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are “tight” because the pores are filled with
finer grained clays or with mineral cement.
Sandstones typically are tight and are not
good host rocks at depths greater than 15,000
to 18,000 feet below the surface, inasmuch as
the pore spaces are sharply reduced in size
owing to excessive compaction and recrystal-
lization of minerals that partly fill the pore
spaces.

The character of material in the space
between sand grains is critical to the per-
formance of a proposed waste-disposal sys-
tem. Some mineral cements, such as calcite
and dolomite, are soluble in acids, and thus
the porosity and permeability of such calcitic
or dolomitic sandstones can be increased by
injection of acidic wastes. Certain clay min-
erals between sand grains expand upon expo-
sure to certain liquids and thus decrease the
rock’s porosity and permeability.

Limestone and Dolomite

Limestone and dolomite (dolostone, in
some reports) are sedimentary rocks consist-
ing chiefly of the minerals calcite (CaCOj)
and dolomite (CaMg(COg),), respectively.
These two minerals commonly coexist in the
same rock, as dolomitic limestone or limy
dolomite. Collectively, limestone and dolo-
mite are referred to as carbonate rocks. Com-
monly 5 to 15 percent of carbonate rocks are
made up of noncarbonate minerals such as
quartz or clay minerals, and some of these
rocks may react adversely with injected
waste. Some carbonate-rock units, such as
the Arbuckle Group and the Mississippi lime,
are several hundred to several thousand feet
thick over large areas of the State, whereas
other carbonates are lenses less than 10 feet
thick in an area of several thousand square
feet.

The porosity and permeability patterns
within carbonate rocks are more complex
than those in sandstones. Some carbonates
consist mostly of fossil fragments or other
granular material, and they have intergran-
ular porosity similar to that of sandstones. In
other carbonate rocks, porosity has been
naturally induced through chemical altera-
tion or through dissolution of carbonates and
other soluble minerals by weakly acidic wa-
ter permeating the formation. Pores in car-
bonate rocks may be microscopic in size, or
they may be cavernous openings several feet

across. Carbonates are brittle rocks that com-
monly contain fractures caused by structural
deformation after burial. Such fractures may
be quite small, but they can contribute signi-
ficantly to the porosity and permeability of
the rock.

Inasmuch as carbonate rocks consist
almost entirely of acid-soluble minerals, the
porosity and permeability of these rocks will
almost always be increased by injection of
acidic wastes. However, the chemical constit-
uents of the rocks may react with other types
of injected wastes in such a way as to decrease
the porosity and permeability.

Containment, not ease of injection, is of
paramount importance in considering car-
bonate rocks as possible disposal zones. A
major drawback to the use of carbonates for
waste disposal is their unpredictability with
respect to the development of porosity and
permeability features, especially channels.
Therefore, a detailed knowledge of the
geologic occurrence and history of prospec-
tive carbonate-rock disposal zones must be
gained.

Shale

Shale is a sedimentary rock formed by
the consolidation of layers of clay or mud.
Shales have a wide range of mineral and
chemical composition, but they consist chief-
ly of clay minerals (illite, chlorite, kaolinite,
and montmorillonite) and quartz. The mi-
nute mineral grains commonly are cemented
by calcite (CaCOj) or silica (SiOy). Although
shales can have moderate porosity, permea-
bility is low.

Shale typically is unsuitable for liquid-
waste disposal because of low permeability.
However, shale can serve, under certain cir-
cumstances, as an effective host rock for
waste if the shale is fractured, either natural-
ly or artificially, or if an underground cavity
is created by mining. Natural openings, such
as fractures, joints, or partings parallel or at
an angle to the bedding, can greatly increase
the permeability of an otherwise “tight” rock.
Hydraulic fracturing, which is the injection
of water or other fluids into a borehole under
high pressure, can prop open and widen a set
of incipient fractures in a shale formation or
it can induce fracturing in a competent rock.
Liquid waste can be injected into such frac-
tured rocks, and also it can be mixed with a
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cement grout which will help immobilize the
waste within a nearly impermeable medium
(Sun, 1973). Many of the clay minerals in
shales have a high cation-exchange capacity
(CEC) and thus could adsorb certain con-
taminants.

Underground cavities suitable for stor-
age of petroleum products have been created
in shales in Oklahoma using a conventional
room-and-pillar mining method, and under
certain circumstances this might be a prac-
tical means of disposing of liquid or solid
wastes. Jordan (1959) described a 110,000-
barrel underground propane-storage facility
created by Sinclair (now Atlantic Richfield)
west of Wewoka in Seminole County. A mod-
ified room-and-pillar mine, with tunnel-like
rooms 15 to 28 feet high and 8 feet wide, was
opened by the company about 300 feet below
the surface in a thick shale at the top of the
Nellie Bly Formation. Conoco created a simi-
lar facility at Ponca City for storage of
300,000 barrels of propane in low-permeabil-
ity limestone about 350 to 400 feet below the
surface (Jordan, 1961). Other storage
caverns have been formed in shales 300 to
400 feet deep near Tulsa and Drumright.

Salt

Salt is a sedimentary rock consisting of
intergrown crystals of the mineral halite
(NaCl). In Oklahoma, rock salt occurs as
widespread layers in three principal salt
sequences, each 100 to 1,000 feet thick, that
are restricted to Permian rocks in the west-
ern half of the State (Jordan and Vosburg,
1963). Individual salt beds are typically 5 to
30 feet thick and are interbedded chiefly with
shale and (or) anhydrite.

Large underground openings suitable
for disposing of industrial wastes are created
in salt beds by conventional shaft-mining or
solution-mining techniques. In fact, the
favorability of salt as a host rock for waste
isolation has spurred much research in re-
cent years on the feasibility of burying solidi-
fied forms of radioactive wastes in under-
ground salt deposits (Bradshaw and
McClain, 1971; Angino, 1977; Johnson and
Gonzales, 1978).

Bedded salt deposits more than 500 to
1,000 feet deep and distant from areas of
present or ancient salt dissolution generally
are suitable for injection of certain kinds of

solid or liquid industrial wastes; their con-
tact with ground water or the biosphere dur-
ing the hazardous life of the waste would be
extremely unlikely. Such salt deposits, espe-
cially the middle parts of thick salt se-
quences, have remained free of circulating
waters in the past. Because of the rock’s high
plasticity, any fractures developed in the salt
would seal or close rapidly. Possible interac-
tion between the waste and salt must be
understood in order to prevent uncontrolled
dissolution of the salt and migration of con-
taminants beyond the intended waste-
disposal zone. The underground mining of
salt and tests on disposal of radioactive
wastes in central Kansas were described by
Empson and others (1966) and Bradshaw and
McClain (1971). The storage of petroleum
products in four solution caverns created in
Oklahoma salt deposits was described by Jor-
dan and Vosburg (1963).

CURRENT WASTE-DISPOSAL
OPERATIONS

At the present time, 15 wells are dispos-
ing of controlled industrial wastes at 10 dif-
ferent localities in Oklahoma (table 16). Most
of the wells are in northeast Oklahoma, but
several are scattered in the central and
northwest parts of the State (fig. 18). Two
wells recently ceased operation, but it is pos-
sible that one or more may be reactivated;
thus the data on these wells are presented in
our table. Permitting and monitoring the
operation of these and future disposal wells
are carried out by the Oklahoma State De-
partment of Health, under authority of the
Oklahoma Solid Waste Management Act and
the Oklahoma Controlled Industrial Waste
Disposal Act of 1976. We are not including a
detailed discussion of approximately 1,300
salt-water-disposal (SWD) wells that are dis-
posing of oil-field brines within the State.
These wells operate under licensing of the
Oklahoma Corporation Commission.

Most of the waste-disposal systems are
using reservoirs of Cambrian and Ordovician
age (Arbuckle Group and Simpson Group).
These limestones, dolomites, and sandstones
have porosities that range generally from 5
to 20 percent and permeabilities that range
from 200 to 2,000 md. Other disposal systems
are using rocks of Mississippian, Pennsylva-
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nian, and Permian age, and the reservoirs
include sandstones, limestones, dolomites,
and hydraulically fractured shales.

The depth of disposal zones ranges from
358 feet to as much as 7,350 feet in various
wells in the State. Wells in the northeast, in
Mayes, Rogers, and Tulsa Counties, are
being used to inject liquids at shallow to mod-
erate depths of 358 to 3,360 feet, whereas
most of the wells in the central and northwest
part of the State are using disposal zones
6,700 to 7,350 feet deep.

Wastes now being injected include a
great variety of liquids. Acids, solvents, caus-
tics, and salt water are being injected at most
disposal sites. A number of wells are also
injecting various process-, cooling-, and
rinse-waters, as well as paints, paint thinner,
and paint remover. Other materials being
disposed of at one or several sites include
urea, ammonia, detergents, metal-bearing
solutions, and cement slurry.

Injection rates at each facility are vari-
able, depending mainly upon the rate at
which waste is delivered for disposal. Rates of
injection range from 2,000 to 550,000 gallons
per day (gpd), but most of the facilities oper-
ate at rates of 40,000 to 400,000 gpd.

Injection pressures at the surface range
from 130 to as much as 750 pounds per square

inch (psi), although most wells operate with
known pressures of 380 to 450 psi. The ex-
treme exception is 2,800 psi needed for injec-
tion of cement slurry into a hydraulically
fractured shale in well 7.

Kerr-McGee Corp. received a construc-
tion permit in March 1979 for an injection
well to be drilled to the Arbuckle Group at a
5,000-foot depth near Wynnewood (Garvin
County). Additionally, applications are now
being processed for four other wells to be com-
pleted in the Arbuckle: two wells are pro-
posed for the Bartlesville area (Washington
County), and two are proposed for the
Catoosa area (Rogers County).

POTENTIAL RESERVOIRS FOR
WASTE DISPOSAL

Oklahoma contains many rock units
that are potential reservoirs for subsurface
disposal of controlled industrial wastes. Deep
sedimentary basins contain up to 30,000 to
40,000 feet of strata, and broad shelf areas
adjacent to the basins are underlain by sever-
al thousand feet (up to 10,000 feet) of strata
(fig. 19). Within these thick sequences of
sedimentary rock are a number of beds of
porous and permeable sandstone, limestone,

/_

Total thickness of sed-
57 imentary rocks, in 1,000's
/ of feet (305 meters)

Areas of mountain uplifts
] where sedimentary rocks
] suitable for liquid-waste
disposal are thin or
absent

WMU =Wichita Mountain Uplift
AMU =Arbuckle Mountain Uplift
OMU =0Ouachita Mountain Uplift
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160 KM

Figure 19. Generalized map showing total thickness of sedimentary rocks in Oklahoma. Sedimentary rocks overlie a
basement of Precambrian and Cambrian igneous and metamorphic rocks (based on data in Jordan, 1967). Sedimentary
rocks over Wichita Mountain Uplift are generally thin (200-2,000 feet thick); sedimentary rocks over Arbuckle Mountain
Uplift include major fresh—water aquifers; sedimentary rocks in Ouachita Mountain Uplift are 20,000-30,000 feet thick but
do not appear to contain porous and permeable reservoir rocks suitable for waste disposal.
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and dolomite—at least to depths of about
15,000-18,000 feet. In addition, some of the
thick shales can accept liquid wastes in natu-
ral or induced fractures; also, the shales and
salt beds can host wastes in mined-out
caverns,

Major geologic provinces of the State in-
clude the Ouachita, Arbuckle, and Wichita
Mountain belts in the south, along with the
large and deep Anadarko and Arkoma
Basins just north of the mountain uplifts (see
fig. 1). Another group of smaller deep
basins—the Ardmore, Marietta, and Hollis—
is present south of the Arbuckle and Wichita
Mountains (fig. 1). To the north of the Ana-
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darko and Arkoma Basins are the relatively
undisturbed shelf areas and Ozark Uplift
area of northern Oklahoma (fig. 1). The gen-
eralized stratigraphic chart (fig. 20) shows
the relative positions and the names com-
monly used for rock formations or groups in
the subsurface of Oklahoma. Brief discus-
sions of the geologic history and the major
rock types deposited during each geologic
period are presented in Part I

We have prepared a series of generalized
maps (figs. 21-25) to show the distribution of
each of the principal rock units in the State
that is a potential reservoir over large areas
and to show the depth below land surface to
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ERA SYSTEM SERIES OKLAHOMA BASIN ‘ AND ARKOMA BASIN OKLAHOMA N1 OKLAHOMA [ SOUTHEASTERN OKLAHOMA
g QUATERNARY TERTIARY AMuvial and  terrace  deposits of  gravel, sand, silt, and  clay
N
s
w Ogallata
&
o Upper (Gulfian) Upper Gulfian Gulfian
5 CRETACEOUS | | ower (Comanchean) Lower Comanchean Comanchean
= i
8 JURASSIC Morrison-Exeter
a 4 +
= TRIASSIC Dockum Group
Ochoan(?)
Guadalupian Interbedded
PERMIAN Interbedded sandstones, shales, sand}?t?nes,
Leonardian limestones, and salt Ii;e:tisr{es.
N and salt]
Wolfcampian
Virgilian Granite Granite
wash wash
Missourian
o Numerous sandstones, Numerous sandstones, Numerous sandstones,
PENNSYLVANIAN Desmoinesian listed in text listed in text listed in text
“Atokan” “Atoka'(?)
Morrowan Johns Valley—Jackfork
Chesterian Springer Formation Springer Formation
(6]
= N Stanley Group
S| MISSISSIPPIAN Meramecian . N
~ 1 limestones Mississippian limestones
o Osagean and shales
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-~ Kinderhookian .
<€ Formation 4;— Woodtord Formation —_1 Woodford Shale ——— Arkansas Novaculite
a DEVONIAN
SILUR Hunton Group eeememm Hunton Group aemmm Hunton Group e Missouri Mountain Shale
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Sylvan Shale Sylvan Shale Sylvan Shale Polk Creek Shale
“'Fernvale”—Viola Limestone *Fernvale”"—Viola Limestone *Fernvale''—Viola Limestone
" . " G Bigfork Chert
ORDOVICIAN Simpson Group Simpsen Group Simpson Group Wernble Shats
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Reagan Sandstone Reagan Sandstone Reagan Sandstone
CAMBRIAN
Rhyolite and Rhyolite, granite, ?
granite gabbro, metasediments
PRECAMBRIAN Granite, rhyolite Granite ?

Figure 20. General stratigraphic succession in major regions of Oklahoma. Principal regional unconformities shown by
horizontal wavy lines; absence of stratigraphic record (owing to nondeposition or erosion) shown by vertical wavy lines.
Data from Miser and others (1954), Ham (1961), Jordan (1967), and R. O. Fay (Oklahoma Geological Survey, oral

communication, 1979).
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waste disposal
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OMU =Ouachita Mountain Uplift 160 KM

Figure 21. Generalized map showing depth to top of Arbuckle Group (Upper Cambrian and Lower Ordovician) in

Oklahoma. Arbuckle Group consists chiefly of limestone and (or) dolomite, and its thickness ranges from several hundred
to more than 6,000 feet.

5// Depth to top of Simpson
S Group, in 1,000's of feet
(305 meters)

Area where Simpson Group
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for liquid-waste disposal

Area where Simpson Group
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to be suitable for liquid-
waste disposal

WMU =Wichita Mountain Uplift
AMU =Arbuckle Mountain Uplift
OMU =Ouachita Mountain Uplift }

100 MILES
160 KM

Figure 22. Generalized map showing depth to top of Simpson Group (Middle Ordovician) in Oklahoma. Simpson Group
ranges in thickness from 100 to 2,000 feet and contains several widespread clean reservoir sandstones that are 20-100
feet thick. Dotted line shows those areas in deep Anadarko and Arkoma Basins where Simpson sandstones have low
permeabilities.
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Depth to top of Springer
/|0/Formation, in 1,000's of
feet (305 meters)

Area where Springer Forma- [

[::] tion may locally be suit-
able for liquid-waste

disposal

Area where Springer Forma-
tion is absent or is not
known to be suitable for
liquid-waste disposal

WMU =Wichita Mountain Uplift | 100 MILES
AMU =Arbuckle Mountain Uplift 160 KM
OMU =Ouachita Mountain Uplift

Figure 23. Generalized map showing depth to top of Springer Formation (Upper Mississippian) in Oklahoma. Springer
Formation is mostly shale but contains several sandstones 20—100 feet thick. Dotted line shows area in deep Anadarko
Basin where sandstones have low permeability. Area of few thin sandstones in western Arkoma Basin not shown.
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WMU =Wichita Mountain Uplift , 100 MILES
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OMU =Ouachita Mountain Uplift

Figure 24. Generalized map showing depth to top of Pennsylvanian System in Oklahoma. Pennsylvanian rocks are
generally 1,000—15,000 feet thick and consist mainly of shales that contain several suitable sandstone reservoirs at various

depths (not necessarily at or near top of Pennsylvanian). Dotted line shows area in Hollis Basin where sandstones have low
permeability.
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Figure 25. Generalized map showing depth to top of salt beds of Permian age in Oklahoma. Salt-bearing sequences are
100-1,000 feet thick, with individual beds of rock salt ranging from 5 to 30 feet thick.

the top of these rock units. A total of five
major sandstone-bearing units are consid-
ered capable of accepting liquid wastes in
some part of the State; these units include (1)
the Simpson Group, (2) the Springer Forma-
tion, (3) Pennsylvanian sandstones, (4) gran-
ite wash, and (5) Permian sandstones. Five
major carbonate-rock units locally suitable
for waste disposal include (1) the Arbuckle
Group, (2) the Hunton Group, (3) Mississip-
pian limestones, (4) the Brown dolomite, and
(5) Permian dolomites. These ten rock units,
as well as the bedded salt deposits and the
major shale units, are all Paleozoic strata
(fig. 20). We do not feel that any of the Pre-
cambrian, Mesozoic, or Cenozoic rock units in
Oklahoma is generally well suited for accept-
ing industrial wastes, although one or sever-
al of them might be found locally acceptable
as a result of detailed study.

Most data on the lithology, porosity, per-
meability, and other characteristics of the
reservoir rocks are derived from oil- and gas-
producing areas, where many test holes have
been drilled and many detailed studies of the
reservoirs have been made. Paradoxically,
densely drilled oil and gas fields, for which
there are so many data, generally should be
avoided as disposal areas for industrial

wastes, chiefly because of the large number
of boreholes and the potential conflict with
recovery of mineral resources. Boreholes are
potential avenues for vertical migration of
waste fluids from an intended disposal zone,
and it may be difficult and quite expensive to
locate and plug all such boreholes and effec-
tively seal the reservoir. In considering
waste disposal in an oil or gas field, one must
assess the potential for petroleum production
in both known and undiscovered reservoirs
and weigh the relative value of these hydro-
carbon resources against use of the site for
waste disposal.

Many of the reservoirs we describe are
now being used for disposal of oil-field brines.
Salt-water-disposal (SWD) wells commonly
are located within the petroleum fields, close
to the wells that are producing brines along
with oil and (or) gas. Data from these SWD
wells are valuable in assessing the local
potential use of a reservoir rock for waste
disposal.

For purposes of discussing waste-
disposal reservoirs, we subdivided the State
into seven regions (fig. 26), each of which
embraces one or more geologic provinces
with a similar geologic history and similar
reservoir potential (see also fig. 1). A descrip-
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Figure 26. Map of Oklahoma showing seven regions into which State is divided for consideration of subsurface liquid-waste
disposal. Regions approximate major geologic provinces (see fig. 1).

tion is given of the major reservoir rocks in
each of these seven regions, and the reader is
also referred to figures 21-25 for information
on the statewide distribution and depth of
reservoirs that may be of special interest.

Reservoir rocks that may be suitable for
disposal of industrial wastes are present in
six of the seven regions (fig. 27). Southeast
Oklahoma alone appears to lack porous and
permeable sandstone or carbonate rocks that
can readily and safety contain waste; howev-
er, some potential exists for disposal in shale
and other nonporous rocks where the rocks
are fractured. In some areas, artificial frac-
turing may be necessary.

Northeast Oklahoma

For purposes of this report, northeast
Oklahoma includes the Ozark Uplift as well
as the broad shelf areas north of the Arkoma
Basin and east of the Nemaha Ridge (figs. 1,
26). The thickness of sedimentary rocks over-
lying the basement complex in the region
ranges from about 1,000 feet in the northeast

to nearly 10,000 feet in the southwest (fig.
19). Within this sedimentary sequence are
several carbonate, sandstone, and shale units
that are suitable locally for waste disposal. In
fact, 10 of the State’s 13 operating industrial-
waste-disposal facilities are located in north-
east Oklahoma. An earlier study by Reeder
(1971) provides data on disposal of liquid
wastes in much of this region.

Rock units of principal interest for injec-
tion of liquid wastes include carbonates of the
Arbuckle Group and sandstones of the Simp-
son Group and Pennsylvanian System.
Shales at shallow to moderate depth in the
region that may be suitable locally for accept-
ing wastes in hydraulically induced fractures
or mined-out eaverns include the same units
that crop out in the region (see Part II of this
report) as well as the Woodford Shale. Four of
the underground caverns for the storage of
liquefied petroleum gas (LPG) in the State
have been created in shales or tight lime-
stones 300 to 400 feet deep in northeast Okla-
homa (Jordan, 1959, 1961).

Principal references dealing with the
subsurface geology of northeast Oklahoma
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include Oakes and Jordan (1959), Clare
(1963), McCracken (1964), Berry (1965), Cole
(1965, 1969), Strong and Huffman (1965),
Busch (1971), Lalla (1975), and Pulling
(1976).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) is a reservoir-rock
unit in northeast Oklahoma capable of
accepting a wide variety of industrial wastes.
The rock unit consists chiefly of limestone,
dolomitic limestone, and dolomite, although
it contains some thin beds of sandstone. Dolo-
mite, which locally makes up as much as
one-third of the total thickness, is irregularly
interbedded with the limestone. Intergranu-
lar and vuggy porosity combine with exten-
sive fractures in some areas to form reser-
voirs with porosities of 5 to 20 percent and
permeabilities ranging from 100 to several
thousand md.

The Arbuckle Group is typically 500 to
1,000 feet thick and is several hundred to
several thousand feet below the surface in
the northeast part of the region (fig. 21). The
unit is progressively deeper and thicker to
the south and southwest, and at Oklahoma
City it is as much as 7,000 feet deep and 2,500
feet thick.

All nine of the industrial-waste-disposal
wells in Tulsa, Rogers, and Mayes Counties
(wells 1,2,5,7,9, 10, 11, 12, and 13 in table
16 and fig. 18) are injecting wastes into the
Arbuckle Group at depths ranging from 800
to 3,300 feet. Wastes now being injected in-
clude acids, caustics, solvents, and metal
solutions.

Simpson Group

The Simpson Group (Middle Ordovician)
contains several widespread sandstones cap-
able of accepting industrial wastes. Indi-
vidual units, including the Bromide, Second
Wilcox, Tulip Creek, McLish, Tyner, Burgen,
and Oil Creek sandstones, are similar in
being typically fine-grained, well-rounded,
clean quartz sands (more than 95 percent
quartz grains). At some localities the poros-

REGION POTENTIAL RESERVOIRS

Northeast Oklahoma Pennsylvanian sandstones
Simpson Group
Arbuckle Group

(various shales)

Arkoma Basin Pennsylvanian sandstones
Simpson Group
Arbuckle Group

(various shales)

Southeast Oklahoma (various shales and other

fractured rocks)

South-Central Oklahoma Pennsylvanian sandstones
Springer Formation
Simpson Group

Arbuckle Group

(various shales)

Nor thwest Oklahoma Permian salts

Permian dolomites
Pennsylvanian sandstones
Mississippian limestones
Arbuckle Group

(various shales)

Permian salts

Permian sandstones
Pennsylvanian sandstones
Springer Formation
Mississippian limestones
Hunton Group

Simpson Group

Arbuckle Group

(various shales)

Anadarko Basin

Southwest Oklahoma

Permian salts
Brown Dolomite
Granite wash
Arbuckle Group
(various shales)

Figure 27. Potential reservoirs for underground disposal of
industrial wastes in seven regions of Oklahoma.

ity ranges from 5 to more than 20 percent,
and the permeability is several hundred to
several thousand md.

The Simpson sandstones are not present
in the extreme northeast part of the region,
north of Claremore and east of Pawhuska
(Huffman, 1959), but several units about 20
feet thick are present in the Tulsa area at
depths of about 1,000 feet. South, southwest,
and west of this area the sandstones are deep-
er and thicker, and in the Oklahoma City
area they are about 6,500 feet deep (fig. 22)
and have an aggregate sand thickness of sev-
eral hundred feet.

The tenth of the injection wells in the
region (well 8 in table 16 and fig. 18) is dis-
posing of acids, caustics, and process waters
in Simpson sandstones at a depth of 6,700 to
6,800 feet in Oklahoma City.
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Pennsylvanian Sandstones

A large number of sandstones of Penn-
sylvanian age are good prospects for injection
of industrial wastes. These rock units are
commonly channel-like or discontinuous
lenses that may be 20 to 100 feet thick, or
more, in the middle and grade laterally into
shale on the perimeter. Individual sand-
stones may be 6 to 10 miles long and 1 to 2
miles wide, or they may underlie an area only
several hundred feet on a side.

The physical characteristics of Pennsyl-
vanian sandstones are similar. The units are
composed chiefly of fine-grained quartz sand,
are cemented in part by calcite, and common-
ly range from mostly quartz grains in the
middle to a mixture of quartz grains and
shale or clay toward the sides. Porosities of
reservoir rocks range from 10 to 20 percent
and average about 15 percent. Permeabilities
in the more promising areas range from 10 to
80 md and average about 30 md.

Following is a list of the principal Penn-
sylvanian sandstones that locally may be
possibilities for disposal use (fig. 28). There is

Hogshooter

Missourian Series
Cleveland

N\
Prue

Calvin
Skinner
Allen
Senora
Red Fork
? Desmoinesian Series
Earlsboro
Burbank
Bartlesville

Glenn

Savanna

Booch )

Figure 28. List of Pennsylvanian sandstones that may be
suitable locally for liquid-waste injection in northeast Okla-
homa.

no area in which all these units are present in
the subsurface, but one or several of them
may be present and suitable for waste injec-
tion at all localities but the Ozark Uplift,
from which the Pennsylvanian rocks have
been eroded (fig. 24). The total thickness of
the Pennsylvanian System ranges from a few
hundred feet on the flanks of the Ozarks to
more than 5,000 feet in the southwest part of
the region.

Arkoma Basin

The Arkoma Basin is a major geologic
province in east-central Oklahoma (fig. 26).
It is both a depositional and a structural
basin, for it contains 5,000 to 20,000 feet of
sedimentary rocks preserved between the
northeast shelf region and the Quachita
Mountain Uplift (fig. 19). Rocks within the
Arkoma Basin are broadly folded and in
places faulted.

In the Arkoma Basin, rock units most
likely capable of accepting liquid industrial
wastes are carbonates of the Arbuckle Group
and sandstones of the Simpson Group and of
the Pennsylvanian System. Wastes can also
be disposed of at shallow to moderate depths
in fractures or mined-out caverns in some of
the same shale units that crop out in the
region (see Part II of this report).

Principal references describing the sub-
surface geology of the Arkoma Basin include:
Koontz (1967), Woncik (1968), Busch (1971),
Lumsden and others (1971), and Anderson
(1974).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) underlies all parts of
the Arkoma Basin and locally is a suitable
reservoir for injection of industrial wastes.
The Arbuckle Group consists of limestone
and dolomite that in some areas has a moder-
ate amount of intergranular porosity and
permeability, augmented by fracture poros-
ity. The thickness of the Arbuckle Group
ranges from about 2,000 feet in the north part
of the basin to about 4,000 feet in the south.
The depth to the top of the Arbuckle Group
ranges from about 5,000 to 6,000 feet on the
north flank to more than 15,000 feet in the
south near the Ouachita Mountain front (fig.
21).
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Simpson Group

In the western part of the Arkoma Basin
(Hughes, Pontotoc, and Coal Counties) the
sandstones of the Simpson Group (Middle
Ordovician) locally may be able to accept in-
jected industrial wastes. Potential reser-
voirs, including the Wilcox, McLish, and Oil
Creek sandstones, are widespread, sheet-like
units composed of fine to medium, well-
rounded quartz grains that generally are
loosely cemented and lack clay minerals. The
porosity of the sandstones is as high as 20
percent locally, and permeability is as much
as 1,000 md. Individual sandstones are as
thick as 50 feet in the area and are about
5,000 to 7,000 feet below the surface (fig. 22).
These sandstones are now used extensively
as salt-water-disposal reservoirs.

Pennsylvanian Sandstones

Across the north half of the arcuate
Arkoma Basin, a number of Pennsylvanian
sandstones are prospects for injection of in-
dustrial wastes. Sandstone bodies are typi-
cally discontinuous, linear, and sinuous in
plan view and do not occur as blanket sand-
stones with large areal extent. Individual
sandstones are as thick as 50 feet in the mid-
dle and grade laterally to about 10 feet on the
edges. They are enveloped by shales and
other low-permeability sedimentary rocks.

Sandstones are mostly fine grained and
consist chiefly of quartz. Calcite cement is
common, and locally the sandstones are quite
shaly. Reservoir porosity ranges from 8 to 20
percent, averaging about 15 percent, and per-
meability ranges from 5 to 80 md, averaging
about 35 md.

The accompanying list (fig. 29) includes

Calvin

Senora

Stuart Desmoinesian Series
Savanna
Hartshorne
Gilcrease

> Atokan Serles
Dutcher

Cromwell
Morrowan Series
Jef ferson

Figure 29. List of Pennsyivanian sandstones in Arkoma
Basin that may be suitable locally for liquid-waste injection.

the best prospects for liquid-waste injection,
and any one or several of these units may be
suitable reservoirs in the north half of the
basin. The Pennsylvanian System crops out
throughout the Arkoma Basin (fig. 24), and
the depth to the top of the potential reservoir
units generally ranges from several hundred
to 3,500 feet in the area.

Southeast Oklahoma

Southeast Oklahoma embraces the
Quachita Mountain uplift and the eastern
two-thirds of the Gulf Coastal Plain (figs. 1,
26). Rocks of the QOuachita Mountains are
sedimentary in origin, but they have been
complexly folded and faulted and some of
them have been mildly metamorphosed.
Ouachita-type rocks extend southward and
underlie the thin cover of unconsolidated
sediments making up the Coastal Plain.

Although the region contains some
20,000 to 30,000 feet of sedimentary rock,
there apparently are no porous and perme-
able sandstone or carbonate reservoirs suit-
able for waste disposal. Sandstones are fine
grained and shaly and typically are well
cemented-and tight as a result of deep burial,
deformation, and low-grade metamorphism.
However, owing to deformation of the region,
some of the shales (e.g., the Stanley Shale),
cherts, and novaculites of the Ouachitas are
fractured, and these units locally may be able
to accept fluids injected under pressure. The
shales also may be capable of safely retaining
wastes placed in mined-out caverns.

Cretaceous-age sediments of the Coastal
Plain thicken southward from 0 to nearly
2,000 feet along the Red River. They consist
chiefly of unconsolidated sands that are im-
portant fresh-water aquifers, and thus they
generally are not suitable reservoirs for in-
dustrial wastes.

Principal references to geology of the re-
gion include Cline (1960), Seely (1963), Hart
(1963), Fellows (1964), Briggs (1973), and
Fay and others (1976).

South-Central Oklahoma

The south-central Oklahoma region
embraces a geologically complex group of
basins along with adjacent mountain areas
and sharp uplifts (figs. 1, 26). Major geologic
features include the Ardmore and Marietta
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Basins, the Arbuckle Mountains, and the
Criner Uplift. The region also includes the
west part of the Gulf Coastal Plain, where a
thin sequence of Cretaceous strata overlies
part of the deep-basin Paleozoic rocks. Owing
to the complex folding and faulting in and
around the basins, the depth to potential res-
ervoir rocks changes greatly within short dis-
tances. As much as 20,000 to 30,000 feet of
sedimentary rock is present in each of the
basins.

Reservoirs with the highest potential for
accepting industrial wastes are carbonate
rocks of the Arbuckle Group and the sand-
stones of the Simpson Group, the Springer
Formation, and the Pennsylvanian System.
Many of these units are widely used for dis-
posal of oil-field brines. Also, shale that crops
out in the region (see Part II of this report)
locally may be capable of receiving injected
wastes in zones of fracture porosity or of con-
taining waste in mined-out caverns at shal-
low to moderate depths.

Among the principal studies of subsur-
face geology in the region are Jacobsen
(1959), Ham and others (1964), Westheimer
(1965), Ham (1969), Fay and others (1976),
and Huffman and others (1978).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) consists chiefly of
limestone in the basins of south-central
Oklahoma but is predominantly dolomite in
much of the Arbuckle. Mountain area. Local-
ly in the basins the Arbuckle is expected to
have sufficient intergranular porosity and
permeability to act as a suitable reservoir for
liquid wastes, particularly in those areas
where the unit also has fracture porosity. The
total thickness of the Arbuckle Group is as
much as 6,000 feet in parts of the region, and
depth to the Arbuckle ranges from a few hun-
dred feet to more than 20,000 feet in the deep
basins. The Arbuckle Group generally is not
suitable for waste disposal on the Arbuckle
Mountain Uplift (fig. 21), because the rock
unit crops out extensively in the mountains
and is a major fresh-water aquifer in the
area.

Simpson Group
The Simpson Group (Middle Ordovician)

consists of several widespread sandstone
units that could be used for injecting indus-

trial wastes in parts of south-central Oklaho-
ma (fig. 22). These rock units, including the
Bromide (First, Second, and Third), Tulip
Creek, McLish, and Oil Creek sandstones,
are all composed of fine to medium, well-
rounded, clean quartz grains that are loosely
cemented. Locally the porosity in these sand-
stones ranges from 10 to 25 percent, and the
permeability ranges from 10 md to more than
400 md. The thickness of individual sand-
stones in the Simpson is 20 feet to as much as
100 feet, and depth to the Simpson Group
ranges from a few hundred feet to more than
15,000 feet in the deep basins. Inasmuch as
the Simpson sandstones are major fresh-
water aquifers where they crop out and are at
shallow depth, these reservoirs are not
considered suitable for waste disposal over
the Arbuckle Mountain Uplift or in the im-
mediately surrounding area.

Springer Formation

The Springer Formation (Upper Missis-
sippian) in the Ardmore Basin contains a
number of sandstones capable of accepting
injected industrial wastes. The sandstones
are fairly uniform over large areas, and res-
ervoir rocks have porosities that average a-
bout 17 percent and permeabilities that aver-
age about 70 md. The thickness of individual
sandstone units ranges from 20 to as much as
100 feet, and their depth ranges from several
hundred feet to more than 10,000 feet in the
deep basins.

Named units that are potential reser-
voirs for industrial-waste injection include
(in descending order) the Markham, Ald-
ridge, Humphreys, Sims, and Goodwin sand-
stones. One or several of these units underlie
most parts of the region (fig. 23).

Pennsylvanian Sandstones

Pennsylvanian sandstones in each of the
basins of south-central Oklahoma locally
may be capable of accepting injected indus-
trial wastes. Individual sandstone bodies
typically are many miles long and up to 2 or 3
miles wide, although in some areas some of
them are discontinuous and lens-like. The
thickness of the sandstone units generally
ranges from 10 to 50 feet and averages about
30 feet.

Most of the sandstones consist of fine-
grained, subangular to rounded quartz sand
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that is cemented in part by calcite. Some of
the sandstones are shaly or clayey toward the
edges of the deposits. Reservoir porosity
ranges from 10 to 22 percent, averaging
about 16 percent, and permeability ranges
from 10 to 150 md, averaging about 35 md.

The Pennsylvanian sandstones shown
on the accompanying list (fig. 30) are be-
lieved to be most acceptable for injection of

Hewitt (First, Second, Third,

Fourth, and Fifth) } Missourian Series

Deese (First, Second, Third,
Fourth, and Fifth)

Culbertson
Fusulinid

Desmoinesian Series
Tussy (First, Second, rhird,

Fourth, and Fifcth)

Carpenter

Morris

Figure 30. List of Pennsylvanian sandstones that may be
suitable locally for liquid-waste injection in south-central
Oklahoma.

wastes. One or two of these units are expected
to be present in the subsurface in most parts
of the region at depths that range from sever-
al hundred feet to more than 5,000 feet (fig.
24). Several closely associated sandstones are
given numerical designations, and some
sandstones are given different names in dif-
ferent basins.

Northwest Oklahoma

The northwest Oklahoma region con-
sists of the northern shelf of the Anadarko
Basin and the Oklahoma Panhandle (figs. 1,
26). The thickness of sedimentary rocks
ranges from about 7,000 feet in the north part
of the region to nearly 15,000 feet in the
south, near the margin of the deep Anadarko
Basin (fig. 19).

Reservoir rocks that locally are suitable
for liquid-waste injection include carbonates
of the Arbuckle Group, Mississippian lime-
stones, Permian dolomites, and sandstones in
the Pennsylvanian System. Liquid wastes
currently are injected into Mississippian
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limestones and Pennsylvanian sandstones of
the region. Beds of rock salt also may be suit-
able to retain wastes in solution-mined or
dry-mined cavities. Outcropping shales of the
region (see Part IT of this report) may be able
to retain waste in hydraulically induced frac-
tures or in caverns mined at shallow to mod-
erate depths in the shale.

Major references to the subsurface geolo-
gy of the region include Jordan and others
(1959), Bado and Jordan (1962), Thornton
(1962), Jordan and Vosburg (1963), Barrett
(1964), Berg (1969), Quackenbush (1969),
Gatewood (1970), Benton (1972), Withrow
(1972), Khaiwka (1973), and Harris (1975).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) underlies all parts of
northwest Oklahoma and is believed to have
the capacity for accepting injected liquid
wastes in most areas. The total thickness of
the Arbuckle Group here is typically 1,500 to
2,000 feet. The unit consists of both dolomite
and limestone, and locally as much as 25
percent of its thickness is porous and perme-
able. The depth to the top of the Arbuckle is
as little as 5,000 feet in the northeast and
about 6,000 feet in the northwest; the depth
increases southward into the Anadarko
Basin and reaches about 12,000 feet at the
south edge of the region (fig. 21).

Mississippian Limestones

In some parts of the region, limestones of
Mississippian age have sufficient porosity
and permeability to qualify for injection of
liquid industrial wastes. The porosity and
permeability result from a variety of proces-
ses in different areas: reef development, dep-
osition of oolites, dolomitization, and fracture
porosity. Suitable Mississippian reservoirs
are locally as thick as 35 feet, although com-
monly they average about 20 feet. They occur
at depths ranging from 4,000 feet in the
northeast to 8,000 feet in the south part of the
region.

Industrial wastes, including solvents,
acids, and caustic solutions, are now being
disposed of in one of the Mississippian lime-
stones (Meramecian) at a depth of about
7,100 feet (well 4 in table 16 and fig. 18) near
Dover in Kingfisher County.
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Pennsylvanian Sandstones

Numerous Pennsylvanian sandstones
capable of accepting liquid wastes are pres-
ent over most of the region. The sandstones
are commonly discontinuous lenses or chan-
nel-like bodies that are up to several miles
wide and may be as much as 25 miles long.
Sandstone bodies are typically 15 to 50 feet
thick in the middle and grade laterally into
thin sandstones and shales on the sides. Mor-
rowan sandstones in the Panhandle and
nearby counties are locally as thick as 150
feet.

Most Pennsylvanian sandstones consist
of fine- to medium-grained quartz sands that
locally are micaceous, shaly, and calcareous.
The sand grains are subangular to rounded
and generally are well sorted. Morrowan
sandstones near the base of the Pennsylva-
nian are somewhat coarser grained and in
part are conglomeratic.

Porosity of Pennsylvanian sandstone
reservoirs typically ranges from 10 to 20 per-
cent and averages about 15 percent. Permea-
bility ranges from 1 to 140 md but most com-
monly is in the 50-100-md range.

The most important reservoir sand-
stones in the region are shown on the accom-
panying list (fig. 31). Not all of these units
are present at any one locality in northwest
Oklahoma, but one or more of them may be
expected in most areas. The depth of these
sandstones ranges from 2,000 to 3,000 feet in
the north to more than 5,000 feet in the south
part of the region (fig. 24).

Liquid wastes from an iodine plant are
now being disposed of at a depth of 7,300 feet
in basal Pennsylvanian (Morrowan) sand-
stones north of Woodward (well 3 in table 16
and fig. 18). Iodine-bearing brines are being
produced from Morrow sandstones, and after
extraction of iodine the stripped brine is rein-
Jjected into the same sandstones both for dis-
posal purposes and to repressure the reser-
voir and thus drive more iodine-rich brine to
the production wells.

Permian Dolomites

Several dolomite beds of Permian ag.
locally may be targets for industrial-waste
disposal in the Panhandle area, especially in
Texas County. Individual units, including
the Herington, Krider, and Winfield Dolo-
mites, typically average about 15 feet in

Hoover A
Elgin
3 Virgilian Series
Endicott
Tonkawa
3
Avant
) Missourian Series

Cottage Grove

/N

Oswego
Red Fork > Desmoinesian Series

Cherokee

/ A\

Purdy
Kelly > Morrowan Series

Keyes

/

Figure 31. List of Pennsylvanian sandstones that may be
suitable locally for liquid-waste injection in northwest Okla-
homa.

thickness and extend over large areas. Two
or more dolomite beds are present at many
locations, and the depth to the shallowest
carbonate unit commonly is 1,500 to 3,000
feet below the surface. The dolomite beds
typically are porous with rather low per-
meabilities.

Permian Salts

Rock salt (Lower and Upper Permian)
underlies almost all the region. It occurs in
three principal salt sequences, the Hutch-
inson salt, the Cimarron salt, and the
Flowerpot salt, and is interbedded with shale
and (or) anhydrite in all areas. Individual
layers of rock salt are typically 5-30 feet
thick. In many parts of the region the top of
the salt beds is 500—1,000 feet below the sur-
face (fig. 25), and locally some of the lower
salt units are as much as 3,000 feet below the
surface.

Three underground storage facilities
have been created by dissolution of salt in
parts of northwest Oklahoma (Jordan and
Vosburg, 1963). Texaco, Inc., formed a
33,000-barrel cavern for storage of propane
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at a depth of about 900 feet in the Camrick
district of southwest Beaver County. Warren
Petroleum Corp. created several caverns,
with a total capacity of 150,000 barrels, at a
depth of 1,500 feet; the facility is for storage
of liquefied petroleum gas at its Mocane
plant in north-central Beaver County. Con-
tinental Oil Co. (Conoco) is storing 150,000
barrels of butane at a depth of 900 feet near
Medford in central Grant County.

Anadarko Basin

The Anadarko Basin, one of the major
geologic provinces in Oklahoma, is the domi-
nant structure in the west half of the State
(fig. 26). It is a depositional basin that has the
form of a great asymmetrical syncline, with
the steeper dips on the south side near the
Wichita Mountain Uplift. The basin contains
as much as 40,000 feet of sedimentary rocks
along the axis in the south part of the basin;
the strata thin northward to about 15,000
feet in the north part (fig. 19). Reservoir
rocks in the Anadarko Basin that are dis-
cussed here do not include those on the south
flank, as these rocks are closely associated
with events in the Wichita Mountains and
are discussed in the section on Southwest
Oklahoma; nor do they include those on the
northern shelf of the basin, as they are dis-
cussed in the section dealing with Northwest
Oklahoma.

A number of carbonate and sandstone
units appear capable of accepting liquid in-
dustrial wastes in various parts of the Ana-
darko Basin: carbonate rocks include the
Arbuckle Group, the Hunton Group, and
Mississippian limestones, whereas the sand-
stonesinclude the Simpson Group, the Spring-
er Formation, and units within the Pennsyl-
vanian and Permian Systems. Wastes may
be injected into caverns formed in bedded
rock salt that underlies much of the region.
They also may be placed in shallow shale
deposits (see Part II of this report) that are
hydraulically fractured or are excavated to
form underground caverns. The State’s only
industrial-waste-disposal system based upon
injection into hydraulically fractured shale is
located at Duncan in Stephens County (well 6
in table 16 and fig. 18).

Among the principal references on sub-
surface geology of the region are the follow-
ing: Slate (1962), Jordan and Vosburg (1963),

Peace (1965), London (1975), and Amsden
(1975).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) extends throughout
the Anadarko Basin and is a potential car-
bonate reservoir for liquid-waste injection in
much of the region. The unit is commonly
dolomitic, and locally it is expected to have
moderate intergranular porosity and per-
meability, augmented by fracture porosity.
The depth to the top of the Arbuckle ranges
from about 10,000 feet in the north part of the
region to as much as 31,000 feet along the
basin axis in central Washita County (fig.
21). Deep drilling near the axis has estab-
lished that the Arbuckle Group has some
porosity even at depths greater than 31,000
feet; the Lone Star Producing Co. 1 Bertha
Rogers Unit yielded sulfur-bearing fluids
from the upper Arbuckle 31,441 feet below
the surface in west-central Washita County
(Rowland, 1974).

Simpson Group

In the north and southeast parts of the
region the Simpson Group (Middle Ordovi-
cian) contains several widespread sandstones
that may be suitable for injection of liquid
wastes. The Bromide, Tulip Creek, McLish,
and Oil Creek sandstones are usually present
at any given locality, and one or more of them
commonly have sufficient porosity, permea-
bility, and thickness to be acceptable waste-
disposal reservoirs. Depths to Simpson Group
reservoirs generally range from 10,000 to
more than 15,000 feet in the north and south-
east parts of the Anadarko Basin (fig. 22). At
greater depths the Simpson sandstones have
significantly lower permeability and typical-
ly are not suitable reservoirs.

Hunton Group

The Hunton Group (Ordovician, Silu-
rian, and Devonian) apparently underlies all
parts of the region, and locally it may be
capable of accepting liquid wastes. Several
zones within the Hunton are locally dolomi-
tized and fractured and have a porosity range
of 5 to 20 percent and a permeability range of
1 to 200 md. The thickness of the Hunton
Group increases southward from several
hundred feet in the north part of the region to
approximately 1,000 feet in the deep part of
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the basin on the south. The top of the unit
ranges from 7,000 feet in the north to 28,000
feet in the south. The Hunton has sufficient
porosity and permeability to produce natural
gas from a depth of 24,548 feet in northwest
Beckham County, north of Mayfield.

Mississippian Limestones

In the north part of the region, some of
the limestones in the upper part of the Mis-
sissippian System (Chesterian Series) are
somewhat porous and permeable and are
similar to those in northwest Oklahoma.
Southward, the permeability is lost as lime-
stone grades laterally into shale. Porous Mis-
sissippian limestones lie at depths ranging
from 8,000 feet in the north to about 15,000
feet in the central part of the region.

Springer Formation

Southward from the north hinge of the
Anadarko Basin, a southward-thickening
wedge of sandstones and shales makes up the
Springer Formation (Upper Mississippian):
the sandstones locally may be suitable reser-
voirs for liquid wastes. The porosity of the
sandstone reservoirs commonly ranges from
10 to 20 percent and averages about 14 per-
cent; the permeability ranges from 1 to 100
md and averages about 40 md. Sandstone
bodies are fairly uniform over large areas;
they generally average 30 feet in thickness
but locally are as thick as 100 feet. The depth
to the top of the Springer ranges from about
8,000 feet in the north to nearly 20,000 feet in
the central part of the region, where the
sandstones grade southward into shale (fig.
23). At depths greater than about 15,000 feet,
the sandstones in the Springer Formation
have significantly lower permeability and
typically are not suitable reservoir rocks.
Named units in the southeast part of the
basin include (in descending order) the
Woods, Cunningham, Britt, Spiers, and Boat-
wright sandstones.

Pennsylvanian Sandstones

The numerous Pennsylvanian sandstone
reservoirs described and listed in the chapter
on Northwest Oklahoma (see fig. 31) are also
generally present, and are prospective units
for waste disposal, in the north part of this

region. General properties of the sandstones
are similar to those farther north, except that
here they are typically 7,000 to more than
10,000 feet below the surface (fig. 24). In the
south part of the region most of these sand-
stones grade laterally into shale, although
locally they interfinger with some of the
wedges of granite wash that thin northward
from the Wichita Mountain Uplift.

In the southeast part of the region,
another group of Pennsylvanian sandstones
may be capable of accepting liquid wastes
(fig. 32). These sandstones are typically 10 to
50 feet thick over fairly large areas and range
in depth from about 3,000 to 15,000 feet be-
low the surface.

Garner
Rowe (several sands) Virgilian Series

Niles

I\

Yule
Wade
Medrano r Missourian Series

Marchand

Culp

Figure 32. List of Pennsylvanian sandstones that may be
suitable locally for liquid-waste injection in southeast part of
Anadarko Basin.

Permian Sandstones

Several of the sandstones of Permian
age may locally be suitable for industrial-
waste disposal. The depth to these units
ranges from several hundred feet to more
than 3,000 feet, but at the shallower depths
care must be taken to avoid contamination of
ground-water supplies. Named units that
may be suitable in the southeast part of the
region include the Fortuna and several of the
Noble-Olson sandstones.

Permian Salts

Beds of rock salt (Lower and Upper Per-
mian) underlie the west half of the Anadarko
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Basin and are present in the Hutchinson salt,
the Cimarron salt, and the Beckham evapo-
rites. Individual layers of rock salt, typically
5 to 30 feet thick, are interbedded chiefly
with shale and (or) anhydrite in each of the
three salt sequences. The depth to the top of
the shallowest salt unit ranges from 600 to
more than 3,000 feet in different parts of the
region, and in places the lower salt beds are
3,500 feet below the surface (fig. 25).

A 15,000-barrel propane-storage cavern,
created by Shell Oil Co. at a depth of 1,400
feet near Elk City in Beckham County (Jor-
dan and Vosburg, 1963), is at the south edge
of the region along the axis of the Anadarko
Basin.

Southwest Oklahoma

For this report, southwest Oklahoma
embraces the Wichita Mountain Uplift, as
well as the Hollis Basin and the south flank
of the Anadarko Basin where the deposition-
al history is closely tied to geologic events in
the Wichita Uplift (figs. 1, 26). Crystalline
basement rocks crop out along the central
part of the uplift, but elsewhere several hun-
dred to several thousand feet of sedimentary
rocks overlie the basement on the Wichita
block. The thickness of sedimentary rocks is
5,000 to 12,000 feet in the Hollis Basin, south
of the mountains, and reaches 30,000 to
40,000 feet along the axis of the Anadarko
Basin, to the north (fig. 19). Owing to com-
plex folding and faulting along the north and
south boundaries of the Wichita Uplift, the
depth to potential waste-disposal reservoirs
in these areas varies greatly within short
distances.

Rock units considered best suited for
accepting liquid wastes include carbonates of
the Arbuckle Group, the Brown dolomite,
and sandstones and conglomerates in the
series of granite-wash deposits. Thick salt
deposits of the region could also accommo-
date industrial wastes in natural solution
caverns or in mined caverns. Shales at shal-
low to moderate depths in the region (see
Part II of this report) might be suitable local-
ly for accepting wastes in hydraulically in-
duced fractures or in mined-out caverns.

Principal studies of the subsurface geolo-
gy of southwest Oklahoma include Sears

(1951), Edwards (1959), McDaniel (1959),
Bozovich (1963), Jordan and Vosburg (1963),
Blazenko (1964), Ham and others (1964),
Johnson (1967), and Harlton (1972).

Arbuckle Group

The Arbuckle Group (Upper Cambrian
and Lower Ordovician) is a carbonate reser-
voir that may be suitable for liquid-waste
injection in many parts of the Hollis Basin
and locally on the north side of the Wichita
Mountain Uplift, where the reservoir rock is
preserved in down-faulted blocks. Elsewhere
on the Wichita Uplift the Arbuckle is absent,
owing to uplift and erosion during Pennsyl-
vanian time.

In this region the Arbuckle is predomi-
nantly tan, sucrosic to coarse-crystalline,
porous dolomite. Intergranular porosity of
reservoir rocks is calculated between 4 and
12 percent, averages about 8 percent, and
may be augmented by fracture porosity. Per-
meability of the unit averages about 100 md
and locally may reach or exceed 500 md.

The thickness of the Arbuckle in south-
west Oklahoma is estimated at 4,000-5,000
feet. Its depth is typically 5,000-8,000 feet
below the surface in the Hollis Basin (fig. 21)
and ranges from about 1,000 to more than
20,000 feet in the fault blocks on the north
side of the Wichita Uplift. On the south flank
of the Anadarko Basin the Arbuckle Group is
locally more than 30,000 feet deep.

Granite Wash

The term granite wash has been used by
petroleum geologists working in southwest
Oklahoma to describe the thick series of gra-
nitic or arkosic conglomerates and sand-
stones interbedded with shales within and
surrounding the Wichita Mountain Uplift.
Granite wash is the debris weathered and
eroded from the rising Wichita Mountain
block during Pennsylvanian and Early Per-
mian time; it was deposited in channels and
sheetlike layers on the flanks of the moun-
tains and in nearby parts of the Hollis and
Anadarko Basins and locally is a suitable
reservoir for liquid-waste disposal.

To the south, in parts of the Hollis Basin,
the granite wash is locally porous and perme-
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able. Individual beds in the north part of the
basin are up to 50 feet thick and occur at
depths ranging from 500 to 3,000 feet. These
same conditions also exist west of the Wichi-
ta Mountains and beneath the broad plains
that form valley-like areas between scattered
outcrops of granite within the mountain
area.

The principal deposits of granite wash
are on the north flank of the Wichita Uplift
and northward into the Anadarko Basin. The
system of complex faults close to the moun-
tains locally limits the lateral extent of indi-
vidual layers of granite wash and causes
their depth to range from 1,000 to more than
5,000 feet. Beyond this fault zone, however,
granite-wash layers extend more than 20
miles northward across the Anadarko Basin,
where they are as deep as 15,000 feet below
the surface. The entire sequence of granite
wash and interbedded shale is as thick as
10,000 feet near the axis of the basin. Indi-
vidual beds range from 10 to 50 feet thick,
although an aggregate thickness of as much
as 240 feet of porous sandstones is present at
some localities. The reservoir sandstones
have highly variable porosity and permeabil-
ity but average about 17 percent and 175 md,
respectively.

Brown Dolomite

The Brown dolomite (Lower Permian) is
a prospective reservoir for liquid-waste dis-
posal west and northwest of the exposed
Wichita Mountains, chiefly in Beckham and
northern Greer Counties. The Brown dolo-
mite is gray brown and fine to medium crys-
talline and contains both intergranular and
vuggy porosity. Reservoir porosity ranges up
to 20 percent but averages about 11 percent,
whereas the permeability is as high as 50 md
and probably averages about 10 md. The
porous zone in the Brown dolomite averages
about 25 feet in thickness and ranges in
depth from 1,500 to about 3,000 feet.

Permian Salts

Layers of rock salt (Lower and Upper
Permian), interbedded with shale and anhy-
drite, underlie the northwest part of the re-
gion. They occur in the Cimarron salt and
also in the Beckham evaporites. Individual
salt beds of both salt sequences are commonly
5 to 30 feet thick. The depth to the top of salt
in the region ranges from about 800 to 1,000
feet over the Wichita Uplift and about 500 to
1,300 feet in parts of the Hollis and Anadarko
Basins (fig. 25).
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