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RADIOACTIVITY IN SOME OIL FIELDS OF SOUTHEASTERN KANSAS

by
Garland B. Gott and James W, Hill

ABSTRACT

Radium-bearing precipitates derived from oil-well fluids have
been found in more than 60 oil and gas fields in Cowley, Butler,
Marion, Sedgwick, and Greenwood Counties of southeastern Kansas.

The abnormal radicactivity of these precipitates has been studied
through the use of gamme-ray and sample logs; by radiometric, chemical
petrographic, and spectrographic analyses of the precipitates and
drill samples; and through the use of chemical analyses of brines
collected from oil wells in the areas of high radiocactivity. The

most radioactive precipitates were collected from a narrow belt;
roughly marginal to the Nemaha anticline, extending from the southern
part of Marion County, southward to near the Kansas-Oklahoma boundary.

Most of the formations in this area have no higher concentration
of radioactive constituents than is normally found in rocks of similar
lithology elsewhere, but in a few wells the drill samples from beds
Just below the eroded top of.the Arbuckle dolomite and from some
limestones in the Kansas City group have an abnormally high radium
content. The highest radiocactivity caused by radium in any of the
rocks from this area which have been radiometrically analyzed is
equivalent to that of 0.26 percent uranium oxide. This analysis
indicates as much radium as would be found in equilibrium with

about 0.5 percent uranium.
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The radiocactivity of the precipitates ranges from 0.000 to 10.85
percent equivalent uranium oxide, and the uranium oxide content ranges
froﬁ 0.000 to 0.006 percent. Radium determinations have shown that
radium is the element that causes most of the radioactivity. Brines,
collected from oil wells where radium-bearing precipitates have formed,
contain up to 0.2 parts per million of uranium.

Radium~bearing samples have been found in many of the fields that
originally produced commercial quantities of helium. Radium-bearing
precipitates also have been found in the surface pipes of wells that
have penetrated rocks containing contact-metamorphic or hydrothermal-
type minerals.

The conclusion that significant quantities of uranium may be
present in the subsurface rocks is based largely on the following
evidence:

(1) Vuggy limestones and dolomites that contain as much radium
as would be present with 0.5 percent uranium strongly sﬁggest that
uranium has only recently been leached, perhaps by the drilling fluids
at the time the well was drilled. The radium now present in the pre-
cipitates probably was derived from these rocks. '

(2) The presence of contact-metamorphic or hydrothermal-t&pé
minerals in altered limestones indicates that hydrothermai solutions
havé penetrated the limestones and suggests that uranium ﬁay have
been déposited from those solutions.

! (3) The amount of radium in the radium-bearing precipitates

indicates that sppreciable quantities of uranium also must be present.
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(L) The associatlon of helium with other uranium-decay products
suggests that the helium is radiogenic. So much radiogenic helium
would require the presence of a large body either of uranium or
thorium, and tﬁe presence of radium indicates that uranium rather

than thorium is present.
INTRODUCTION

Abnormally high radicactivity in oil and gas wells in southeastern
Kansas was noted in 1948 during an investigation to determine the value
of commercial éamma—ray well logs in the search for radiocactive ore
deposits, Because of these high radioactivity anomalies a detailed
investigation of the Augusta field in Butler County, and a reconnais-
sance investigation of oil wells in Cowley, Butler, Marion, Sedgwick,
and Greenwood Counties, was undertaken in 1949. Radiometric determi-
nations with portable field counters were made at more than 300 oil,
natural gas, and helium wells, and 132 samples of oil-well precipitates
were analyzed radiometrically or chemicallys 125 brine samples and
121 oil samples were analyzed chemically; 115 gamma-ray and neutron
logs were examinedy drill cuttings from about 70 wells were examined,
and samples from 50 wells were analyzed radiometricallys surface
outcrops of many of the exposed formations, including coals, were
radiometrically examined, and two gamma-ray logs were made. The

generai area investigated and some of the results are shown on

plate 1 _/.

_/ Plate 1. Location of gamma-ray and sample logs of wells in

southeastern Kansas.
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During the field investigations, uncalibrated Beckman Model MX-5
and El-Tronics Model SM-3 gamma~beta survey meters were used for
preliminary radioactivity determinations, but all equivalent uranium
oxide (eU30g) percentages were determined in the Denver laboratory
of the U. S. Geological Survey.

An aspproximate calibration of the defédctions on Lane-Wells
gamma;ray logs was made by comparing the equivalent uranium in
212 core-samples of the Weber formation from uncased wells in the
Rangely field, Colo., with the corresponding gamma-ray logs. A
one-inch deflection was caused by approximately 0.0007 percent
equivalent uranium at a 10-inch sensitivity scale. Part of the

calibration data is shown graphically on figure 1. The correlation

Figure 1. Comparison of a Lane-Wells gamma-ray log with

radiometric analyses.

between the two types of radiometric measurements was Satisfactory ard
indicated that the calibration is reasonably reliable for use in
interpreting the degree of radioactivity represented on Lane-Wells
gamma-ray logs through the Weber formation in the Rangely field.

Many complicating factorsoxist,however, which might cause erroneous
interpretations, and it is doubtful if the calibration can be strictly
applied to Lane~Wells gamma-ray logs of wells in the southeastern
Kansas area. The most important of these factors are the thickness
versus the grade of the bed, the fluid content of the well, tﬂe
shielding effect of casing in cased wells, difféf;hces in individual

instruments, and the rate of movement of the- ionization chamber.
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Nevertheless, semiquantitative data obtained by the use of the
approximate calibration were useful in estimating the order of
magnitude of the equivalent uranium in the rocks logged with
Lane-Wells instruments.

The radioactivity anomalies represented on gamma-ray logs were
thought to indicate that the drill holes had penetrated radiocactive
host-rocks; therefore, plans were made for exploration in those
fieids which gamma-ray logs had indicated to be the most promising.
After it was found that the radicactivity at the surface was caused
by radium-bearing precipitaths, however, the possibility was suggested
that the radloactivity anomalies represented on gamma-ray logs might have
been caused by a similar type of deposit that had accurmlated on the
casing in the rock faée at depth. Because of this possibility, it
was thought advisable to obtain radiometric data of newly drilled
wells located agjacent to a radiocactive well. The recently completed
Rex and Morris ; Loomis No. 6 and No. 7 wells, located near old
radioactive wells in the SWiNE} sec. 21, T. 27 S., R. L E. in the
North Augusta field, were chosen for this purpose, and gamma-ray
and neutron logs were made before a radiocactive deposit had time to
accumulate on the casing. Although one basal Pennsylvanian black
shale bed caused a greater deflection than was expected, there were
no radioactivity anomalies comparable to those recorded on logs of
the older wells, It was, therefore, concluded that the abnormal
deflections shown on other gamma-ray logs in this field were
caused by radiocactive precipitates on the casing or on the walls

of the drill hole.
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GENERAL GEOLOGY ﬁ

The geologic history of southeastern Kansas from late Cambrian
through the Mississippian is one of long periods of marine deposi-
tion interrupted by comparatively shorter periods of emergence and
erosion. The deposition of the relatively thick sections of carbonate
rocks, which are interbedded with a few beds of shale and coarser
clastics, was interrupted several times by uplift. While uplifted
the land mass was subjected té erosion and was reduced near;y to
base level,

The sequence of sedimentary rocks in this area consists of the
Arbuckle dolomite of Cambro-Ordovician age; the Simpson-Viola groups
and Maguoketa shale of Upper Ordovician age; the dolomites and
limestones of Siluro-Devonian age; the Kinderhook shale group
(including the Chattanooga shale of questionable Mississippian
age) overlain by the cherty limestones of Mississippian age;
the interbedded shales, limestones, and sandstones of Penn-
sylvanian age which are, in ascending order, Cherokee, Marmaton,
Pleasanton, Kansas City, Lansing, Douglas, Shawnee, and Wabaunsee
groups; end the interbedded shales, limestones and sandstones of
lower Permian age.

0il wells in southeastern Kansas have been drilled into these
rocks but in many of the oil fields along the Nemaha anticline in
which radioactivity anomalies have been detected, the Mississippian,
Siluro~Devonian, and Upper Ordovician rocks were removed by pre-

Pennsylvanian erosion, and consequently radiometric and chemical
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data are not available for some parts of the stratigraphic section
in all of the oil fields in this area. Radiocactive limestones in
areas of folded and faulted rocks and the higher-than-normal
radioactivity in several places along the pre-Pennsylvanian
erosional surface suggest that the structural and erosional
history may have played an important role in the localization

or introduction of uranium-bearing minerals into the Arbuckle
dolomite and the limestones of the Kansas City group.

The Nemaha anticline, the major structural feature in
southeastern Kansas, was formed during late Mississippian or
early Pennsylvanian time. This structure is an asymetrical
linear uplift. The north end is in southeastern Nebraska and
the anticline extends cross the central part of Kansas into
Oklahoma. The pre-Pennsylvanian beds along the east flank of
the uplift are reported to have been displaced several hundred
feet by faulting, but the beds on the west flank dip comparatively-
gently toward the west., The structural development of the Nemaha

anticline has been illustrated by Lee _/ through the use of cross;

-/ ﬁee, Wallace, Structural development of the Forest City
basin of Missouri, Kansas, Iowa, and Nebraska: U. S. Geol. Survey

0il and Gas Invs., preliminary map 48, sheet 7, 19L6.

sections.
During deposition of the earliest Pennsylvanian sediments the

Nemsha anticline was undergoing erosion and by the time the initial

-
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Pennsylvanian sea had invaded southern and Eentral Kansas, the pre-
Pennsylvanian sediments had been removed, inlpart, from the crest of
the anticline and pre-Cambrian rocks had been exposed on the higher
parts of the structure. Elsewhere, a karst topography had developed
on the surface underlain by Mississippian limestone and a mantle
of residual chert was concentrated on the erosional surface. Later,
much of this residual mantle was reworked into the basal Pennsylvanian
formations.

The shallow Pennsylvanian seas advanced and retreated over the
land, leaving relatively thin limestones, shales, sandstones, and
some coals. This cyclic sedimentation was repeated many times throughe

out Pennsylvanian time and into Permian time.

MINERALOGY
Chemical analyses of radioactive precipitates have indicated
that neither uranium nor thorium are present in these deposits in
amounts sufficient to account for the observed radicactivity. This
suggested that the radioactivity was caused by radium, and its
presence was establishéd by measuring the radon in six samples.
These measurements showed that there was enough radium in the

samples to account for most of the radioactivity. Table 1 _/

_/ Table 1. Radium content of the precipitates.

shows percent equivalent uranium, percent uranium, radium content,

and calculated percent equivalent ﬁranium. The percent equivalent
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uranium and percent uranium were determined by direct measurements
in the laboratory. The radium content was determined by calcula-
tions from direct measurements of radon. The calculated percent equiva-
lent uranium was determined from the radium content by calculation,

The close agreement between the equivalent uranium content and
the calculated equivalent uranium content of each sample demonstrates
conclusively that the radioactivity of the samples was caused largely
by radium.

The assumption that the abnormal radiocactivity throughout the
southeastern Kansas area is also caused largely by radium is, therefore,

substantiated.

Table 1.-~Radium content of the precipitates

Equivalent Oalenlated equiv-

Serial uranium Uranium Radium content (1, alent uranium
number (percent) (percent) (gm Ra/gm) (2) (percent)
15539 1.17 - 0.003 9.l x 1077 1.6

15543 1.1k 0.003 7.5 x 10-7 1.3

18377 1.20 0.000 1.1 x 10-8 2.0

18LL6 8.11 0.001 4.6 x 10-8 7.8

18148 7.10 0.000 3.2 x 10-8 5.5

18152 L.37 0.001 2.5 x 1078 b3

(1) Calculated from radon measurements.

(2) Calculated from radium content. The radium content of a
sample that éontains 1 percent uranium in equilibrium
is 3.11 x 10~9 gm/gm. This amount of radium would measure

' 0.52 percent equivalent uranium.
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In an attempt to locate the radium host-rocks, an extensive
study was made of cable-tool drill samples and a few surface samples
from rocks of Pennsylvanian and Ordovician age, Minerals that resemble
a contact-metamorphic assemblage were identified in samples collected
from four localities in this area. A sample consisting of altered
shales, sandstones, and limestones, was collected from exposures of
metamorphic rocks in the Silver City area, sec. 29, T; 26 S., R. 15 E.,
in Woodson County, Kansas. It contained amphiboles, titaniferous
magnetite, sphene (and leucoxene), epidote, and phlogopite. In

addition, Knight and Landes _/ have identified galena and sphalerite

/ Knight, G. L., and Landes, K. K., Kansas laccoliths: Jour.

Geology, vol. LO, no. 1, p. 7, 1932.

in well cuttings from this area,

An unususlly large number of minerals that may have formed as
the result of the introduction of hydrothermal solutions has been
identified in Arbuckle dolomite and Kansas City limestone in drill
cuttings from wells in the Augusta field. Magnetite is one of the
more abundant minerals in these samples and is present in fine
magnetite-rich laminae, which suggests a partial replacement of the
limestone or dolomite. The minerals that have been identified .im - -
samples from this field are magnetite, pyrite, chalcopyrite, hematite,
"limonite,™ oligoclase, garnet, chalcedony, glauconite, chlorite,

fluorite, talc, barite, and radioactive celestite. All of these

minerals, with the exception of talc, are found in clastic sedimentary
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rocks, but it is improbable that such an assemblage would be deposited
along with carbonate sediments. Most of these minerals were in samples
from just below the Pennsylvanian-Arbuckle contact and in Kansas City
limestone. Cavities in masses of finely crystalline celestite, come
monly less than one-tenth of an inch in diameter, were found in limestone
and dolomite samples from some wells, but in samples from other wells
the celestite lined the interior of the limestone and dolomite "cavities.™
Magnetite, finely crystalline c#lcite, with lesser amounts of chlorite,
fluorite, and possibly some organic material also are present in the
"cavities,"

Between depths of 1,400 and 1,700 feet in the Bird and Hanley-
Shipley No. 1 well, located in sec., 15, T. 30 S., R, 12 E,, are
several minerals that may have resulted from the metamorphism of
limestone. The minerals were clintonite, corundophilite, diopside-
hedgnbergite bartly altered to a tremolite-actinolite asbestos, and
some orthoclase and calcite.

The sample from 3,230 feet in the Derby Rimel No. 2 well in sec. 30,

T. 27 S., R. 2 B., contains garnet, magnetite, actinolite, and possibly

some chlorite.

A dolomite and sandy black shale sample from between 3,287
and 3,309% feet in the James~Rimel No. 1 well, in sec. 20, T, 27 S.,
R. 2 E., contained pyrite, chalcopyrite, magnetite, covellite (?),
and an unidentified malachite-green mineral.

Table la d/ is a list of these minerals, together with the

_/ Table la. Contact metamorphic-type minerals.
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general locality in which they have been found. These minerals may
have formed in dolomites and limestones that were being alteresd by
hydrothermal solutions, perhaps guided by obscure fissures and
fractures, Igneous activity in southeastern Kansas is shown by
the granite that has intruded middle Pennsylvaniasn sediments at the
Rose dome in sec. 13, T. 26 S., R. 16 E., and by the metamorphosed
rocks that are thought to be closely underlain by intrusive rocks

in the Silver City area _/. The minerals identified in the drill

_/ Knight, G, L., and Landes, K. K., op. cit.

cuttings may be closely associated with similar bodies of intrusive
rocks,

Introduction of minerals by hydrothermal solutions is strongly
indicated, and the presence of radium-bearing celestite in this area
indigateé that uranium minerals probably were deposited by the same

process.
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RADIOACTIVITY

General Statement

Abnormal radioactivity_in several southeastern Kansas oil and
gas fields first was detected because of unusually large deflections
on gamma-ray well logs and later was detected in separator tanks and
oil-well pipes on the surface by portable beta-gamma survey meters.
Chemical and spectrographic analyses indicated insufficient uranium
or thorium in the samples to account for the radiocactivity. Radium
determinations, however, showed that radium and its decay products
were the principal radiocactive elements present. The presence or
absence of ionium has not been established.

The radium-bearing precipitates were derived directly from oil
or brines and were deposited on the interior of oil pipes and in the
bottom of separator tanks. The radiocactivity of the precipitates
that have been tested ranges from 0.000 to 10.85 percent equivalent
uranium oxide.

The oil and gas fields that were radiometrically traversed are
shown on plate 1, and those fields that are located in Cowley, Butler,
and Marion Counties also are shown in figures 6, 7, and 8. As shown by
these illustrations, the fields in which the radium-beariﬁg precipitates
are known to have formed overlie or are roughly marginal to the Nemaha
ant%gline. However, a few gamma-ray logs of wells located in fields
as far as 35 miles from the crest of the anticline indicate that the
area in which the radicactive precipitates have formed is greater

than that indicated by plate 1.
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With few exceptions, the rocks that have been microscopically
examined, radiometrically analyzed, or studied indirectly through the
use of gamma-ray logs, are comparable in degree of radiocactivity to
other rocks of similar lithologies in the mid-continent regiom.
Usually the limestones, dolomites, and sandstones are the least
radiocactive, and the shales contain the greatest proportion of
radicactive elements. This general relationship is shown by the
comparison of a gamma-ray log and the corresponding lithology in

figure 7. Some significant exceptions to the general relationship

Figure 2. Typical radioactivity anomalies of different sedi-
mentary rock types as recorded on gamma-ray logs. (Ruled area of

gamma-ray curve is telescoped to fit column.)

have been noted, however, and are illustrated by the comparatively
high radiocactivity of limestones and sandstones shown graphically on

plate 6.

Pre~Cambrian rocks

L Metamorphic and igneous pre-Cambrian rocks have been penetrated by
man& drill holes, particularly by those wells on the Nemaha anticline,

Landes _/ has shown that the pre-Cambrian rocks of Kansas consist

- _/ Landes, K. K., A petrographic study of the pre-Cambrian of Kansas:

Am., Assoc. Petroleum Geologists Bull., vol. 11, no. 8, pp. 821-82L, 1927.

principally of granite, granite gneiss, and schist, but that locally

other types of igneous.and metamorphic rocks occur,
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The only radiometric data obtained by the writers regarding the
pre-Cambrian rocks in this area are from a gamma-ray log of the Shell
0il Company - J, V. Taton No. 8 well in the NEINW} sec. 36, T. 31 S.,
R. 2 E., and from a few fragments of drill cuttings from the Kaufman
well in the NWANE} sec, 2, T, 20 S., R. 7 E. Both of these wells are
on the Nemaha anticline.

The gamma-ray log of the Shell 0il Company well indicates that the
pre-Cambrian rocks penetrated by the drill-bore contain about 0,01

percent equivalent uranium. A portion of this log is shown in figure 3

Figure 3. Radioactivity of pre-Cambrian, Cambro-Ordovician, and

basal Pennsylvanian rocks.,

and illustrates the relative radiocactivity of the pre~Cambrian, Cambro-
Ordovician and lower Pennsylvanian rocks penetrated by this drill-hole.
The drill cuttings from the Kaufman well were fragments of a pre-Cambrian

}

quartz diorite and contained only about 0,001 percent equivalent uranium.

Cambro-Ordovician rocks

Arbuckle dolomite
The basal Paleozoic formations in this region are included in the
Arbuckle dolomite. Because of differential erosion the Arbuckle
dolomite in some places is overlain by Pennsylvanian sedimentary
rocks, but over most of this area is overlain by rocks of the

Simpson group, of Ordovician age.
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Drill samples of the Arbuckle from several places along the
Nemaha anticline are radioactive. These samples were examined
microscopi;ally and they contain minerals that probably were
formed by the introduction of hydrothermal solutions into the
sediments, An example of this is a radioactive, black, vuggy
limestone sample from between 2529 and 2530 feet deep in the
Magnolia-South Anderson No. 7 well in sec. 15 T. 27 S., R. L E.,
in the North Augusta field, (plates 5 and é,'Indox No. 3LLi). This
limestone is several feet below the top of the Arbuckle dolomite
and in the bottom six feet of the well. The vuggy fragments con-
tainea circular, cavities similar to those that would be left after
oolites had ﬁeen removed, although in meny places such a small arc
of"tﬁe walls enclosing the spherical cavities has been removed that
any solid particle that originally might have occupied these spaces
would have been larger than the openings leading from the spaces,
and therefore could not have fallen out. Almost all of the sample
was finely laminated with dark and light bands, and a few of the
fragments were brecciated and recemented. The banding was caused by
alternating layers of the lodestone variety of magnetite and finely
crystalline calcité. Chlorite and celestite were identified, and it
is thought that some organic material also was present. Radiometric
measurements of the magnetic fraction showed that it was more radio-
active than the nonmagnetic fraction. The samples from this inter-
val were contaminatedwith a high percentage of shale caved from
higher in the drill hole and, therefore, the equivalent uranium
oxide content of 0.03 percent was probably less than the actual

content. Hand-picked fragments of the banded lime-
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stone contained approximately 0.1 percent equivalent uranium
oxide, and more nearly represent the degree of radioactivity
in this zone.

An Arbuckel dolomite sample from between depths of 2513 and
251l feet in the Magnolia - Foster No. 1L well had 0.008 percent
equivalent uranium, About 50 percent of the sample was a gray
crystalline dolomite and the remaining part was composed of a dark
vuggy material, magnetite, limonite, pyrite, and a minor amount
of fibrous celestite., Tiny spherical cavities were observed in
many of the iron oxide fragments. A magnetic concentrate, including
the dark vuggy material, contained 0.25 percent equivalent uranium.
The lithology and radioactivity of the samples from this well are
shown graphically on plate 6, Index No. 29.

Although the samples were significantly radioactive, chemical
analyses have shown that uranium is not present. As the radio-
activity was undoubtedly caused by radium it is probable that a
uraﬁiumpbearing mineral originally occupied the cavities. As the
half-life of radium is only 1,580 years, the presence of uranium
decay products in the limestone indicates that the uranium has
been removed during recent time. The only environmental change to
which the hypothetical uranium mineral could have been so recently

subjected was that brought about by drilling.
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Upper Ordovicilan rocks

Little data have been obtained relative to the radiocactivity of
the Viola group or the Moquoketa shale of Upper Ordovician age, but
radiometri;'measurements of drill samples indicate that the green
shale and glauconitic sandstones of the Simpson group contain as
much as 0,006 percent equivalent uranium. The radioactivity of
the sandstones and shales of the Simpson group are illustrated

graphically on plate 6 (Index Numbers 70, 72-76, and 310-312).

Mississippian Rocks

The Mississippian rocks consist of the cherty "Mississippi"
limestone of Meramec and Osage age underlain by the Kinderhook
shale group. Although the Chattanooga shale may be in part of
Devonian age, for convenience it is here considered as part of

the;Kinderhook group.

Shales
As the Chattanooga shale has been removed by pre-Pennsylvanian
erosion in most of the fields in which wells have been gamma-ray
logged, only scanty information regarding its radiocactivity is
available. A few gamma-ray logs and some radiometric analyses of
samﬁles from southeastern Kansas have indicated that the equivalent,
uranium content of the Chattanocoga in that area ranges from about

0.002 to 0.007 percent equivalent uranium.






29
Limestones

Radioactive "Mississippi" limestone may be represented by abnormal
deflections on the gamma-ray logs of the Dilworth No. 2 Fee well in
the Dexter field and the C. R. Colpétt - Spier No. 1 well in the
Peabody field. The gamma-ray logs of both these wells show high
radioactivity anomalies at depths correlative with the "Mississippi®
limestone, but there is reason to believe that radium~bearing pre=-
cipitates are the source of radioactivity.

A portion of the gamma-ray log of the Dilworth No., 2 Fee well

located in sec., 8, T. 33 S., R. 7 E., is shown in figure L. It

Figure L. Radioactivity of Dilworth, No. 2 Fee, well.

shows a marked radicactivity anomaly between depths of 2,685 and
2,710 feet, an interval which should represent part of the Cherockee
group of lower Pennsylvanian age. A smaller radicactivity anomaly
at depths correlative with the "Mississippi®™ limestone is represented
on the log between 2,815 and 2,856 feet., Radiometric measurements
of samples from 2,700 to 2,706 feet, in the zone of greatest
deflection, and of other samples from that part of the adjacent

0lds No. 1 well represented in figure L, indicate that the sediments
are only normally radioactive, Inasmuch as a radium-bearing pre-
cipitate was collected from the tubing which had been removed from
the bottom of the Dilworth well, it is believed that all of the
abnormal radioactivity recorded on the gamma-ray log had a similar

source.
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A gamma-ray log of the C. R. Colpitt - Spier No. 1 well

(pl. 2) located in the Peabody field, in sec. 8, T. 22 S., R. L E.,

Plate 2. Cross section A-A'; Comparison of sample and gamma-

ray logs, Marion County, Kansas,

shows a greater radiocactivity anomaly at the top of the "Mississippi®
limestone than was indicated on the Dilworth, No, 2 Fee log. However,
as radiumebearing precipitates alsc are being formed at depth in the
tubing of this well it is probable that the deflection between 2,350

and 2,370 feet also is caused by a radium-bearing precipitate.

Pennsylvanian rocks

Shales
The radiocactivity of the exposed Pennsylvanian black shales

was investigated by Slaughter _/° He found that phosphatic nodules

_/ Slaughter, A, L., Radioactivity of Pennsylvanian black shales
and coals in Kansas and Okb&homas U, S, Geol., Survey Trace Elements

Investigations Rept. 18, September 1945.

disseminated in shales contain as much as 0,095 percent uranium but
the uranium content of the shale is much lower.

Black fissile shales, some of which contain phosphatic nodules,
are present throughout the Pennsylvanian rocks. These shéles range
in thickness from a few inches to about 6 feet and usually are
represented on the gamma-ray logs by large deflections. In degree

of radioactivity, most of these shales are comparable to the
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Chattancoga shale, and estimates based upon gamma-ray logs, supple-
mented by some radiometric analyses of drill samples, indicate that
they contain from about 0.004 to 0.0l percent equivalent uranium
oxide., The relative radiocactivity of the black shales compared to
most other Pennsylvaniai rocks is illustrated on plates 2, 3, L,

and 6.

Plate 3. Cross section B-B'; Comparison of sample and gamma-ray
logs, Sedgwick and Butler Counties, Kansas.
Plate 4. Radioactivity and lithology in the North Augusta

field, Butler County, Kansas.

The gray Pennsylvanian shales contain a smaller proportion of
radioactive elements than the black shales, However, the gamma-ray

log that is partially reproduced on figure 5 indicates that one of

Figure 5. Part of the gamma-ray log of the C. V, Stewart, Brown

No. 2 well, showing abnormal radioactivity in Wabaunsee group.

the upper gray shale of the Wabaunsee group may have an equivalent
uranium oxide content of about 0.02 percent, but the abnormal de-
flection, like those previously mentioned, may be caused by a

radioactive precipitate.
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Limestones

Abnormally radioactive limestones were detected by routine

|
)

radiometric scanning of drill samples and are illustrated by the

comﬁarison of sample and radiometric logs shown on plate 6. The

Plate 6. Columnar sections and radiometric measurements of drill

samples, Marion, Butler, Sedgwick, Cowley, and Elk Counties, Kansas,

most radiocactive limestone sample detected in this manner was from the
Kansas City limestone and contained 0.012 percent equivalent uranium
oxide, The sample was one of a set of cable-tool drill cuttings from
between 2,027 and 2,031 feet deep in the Aikman and Braden - South
Anderson No. 1 well located in the NEFNWINW} sec. 15, T. 27 S., R. L E.,
in the North Augusta field (see plates 5 and 6, Index Number 22), The
sample was composed principally of brown crystalline limestone cut

by émall veinlets of dark fluorite and magnetite. It also contained
sbout 5 percent of gray talc and a lesser amount of soft vuggy.
cel;stite, encrusted with magnetite and limonite. Minor amounts

of sericite and gypsum were associated with the limestone, and
oligoclase and garnet were ldentified in one small fragment. The
celestite contained spherical cavities as much as one-eighth of

an inch in diameter, but some of the openings were so small that

the origingl filling could have been removed only by golution, No
uranium was found in the vuggy fragments by chemical analysis,
although 0.22 percent equivalent uranium oxide was determined by
radiometric analysis. Talc, magnetite, and fluorite in this

sample indicate an introduction of minerals by hydrothermal
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solutions, and the cavities possibly represent the mold from which
a mineral was removed, perhaps upon contact with the drilling
solutions, The presence of talc, which generally forms in zones
of stress, would seemingly indicate that the spherical cavities
were formed later than the tale. The mineral assemblage suggests
that solutions of magmatic origin have altered the limestone, and
very likely one or more uranium minerals were introduced during
the process. Solutions would have had easy access, for much
fracturing of the limestones would have resulted from the folding
and faulting.

Coals

Inasmuch as coal samples from drill cuttings were not available

for radiometric analyses, a few of the Pennsylvanian coals were sampled
at their outcrops in eastern Kansas. Radiometric analyses of the coal

samples shown in table 2 indicate that their uranium content is uniformly

Table 2. Radiometric analyses of Pennsylvanian coals from south-

eastern Kansas and adjacent areas.,

low., The Mulky coal containing 0.00L4 percent equivalent uranium oxide is
the most radiocactive of the coals sampled; a black shale, with phosphatic

nodules containing 0,011 percent uranium oxide, overlies this coal.
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Permian rocks

The upper Permiaa rocks in this area have been removed by
erosion, and the remaining loﬁar Permiai rocks are composed of
alternating limestone, sandstone, and calcareous gray, red, or
variegated shales., Evaporites consisting principally of rock
salt and gypsum are present at shallow depths in scme parts of
the area.

The relative radioactivity of the lower Perrian rocks, as
represented on gamma-ray logs, is shown on plates 2 and 3. The
number 2 and 3 gamma~-ray logs shown on plate 3 are unusual in that
sbnormal radioactivity is recorded at depths less than 500 feet.
It is of considerable interest that part of the abnormal radio-
activity recorded on the log of the number 2 well may have been
caused by marine evaporites. It is uncertain, however, whether
the radiocactivity anomalies recorded on these two logs represent
radiocactive elements in the sediments or radiocactive precipitates
on the casing, The radiocactivity anomalies shown on the number 5
log on plate 2 probably reflect the presence of radium~bearing
preeipitates on the casing.

Another gamma-ray log on which has been recorded an abnormal
deflection at a depth correlative with Permian rocks, but which
may also have been caused by a radioactive precipitate on the
casing, is that of the Cities Service - Pierpoint No, 77 well located
in sec. 33, T. 25 S., R. 5 E. The radioactivity represented by the

deflection on this log is in the order of 0.02 percent equivalent
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uranium, whiéh would be significant only if the radioactive deposit
is associated with one of the sedimentary beds penetrated by the
well bore,

Aside from the abnormal radiocactivity indicated by the gamma-
ray logs of these wells, the radioactivity of the Permian sediments,
as interpreted from gamma-ray logs and from radiometric measurements
of samples, probably grades downward from sbout 0.00L percent equiv=

alent uranium.

Radium~bearing precipitates

Radiumebearing precipitates derived from oilw-well fluids have
been found in 60 oil fields in southeastern Kansas. The general
distribution of the fields in which these precipitates have been
found is shown on plate 1. However, abnormal deflections on
several gamma-ray logs indicate that the area in which these
precipitates might be present is larger than is indicated on
the map.

'Radiometric data consisting of field determinations and of
the ﬁercent equivalent uranium oxide of samples collected in
Cowley, Butler, and Marion Counties are shown on figures 6, T,

and 3, Some disagreement is shown by comparison of the relative

-

Figure 6., Location of radium-bearing precipitates, Cowley
County, Kansas,

Figure 7. Location of radium-bearing precipitates, Butler, .
County, Kansas.

‘Figure 8. Location of radium-bearing precipitates, Marien
County, Kansas,
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radicactivity obtained by field determinations with the equivalent
uranium oxide content of samples collected from the same locality.
This disagreement was caused by the dissemination of finely broken
precipitates in the surface material, which made it difficult to
collect representative samples and to make field radiometric
measurements of the material. The field determinations are
recorded in terms of meter divisions and exclude the average
background readings. Those field readings, recorded in table 5

and on plate 5, that were observed on the 20.0 or 2,0 sensitivity
scales, were converted to the comparsble number of units on the

0.2 sensitivity scale., Although the conversion is nolt exact because
th; El-Tronics and Beckman instruments were uncalibrated, the field
determinations give a general idea of the relative radicactivity
in those areas where samples were not collected.

The radium-bearing precipitates are composed chiefly of celestite,
iron oxide, gypsum, and barite. The radioactivity ranges from a few
hundredths of a percent to 10.85 percent equivalent uranium oxide.
As discussed under "mineralogy™, radiometric measurements have
shown that the radiocactivity is largely caused by radium and its
decéy products, and chemical analyses have shown that the greatest
amount of uranium oxide in any of the samples that have Been analyzed
is 0.006 percent.

' The radium-bearing precipitates have been deposited on the
interior of oil and water pipes, in the bottom of oil and brine

separator tanks,-snd in ditches and ponds used for the disposal of
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brine. Most of the precipitates are laminated with alternating dark
and light bands. The light bands are made up chiefly of celestite,
gypsum, or barite. The dark bands are composed principally of
magnetic iron oxide, fine-grained pyrite, limonite, calcite, and
in a few samples some hydrocarbons. In most of the spgcimens that
weré examined the coloring of the darker bands was caused by iron
oxide, but in some specimens it was caused largely by hydrocarbons,
Autoradiographs and radiometric measurements show that the celestite
ié the principal radium-bearing mineral.

" Several representative speciméns of radioactive precipitates
from this area have been examined by Joseph Berman of the Geological

Survey laboratory, and his identifications are tabulated in Table 3.

- Table 3. Description of radium~bearing precipitates.
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Spectrographic analyses (table L) _/ have been made of several

_/ Table L. Spectrographic, radicmetric, and chemical analyses

of radium-bearing precipitates,

samples, and show that the principal elements in the radium-bearing
preéipitates are strontium, barium, calcium, iron, silicon, and
aluminum, Nineteen minor elements seem consistently to be present

in the five samples that were analyzed.

Sgggle data

Both radiometric and chemical data for the samples collscted
in Cowley, Butler, and Marion Counties are tabulated in tabies L,

5, 6, 7, 8, and 9. These data show a range from no detectable

Table 5. Sample‘dataz Augusta field, Butler County, Kansas.
Table 6. Sample data: Cowley County.

Table 7. OSample data: Butler County.

Table 8. Sample data:s Marion County.

Table 9. Drill sampled radiometrically analyzed: Southeastern

Kansas.

radicactivity to a maximum of 10.85 percent equivalent uranium oxide
in one of the samples collected from Cowley County. The most uranium
oxide found in any of these samples was 0.006 percent in a sample
from the Molk-Loomis well in the North Augusta field in Butler

County, (see table 5, Index No. 24L). Several samples collected
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from welis in Marion County (see table 8) contained as much as 0.003
percent uranium oxide but all of these samples were composed of surface
deﬁris in which fine-grained fragments of radium-bearing precipitates
had become disseminated. A8 the samples that are contaminated with
surface debris seem to contain more uranium than do the uncontaminated
samples, some uranium may have been concentrated in the surface
material from fluids that had leaked or overflowed.

Samples Nos. 16328 and 16310 from Butler County (see table 7,
Index Nos. 28l and 290) are evaporites formed from brine that had
been pumped from the subsurface formations. Although the uranium
oxide content of these two samples is only 0.002 and 0,003 percent,

it does indicate that some uranium was brought up with the brines.
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Table l.~-Spectrographic, radiometric, and chemical analyses of
radium-bearing precipitates

l Radio-
metric jChemical | Spectrographic Analyses
Serial|l Percent|Percent
umber eU308 UBOS Sr | Ba | Ca [Fe |AL|Si |Cu |Mn |Ti |Mg
1/
131701 0.24 0.000 XX x| x| x x { 0.0x|0.0x] 0.0x
1/
13171 | 0.39 0.000 XX x| x| x x | 0.0x] 0.0x] 0.0x
E
15526 | 0.6L {0.006 xx x| xx| x| x}0.0x0.0x 0.0x0.0x
1
155551 0.83 0.000 XX x| x| x x| 0.0x] 0.04 0.01 0.0x
%
15539 | 1.31 0.003 XX X! x| xx x§ 0.0 0.04 0.0¢ 0.0x
&%
184511 0.12 0.000 |0.x |0.x bd b O.x
E/ ‘
18450 f 0.001 {0,001 [O.x {Q.x {0.x xx 0.x 0.x
2
1846 | 10.85 0.001 x| xx x x 0.x
2/
18382 | 0.007 be x| =xx|0.x x| xx 0.x X
2/
18381 | 0.026 x x x| x| x| =xx x|
2/
19380} 0.002 | 0.000 JO0.x |0.x |0.x xx X O0.x
2/
133721 0.000 | 6.000 ]| 0.x {0.x x{ xx O.x
2/
18369 f 0.000 | 0.000 }0.x{0.x]0.x xx 0.x
%/ 15529 | 0.31 } 0.000 XX ] xx| x}  x]0.0x/0.0x] 0.0x] 0.0x
I/ PRS5371 0.h9 1 0.001 XX x| xx| xl  x[0.0x]0.0x0,0x] 0.0
I/ T T oo T = 5 %]0.0x 0.0 0.0x]_0.0
I/ [IBS58 [ 0.2L 1 0.005 XX xx| x| x]0,0x]0.0x/0.0x] 0.0x
&/ Analyses by Morris Slaven, U. 5. Geological ourvey, July b, 9. The
values are visual estimates. The following elements were found to be
present in quantities less than 0,0l percent: Ag, B, Be, Bi, Cb, Cd, Co,
Cr, Mo, Ni, Pb, Sn, V, Zn, and Zr.
g/ Analyses by Paul R. Barnett, U. S. Geological Survey. The values are

visual estimates.

Note:0.0x, 0.x, x, and xx means 0.0l to 0.1, 0.1 te 1, 1 to 10, and 10 to
100 percent respectively.,
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Because abnormal radiocactivity had been recorded on gamma-ray
logs of wells in the Augusta field, a radiometric survey was made
of all the producing wells to determine whether the radioactivity
was evenly distributed throughout the field, The radiometric and
chemical data are given in table 5, and the location of all wells
from which samples were collected or field determinations made

are shown on plate 5. The map of the Augusta field shows that

Plate 5. Radioactivity and structure of the Augusta field,

Butlef County, Kansas.

most of the wells in which radium-bearing precipitates have formed
either are producing from, or have been plugged back from, the
Arbuckle dolomite. | .

The wells in which the radium-bearing precipitates have
formed are old, and many of them have leaks in the casing. Such
leaks have resulted in the intermingling of high-sulfate brines
from the Arbuckle dolomite with comparatively high-strontium brines
froﬁ the Pennsylvanian formations, particularly those brines‘from
the Kansas City group. Intermingling of these brines apparently
has‘resulted in the precipitation of celestite. Because of tﬁe
chemical similarity of strontium and radium, radium is intimately
assqciated with the celestite.

Plate L is a diagram of the North Auguste field compiled from

sample and gamma-ray logs and compares lithology with radiocactivity.
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Gamma-ray logs number 1, 3, and L are normal logs and reflect the
differences in lithology that normally would be expectedjbut logs 2,
5, and 6 show abnormal deflections that could be caused only by a
mich greater proportion of radioactive elements than normally is
present in these rocks., Because radium-bearing precipitates have
been found in surface pipes and tanks in this field and becsuse of
the intermingling of high-sulfate with high-strontium brines, it
Seems more probable that radicactive celestite has been precipitated
on the casing. All of the abnormal deflections are opposite shale
beds and this suggests that oxidation of pyrite in the shale, over
the 25 to 30 years since the wells were drilled, has resulted in
acid solutions that reacted with the iron casing and caused holes
to be formed in the casing. This would have permitted the deeper
brines to come in contact with the brines from the shale beds and
under suitable conditions resulted in the deposition of strontium and
radium sulfates. This type of deposit pfbbably is illustrated by

the gamma-ray logs in figure 9, which show that a radioactive deposit

Figure 9. Comparison of normal with sbnormal radicactivity and

correlation of abnormal radioactivity with perforated casing.

between depths of about 2,950 feet and 3,000 feet in the Cramm “E"
No. 1 well exactly corresponds to the perforation in the casing.

It is particularly noticeable that those fields in southeastern
Kansas from which the most radioactive samples have been collected
are flelds in which Arbuckle and Pennsylvanian brines could inter-

mingle and thus bring about the conditions necessary for the pre-
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cipitation of celestite. As the chemistry of radium is similar to that

©

of strontium and barium, it would be expected that radium sulfate would
be precipitated along with strontium and barium sulfate.

The analytical data presented in tables 5, 6, 7, and 8 show that
the radioactivity of the precipitates varies sharply, not only between
different oil and gas fields, but between different wells in the same
field, Most of this variation probably is caused by an uneven dis-
tribution of uranium in the subsurface rocks. In those samples that
“have been collected, the range of equivalent uranium oxide is from
0.000 to 10.85 percent. As both the radiocactive and nonradioactive
precipitates were deposited in similar environments, it is reasonable
to assume thaﬁ radium was not present in the solutions from which the
nonradioactive precipitates were deposited. This indicates that the
radium was derived from localized sources.

As radium is one of the decay products of uranium, it would be
expectéd that the brines from which the radium-bearing precipitates
were derived also would contain measurable amounts of uranium.
Although 0.1 to 0.2 ppm of uranium have been found in a few brine
samples, there is no positive correlation between wells that produce
these uranium-bearing brines and wells at which radium-bearing
precipitates have been deposited. It is possible, however, that
the.uranium, which is more soluble than radium, was flushed from
theireservoir rocks and other rocks surrounding the drill bore, by
the initial oil production. During that stage in the history of
the well much smaller volumes of brine would have been pumped than

during the later stages., Some incomplete and inconclusive experi-
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mental data.d/ indicate that uranium is more soluble in oil than it is in

Petretic, G, J., U, S, Geological Survey, Denver, Colo.: Personal
communication.

the type of brines pumped from wells in this area. It pight be possible,
then, that uranium could be flushed from the subsurface.rocks by crude
oil and that later the more insoluble radium was brought to the surface
in the brine solutions, This would apparently be a satisfactory expla-
nation for the vuggy radium-bearing limestones found in drill samples
from the Augusta field in Butler County.

Chemical analyses for uranium have been made of oil samples col-
lected from this area and up to 0.70 ppm has been indicated; but the
analyses could not be consistently duplicated, and the data have not
been incorporated into this report. Although the data did indicate
that some uranium was present in the oil, their significance cannot

be evaluated until other data are available.

RELATIONSHIP OF HELIUM TO RADIOACTIVE MATERIALS

The two principal theories that have been advanced in recent years
to account for the large quantities of helium in some natural gases
postulate either a primary or a radiogenic origin for helium. MNMost
workers in this field have concluded that the greater part of the
helium is of radiogenic origin. This conclusion is based primarily on

the accumulation of radiogenic helium in uranium- and thorium-bearing
rocks and on the similarity of geologic conditions under which helium-

bearing gases have accumulated. A discussion of primary versus radio-

genic helium in natural gases is given by Rogers _/.

Rogers, G. Sherburne, Helium-bearing natural gas: U. S. Geol.
Survey Prof. Paper 121, 1921.
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The presence of large volumes of helium, which were not known
to be associated with uranium or thorium minerals, has been offered
as evidence that the helium is of primary origin. This conclusion
was based principally upon the assumption that uranium and thorium
deposits large enough to supply the helium in the earth and atmosphere
do not exlst, and, therefore, large volumes of raﬂiogenic helium are
improbable. Although the theory of primary origin satisfactorily
explains the presence of large quantities of helium, the following
evidence raises grave objections to the idea that all of the helium
is from a primary source.

(1) If all helium were derived from a primary source, it would
be so well disseminated in the earth's crust that it would accumulate
in all structural traps that are capﬁed by impervious beds. In the
absence of the natural gases, helium would be expected to accumulate
by itself, Actually commercial helium-bearing gases have accumlated
only in a few places in the world, and helium never has been found
except in association with other gases.

(2) The important commercial helium reservoirs are located over
major structural features, where various types of igneous and meta-
morphié rocks are closely subjacent to the helium reservoir rocks
and are a possible source of radiogenic helium.,

(3) Most of the helium reservoirs in the mid-continent region are
in formations of Pemnsylvanian age, Prior to the deposition of these
sediments the underlying Paleozoic and, in some places, pre-Cambrian

rocks, had been subjected‘to erosion for long periods of time., In the
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process any primary helium that had already accumulated in any structure
breached by erosion would have been lost to the atmosphere and could not
have contributed to the present helium reserves. As deformation of this
region had established the structural outlines_by early Pennsylvanian
timé, any primary accumulations that escaped destruction would remain
entrapped and could not have migrated to the present-day helium fields.

(L) Radium-bearing precipitates in the former helium producing
gas fields of southeasterp Kansas, and radon in the helium-bearing
gas of the Amarillo district, strongly suggest that the helium is
a product of radicactive decay.

(5) In general the more radioactive precipitates have been
found in those fields that originally produced the most helium.
The association between radium-bearing precipitates and helium-

bearing gas is illustrated on plate 1A,

Plate 1A, Relationship of radiocactivity and helium to oil and

gas fields in southeastern Kansas.

By a process of elimination, then, it appears that most of the
helium in the helium-bearing gases probably is radiogenic. Once it
is assumed that the helium is radiogenic, it can also be assumed that
the radiocactive deposits from which it was derived are of higher
grade than is the average rock, for otherwise radiogenic helium
- deposits would be found in favorable structures everywhere. If
the helium and radium had a common source, the radiocactive deposit

must be rclatively close to the rocks that supplied the radium.
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CONCLUSIONS
The presence of abnormally high concentrations of radium in

precipitates and drill samples from southeastern Kansas, the presence
of helium thought to be radiogenic in the oil and gas fields in which
radium-bearing precipitates have formed, and the localization of
radium concentrates in comparatively small areas, leads to the
conélusion that uranium is present in greater~than-normal con-
centrations in the subsurface rocks, The presence of minerals
that probably were formed as a result of the introduction of
hydfothermal solutions suggesis that the uranium may be localized
in hydrothermal deposits, possibly of the vein type.

| Radium-bearing precipitates in the southeastern Kansas oil
fields are intimately associated with celestite, gypsum, and barite.
This close association, when considered with the fact that stpontium,
calcium, barium, and radium sulfates are precipitated under the same
conditions, strongly suggests that radium too, is in the form of
a sulfate, Radium sulfate, therefore, probably is precipitated
and preserved along with the other sulfate minerals, The pre-
cipitation of these minerals is probably caused by the intermingling
of brines high in sulfate ions with brines containing excess strontium,
calcium, barium, and radium ions,

; Because ra@iumpbearing rocks are present in the Kansas City
limestone and in the Arbuckle dolomite, it seems reasonable that
the>radiuﬁ~bearing precipitates were derived by solution and

redeposition from those rocks. Chemical analyses of the radium-
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bearing limestones, however, show that they do not contain uranium
and radium in equilibrium quantities, and ihis leads to the con-
clusion either that uranium was removed from these rocks, or that
radium was introduced into them within the past few thousand years.

Although the reason for the lack of equilibrium between radium
and uranium cannot be determined from finely pulverized cable-tool
drill samples, the vuggy nature of the rock fragments strongly
suggests that soluble minerals have been removed by leaching,

Some samples of vuggy rock fragments, which are thought to have ‘
been leached, contain as much radium as would be present with

0.5 percent uranium in equilibrium. This suggests that the
leached material was a uranium mineral. The presence of radium,
which has a half-life of 1,580 years, precludes the possibility of
removal of uranium or the introduction of radium, except during
the last few thousand years.

The alternative to the theory that uranium has been leached
from the limestone is to assume that radium has been introduced into
it. That radium can be transported by oil-well fluids is demonstrated
by the presence of radium-bearing precipitates in surface pipes and
tanks. but there is no evidence to suggest that the radium was
introduced into the limestones. On the contrary, the spherical
cavities in these rocks indicate that some material has been

removed and not added to them.,
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The geologic environment of the radium-bearing limestones also
suggests that radium was not moved into these rocks from a distant
source. The radium-bearing limestones and dolomites are between
1100 and 1200 feet below sea level and, therefore, circulation
of fluids through the rocks probably would have been at a very
slow, or even negligible, rate prior to the time that circulation
was stimulated artificially by the oil well pumps. It would be
difficult to envisage the transportation of radium salts over
more than a short distance under these conditions.,

Examination of gamma-ray logs of oil wells in the south-
eastern Kansas oil fields has led to the conclusion that the use-
fulness of these logs, in the search for radiocactive materials,
is three-fold. )

(1) They reflect radicactivity anomalies that are indicative
of éignificant quantities or concentrations of radioactive material.
(2) 1In places that have been logged adeqﬁately, gamma-ray
logs provide the best means of delimiting favorable areas in which

the possibility of finding radiocactive ore deposits is good.

.(3) The use of gamma-ray logs providesradiocactivity measure-

ments of deposits that have not been affected by surface leaching.



