











8 OlL AND GAS IN OKLAHOMA

of chert derived from the Winslow formation. Farmers along the
Arkansas River bottoms derive their water supply from this for-
mation by sinking sand points.

Approximately 70 feet above the present flood plain of the Ar-
kansas River occurred an earlier cycle of erosion, during the latter
part of which the Arkansas River deposited over the area west of
Coweta and in the vincinity of Red Bird unconsolidated eclays with
a maximum thickness of 40 feet. These clays differ from the young-
er formation by being of more uniform texture, and containing few-
er gravels. These late sediments were deposited, after the struteural
disturbances occurred which caused the Seneca fault, and conceal on
the surface some structures now producing oil and gas.

LABETTE SHALE

The Labette shale overlies the Fort Scott formation in Wagoner
County, and is exposed over a small area with an approximats thick-
ness of 60 feet just east of Broken Arrow. The Labette formation
consists of thin shales with an occasional heavy sandstone.

FORT SCOTT FORMATION

The Fort Seott formation overlies the Winslow but a very small
portion of it remains. It is exposed only over a small area in the
northwestern corner of the county and is made up of several lime-
stone members, separated by shales. Its probable total thickness as
exposed in Wagoner County does not exceed 60 feet.

WINSLOW FORMATION

The Winslow formation is exposed over almost the entire county.
Tt consists of blue and black shales, clay, sandy shale, brown sand-
stone, occasional beds of chert and thin lenses of coal. - The sandstone
varies in character from hard thin-bedded to massive. The sand-
stone is more or less equally divided between the upper part of the
formation and the lower. The upper sandstones go to make up some
of the bald hills noticeable in the county.

In some restricted areas the hard, thin-hedded sandstones be-
come interspersed with calecareous nodules, in places grading into
pure limestone lenses. The clays and shales make up most of the val-
leys throughout the county. The thickness of the whole formation
exposed is approxiately 750 feet. This formation is equivalent of
the Cherokee formation to the northwest.

MORROW FORMATION

The Morrow formation, the lowest of the group, consists of
limestone and shales with local beds of thin sandstone. The lime-
stone predominates in the lower part of the formation, while the
upper part consists mostly of a thin series of sandstones. This for-
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mation is exposed along the Grand River in the eastern part of the
county.

SUBSURFACE GEOLOGY

The subsurface geology of Wagoner County from the standpoint
of oil and gas production may be divided into two distinet divisions
~—those horizons containing sands occurring above the Mississippi
limestone and those occurring hetween the Chattanooga shale and
the top of the Arbuckle limestone. The first sands occurring
in the upper division are those of Duteher age which are reached
at a depth of from 200 to 1,400 feet, depending upon the geogra-
phic location, and how the area being drilled is located structurally.
These sands are not continuous throughout the county, or even
through a township They lens in and out either being replaced
by the shales, or taking the place of shale intervals.

These sands are often very hard om the axes of folds; some-
times to such an extent that a large shot is necessary to obtain pro-
duction. The cement in these sands varies from a small content of
iron to a high content of calcium ecarbonate. Initial produetion
in these sands varies from very small wells up to wells producing
as high as 1,500 barrels per day.

MISSISSIPPI LIMESTONE

The Mississippi limestone is from 200 to 450 feet thick and
throughout Wagoner County contains a shale break in the center.
The top part of the limestone represents the Pitkin limestone, the
top of which has a very irregular surface. In the devnressions of these
irregularitites there sometimes oceurs a sand probably the equiva-
lent of the Burgess sand found north of Tulsa. This sand has been
found to produce oil or gas in commercial quantities only in very
rare instances. The shale break in the Mississipni lime occasionally
carries a sand which sometimes produces small quantities of gas.
The Mississippi lime is variable both in interval and texture and
rances in eolor from gray-white to black. It lies directly upon the
Chattanooga shale where the Chattanooga is present.

CHATTANOOGA SHALE

The Chattanooga shale which directly underlies the Mississinpi
lime is Devonian in age and is found throughout almost the entire
county with an anproximate thickness of 60 feet, where drilling
records are available to a sufficient depth. This shale varies from
soft to very hard, and is usually a dark brown to black color.

VIOLA LIMESTONE
The Viola limestone occurs over a small area in the southern part

of Wagoner County (See Fig. 2). This limestone, white to gray in
color, varies from 5 to 20 feet in thickness and is hard to chalky
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IPigure 2.--2Aap showing distribution of Wilcox sand, Tyner series and Viola

limestone,

in texture. It is often called the “*white™ or “*huttermilk’ lime by
drillers. 1t occurs just below the Chattancoga shale and lies upon

the Wilcox sard where the Wilcox is present.  The shore line of -

deposition of the Viela is very irregular and scattered lenses of
this formation oceur as far mworth as Coweta. The main body of
Viola limestone thing out with the Wileox sand.

WILCOX SAND

The Wilcox sand is present in a very small area in Wagoner
County, south of the M. K. & T. Railroad. Where present it directly
underlies the Chattanooga shale and is a coarse, white to brown sand-
stone and is an important producing horizon. The normal dip is
fo the southwest at the rate of approximately 20 feet per mile. The
Wilcox shore line erosses Wagoner County in an irregular direction
following approximately the right of way of the M. K. & T. Rail-
roacd from Broken Arrow to Muskogee.

TYNER SERIES

The Tyner series of Ordovician age underlies the Wilcox sand
when that sand is present and directlv underlies the Chattanooga
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shale when the Wilcox sand is not present. This series is found in
drilling records throughout practeially all of Wagoner County and
is prinecipally recognizable by its light green color. It has a variable
interval ranging from 40 to 200 feet in thickness and varies in text-
ure from pure clay shale to sand shale.'Two distinct sand horizons
oceur in this formation throughout Wagoner County and the author
has subdivided these formations into the npper Tyner and the lower
Tyner sands. Both of these sands are commerecially productive of oil
and gas and are usually referred to by local operators as the ‘“Wil-
cox sand.”’ The upper Tyner sand is usually encountered directly
under the ‘Chattanooga shale. It varies from nothing to 45 feet in
thickness. The lower Tyner sand is encountered at the base of the
green shale series and varies in thickness from 10 to 85 feet, usually
white to light green in color and very soft. Sands of the Tyner
series are easily identified by their characteristic green specks of
shale.

BURGEN SANDSTONE

‘he Burgen sandstone of Ordovician age, deposited in early
Urdovician times and found over the entire county, is a clean white
sandstone varying from 10 to 40 feet in thickness. It became im-
portant as a producing horizon in 1925 when R. W, Sawyer and the
Newman Corporation opened a gas field in this sand in T. 17 N,,
R. 16 E. Structures in this sand conform to those in the Tyner series.

TURKEY MOUNTAIN SAND

At the top of the Arbuckle (siliceous) limestone occurs a sandy
horizon sometimes productive of gas in Wagoner County and nearly
always referred to by the local operaters as the Turkey Mountain’
sand. This horizon is encountered by drilling everywhere in the
county where the top of the Arbuckle limestone happens to be sandy
in texture.

ARBUCKLE LIMESTONE

The Arbuckle limestone directly underlies the Burgen sandstone
and is found throughout the county in drilling records of sufficient
depth to encounter this horizon. The top of this limestone is.usually
grayish in color and is often logged in drilling records as gray sand.
The Arbuckle limestone, from a standpoint of oil and gas develop-
ment, is an important horizon in this county insofar as it marks

the limit of depth at which known oil producing horizons may be

encountered. The author does not recommend that any wells be
drilled deeper than the top of this limestone.

STRUCTURE

The structure of Wagoner County, from a standpoint of oil and
gas may be divided into two horizons; that of the Mississippian and
Pennsylvanian in the upper division, and that of the formations



12 OlL AND GAS IN ORLAHOMA

lying below the Mississippi lime in the lower division. The surface
structure of Wagoner County in general is that of a westward dip-
ping monocline, while that of the lower division is a southwestern
dipping monocline. These general dips were disturbed in late Penn-
sylvanian and early Cretaceous times, causing minor folds and faults

which are directly related to the accumulation of oil and gas in this
county. :

MAJOR FOLDS

The major fold or structural disturbance which at the time of
the uplift, or later, directly or indirectly, caused most of the oil pro-
ducing structures in Wagoner County, is the Seneca fault. This fault
originated in late Pennsylvanian time, and resulted in the fracturing
of all the sedimentary rocks along its axis, to the extent that a Ao
throw as much as 300 feet is developed in places. It further resulted .
in parallel faulting due to settling and lateral adjustment after the
oceurrence of the major fault. The Seneea fault crosses the county in
a northeast-southwest direction along an approximate line drawn
from the southwestern corner of T. 17 N., R. 16 E., to a point where
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Bull Creek empties into the Verdigris River. This major fault dis-
turbed the normal dip to such an extent that some anticlines were
formed which attained a maximum crest 800 feet above the syn-
clines. Following this disturbance of the sediments, the natural
process of settling and cross-folding progressed to the extent that
most of the structures now producing oil and gas were formed.

PENNSYLVANJIAN SURFACE TYPES
Coweta Gas Field

The Coweta gas field located in W.1% sec. 17, and B.% sec. 18,
T. 17 N., R. 16 E. is a typical gas producing structure of this county.
It producés from a sand of the Dutcher series with an initial pro-
- duction of from one to six million cubic feet of gas per well. This
small anticlinal dome has a complete closure of 40 feet and a direet
east dip of at least 70 feet. It resulted from the drag of a small
fault running north and south through the eastern half of sec. 17,

and is one of the two typical Pennsylvanian type structures in the
county. :

Figure 3 represents a structural map of sec. 32, T. 18 N., R. 16 E.
based on the duteropping beds of this area. The fault along the axis
of this structure parallels the Seneca fault and is the top of a hog-
back anticline running through this section, having the same axis
as the fault. The west limb of this anticline dips 750 feet in one
mile to the west and 350 feet in' 6ne-fourth mile to the east.
The eross-section of the producing horizon shown in the figure is

Structure map, sec. 32, T. 18 N,, R. 16 E.

Figure 3.

STRUCTURE MAR SEC.32,T I8N, R.I6E.

drawn to scale and is based upon subsurface data obtained from
wells located in the northeastern cornmer of this section. This cross-

section shows the width of the producing area and the effect fault-
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Figure 4.—Contour map of the Coweta gas field.

ing has had upon the accumulation of oil in this structure. This
strueture shows a characteristic condition occurring in Wagoner
_County where a meandering fault line is the direct and most impor-
tant agency in the accumulation of oil in commercial quantities.

COWETA OIL FIELD

The Coweta o1l field, located in T. 17 N., R. 16 E.,, is primarily
du.e to the Seneca faunlt. Large wells. were obtained along its
axis along the upthrow side of this fault. The production in the
Co‘v.veta field is obtained from the sand horizons of the Dutcher
series. Production is not coming from one structure, but a series

o_f small structures of tvpes ranging from the meandering fault
line to the small dome type.

Pennsylvanian surface structures are very often difficult for
the field geologist to locate, hecause in the pro&ucing areas of Wag-
oner County, more often than not, the structures occur in the vallexifs
.and the only outeropping formations are soft clavs or shales suppof‘t-
Ing neither tovrographic nor structural indications of pools.

STRUCTURE 15

PENNSYLVANIAN SUBSURFACE TYPES

The structures occurring in the subsurface of the Pennsylvanian
formations are usually retlected at the suriace, but due to surface
conditions are mot always workable by the geologist. "The sharp
hogback folds and fauits to which all Fennsylvanian structures are
closely related apparently gain in intensity with depth. In the south-
west corner of the county, these sharp folds very likely cause normal
domes and anticlines in the surface veds in the area of Stone Bluff
due to the fact that the section increases considerably in thickness.

Subsurface geology in Wagoner County is much more depend-
able than surface geology. The axes of fold shift with depth and in
structures where the oil accumulated near or against the footwall of
the fault. The exact position of this plane is not.always determina-
ble, and sometimes shows an apparent producing area on top, so that
a well located upon surface geology might miss production in the for-
mations below. These conditions are important both in the upper
and lower producing horizons.

ORDOVICIAN STRUCTURAL TYPES

The Ordovician formations directly underlying the Chattanoo-
ga shale constitute the lower division of sand horizons from which oil
and gas are being produced. These formations are made up of sand,
very thin limestone and light green shales. At the top of this series
oceurs the Wilcox sand, which is in place south of the M. K. & T.
Railroad only (See Fig. 2), with the exception of some of the deep
synclines and re-entrants of Ordovician time, giving the shore line
of the Wilcox sand a rather meandering edge.

The upper Tyner sand occurs where the Wilcox is not present,
production from which apparently has the same relationship to
structure as the Wileox sand. Occurring in the lower part of- the
Ordovician series is the lower Tyner sand, with the same producing
relationship to structure as the upper Tyner. The large type of pro-
dueing structures in the Ordovician series nearly always reflect on
the surface as some type of structural high, but cannot be mapped ac-
curately on the surface. Many of the small dome type of structures
do not show at all on the surface and are very small in area.

Tigure 5 shows a small producing dome in the Tyner sand. This
structure does not show at all on the surface, hut has a complete
closure of at least 30 feet. and a direct east din of 50 feet. The
oreen shale seems to have been cut away on the top of this fold and
replaced by a coarse sand very similar to eroded Wilcox. As no
samples are obtainable. this re-denosgited sand mayv Dbe either Wil-
cox or Tvner. The entire area of this pool does hot cover over 30
acres. There are numerous small nools of this type producing in the
county. and as one location id the wrong direction means a dry
hole, this type of folding has influenced the operator to believe
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Figure 5.—Typical small pool (T. 19 N, R. 15 E.).

that a spotted lenticular condition governs the accumulation of
oil more than a structural condition. However, this idea is erron-
eous and these small producing areas are due to small-scale domes.

The large faults, some of which show on the surface, and some

of which occur only in the Ordovieian beds form the closure on the

east side of the structure and are consequently the direct agency
in the accumulation of oil.

Figure 6 is a .subsurface map based on a producing horizon
of the lower Tyner sand. This structure shows on the surface, but
the surface reflects very poorly the conditions below the Missis-
sippi lime. The cross-seetion A-A shows the lower section of the logs
of wells drawn to scale. The fault which causes the trap for the
accumulation of oil in this structure does not show in the Missis-
sippi lime and is a characteristic condition on structures now pro-
ducing from the Ordovician series. Near this area is a new gas
field producing from the Burgen sandstone which occurs under
the first lime below the Tyner series. The Burgen is a white, clean
sand, very porous in character, and produces from structural types
analagous to those in the Tyner series. This sandstone is found
nearly everywhere in Wagoner County and is often referred to
by the local operator as the “‘Turkey Mountain’’ or Wilcox sand.

FUTURE DEVELOPMENT 17

FUTURE OIL AND GAS DEVELOPMENT

s of oil and gas will he diseovered i["(‘l.,‘ vears to
comeNiiVV\sfl;lggngs 0(11801(1)rtlty. Throgghout the county, esp_e01a1}11waes1f
of the Verdigris River, occur many SI_nall structures f)t b())t g?{ln
sylvanian and Ordovician types, which as yet, have neser boer
tested. |

The future production of oil and gas .will depend larg‘ely up(zin-
the exploration of sands in the Tyner series al%d' the Bgrgen san'-
stone. A test well drilled in this county for either oil gr g:s is
not complete until it has reached the top of the Arbuckle limestone.

SUB SURFACE MAP OF TYNER SAND POOL
by
v Phnlip Boyle
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Figure 6.—Subsurface map of Tyner sand pool.
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The author does not believe that any large pools will he discovered
in the future, due to the small structural types characteristic
of this area.

CONCLUSIONS

All of Wagoner County may be considered very probable oil
and gas territory west of a line drawn north and south through
the town of Wagoner. The author considers geological data very
valuable to the operator and with the exception of the silted areas
along the river bottoms, practically all of Wagoner County can be
either mapped on the surface or subsurface, and by these methods
the larger types of structures discovered.



