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DISPOSAL OF INDUSTRIAL WASTES IN OKLAHOMA

Abstract—A reconnaissance-level evaluation of the surface and subsurface geology of Oklahoma
was conducted in order to identify those rock units that might be favorable for the disposal of
industrial wastes. The data and interpretations presented should be of assistance in regional
planning and in preliminary selection of potential disposal units, but additional detailed studies
must be conducted to verify the waste-containment capability of a disposal unit at any particular
site.

For surface disposal, the geologic setting, thickness, physical properties, and mineralogy were
evaluated for each of the major geologic formations that crop out in the State. Geologic, mineralogic,
and engineering data were used to classify the geologic formations in Oklahoma into three catego-
ries or zones: (1) generally favorable, (2) less favorable, and (3) least favorable for surface disposal of
industrial wastes. Favorable units recommended for detailed study are shales, clays, and other
low-permeability rocks that are more than 50 feet thick, whereas the least favorable category
includes limestone, gypsum, permeable sandstone, alluvium, terrace deposits, and granite. The
intermediate category embraces those rock units that locally contain thick shales or other low-
permeability rocks that might be suitable for waste disposal. The foregoing information is displayed
on a 1:750,000-scale base map of Oklahoma (pl. 1).

Rock types that are most desirable for subsurface waste disposal in Oklahoma are porous and
permeable sedimentary rocks, such as sandstone, limestone, and dolomite, although fractured shale
or mined caverns in shale and salt may also be suitable. Thick sequences of sedimentary rock make
up most geologic provinces in the State, and it appears that most areas are underlain by potential
host rocks that locally can contain industrial wastes safely. Major sandstone units that are capable
locally of accepting liquid wastes include the Simpson Group, the Springer Formation, Pennsylva-
nian sandstones, granite wash, and Permian sandstones; major carbonate units include the Arbuck-
le Group, the Hunton Group, Mississippian limestones, the Brown dolomite, and Permian dolomites.
Where used for waste disposal, these host rocks typically have porosities ranging from 5 to 20
percent and permeabilities ranging from 20 to 2,000 millidarcies.

PART I.—INTRODUCTION

KENNETH S. JoHNSON, KENNETH V. Luza, AND JOHN F. ROBERTS

In recent years, considerable attention
has focused on the problem of disposal of in-
dustrial wastes in Oklahoma. Industrial
wastes, such as spent acids, caustic solutions,
poisons, flammable liquids, explosives, lig-
uids containing heavy-metal ions, and other
material, were disposed of in the past without
sufficient assurance that they would be per-
manently isolated from fresh-water re-
sources and the biosphere (the zone of living
organisms). To properly regulate industrial-
waste disposal in the future, the State of
Oklahoma passed the Oklahoma Controlled
Industrial Waste Disposal Act in 1976, mod-
ified in 1978, and the Oklahoma State De-
partment of Health has established rules and
regulations for carrying out the management
and disposal of industrial wastes (Oklahoma
State Department of Health, 1979).

;Geologists, Oklahoma Geological Survey.
Geologist, Oklahoma Geological Survey, deceased.

To facilitate future selection of possible
waste-disposal sites, the Oklahoma Geologi-
cal Survey, in cooperation with the Oklaho-
ma Department of Economic and Community
Affairs, has conducted an evaluation of the
surface and subsurface geology of the State in
order to identify those rock units that appear
generally favorable for the containment of
wastes. This is a reconnaissance study, and it
does not establish the suitability or unsuita-
bility of any particular rock unit or any
specific site for disposal of industrial wastes.
The suitability of a rock unit for waste dispos-
al at a particular site can only be established
by detailed on-site investigations. Fur-
thermore, this study addresses the disposal of
controlled industrial wastes only and does
not consider the disposal of radioactive
wastes.

Waste disposal at the surface and in the
subsurface is discussed separately in Parts II
and III of this report, because of basic differ-
ences in the geologic criteria for emplace-



2 Part I.—Introduction

ment and containment of wastes in the two
environments. Rock units most favorable for
surface disposal are impermeable sedimen-
tary rocks, such as shale and clay, that can be
excavated and that can prevent loss or migra-
tion of wastes from the disposal pit. Rock
types that are most desirable for subsurface
waste disposal are porous and permeable
sedimentary rocks, such as sandstone, lime-
stone, and dolomite, that can accept injected
liquid wastes. These porous and permeable
subsurface units should be enveloped by im-
permeable strata to assure containment.
Fractured shale or mined caverns in shale
and salt may also be suitable locally for sub-
surface disposal.

Of primary concern in selecting a rock
unit and site for waste disposal is the need for
assurance that the waste will be isolated
from fresh-water zones and the biosphere for
as long as the waste is hazardous to man and
his environment. This concern can be ad-
dressed by a thorough study of the geology
and hydrology of a proposed site and its sur-
rounding area. Such a study of the State and
all the potential disposal sites within the
State is beyond the scope of this report, but a
brief summary of the State’s geologic frame-
work and hydrology is appropriate.

At many times in the past, parts of Okla-
homa and surrounding states were covered
by shallow seas, and thick layers of marine
mud, sand, and lime were deposited. Other
sands and muds were laid down at the same
time as alluvial and deltaic deposits on land
areas near the ancient seas. After burial be-
neath later sediments, these muds, sands,
and lime layers were changed to shale, sand-
stone, and limestone, respectively, by com-
paction and the cementing together of the
granular material. Rocks that now crop out
are exposed by uplift of the earth’s crust be-
neath parts of Oklahoma and by erosion of
the sedimentary rocks that previously cov-
ered them. Uplift was accomplished either by
gentle arching of broad areas or by the forma-
tion of mountains, where rocks were intense-
ly folded and faulted and thrust upward.

The three principal mountain belts of
Oklahoma—the Ouachita, Arbuckle, and
Wichita—occur in the southern third of the
State (fig. 1) and were formed by folding,
faulting, and uplift during the Pennsylva-
nian Period of geologic time. North of the
mountain uplifts are two deep basins (Ana-
darko and Arkoma), and north of these
basins lie the relatively undisturbed shelf
areas of northern Oklahoma.

NORTH

...............

100 MILES | ‘ : MQUNTAIN ARKOMA4BASIN
160 KM ' ImenA _____ AN g?up 48
™ 6UNTAN‘ i L BUACHITA
é 2y UPLlFT 1L ______ 1 . Y AT, MOUNT‘AJN___
> / g3 [ Bl ‘ ---------- ' :,
HOLLIS BASIN o e , UPLJFT
,'éU[FVb6A5T~ PLAI

MARIETTA BASIN

S S

ARBUCKLE"'”

ARDMORE BASIN

Figure 1. Map showing major geological provinces of Oklahoma.



Introduction 3

The present distribution of rock units in
Oklahoma is shown in geologic maps and
cross sections (fig. 2). Although most of these
rocks are of sedimentary origin, and range in
age from Late Cambrian through Quater-
nary, the oldest are igneous rocks, or those
that solidified from a molten state (chiefly
granites, rhyolites, and gabbros), which crop
out in the Arbuckle and Wichita Mountains.
These and similar igneous and metamorphic

TRIASSIC t

hroug/h CRETACEOUS

rocks of Precambrian and Cambrian age
underlie all of the State and are the floor or
“basement” upon which all younger sedimen-
tary rocks rest.

Sedimentary rocks in Oklahoma are as
thick as 10,000 to 40,000 feet in the deep
sedimentary basins, and they thin to 1,000 to
10,000 feet farther north in the northern
shelf areas (fig. 2). In general, the strata are
flat lying or gently dipping, except near the

[} 20 40 60 80 100 MILES
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EXPLANATION FOR CROSS SECTIONS
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%
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Horizontal scale same os that
of geologic map

Vertical exoggeration, 10X

Figure 2. Generalized geologic map and cross sections of Oklahoma. Cross sections follow lines A-A’, B—-B’, and C-C’ on

map.



mountain uplifts. These sedimentary rocks
also contain the State’s major ground-water
aquifers (see fig. 6), which are chiefly sand-
stones, limestones, sands, gravels, and gyp-
sum beds.

Most of the data used in preparing this
report have come from published and unpub-
lished reports of the Oklahoma Geological
Survey, the Oklahoma Water Resources
Board, the U.S. Geological Survey, the Okla-
homa State Department of Health, the Okla-
homa Department of Transportation, the
Oklahoma Corporation Commission, the
Oklahoma Department of Economic and
Community Affairs, and other agencies and
firms involved in testing earth materials or
involved in waste disposal. We gratefully
acknowledge the assistance and cooperation
of each. Special thanks are due Ed Janesic of
the Oklahoma Department of Economic and
Community Affairs and H. A. Caves of the
Oklahoma State Department of Health for
their continued support and advice in car-
rying out this project. Assistance in compil-
ing data was provided by Bill Fishman, Mar-

Part I.—Introduction

ty Reis, and Ernie Schmuckli. Cartographic
work was done by Roy Davis, Bridget Hous-
ton, and Joe Zovak. Pete Eidson collected and
analyzed shale samples for their clay-
mineral content.

The manuscript was reviewed by R. H.
Arndt, W. B. Creath, R. O. Fay, W. E. Harri-
son, R. B. Morton, and staff members of the
Oklahoma State Department of Health and
the Oklahoma Water Resources Board. We
are grateful for their assistance. Recommen-
dations made by each have been incorporated
in the report.

Preparation of this study was financed in
part by the Economic Development Adminis-
tration, U.S. Department of Commerce,
under grant no. 08-06-01879-40 (in the
amount of $14,698), and in part by the Okla-
homa Department of Economic and Com-
munity Affairs and by the Oklahoma Geolog-
ical Survey. Statements, findings, conclu-
sions, recommendations, and other data in
this report are solely those of the authors and
do not necessarily reflect the views of contrib-
uting agencies or the reviewers.



PART II.—SURFACE DISPOSAL OF INDUSTRIAL WASTES
IN OKLAHOMA

KENNETH S. JOHNSON! AND KENNETH V. Luza!

INTRODUCTION

Solid and liquid industrial wastes have
been disposed of in some areas of Oklahoma
by surface burial in soil or rock units. Waste
products, such as acids, caustic solutions,
flammable liquids, explosives, liquids con-
taining heavy-metal ions, and other mate-
rials, have been placed in excavated pits and
then buried beneath soil or rock. At present,
Oklahoma has only two operating industrial-
waste surface-disposal sites; oneisnear Crin-
er, in McClain County, and the other is in
northwest Major County. A third facility has
been proposed for near Red Rock in Noble
County. _

In this statewide reconnaissance-level
study, we have examined and evaluated the
geologic parameters related to industrial-
waste disposal at the surface, and we herein
identify those bedrock units that appear gen-
erally to be most suitable for containment of
waste. Data presented on potential host rocks
for surface disposal include thickness, bed-
ding-plane attitudes, and character. The
character of a potential host rock includes its
physical, mineralogic, and lithologic prop-
erties. Physical parameters are grain size,
permeability, plasticity, and shrink-swell
potential, whereas the mineralogic data of
chief importance concern the identity of the
major clay minerals. The lithologic prop-
erties used to evaluate bedrock units include
the presence or absence of fractures, faults,
joints, cavities, caverns, and thin layers or
lenses of permeable rock.

In Oklahoma, shales and clays are gen-
erally the most desirable rock units for
geological containment of industrial wastes
at the surface. Most shales and clays, when
wet, have more soil-like rather than rock-
like properties, and they consist chiefly of
clay minerals, such as illite, montmorillon-
ite, chlorite, and kaolinite, that generally
have the ability to adsorb metal ions as well
as to retard the lateral and vertical migra-

!Geologists, Oklahoma Geological Survey.

tion of fluids. Several of the more comprehen-
sive and (or) detailed studies of clays and
shales in Oklahoma are those by Sheerar
(1932), Weaver (1958), Everett (1962), Wong
(1964, 1969), Cassidy (1966), Nalewaik
(1968), Bucke (1969), Wu (1969), Bellis
(1972), Laguros (1972), and Bellis and Row-
land (1976).

Many other outcropping rock types in
Oklahoma generally are not well suited for
surface disposal of wastes. Rocks such as
limestone and gypsum are quite susceptible
to dissolution and commonly are cavernous,
which makes long-term containment unlike-
ly. Granite and metamorphic rocks generally
are intensely fractured, which might permit
the downward and lateral migration of
fluids, and many sandstone units have a fair-
ly high porosity and permeability that could
permit the infiltration and migration of
fluids.

Other factors that need to be assessed in
selecting a disposal site include climatology,
hydrology, and demography.

Climatological information, including
annual and monthly precipitation records,
evaporation data, and wind-direction infor-
mation, needs to be incorporated into the dis-
posal-site selection process. Evaporation and
precipitation data are particularly important
in determining the potential for solar evapo-
ration of residual water that may occur with
various industrial wastes. The prevailing
wind speeds and directions are important pa-
rameters for assessing the dispersion of pos-
sible atmospheric releases from a storage
facility.

The climate of Oklahoma varies consid-
erably from east to west. Southeastern Okla-
homa has a moist, humid climate, with
annual precipitation locally averaging as
high as 56 inches (fig. 3). Precipitation de-
creases westward across the State to the
Panhandle, where average annual precipita-
tion is 16 to 20 inches. Average annual lake
evaporation ranges from a high of about 64
inches in the southwest part of the State to a
low of 46 inches in the northeast (fig. 4). Data
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Figure 3. Map showing average annual precipitation, in inches, for Oklanoma during period 1931-60 (Oklahoma Water

Resources Board, 1973).

in figures 3 and 4 show that annual evapora-
tion exceeds annual precipitation in all parts
of the State, except in the southeast in all or
parts of Le Flore, Latimer, Pushmataha, and
McCurtain Counties.

Records of atmospheric conditions and
precipitation information are reported by the
National Weather Service and the National
Oceanic and Atmospheric Administration
(U.S. Department of Commerce). Additional
information can be obtained from local as
well as regional weather stations, the Soil
Conservation Service (U.S. Department of
Agriculture), and the Water Resources Divi-
sion of the U.S. Geological Survey (U.S. De-
partment of the Interior).

Hydrologic information is most critical
to evaluation of a potential waste-disposal
site. The surface-water regime, which in-
cludes precipitation, evaporation, runoff,
streams, rivers, lakes, and flood-prone areas,
is important in assuring that a proposed site
will not be inundated by floodwaters or be
breached by erosion during or after its opera-
tion. In addition, the ground-water regime
and the proximity of a proposed site to fresh-
water aquifers must be evaluated fully to
assure that important water supplies will not
be contaminated.

Surface water results chiefly from pre-
cipitation that falls on the land surface and

runs off to form streams and rivers. Runoff
ranges from about 0.2 inch a year in the
Panhandle to nearly 20 inches in southeast-
ern Oklahoma (fig. 5). The entire State is
drained by the Arkansas and Red Rivers and
their tributaries. Each year approximately
13 million acre-feet of water flows into the
State through these streams, 22 million acre-
feet is added by runoff from precipitation,
and 35 million acre-feet flows out (Johnson
and others, 1972, p. 8). Most streams have
erratic flows, and many smaller ones go dry,
or nearly so, each year. Consequently, reser-
voirs, lakes, and ponds have been constructed
throughout the State to provide a dependable
supply of water as well as for other purposes.
The State contains approximately 1,800
lakes with an area of 10 acres or more and an
estimated 190,000 farm ponds with an area of
less than 10 acres. The capacity of the 21
largest reservoirs is nearly 11 million acre-
feet. The largest reservoirs are Lake Texoma,
with a capacity of about 3 million acre-feet,
and Eufaula Reservoir, with a capacity of
about 2.4 million acre-feet. Reservoirs and
lakes provide for flood control, generation of
electricity, recreation, and water supply.
About 80 percent of all water used by cities
and industries is taken from surface-water
sources (Johnson and others, 1972, p. 8).
The location and characteristics of
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Figure 4. Map showing average annual lake evaporation, in inches, for Oklahoma during period 194655 (Oklahoma Water

Resources Board, 1973).
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Figure 5. Map showing average annual runoff, in inches, for Oklahoma during period 1931-60 (Oklahoma Water

Resources Board, 1973).

ground-water sources is an important ele-
ment in judging the suitability of a region or
a site for waste disposal. The recharge areas
for aquifers should be avoided in order to
prevent possible contamination of ground-
water supplies. Oklahoma’s major ground-
water aquifers are stream deposits (allu-

vium, terrace deposits, and the Ogallala For-
mation), limestone, sandstone, and gypsum
(fig. 6). The areas not underlain by aquifers
consist mainly of shales, siltstones, and some
sandstones that yield, in some cases, only
enough water for household use (Johnson
and others, 1972, p. 8).
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Figure 6. Map showing major sources of ground water in Oklahoma (modified from Johnson and others, 1972, p. 8).

Additional hydrologic information can
be obtained from the Oklahoma Water Re-
sources Board (Oklahoma City), the Water
Resources Division of the U.S. Geological
Survey (U.S. Department of the Interior), the
U.S. Bureau of Reclamation (U.S. Depart-
ment of the Interior), and the U.S. Army
Corps of Engineers.

Population density, which is a measure
of the average number of persons per square
mile, can play an important role in the selec-
tion of a site for industrial-waste disposal.
Five categories are used in figure 7 to portray
population densities for the State of Oklaho-
ma. Only two counties, Oklahoma and Tulsa,
have population densities of 500 or more per-
sons per square mile; 12 counties have densi-
ties greater than 50; and 14 counties have
fewer than 10 persons per square mile.

Oklahoma is divided into 11 substate
planning districts for planning and adminis-
trative purposes (fig. 8). Each district is in-
tended to contain a group of people with simi-
lar attitudes and to consist of an area with
similarities in natural and man-made re-
sources, technology, and institutions. Many
of the planning districts share the same
geologic and tectonic settings, and the out-
cropping rock units favorable for waste dis-
posal typically are widespread in one district

but can extend across parts of two or more
planning districts. Therefore, in the discus-
sion that follows, we have grouped together
those planning districts with similar geologic
units in order to minimize repetition and to
simplify the discussion of individual bedrock
units. Planning districts discussed together
include districts 1 and 2; 3and 4; 5and 6; 7,
8, and 9; and 10 and 11.

CLASSIFICATION OF ROCKS
INTO ZONES 1, 2, AND 3

The geological rock units of the State are
herein classified into three principal zones:
Zone 1, generally favorable; Zone 2, less
favorable; and Zone 3, least favorable for sur-
face disposal of controlled industrial wastes.

The major criteria used in classifying a
rock unit for Zone 1 are that the unit consist
of low-permeability material and that it have
sufficient vertical and lateral extent to
assure long-term geologic containment of
waste. Thick and widespread deposits of
shale and clay best fulfill these general re-
quirements in Oklahoma, and we arbitrarily
have selected a minimum thickness of 50 feet
as a criterion for identifying the most favor-
able rock units in the State. Although shales
less than 50 feet thick may be suitable locally
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for waste containment, such shales are too
numerous for us to characterize in this recon-
naissance report and are too thin to be shown
adequately on the accompanying maps (pl. 1,
in pocket, and the planning-district maps in
the text).

Zone 1, therefore, consists of the outerop
areas of those bedrock formations composed
predominantly of shale or clay units at least
50 feet thick where such shale or clay units
are at the land surface or are covered by no
more than 10 to 20 feet of soil, alluvium, or
other loose material that can be excavated
easily. The shale and (or) clay materials
typically have very low permeability coeffi-
cients, low to moderate plasticity, and low to
moderate shrink-swell potentials. The domi-
nant clay minerals are usually illite, kaoli-
nite, and montmorillonite.

Zone 2 embraces areas that are less like-
ly to contain bedrock units suitable for sur-
face disposal of industrial wastes. This zone
includes some outcrops of thick shale or clay,
asin Zone 1, but the shales are relatively few
and are interbedded with other rocks, such as
sandstone, siltstone, and thin layers of lime-
stone. Therefore, field studies are needed to
identify those parts of a Zone 2 area that may
be suitable locally for industrial-waste con-
tainment.

Zone 3 areas contain bedrock units least
suitable for surface disposal of industrial
wastes. There is little likelihood that thick
shales or clays, such as those in Zone 1, are
present in rock units placed in this category.
The geologic units of this category consist
mostly of porous and permeable rock units,
such as (1) sand, silt, and gravel in alluvium
and terrace deposits; (2) sand, sandstone, and
limestone in the recharge areas of important
ground-water aquifers; and (3) limestone,
dolomite, and gypsum in areas of cavernous
or karst features. Granite and other igneous
rocks are also included in this zone.

Assignment of each of Oklahoma’s bed-
rock units to one of these three zones is based
upon previous field studies and upon review
of published and unpublished geologic re-
ports for all rock units in the State. Assign-
ment of an area or a rock unit to a particular
zone does not confirm or reject its suitability
for waste containment, as that can be done
only through detailed on-site exploration and
testing of a prospective site. Furthermore,
the assignment does not take into account

any special engineering techniques, such as
clay liners, that might assure long-term con-
tainment of waste in a somewhat permeable
host rock.

The statewide distribution of geologic
bedrock units according to this threefold zon-
al classification is presented on a map at a
scale of 1:750,000, or 1 inch equals approxi-
mately 12 miles (pl. 1, in pocket). This map
should be used as a preliminary guide to the
geologic suitability of outcropping rocks for
use as host rocks for the surface disposal of
industrial wastes. Owing to the small scale of
the map, many reservoirs, ponds, streams,
and thin deposits of permeable surficial
material have been mapped inadvertently as
parts of Zones 1 and 2; these elements need to
be taken into consideration during the site-
selection process. The mapped boundaries be-
tween various zones have been compiled from
the most recent geologic maps available, and
it may be necessary for the user to refer to
those detailed maps and reports that are
cited in the references at the end of this re-
port.

CLAY MINERALOGY AND
SELECTED ENGINEERING
PROPERTIES FOR ZONE 1

The evaluation of a prospective site for
industrial-waste disposal must include the
determination of some chemical and physical
parameters, such as clay mineralogy and en-
gineering properties, for the potential host
rock. Clay mineralogy and selected engineer-
ing properties (plasticity index and shrink-
swell potential) are described for each Zone 1
unit for the following reasons: (1) to assess
the cation-exchange capacity, (2) to provide
some insight into adsorption capacity, and (3)
to use in making relative comparisons. The
clay-mineral data and engineering-property
values used in this report are only approxi-
mate and should be used only for compari-
sons relative to each geologic unit. The data
presented for the various rock units in each
planning district indicate average physical
properties and should not serve as a substi-
tute for detailed on-site investigations.

Clay Mineralogy

Materials that contain large amounts of
clay and organic matter generally have high-
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er cation-exchange capacities (CEC) than
those that do not. CEC is a measure of the
chemical reactivity of a material and gener-
ally is an indication of the effectiveness of the
material in adsorbing contaminants such as
heavy metals from waste water. Although
CEC values of a rock generally increase with
corresponding increases in clay content, the
actual value depends largely on the type of
clay mineral present. Expandable clays such
as montmorillonite and vermiculite can
adsorb 5 to 10 times more exchangeable cat-
ions than nonexpandable clays such as illite
and kaolinite (U.S. Environmental Protec-
tion Agency, 1977). Griffin and others (1976,
1977) determined that montmorillonite has
the greatest capability of attenuating (reduc-
ing the concentration of) chemical constit-
uents of landfill leachates, with lesser capa-
bility exhibited by illite and kaolinite.
Some of the geologic materials that con-
tain large quantities of clay minerals are
shale, decomposed volcanic ash, and lake-bed
deposits. Some stream deposits locally con-
tain clay-rich layers, but their lateral extent
is often limited. In Oklahoma, thick shale
units, ranging in age from Mississippian to
Cretaceous, contain significant quantities of
clay minerals (table 1). The principal clay
mineral is montmorillonite in the Cretaceous
units (Eagle Ford and Bokchito Formations),

11

with lesser amounts of illite and kaolinite. In
the remaining geologic units (Permian
through Mississippian), the principal clay
mineral is generally illite, followed by lesser
amounts of kaolinite, chlorite, vermiculite,
montmorillonite, and mixed-layer clays such
as illite-montmorillonite, illite-vermiculite,
and illite-chlorite.

To supplement clay-mineralogy data
available from previous studies, 17 geologic
units at 32 localities were sampled for clay-
mineral identification (fig. 9). Approximate-
ly 100 grams of material from each sample
was placed in a 500-mL beaker, and distilled
water, along with a dispersing agent, was
added. An ultrasonic probe was placed in the
beaker to aid in the dispersion process. Fol-
lowing dispersion, part of the sample was
withdrawn and placed on a glass slide. Three
X-ray-diffraction patterns—one for the
sedimented slide, one for the sedimented
slide treated with ethylene glycol, and one for
a heat-treated glycolated slide—were
obtained for each sample. These techniques
were used to identify the clay minerals in
each sample. A summary of the dominant
clay minerals for each geologic unit sampled
is presented in table 2. These mineralogical
data, along with data obtained from pub-
lished sources, are intended to provide only a
general guide for the nature and distribution
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Figure 9. Map of Oklahoma showing localities from wh