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URANIUM CONTENT OF GROUND AND SURFACE WATERS IN WESTERN

KANSAS, EASTERN COLORADO, AND THE OKLAHOMA PANHANDLE
By E. R. Landis
ABSTRACT

During 1954, 1955, ard 1956, 324 water samples were collected in
western Kansas, eastern Colorado, the Oklahoma Panhandle, and north-
eastern New Mexico, to determine the uranium content of water from the
various rock u_nits and geolog'ic terranes in the region, and to locate areas
in which large amounts of uranium in the water might reflect the presence

. of nearby uranium accumulations.

Three geologic terranes are present in the report area: the Tertiary-
Quaternary tuffaceous terrane, the Upper Cretaceous shale te.;"rane, and
the upper Permian through Lower Cretaceous sandstone terra;xé; ‘The aver-
age uranium content of 179 water samples from the tuffaceous terrane, which
is composed primarily of itu,ffaceous, fluviatile rocks ranging i‘n age from .
Pliocene to Pleistocene, is 6.7 parts per billion. A total of 48 samples
from the Upper Cretaceous shale terrane, which is composed glmost en-
tirely of shale and limestone of marine origin, contain an aver‘age of 20.4
parts per billion uranium. Sandstone, siltstone, and clayston¢ of terres-
trial and near-shore @arine origin are the predominant constituents of the
upper Permian through Lower Cretaceous sandstone terrane, and'the 83

water samples collected from, or related to, rock units of this terrane con-

tain an average of 10.2 parts per billion uranium. The average uranium
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' é,dntent figure derived for the Upper .Cre.taceous shale t:errang may: not be. .
,repr‘e.s‘enta‘tive of the uranium content of waters from this terrane through-

out the report area because more tha.n_ half of the samples assigned to the

terrane were collected ,in‘ al; afea in theh most water samples contain

relatively laL,rge amounts of ural.nit.z.m. Compared to the shale terrane, the

tuffaceous terrane and the sandstone terrane are both represented by a

greater number of .s.ample-é 'c.o‘liecbted over a rﬁuch larger area and the

average uranium content figures derived fof themﬁa,.re believed to bé reb;

resentative of 1;he uranium content of ﬁvaters from, 6r ,relatéd to, .rock‘u‘nits
.of the two terranes in the repoit area. '

The average uranium content £igufes derived for different rockb

units, or groups of rock units, sﬁbdivided b&r the éburce type from which | .
'1;he -s,avmples were collected (well, spring, 'sfream, municipal water sys-

tem, rleservoir, or lake), and iﬁ sofne cases by geogfaphic pai;fts of the

report area, are believed to be  of more poténtial use in any f\;tﬁre hydro-
geo€hemical exploration in the area than are the average uranium content
- figures derived for the three geologic terranes. The average uranium

conteﬁt of ground-water samples from 1‘2’ individual rock units or g‘z;oups'

of rock units raﬁggs from less than 1.0 to 38 parts per billion. -Several
.rock units were sampled over large enough areas to indicate that w.a.te_rs.

from the same rock unit in different parts of the report area may range

widely in average uranium content.



Water samples from some of the rock units in the area, particu-
larly those of Triassic and Permian age, contain large amounlts of uranium,
) I
and in some parts of the report area, such as the Cim?.rron 'Biver area of
we s_ternmo.st Oklahoma and northea_stern New Mexico, and .thé--R,ule Cregk
area in Bent and Las Animas Counties, Colo., most, or all, of the water
samples collected contain relatively large émounts of uranium. Further

exploration to determine the source of the uranium in the water from these

rock units and areas may be worthwhile.
INTRODUCTION

During 1954, 1955, and 1956, water samples were collected for
determination of uranium content in western Kansas, southeastern Colo-

rado, northe'a,ste.rn New Mexico, and the panhandle of Oklahoma. This work

i
[

was done by the U. S. Geological Survey on behalf of the Division of Raw
;

X

Materials of the U. S. Atomic Energy Commission, 1

Fix (1956‘), Saukoff (1956), and Denson, Zeller, and ,Sfephens(l956),
discuss the uranium content of natural waters and the use of \;/ater sam-
pling in prospecting .for' uranium deposits and in evaluating thj'e potential
of an area, a geologic terrane, or an individual rock unit, a.s'va source of
uranium or as a host for uranium deposits. |

Fix (written communication) and ‘-Denson, Zeller, and Stephens
{1956, p. 799) found a difference in uranium content in waters from differ-
ent geolog{c environments. Three widespread geologic terra‘;les are pres-

‘

ent in the area covered in this report and samples were collected to
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detér'rhine v‘thé average uranium content of w.;ters from each of th¢ terranes.
The nurﬁber of .sa,mples is s.ufficignt to si'%ow préliminary data on t:he aver-
age uraniurh_c_ontent of g;;.ound ;:vé{fer _from séme rock units of different

ages in the .a.,,rea; »and ,somé a.rea;sv_in wix-ich watér sampies contain rela-
tively large amounts of uranium.

‘. Tables lwa,nd .Z.Sh_ow the average uranium content of ground-water
samplés from sélected rock units and areas in the region. 'Ifabl_e 6 sum- J
ma.:,rizes all ,the analytical data and shows, according to source, the num-
ber and average uranium content of samples that were obtained from or
are related to stratigraphic units of dif,ferent aé,e. For 'purpos.es of cal-
culating average uranium conte_ﬁt, those samples with less than 1.0 part
per )bill‘.i-von uranium weré considered to contain 0.0 parts per billion. For
comparaltive purposes the averages are shown to 0.1 part per’:billion but
are significant only to the first whole number. ‘

Figures 1 and 2 show the areal distribution and uranium content of
ali w,atef samples collected in the area by the writer during this investiga-
tion. The source type of the water sampled 1s indicated by symbols. Fig-
ure 1 shows the general geology of the report areas as modified from State
and Federé,l Geological Survey maps. Rock units that crop ou;t in the area
are grouped into five units that are differentiated by patterns. Figure 2
shows the 'location and source types of water samples that were collected
in part of Wallace County,l Kans., that could not q.ll be shown at the scale

of the map of figure 1.



Wells_ were the sources for more than half of the samples, but
streams and sp_rings were sampled at selected localities, and some reser-
voirs and lakes were sampled where other sources were not é.vailable. An
effort was made to obtain clear samples of water. Wells .wex;e 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 the least representative 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 least variable sources are wells obtaining water
from aquifers deep enough to be relatively unaffected by surface conditions.
A total of 324 samples were collected from 319 sources; 73 sltream samples
from 72 localities; 5 samples;from lakes; 23 samples from Z% reservoirs;
168 samples from 166 wells; 18 samples from springs; and 3)?7 samples
from municipal water systems. j

The sample s‘fr,om Wallace,. Logan, AGove, Scott, ,~Fi{fmey, Lane,

f\

Ness, Hodgeman, Ford, and Gray Counties, Kans., were col;lected during
and following a period of several months in which little or no flz;ain fell in

the collection area. During the period of sample collection 1n Clark, Meade,
Seward, Haskell, the northeastern part of Stevens, Grant, St'é.nton, Hamil-
ton and Kearny Counties, Kans., rain fell generally throughout the area,
with quantities ranging from a trace to seQeral inches., The samples from
Colorado, Oklahoma, and Morton and the western part of Stex:/,er.m Counties,'

Kans., were collected during a period of prevailing dryness in which only

a few scattered rains fell,
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Tables 7, 8, -9, and 10 show the location, source iype, estimated
f,l'ow-;ih g?,llons per miﬁuté, "’che@ .roc;.k ﬁnit from which tﬁé water was ob-
'tai.ned", tfxé gcologivc';gg of the rocA:.ktunit‘, ﬁhe uraﬁium co.nt::ent 1n parts pé-r
billibﬁ, tilé p‘H, and othér physical »dé,ta pertine;nt‘ tb the individual sam-
plesh.: Samples’are li.;.t-ed in the tables b‘}‘rvcouﬁty and land subdivision.
.".I"he so.u_rce type is shown by abbrevi‘aﬁ'c‘)ﬁns‘. The flow in gallons ber min-
ﬁfe is .e}s.tinlaa.ted for .most of the sa.mp.'les, but in a few cases de.finite in-
formation Wa,_s a.vailéb].e, eitﬁgr verbally fr om in.t'eres:.tedv pa._ftiéé or in
the geologic literature. The s}amples frm;n Ka';'xsa,s v&er‘e. c.ollécted between
Jﬁly 10 a,ﬁd September 21, 1954, and the Colorado and Oklahoma samplesi
were‘col'lvec,ted between September 21 and November 4, 1954, Thfe'e i
samples from New Mexico w‘erve é.oliectéd 1n Aéril 1956,

The w,atef safnples were c.;allected 1n pini polyethylene bottles,
and all v;rere analyzed within 6 5 months aitér collectiéﬁ. Thé acidity of
the v-&é.,ter, was determined in the laboratory with a pH meter, :With a élass
electrode. The uranium content was determined by ethyl acetaté extrac-
tioﬁ method as follows: An acidiﬁéd aliquot of‘ the sample, uéualiy 100
t.ovébAOArr'll,. was evaporated nearly 4t'o :dryness and then diluted with dis-
tilled :w,a;tel: acidified with nitric acid. An ailiq.uot of this solution was

' fsélféd witﬁ ‘re,crystalliz,ed aluminum nitrate, and tile uranium was ex-
tracted wifh ethyl acetate. The exiréct was fhen burned off in a platinum
dish, and tlﬁe residue was fused with a .SOdium fluoride cafb,onate flux,

A sensitive fluorimeter was used to compare the fluorescence of the
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unknown with standairds treated in a similar manner, and the uranium con-
tent was calcuia.ted in Apart's per billion. The probable limits zl>f accuracy
of this method range from about 1 part per billion ,{parts per 109) for sam-.
ples éontaining 10 parts per billion, to about 3 parts per billion fér sam-
ples containing 100 parts per billion uranium. All analyses were made in
the Denver laborafories of the U. .S. Geological Survey by J. Johnson,

J. McClure, D. Stockwé;ll, J. Patton, H. Lipp, J..Schuch, J. Wilson,

.H. Bivens, G. Burrow, and R. Cox, u_nd‘er 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 and may be grouped for convenience according to age: lithologic

i

character, structural relationship, and genesis, in three geoiogic ter -
mranes for comparison of the uranium content of water obtaine(él from the
rocks comprising each terrane. The most widespread is the .’Tert'iary-
Quaternary sequence of tuffaceous, fluviatile sediments, but the Upper
‘Cretaceous shale Ferrane occupies large areas in Colorado and Kansas,
and the upper Permian through Lower Cretaceous sandstone terrane is

well developed in southeastern Colorado, southern Kansas, and the Okla-

home Panhandle. .
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It ‘iAs‘ to be poted th;_t mahy _.samples of both ground .and surface water
are :1ist‘e‘d in ._ta,_b,levs 7, 8, 9, and 10 a.é .ﬁavi.ng been obtained from alluvium
of Re_cept f'a,v_g!_el, w.he‘re:és the u‘r:aniumconvten.t of the water is believed to be
related 1:6 _the’ ﬁrani,umtcoﬁtgnt of older rocks .tha.»t are either overlain by
;thel"alluv-iu'm or d,_rained.by waters subsebquentlzly .sampled nearby ffom al.lu.¢
vial aquifers. In thg se.n..sg used. invt.he tabl,es aliuvi,um ih.cludes' .co.lluvium,
.soi‘lsv, and thin eloliia.n sediments. The rglationship of the sémples collecv-
ted from allu\}ia.l gquifers, whéré détef*;ninabl,e, .i,s noted in the ."Remaxj;ks:"

column in tables.7, 8, 9, and 10, and summarized in table 6.

1

Tertiary- Quaternar y tuffaceous terrane

The Tertiary-Quaternary tuffaceous terrane comprises rocks rang-
ing ﬁﬁége‘ from late Miocene(?) to Recent. Rock units that are included
are the Laverne, Ogallala, and Meade formations. : 'The upper and most
widespread portion of the Ogallala is Pliocene in age, but the low.e‘r_ por-
tion énd its corr.é:lative, the Laverne formation, are considered to be early
Pliocene and possibly late Miocene (Moore and others, 1951, p. 20). Frye’
and Leonard (1952, p. 66) refer some rocks in southwestern Kansas that
were formérly included in the Oigahllbala to the' Blanco formation which they
believe to be of Pleistocene age. .This differentiation was not attempted
in the present report. The Ogallala formation in eastern Colorado is prob-
ably largely Pliocen.e, but portions of it may be late Miocene or Pleisto~
cene. Samples from Colorado referred to the Ogallala in table 7 are all

believed to come from rocks of Pliocene age or older. The Meade
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formation is of 'P.leis,tocene age (Moore and others, 1951, p. 14). Also in-
cluded in this terrane are dune sand and terrace deposits of Recent agé
and the wide belt of th_i‘ck:a.?.luv.iuml.along the Arkansas River.

Table 6 lists by source type the number and average uranium con-

tent of samples obtained from stratigraphic units of the tuffaceous terrane.
Upper Cretaceous shale’ terrarie

This unit includes'the formations of Late Cretaceous age overlying
‘the Dakota sandstone that are exposed in the northern part of the Kansas
and Colorado portions of the report area. The shale terrane comprises |
the Gfaneros shale, Greenhorn limestone, Car.lile shale, Niobrara forma,—
tion, and Pierre shale. These rock units supply water to very .fgw wells
and springs, and many of the samples related to this terrane are stream
. s :

: | .
samples or samples from shallow wells obtaining water at the.contact .of

the relatively impermeable shales and the overlying thin va.lleic and gully

b
fill. Table 6 shows by type of source the number and average ’Iuranium con-

tent of samples obtained from or related to‘s,t'ra,tigr‘aphic 'units,"of this ter-
rane.

Upper Permian through Lower Cretaceous sandstone terrane

This terrane includes all the rocks of Permian, Triassic, and
Jurassic age in the portions of Kansas,. Colorado, Oklahoma, and New
Mexico covered in this report. .It also includes the rocks of Cretaceous

age below the top of the Dakota sandstone. .Rock units included are the
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White Horse sandstone, .Day ,_Creek d,olomite,~-_and the 'Talog,a', :Cloud Chief,
andlfLykins formations of Perrrﬁan-‘a,g,e; :the Dé6ckum group of Triassic age;
| ‘ . ,

the ‘Entrada sandstone of Jurassic age; the Early Cretaceous Purgatoire
formation consisting of the Cheyenne sandstone and Kiowa shale members;
and the Dakota sandétone of Early Cretaceous age. Although several of
the rock uni't‘s of this terrane are largely shale, which '.normally yields
little or no water, the sandstone; portions of the terrane are thick.and per -
vious and are among the ?nost imp;rfant ;quifers in the Great Plains region.

The terrane occupies a Llarge éurfac,e area insoutheastern Colorado
~ but is not well represented in the portion of Kansas covered in this report.
However, in ma_ﬁy areas fwh_ere‘the rocks of this terrane underlie the two
pre}_:/,iqt‘ls_ly discussed terranes, water samples were obt,ained;f'r om deep
we‘l.:lg{d_;-a,wing water from the formations belonging to this unit. Table 6
summarizes by source type the humber and average uranium é:ontent of

samples obtained from or related to the stratigraphic units comprising.

this terrane. .
s i

' URANIUM CONTENT OF WATER FROM INDIVIDUAL ROCK UNITS

Table 1 shows the average uranium content of selected well and
spring samples of water from individual rock units in the report area and
the location of the averaged samples within the area. The averages for
those réck units that are represented by only a few samples ;re indicative
only of the order of fnagn{tudé of the uraﬁiurﬁ content of water’s from thése

units in the immedijate area of the sample source. Average uranium content
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Table 1. --Average uranium content in parts per billion of well and spring .
samples of water from selected individual rock units and areas.

Rock units and location of samples No. of Range in Average U
' samples uranium content
content

Rocks of Triassic age, Baca County,
Colo., and Texas County, Okla. . 2 35 - 41 38.0

Cheyenne sandstone member of the :
Purgatoire formation, Baca County, Colo. 3 11 - 50 27.0

" Rocks of Permian age, Meade and
Morton Counties, Kans., Texas :
County, Okla, 5 11 - 28 16.0

Niobrara formation, Finney ,County,
Kans. - 3 11 - 14 12.7

Ogallala formation (including the La-
verne formation)average for total area 69 {1 - 88 10.4

Dakota sandstone, Baca .County, Colo.,
Morton, Stanton and Hamilton Counties,

Kans. 11 {1-18 7.5
Dakota sandstone, Lane, Ness, Hodge- ‘

man and Ford Counties, Kans. 7 (1 - 14 5.1
-Entrada sandstone, Baca County, .Colo. 1 ' ' 4.0
Ogallala and/or Meade formations,

average for total area 9 <l - 7 3.7
.Meade formation, Meade, .Seward, and

Grant Counties, Kans., 11 2 - 71 3.2
‘Codell sandstone member of the Carlile

shale, Kiowa County, Colo. 2 l- 2 1.5

Graneros shale, Kearny: County, Kans. 1 o <1.0
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} £iégir._,ef’s‘ were (iefi;}?e_e_cﬁi ._fo.;c: ea,cl; of t;he ‘tlwdl ;r:eas» in which water samples
were collected from the Dakota sandstome. In table 1 samples that are
de-r.ived’\'if.rom eithé r or both tixe Oga,l.lala‘ or Meade formations, but cannot
be definitely attributed to one or the other, are grouped as the Ogallala
and/ or Meade formations. We,ll samp_lev‘si 'tha,,t a.\r'e,‘derrived parily from the
Laverne formation and partly from the QOgallala formation are included in-
.ta.blé 1 4.with t;heT samples derived sole_l?r vf'rt.)m,th’e (5ga11:;,1a forma-tion;

. Waters from the Ogallala and Mea;de'formatiox.ls of Tertiary and
Quaternary age were-sampledi over large parts of the report are; and the
average uranium content figures shown m ‘table 1 are broad .gener.‘aliza,—
tions that may not be apf)licable throughout the area. Table 2 shows the
-averagé uraniurr; c.ontent of wz;,te,r samples frorﬁ these rock bunits in small
parts of the report area. The subdivision wés- made on thé bas:is' of géo-
logic aﬁd geographic setting ,ahd the time period of sample cov».lljection. Be-
cause of the uncertain source of some watérs, ‘the 'La\}érne aﬁd Ogallaia

formations are grouped in Meade County, Kans., and the Ogallala and

Meade formations are g_fouped in parts of southwestern Kansas.
AREAS CHARACTERIZED BY LARGE URANIUM CONTENTS IN WATER -

Appraisal .of the results of the water sampling allows delineation
of several areas in which most or all of.the water samples contained
uranium in quantities larger than do samples from the same terrane or

rock unit in the report area as a whole.
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‘Table 2. -- Average uranium content in parts per billion of well and spring
samples of water from rock units of Tertiary and Quaternary
age in various portions of the report area.

Range in

; . No. of uranium  Average U
Rock units and location of samples samples content content
Ogallala fm. (Pliocene ?), Cheyenne, Crowley,
Kiowa, and Lincoln Counties, Colo. 7 3 - 88 - 26,4
Ogallala fm. (middle ? Pliocene), Baca County,

Colo., Morton County, Kans., Clmarron and

Texas Counties, Okla. 10 6 - 15 11.4
Ogallala fm. (largely middle Pliocene),
Kansas north of Arkansas River, excludes . ,
Hamilton and Kearny Counties, Kans. 27 4 - 40 10.9
Ogallala fm. (middle Pliocene), Meade and

Clark Counties, and part of Ford County, _
south of Arkansas River, Kans. 13 1 -21 7.3
Laverne fm. (upper Miocene ? and lower
Pliocene) and Ogallala fm. (middle Pliocene), E '
.Meade County, Kans. 4 2 7- 7 7.0
Meade. fm. (Pleistocene), Meade County, . :
Kans. 2 7- 7 7.0
Ogallala fm. (middle Pliocene) and/or Meade
fm, (Pleistocene), Meade County, and parts

of Gray and Ford Counties, south of the _
Arkansas River, Kans. 5 3- 7 5.2
Meade fm. (Pleistocene), Seward and Grant
Counties, Kans. 9 2 - 4 2.3
Ogallala fm. (middle Phocene), Stanwﬁ :
County, Kans. _ 6 1- 4 2.0
Ogallala fm. (largely Pliocene), Hamilton _
County, Kans. = 4 1 - 4 1.8

Ogallala fm. (middle Pliocene) and/or Meade
m. (Pleistocene), Seward, Stevens and '
Stanton Counties, Kans. 4 {1- 3 1.8
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" Smoky Hill R~wer -valley

| One of the ar’veas )in.wﬁi‘c‘h m40$_t‘ of the water sé_mples coﬁtéiﬁ large
amounts of uranium is the valley of the quky Hill River in Wallace, Logan,
and -.Go've ‘Counties, Ka,ns.'" The valley is dev'eloped on shales and lime Stbnés
of Cretaceous age that are overlain by thin de'::po..vsiitis of fluviatile and eolian
se,&iménts of Pléistocene and Rgcent-age. The Ogallala formation of late
Mi,ocene.(?;) and Pliocene age uncon.fbrma-bly overlies .theigreta.ce‘oﬁs rocks
;6n the upland p.lai;'ls and _int,er.stream div&deg aév,ay‘f,rqm fhe main valley of
the Smoky Hill River.

. Interpretation of the water analyses from the area is complicated by
the fact that samples were collected during two'time périods vyi-th an interven-
ingip.eriod of rainfall. The samples collect,gdv in early July and those collec-
ted in late August and early September are hereinafter referred .td as tﬁe

: t
'J.uly‘ samples and the September samples, respectively. No 1grge variation
in uranium content is apparent in well and spring samples of Vx;ater from
the Ogallala formation collected dur';inl_g bq_fh time periods, Aand‘j éampling’:
during both time periods showed essentifa.lly no variation in uranium content
in a well obtaining water at the contact:of Pleistocene sediments and Cr;été.-
ceous shale (table 7, samples numbers 210708 and 217643, p.49 ). Samples
obtained from reservoirs dug in the C_rétacv:e'o'us' shales showedva large dif- |
ference in uraniufn content between the July apd thg,September samplings.
vOne reservoir sampled in July had a uranium content of 380 parts éer bii-
lion, but resampling in September indicated a contént of‘.only five parts‘ per

billion (table 7, sample number 210704, p.59 ), and many of the reservoirs
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sampled duf-ipg the ‘September period contained lesg than one part per bil-
lion (fig..2). The great difference .in uranium content is probably attribut-
able'l.'a.,rg,ely V'to-two factors -- evaporation conc.entrétion during the dry
period preceding the July sampling, and the flov;/ of surface waters into the
reservoirs between sampling periods aS‘-opPosed to subsurface flow prior
to the July sampiihg, ~Chemical and spectrographic analyses of the residue .
remaining after evaporation of five gallons of water from the well insec. 2,
T. 13 S., R, 35 W., Logan County are showﬁ in tables 3 and 4.

.Samples from 5 wells and 2'sbpring_s obtained from the Ogallala
ra.ngé in uranium content from 8 to ‘20 p;rts per billion and average 10.1
parts per billion, Thirteen well, stream, and municipal water system
s_ample's' were obtained from tﬁin alluvial aquifers overlying the Cretaceous
shales in the valley. Nine well ‘sa.mples contain an average of 36.1 parts
per billion uranium, two stream. s'amples contain an average cﬁ_ 24 parts'
per billion, and two water system sarpples contain an average of 18 parts
per bil.li.‘on uranium. In contrast, samples fro:m or related to rock units
of the Upper Cretaceous shale terrane ir; Nes§., Laqe, Finney, Hodgeman,
and Ford Counties, Kans. contain far le §s uranium. .‘Seveﬁ well, spring,
and' municipal water system samples ?:ont,ain an average of 9.4 parts per
billiqn uranium and three stream samples contain ah average of 6.3 parts
per ;billi.oxi uranium . This difference in the uranium content of the water
samples may be a reflection of a difference in a&erage uranium content be -
tween the younger Upper Cretaceous rocks in the Smoky Hill River valley

and the slightly older rocks of the outcrop area to the southeast. Some of



20
Table 3.-- Chemical analyses of metals in the residue fraom five gallons
{18. 925 liters) of water from a well in sec. 2, T. 13 S.,
R. 35 W., Logan County, Kans. '

(Sa"m.ple"serial No. 219171. Analysts: J. Wilson, W, MountJoy, J. H.
McCarthy, and G. C, Campbell)

 Element : Element in residue "~ Element in water

(percent) (parts per billion)
‘Calcium ‘ 16.5 232,320
Zinc - 0.005° ' ' 70
Uranium . 004 A v 56 -
Phosphorus - 003 <42
Arsenic . 002 _ . 28
Selenium © . 001 S 14

‘Table 4.-- Semiquantitative spectrographic analyses of the residue from
five gallons (18, 925 liters) of water from a well in sec. 2,
T. 13S., R. 35 W., Logan County, Kans.

(Sample serial No. 219171, spectrographm plate No. II- 1177 Analyst:
-~ P. J. Dunton)

Element~ L/ Percent Parts per "E_lemehtl-/‘ Percent ‘Parts per
in billion in | in Ibillion in
residue . water 2/ ‘ residue _!,w.ater 2
‘Calcium xx.  >100,000 - ' Lithium . 0x- 210
.Sodium .+ 96, 000 Molybdenum  .oox ' 45
Magnesium X. 45,000 ° Iron : . 00X . 45
Potassium X+ 9,600 Aluminum . 00X - L2l
~Silicon L.x . 4,500 Barium . 00X - 21
Strontium . X= 2,100 .Copper . 000X+ : 9.6

Boron . OX+ . 960 = Vanadium . 000X+ 9.6

1/ 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, Ga, Gd, Ge, 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, TI1,
U, W, Y, Yb, Zn, aner. ‘

_2/ Approximate values obtained by use of sub-g__roup'midpoints, which
are logarithmic means. '
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‘the water samples, however, may be indicative of local uranium concen-

trations in the shale and lime stone of this terrane.
.Scott.County-Finney Couhty area

Samples collected along a north._-south 1in¢ in Scott and Finney Counties,
Kans., indicate an area of more than normal uranium content in water
from the Ogallala formation. Three of the samples contain from 12 to
23 parts per biilion ura.ni-ufn, while other samples to the north, south, and
east contain no more than 8 parts per biliion.

The water table is much nearer the surface along the north-south sém-
ple collection line than it is to the east or west (Waite, 1947, p. 56). It
is possible that water loss thr,éﬁgh evaporation has resulted in enrichment

of the remaining groundwater in uranium.
Cimmaron River valley

In Cimarron County, Okla., and Union County, N. Mex., six samples
obtained from the Cimarron.River and one sample. from a well obtaining
water from the river alluvium conté.in f;-oin 13 to 42 parts pe; billion
uraﬁiunﬁ. .—Saﬁlple numbers 221356, 221357, 221364 (table 9) were collec-
téd in late October and parly November ’£954; s'amp_le number 239713
(table 9) was collected in November 1955; and sample numbers 242831,

242832, and 242833 (table 10) were collected in April 1956.
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Fix (1956, p. 790) s;té,tes that .in most uraniferous areas.the streams
usually ,é,qntai‘n from 1 to 10 parts per billion uranium, but (personal com-
municat'iojn) coﬁcent.rétion.s of as much as 65 parts per :billion have been
found. The uranium content of the seven samples is abnormally large. The
.Cima,rrfon River has itAs source in a large area of extrusive igneous rocks
(fig. 1), and ',the.uranium may be derived by leaching of disseminated
'urani'um._from these rocks or may be derived from uranium deposits associ-
ated with the i«gnieous rocks A.or the s._edirrienta,ry:rocllcs of Triassic, Jurassic,
and Cr,etaceoﬁs age that underlie the extrﬁ‘sive rocks and are exposed along
the valley of the Cimarron River. This area deserves further investiga-
tion to determine the vs.ou;r-ce of :kthe uranium in the water samples.

Rule Creek drainage basin

Several stream.and spring samples Were collected in the drainage
basin of Rule ~Cre'ek in Bent and Las Animas Counties, Colo. At the coﬁ.-

, ﬂuencé of Rvu'le Creek and Muddy Creek, a sample was collected that con-
tains 28 parts per billion uranium. A reservoir on'Mu_ddy'C‘reek, up-
stream from the cu_llection pbint, may have affected the sample to s.o.meb
extent in that evaporation of water ,frOm.__the reservoir may have resulted
in concentration of uranium in the remaining water. Farther south (up-
streé.m) a sample from Rlulie.s ‘Creek contains 14 parts per billion and a
sample from Hackberry Creek, a northwestward ,flovw_ing.vtributary, con-
tains 6 parts per billion. A s.afn_ple from a spring in the Cheyenne sand-
stone member of Athe Purgatoire formation contains 50 parts per billion

uranium. Several low-grade uranium concentrations in rocks near the
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headwate.r; of Rﬁle :Cre,e'elvc‘we.re examined by the author and thé water sam-
ples may in&iééte the preé_énce of othe;x“ uranium conc.efntratioﬂs in the
drainage basins o.vf Rule Creek and Mud.dy.Creek.
OTHER WATER SAMPLES THAT CONTAIN LARGE QUANTITIES
OF URANIUM

:Several individual samples contain large amounts of uria,niu;m' in» re-
lation to nea,r'by/,;amples or in comparison to the average urani.um. content
of similar samples in the same, or nearby, areas.

The water f;om a well in sec. 13, T. 25 S., R. 30 W., Gray -
County, Kans., contains 40 parts per billion uranium, whereas other wells
obtaining water from the Ogallala formation in the same general area con-
tain .from 8 to 14 parts pef billion.

A sample from a spring in sec. 17, T. 32 S., R. 28 W., Meade

County, Kans., contains 21 parts per billion uranium in contrast to other ‘

samples from vthg Ogallala formation in the same area that —coxllt‘ain less
than 8 parts per billion,

In sec. 21, T. 29 S., R. 36 W., Grant County, Kans. , a sample.
from a spring in thg bed of the North Fork ofy the-;Cimarron River con-
tains 15 parts per billion uranium. Other samples of the stream, above
and below the spring in section 21, contain less than 1 part per billion,

and all samples within eight miles contain less than 5 parts per billion.
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A'sample from-a'spring . in a stream bed in sec. 25, T. 22 S.,

R. 42 W., Hamilton ~County,= Kans., contains .'21 parts per billion uranium,
while water from the same stream bed, also a spring, less than a mile
distant, contains.only 2 parts per billion, and no samples within 20

miles contain.more than 2 parts per’billion.

A sample from‘ a well in sec. 25, T. 4 N., R. 12 E., Texas
County, Okla., contains 41 parts per billion uranium. The well is be-
lieved to obtain water from Triassic redbeds. A well in sec. 31, T.29S.,
R. 50 W., BacavCOunty, Colo., also supposedly obtvaining water frorh
Triassic redbeds, contains 35 parts per billion uranium, and a well in
sec, 5,'T. 34 S., R. 42 W., Morton County, Kan;. , that may obtaill'x.
slome water from the Dockum group of Triassic age, contains 20 parts -
per billion. With the present data it is impossible to determine whether
each of the above-cited samples indicates a local uranium concentration
or if the Triassic rocks c’ontain disseminated uranium in a form that is "
readily available for solution by ground Qvater. Deposits of uranium min-
erals in rocks of .Tr'izls.ssic age have been reported in northeastern New
Mexico (Griggs, R. L., 1955, p. 191) and highly radioactive zones are
reported to be p;esént in the bockum group of Triassic age in northern
Texas (Eargle and McKay, 1955, p. 262).

The water sarnAple collected from the Purgatoiré River in Bent
County, Colo., contains 32 parts per billion uranium. The uranium con-
tent of this sample is sufficiently high to indicate that further reconnais-

sance and hydrogeochemical exploration in that area may be profitable.
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.2 The extreme range of uranium content, from 3 to 88 parts per
billion, in the samples fr(})rﬁ the Ogallala formation in the area north of
the Arkansas River in 4C01.o,rado may indicate the possibility of local
uranium concentrations near the sources of samples con'taini;ng larger

¢

-amourts of uranium, either in the Ogallala or in the rock units of Creta-

ceous age that the Ogallala overlies unconformably.
RELATIONSHIP OF URANIUM CONTENT TO pH

"The -p_H_/ of the water samples was determined at the time of

_/The pH is the logarithm of the reciprocal of the hydrogen ion
concentration when this concentration is expressed as gram ions per
liter. A solution of pH 7 is neutral. Therefore, an increase in pH rep- .
resents a decrease in hydrogen ion concentration, that is, a decrease in
.acidity; and conversely. '

uranium content determination. Fix (written .corhmunication;;.j has stated -
that: '""Uraniferous waters usually have a pH somewhat greaf;er or less
" than 7, whereas waters with a pH close to 7 selciom contain ;nomalous
amounts of uranium.! Denson, Zeller, and Stephens (1956, p 799) sam;
pled waters from four areas in the northern Great Plains and Wyoming
Basin and concluded that the most highly mineralized water in tu.ffa.ceoﬁs
terranes has an alkaline pH range of 7.5 to 9.5.

Determinations of the pH. were made on a total of 323 samples for

this report. Almost 4 percent had a2 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,
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Though no consistent and unequivocal relationship is present be -
tween the pH and uranium content of the samples, when' the samples were
segregated inte groups according to uranium content, and the average pH
-of each group was calculated; it was found that the groups with larger
uranium-contents also had a higher average pH; that is, \;v_ith an increase
in uranium content the pH moved away from the neutral point of pH 7 and

the water became more alkaline.
RELATIONSHIP OF URANIUM CONTENT TO CHEMICAL CONSTITUENTS

Some chemical constituents of the water, which Fix (w,ri.tten com-
munication) calls "chemical .Cténditi.oners, " also affect the ability of water
to dissolve uranium and retain it in solution. Due to lack of data, these ’
other factors cannot be evaluated in this report, but an attempt was made
to compare the- ‘chemic.a,l constituenf content of waters for which analyses
were available in the literature with the uranium content as determined
for this report.

‘Chemical ana.lysés of w:a.ter\are reported by McLaughlin (1954)
f'r.qm nine sources in Baca County, Colo., that were also sampled for
uranium content and pH determinations in the present investigation. The
samples for chemi.cal constituent analyses were collected in 1948. Table
5. shows the analyses of the water samples as obtained from Mc La}ighlin
{1954, table 6) with the addition of the uranium content and pH as deter-
mined for this report. No obvious and consistent r:elat‘ionships are evi-
dent, except that the calcium content, with one exception, decreases with

increasing uranium content.
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SUMMARY AND CONCLUSIONS

Table 6 s:umm-a.r\ize-s- the ~:g_na:1ytic-;1 data on-which this-repoert is based.
Thejnumbe«rv 4nd a;vgr{agg— 1:1r_a~n~ig,m. _.-cont:e-nt .of_ samples-obtained from or rela-
ted to stratigraphic .u_ni.t_ls-»g;f .ﬁifferent age are listed according to the type of
source. A-total of ~3244.s:an?ple~s were collected but one- was a bulk sample
for chemical an& spectrographic analyses »(tables 3 and 4) and the results,
‘are not included in gab‘le 6.

. .Almos_.t all of the average uranium content figures shown o‘p table 6
are greatgr than the background .‘c‘onc.entxj'ation of uranium in patural waters
in-the United States, which generally is about 0.1 part per billion (Fix,

; : '
1956, p. 790). This background figure is roughly analogous to the back=- .
gr,ound intensity of r'g,dil.oac}_tivity,a.nd méaps’ .that: any water sample c.ollec;t,ed .
in the report area can be expected to contain 0.1 parts per billion uranium
or more. Almost all the samples collected for this report and summarized. .
m table 6 c.ontain? as can bg ‘expec‘ted, as much or more uranium than the
regional ba.ckg;-pux;d figure derived by Fix,

The average of 9.5 parts per billilqn uranium for a total of 167 well
-samples is probably the most useful, potentially, of the averages shown on
table 6 for the various source types ,bec;..use: (1.) weils are the predomi-
nant sp.u;:ce of wgte-r in the report area; (2) water samples from wells are
more representative of the uraniqm content of waters from specific strati-
g,raphic\ intervals tha,n aret waterg from ,oth.er sources because there is less
chance Qf mi:sing with waters from ofc.l'.xe;r v,aqui‘f,ers; (3) the effects of evapora-

tion are minimized in well samples; '(4.) the effects of the volume and
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periodicity of rainfall is less in Well s.arhples than in samples from other
sources. With the exception :of those samples from shallow -a.lilluv.ial aquifers
overlﬁng 'th;e Upper Cretacepus shale terrane in the Smoky H111 River valley
ané the ’s.amplés from,s_and,stone and ,;ed beds of Triassic and Permi‘an age,
the average of‘9. 5 parts per billion uranium in well s'ample‘s c.’;)llected for
this report is believed to bé reprgsentative of the uranium content of most
well éamples from the report area.

The average uranium cont_enf of 11,3 parts per billion for 18 samples
from springs is probably not rvepxje,s.enta.tive of the uranium content of water
_sar;lpl.es from springs in the report area as a whole because of the small
number of samples. Most %)f the springs in the report area a_ré of very
small volume of flow and are s ubject to evaporation and diluti-sn during dry
and wét periods. The fact that the spring samples ranged from less than 1

) ;

to 50 parts per billion will probably be of most usefulness for ?uture com-
' ' '

parison. _ lt i
: ‘

.AStrfeams‘ are, next 1:6 well samples, potentially the mos:.t useful sources
of samples for hydrog,eoch,emiéal" exploration pufpbseé in the :éport area.
.Hdwev'er, they are more .varivav,‘ble than well sarhples becausé‘ w;lithin the re-
port area most of the streams are of small volume of flow and are subject
to evaporation, dilution, and mixing of waters from different s:tratig_raphic
units. The fact that the average uranium content of the 73 stre;am samples
doe s not differ siigniﬁcantly from any of the averages derived fgr stream sam-

ples from alluvial aquifers related to the three geologic terranes in the re-

port area may be fortuitous,but the range in uranium content of the stream



L6 £Z¢ 8°8 S 6°02 €? 'L Le 7L €L €711 81 S°6 L91 - sofeiase pue S[eiol
LS L2 € 1 194 1 8¢ v 0°L T - - $'9 02 siopmbe
. - ‘ pPeXlw pue pauluialapuf)
L%l 9 - - - - 0°'8 1 - - - - 0°91 S suotljewWI0J
meO pnolD pue eoie],.
‘spaq poI pue 2u0}spues
) . lurtwIag
0°8¢ (4 - - - - - - - - - - - 0°8¢ 2 ¢ dnoa2 wnyod0Q
- ‘gpaq pa1 pue auO}spues
. ‘ 118 SRIL],
0°'% 1 - - - - - - - - - - 0¥ | ‘auojspues epeIjuy
. o . _iolsseang
9°8 62 - - - - S8 9 - - §°G2 k4 0L 1z . uoljewIoy
’ : sxtojediIng pue 2uo3ls
-pues ejONB( ‘OUOIS
-pues Apjueurwopaad
. i{Sno9de3aa) I9MOT]
S°8 8 - - - - = - - - 8 %1 14 €°2 ¥ °leys Ljjueuropad
. . . ) : - isnoadejax) zaddp .
—¥6 6 Rt A B 99 (¥4 - - . 676 g8 - . 9701 19 R |tnelANnyy
o ‘ : . : . T - Aja8xey :ousdo3lsiald
’ -3auadold pue la2uadolld
R . fouad011d - U201
1°¢ 61 - - 0°1 - - D 4 0°s1 T ve 4 sjuswipes uel[ose
o . ‘pu® 9[13BIAN(}
3 19U920318191d
AN N! Lel 0°9 (4 9°92 81 0°01 S 9°L 89 D € 2721 IS & . pauiquiod
wintaniye
8°6 [ 22 - - - - - - 8°6 ¢ - - L6 6 2URIIO)} SUO)SPUES OF
: pajeral wintanjje
8°22 i 4 0°L I 6°1¢ ¥l 0°'%1’ € '8 6 0°1 4 0°1¢ ~T1T .+ dueIId]} dleys 03
. ' pojeiaI wintanjje
1°%° €9 0°g I 8 L i4 [V 4 (4 Fa 4 i 24 1> 1 v'e 12 duelrisy snoadeymi 0}
vvuﬂwu wnianjie
) . ) . . . BUEREN
juajuod sajdwes. juajuod sajdwes juajuod sajdwes Judjuo0d wvﬂncp_dm ~judjuod sojdwes juajuod sajdwes juajuod sajdwes
n 30 ‘n j0 n 0 N 30 n SR I n j0. n - jo
EY:0-% EYNYS *ON o8exoay *ON a8exany *ON EY:1-F EVN *ON a8exoAy "ON afeaoay ‘ON a8eaasy ‘ONl syiun orydexfijersg
TVLOL SNV SYIOAYIASTY SWHLSXS SIWVHEYLS . SONIYdS . STIAM B A .
) - HIIVM :
TVJIDINAONW

*a|puryuUEg BWOYRNQ oﬁ pue ‘Opeio(0D UID}SED ‘sesuey] uILlsIM
ut jrum- ui@.mhMSd.ﬁm pue ad43 221nos Aq sajdwes 1dyem jo uoiTlq 1ad syzed ur unoﬁnou wniuean 0mmuw><!. o U.Z.m.ﬁ




32
s.ample.S‘? ,fr.q.mflessthan 1 to 42 parts per billion uranium, .is not excess-
ively large cqn_sidering :the. number of samples involved. The average
uranium content derived _£Q_r stream samples in the area, 7.2 parts per bil-
lion,; is beli,eved to be representative of the uranium cqnte,nt of stream sam-
ples from the report area.

The average uranium content of the 37 samples from municipal water
systems, 7.1 parts per billion‘ uranium, compares fairly closely with the
average of 9.5 parts per billion uranium derived ﬂ)r wells other than those
used for municipal supplies. One of the municipal systéms from which sam-
ples were collected _o.btains water from a épri.ng; the remainder are supplied
by wells. .The smaller uranium content o£ water samples from municipal
water systems may be caused by removal of uranium from the water by rust
or other.deposits in the hundreds or thousands of feet of pipe the water
passed through between the well-head and the -sa,mpling points.

The water samples _collec.ted ,frpm,r-ves‘ervoir's exhibit a fa._r greater
range in ur,a,nyf.ti.m cohtent, from less than 1 to 380 parts per billion uranium,
than do samples from any other source type. This extreme -fange may be
due to any or all of sév'e;ral causes in the case .of each sample. Most of the
reservoirs are shallow and consequently are greatly affected by evaporation
because of the large water-air interface for the volume of water contained.
They are also subject to great dilution by surface waters during and immedi-
ately following a period of rainfall. The average uranium content of 20.9
parts per billion is not representative of the uranium content of samples

from reservoirs in the report area because the number of samples is too
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.small coﬁlpared to ihé range of uranium content of the samples and the
sample locla,litie‘s are ,uﬁevéﬁly ,dis,tr.ib,uted th,roug'h.the report area. If
'ne,c:es,sa,ff, r‘eser.voif samples can be u;;ed in hydr~og§ochemical explora-
tion i-n. tﬁe report ére-a,b.ut ‘thé samples to be comp_.ar:éd éhould be from a
restricted area and should all be»_collec,ted‘d.uring a short time period to
minimize ~tﬁe e_ffeéts of cvha‘,ng‘es in weather.

Only ‘vfi’ve .-ié.ke saﬁqﬁles wefe collected during this investigation. The
ave,r"ag.e of 8.8 é,arts per billion ma,yvi)e representative of the uranium con-
tent of the,larger', deeper, bo&ies of water in the report area as the range
of iiz;ani.um content is not large, from 3' to 18 parts per billion. Lakes a“,re
prﬁobabl}.r less variable in ul;é,nium éént_ent than are reservoirs because ‘theA
-1é1ke‘s c.ontain a much greater :volume of .wa-.ter which exerts ‘a...damping ef-

fect on differences in uranium content caused by variations in the volume

-and periodicity of rainfall. Also, the lakes in general are mdch deepei'

i

[}

. : : : |
per volume of water to be affected by evaporation. Lakes, however, are

than are the reservoirs that were sampled and there is less surface area

subject to mixing of waters tfromdifferehnt étratigraphic units over a rela-
tively large area and the results of laké sampling may in some cases be

" meaningless for hyd,rogeochefmi.cal exploration purposes and iﬁ ot}her cases
only usefu} as an average to coﬁpare with the results of sampling. of

waters tributary to the lake.
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The average of 9.7 parts per billion uranium derived from a total
of 323 samples is representative of thev‘order of magnitude of the uranium
contents of water ‘s.émpl.es from the réport area. With the exception of
those stratigraphic units that are represented by just a few samples, the
averages derived for water samples from the stratigraphic units in the
area (tables 1, 2, and 6) are potentially of greater value to any future hy-
drogeochemical exploration in the parts of Kansas, Colorado, Oklahoma,
and New Mexico from which samples were collected than is the overall
total average cited above.

A total of 310 sampleé were used to derive average uranium con-
tent ﬁ.gurés applicable to the three geolog?c terranes present in the report
area. | Terrane re-'l.a,t‘ionship of samples, where determinable, is shown in
fables 7, 8 9, and 10. The average urapium content of 179 water sam-
ples from the Tertiary-Quaternary tuffaceous terrane is 6.7 parts per
billioﬁ; 48 samples from the Upper Cretaceous shale terrane contain an
average of 20.4 parts per billion uranium; and the average uranium con-

. tent of 83 samples from the upper Permian through Lower Cretaceous
sandstone terrane is 10.2 parts per billion.

The tuffaceous terrane was sampled much more extensively, both

,"in number and aerial distribution of samples, than were either of the other
"terranes. The average uranium content of 6.7 parts per billion is probably
representative of the uranium content of water samples from this terrane
in'the repo_rt area as a .whole, but it is not applicable for hydrogeochemical

exploration purposes in small parts of the report area. An example of
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this relationship is shown on tables 1 and 2. The average uranium content
of 69 well and spring samples from the Ogallala formation (including the
Laverne formation) collected throughout the report area is 10,4 parts perh
billion (table 1). On table 2, however, the 69 water samples from the
Ogallala are subdivided into seven increments on a geographic basis that
was determined by the time .period of sample collection and the average
uranium content of samplés from the seven increments ranges from 1.8
parts per billion to 26.4 parts per billion. The difference in average
uranium content of the water samples from the various geographic areas
méy 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 in the. amount of uranium available for mo- .
bilization by waters moving through the Ogallala formation.

Water s_a,mples related to or collected from-rock units comprising
the Upper Cretaceous shale terrane have a large range in uranium con-
tent, from less than 1 part per billion to 380 parts per billion. Only eight
of the 48 samples assigned to the shale terrane were collected from rock
units of the terrane; the remaining 40 samples were collected from allu-
vial aquifers related to rocks of the shale terrane. As previously pointed
out the water samples from the Smoky Hill River valley in Wa.lléce, Logan,
and Gove Counties, Kans., contain considerably larger quantities of
uranium than do samples from the shale terrane in Finney, Ford, Hodge-

man, Lane, and Ness Counties, Kans., and they also contain much greater .

quantities of uranium than do the samples from rock units of the shale
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terrane in other parts of Kansas and.Colorado. T-w.énty-s.even of the total

of 48 sém-p].es as.s,igned to the shale terrane were collected in the Smoky

Hill River valley; and, therefore, the average of 20.4 parts per billion

u\r_anii‘um-fi_or samples from the shale terrane is probably too large to be
-répreseﬁtative of the uranium content of bwat'er samples collected from
this ..terrane‘ throughout the report area aé a whole. .The average uranium
content of 8 well and spring ,samp_l‘e‘s from. rock units of the terrane i.sv
8.5 parts p,e»r‘ billion, and this figure may be more neariy representative
of the uranium content of s.amplés from the ;i'xale féfra.ne. |

A total of 83 water samples from the upper Permian through Lower

-C\r‘e.taceo.us sandstone terrane average 10. 2 parts per billion uranium. The

averag_es‘.der.ive.d for_safnples ;frorh wells, stre.afhs, -and water sYste'ms'
agree clos.ély with the total ave_rag_e; 10.1 parts per billion uran‘iurﬁ f-oAr
39 .w,eil samples, 9. 8 parts pe-r‘billion for 35 stream sa.fhples, and 8.4
pérts .'p_er billion for 7 water system s‘é.mples. A.The's'.e averages are be-

lieved to be representative of the uranium c.onten'ts‘of water samples g

from thi s terrane.

Water samp'les from several of the rock units of the sandstone

_ terrane contain more uranium than the averages cited above but there

aj:e too few samples to be representative. Of most potential usefulness

for future compai'.ison is thé'av'era.ge of 8 6 parts per billion derived from

29 samples collected from the Dakota sandstone and Purgatoire formation

\

of Early Cretaceous age Bécause within the area in which rock units of
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the sandstone terrane are extensively exposed the D.akota.‘and Purgatoire
occupy'more surface outcrop area than any of the other rock u‘mits of the
terrane and they are also .the source of water for more wells I;,nd springs.

Although the average uranium content derived for wate;r samples
from the Upper Cretaceous shale terrane may not be representative-of the
uranium content of waters from this terrane, the average figures derived
for samples from thé tuffaceous terrane and sandstone. terrane are be-
lieved to be ':','repre sentative of the uranium Acontént of waters from the se
‘terranes in the report area. .Fix (written com,munication) foqnd that water
samples from carbonaceous shale te,rr"apes and from acidic volcanic rock
(inclﬁding tuffs) terranes commonly contain more uranium th?.n samples
from other terranes and Denson, Zeller, and Stephens ,(1956, P. 799) re-
port that groundwater samples from acid tuffs and t.l.lffa.ceous s.edimenta.ry
rock in parts of Wyoming and North Dakota contain much mo_xz‘e uranium

. ' 1
than do samples from other sedimentary terranes in that are%‘, In view' of
the results of the work of these previous investigators it is .aé._l;ittle surpris-
ing that the samples from the sandstone ter.raﬁe have a slight::?l‘y highgr aver-
-agé uranium content than the samples from the tuffaceous te'x{jrane. The
Ogallala formation, which is part of the tuffaceous terrane, hlas a larger
average uranium content in the report area than anonf the other rock units
that were sampled extensively, but water samples collected f£|r0m some
other parts of the tuffaceous terrane contain much less urani;_lim. On the

other hand, most of the rock units of the sandstone terrane from which

water samples were collected contain an average of from slightly less to
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consid,_er‘abl& 'rr;o.re uramum than thel Og.éllxa;l.; does. Though no posit;ve
concluéio.ncé'.;l t;e reache‘d t;nti;lf.sérr;eiolf fﬂe rock units of the sandston;
terrane are .-sé_,mpled more exten‘siv.e.ly.,. thé -available daté; indicaté that
water samples from the saridstone terrane contain on fhe average as much
or more uranium than samples from the tuffaceous terrane,

.General conclusions from the water-sample data gathered for this
report are: (l) water samples collected from the geologic terranes and
stratigraphic units in the report area contain an average from about 3 to
about 38 parts per billion uranium though individual samples may range
in uranium content from less than 1 to almost 400 parts per billion; (2)
water samples from the upper Permian through Lower Cretaceous sand-
stone terrane contain on the average as much or more uranium than sam-
ples from the tuffaceous terrane in the report area; though this conclu-
sion may be revised as some of the rock units of the Sandstone terrane
are sampled more extensively; (3) the differencé in the uranium content
of water samples from specific rock units in different parts of the report
area indicates that samples collected for hydrogeochemical exploration
purposes should be compared not only to the avera?ges derived for the
terrane or rock unit in the report area as a whole but should also be com-
pared to samples and sample averages from the same terrane or rock
unit in a felatively local area around the sample point; (4) further explora-
tion and evaluation may be worthwhile to determine the source of the

uranium in (a) waters from those parts of the report area in which most,
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or all, wé,ter samples contain relatively large amounts of uranium, and .
(b) waters from several rock units, particularly those of late Permian

and Triassic age, that have a large average uranium content in samples

collected from them.
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