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ABSTRACT

Environmental Sciences Corporation has completed a

regional evaluation of available gamma-ray logs in north-

eastern Oklahoma to assess the uranium potential. It was

concluded that:

1. Radioactive anomalies show few signs of clustering

or trends. Readings are highly variable between

wells. Additional drilling in areas of sparse

control will yield little meaningful data.

2. Most of the radioactivity occurs in shales. The

Sheet-like nature of most of the study area's

radioactivity indicates a sedimentary origin for

many of the anomalies.

3. High radioactivity in sandstone bodies frequently

occurs in areas of petroleum production and in

areas undergoing secondary recovery.
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SECTION I

INTRODUCT ION

A. GENERAL

This project covers the results of an ERDA-sponsored

study to provide a preliminary evaluation of the uranium

potential of northeastern Oklahoma. It was performed by

Environmental Sciences Corporation for Bendix Field Engin-

eering Corporation under subcontract number 76-034-M.

This project is part of the ERDA National Uranium Resource

Evaluation (NURE) Program.

Anomalously high radioactive values have been noted at

several localities in northeastern Oklahoma. These values,

as recorded on gamma-ray logs of oil wells could be indic-

ative of uranium deposits of potential commercial value.

This study was undertaken to assess the distribution and

meaning of these anomalies.
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B. LOCATION AND GEOGRAPHIC SETTING

The area covered by this study includes all or part

of nineteen counties (approximately 13,000 square miles)

in northeastern Oklahoma. It is located in the south-

western portion of the Central Lowlands (Figure I-1) and

extends from the relatively rugged edge of the Ozark

Province westward onto the plains which are characterized

by generally low relief. The region is a major oil and

gas producer in Oklahoma.

The study area comprises the southern two-thirds of

the Cherokee Basin. In its entirety the Cherokee Basin is

bounded by the Bourbon Arch on the north, the Ozark Uplift

on the east, the Arkoma Basin and Pauls Valley Uplift on

the south, and the Nemaha Ridge on the west (Figure 1-2).
Geographically, the project area is delimited by the

Kansas state line on the north, Township 14 North on the

south, longitude 95022'30" on the east and longitude

97052'30" on the west.
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C. USE OF RADIOACTIVITY TO DETECT AND

EVALUATE URANIUM OCCURRENCES

- The gamma ray log measures the natural

radioactivity of the rock and is therefore useful in

detecting and evaluating deposits of radioactive minerals

such as potash and uranium ore (Schlumberger, 1972).

Several different kinds of radiation are recognized. Alpha

rays consist of rapidly moving helium nuclei; beta rays

are rapidly moving electrons; gamma rays are made up of

radiations similar to ordinary light but of very short

wave length and therefore capable of penetrating opaque

substances such as oil well casing (Green and Feron, 1940).

The measurement of gamma rays is the recognized standard

for measuring the strength of radioactive substances.

The ability of the short wave length components to penetrate

several strings of casing make these logs particularly

useful for correlating and evaluating formations in

cased holes. The corrected radioactivity reading is

almost proportional to the K20 content of the rock. However,

the radioactivity reading is not proportional to the
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"richness" of the uranium content (Schlumberger, 1972, p. 59).

In other words, the magnitude of the anomaly is no indic-

ation of uranium content.

The gamma ray log used for petroleum exploration and

development is useful for detecting radioactive minerals

but cannot directly detect or measure U308 . Gamma ray

logging for uranium exploration must use instruments

calibrated to U308 from E.R.D.A. test models.

D. EFFECT OF LITHOLOGY ON GAMMA RADIATION

The primary source of radioactive materials is igneous

rock. Erosion and redistribution of rock fragments by

wind and water results in radioactive material being

incorporated in sedimentary rocks. Ordinarily, radioactivity

in sedimentary rocks is not expected to be as large as in

igneous rocks because of weathering, contamination and

dilution. However, some shale beds do have higher levels

of radioactivity than igneous rocks (Green and Feron, 1940).

General conclusions regarding the radioactivities of

various rock types were summarized by Russell (1944).

Russell's conclusions are partially quoted below:
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1. Anhydrite, cap rock, salt, coal and chert of
nodular or concretionary origin are all rocks of very
low radioactivity. Bedded or stratified chert,
such as the Arkansas novaculite, may be of much
higher radioactivity than the nodular chert.

2. Limestones, dolomites and pure quartz sandstones
are also of low radioactivity, and they cannot be
distinguished from each other by their radioactivity
alone. Impurities, such as shale, clay, silt and
organic matter in general increase the radioactivity
of these rocks.

3. The radioactivity of sandstones in general increases
with the content of minerals other than quartz, with
the content of silt, and with an increase in
the percentage of shale present. The sandstones of
lowest radioactivity are those which are clean,
well-sorted, and composed chiefly of quartz.

4. Mixtures of sandstone, lime and dolomite are about
as weakly radioactive as the pure types. No difference
in radioactivity in the samples was found between
uncemented sands and sandstones cemented with
carbonates and silica, or between porous and non-
porous limestone and dolomite.

5. Arkoses and granite wash are more radioactive than,
quartz sand, but less radioactive than the average
shale.

6. Because of the effect of silt and shale on the
radioactivity of sandstones, there is a marked relation
between the original permeability of the sand and
its radioactivity. However, changes in permeability
due to cementation do not appear to affect their

radioactivity; what influences the results is the
original permeability before cementation. Fig.I-3 C-F,
shows how the frequency distribution of radio-
activities is affected by the original permeability

-7-
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as estimated by Russell. The figures show there

is a marked concentration of low radioactivities

in the class estimated to have the highest original
permeability. This helps explain the agreement

between self-potential curves of the electrical

logs and the curves of radioactivity obtained in

gamma ray well logging.

7. Apparently, the darker the shade of a rock, the
greater the radioactivity. This is true of shales,
limestones, dolomites and marls. However, it does
not apply to rocks stained dark by oil or asphalt.
This increase in radioactivity as the shade grows
darker is probably related to the increase in organic
matter. Oil shales have a higher radioactivity than,
any other sedimentary rock of which a large number
of samples have been tested.

8. The common rocks possessing high radioactivity are
shale, volcanic ash, and bentonite. The very
marked maxima above the normal for shales, which
frequently appear on radioactivity logs in sed-
imentary rocks, are generally due to oil shale,
bentonite or volcanic ash.

9. Strata composed of mixtures of rocks of high and
low radioactivity generally show intermediate values.
Interbedded sand and shale appear to be an exception
to this since they show a radioactivity much greater
than that of sandstone, though less than the average
for shale.

Coals are noted for their low radioactivity, seemingly

in contradiction to item 7 above. Coals are produced in

humate-rich, organic environments yet are notably deficient

in uranium. De Voto (1977) believes the deficiency may be

caused because the coal swamps are characterized by stagnant
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water, noncirculation, and the relatively rapid accumulation

of organic debris. Once the uranium originally present

is precipitated by the reducing conditions the supply is

exhausted and additional uranium is not available.
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SECTION II

GEOLOGY

A. TECTONIC HISTORY AND SETTING

The project is located on the Central Oklahoma

Platform (Northern Oklahoma Platform of some authors) at

the western edge of the Ozark province (Figure 1-2 and

Figure 11-2). The Central Oklahoma Platform is bordered

on the west by the Nemaha Ridge, a block fault feature

which extends northward from Oklahoma City into Kansas.

East of the Central Oklahoma Platform, the Ozark province

consists of the uplifted basement of the Ozark Dome and the

northeast trending faults of its western flank. The Central

Oklahoma Platform is characteristically flat and has been

stable through most of geologic time except for a periodic

mild epeirogenesis resulting in the subtle block fault

activity.

Prolific oil fields have been found all along the

trend of the Nemaha Ridge in the vicinity of, and north of,

Oklahoma City. A similar fault block feature was developed

in the immediate area of Drumright, and it too has produced

-11-



oil. For the most part, the major tectonic activity which

formed these fields occurred prior to Pennsylvanian depos-

ition which followed block faulting, weathering and erosion

of the Lower Paleozoic sediments.

During Pennsylvanian time unconformities were developed

during mild epeirogenic activity on the Central Oklahoma

Platform. This activity tectonically separated all the

Pennsylvanian stratigraphic stages and served to superimpose

a northeast trending fault pattern on the older, northwest

trending pre-Pennsylvanian tectonic grain. Segmentation of

the northwest trending master fault blocks by tilting of

individual components resulted during the northeast trend-

ing faulting.

Visher (1968), Visher, et al (1971), Cole (1969),

Krumme (1975) and Terrell (1972) demonstrated that a number

of the Pennsylvanian sandstones in the map area were depos-

ited in a shallow water, or marginal marine, environment

in which stream.or distributary channels were important.

Sediment source areas were thought to have lain to the

northwest, perhaps in Kansas, and to have provided the

sand and mud deposited on the Central Oklahoma Platform.

-12-
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The stream or distributary pattern probably responded to

the periodic epeirogenic episodes which affected the area

and which controlled the patterns of deposition. To what

extent the regional tectonics controlled the depositional

patterns is subject to speculation since their correlation

has not been identified. However, Terrell (1972) in a

study of trends in the Pennsylvanian Elgin sandstones in

portions of Pawnee, Creek, Payne and Lincoln counties,

illustrated that positions of questionable channel trends

could be established from surface and subsurface data.

Correlation of similar data with subsurface structural

data would be useful in determining their relationship.

In a study of this type, correlation between radio-

activity and regional stratigraphy and tectonics can only

be suggested. For instance, the figures in Section IV

(Results) show a concentration of positive radioactive

anomalies along the Arkansas River northwest of Tulsa and

in the Drumright area southwest of Tulsa. Because the

Drumright area is a known block faulted oil producing

region, a relationship between high radioactivity and

stratigraphic and tectonic parameters is suggested.
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Examination of the ERTS imagery (1:500,000) for the

project area indicates a northwest-southeast major stream

pattern compatible with the predominant structural grain

on the Central Oklahoma Platform (Figure 11-2). The extent

of the linear northwest trend of the Arkansas River through,

and on either side of, Tulsa is remarkable. It extends for

at least 175 miles from near the Kansas border to the

Arkansas border and appears to be a major tectonic feature.

The same ERTS photograph depicts a faint oval anomaly in

the Drumright area. This, and similar tectonic features of

this type and extent have important bearing on the regional

tectonic and sedimentary distribution patterns for this

part of Oklahoma. It is reasonable to assume that these

features would also have some degree of influence on

possible concentrations of uranium.

Because the Central Oklahoma Platform was so stable

during the Pennsylvanian, clastic rocks deposited during

that time consist of shale and clean sandstone. Arkosic

rocks abundant in southern Oklahoma are absent on the

platform indicating long periods of transportation, clean-

ing and sorting. Source areas to the northwest, and
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possibly to the east and south, were so distant that only

trace amounts of many minerals, including radioactive ones,

were retained. However, the development of stream and

distributary channels, and the associated mild tectonic

effects, may have localized radioactive mineral deposits

into potentially prospective concentrations.

A structural and stratigraphic study of the type needed

to evaluate tectonic control of sediment character and

distribution patterns was beyond the scope of this particular

study. However, such a detailed study in conjunction with

a drilling and logging program would facilitate a qualitative

and quantitative assessment of the uranium potential of this

part of Oklahoma.
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B. STRATIGRAPHY

The rocks within the project area, containing anom-

alous radioactive zones, range in age from Precambrian to

Permian. A detailed discussion of the stratigraphy and

depositional history of these units is beyond the scope

of this report. All significant gamma ray anomalies in

northeast Oklahoma occur in Pennsylvanian sediments; the

stratigraphy of these Pennsylvanian rocks has been adequately

summarized by Shelton and Al-Shaieb (1976) and others.

It should be noted that the nomenclature of subsurface

lithologic units in Oklahoma may conflict with surface

nomenclature. Because the data for this report has been

derived from well logs, the subsurface terminology is

used, with the equivalent surface names indicated where

possible, or significant.

Terms used in Oklahoma for productive units or sub-

surface markers are considered informal, for the most part,

unless they have been formally defined and registered with the

Geologic Names Committee of the United States Geological
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Survey (Jordan, 1957, p. 4). In subsurface work in

Oklahoma it has been the custom to use the word "sand",

implying pay zone, and "lime" implying a marker. This

custom has been followed even in instances where the

lithology or a pay zone has not been determined, or where

it changes from place to place. It has.beep recommended

that "pay" be used instead of "sand" where possible

(Jordan, 1957, p. 4). The term zone is frequently used to

indicate the relative stratigraphic position of beds where

the common "sand" or "lime" marker is absent.

The correlation chart for northeast Oklahoma, Figure

II-1, depicts the relationship of those stratigraphic units

used in this report. A general description of the rock

units and their relationship to each other follows.

Systems, Series, Groups, Formations and Members are

described from the oldest to the youngest.

Cambro-Ordovician System

Although a few of the wells examined in the course

of this project do penetrate granite, in general, the

oldest strata reached in the area of study are the late

Cambrian - early Ordovician (Canadian) sediments. These
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sediments comprise the Arbuckle Group. On the surface,

the Arbuckle consists of eight limestone and dolomite

formations. Because the Arbuckle played such an insignificant

role in the study,the details of the stratigraphy of this

group is not presented in any detail. In general, the

upper 900 feet of the Arbuckle is predominantly dolomite

of fine to coarse crystalline texture, oolitic and cherty

in part, containing occassional thin beds (less than 20

feet) of sandstone and arenaceous dolomite (Jordan, 1959,

p. 74). In Creek and Tulsa counties, oil is produced from

the top of the Arbuckle from what is locally termed the

"Turkey Mountain Sand".

Ordovician System

Chazyan Series

Simpson Group

The Simpson Group is generally divided into five

formations. In ascending order these are:

Joins Formation- a compact, dolomitic limestone, not

usually recognized in the subsurface.

Oil Creek Formation - gray, granular limestone with
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a basal sandstone which can attain a thickness of up to

165 feet.

McLish Formation - gray, crystalline to granular

limestone with local sandstone beds.

Tulip Creek Formation - white, bedded limestone with

green shale partings. Equivalent to the Third Bromide

Sand of the subsurface.

Bromide Formation - sands and sandy limestone. This

formation includes the Wilcox sands of the Tulsa and

Seminole areas, and the First and Second Bromide sands

of the subsurface of central Oklahoma.

Trentonian Series

Viola Formation - The Trentonian Series is represented

by the Viola Limestone, a fine-grained limestone up to

800 feet thick. As originally defined, the Viola included

the "Fernvale", now classified separately. The sandstone

facies are termed "First Wilcox" in the Seminole area.

The "Viola Dense" is a zone of compact limestone near the

top of the Viola.

Cincinnatian Series

Fernvale Formation - The Fernvale is a gray, crystalline,
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fossiliferous limestone.above the Viola Limestone and

below the Sylvan Shale. It is sometimes called the

"Fernvale Viola" in the subsurface.

In the southern part of Creek County, the first lime-

stone penetrated below the Sylvan Shale is called Fernvale

or Viola, and the underlying sandstones are called "First

Wilcox" and "Second Wilcox".

Sylvan Formation - an "apple-green" or light gray-green

to brown and black fissile shale. On radiation logs the

Sylvan usually shows a low to normal gamma value with

respect to the rest of the log. This is in contrast to

the highly anomalous Woodford Shale a short distance above.

Silurian - Devonian System

Hunton Group

In the subsurface, the term "Hunton Lime" is used

and may refer to any part of the group. It unconformably

overlies the Sylvan Shale and is unconformably overlain by

the Woodford Shale. The Hunton Group is designated as a

"composite" of five Silurian-Devonian formations, In

ascending order, these are:
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Chimneyhill Formation (Silurian-Albion) - a pink,

crinoidal limestone at the top, glauconitic limestone in

the middle, and oolitic limestone at the base. In the

subsurface the units are termed "Oolitic", "Glauconitic",

and "Pink Crinoidal". The Chimneyhill complex overlies

the Sylvan Shale.

Henryhouse Formation (Silurian-Niagaran) - gray to

reddish marlstone and granular limestone.

Haragan Formation (Lower Devonian) - thinly bedded,

silty, argillaceous marlstone.

Bois d'Arc Formation (Devonian-Helderbergian) - a

crystalline limestone, oil productive in central Oklahoma.

Frisco Formation (Devonian-Oriskanian) - a coarsely

crystalline limestone of local occurrence.

Devonian - Mississippian

Kinderhookian Series

Woodford Formation - The Woodford (Chatanooga) is a

black, fissile shale containing pyrite nodules and sometimes

occurring with pyritic brown chert. The Woodford is readily

recognized on radioactivity logs. Where penetrated, the
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Woodford invariably exhibits a characteristic gamma ray

anomaly that has a narrow "maximum" peak at the top, and

a second, slightly wider, "maximum" peak at the base.

The term Misener Sand is applied to a variety of rock

types at the base of the Woodford shales and resting

unconformably on older rocks (Jordan, 1959, p. 78). In

Creek County the Misener ranges from 0 - 60 feet thick, and

the lithology may be sandstone, dolomitic sandstone, dolomite

or chert conglomerate. Many early driller's logs have

called this unit "Wilcox" and in Kay County an equivalent

unit may be called the "Mollie Miller".

Mississippian System

Osagean Series

The "Mississippi Lime" is equivalent to the Boone

Formation of Branson (1956) and the Moorefield Formation,

or "Mayes" of Jordan (1959, p. 80). The unit is a thick,

crystalline, cherty limestone that may be mainly chert

in places or interbedded with many thin shale horizons.

It sometimes includes Meramecian and Chesterian beds. The

porous and weathered zone at the top is the "Mississippi Chat".
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Meramecian Series

Rocks which have been called "Mississippi Lime" or

"Mayes" in southern Creek County are equivalent to the

surface Moorefield Formation. These rocks lie below the

Hindsville Limestone, where present, or below the Fayette-

ville Shale, and rest with angular unconformity on rocks

of Osagean age (Jordan, 1959, p. 82). The Moorefield is

about 175 feet thick in T18N, R9E, and thins northward and

westward; it increases south and southwestward to 260 feet

in T15N, R9E. The upper 20 to 50 feet is called "False

Mayes" and consists of brownish-gray, calcareous, silty

shale or argillaceous siltstone. Below this, the "Mayes

Lime" consists, alternatingly, of thinly bedded calcareous

siltstone, silty to fine-sandy limestones, and minor amounts

of silty, calcareous shale.

Chesterian Series

Hindsville Formation - light gray limestone, sometimes

bioclastic.

Fayetteville Formation - a dark gray to black, calc-

areous shale with thin interbeds of dark, lithographic

limestone. Equivalents to the "Pitkin" may overlie
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the Fayetteville Shale. The "Pitkin" is a section of

interbedded dark gray shales and limestones that are,

in places, light colored and fossiliferous.

Pennsylvanian System

Morrowan Series

Rocks of Morrowan age rest unconformably on the eroded

surface of Mississippian (Chesterian or Meramecian) strata.

The Springeran is absent in the area of interest. In

southeastern Creek County this unit attains a thickness

of about 200 feet and thins to 0.0 feet toward the north

and west. Thickness and lithologic content vary widely

from place to place.

Union Valley Formation - The thickness of the Union

Valley Formation varies greatly because of the relief on

the underlying Mississippian surface. This formation,

frequently termed the "Dutcher Sand" or "Cromwell" in the

subsurface, generally consists of 20 feet or so of glaucon-

itic limestone overlying about 50 feet of calcareous,

glauconitic sandstone. In the northern area of its

distribution, the Union Valley consists of a glauconitic
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sandstone, generally calcareous at the top, separated

from the overlying Atokan by a thin bed of shale.

Wapanucka Formation - a sequence of massive, oolitic

limestone, calcareous and cherty sands, and finely pyritic,

gray-green shales.

Atokan Series

In the study area, the Atokan strata are variable in

lithology, thickness, and relationship to the overlying

and underlying unconformable surfaces. A basal, lenticular

sandstone grades upward into shale or shale and limestone.

This sand is frequently called the "Dutcher". The term

"Gilcrease" is used where the Atokan sands are clearly

separated from the "Dutcher" sands of Morrowan age. These

sandstones are fine- to coarse-grained, normally non-

glauconitic, micaceous, and argillaceous, with chert

pebbles locally present in the base. Shales are dark gray

and micaceous. Limestones are dark gaay and microgranular.

Desmoinesian Series

Krebs Group

The Krebs Group is comprised of four formations. In
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ascending order, these are:

Hartshorne Formation - a sand/shale sequence with a

thick basal sandstone (termed the Burgess Sand), sandstone

tongues, and occasional coal beds.

McAlester Formation - this formation can attain a

thickness of up to 2000 feet, is about 100 feet thick in

Creek County, and wedges out toward the northwest. It is

basically a sand/shale sequence with some coal beds. It

contains the Warner Sandstone Member which is also called

the Booch, Taneha, and Tucker. The Warner attains a thick-

ness of approximately 300 feet where it is found as a

channel sand cutting through the normal sequence of

Hartshorne and Atokan rocks.

Savanna Formation - this formation consists of shales,

coal, siltstone, and several thin beds of fine-crystalline

brown limestone. These prominent limestone members are

called "Brown Limes" in the subsurface.

Boggy Formation - this formation consists of the following

subsurface units. In ascending order, they are:

Bartlesville Sand Zone - termed Glenn Sand in north-

eastern Creek County, it is considered the equivalent to the
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Bluejacket Sandstone of the surface. The unit may vary

from alternating sand and shale beds, entirely sandstone,

or a lower sand body overlain by sandy shale. Sandstones

occur as lenses rather than blanket-like units. Where the

Bartlesville sand is absent, the Inola Limestone lies above

dark gray and black shales and some thin Lime stringers.

Inola Limestone - normally less than 10 feet thick, this

lime is fairly persistant over the southern and western

portions of the project area. It overlies the Bartlesville

sand zone.

Red Fork Sand Zone - by definition, this section lies

above the Inola Limestone and below the Tiawah Limestone

(Pink Lime). Within this zone, an unconformity separates

the Boggy Formation (Krebs Group) from the overlying

Senora Formation (Cabaniss Group). The upper Boggy shales

in this zone are sideritic mudstones or claystones, variegated

red and green, indicating oxidizing conditions. The over-

lying shales are gray to black and thinly bedded, or fissile.

There are as many as three sands in this zone. They are

lenticular, separated by shales, and equivalent to the Taft

Formation on the surface. A coal bed overlies the middle
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sandstone; this may be the position of the unconformity.

Cabaniss Group

Senora Formation - this formation is comprised of

five well-defined units. In ascending order, these are:

Tiawah Limestone (Pink Lime) - a persistent lime with

associated black shales. This lime is easily recognized

on the surface above the upper Taft Sandstone, but is less

obvious in the subsurface where the Red Fork Sand may be

poorly defined or absent. The Tiawah and associated beds

are normally less than 10 feet thick. The lime is compact,

white, with some pink calcite.

Skinner Sand Zone - coarse, reddish, lenticular to

persistent sands containing as many as seven coal cycles.

Verdigris Limestone - a siliceous, ferruginous lime-

stone overlying black shales and the Croweburg (Henryetta)

coal. Unit is only about 20 feet thick.

Prue Sand Zone - zone contains sandstone and shales

in varying proportions. The Prue sands are lenticular, may

overlie the Verdigris Limestone, with the Iron Post coal

and another limestone above. A sandstone occurring above
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the coal is termed "Prue Sand" where productive. An upper

limestone member (Breezy Hill) is sometimes included with

the Oswego Limestone in the subsurface.

Marmaton Group

The base of this group is well-defined by the base of

the Fort Scott Limestone. The thickness of the group is

highly variable and ranges from about 250 feet to greater

than 800 feet. Six distinct subsurface units are recognized.

In ascending order, these are:

Fort Scott Formation (Oswego Lime) - a fine- to

medium-crystalline, fossiliferous limestone, containing

chert in places. Where oolitic, it is sometimes called

the "Wheeler Sand".

Labette Formation - a well-defined shale zone occurring

between the Fort Scott and the Oologah. In this shale

section, the "Peru Sand" occurs in places as an occasional

pay zone.

Oologah Formation - Basically, a thick limestone with

black shale separating the upper (Altamont) and lower

(Pawnee) members. The best development of these units is

in the northern part of Oklahoma. This unit grades
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southward into thin, lenticular beds of dark gray and brown

shale. Some thin, brown, fine-crystalline limestone strata

within the shale section probably represents some part of

the Oologah as far south as T14N, in western Creek County.

Nowata Formation - a dark gray shale above the

Oologah (Big Lime). The Nowata is essentially indisting-

uishable in the subsurface from the overlying Lenapah and

Holdenville, where these units change into interbedded

shales with lenticular limestones and sandstones. The

subsurface "Wayside Sand" may be found in this unit.

Lenapah Formation - a gray, sandy to algal limestone,

discontinuous in the subsurface because of erosion in

many places.

Holdenville Formation - essentially a dark gray shale,

this unit is usually indistinguishable in the subsurface

from similar units above and below.

Missourian Series

Skiatook Group

The Skiatook Group is comprised of six formations.

In ascending order, these are:
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Seminole Formation (Cleveland) - mainly sandstone.

Sandy shales separate the sand bodies which are lenticular

and which may merge to form larger units. Conglomerates

are found locally at the base. Some sand units appear to

be channel sands with basal shales cutting into the

Desmoinesian units. In Creek County, the Dawson coal

divides the Seminole into two units. The upper unit

contains the "Jones" (Upper Cleveland) pay sand. The term

"Cleveland Sand" (Lower Cleveland) is applied to the

producing sand in the lower part of the section. The

Dawson coal may be represented, in places, by a limestone

bed less than 5 feet thick.

Checkerboard Formation - a limestone and calcareous

shale, phosphatic at the top. The Checkerboard is probably

one of the most widespread and persistent marker horizons

in the project area. Toward the Creek-Lincoln-Payne

county portion of the study area there are two distinct

limes in this stratigraphic position. In Creek County,

the upper unit is a dark, fine-crystalline limestone and/or

black shale. The lower unit is a persistent, cream to

white, fossiliferous limestone, correlative with the
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Checkerboard Limestone on the surface and has been traced

to the type locality (Jordan, 1959, p. 98).

Coffeyville Formation (Layton Zone) - unit consists

of interbedded shale and sandstone. Sand units which

produce oil and gas (upper and middle Layton sands) occur

generally in the upper part of the formation. A coal bed

may be present near the top. A second coal, or black

shale, occurs in the middle part of the section, just above

a sandstone that is generally termed the Lower Layton. In

the northern part of Creek County, as well as in counties

to the west and north, a black shale or dark brown micro-

crystalline limestone near the base of the formation

exhibits high electric resistivity and ganuna ray intensity,

which may cause it to be mistaken for the Checkerboard.

Hogshooter Formation - a gray, massive to thinly

bedded, locally oolitic, sometimes dolomitic limestone

ranging in thickness from 1 to 50 feet. In the subsurface,

the Hogshooter is locally overlain by shale. At the base,

the Lost City Member may be found, erratically. In the

western part of the study area, the "Oklahoma City Limestone"

is probably the "Lower Hogshooter Lime", coming in below
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the Layton and above the Checkerboard as part of the

Coffeyville.

Nelly Bly Formation - mainly dark shale with some

sandstones to the south. It is conformable with the

Hogshooter Formation below and the Dewey Formation above

(Oakes, 1963, pp. 67-68).. The shales alternate with hard

gray sandstones, the latter ranging from a few inches to

several feet in thickness. The formation thickness ranges

from only 15 feet on the Kansas line to about 400 feet

in northwestern Okmulgee County and thins westward from

Osage County. The shales are gray or dark gray, compact,

calcareous, and locally micaceous (Clare, 1963, p. 32).

Dewey Formation - The Dewey Limestone marks the top

of the Skiatook Group, and appears to be better represented

where the Nelly Bly is thin. It is difficult to recognize

where the overlying Cottage Grove is well-developed. In

Pawnee County, the zone is represented by calcareous, gray

to dark gray, arenaceous, and slightly micaceous, shale

with a number of thin, multicolored (white to brown),

locally developed, finely crystalline to microcrystalline

limestones. Also locally present in the zone is a thin,
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light gray, medium-grained, calcareous sandstone (Clare,

1963, p. 33). The term Avant is frequently applied to the

Dewey Limestone (Jordan, 1959, p. 11). Sometimes it is

termed Avant-Dewey on the well logs.

Ochelata Group

The Ochelata Group includes all rocks from the base

of the Cottage Grove Sandstone of the Chanute Formation

to the top of the Tallant Formation. The group consists

of five formations. In ascending order, these are:

Chanute Formation - includes strata from the top of

the Skiatook Group to the base of the Iola Formation. It

is primarily sandstone, but is also characterized by

interbedded, thin, discontinuous limestones and shales.

The Cottage Grove Sandstone ("Osage-Layton" or "Mussellem")

is the principal member. It is white, locally gray to tan,

fine- to coarse-grained, commonly porous, locally calcareous,

containing chert and glauconite at the base. The sandstone

ranges from 0 to 125 feet in thickness. There is local

thinning. Thickening of the sand seems to occur at the

expense of the overlying shale as well as the underlying
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Dewey Limestone (Clare, 1963, pp. 33-34). Where the

Cottage Grove Sandstone is absent, the shales are gray to

dark gray, silty to sandy, and compact.

Avant~FoTmation - white, light gray to tan, somewhat

mottled, microcrystalline to medium-crystalline, arenaceous

and dolomitic. The Avant grades into shale and sandstone

northward and westward. In the subsurface the name Avant

is frequently misapplied to the Dewey Limestone, upper

Nelly Bly, and the Wildhorse Dolomite.

Wann Formation - this unit is difficult to trace in

the subsurface because of rapid lateral facies changes.

In Pawnee County this formation ranges from 360 feet thick

in the southwest to 565 feet in the north. The lower Wann

consists of 100 to 190 feet of gray, silty, calcareous,

platy shale. It is overlain by what is considered by many

geologists to be the Perry Gas Sand zone. "The Perry Sand"

is any sandstone between the Wildhorse Limestone above and

the Avant Limestone of the Iola Formation below ..... (Clare,

1963, p. 36). Note: In this report, and on the correlation

chart, Avant is used as the formational name rather than

being considered a member of the Iola. The upper part of
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the Wann Formation consists of 50 to 150 feet of chocolate

and gray shale. This locally contains the Wildhorse Lime-

stone or Dolomite. The Wildhorse is white to gray or buff,

dense, finely crystalline to granular. In Pawnee County

the Wildhorse is locally represented by two limestones

separated by 25 to 40 feet of shale.

Barnsdall Formation - mainly shale ranging in thick-

ness from 45 to 165 feet. The Birch Creek Limestone occurs

at the base where it may lie with a slight disconformity

on the Wann Formation (Clare, 1963, p. 37). Locally, tongues

of "Okesa Sandstone" are found. The "Okesa" is a white,

fine- to medium-grained, locally massive, calcareous

cemented sandstone.

Tallant Formation - interbedded chocolate and gray

sandy shales and thick sandstones lying conformably upon

the Barnsdall Formation. The basal unit is the Bigheart

Sandstone, normally massive, but containing shaley or

silty streaks. The base seems to be well-defined, but

lenticularity of the beds produces disagreement as to the

upper limit. Above the Bigheart is an unnamed section

consisting of maroon and gray shales and thin, lenticular
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beds of light colored siltstone and fine-grained sandstone.

The Revard Sandstone Member is a term applied to a

persistent sandstone normally present in the upper Tallant.

The lenticular nature makes difficult the correlation of

the Revard of one locality with another locality. In

Pawnee County; the Revard is normally a massive sandstone

containing thin lenses of shale and white siltstone. Above

the Revard is another unnamed sequence of shale containing

thin, lenticular beds of light-colored siltstones and

fine-grained sandstones.

Virgilian Series

Douglas Group

Vamoosa Formation - The Vamoosa Formation is made up

of four members. In ascending order, these are:

Tonkawa or Stalnaker Sand Zone - known as the

Chesewalla Sandstone on the surface, this zone is a section

of interbedded shale and sandstone. The lower Tonkawa

section is a white to light gray, fine- to coarse.grained,

porous, friable, slightly calcareous sandstone that becomes

locally cherty. Local and minor channeling is present on
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the uneven erosional surface. The upper part of the

Tonkawa zone is mostly shale but locally is sandstone with

shale partings (Clare, 1963, p. 39).

Wynona Sandstone (Endicott sand zone) - This unit is

referred to as the Endicott Sand in the subsurface. The

sandstone is white to light gray or brown, fine- to

coarse-grained, locally massive and slightly calcareous.

Near the base, locally, are several thin beds of dull-white,

finely crystalline, porous limestone. The Endicott yields

some oil and is similar to overlying sandstones of the

Elgin-Hoover zone.

Above the Endicott zone lies a thick sequence of dark

fossiliferous shales or a zone of gray shales and thin,

discontinuous limestones. This shale sequence is named

the "Kanwaka Shale Member" on the surface of Pawnee County.

This shale sequence includes a thin wedge of Elgin Sandstone

near the Kansas border.

Read Limestone - In Kansas the Oread Limestone has

the rank of formation but is considered to be a member of

the Vamoosa in Oklahoma. The Oread consists of one to

three limestone beds and calcareous shales (Branson, 1956).



Where the name Oread is used in the subsurface, in many

places it refers to the Plattsmouth Limestone (Jordan,

1959, p. 148) or to the middle member of the Oread Formation.

This limestone is a blue-gray, medium to coarsely crystalline

limestone containing many fusulinids. Fragments of

apparently inorganic limestone, pink barite, and limonitic

concretions are commonly noted on the surface outcrops of

Osage County (Tanner, 1956, p. 53). The Oread does not

seem to be present in Pawnee County, where the Kanwaka

Shale, which may include the Elgin Sandstone, overlies

the Wynona (Endicott).

Elgin Sandstone - "In Pawnee County, the Elgin

consists of four sandstone beds and numerous sandstone

lenses within the Kanwaka" (Greig, 1959, p. 32). They

are medium- to fine-grained, massive, cross-bedded,

locally exhibiting jointing, ripple marks, and contorted

bedding. In the subsurface, the "Elgin Sandstone" is

equivalent to the "Lower Hoover" or "Elgin-Hoover" sand.

The preferred terminology is Elgin Sandstone (for "Lower

Hoover") and Hoover Sandstone (for "Upper Hoover") in the

"Elgin-Hoover" zone lying above the Oread Limestone and
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below the Deer Creek Member of the Pawhuska Limestone

(Jordan, 1959, p. 96).

Pawhuska Formation - interbedded limestones and

shales with three main limestone members. In ascending

order, these are:

Lecompton Limestone - a succession of shale and

sandstone beds with thin layers of discontinuous limestone.

The limestone is hard, dense, and thinly bedded. From

the Kansas border southward, the percentage of limestone

decreases, while the clastic material increases.

Deer Creek Limestone - a persistent, light gray to

brown, medium to finely crystalline, mottled, cherty

limestone.

Turkey Run Limestone - a light gray to brown,

finely crystalline limestone that correlates with the

Topeka Limestone of Kansas.

Wabaunsee Group

This group includes those rocks from the top of the

Topeka Limestone (Turkey Run) to the top of the Brownville

Limestone, The rocks consist of sandy shales becoming

shalier with limestones northward into Kansas.
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Bird Creek Formation - white to buff, thin, fossiliferous

limestone which correlates with the Howard Limestone of Kansas.

Burlingame Formation - gray to buff, finely crystalline,

fossiliferous limestone. From the top of the Burlingame

Limestone to the Brownville is a section of alternating

shales and limestones. Included in this section are the

Wakarusa Limestone, the Garber Sand Zone, the Elmont-Reading

Limestone, the Stonebreaker Limestone, the Crews Sand,

and the Cambell Sand. No attempt is usually made to

identify these units in Oklahoma because they are generally

thin and difficult to correlate.

Brownville Formation - light brown to gray, finely

crystalline, dolomitic limestone. Very thin, usually

only 2 to 3 feet thick, difficult to correlate, easily

confused with a great many similar beds, and is a poor

marker on which to separate the Pennsylvanian and Permian

systems. The Brownville is also known as the Grayhorse

in Oklahoma. Overlying the Brownville are the predominantly

red beds of Permian age. The transition from Pennsylvanian

to Permian is gradual and the exact position is usually

conjectural.



Permian System

Permian rocks range from the top of the Brownville

Limestone, where an obscure disconformity separates the

Permian from the underlying Pennsylvanian rocks, to lower

Leonard on the surface. Lithologically, the formations

consist of thin dolomites and limestones, red, chocolate,

and gray shales, and red, coarse-grained sandstones.

Rocks consist of both marine and non-marine beds.

Wolfcampian Series

The Wolfcampian Series is divided into the Admire

Group, Council Grove Group, and the Chase Group. Because

little of interest was found in the Permian detailed

correlations were not undertaken. Therefore, only

generalized descriptions of the groups will be given in

this report.

Admire Group

The base of this group is at the top of the Brownville

Limestone and the top is at the base of the Foraker

Limestone. The group is relatively thin, usually less

that 200 feet, and consists of interbedded gray shales
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and thin impure limestones. The Admire is conformably

overlain by the Council Grove Group.

Council Grove Group

The Council Grove Group is usually less than 400

feet in thickness and ranges from the Foraker Limestone

to the top of the Funston Limestone. The group is composed

almost entirely of alternating thin beds of limestones and

shales. Both the limestones and shales become quite

sandy southward from the Kansas border. The shales,

which are gray in northern Oklahoma change southward to

maroon and red colors.

Chase Group

The Chase Group is usually less than 400 feet thick

and, as with the other Permian groups, consists primarily

of alternating limestones and shales. The shales are

in varying shades of red and green, while the limestones

are generally light gray, dolomitic, and cherty. The

limestones make good markers for correlation. Between

the Wreford and Fort Riley limestones there is a series

of red shales and sandstones.
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Leonardian Series

Sumner Group

The major components of the Sumner Group in the study

area are the Wellington and Garber formations. The

Wellington consists of gray to bluish shales with numerous

thin beds of gray mudstone. South of Kay County these

units merge with the red beds. The Garber is a series

of red clay shales, red sandy shales and red sandstones.

This Garber should not be confused with the Garber Sand,

a subsurface term applied to a unit correlative with the

Pennsylvanian Pawhuska Formation.
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SECTION III

PROCEDURES

A. MEASUREMENT, SELECTION AND EVALUATION OF ANOMALIES

All gamma ray logs in the area of interest, present

in the file of the Oklahoma Well Log Library, Tulsa,

Oklahoma, were examined. In areas of dense coverage, only

the best logs were chosen (Figure III-1). The stratigraphic

units of primary interest were known to be of Pennsylvanian

age, but other rocks, such as the Arbuckle Limestone of

Ordovician age and the Woodford Shale of Devonian age

were also known to be radioactive and were included in the

investigation.

Several problems that would affect the project

immediately became apparent. These were:

1. Gamma ray logging is frequently limited to

particular zones of interest resulting in few of the logs

extending from surface to total depth.

2. Various well logging service companies used

different standards of measurement for logging purposes.

Although formulas for conversion to modern API units are

available, the conversion did not always yield results
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which could be compared in a meaningful way to

adjacent wells.

3. Maximum deflections are not usually recorded after

going off-scale more than three times. This makes it

impossible to compare, in a quantitative way, the largest

and most significant anomalies.

4. Log quality varied widely as a result of operator

experience, differences in instrumentation, and calibration

of logging units.

Problem 1 was not considered serious for a regional

study because few radioactive anomalies occur above the

Missourian Series.

Problems 2 and 3 were accommodated by referencing the

magnitude of the anomalies to the shale base. For instance,

the magnitude of the anomalies may be 1.5, 2.7,> 3, or any

other value, times shale base. This precludes the

necessity of converting to API units and makes all wells

comparable.

Problem 4 could not be "solved" but the problem was

minimized by selecting only the best logs for study.
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All abnormal radioactivities were noted for each

well and were recorded on a standardized format (Figure

111-2). A total of 1847 logs were used to compile the

maps (Figures IV-1 through IV-6). Electrical logs,

sample logs and scout tickets were used to maintain

reasonable stratigraphic control. Stratigraphic nomen-

clature conforms as much as possible to that presented

by Louise Jordan (1957).

B. WATER WELL DATA

One facet of the study was to obtain water analyses

of public water wells, to identify the aquifer, and to

integrate the highly radioactive water and aquifer data

into the project's mapping program.

The Radiation Protection Division of the Oklahoma

State Department of Health supplied the analyses of the

water produced by the public water supplies of Oklahoma.

The analyses consisted of radium, gross alpha and gross

beta reported in picocuries per liter. The gross alpha

analyses were to be used with caution because of suspected

inaccuracies in the analytical procedures.
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FEASIBILITY STUDY FOR POTENTIAL DRILLING AND LOGGING

SITES IN NORTHEASTERN OKLAHOMA

Project Number: 20-76-1174 Subcontract Number: 76-034-M

nifier Location Well Name Interval Scale

Background Shale Base Gamma Ray Anomalies

Orig. Unit A.P.I. Orig. A.P.I. Orig. A.P.I. Subsea Strat- Qual.
Depth Elev. igraphic Eval.

Unit

Maximum

Other
Anomalies

Elev. of Pre-Pennsylvanian Unconformity =

FIGURE 111-2
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The following information was requested from

120 communities:

1. Location of municipal water wells, if any, by
section, township and range.

2. Depth of water wells.

3. Identification of aquifer - if available.

4. Copy of driller's log - if available.

5. Other pertinent data, i.e., water quality analyses.

Only 16 of the 120 communities contacted responded;

eight of these communities utilized wells for their municipal

water supply. All eight reported shallow wells producing

from river alluvium.
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SECTION.IV

RESULTS

The results of the investigation are presented as

a series of maps (Figures IV-i through IV-6 inclusive).

Figure IV-1 displays the areal distribution of the maximum

radioactive anomalies recorded in each well, together with

the depth to the maximum value. Figure IV-2 presents the

distribution of relative radioactivity in the Woodford

Formation; again the depth to the anomaly is recorded.

Figures IV-3, IV-4, IV-5 and IV-6 record the distribution

of radioactivity in the Krebs-Cabaniss, Marmaton, Lower

Skiatook and Upper Skiatook respectively. These maps

are an effective summary of the data collected and are

the basis for the conclusions.
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SECTION V

DISCUSSION OF RESULTS

A. GENERAL

Natural subdivisions of the Pennsylvanian stratigraphic

column determined the major mapping units. The mapped

units contain major and minor anomalies persistent over

most of the area of study. The logs examined in the course

of this project disclosed no significant anomalous radio-

activity in the granites, Lower Paleozoic or Permian

units, therefore, no separate maps were made of these intervals.

It was anticipated that the Missippian-Pennsylvanian

unconformity would contain highly anomalous areas. There

may be relatively small, localized anomalies at the base

of the Pennsylvanian, but these are in the nature of a

high shale base in dhat has been termed the Burgess zone.

This Burgess zone usually occupies a shale underlying the

Burgess sand and overlying the Mississippi Chat. No 'sig-

nificant radioactivity was recorded for the unconformable

surface.

Some studies have shown that radioactive anomalies

are associated with oil-producing structures (Al-Shaieb)
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et al, 1977, p. 360). Highly detailed studies on a local

basis may show this to be the case. However, this regional

study revealed little direct relationship between the

location of oil fields and radioactivity. Whatever

association is indicated can be readily explained by the

concentration of drilling and logging in the field areas;

the relationship is a function of available data.

The anomalous radioactive zones are usually 4- to

6-foot shale intervals below or above a persistent lime-

stone. Occasionally, these blanket-like zones occur in

shales above or below a sandstone, or in a thickened shale

section where the sandstone or limestone unit, usually

associated with the anomaly, may be locally absent. Because

most of the anomalies are consistently associated with

particular lithologic units of broad areal extent, it is

assumed that these persistent anomalies are of sedimentary

origin. Whether the anomalously high readings are caused

by potassium, uranium, radium, the concentration of

daughter products of radioactive decay by ground water,

or other reasons, is not known.
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B. RADIOACTIVE MAXIMA

Figure IV-1 depicts the distribution of radioactive

maxima in each well studied in the project area without

regard to stratigraphy. The upper number is the maximum

radioactivity recorded in the well relative to shale base;

the lower number is the distance in feet below the surface

to where the maximum reading occurs.

The distribution of values greater than three times

shale base is relatively random and few conclusions can

be drawn from the array. There is a distinct trend of

increasing depth to the highest readings toward the south-

west. This is a direct consequence of the fact that, where

penetrated, the Woodford Shale usually has the greatest

radioactivity in a well, and that the Woodford occurs at

increasing depths to the southwest.

C. WOODFORD SHALE

Figure IV-2 shows the distribution of radioactivity

in the Woodford Formation. As previously stated, the

Woodford Shale, where present, is the major anomaly both

in intensity and thickness. The interval is almost always
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characterized by two radioactive "kicks", one at the top

and one at the base, with the larger always at the base.

The most striking aspect of the anomaly distribution in

the Woodford is that the majority of values greater than

three times shale base occur southwest of the northwest-

southeast trending lineament of the Arkansas River valley

(Section II-A, Figure II-1). The relationship of high

radioactivity to this structural feature cannot be explained

from the data assembled for this project. More detailed

investigation would be required.

D. KREBS- CABANISS

Figure IV-3 depicts the distribution of radioactive

intensity in the Krebs- Cabaniss groups. With very few

exceptions, the areas of highest radioactivity occur from

Tulsa to Cleveland along the Arkansas River and in the

Drumright - Yale area. In what has been designated as

the Senora Formation (Jordan, 1959, pls. C & D), two

sheet-like anomalies are found over most of the project

area. One lies at the base of what is commonly termed the

Prue Zone, usually marked by the presence of the Verdigris
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Limestone. This anomaly usually lies at the base of the

limestone but, toward the north, into Osage County and

eastward, it may be found at the top of the Verdigris

Limestone or the anomaly may occupy the position of the

limestone instead of an upper or lower shale.

A second moderate to large, but persistent, anomaly

is associated with shales immediately above or below the

Pink Lime. Occassionally, the intensity increases and

occupies positions both above and below the lime with

correspondingly higher shale readings in the lower Skinner

and upper Red Fork zones.

Both these anomalies, low to moderate in intensity, are

almost always present over most of the area. Both anomalies

may occupy the actual stratigraphic position of the lime

where the lime unit is exceptionally thin or absent.

E. MARMATON

Figure IV-4 shows the areal distribution of radio-

activity in the Marmaton. Again, there is an indication of

a trend of concentration of "highs" in the Tulsa-Cleveland

area along the Arkansas River. Others are scattered along

-55-



the Nemaha Ridge, at Drumright, in the vicinity of Stroud,

and aligned north of Tulsa to the Kansas border.

The major anomaly in this group is designated "top

Oswego" and like the Layton Zone anomaly above, is frequently

of maximum intensity on the well log where the Woodford

has not been penetrated. The group which ranges from the

base of the Oswego or Fort Scott to the top of the Nowata

Shale, includes the Big Lime or Oologah Formation, the

underlying Labette Shale, and, where present, a local sand

in the Labette known as the Peru Sand (Note: not to be

confused with the Prue Sand of the Cabaniss Group).

Probably the most persistent and widespread anomaly

in the area of study is the "top Oswego" zone. Of comparable

extent and persistence is another, less intensely radio-

active zone about 30 to 40 feet below, termed "base Oswego".

This pair of anomalies is from the most easily recognized part

of the stratigraphic section in the project area. Usually

they maintain approximately the same relative distance apart,

whether the Oswego lies between them or whether, porth and

east of Payne and Creek counties, the lime thickens above

and below the pair of anomalies. However, in the southern
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edge of the study area, particularly in townships

14 - 15 north, ranges 6 - 8 east, the pair of anomalies

almost merge due to the thinning of the Oswego Lime

between them.

Slightly above the Oswego or Fort Scott, in Payne

and western Creek counties, a small limestone is designated

as "Big Lime" by many. A radioactive shale just above this

unit occurs 10 to 30 feet above the "top Oswego".

Frequently, there is a small "Lower Cleveland" anomaly

in the shales above this. North and east of Creek County

these two anomalies appear to persist and move upward in

the section as the Big Lime develops into a more massive

unit and the Labette Shale thickens below it.

The entire Big Lime-Oswego sequence thickens consid-

erably toward the western edge of the area, on both sides

of the Nemaha Ridge (T16-19N, Rl-5W). Here,the subsurface

term "4th Oswego" is frequently applied to the dense lime

unit separating the pair of Oswego anomalies.

It is sometimes possible to distinguish three lime

units, separated by thin shale breaks, above the 4th Oswego.

These three limes are separated by a thicker shale unit
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from the overlying Big Lime. The anomaly which occurs

at the base of the Big Lime can be traced north and east

across Noble, Payne, and Creek counties and merges with

an anomaly at the top of the Pawnee. The Big LIme thickens

and develops into two discrete massive units separated by

a shale, in Osage, Tulsa, and Washington counties. These

units are frequently named, in ascending order, the

Pawnee Limestone, the Bandera Shale, and the Altamont

Limestone. The anomaly at the base of the Altamont is

probably correlative with the top of the Bandera Shale.

The Marmaton anomalies are moderate in intensity

and attain maximum intensity, and persistence, where the

overlying limestones are themselves distinct and persistent.

The major radioactive anomalies do not transgress lith-

ologic units; minor radioactive anomalies sometimes do.

F. SKIATOOK GROUP

The Skiatook Group breaks naturally, on the basis of

general lithology and persistent anomalies, into two

mapping units. These are (1) the Lower Skiatook, ranging

from the top of the Nowata up to the base of the Checkerboard
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Limestone,and (2) the Upper Skiatook, ranging from the

base of the Checkerboard Limestone up to the Dewey Formation.

The Lower Skiatook includes the "Jones" or Upper

Cleveland zone (or Lenapah Lime where the upper sand unit

is absent) as well as the Middle and/or Lower Cleveland

sands with associated shales. The Cleveland zone anomaly

is moderate to slight in intensity but fairly widespread

and usually found best developed above the Middle Cleveland

Sand or, where present, below or above the Lenapah Limestone.

Where neither massive unit is present it still may be found

in the corresponding shale section.

The Cleveland zone anomaly is absent in southern

Logan and Kingfisher counties, west of TlW, as well as in

the southern margin of the area of study.. It becomes

recognizable and persistent at approximately T18-20N.

The Cleveland zone anomaly, on- a regional basis, is

probably a composite of several relatively localized

anomalies. Where there is no significant Cleveland Sand

unit there may be one or more radioactive highs associated

with shales above or below the Lenapah Lime.

Within the Upper Skiatook, a consistently high anomaly
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is recognized in what is called the Layton Zone. In Creek

and Payne counties it occurs in shales of approximately

the middle of the Layton Zone, 80 to 100 feet above the

Checkerboard Limestone. As this zone is traced northward

through Osage and Washington counties to the Kansas border,

it appears lower in the section until it lies persistently

atop the Checkerboard.

The zone is absent on logs along the southern edge

of the study area. In Logan and Kingfisher counties,

at approximately T16-17N, Rl-4W, this anomaly was termed

"Lower Layton" on the data work sheets to distinguish it

from another persistent anomaly termed the "Upper Layton".

To simplify, anomalies in shales above the Checkerboard

and below the Dewey Formation fall within the Layton Zone.

These anomalies are further defined with relation to the

part of the zone in which they occur, or with reference

to a recognizable sand or lime marker within the Layton

Zone. The Layton Zone anomalies are more localized than

those occurring in other groups; they are found in only

three or four townships rather than over the entire project

area.
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SECTION VI

CONCLUSIONS

1. Gamma-ray logs depict anomalous radioactivity zones

for rocks ranging in age from Ordovician to Permian in

the area of study.

2. The majority of the anomalous intensities are

confined to the Desmoinesian and Missourian series.

3. For the most part, anomalies apparently are

erratic and show few signs of clustering or trends.

Because of the erratic nature of the data it is concluded

that additional drilling in areas of sparse gamma-ray log

coverage will not contribute significantly to the information

already gathered.

4. The sheet-like nature of most of the study area's

radioactivity indicates a sedimentary origin for many of

the anomalies.

5. The anomalously high radioactivity as reflected on

the gamma-ray log does not directly detect or measure

high uranium concentration. Additional analytical data

-61-



are needed for the interpretation of the causes for the

radioactive anomalies on the well logs.

6. The water well analyses obtained for this study

do not contribute to this project; the data are much too

sparse.

7. The techniques are standards developed in the

northeast project area will be applicable throughout

much of the Central Lowlands.

8. Reentry of old holes for logging purposes is

discouraged. The experience of Environmental Sciences'

personnel and associates, and that of commercial logging

companies, indicates that this frequently becomes an

extremely expensive and time-consuming exercise. Redrilling,

or twinning, is preferred where possible.

9. Drill sites should be selected to emphasize

localities where the radioactivity appears to be associated

with the sand deposits. Within the project area, radio-

activity in shale was normal; high radioactivity in the

sandstone was not. The sandstone and sand-shale units

possessing abnormally high radioactivity generally fall

within the regional channel distribution system as shown

by Visher (1968, Fig. 1). This is also an area of intense

drilling activity, both past and present, numerous salt

water disposal wells and secondary recovery projects.
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10. An observable relationship exists between oil-

producing structures and radioactivity (Al-Shaieb, et al,

1977). This may be caused because reducing conditions

are created as the volatile hydrocarbons move upward above

the oil fields which may in turn precipitate uranium

minerals. There may be an additional association of radio-

activity and secondary recovery operations.
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