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FOREWORD

In 1917 the Oklahoma Geological Survey issued Bulletin 19,
Part II, entitled ‘‘Petroleum and Natural Gas in Oklahoma.’’
This volume was so popular that the supply was soon exhausted,
and for several years ccpies have not been obtainable.

The present Director has seen the need of a revision of this
bulletin. On account of the lack of appropriations he has not been
able to employ sufficient help to compile the data, and has called
on some twenty representative geologists .throughout the state
to aid in the preparation of reports on separate counties. These
gentlemen, all busy men, have contributed freely of their time
and information in the preparation of these reports.

Tt will be understood that the facts as set forth in the various
reports represent the observation and opinion of the different
men. The Oklahoma Geological Survey has every confidence in
the judgment of the various authors, but at the same time the
Survey does not stand sponsor for all statements made or for all
conclusions drawn. Reports of this kind, are at best, progress
reports, representing the best information obtainable as of the
date issued, and doubtless new data will cause many changes in
our present ideas.

Dr. Honess, the author of this report, is better aequainted
with the geology of this part of Oklahoma than perhaps any
one else. He spent seven consecutive years working in MeCur-
tain and adjacent counties and is the author of a very comprehen-
sive report entitled ‘‘Geology of the Southern Ouachita Moun-
tains of Oklahoma,’’ published as Bulletin 32, of the Oklahoma
Geological Survey, He has also written several other shorter
papers dealing with the same general region. The present chapter
epitomizes Dr. Honess’ observation in the matter of oil geology
and oil possibilities of the region.

CHAS, N. GOULD,
Director
November, 1927

OIL AND GAS IN OKLAHOMA

Atoka, Pushmataha, McCurtain, Bryan, and Choctaw Counties

By
C. W, Honess

LOCATION AND ACCESSIBILITY

Atoka, Pushmataha, McCurtain, Bryan, and Choctaw counties lie
in the southeast corner of Oklahoma, and comprise an arca of approxi-
mately 6,000 square miles,—about one-twelfth of the total area of the
State. The northern half of Atoka County, most of Pushmataha
County, and the northern half of McCurtain County cover a large area
in the Ouachita Mountains; the southern half of Atoka County, the
southern half of McCurtain County, and all of Choctaw and Eryan
counties lie in the Red River Plain, which is a part of the Gulf Coastal
Plain, contiguous on the south.

. COLORADO
< = e u
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Fig. 1—Index map of Oklahoma showing area covered by this report.

"The principal towns in the area are: Atoka, Antlers, Idabel, Durfmt,
and Hugo, each of which is accessible by rail. Durant, Flugo, and Ida-
bel are situated on the Ardmore branch of the Frisco Railroad, V{hlch
runs east-west, and makes connections north and south cver the Santa
Fe Railroad at Ardmore, Oklahoma ; and north and south over the Kan-
sas City Southern Railroad at Ashdown, Arkansas. Connections are
‘made north and south also over the Missourt, Kar_lsas and Texas Rail-
road, and over the Kansas, Oklahoma and Gulf Rallroad_ st Durant; and
north and south over the main line of the Frisco Railvoad at Hugo.
The main line of the Frisco passing through Hugo passes also through
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Antlers, the county seat of Pushmataha County; and the Missouri
Kansas and Texa§ Railroad, goes through Atcka, the county seat of
Atoka County. There is no railroad north or south from Idahel, the
county seat of McCurtain County, but the Kansas City Southern Rail-
_road. appreaches very close to the Oklahoma-Arkansas State line over
its right-of-way, and points in northern McCurtain County are access-
ible from it. The Texas, Oklahoma and Eastern Railroad, originally
a logging road, joins Valliant, a town on the Frisco in McCurtain
County, with DeQueen, a point on the Kansas City Southern Railroad
in Arkansas. This line passes through Eagletown, Broken Bow, and
Wright City, all of which are in central McCurtain County. ,
There are also numerous automobile roads in southeastern Okla-

homa. Thus, one may approach from the north via. McAlester or Po-
teau to the small town of Victor, by automobile, thence south over the
mountains to Talihina, Albion, Tuskahoma, Finley, Antlers, and Hugo;
or one may enter the region from the west, con{ing in from Ada via,
Atoka and Durant, or from Ardmore to Durant, thence to Hugo. The
region is easily accessible from the south over the Red River bridge at
Arthur’s Bluff, Texas, south of Hugo; and from the east over good
r(_)ads frorr': De Queen, Arkansas, to Broken Bow, Oklahoma. One ma
also come in from Ashdown, Arkansas, to Idabel, thence north to Bro}j
ken Bow, or procezd west from Idabel to Hugo.

TOPOGRAPHY AND DRAINAGE

The area of the Ouachita Mountains in Oklahoma, in which falls
the northern half of Atoka County, practically all of Pushmataha Coun-
ty (all except the southern margin), and the northern half of McCur-
tain County. is for the most part one of high sandstone ridges and in-
tervening wide flat valleys having an east-west direction, but locally
there are considerable areas of flint hills. The sandstone ridges are
steep sided, strewn with blocks of loose rock, and many of them are of
mountainois dimensions, 20 to 50 miles in length and several miles
broad. They range in height up to 2,900 feet above sea. The valleys
between the principal ridges are established on broad belts of shale or
slates, chiefly which, because of less resistant character, have been worn
down by the strexms.  Some of the larger valleys are several miles
broad and terminate abruptly agairst the flanks of the mountains. In
these valleys, locally, are certain low ridges or rounded hills and
knolls, and some rolling prairie lands, which are the result of the
'V\'eathermg' of sandstones. The areas of flint, such as the Potato Hills
in northern Pushmataha County, Pine Mountain, He Mountain, and
numerous other (unnamed) mountains all in central McCurtain Count
and the flint hills in central Atoka County, are composed of black blt}ll-’
ish, and gray to white flint. ‘These hills are not as high as the sand-
stone ridges, hut they are rough and rocky and have, generally, much
steeper s'cpes; al<o the chert or flint, which is continually bryeaking
away from the parent ledges in place, to form a loose sharp, angular
rubble, covers the surfaces and makes walking difficult. ’
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The topography of the Gulf Coastal Plain, which includes southern
Atoka County, the southern edge of Pushmataha County, southern Mec-
Curtain County, and all of Bryan and Choctaw counties, is a relatively
featureless plain, compared to the Ouachita Mountains. As concerns
southeast Oklahoma, the Coastal Plain consists of broad expanses of
loose sand, extended areas of black land prairie, narrow strips of hilly
limestone country and a few low, rounded, sandstone hills. No smal
part of it is the flood plain of Red River where river silt is deposited,
and this, after drying, blows inland for many miles and locally is drifted
into dunes.

The drainage is south and southeast, out of the mountains, across
the plains, to Red River. Blue River flows southeast across central
Bryan County and is the chief drainage in that area. Bogzgy Creex
drains all of Atoka County, and Choctaw County west of Hugo. Kia-
michi River gathers the waters from Pushmataha County, except the
east edge, and from Choctaw County east of Hugo. The remainder
of the area is drained by Little River and its tributaries.

The climate is hot and humid. The mean annual temperature
is 62°, and the rainfall 43 inches per year. The mountainous parts are
clothed in a forest of white and black oak, hickory, and yellow pine.
In the valleys there is a great deal of red cedar together with brush anl
briars of all kinds. On the plains and prairies farther soutl are large
areas of bois d’ arc and thorn. There is also much scrubby oak and
hickory. Cypress swamps abound along Little River and clumps of
cypress may be found along the streams within the mountains in Mec-
Curtain County.
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A liberal use has been made of the literature touching upon the general
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GEOLOGY
GENERAL STATEMENT
The five counties here under review, namely: Atoka, Pushmataha,

McCurtain, Bryan, and Choctaw, lie partly in a region of highly folded
ancient (Paleozoic) sediments, and in part in an area of rearly flat-
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lying, loosely consolidated sands and clays of more recent (Cretaceous)
age. The out:rop of the old rocks lies north of a line joining the towns
of Atoka, Anilers, ard Broken Bow, (Fig. 2), and is known, physio-
graplically, as the Ouachita Mountains. South of this line to Red
River and beyond, the terrane belongs to the Coastal Plain. The area
to be considered is just about equally divided, therefore, geologically.
I sha'l discuss first the stratigraphy and structure of the Quachita Moun-
tains as it periains to the particular area and problem, and take up sec-
ond the stratiyraphy and structure of the Coastal Plain, insofar as it
concerns Bryan, Choctaw, and McCurtain counties in particular.

Cuachita Mountain S.ratigrarhy

The rocks exposad in the Ouachita Mountains are almost wholly
of the non-ca'careous types, consisting of shales (slates), sandstones,
and flints or cherts. These have been described in detail, their thick-
nesses determined, and other f{acts about them made known largely
through the lebors of J. A. Taff', G. H. Girty’, Hugh D. Miser’, and
C. W. Honess'. For present purposes it will not he necessary to re-
peat all of these details, and I shall give only such facts briefly as are
of immediate interest. Following is the succession of formations in
stratigraphic crder from youngest (top) to oldest (bottom) as deter-
mined by the various geologists who have worked in the region,

STRATIGRAPHIC SECTION OF THE QUACHITA MOUNTAINS

Atoka formation (Pennsylvanian). The Atoka formation con-
sists of blue and black shales, and dark brown sandstones of varying
hardness, all generally thin hedded, and having a total thickness of 3,-
100 ieet in Atoka County. In Pushmataha and McCurtain counties
the Atoka has been largely removed by erosion, since the mountains
were formed.

Wapanucza limcstone (Pennsylvanian). The Wapanucka lime-
stone is in part dolitic and in part a cherty fossiliferous limestone, with
dark sandy shales at the base, the total thickness being about 100 feet
in Atoka County. Farther east this formation is locally present as a
calcareous sandstone, but in general it has been cut away by erosion.

Caney shale (Pennsylvanian and Mississippian). The Caney is a
mass of blue and black shales including limestone segregations and er-

L. Taff, J. A, U. S. Geol. Survey, Atoka Folio (No. 79), 1902. Grahamite deposits
of southeastern Oklahoma: U. S. Geol. Survey, Bull. No. 380, pp. 286-297, 1909.

2. Girty, G. H, Fauna of the Caney shale of Oklahoma: U. S. Geol. Survey,
Bull. No. 377, 1909.

3. Miser, H. D, Llanoria, the Paleozoic land area in Louisiana and eastern
Texas; American Jour. Sci. 5th Series, Vol. 2, pp. 61-89, 1921; Geologic map
of Oklahoms; U. S. Geol. Survey, 1926.

4. Honess, C. W., The Stanley shale of Oklahoma: Amer. Jour Sci. 5th Series,
Vel I, pp. 62-80, 1921; Geology of the southern Ouachita Mountains of Ok-
lanoma: Okl:. Geol. BSurvey Bull. No. 32, 1923; Geology of southern LeFlore

and northwestern McCurtain counties, Oklahoma, Circular No. 3, Bureau of
Geology, Norman, Okla., 1924,
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ratic boulders of limestone and sandstone. It has a total thickness in
Atoka County of 800 feet or more, but appears not to have been de-
posited in its typical phase farther east.

Jackfork sandstone- (Mississippian). The Jackfork sandstone is
a formation 6,600 feet in thickness consisting chiefly o7 massive beds
of fine to madium grained sandstone interbedded with mior amouats of
blue shale. It is exposed widely in Atoka, Pushmataha, and nortawest
McCurtain counties, and is responsible for all the highiest mountains
in this area.

Stanley shale (Mississippian). The Stanley is a formation of dark
colored, thin bedded, ripple-marked sandstones and _darl«: gray or black
shales and slates interbedded in one wvast series 6.,000 to 10,-
000 feet thick. The sandstones are unusually hard, and 111'p1ac§:s they
become quartzites. A bed of volcanic ash (tuff) 90 feet in ‘thickness
occurs near the bottom of the formation in McCurtain County, and a
lentil of black chert up to 25 feet in thickness appears in the middle
of the Stan'ey in this same region. The Stanley is widely exposed
throughout the length and breadth of the Ouach'ta Mountains.

Arkansas novaculite (Devonian). The Arkansas novaculite may
be subdivided into three parts: (1) a heavy bedded white novaculite
(flint), carrying locally pockets of manganese ores, and composing
the lower one-third of the formation; (2) thin bedded black novaculite
(chert or flint) and black shales or slates forming the middle portion;
and (3) a manganese-bearing white novaculite, 100 fee: thick or less,
occurring at the top. The total thickness of this rock ranges from 250
feet in western McCurtain County to 540 feet in eastern McCurtain
County. In northern Pushmataha County and central Atoka County
the upper part of the Talihina chert is the Arkansas novaculits and
this part of the chert appears to have a thickness of about 250 feet
here. The novaculite is exposed extensively . in central McCurtain
County and locally elsewhere.

Missouri Mountain slate (Silurian). This formation consists
wholly of green and red shales or slates, weathering buff, their thick-
ness being 60 to 100 feet. The outcrop appears only in central Mec-
Curtain County. .

Blaylock sandstone (Silurian). The Blaylock is » formation of
hard, quartzitic, thin bedded, green sandstones and -ha"d, green slaty
shales, 600 to 800 feet thick. Upon exposure the entire mass weathers
red. The outcrop appears only in central McCurtain County. ‘

Polk Creek shale (Ordovician). The Polk Creek shale is jet-
black in color, richly graphitic or carbonaceous, soft, contains abundant
graptolites, and is uniform in character throughout its geographic ex-
tent. It is about 100 feet thick. The main outcrop appears in central
McCurtain County, but a portion of the Talihina chert in Atoka and
Pushmataha counties resembles the typical Polk Creek, and is doubtless
of the same age.
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_ Bigfork chert (Ordovician). The Bigfork chert consists of wavy
thin beds of black chert and black cherty limestone interbedded with
runor amounts of black slaty shales, having a total thickness of approxi-
raately 800 feet. The outcrop appears in central McCurtain County
where it covers many square miles, but the lower part of the Talihina
chert in Atoka and Pushmataha counties has been identified as the Big-
fork, which therefore must be present throughout the entire Quachita
region. The Bigfoik chert is synchronous with the Viola limestone of
the Arbuclle region.

. Womble shal: and sandstone (Ordovician). The Womble forma-
tion consisis of soft, micaceous, argillaceous, fine grained, green sand-
stones anc. clay shales which have a total thickness of 1,000 feet more
or less.  These have been modified by folding and uplift, and by hydro-
thermal action. They have also suffered from quartz .intrusions, with
the result that the slates split readily across the bedding, and the sand-
stones have taken on a schistose character which is decidedly character-
stic.  Although green when fresh these rocks invariably weather red
end finally brown. The outcrop is confined to central McCurtain
County, bt the Stringtown black shales which appear beneath the Big-
fork in the Potats Hills in northern Pushmataha County and in tﬁe
flint hills of central Atoka County are probably of the same age as the
Womble. ’

Blakeiy sandstone (Ordovician). A dark gray quartzite compos-
ed of spherically rounded quartz sand grains and having numerous
smoky quartz veins cutting across it has been called the Blakely. Tt is
epproximately 15 feet thick, and outcrops in central McCurtain County.

Masarn shale (Ordovician). The Mazarn shale is a mass of dark
colored carbonacenus shales, which split across the hedding. The thick-
ness 1s estimated ~t 1,000 feet, but there is doubt about the identity and
correlation of these Oklahoma deposits with the type Mazarn shale
areas, which are in Arkansas. The Oklahoma “Mazarn’” crops out
tvpically along Glover Creek (sec. 15, T. 5 S., R. 23 E.) in central Mc-
Curtain County.

- Crastel Mountain sandstone (Ordovician). The Crystal Moun-
tain sandstone is composed essentially of coarse. spherically rounded
quartz sand. now firmly cemented with silica. The rock is massive,
without bedding, hard, and grav in color, but weathers brown, due to
the presence in it of a ferruginous carbonate. At the base is a con-
srlomerate. 14 feet thick, which contains angular as well as rounded
blocks of limestore and black chert up to eight inches in length. The
total thickness of the Crystal Mountain sandstone is 500 feet, and it
outcrons in central McCurtain County.

Collicr shale (Ordovician). The Collier shale consists of dark
colored metamorrhosed shales and slates containing local minor devel-
opments of conglomerates and limestone, This is the oldest forma-
tion exposed in the region, and we see only the topmost 200 feet of it.
Tts total thickness is not known, and what lies heneath it is not knownn.
The outcrops of the Collier appear in central McCurtain County.
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Ouachita Mountain Structure

The structure of the Ouachita Mountain area is of that type com-
monly known as Appalachian. It resembles, that is to say, the well
known structure of the Appalachian Mountains, which is essentially a
series of tightly compressed, and in part, overturned folds (anticlines
and synclines), accompanied by faulting. Viewed at large the Ouachira
Mountains are clearly but a fragment of a former, exteusive rangs,
which indeed may have, at one time, connected with the Appalachian
Mountains. There is a great deal of evidence in support of this supposi-
tion. It is also clear that the present mountains once did, and that the
structures still do, continue far to the south and west into the State of
Texas. We are describing, therefore, a type of structure which is not
locally confined to the present mountains, but is more general, region-
ally larger, and deep seated.

The present Ouachita Mountains, extending from Atoka, Atoka
County, Oklahoma, east into Arkansas, and occupying a beit 50 to 60
miles broad, is essentially a mass of complexly folded sandstones, shales
and cherts (flints), which have been, since they were folded, subjected
to erosion. During this interval of erosion the tops of the folds were
gradually cut away, and one sees now only the roots of the former
mountains, and only the jagged edges of the rock strata that compose
the arches and troughs. The rocks were not folded into broad basins
and domes, but for the most part were pushed together to form the
isoclinal and recumbent types of folds, and these were packed tightly
together, or inclined one upon the other, in a manner that left the
strata all plunging in one direction for any single large area. The rocks
were also broken in an infinite number of places, jointed, and the
shales, which were softer, must have yielded much as putty in the
hands of the glazier. In numerous places large masses of rock slipped
past other large masses along definite lines of displacement which are
many miles in length and thousands of feet deep in the ground; also
there were slips (faults) of small dimension. The fricticn of these
moving masses of rock, which, by the way, moved in a northerly and
northwesterly direction, developed a great deal of heat, and heat, com-
bined with the pressure which was brought to bear on thi; mountain
mass, caused the rocks to be changed physically and chemizally, from
their original soft nature to harder materials. There is evidence that
at greater depths this movement was accompanied by the intrusion of
melted rock, for the sediments now exposed at the surface have suf-
fered intrusions of thick masses of quartz and locally other igneous
matters. All the olders rocks have been steamed in hot waters containing
lime and iron carbonates and silica, which come from below.

One of the larger upfolded masses in the QOuachita Mountains is
the Choctaw anticline, which occupies all of central McCurtain County,
and extends southwest, without the shadow of a doubt, beneath the
Coastal Plains sediments at least as far as Red River, and presumably
much farther. This anticline is a region of general uplift, and it is
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extremely coraplicated structurally, for it carries on either {flank as
many as fifty minor thrust folds (anticlines and synclines) and nu-
merous faults, yet the strata dip uniformly to the north (northeast on
the east flank, and northwest on the west flank) throughout the mass.
Half of the rocks in this structure are, therefore, upside down. (See
areal maps and structure sections, Okla. Geol. Surv. Bull. 32, Pt. 1,
Plates I, [XIX, and LXXXII, 1923).

Another large anticline appears in northern Pushmataha County
and southern Latimer County. The rocks exposed along the central
part of this axis form the Potato Hills, 15 miles long by six miles
broad. The entire anticline may be thought of as extending roughly
35 miles, in an east-west direction. Like the Choctaw anticline the
Potato Hills enticline is also extremely complicated, having many small
folds on its back, but in this case the strata are tilted in various posi-
tions, mostly toward the south. The rocks dip to the south generally
over all of ncrthern Pushmataha County north of Kdamichi Mountain,
and over all of southern LeFlore County, south of the Choctaw fault.

There are a number of large down folded areas or synclines in the
Ouachita Mountains, and singularly enough, these are all simple troughs
tilted up at cne end, or both ends, and are never complicated in the
sense that the large up-folded areas are. These troughts are 20 to 50
miles long by 6 to 10 miles broad and are separated one from the other
by huge thrust faults. They are formed of the Stanley and Jackfork
formations in some cases, but usually later sediments, up to and includ-
mng the Atoka formation, are also caught in these basins. These
synciines are sometimes over-turned. The strata dip from 30° to
60° toward the central axis in most cases, but frequently the dip
is much less—sometimes more. Some of the more prominent of the
synclines are: Bethel syncline and Boktukola syncline in.northern Me-
Curtain County; Lynn Mountain syncline in northern Pushmataha
and southern LeFlore counties; and Caney basin in western Pushmataha
County. There are ten or a dozen all told. These large basins and
accompanying thrust faults all trend in a southerly or southwesterly
direction, and the rocks of which they are composed form the founda-
tion stones of southern Atoka, southern Pushmataha, most of Choctaw,
and a part of Bryan counties, i. e., it is on this type of structure and
over this kind of rocks that the Coastal Plains deposits were laid in the
Red River rerion. Southern McCurtain County, as previously stated,
is underlain by the hard standstones and especially by the flints and
slates which compose the Choctaw anticline.

Coastal Plains Stratigraphy

Lying on top and across the steeply dipping, eroded edges of the
QOuachita Mountain rocks in southern Atoka, southern Pushmataha, and
southern McCurtain counties, and farther south, are thick deposits of
yellow sand, red and yellow clays, chalky limestones, and shell beds;
also black gumbo clays and marls, which dip toward the Gulf at the
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rate of 40 to 70 feet per mile. 'This group of rocks, 1,000 feet in thick-
ness or more in its entirety, comprises the lower Cretaceous (Coman-
chean) group, and the basal part of the Upper Cretaceous group, of
sediments. Much has been written concerning the character, thick-
ness, and age of these formations, very largely by J. A. Taff, but
Stephenson’, Hopkins, Powers and Robinson’, Ellisor®, Miser®, and
Dane™, have also made notable contributions to our understanding of
this area. TFor present purposes only brief descriptions of the several
formations need be given. In order from the top downward or from
youngest to oldest these are as follows:

STRATIGRAPHIC SECTION OF THE RED RIVER PLAIN

Pecan Gap Chalk (Upper Cretaceous). Although at present con-
cealed from view beneath a thin covering of river silt and sand, the Pe-
can Gap chalk and associated shales and sands unquestionably lie across
the southern tip of McCurtain County, and are the uppermost beds of
the Cretaceous in this region in Oklahoma. The chalk has a thickness

-of 400 feet in Bowie County, Texas, where it has been identified in

wells drilled there, and doubtless will be found to have a like thickness
in the southern end of McCurtain County, Oklahoma (T. 10 S., Rs. 26
and 27 E.). The chalk is exposed at Rocky Comfort, 134 miles south-
west of Foreman, Little River County, Arkansas, just east of the Okla-
homa-Arkansas State line. Fere it consists of massive beds of pale
blue chalk weathering white, and is fossiliferous.

Brownstown beds (Upper Cretaceous). The Brownstown is es-
sentially “a blue or gray calcareous clay containing many fossil oysters,
and is characterized by the presence of the large oyster, Exogyra pon-
derosa, whence it has been called the Exogyra ponderosa marl,” but
there are beds of glauconite, lenses of quartz sand and some sandy shales
as well as blue-gray calcereous clays, in this formation. At the top
there is a glauconitic, fossiliferous, sandy zone, 100 feet thick, to which
the name Wolf City has been applied. It has been recognized in north-
east Texas, including Bowie County, and should also be found imme-
diately beneath the chalk in Oklahoma. The clays of the lower por-
tion of the Brownstown weather dark olive green, which is character-

5. Taff, J. A, U. S. Geol. Survey, Atoka ¥olio (No. 79), 1902; and U. 8. Geol.
Survey, Tishomingo Folio No. 98, 1903. .

6. Stephenson, L. W., A contribution to the geology of northeastern Texas and
southern Oklahoma: U. 8. Geol. Survey, Prof. Paper No. 120-H. 1918; and
notes on the stratigraphy of the Upper Cretaceous formations of Texas and
Arkansas: Bull. Amer. Assn, Pet. Geol,, Vol. 11, pp. 1-17, 1927.

7. Hopkins, .O. B., Powers, 8., and Robinson, H. M, The structure of the
Madill-Denicon area, Oklahoma and Texas, with notes on the oil and gas
development: U. S. Geol. Survey, Bull. No. 736-A, 1922.

8. Ellisor, A. C., The age and correlation of the chalk at White Cliffs, Ar-
kansas, with notes on the subsurface correlations of northeast Texas: Bull.
Amer. Assn. Pet. Geol,, Vol. 9, pp. 1152-1164, 1925,

‘9. Miser, H. D., Lower Cretaceous (Comanche) rocks of southeastern Oklahoma

and southwestern Arkansas: Bull. Amer. Assn. Pet. Geol. Vol. 11, pp. 443-
453, 1927; and geologic map of Oklahoma, U. S. Geol. Survey, 1926.

9a. Dane, C. H., et al, Oil-bearing formations of southwestern Arkansas: U. S.
Geol, Survey Press Notice, No. 8823, Sept. 10, 1926.
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istic of this part of the formation. The total thickness of the Browns-
town ranges from 300 to 600 feet. Westward in Texas it grades into
the Taylor mar]l and Austin chalk. In Arkansas the Browntown beds
have been subdivided recently by Dane et al into: (1) Brownstown
marl (restricted), below, and (2) Ozan formation, above. The sub-
division was made because of the discovery in the middle of the for-
mation of an unconformity and a change in lithology.

Eagle Ford shales (Upper Cretaceous). Below the Brownstown
in the wells drilled in Bowie County and west, in Texas, there is found
the same type of sand and associated shales as found in the upper part
of the Eagle Ford farther west. These strata have a thickness of 250
or more feet, at the top of which is a sand (sub-Clarksville sand). Or-
dinarily, the Eagle Ford consists of dark bluish or black shaly clay
which is gypsiferous and more or less bituminous, but the typical black,
bituminous phase of the Fagle Ford shales is missing in this area, ac-
cording to A. C. Ellisor, and the sub-Clarksville sand and underlying
shales grade into the Woodbine (Bingen) below. But, according to
L. W. Stephenson®, there are no rocks at all of Eagle Ford age in this
locality, southwest Arkansas in particular, and a break in the Bingen
sand represents FEagle Ford time. In McCurtain County, Oklahoma,
the upper Eagle Ford section, if present, should crop out as a narrow
east-west band at about the latitude of Haworth or Bokohoma, and dip
south. Southeast of Durant in Bryan County, Eagle Ford shales oc-
cupy an area of approximately 50 square miles and dip southeast. They
apparently occupy the trough of a syncline in this locality.

Woodbine sand (Upper Cretaceous). The Woodbine sand or
“Silo sand” which crops out in southern Bryan and southern Choctaw
counties, comprises farther east, in southern McCurtain County, the
lower part of the Bingen formation.” It is the hasal formation of the
Upper Cretaceous and consists of fine brown sand and sandy clays in-
tesstratified. The total thickness is about 500 feet, but erosion has re-
moved much of the upper part from the outcrop, the north edge of
which strikes through Silo, Durant, and Bennington in Bryan County;
through Duland and Grant in Choctaw County; and through Idabel
and Odell in McCurtain County. It lies in an unconformable position
upon the Lower Cretaceous strata beneath, with ‘overlap in a north-
easterly direction, so that it is in contact with the Bennington limestone
below, in Bryan County and western Choctaw County, but overlaps
the Goodland limestone at the east margin of McCurtain County.

Bennington limestone (Lower Cretaceous). The Bennington lime-
stone in the Texas region is represented by from 80 to 100 feet of cal-

10. Stephenson, L. W., Notes on the stratigraphy of the Upper Cretaceous for-
mations of Texas and Arkansas; Bull. Amer. Assoc. Pet. Geol. Vol. 11, p. 4,
Jan. 1927.

11. The upper part of the Bingen has been given a new name by H. D. Miser
(U. S. Geol. Survey Bull. No. 690) because of the discovery in the Bingen
of an unconformity. The upper Bingen, 300 feet thick, accordingly, is
known ag the Tokio formation, which is present in McCurtain County, and
east, but has no counterpart in the section farther west.
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careous, fossiliferous clays according to Taff. Coming northward into
Oklahoma they change gradually to a hard dull-blue limestone, the Ben-
nington limestone, 10 feet in thickness, which carries an abundance of
small shells, (Exogyra arientina). Because of the overlap of the suc-
ceeding Bingen, the Bennington might not be found in wells drilled
a'ong the north edge of the Bingen in parts of Choctaw and southern
McCurtain counties. It should be present in Bryan County.

Bokchito formation (Lower Cretaceous). The Bokchito is a for-
mation composed chiefly of clay and sandy clay with beds of friable
sandstone, shell limestone, and ironstone concretions, aggregating ap- .
proximately 140 feet. The sandstones are 20 to 30 feet in thickness local-
ly. Because of the overlap of the Bingen to eastward the Bokchito for-
mation might not be present in wells drilled in parts of Choctaw and
southern McCurtain counties.

Caddo limestone (Lower Cretaceous). This formation consists
of clay and calcareous marls interstratified with white marly limestone
and semi-crystalline limestone making a section about 150 feet thick.
Opyster shell beds are found at the top similar to those occurring below,
at the top of the Kiamichi formation. The Caddo limestone is doubt-
less present in its proper sequence throughout southern Bryan, southern
Choctaw, and southern McCurtain counties.

Kiamichi formation (Lower Cretaceous). The Kiamichi forma-
tion includes a few feet of siliceous limestone and shale marl overlaid by
50 feet of blue clay marl with oyster shell beds in the upper part. The
oyster shells are large, up to 3 inches in length, and are cemented into
firm ledges, one foot thick, by marly lime. This formation crops out
south of the Goodland limestone and adjacent to it all across the south-
ern counties.

Goodland limestone (Lower Cretaceous). The Goodland is a
mas-ive white limestone 25 to 50 feet thick, and crons out in a slightly
south of east direction from the northwest corner of Bryan County to
the place where Little River leaves the State in southeast McCurtain
County. It is a good marker in well logs, and is prominent in the field
as a maker of cliffs and terraces where it comes to the surface. It
should be encountered in all wells drilled south of its outcrop at suc-
cessively lower and lower depths toward the south.

Trimity sand (Lower Cretaceous). The Trinity sand is the basal
member of the Lower Cretaceous group of rocks, and is the beach and
near shore deposit of the T.ower Cretaceous sea, which encroached upon
the land from the south and east. The progress of this ancient sea
upon the subsiding land to the north was so slow and its work so com-
plete that all of the Paleozoic rocks: shales, sandstones, cherts, etc.,
hard and soft alike, were worn down to a nearly level base. Upon this
plain, across the eroded edges of the hard rocks, the Trinity was laid
down in much the same condition and relative position to the older
tocks as we now find it. It consists of local, coarse conglomerates or
boulder and gravel beds at the base, covered with from 400 to 600 feet
of the fine pack sands, red and yellow clays and, in the east, certain
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Figure 2. Showing the location and total depths of wells drilled in southeastern Oklahoma and a part of northern Texas.

The structure contours in

from U. S. Geological Survey Bull. 736, Pt. 2, Pl IV,

western Bryan County are
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thin layers of limestone. The gravel beds may be 50 feet thick in cen-
tral McCurtain County and central Atoka County, or wanting entirely
in some places elsewhere. The gravels are composed of chert-or flint
largely, where thickest. The overlying sand is soft, poorly cemented,
and upon exposure yields great quantities of loose sandy soil. Oc-
casionally silicified fragments of wood and thin layers of lignite or
carbonized wood are found in the Trinity sand. This material is drift
wood which floated in the Trinity sea for a time, but was finally buried.
The Trinity formation crops out in a belt about 10 miles broad, cover-
ing southern Atoka County, southern Pushmataha County, northern
Choctaw County, and a portion of central McCurtain County. It
should be found in all wells drilled south of the outcrop at progressive-
ly lower and lower depths in a southerly direction.

Coastal Plains Structure

It has been pointed out that the Ouachita Mountain rocks and
structures extend beneath the Cretaceous cover in a southerly direction
and that the Cretaceous rocks have heen deposited across the upturned
eroded edges of these old rocks. It has also been said that the Cretac-
eous sediments dip to the south and southeast at an average rate of 40
to 70 feet per mile, which is approximately the rate of dip of the old
sea floor. It remains to call attention to some of the details of this
general structure.

The most prominent anticline in all the Gulf Coast area of south-
east Oklahoma is the Preston anticline, the axis of which strikes south-
east diagonally across Marshall County, Oklahoma, and continues south-
east into Grayson and Fannin counties, Texas. This is a very large,
plunging structure, plunging southeast, and has been fully described by
Stephenson, Hopkins, Powers, and Robinson, whose works have been
referred to above. The axis passes down Red River, in the southwest
part of Bryan County, after it leaves Marshall County, and continues
on as far as the big bend south of the village of Kemp, where the river
turns northeast. The Cretaceous strata dip sharply south, (approxi-
mately 100 feet per mile) south of this axis, and almost as sharply
northeast (95 feet per mile) north of the axis. The northeast dip pre-
vails as far out as the village of Achille, in Bryan County, then flattens
out in the bottom of a syncline,

There is another anticline in Marshall County, known as the Madill
anticline, which also has a trend in a southeast direction and plunges
southeast.”® This anticline enters Bryan County at the middle west
line of the county, west of Durant, but it is a very much smaller struc-
ture than the Preston anticline, and probably does not extend farther
east and south.than some point near Allison, south of Durant. The
surface rocks dip away from the Madill axis south and northeast, as

11a. Hopkins, O. B., Powers, S., and Robinson, H. M., The structure of the Ma-
dill-Denison area, Oklahoma and Taxas, with notes on oil and gas develop-
ment: U. 8. Geol. Survey, Bull. No. 736, map Plate IV, 1922.
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in the case of the Preston anticline, but at a less rapid rate,—about 50
feet per mile.

The axis of the syncline, which lies between the Preston auticline
and the Madill anticline, passes north of the village of Colbert to about
the position of Achille. This syncline, of course, also plunges south-
east. On the map, Fig. 2, the structure contours, copied from Hopkins,
Powers, and Robinson, indicate the position of the Preston and Madill
anticlines and the intervening syncline in western Bryan County. The
presence of these structures is also indicated by the outcrop of the Good-
land limestone in Marshall County (See map of Marshall County).
North of the Madill anticlinal axis the strata dip northeast for a short
distance (possibly five miles) and are then reversed and rise gradually
to the outcrop still farther north. Judging from the strike of the Good-
land limestone Durant lies in a shallow plunging syncline, plunging
southeast, and the rocks farther north all dip south into it.
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Figure 3.

The details of the structure in eastern Bryan County are not
known, but there are probably no important flexures in the general
area, clse they would be indicated by curves in the outcrop of the Good-
land limestone. The outcrop is straight, except for minor irregulari-
ties, due to drainage. Neither are the details of the structure in Choc-
taw and southern McCurtain counties known. The outcrop of the
Goodland limestone, which is fairly straight, however, shows no pro-
nounced irregularities in the general south dip of the rocks, and the
depths at which the Goodland limestone is reached in the wells drilled
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indicate only minor wrinkling, so far as can be determined. In south-
ern Atoka and southern Pushmataha counties there is every indication
that the Trinity sand dips directly south and merges into the structure
as outlined for Bryan and Choctaw counties.

No attempt has been made to assemble the data in northern Fannin,
Lamar, and Red River counties, Texas, from which it might be possible
to tell something about the structure there, but there is included on the
map, Fig. 2, the locations of all the wells that have been drilled and are
drilling in this region, and their total depths are recorded. The logs of
these wells show a gradual south dip of the rocks, but data are lacking
upon which to base any further statement.

In Bowie County, Texas, and in southern Little River County and
Miller County, Arkansas, the Pecan Gap chalk serves as a convenient
datum for structural mapping, and as the well records and elevations
of the wells drilled there were available, a general structural map, Fig.
3, has been made of this region. In general the rocks dip slightly east
of south at the rate of about 70 feet per mile over all of Bowie County
and contiguous territory. Several wells in this area have penetrated the
Goodland limestone, and two or three of them have probably reached
the Paleozoic rocks, but in the absence of samples these horizons are
difficult to recognize. However, in the Arden No. 1 well, drilled by
Hermann L. Grote, in the NE. corner of sec. 2, T. 13 S., R. 31 W,
eight miles west of Ashdown, Arkansas, the Goodland limestone was
encountered at about 1,256 feet in depth; in the Taylor No. 1, drilled by
the Tri-State Qil Company, at Whaley station, five miles east of New
Boston, Bowie County, Texas, a gypsiferous limestone, which T pre-
sume is the Goodland, was found at a depth of 2,300 feet; in the Red
River Petroleum Company’s well drilled in the NW.14, NW.14, SE.14
of sec. 15, T. 8 S., R. 26 E., McCurtain County, Oklahoma, the Good-
land limestone was reached at 485 feet in depth; and in a well drilled
on the Bromway farm in the edge of Texarkana, in sec. 31, T. 15 S,,
R. 28 W., Arkansas, the Goodland was reached at 2,650 feet. The lo-
cation of the outcrop is also established. Using these data there is ob-
served to be a uniform dip of 70 feet per mile south also on the Good-
land in this general region. This evidence, so far as it goes, is counter
to the possibility of finding any anticlines or synclines of importance
here, and there probably are none.

ASPHALTS AND RELATED SUBSTANCES

That grahamite veins and oil saturated sandstones crop out in va-
rious places in southeastern Oklahoma is common knowledge. Some
of these occurrences were described by Taff” in 1909, and others by
Hutchinson® in 1911. Two or three of the larger deposits were known
early in the nineties. Grahamite was mined, intermittently, for a num-

12. Taff, J. A, Grahamite deposits of southeastern Oklahoma: U. 8. Geol. Sur-
vey, Bull. No. 380, pp. 286-297, 1909.

13. Hutchinson, L. L., Preliminary report on the rock asphalt, asphaltite, and
natural gas in Oklahoma: Okla. Geol. Survey, Bull. No. 2, 1911.
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ber of years at Jumbo in Pushmataha County, beginning in 1891 and
continuing until about the year 1913, when an explosion of gas in the
mines killed several men. A fissure vein of grahamite at Sardis, near
Tuskahoma, also in Pushmataha County, was opened in 1907 and opera-
tions continued there for about 15 years. (Grahamite has been mined
also at Daisy in Atoka County, and at Page in LeFlore County. As-
phaltite has been dug and blasted from a pit at Valliant in McCurtain
County, only very recently. There is an asphalt deposit north of Ida-
bel on the banks of Little River, and others farther east in Arkansas.
In the Chickasaw Creek country and in the valley of McGee Creek,
around Stringtown and Redden, in Atoka County, there are extensive
outcroppings of sandstones which are now saturated with heavy residues
of black petroleum and some asphaltum. A number of shallow wells,
600 feet deep, have been drilled at Redden and near by. These, when
drilled into the sandstones, partly filled with a heavy black oil, which was
used by the farmers and ranchers in that neighborhood for various uses.
‘L here is asphalt in the Potato Hills, west of Talihina, and in the cherts
at Stringtown, and doubtless in numerous other places, as yet undis-
covered, in the QOuachita Mountains.

The occurrences mentioned are of two general types: (1) fissure
veins, and (2) impregnated sandstones. The veins have resulted from
the solidification or drying up of liquid petroleum, which welled up
from beneath, and for a time flowed from cracks or crevasses in the
ground, but which eventually ceased to flow and that which remained
in the cracks and near the surface became hard. The crevasses were
widened by the flow of the oil and asphalt, locally up to 50 feet, but
usually the width is from two to four feet, pinching out gradually to
zero. The length of such veins may be one mile, as in the case of the
Sardis occurrence, but any single, continuous hody of grahamite or gil-
sonite ordinarily does not extend more than 100 yards or two hundred
yards at the outcrop. The veins are vertical or nearly so and are us-
ually parallel with the bedding of the shales and sandstones in which
they occur. All the known veins of large size are found in the Stanley
formation of Carboniferous (Mississippian) age. The Jumbo asphalt
vein and the Sardis vein are typical of this class.

The asphaltites or impregnated sandstones, which make up the sec-
ond class of the two general types of asphalt deposits, occur most con-
spicuously in the valley of McGee Creek near Redden, where ledges
of sandstone, 4 to 6 feet thick, saturated with asphalt, come to the sur-
face dipping at fairly steep angles, up to 45°. It is possible to follow
these along the creeks and at intervals through the woods in places 100
yards or more. If continuous outcrops could be observed the actual
length of the asphaltite deposits, in outcrop, presumably would be seen
to be somewhat greater. As above mentioned the sandstones at a depth

of 600 feet contain fluid oil, which indicates that the present dried out,

exposed edges of the sand bodies were at one time the source of much
exuding petroleum. (The grahamite veins are said also to become soft
in depth). It is not known whether these sandstones are the original
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oil sands which have been tilted up and eroded, or whether they con-
stitute a means of escape of the oil in other, deeper, broken strata—
a subject to be taken up later on page 26. ‘Lhe exposed strata which
include the asphaltites of McGee valley are Stanley sandstones and
shales—the same rocks that contain the grahamite and gilsonite veins
elsewhere, :

The asphalt deposits at Valliant and Idabel are also of the second
class, being sand or sandstone which has been saturated with petroleum,
but the sands in these cases belong to the Trinity formation of lower
Cretaceous age, and the oil has come up from below, accumulated be-
neath the overlying hard limestone (Goodland limestone), and there,
after a long period of erosion and exposure, has partially evaporated.
‘i he oil is thought not to he indigenous to the Trinity sand, but to have
come up from the older (Paleozoic) rocks which lie buried beneath.

The residues of petroleum in the Potato Hills, in northern Pushma-
taha County, and in the Talihina chert at Stringtown are accumu'ations
in the jointed chert and are of minor importance quantitatively. ‘Lhat
which 1s seen in the fresh, deep exposures in the quarry at Stringtown
is in part a very fluid oil, and emits an odor.

We come now to the question of the origin of this asphalt, which,
as has been pointed out, occurs as vertical fissure veins and as impreg-
nations in sandstones in the Stanley (Mississippian) formation, as de-
posits in the cracks in the jointed Talihina (Ordovician to Devonian)
chert; and as impregnations in the Trinity (Lower Cretaceous) sands
and sandstones.

Origin of the Asphalt

Since the Trinity sand is largely non-fossiliferous, and contains
practically no carbonaceous nor woody matter, and no bituminous black
shales, which might be considered as sources for petroleum, the asphalt
found in the Trinity sand is thought to have been derived from seep-
ages from the Carboniferous rocks beneath. The Carboniferous rocks
contain asphalt and oil-saturated sandstones, and are inclined with their
broken edges tilted up against the bottom of the overlapping Trinity,
which itself dips at a moderate rate. The situation is thus favorable
for the migration of petroleum from the older rocks into the Trinity
sand. This is the condition of the rocks in question all across the south-
ern border of the Quachita Mountains of southeast Oklahoma and
southwest Arkansas, and is believed to be fundamental to the occurrence
of the asphalt in the Trinity.

Taff and Reed”, in discussing the probable source of the oil in the
Madill oil pool of Marshall County, Oklahoma, state the case as it oc-
curs to them as follows:

14. Taff, J. A, and Reed W. J., The Madill oil pool, Oklahoma: U, S. Geol. Sur-
vey, Bull. No. 381, p. 513, 1908.
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The Trinity sand is known to contain petroleum or bitumen,
a residue of crude petroleum at various localities in southwestern
Arkansas, southern Oklahoma, and Texas. At all localities where
this erude petroleum or its residue have been found the Trinity
sand is several hundred feet thick. This sand is a beach or shai-
low-water desposit of siliceous sand with loeal comparatively thin
beds of clay. It contains exceedingly scanty remains of organic
life, either vegetable or animal. Here and there thin shell lime-
stone layers oceur in the central part of the formation, and at
widely separated localities silicified wood has been found, but
nowhere is there sufficient evidence of the occurrence of organic
matter to warrant the assumption that the oil originated in the
formation that contains it.

In southwestern Arkansas and in northern Texas, as well as
in southern Oklahoma, thick deposits of Carboniferous rocks that
contain oil residues underlie the Trinity sand. Furthermore, the
Carboniferous beds are tilted in such a manner that their edges
project against the base of the Trinity sand. Any oil in the Car-
boniferous strata beneath the Trinity would in the course of time
be conveyed upward and would either lodge in that sand or find
an exit through it to the surface. There seems at present no
other reasonable explanation than that the oil of the Madill pool
had its source in the underlying Paleozoic strata.

Miser and Purdue® have described seven asphalt deposits occur-
ring in the Trinity sand in Pike and Sevier counties in southwest Ar-
kansas, concerning the origin of which the following statement is
made by them:

The Trinity formation contains petroleum and asphalt at many
places in northern Texas and southeastern Oklahoma. The asphalt
in these two states and in Arkansas, as in other regions, is doubt-
less a residue of erude petroleum, whose lighter and more volatile
parts have escaped by evaporation. The petroleum yielding the
asphalt in Arkansas is bLelieved by the writers to have been de-
rived from the Carboniferous rocks underlying the Trinity forma-
tion, near the base of which the asphalt is found. In support of
this helief is the fact that there are small amounts of asphalt in
the sandstones of the Atoka formation of Carhoniferous age, which
crops out in two narrow belts with a north of east trend in Pike
County, a few miles north of Pike and Murfreesboro. Asphalt is
also found in Carboniferous and older rocks near Mena, Arkansas,
and in southeastern Oklahoma. The Carboniferous rocks pass be-
neath the Trinity formation, and the beds are tilted in such a
manner that their edges project against the base of the Trinity.
Any oil in the Carboniferous beds, would, in the course of time,
work its way upward into the Trinity. Tt could not go higher
than the lower limestone of the Trinity, because of the imper-
vious character of this limestone and the associated clays. As the
Trinity has a gentle dip to the south, the oil would be conveyed
up the dip to the surface. There is, however, no direet proof
that some or all of the petroleum did not originate in the basal
part of the Trinity formation, which contains some fossiliferous
limesone.

15. Miser, Hugh D., and Purdue, A. H., Asphalt deposits and oil conditions in

southwest Arkansas: U. S. Geol. Survey, Bull. No. 691, part II, p. 280, 1918,
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Hopkins, Powers, and Robinson® in their discussion of the Madill
and Preston anticlines, give a similar view of the origin of the oil and
gas in these folds, when they say:

The high grade of the oil now found in the Trinity, the ab-
sence of organie matter in the formation, and the distribution
of the oil in it prove fairly conclusively that the oil has migrated
into the Trinity from the underlying Paleozoie formations, either
from the Caney shale or from the Glenn formation, both of which
are believed to underlie this area, Thus, wherever the Trinity is
in contact with either of these formations an adequate source of
oil is probably available. But they are in contact with the Trini-
ty only under abnormal structural conditions, where they have been
folded or faulted and deeply eroded before the Trinity was de-
posited. Such a condition is not likely to_exist in this area except
near crests of major anticlines like the Preston, Madill and Oak-
land folds. Accordingly it is unlikely that oil will be found in
paying quantities in the Trinity anywhere ‘in this area except on
these folds, a conclusion that is corroborated in a measure by the
drilling that has been done. ’

The Trinity has yielded prominent showings of oil and gas in
this area only on these anticlines. Because of the intensity of the
pre-Cretaceous folding and the depth to which these folds were
eroded before the deposition of the Trinity, it is rather unlikely
that much oil will be found in that formation even under favorable
structural conditions. Over a broad area in Texas the Trinity
constitutes an enormous reservoir of fresh potable water; in the
area here considered the Trinity contains a large supply of water,
but the water is more or less salty, doubtless owing to its stagnant
character.

The asphalt and heavy residues of petroleum in the exposed Car-
boniferous rocks of the Ouachita Mountain area may also be thought
of as having had a deeper seated origin, especially since there are so
many fissure veins of large size in the lowermost formation of the Car-
boniferous, i. e., in the Stanley shale, and since a certain amount of these
materials, asphalt and oil, is actually found in Ordovician to Devonian
rocks, namely in the Talihina chert. The asphalt vein at Page in Le-
Flore County occurs in the Jackfork sandstone, above the Stanley, and
there is one small deposit of asphalt in the Atoka formation above the
Jackfork in the valley of McGee Creek, Atoka County, but both of
these veins extend in depth, doubtless into the Stanley shale beneath.
The bulk of the asphalt is seen to be in the Stanley.

The Stanley shale has been described” as a deposit of dark colored,
fine grained sandstone, and dark, carbonaceous shales 6,000 to 10,-
000 feet thick ; as being practically non-fossiliferous, except for plant re-
mains; and as having been laid down in shallow water. The plants are
pieces of Lepidodendron, fragments of Calamites and fern pinnules. All
of the carbonaceous matters of microscopic sizes in the shales and sand-
stones seem to be macerated woody and other plant material which was

16. Hopkins, O. B., Powers. Sidney, and Robinson, H. M., The structure of the
Madill-Denison area. Oklahoma and Texas, with notes on oil and gas devel-
opment: U. 8. Geol. Surv. Bull. No. 736, p. 29, 1922.

17, Honess, C. W., The Stanley shale of Oklahoma: Amer. Jour. Sci. 5th Se-
ries, Vol. I, pp. 63-80, 1921.
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reduced to these fine particles by the work of waves. Because of the
p-ecence of the plants, and the aimost total absence of marine fossils in
this tl'nc.k formation, and because also of its general lithologic character
and limited geographic distribution, it has been further described as a
delta deposit, which was laid down on the margin of the ocean near land
and at least partly in fresh water. o

~ Geologists at present are not inclined to think of petroleum as orig-
Inating 1o coaly or woody substances, nor as forming in marshes or
delta‘deposxt's of fresh or brackish water accumulation. ‘Thus, while
the Stanley is carbonaceous it is not bituminous, hence not inh’erently
petroliferous. The Jackfork sandstone, 6,600 feet thick superimpos-
ed on the Stanley is also non-fossiliferous, except for pl,ants and has
also been described as deltaic in origin. It is in fact the upper, one-half
of the same delta which was begun in Stanley times, and like the Stan-
ley, was laid in fresh or brackish waters, apparently. At any rate there
is nothing about the Jackfork sandstone that would indicate an accumu-
lation m marine waters, and no part of it has, as an essential quality
a petroliferous nature. ‘This cannot, however, be said of the Atoka

formation, which is at least in part marine and which is locally petro-
liferous.

- When the section of rocks beneath the Stanley shale is examined
flints and slates are found throughout central McCurtain County in
northern Pushmataha County, and in western Atoka County. Cer-
tainly these are not the source beds of the petroleum in question. There
is, however, a formation known as the Caney shale lying on top of the
Woodford chert and shale in northern Atoka County and in southern
Pittsburg County in the Ouachita Mountains, and this formation is ma-
rine it its origin, fossiliferous, and may be considered as a likely source
for petioleum. In central Atoka County, where there is much of the as-
phaltlc.sand.stone,_ as well as veins of asphalt, in the Stanley, the Atoka
formation lies adjacent to the west, separated from the Talihina-Stan-
ley succession only by the Choctaw thrust fault. Beneath the Atoka
lie the Wapanucka, Caney and older formations which normally make
up the Arbuckle Mountain section. These rocks are all marine, in
part petroliferous, and some of these may have furnished asphalt The
rocks east and west of the Choctaw fault are badly broken, and stand
on edge, partly overturned, for two miles or more either side. The
upthrow side of the fault is the east side, and the Talihina chert is at
the surface in contact with the Atoka formation, which crops out along
the west side of the fault. Under these circumstances, petroleum from
the broken rocks of the Atoka formation, and possibly from older petro-
liferous rocks (Wapanucka, Caney) should find its way into the Tali-
hina chert and Stanley shales and sandstones, which have been thrust
against and upon the petroliferous series. But, granting that the as-
phalt in Atoka County could have originated in the manner suggested
it is still difficult to see how the Jumbo and Sardis asphalt veins and
other veins still farther east could be derived from so distant a source.
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THE OVERTHRUST THEORY

The rocks which are exposed in the Ouachita Mountains are very
different from those of the same age which appear at the surface in
the Arbuckle Mountains. ‘I'his difference is so marked throughout that
separate names have been used for the formations in these two areas,
and up to the present time they have not been satisfactorily correlated.
Because of the marked contrast in lithology in the two regions, lying
adjacent to each other, it has been suggested, first by C. 1. Dake"”, that
“‘an enormous overthrust fault, the displacement measured in scores
of miles, * * * may have crowded the Ouachita facies from the south or
southeast far to the northwest, over the Arbuckle facies * * *.”

The rocks of the Ouachita facies have been folded and thrust-
faulted throughout the full length and breadth of the Ouachita Range,
and this mountain mass has been crumpled and broken by a force that
moved in a northerly and northwesterly direction. These facts are ob-
vious from the areal geologic map of the region”, but whether the Oua-
chita Mountain rocks have been shoved bodily scores of miles north
and northwest into Oklahoma, from an adjoining territory outside,
presumably from a region in Texas and Arkansas, as Dake has sug-
gested might be the case, is difficult to prove. However, if such a force
has operated to bring the Ouachita Mountain formations up and over
the Arbuckle formations, then the Arbuckle limestone, Simpson forma-
tion, Viola limestone, and younger rocks of the Arbuckle facies may lie
huried beneath the Talihina chert in the Ouachita Mountains, and these
Arbuckle rocks may be considered as a source for the asphalt now
found in the Talihina chert and in the Stanley and Jackfork forma-
tions. It may be assumed, of course, that the Arbuckle facies nor-
mally should extend some distance to the east of their present outcrop
in the Arbuckle Mountains—at least as far east as the eastern boundary
of Atoka County. There may be Carboniferous rocks (Atoka forma-
tion) beneath the Stanley and Jackfork or beneath the Talihina chert
according to this theory, and the Atoka then could furnish petroleum
for the dikes of asphalt in the Stanley and elsewhere.

The outcropping sandstone ledges in the vicinity of Redden above
referred to (p. 22) which are saturated with asphalt and which at a
depth of 600 feet carry fluid petroleum may be, thus, only a means of
escape of oil which in reality is coming from the Atoka formation, bur-
ied beneath, or from the Hunton limestone or “Wilcox sand”!, and not
from the formation in which the oil is found. If this condition exists
the outcropping sandstones (Stanley), which dip at high angles, up to
45 degrees at the surface, may extend downward, possibly a mile or
more, to a low-angle fault plane, and beneath the fault there might be
present a petroleum-bearing formation of the Arbuckle facies, in con-
tact with the faulted-off edges of the outcropping sandstones. Sand-
stones, structurally so related, should permit the escape of oil at the

18. Dake, C. L., The problem of the St. Peter sandstone: Bull. Vol. 6, No. 1,
Missouri School of Mines and Metallurgy, p. 55, 1921.
19. Miser, H. D., Geologic map of Oklahoma, U. S. Geol. Survey, 1926.
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surface, in the same manner in which oil is supposed to escape from the
Carboniferous rocks into the Trinity sand farther south. and as ex-
plained above. But, again, it is easier to think of these relétionships of
old rocks in the vicinity of Redden, in Atoka County, or even at the
Jumbo asphalt mine in western Pushmataha County than farther east
Moreover it is not to be assumed that the Arbuckle facies was necessar-
ily deposited as far east as the Sardis asphalt vein in northern Pushma-
‘taha County, certainly not necessarily as far east as the Page asphalt
vemn in southern LeFlore County. Nevertheless, carrying out the idea
of a large overthrust fault, and recognizing that some of the Carbon-
iferous rocks (the Atoka) are locally petroliferous, there is the possi-
bility that the Sardis asphalt and the Page asphalt came up from an
over-ridden mass of Atoka formation, if not from some older Paleo-
zoic rock.

I do not propose here to discuss the possibility or impossibility
of such an overthrest as suggested hy Dake. The idea has been favor-
ab'v received by all of several geologists with whom I have had oc-
casion to discuss it. It is a subject as Dake has said, that is worth con-
sidering at least, Since there appears to be no adequate source for pe-
troleum in the Stanley and Jackfork shales and sandstones and none in
the Talhina chert. Arkansas novaculite, nor any of the older
rocks in the QOuachita series. the idea is very welcome as a means to ex-
plain the presence of these large asphalt veins or dikes. Indeed the ar-
gument may be turned around, and we may say. that since there is no
adequfwte source for petroleum in the Stanley-Jackfork sequence and
none in the Talihina chert, Arkansas novaculite, nor any of the older
rocks of the Ouachita series, these dikes and seepages of asphalt must
be leakage from the over-ridden and deeply buried petroliferous beds
of the Arbrckle facies. But, there are arguments touching upon the me-
cl_lamcs_of such an overthrust, both for and against,—a p;esentation and
discussion of which would be entirely out of place in the present in-
stance. I would state at this time, in conclusion. that if the asphalt in
faluestion 1s not derived from some deenly buried petroliferous rocks of
the Arbuckle facies, I see no reasonable explanation for it. So far as
asphalt is concerned it is not necessary to assume that the overthrust
extends farther south than approximately the valley of Kiamichi River
above the town of Antlers, for any asphalt south of that latitude, so
fa- as known. in Oklahoma, occurs in the Atoka formation where it
might be indigenous, or is found in the Trinity sand derived as seep-
ages, presumably from the Atoka. )

DEVELOPMENT

There have been, up to the present time, ahout 80 wells drilled in
th_e five counties of southeast Oklahoma (Atoka, Pushmataha, McCur-
tain, Bryan, and Choctaw counties) ; and there have been drilled about
40 others which might be considered border wells, bordering this area
(Fig. 2). Most of these are located in the Red River Plains area, but in
Atoka County most of them were drilled in the mountains. Manv of
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the wells encountered “shows” of oil, gas and asphalt, but none, includ-
ing the nearby wells in Arkansas and Texas, has found production in
paying quantitites.

The discovery of the Madill oil pool and the Lark and Enos gas
fields, in Marshall County, in 1906 and later, led to the drilling of wells
in Bryan County, where it was hoped other fields might be found. In
Atoka County it was the asphalt that attracted the prospector, and the
wells drilled there are located near the asphalt. Elsewhere wells were
located on anticlines, or what were reported to be favorable structures,
or were located for no reason at all, except that the country looked like
oil country, or appeared to be worth a test for oil.

By reference to the map (Fig. 2) it will be seen that very few of
these holes are more than 2,000 feet deep, and that most of them range
from a few hundred feet to around 1,700 feet. In the Oua.chlta Moun-
tains the sandstones are so hard that it is impossible, with standard
equipment, to drill much below 1,700 feet, and this at great cost of time
and money. In the Plains regions, south of the Moqntams, drilling is
fairly easy in the Cretaceous sediments, but as soon as the older rocks
are reached difficulties commence, and the wells are then apandoned.

There are only three very deep holes in the entire region. One of
these is in the SW.14, NE.74, NW.14, sec. 7, T. 2 S, R. 9 E,, and was
drilled by the Wapanucka Oil and Gas Company to a depth of 4,928 feet.
Tt was begun in May, 1922, and completed in May, 1926. At the top, in
this hole, there were 1,417 feet of Atoka sandstones and shales, below
which were found the Wapanucka limestone and older rocks of the Ar-
buckle facies, all of which could be drilled, whereas hard sandstones of
the Ouachita Mountains facies, had they been encountered, could not

" have been drilled by the ordinary drilling equipment.

A second deepyhole was drilled in the SE. ¥, NW.34 of sec. 17, T.
4 S, R. 11 E,, by Ed. Hansen, et al,, to a depth_of 4,065 feet. There
were rocks of the Arbuckle facies encounteredhmhthlls well also, from

comparatively shallow depths to the bottom of the hole.

F')I‘he othgr very deep hole is located in the SW.74, SE.74, NW. 14 of
sec. 7. T. 6 S., R. 19 E., drilled by the Oklahoma-Colorado Ol]_and
Cas Company, with standard tools to 2.615 feet and completed with a
diamond drill to a total depth of 4,970 feet. )

In the northern part (I))f Grayson, Fannin, Lamar, Red River, and
Bowie counties, Texas. few attempts have been made to go below the
Woodbine sand. So far as known, none has reached the Paleozoic
rocks. In southern Little River Countv, Arkansas, two falfly deep
tests have been drilled and both seem to have reached Paleozoic rocks.
These are: (1) The H. L. Grote test in the NE.14. NE. of sec. 2, T.
13 S.. R. 31 W., Arkansas. drilled to a total denth of 3.363 feet: and

(2) The Coodrun Trust Company’s test in the NW.14, NW.14 of sec. |

15, T. 13 S.. R. 29 W.. Arkansas. drilled to a total depth of 3.895 feet.

As a rule. in southeast Oklahoma, the logs of the wells drilled are
fragmentarv and. in the absence of samples, unreliable. Few ..samp}es
have heen saved. No attempt has been made, therefore, to identify
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the Paleozoic formations in any of the deeper tests. Except for the at-
tempted identification of the Goodland limestone of the Lower Cre-
taceous and the Pecan Gap chalk of the Upper Cretaceous (Bowie
County, Texas), no satisfactory correlation of the logs is possible. From
the rate of dip of the Goodland limestone and the chalk, we may as-
sume, however, that the Paleozoic rocks drop rapidly south from their
outcrop in the mountains to Red River and beyond.

RECOMMENDATIONS

The authors of all the early reports on oil and gas in Oklahoma
wrote favorably of the southern Oklahoma Cretaceous area, which in-
cludes southern Atoka, southern Pushmataha, southern McCurtain, and
all of Bryan and Choctaw counties. Hutchinson®, who was one of the
earliest to go into this region and to wriie about it, refers to it as ‘“‘pos-
sible” oil field territory. All the maps and reports of the Oklahoma
Ceological Survey, up to and including Bulletin 19*, show the Cretac-
eous area as “likely” or “probable” oil territory.

The Ouachita Mountains, on the other hand, have always been re-
garded as too sharply folded and faulted to produce oil or gas in eco-
nomic quantities, and this area was therefore described by Hutchison
and by all later workers up to 1917, as non-productive, or was left

blank on the maps with the understanding that it was not in an oil
country. :

In 1923, after spending several years studying the general geology
of the Ouachita Mountains, C. W. Honess came to the conclusion® that
it was “useless to drill into the Paleozoics anywhere in the eastern half
of Choctaw County, or anywhere in the southern half of McCurtain
County, Oklahoma, excepting an area of about 300 square miles in the
extreme southern part of McCurtain County,—and that very little oil
indeed would be found in the Comanchean sédiments (of eastern Choc-
taw County and southern McCurtain County) excepting in the 300
square miles or so of country in the extreme southeastern part of Mec-
Curtain County * * *” A part of the territory of southeastern Okla-
homa formerly regarded as in an oil country was thus transferred to a
region designated as impossible of produttion. Nothing was said of
western Choctaw County and the territory farther west, but a corner
of southeast McCurtain County was left in the original classification as
“possible of production.” At the same time. on the other hand, Honess
partially recommended the Smithville anticline in northeast McCurtain
County, in'the Ouachita Mountains proper as “possible of production.”
At any rate he was unwilling to classify the ground covered by the
Smithville structure along with the rest of the southern part of the

20. Hutghison, L. L., Oklahoma Geol. Survey, Bull. 2, map, p. 145, - published
in 1911,

21. Okla. Geol. Survey, Bull. 19, Pt. I, p. 27, 1915 and Bull. 19, Pt. II, Plate
IV, Fig. 2, 19117.

22. Honess, C. W, Geology of the southern Ouachita Mountains: Okla. Geol.
Survey Bull. No. 32, Part II, 1923, pp. 48-52, and map Pl XTII.
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Ouachita Mountains, as entirely impossible of production, and thus re-
moved a small strip of country from an area which had qlways‘peen
thought of as one “impossible of production” to a classification of “pos-
sible of production.”

During the past five years several reports have come from the press
dealing with the stratigraphy and structure of parts of this area and ad-
jacent areas, and numerous wells have been drilled in tl'}e region and
bordering it. Two wells of moderate depth have been drilled in south-
east McCurtain County in the area described as “possible of produc-
tion,” and a shallow (1,755 feet) test has been made of the Smithville
anticline. But, as yet, no production has been found in the general re-
gion nor near it. “Shows” of gas and oil are commonly found in both
Paleozoic rocks and Cretaceous strata, but in all cases these seem to
be small residues of former pools of oil which have escaped, for the
most part, to the surface, and no longer exist as pools.

Most of the oil which is found is black and of a low grade. It is
sometimes described as ‘‘dead oil,” which indicates that it is not found-
under pressure, and does not have a sustained flow. Gas, when found,
is usually in small amounts, and soon exhausted. One exception, how-
ever, is the one-quarter million feet of gas found in the well in sec. 16,
T 3'N. R. 22 E., in LeFlore County, Oklahoma, in a sand 1,128 to 1‘,178
feet deep, and with a rock pressure of 175 pounds per square inch.
This well, drilled in 1920, was allowed to flow for several months, but
was later shut in. Gas was escaping through the valve in March, 1927.
In all probability the well would still produce if opened.

When one considers that there are large asphalt dikes, residues of
heavy black oil, and gas in widely separated areas in the Ouachita
Mountains and south in the Red River Plain one hesitates in condemn-
ing this territory as an oil producing territory. In spite of the facts
that in the mountains the rocks are thrust-faulted, partly overturned,
and metamorphosed, and supposedly lie in a region of high carbon ratio,
if there be any truth in the theory of overthrust, there may stilt be oil
pools below the overthrust sheet, and if the thickness of the mass which
was thrust over the Arbuckle facies is not too thick, there may yet be
Hunton and Simpson production found in certain areas in the Ouachita
Mountains. The most likely places to look for the Arbuckle section
would be, of course, nearest the Arbuckle exposures, and the shallowest
depths at which the Arbuckle facies may be expected should be where
the Ouachita facies is known to be thinnest, i, e.. where the Talihina
chert is exposed. Possibly some of the areas of Stanley shale are not
too thick to he pierced by the drill. Conditions of subsurface structure
also should be considered, for where the overthrust mass 1s thinnest,
granting there is an overthrust mass, there may bhe Ti'shommgo.gramte.
or some other non-petroliferous rock beneath. In this matter 1t would
be logical to prospect in the localities where asphalt and oil seeps occur,
because at those places there must be a source of some kind, the most
likely being, in the absence of the Glenn formation, the HHunton or
Simpson.
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Referring to the new map of the State of Oklahoma, compiled by
H. D. Miser of the U. S. Geological Survey, and published by the Unit-
ed States Geological Survey, it will be seen that certain areas of eastern
and northern Atoka County and a part of northern Pushmataha County
appear attractive. The region of the Jumbo asphalt deposit, and the
valley of Kiamichi River, north of Kosoma, in western Pushmataha
County, may also be considered. There are numerous localities in the
general region farther north, in southern Latimer and southern Pitts-
burg counties, which, if there has been an overthrust, may be considered
favorable or prospective oil and gas regions. But, has there been an
overthrust? If so, is it possible to drill through the overthrust sheet?
What are the chances of hitting upon an oil pool beneath, granting there
has been an overthrust, and granting that it can be pierced by the drill?
Also, what should be the degree of metamorphism of the buried Ax-
buckle facies in this region? It is not possible for the writer to answer
any of these questions. This much has been said on the subject that the
reader may know why it is not possible to classify the Ouachita Moun-
tains of Oklahoma definitely and conclusively as lands impossible of oil
production. In regard to that part of the Ouachita Mountains east and
south of Kiamichi River (except the Smithville anticline) this can be
done with a much greater margin of safety, than for the country west
and north of Kiamichi River, in the QOuachita Mountains. It would
be well to state also that while the Ouachita Mountains west and north
of Kiamichi River cannot be condemned as an oil producing country,
because of the theory of overthrust, neither can this region be highly
recommended, or even recommended at all, to anyone who has not large
sums of money to squander, and in the event of failure can neverthe-
less go on rejoicing.” '

Any drilling operations whatsoever that may be undertaken in the
Ouachita Mountains should be preceded by thorough and exhaustive
field studies over wide areas, for it may be that after such studies have
been completed it will not he necessary to drill at all. The entire situa-
tion hinges on the question of overthrust, which at the present writing
is only a theory. ,

Finally, as a warning to the inexperienced, and as giving the writer’s
own personal opinion, it seems that the Ouachita Mountains is one of
the last places in the United States where one may expect to find petro-
leum in commercial quantities. As a last resource, sometime in the
future, when gasoline is selling for 50 cents a gallon it might be
worth while to study the Ouachita Mountains. -Meantime there are
too many other places and better places in which to drill prospect holes.

Much of what has been said in regard to the Ouachita Mountains
applies also to the Red River area (including Bryan and Choctaw coun-

23. The Smithville anticline in northeast McCurtain County, which is south
of Kiamichi River, may be considered, at present, as in the same category
and as having the same prospects as the lands north of Kiamichi River.
This particular structure was originally described as an area having some
slight possibilities. At this writing, and with all the facts considered. it
is still impossible to absolutely condemn it.
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ties and the southern parts of Atoka, Pushmataha, and McCurtain coun-
ties, because the old (Paleozoic) rocks of the mountains extend in depth,
beneath this area. It is recommended, therefore, without further dis-
cussion, that wells be not drilled into the old rocks beneath the Cretac-
eous sediments at any place in the area discussed in this paper.

In the Cretaceous rocks of southeast Oklahoma only two anticlines
are known. These are the Preston anticline and the Madill anticline,
both of which are productive of oil or gas in Marshall County, but have
been proved unproductive farther east. These anticlines have been
described above and are shown on the map, Fig. 2. They are plunging
structures, plunging southeast, and it is to be expected that they should
produce from the higher westward portions if at all. These structures
probably have by now been fully exploited.

In the remaining Cretaceous area of southeast Oklahoma, which
includes eastern Bryan County, all of Choctaw County, southern Mec-
Curtain County, and the southern parts of Atfoka and Pushmataha
counties, the structure is unfavorable to oil and gas accumulation so
far as known. The rocks dip uniformly south or slightly east of south
throughout this region—a type of structure which should permit the
escape of any oil or gas which might otherwise accumulate here. Ap-
parently then, there is not a single attractive locality to be found in
this region. Indeed there is no place anywhere in the five counties of
southeast Oklahoma that can be recommended with any assurance that
oil may be found in commercial quantities.



