samples from the same terrane or rock 
unit in the report area as a whole.

VALLEY OF THE SMOKY HILL RIVER

One of the areas in which most of the water samples contain large 
amounts of uranium is the valley of the Smoky Hill River in Wallace, 
Logan, and Gove Counties, Kans. The valley is cut in shale and lime 
stone beds of Cretaceous age that are overlain by thin deposits of 
fluviatile and eolian sediments of Pleistocene and Recent age. The 
Ogallala formation of Pliocene age unconformably overlies the Cre 
taceous rocks on the upland plains and interstream divides on each 
side of the valley of the Smoky Hill River.

Interpretation of the analyses of water from the area is complicated 
by the fact that samples were collected during two dry periods sepa 
rated by a period of rainfall. For convenience, the samples collected 
in early July and those collected in late August and early September 
are hereinafter referred to as July samples and September samples, 
respectively. No large variation in uranium content is apparent in 
well and spring samples of water from the Ogallala formation collected 
during both time periods, and samples taken during both tune periods 
from a well in Logan County obtaining water at the contact of Pleis 
tocene (?) sediments and Cretaceous shale showed essentially no varia 
tion in uranium content (table 4, samples 210708 and 217643). July 
and September samples obtained from reservoirs dug in the Cretaceous 
shale beds showed a large difference in uranium content. One reser 
voir in Wallace County, Kans., sampled in July, had a uranium content 
of 380 ppb, but samples collected from it in September indicated a 
content of only 5 ppb (table 4, samples 210704 and 215044), and many 
of the reservoirs sampled during the "September" period contained 
less than 1 ppb (fig. 25). The great difference in uranium content is 
probably attributable largely to two causes concentration through
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evaporation during the dry period preceding the July sampling period 
and the flow of surface waters into the reservoirs during the wet period 
between sampling periods in contrast to subsurface flow only, prior 
to the July sampling. . .

R. 38 W.

T. 13 S. 
T. 14 S.

Geology modified from M. K. Ellas (1931) 

2 3 MILES

EXPLANATION

Contact

Source of samples
*2 

Reservoir

Well
 A3

Spring

fftmter it uranium eontmt in parti ptr Mltwn
Sampla collected in July an uwbrtintd;

Konptet collected in September on not

FIOUBE 25. Map showing location and uranium content of water samples collected in Tps. 13 and 14 S., 
R. 38 W., Wallace County, Kans.

Chemical and spectrographic analyses of the residue obtained by 
evaporation of 5 gallons of water from the well in sec. 2, T. 13 S., 
R. 35 W., Logan County, are shown on page 232.
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Chemical analyses of the residue from 5 gallons of water froma well in sec. 2, T. 18 S., 
R. 35 W., Logan County, Kans.

[Sample serial No. 219171. Analysts: J. Wilson, W. Mountjoy, J. H. McCarthy, and Q. C. Campbell. 
Residue: 26.65 grams, equals 0.141 percent of sample]

Element

Concentra
tion in
residue

(percent)

16.5
.005
.004

Concentra
tion in
water

(approxi
mate ppb)

232,000
70
60

Element

Concentra
tion in
residue

(percent)

<.003
fW>

001

Concentra
tion in
water

(approxi
mate ppb)

^~dn
30
10

Semiquantitative spectrographic analyses of the residue from 5 gallons of water from 
a well in sec. 2, T. 18 £>., R. 85 W., Logan County, Kans.

[Sample serial No. 219171, spectrographic plate No. 11-1177. Analyst: P. J. Dunton. Looked for but not 
detected, as the amount present was below the threshold amount of the element: Ag, As, Au, Be, Bi, Cd, 
Ce, Co, Cr, Dy, Er, Qa, Gd, Oe, Hf, Hg, In, Ir, La, Mn, Nb, Nd, Ni, Os, P. Pb, Pd, Pt, Re, Rh, Ru, 
Sb, Sc, Sm, Sn, Ta, Te, Th, Ti, Tl, U, W, Y, Yb, 2n, and Zr. Residue: 26.65 grams, equals 0.141 per 
cent of sample. Concentration in water: approximate values obtained by use of subgroup midpoints, 
which are logarithmic means. The concentrations of the elements are determined by semiquantitative 
spectrographic analysis are bracketed into groups, each of approximately one-third of an order of mag 
nitude, X+ indicating the higher portion (10-15 percent); X, the middle portion (5 to 2 percent); and 
X , the lower portion (2 to 1 percent). Comparisons of this type of semiquantitative results with those 
obtained by quantitative methods, either chemical or spectrographic, show that the assigned group 
Includes the quantitative value in about, 60 percent of the analyses.] -

Element

Concentra 
tion in 
residue 

(percent)

XX.

.X

.X  

.Ox+

Concentra- 
tion in 
water 

(approxi 
mate ppb)

>100,000
  96, 000

45; ooo
9,600
4,500
2,100

960

Element

Iron... ..- .._ ...... :......

Concentra 
tion in 
residue 

(percent)

O.Ox-
.OOx
.OOx
.OOx-
.OOx-
.OOOX+
.OOOX+

Concentra- 
tion in 
water 

(approxi 
mate ppb)

210
45
45
21
21
9.6
9.6

Samples from 5 wells and 2 springs obtaining water from the 
Ogallala range in uranium content from 8 to 20 ppb and average 10.1 
ppb. Thirteen samples of well and stream water and water from 
municipal systems were obtained from thin alluvium overlying Cre 
taceous shale in the valley. Nine well samples contain an average 
of 36.1 ppb uranium, two stream samples contain an average of 24 
ppb, and two water-system samples contain an average of 18 ppb. 
In contrast, samples of water from or related to rock units of the shale 
terrane in Ness, Lane, Finney, Hodgeman, and Ford Counties,- Kans., 
contain far less uranium. Seven samples of well and spring water and 
water from municipal systems contain an average of 9.4 ppb uranium 
and three stream samples contain an average of 6.3 ppb. This 
difference in the uranium content of the water samples may be a 
reflection of a difference in average uranium content between the 
younger Upper Cretaceous rocks in the valley of the Smoky Hill 
River and the slightly older rocks that crop out to the southeast.
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SCOTT COUNTY-FINNEY COUNTY AREA

Samples collected along a north-south line in Scott and Finney 
Counties, Kans., indicate an area in which water from the Ogallala 
formation has a more than normal content of uranium. Three of the 
samples contain from 12 to 23 ppb uranium, whereas other samples 
to the north, south, and east contain no more than 8 ppb.

The water table is much nearer the surface along the north-south 
sample-collection line than it is east or west of it (Waite, 1947, p. 56). 
Possibly loss of water through evaporation has resulted in a greater 
concentration of uranium in the ground water.

VALLEY OF THE CIMABRON RIVER

In Cimarron County, Okla., and Union County, N. Mex., 6 samples 
obtained from the Cimarron River and 1 from a well obtaining water 
from the river alluvium contain from 13 to 42 ppb uranium. Samples 
221356, 221357, and 221364 (table 4) were collected in late October 
and early November 1954; sample 239713 (table 4) was collected in 
November 1955; and samples 242831, 242832, and 242833 (table 4) 
were collected in April 1956.

 Fix (1956, p. 790) states that in most uraniferous areas the streams 
usually contain from 1 to 10 ppb uranium, but (oral communication, 
1956) concentrations of as much as 65 ppb uranium have been found. 
The uranium content of the 7 samples is abnormally large. The 
Cimarron River rises in an area of extrusive igneous rocks (pi. 26), 
and the uranium may be derived by leaching of disseminated uranium 
from these rocks or may be derived from uranium deposits associated 
with the igneous rocks or the sedimentary rocks of Triassic, Jurassic, 
and Cretaceous age that underlie the extrusive rocks and are exposed 
along the valley of the Cimarron River.

RULE CREEK DRAINAGE BASIN

Several samples from streams and springs were collected in the 
drainage basin of Rule Creek in Bent and Las Animas Counties, Colo. 
At the confluence of Rule Creek and Muddy Creek, a sample was 
collected that contains 28 ppb uranium. A reservoir on Muddy Creek, 
upstream from the collection point, may have affected the uranium 
content of the sample to some extent in that evaporation of water 
from the reservoir may have resulted in concentration of uranium in 
the water reaching Rule Creek. Farther south (upstream) a sample 
from Rule Creek contains 14 ppb and a sample from Hackberry 
Creek, a northwestward-flowing tributary, contains 6 ppb. A sample 
from a spring in the Cheyenne sandstone member of the Purgatoire 
formation contains 50 ppb uranium. Several low-grade concentra 
tions of uranium in rocks near the headwaters of Rule Creek were
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examined by the author and the water samples may indicate the 
presence of other uranium concentrations, in the drainage basins of 
Rule Creek and Muddy Creek.

INDIVIDUAL SAMPLES OF WATER THAT CONTAIN LARGE 
QUANTITIES OF URANIUM

Several individual water samples contain large amounts of uranium 
compared to samples from nearby areas or in comparison to the 
average uranium content of similar samples from the same, or nearby 
areas.

The sample from a well in the Ogallala in sec. 13, T. 25 S., R. 30 
W., Gray County, Kans., contains 40 ppb uranium, whereas other 
wells obtaining water from the Ogallala formation in the same general 
area contain from 8 to 14 ppb.

A sample from a spring in sec. 17, T. 32 S., R. 28 W., Meade County, 
Kans., contains 21 ppb uranium, in contrast to other samples also from 
the Ogallala formation in the same area that contain less than 8 ppb.

In sec. 21, T. 29 S., R. 36 W., Grant County, Kans., a sample from 
a spring in the bed of the North Fork of the Cimarron River contains 
15 ppb uranium. Other samples of the stream water, above and below 
the spring in section 21, contain less than 1 ppb, and all samples 
within 8 miles contain less than 5 ppb.

A sample from a spring in a stream bed in sec. 25, T. 22 S., R. 42 
W., Hamilton County, Kans., contains 21 ppb uranium, while water 
from another spring less than a mile distant in the same stream bed 
contains only 2 ppb, and no samples within 20 miles contain more 
than 2 ppb.

A sample from a well in sec. 25, T. 4 N., R. 12 E., Texas County, 
Olda., contains 41 ppb uranium. The well is believed to obtain water 
from red beds of Triassic age. A well in sec. 31, T. 29 S., R. 50 W., 
Baca County, Colo., also supposedly obtaining water from red beds 
of Triassic age, contains 35 ppb uranium, and a well in sec. 5, T. 34 S., 
R. 42 W., Morton County, Kans., that may obtain some water from 
the Dockum group of Triassic age, contains 20 ppb. With the present 
data it is impossible to determine whether each of the above-cited 
samples indicates a local concentration of uranium or whether the 
Triassic rocks contain disseminated uranium in a form that is readily 
available for solution by ground water. Deposits of uranium min 
erals in rocks of Triassic age have been reported in northeastern New 
Mexico (Griggs, 1955, p. 191) and highly radioactive zones are re 
ported to be present in the Dockum group of Triassic age in northern 
Texas (Eargle and McKay, 1955, p. 262).

The water sample collected from the Purgatoire River in Bent 
County, Colo., contains 32 ppb uranium. The uranium content of
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this sample is sufficiently high to indicate that further reconnaissance 
and hydrogeochemical exploration in that area may be profitable.

The extreme range of uranium content, from 3 to 88 ppb, in the 
samples from the Ogallala formation in the area north of the Arkansas 
River in Colorado indicates that more data should be collected and 
evaluated to determine the possibility of local concentrations of 
uranium near the sources of samples containing larger amounts of 
uranium, either in the Ogallala or in the rock units of Cretaceous age 
that the Ogallala overlies unconformably.

RELATION OF URANIUM CONTENT TO pH

The pH is the logarithm of the reciprocal of the hydrogen-ion con 
centration when this concentration is expressed as gram ions per liter. 
A solution having a pH of 7 is neutral. Therefore, an increase in pH 
represents a decrease in hydrogen-ion concentration, that is, a decrease 
in acidity, and conversely. At the time of analysis for uranium, de 
terminations of the pH were also made on all but one of the 324 
samples. Almost 4 percent had a pH of 7.0 or less, about 28 percent 
had a pH of 7.1 to 7.5, about 49 percent had a pH of 7.6 to 8.0, and 
almost 19 percent had a pH of more than 8.0. The pH ranged from 
6.5 to 8.5.

Fix (written communication, 1954) has stated that: "Uraniferous 
waters usually have a pH somewhat greater or less than 7, whereas 
waters with a pH close to 7 seldom contain anomalous amounts of 
uranium." Denson, Zeller, and Stephens (1956, p. 799) sampled 
waters from four areas in the northern Great Plains and Wyoming 
Basin and concluded that the most highly mineralized water in tuf- 
faceous-rocks terranes has an alkaline pH range of 7.5 to 9.5. The 
findings of Fix and of Denson, Zeller, and Stephens are substantiated 
by the results of analyses for this report; in general, the samples with a 
pH close to the neutral point (pH of 7) do not contain as much uranium 
as the more alkaline samples with larger pH's.

SUMMARY

Table 3 summarizes the analytical data on which this report is based. 
The number and average uranium content of samples obtained from 
or related to rock units of different ages are listed according to the type 
of source. A total of 324 samples was collected, but one was a bulk 
sample taken for chemical and spectrographic analyses and the results 
are not included in table 3.

Almost all the figures for average uranium content in table 3 are 
greater than the background concentration of uranium in natural 
waters in the United States, which generally is about 0.1 ppb (Fix, 
1956, p. 790). This background figure is very roughly analogous to

533666 60   3
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the background intensity of radioactivity and means that any water 
sample collected in the report area can be expected to contain 0.1 ppb 
uranium or more.

The average uranium content of the well samples is probably the 
most useful, potentially, of the averages shown in table 3 for the 
various source types because weUs are the predominant source of 
water in the report area; water samples from weUs are more representa 
tive of the uranium content of waters from specific rock units than are 
waters from other sources because there is less chance of mixing with 
waters from other rock units; the effects of evaporation are minimized 
in well samples; and the effects of the volume and periodicity of rain 
fall is less in weU samples than in samples from other sources. With 
the exception of those samples from thin alluvium overlying the shale 
terrane in the valley of the Smoky Hill River and the samples from 
sandstones and red beds of Permian and Triassic age, the average of 
9.5 ppb uranium in well samples collected for this report is believed to 
be representative of the uranium content of most well samples from 
the report area.

The average uranium content of 11.3 ppb for 18 samples from 
springs is probably not representative of the uranium content of water 
samples from springs in the report area as a whole because of tbe smah1 
number of samples. Most of the springs in the report area are small 
and are subject to evaporation or dilution during dry or wet periods 
respectively. The fact that the range for spring samples is from less 
than 1 to 50 ppb will probably be of most value for future comparison.

Streams are second to well samples in being potentially the most 
useful sources of samples for hydrogeochemical exploration purposes 
in the report area. However, they are more variable than well samples 
because within the report area most of the streams, like the springs, 
are smaU and are subject to evaporation or dilution, and also to the 
mixing of waters from different rock units. The fact that the average 
uranium content of the 73 stream samples does not differ significantly 
from any of the averages derived for stream samples from alluvium 
related to the three geologic terranes in the report area may be for 
tuitous, but the range in uranium content of the stream samples, from 
less than 1 to 42 ppb uranium, is not excessively large hi relation to 
the number of samples involved. The average uranium content 
derived for stream samples hi the area, 7.2 ppb, is believed to be 
representative of the uranium content of stream samples from the 
report area.

The average uranium content of the 37 samples from municipal 
water systems, 7.1 ppb, is fairly close to the average, 9.5 ppb, derived 
for wells other than those used for municipal supplies. One of the 
municipal systems from which samples were collected obtains water
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from a spring; the others are supplied by wells. The smaller uranium 
content of water samples from municipal water systems may be due 
to removal of uranium from the water by rust or other deposits in the 
the hundreds or thousands of feet of pipe the water passed through 
between the well-head and the sampling points.

The range for water samples collected from reservoirs is far greater, 
from less than 1 to 380 ppb uranium, than for samples from any other 
source. This extreme range may be due to any or all of several causes 
for each sample. Most of the reservoirs are shallow and consequently 
the concentration of uranium is greatly affected by evaporation be 
cause of the large water-air interface for the volume of water contained. 
It is also affected by great dilution through an influx of surface waters 
during and immediately after a period of rainfall. The average 
uranium content of 20.9 ppb is not representative of the uranium con 
tent of samples from reservoirs in the report area because the number 
of samples is too small in relation to the range of uranium content of 
the samples and the reservoirs sampled are unevenly distributed 
through the report area. If necessary, reservoir samples can be used 
in hydrogeochemical exploration in the report area, but the samples 
to be compared should be from a small area and should all be collected 
during a short time period to minimize the effects of changes in 
weather.

Only five lake samples were collected during this investigation. 
The average of 8.8 ppb may be representative of the uranium content 
of the larger, deeper, bodies of water in the report area, for the range 
in uranium content is not large, from 3 to 18 ppb. Lakes are probably 
less variable in uranium content than are reservoirs because the much 
greater volume of water in the lakes minimizes variations in concen 
tration of uranium caused by variations in the volume and periodicity 
of rainfall. Also, the lakes, in general, are much deeper than are the 
reservoirs that were sampled and there is less surface area per unit 
volume of water to be affected by evaporation. Lakes, however, are 
subject to mixing of waters from different rock units over a relatively 
large area and the results of lake sampling may for some areas be 
meaningless for hydrogeochemical exploration purposes, and in others 
only useful as an average to compare with the results of sampling of 
waters tributary to the lake.

The average of 9.7 ppb uranium derived from a total of 323 samples 
is representative of the order of magnitude of the uranium contents 
of water samples from the report area. With the exception of those 
rock units that are represented by just a few samples, the averages 
derived for water samples from the selected rock units in the area 
(tables 1, 2, and 3) are potentially of greater value to any future 
hydrogeochemical exploration in the parts of Kansas, .Oklahoma,
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Colorado, and New Mexico from which samples were collected than 
is the overall total average cited above.

A total of 310 samples were used to derive average-uranium-content 
figures applicable to the three geologic terranes present in the report 
area. Terrane relationship of samples, where determinable, can be 
obtained from table 4. The average uranium content of 179 water 
samples from the tuffaceous-rocks terrane is 6.7 ppb; 48 samples from 
the shale terrane contain an average of 20.4 ppb uranium; and the 
average uranium content of 83 samples from the sandstone terrane is 
10.2 ppb.

The tuffaceous-rocks terrane was sampled much more extensively, 
both in number and areal distribution of samples, than were the other 
terranes. The average uranium content of 6.7 ppb is probably repre 
sentative of the uranium content of water samples from this terrane 
in the report area as a whole, but it is not applicable for hydrogeo- 
chemical exploration purposes in small parts of the report area. As 
an example, the average uranium content of 69 well and spring samples 
from the Ogallala formation (including the Laverne formation) col 
lected throughout the report area is 10.4 ppb (table 1), but in table 2 
the 69 samples are subdivided into seven groups on a geographic basis 
that was determined by the time period of sample collection. The 
average uranium content of samples from the seven groups ranges 
from 1.8 to 26.4 ppb. The difference in average uranium content of 
the water samples from the various geographic areas may be caused 
by variations in climatic conditions over the wide area from which 
the samples were collected, but at least part of the difference may be 
caused by differences hi the amount of uranium available for solution 
by waters moving through the Ogallala formation.

Water samples related to or collected from rock units of the shale 
terrane have a large range in uranium content, from less than 1 ppb 
to 380 ppb. Only 8 of the 48 samples assigned to the shale terrane 
were collected from rock units of the terrane; the other 40 were 
collected from water-bearing alluvium related to rock units of the shale 
terrane. As previously noted, the water samples from the shale 
terrane in the valley of the Smoky Hill River in Wallace, Logan, and 
Gove Counties, Kans., contain considerably more uranium than do 
samples from that terrane hi Finney, Ford, Hodgeman, Lane, and 
Ness Counties, Kans., and they also contain more uranium than do 
the ramples from rock units of that terrane in other parts of Kansas 
and Colorado. Of the total of 48 samples assigned to the shale terrane, 
27 were collected in the valley of the Smoky Hill River; therefore, the 
average of 20.4 ppb uranium for samples from the shale terrane is 
probably too large to be representative of the average uranium con 
tent of water from this terrane throughout the report area. The



240 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

average uranium content of 8 well or spring samples from rock units 
of the terrane is 8.5 ppb, and this figure may be more nearly repre 
sentative of the uranium content of samples from the shale terrane.

The average uranium content of 83 water samples from the sand 
stone terrane is 10.2 ppb. The averages for samples from wells, 
streams, and water systems agree closely with this figure: 10.1 ppb 
uranium for 39 well samples, 9.8 ppb for 35 stream samples, and 8.4 
ppb for 7 water-system samples. These averages are believed to be 
representative of the uranium contents of water samples from this 
terrane.

Water samples from several of the rock units of the sandstone 
terrane contain more uranium than the averages cited above but the 
samples are too few to be representative. Of most potential useful 
ness for future comparison is the average 8.6 ppb derived from 29 
samples collected from the Dakota sandstone and the Purgatoire 
formation of Early Cretaceous age because within the area in which 
rock units of the sandstone terrane are extensively exposed the Dakota 
and Purgatoire occupy more outcrop area than any of the other rock 
units of the terrane, and they are also the source of water for more 
wells and springs than the others.

Although the figures for average uranium content for water samples 
from the shale terrane may not be representative, the corresponding 
figures derived for water samples from the tuffaceous-rocks terrane 
and the sandstone terrane are believed to be representative of the 
uranium content of waters from these terranes in the report area. 
Fix (written communication, 1954) found that water samples from 
carbonaceous-shale terranes and from acidic-volcanic-rock (including 
tuff) terranes commonly contain more uranium than water samples 
from other terranes, and Denson, Zeller, and Stephens (1956, p. 799) 
report that ground-water samples from acid tuffs and tuffaceous sedi 
mentary rocks in parts of Wyoming and North Dakota contain much 
more uranium than do samples from other sedimentary rocks in that 
area. In view of the results obtained by these investigators it is a 
little surprising that the samples from the sandstone terrane have a 
slightly higher average uranium content than the samples from the 
tuffaceous-rocks terran e. Although the Ogallala formation, a unit of th e 
tuffaceous-rocks terrane, has a larger average uranium content in the 
report area than any of the other rock units that were sampled ex 
tensively, water samples coUected from some other units of the 
tuffaceous-rocks terrane contain much less uranium. On the other 
hand, the average for most of the rock units of the sandstone terrane 
from which water samples were collected range from slightly less to 
considerably more uranium than the average for the Ogallala. 
Though no positive conclusion can be reached until some of the rock
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units of the sandstone terrane are sampled more extensively, the 
available data indicate that water samples from the sandstone terrane 
contain on the average as much or more uranium than samples from 
the tuffaceous-rocks terrane.

CONCLUSIONS

General conclusions, on the basis of the water-sample data gathered 
for this report, are (1) the average uranium contents of water samples 
collected from the geologic terranes and their component rock units 
in the report area range from about 3 to about 38 ppb, although the 
uranium content of individual samples ranges from less than 1 to 
almost 400 ppb; (2) water samples from the sandstone terrane contain 
on the average as much or more uranium than samples from the 
tuffaceous-rocks terrane in the report area, though this conclusion 
may have to be revised as waters from some of the rock units of the 
sandstone terrane are sampled more extensively; (3) the difference in 
the uranium content of water samples from specific rock units in 
different parts of the report area indicates that the uranium content 
of samples collected for hydrogeochemical exploration purposes should 
be compared not only to the average uranium content derived for the 
terrane or the associated rock unit in the report area as a whole but 
should also be compared to the uranium contents of the samples from 
the same terrane or the rock unit in the relatively small area of the 
sample locality; and (4) further exploration and evaluation may be 
worth while to determine the source of the uranium in waters from 
those parts of the report area in which most, or ah1 , water samples 
contain relatively large amounts of uranium, and waters from several 
rock units, particularly those of late Permian and Triassic age, that 
have a large uranium content for samples collected from them.
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