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PerROLEUM GEOLOGY OF PawneE CoUNTY, OKLAHOMA

ABSTRACT

0il production in Pawnee County, approximately 125 million
barrels since the initial discovery in 1904, is from 40 oil fields with
about 25 pay zones ranging in age from Early Ordovician ( Arbuckle)
to Late Pennsylvanian (Endicott). Most of the oil entrapment is in
rocks of Desmoinesian age and primarily is directly rvelated to
structure, although stratigraphic traps are being discovered. Depth
of production ranges from 1,100 to 4,300 feet.

Westward-dipping Pennsylvanian rocks of Missourian and
Virgilian ages crop out at the surface. The subsurface Pennsylvanian
sequence, containing roeks of Desmoinesian, Missourian, and
~ Virgilian ages, ranges in thickness from about 2,200 feet in the
castern part of the county to 8,900 feet in the western part. They
overlie with angulav uneonformity the Osagean seetion of Mississipp-
ian rocks which attains a maximumn thickness of about 350 feet. Anti-
clinal high areas developed prior to Pennsvlvanian deposition were
more deeply croded, resulting in thinner scetions or in the absence of
Mississippian rocks on structure. Mississippian rocks rest upon
the Devonian Woodford Shale which overlaps progressively older
roeks of Ordovician age in a northeasterly direction. Rocks of the
Hunton Group (Devonian-Silurian) are absent. Of the Ordovician
rocks present elsewhere in Oklahoma, the Sylvan is absent. The
Viola Limestone is present in the southwestern part of the county,
but is absent in the northeastern part where suecessively older
units of the Simpson Group are overlain by the Woodford. Thickness
of the Simpson Group ranges from more than 350 feet in the southwest
to less than 100 feet in the northeast where the Simpson was more
deeply eroded. Six tests drilled on structure have penetrated base-
ment roek below a thin (less than 420 feet) section of the upper part
of the Arbuckle Group (Barly Ordovician).

PeTROLEUM GEOLOGY OF PawnegE County, OKLAHOMA

Patrick H. CLAre*

INTRODUCTION

Pawnee County, with an area of 591 square miles, is in north-
central Oklahoma, and its rocks are part of the north-central
Oklahoma platform, or shelf. The Arkansas River forms the north-
ern and northeastern boundary of the county; Noble County is on
the west, Payne County on the southwest, Creek County on the
south, and Tulsa County on the extreme southeast (fig. 1).
Geologically the county lies just west of the buried Tulsa Mountains
and is 35 to 40 miles east of the Nemaha ridge.
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" Figure 1. Index map of Oklahoma showing location of Pawnee County.

The lowest point in the county is about 650 feet above sea
level in the southeastern part at the junction of the Arkansas and
Cimarron Rivers, and the highest point is a little more than 1,050
feet, a difference of only 400 feet across the county. The regional

* Sinclair Oil & Gas Company.



6 INTRODUCTION

dip in Pawnee County is approximately 50 feet per mile in a westerly
direction locally increasing with depth. Information concerning the
surface rocks of the county can be found in Oklahoma Geological
Survey Bulletin 83, Geology of Pawnee County, Oklahoma, 1959, by
Paul B. Grag, Jr.

About 125 million barrels of oil has been produced in Pawnee
County since the initial discovery of oil in July 1904, just north of
Cleveland, Oklahoma. The Cleveland Field is the largest in the
county, having yiclded about 425 million barrels of oil to the
present time. The peak production year of Pawnee County was
1925, when about 6,375,000 barrels of oil was produced. Approxi-
mately 4,550 wells have been drilled in the county; about one-third

- are currently producing, one-third are abandoned producers, and
one-third are dry holes. No major gas reservior has been discovered.
Secondary recovery by waterflood now produces approximately
half the annual production of the county, which has been slightly
more than two million barrels per year for the last few years.

Oil production from about 40 oil fields is obtained from
approximately 25 different pay zones which range in age from
Early Ordovician (Arbuckle) to Early Virgilian (Endicott). All
production in the county comes from depths between 1,100 and
4,300 feet. Most of the oil entrapment is related directly to structure.
The search for oil in stratigraphic traps in Pawnee County has
become currently the object of intensive study, all of the known
apparent structures having been tested.

The primary purpose of the report was to make a study of the
subsurface stratigraphy and structure of Pawnee County, Okla-
homa, and to relate this study to the regional geologic history of the
north-central and northeastern part of the State. The geologic
structure of the county was studied by mapping the base of the
Woodford Shale, top of the Mississippian System, and top of the
Checkerboard Limestone. Data for all maps were taken from
available clectric logs, Herndon maps, Research Oil Reports, and
Corporation Commission records. Stratigraphic studies were made
with the aid of four electric-log cross sections, with driller’s logs
and well samples, and with two thickness maps, Mississippian-
Woodford Shale unit (map F, pl. II) and Checkerboard Limestone-
base Pennsylvanian unit (map E, pl. IT). The maps (pl. II, B-F) are

actually reconnaissance in nature in that all holes were not used in

PREVIOUS INVESTIGATIONS 7
areas of dense control. Accuracy of control points and interpretation
of the data are the responsibility of the writer alone.

Previous INVESTIGATIONS

The first publication covering the general subsurface geology
of Pawnee County was by Frank C. Greene (1928). Included was a
reprint of a special detailed study of the Morrison (now termed
Watchorn) Field by Carpenter (1927). Later Carpenter (1958)
finished an investigation of the faulted East Watchorn Field. Since
then, four Master of Science theses have been completed on the
subsurface geology of particular areas in the county. Gearhart (1958)
studied the northwestern part of the county; Baker (1958), the
southwestern part; Blakeley (1959), the north-central part; and
Berryhill (1961), the south-central section. In particular instances
these reports furnished information for this study.

Information was also obtained from regional studies that
include Pawnee County entirely or in part. The regional studies
include those on Precambrian rocks by Ireland (1955) and Dillé
(1956); Early Ordovician rocks (Arbuckle Group) by Ireland
(1955); the Simpson Group by White (1926), Dapples (1955),
and Cronenwett (1956); pre-Woodford paleogeology by Tarr
(1955) ; Mississippian rocks by Hyde (1957); and Pennsylvanian
rocks by Oakes, (1951, 1953), Weirich (1953), Ware (1955), and
Kirk (1957). A study by C. L. Jones (1960) on pre-Desmoinesian
rocks in north-central Oklahoma included Pawnee County with
littte detail; but the lithologic descriptions, isopach maps, and
paleogeological studies (with maps) were of use in this investigation
in several instances.

It is hoped that this report will complete a detailed study of the
geology of Pawnee County, this being the subsurface component or
counterpart to Paul B. Greig’s work (1959) on the surface rocks.
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8 STRATIGRAPHY BASEMENT TESTS

‘Jogs which, together with others obtained from the School of at
Geology of The University of Oklahoma, were used in the cross %%Ag i ! =
sections. The report, submitted as 2 Master of Science thesis at Eon
The University of Oklahoma, has been slightly revised and modified. E‘;
STRATIGRAPHY n .
de ~ [ — L)

The sedimentary sequence in Pawnee County rests nonconform- Egé‘& =4 3 8
ably upon an irregularly eroded westward-sloping surface of «® «® -+ -
basement igneous rocks. In the sequence arc rocks ranging in age
from Late Cambrian or Early Ordovician through Early Permian, 3 B
covered locally by unconsolidated Quaternary alluvium and terrace o 12 §»~8 o < 10
material. Except for the Quaternary deposits, the sequence is 3 L8gEr i «®
characterized by stable shelf deposits which were deposited upon Ble a
the Central Oklahoma platform. . c; &=

The major part of the sedimentary sequence of Pawnee County g .
is in the Pennsylvanian System, which averages 3,500 feet in thick- B s gﬁg v ® E
ness, ranging from about 2,200 feet in the east to approximately 3,900 & gg a8t g-: - )
fect in the west. Thickness of the entire sedimentary sequence ranges & @ H
from about 3,000 feet in the eastern part of the county to about g
5,000 fcet in the western part. The deepest test in the county is a al e
dry holc in the western part, NWY, NWy, NWY4 sec. 19, T. 22 N. & °5a8 8 2 &

R. 3 E., where drilling ceased at 4,847 feet, in Arbuckle rocks. The ¢ f—’-E"m" o iy ;«“
dip of the beds in the entire county is normally slight and westerly, E
put the degree and direction differ within each system. The principal M
subdivisions and relative thickness of the rocks of each system are o & - o .
lustrated on the accompanying elect iclog cross sections (pl. I). B §83 =1 e S
illus n the panying ric-log cross s P 5 g
2 87 - —

BASEMENT RocKs & .

Basement rock is relatively shallow in Pawnee County. All five -P “ —_ -
tests encountering basement rocks (table 1) were drilled on base- : g%% & & &
ment-rock “highs.” The Flight-Beacon No. 1 Yowell penetrated R
132 f’lc;,ct of igneous rock to a total depth of only 3,262 feet. < -~ « 3 =

sement rocks in northern Oklahoma are loosely called B c B O B
granite by the oil industry, but at most places the type of rock, has g 2 ..gE o o 2 udi
not been determined pctrographically. Although the common g E E géﬁ\"‘ 2 ﬁ:,..\""m o g@
basement rock is thought to” be granite, recent studies by staff g 3.55531 ;Z% S é%@ SEfR» B8z
members of the Oklahoma Geological Survey indicate that extru- §$§§DH ﬂ\’"g Eﬂg’é %g’n_.\'*ozc\o] Sax
sive flow rocks are present. Ham (1961) reported extrusive andesite 5 ASE Z" E oy éé % Qs E E @ é’ QE

tuff and dacite present in the subsurface of Craig County in north-

3917
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785+
4954

3,208
e Ollahoma Geolagical Survey.

3,105
3,850
%4945

™ T Nani
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v ORDOVICIAN SYSTEXM

castern Oklahoma. R. E. Denison, who examined a core of igneous
rock from depths of 4,686 to 4,691 feet in the Porter Oil and Gas. Co.
No. 20 Miller (table 1) described the rock as a rhyolite porphyry
containing large (up to 1 cm) phenocrysts of potash feldspar and
smaller phenocrysts of plagioclase and quartz.*

ORDOVICIAN SYSTEM

Rocks of the Arbuckle Group, Simpson Group, and locally the
Viola Limestone, all of Ordovician age, are present in Pawnee
County. Ordovician rocks range in thickness from about 135 feet
to about 1,135 feet, a range of 1,000 feet in the county.

Arbuckle Group

A complete section of the Arbuckle Group in north-central
Oklahoma is divisible into eight members. Only the upper parts of
these (Gasconade Dolomite, Roubidoux Formation, Jefferson City
Formation, Cotter Dolomite, and Powell Formation) are believed
to be present in Pawnee County. A basal sandstone, possibly equiv-
alent to the Upper Cambrian Reagan Sandstone of southern Okla-
homa and resting locally upon the irregular basement surface, has
been described in Noble County by Page (1955) and in Payne
County by Stringer (1957). The sandstone described as Reagan by
the above authors is said to be approximately 100 feet thick, white,
glauconitic and dolomitic in places, and interbedded with gray,
sandy dolomite. This sandstone body is difficult to correlate with
the typical quartzitic Reagan of southern Oklahoma. As is true of
the underlying igneous rocks, the sandstone has rarely been pene-
trated by the drill or examined in north-central Oklahoma, and all
the recorded penetrations in Pawnee County in this zone have been
on anticlines. Dolomite (either Cotter or Powell) rests noncon-
formably upon the igneous rocks on structural highs in Pawnee
County where the wells were drilled to the basement (Ireland,
1955).*

Several geologists who have done subsurface work in Pawnee
" o . )

B O S O e S S e, 30 21 NR S e chesncion:
961 {eet. The top of the Arbuckle was penetrated at a depth of ’2,573 feet.
Continuous cores were taken from 2,607 feet to the total depth of 2,945 feet into
basement rock. The 356-foot Arbuckle section was primarily dolomite. Rhyolite,
encountered at 2,929 fect, was overlain by seven inches of dolomite which contained

rounded fragments of igneous rocks. The uppermost 10 feet of rhyolite was highly
fractured and weathered. :

AZBUCKLI R 0T [

County have assumed by projection that this so-called “Reagan”
basal sandstone exists throughout the county. If the Reagan Sand-
stone is present in Pawnee County, it lies at the base of the thicker,
off-structure sedimentary sequence. Because the thicker accumula-
tions between structural highs have not been completely pene-
trated in Pawnee County tests and because local sandstones and
sandy phases are known to be interbedded in the predominantly
dolomite-limestone sequence of the Arbuckle Group, probably no
well-based, widely accepted correlation between the locally present
basal sandstones resting upon the basement surface of north-central
Oklahoma and the true Upper Cambrian Reagan Sandstone of
southern Oklahoma will be made for some time. These basal sand-
stones may be transgressive and, according to Ireland (1955),
sandstones that rest upon Precambrian rocks are difficult to associate
and correlate as few of them arc the same in two different areas.
ireland called the basal sandstone below the Bonneterre Dolomite
and resting upon the basement in northern Oklahoma and southern
Kansas the Lamotte, which is of Late Cambrian age.

The thickest drilled section of the Arbuckle Group is in the
Magnolia No. 1 Montee, sec. 29, T. 23 N, R. 5 E., where 785 feet of
Arbuckle was encountered without reaching the basement. In
contrast, in the eastern part of Pawnee County the Arbuckle thins
over elevated basement areas (Ireland, 1955) and is probably locally
absent. The minimum thickness of the Arbuckle drilled in the
county was 63 feet in the Minnehoma No. 1 Richards, sec. 9, T. 20
N, R. 8 E.

The only oil production of any significance from the Arbuckle
Group (Canadian Series) in Pawnee County is from the Turkey
Mountain pay in the Lauderdale Field, SEY; T.21 N, R. 8 E,, and
NEY; T. 20 N, R. 8 E., at an average depth of approximately 3,000
feet. The Turkey Mountain is the uppermost porous zone within
the Arbuckle beneath the Simpson dolomite. The term “Siliceous
lime” of northern Oklahoma is equivalent to the Turkey Mountain.
Greig (1959) considered it to be a leached zone at the erosional
surface of the first dolomite underlying the Simpson Group.

The Arbuckle section can be zoned on the basis of insoluble
residues, but commonly the rocks of the group are treated as a
single unit referred to simply as the Arbuckle Group. The group is
undifferentiated on the cross sections of plate I.



12 ORDOVICIAN SYSTEM .
PRE-PENNSYLVANIAN FORMATIONS

Simpson Group

Resting disconformably upon rocks of the Arbuckle Group is 3
the shale-dolomite-sandstone sequence which forms the Simpson 3. - - S
.. . . 8 o=
Group (Champlainian Series). In southern Oklahoma the Simpson T ) 8 H gy § goo
Group is divided into five formations, but in Pawnee County .§§ R RO Qoo
rocks of this group are separated into three members which are, in %3
ascending order, the Burgen Sandstone (Hominy pay or lower Simp- &
son sand), Tyner Shale, and the Wilcox (Bromide) sands (table 2).
Generally in the county, a dolomite section in the upper part of o
the Simpson Group is called the Simpson dolomite. In eastern ] 2 3‘;;"% 2 .-
Pawnee County the Simpson Group is truncated by the post-Hunton, Z S S = =5 zﬂ 2
. . - 0 <O
pre-Woodford unconformity; in the western part of the county the E < vy BB B 2E g
. . . . . . . o} R (5 '3 =
Simpson is overlain disconformably by the Viola Limestone (fig. 2). @2 s S g g = E
. . . . g 3 A =R ~ g ©g
The maximum thickness of the Simpson Group in Pawnece A4 S 2% = R
. : : 3 g = } 2
County is more than the 310 feet as this was the thickness penetrated ’::jJ B A== B Poxy
in Gambal Oil No. 1 Cassidy (sec. 31, T. 21 N, R. 7 E. )without & e o =
reaching Arbuckle rocks. The minimum thickness is 71 feet in sec. & 5 F
5,T.20 N., R. 8 E. Also only 136 feet of Simpson beds were reported o B ) "L
in Brewer No. 9 Cotton, sec. 6, T. 20 N,, R. 8 E. (well 7 in the EC:J g g i :
cross section on pl. I). This lesser thickness of the Simpson Group =R 3 = g L
% I @ A
[&]
= =
1398 E Z :
¢ 7 '
g9 o 3
s & g g Sa8 33
B S e 24 ‘3.8°g =2 g
03 o O e 228 S8
S 2 Ly 4 905 M
o B 5 83 & £E%
wn o®n o oo H
) | 2© = SE 2
= g H ° B
>
22 8
2},3/00 d -E
. = g o 2
Al - & o g ‘D
g° § % g Q- g
3 ™~ & 2 5 853
N x 7 2 2%
RTE RBE ROE RIOE = =
Figure 2. Pre-Woodford subcrop map of Pawnee County, showing areal extent of w
Viola Limestone and Simpson Group and locations of cross sections
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14 VIOLA LIMESTONL

in the two wells 1s due to post-Hunton, pre-Woodford erosion on a
local anticline. Jones (1959) also reported only 106 fect of Simpson
strata in Waggoner No. 1 Brodell, sec. 9, T. 20 N,, R. 9 E.

The Burgen is a light-buff sandstone equivalent to basal Oil
Creck Sandstone of southern Oklahoma. In Pawnee County, the
Burgen lies below the Tyner Formation and rests upon Cotter or
Powell Dolomite. This sandstone was encountered in wells 16 and
17 of cross section C-C’ and is 14 and 21 feet thick, respectively.
The Hominy pay (equal to Burgen or lower Simpson sand) yields
minor amounts of oil in several pools scattered about the county.

The name Tucker sand has been applied to the Wilcox (Bro-
mide) sands of the Simpson, but this term should be eliminated as it
is applied incorrectly throughout the county, being applied also to a
Middle Pennsylvanian (Demoinesian) sandstone. The massive
upper Simpson Wilcox sand, which overlies the Tyner Shale, is one
of the principal reservoirs of Pawnee County and produces signifi-
cantly in every large field of the county with the exception of the
Maramec Field.

ROCKS OF TRENTONIAN AGE
Viola Limestone

Overlying the Simpson Group is the Viola Limestone, the
youngest (Trentonian age) of the Ordovician formations in
Pawnee County. The Viola is present only in the western and south-
western third of the county. Its approximate areal extent is shown
in figure 2.

The Viola possibly is absent locally because of pre-Woodford
truncation. The uppermost coarsely crystalline member diminishes
in the thickness northward, leaving only the light-tan, finely crystal-
line, typically cherty lower part in Pawnee County. This part extends
northward but is also truncated by the post-Hunton erosion surface.

The thickness of the Viola ranges from zero (along the line of
truncation) to 61 feet in Pawnce County. The thickest Viola shown
on the cross sections is 41 feet in the Peters Petroleum No. 1 Foster
(SWY, SWY; SW' sec. 31, T. 21 N, R. 4 E., well 14 of section
C-C"). Jones (1959, pl. ITT) recorded 61 feet in sec. 32, T. 21 N, R.
4 E. Tn Pawnce County the Viola yields oil from only one well which
is 4,179 feet decp in the West Watchorn Field, T. 23 N, R. 3 E.

DEVONIAN SYSTEM : 15

The youngest Ordovician strata conformably overlying the
Viola Limestone in north-central Oklahoma is the Sylvan Shale,
which has been completely removed by post-Hunton erosion in
Pawnee County (Tarr, 1955, fig. 1; Jones, 1959, pl. IV). Its north-
ernmost extent is in central Creck County and northeastern Payne
County. . .

If Hunton rocks of Devonian-Silurian age were deposited in
Pawnee County, they were removed by pre-Woodford erosion. The
present northern limit of the Hunton Group is '11.1 southwestern
Payne County, 1n northeastern Lincoln County, and in the SW1 of
T.14 N, R. 7 E., southwesternmost township of Creek County (Tarr,

1955).

DEVONIAN SYSTEM
Woodford Shale

The Woodford Shale, usually called Chattanooga in northeast-
ern Oklahoma, is dark brown to black with a brown streak, and has
a blocky fracture. It 1s compact, at places pyritic and cht?rty, and
Jocally contains conodonts. Dark reddish-brown microfossils ca}led
Tasmanites occur in the lower part. The Woodford is recognized
readily on electric logs because of its abnormally high resistivity.

Nearly all of Pawnee County 1s underlain by the Woodford
Shale, which averages about 25 feet in thickness, thickening to 35 to
45 feet southwestward and thinning to approximately 10 feet
northeastward. The thickest Woodford encountered in the cross-
section wells was 40 feet in wells 10 and 14.

Jones (1959) reported 72 feet of Woodford in sec. 5, T. 20 N.,
R. 8 E.; 76 feet in sec. 31, T. Z1 N., R.5 E.; and 84 fect (thickest
reported in the county) in sec. 25, T.21 N, R. 4 E. These thic.kncsses
are abnormal. Driller’s logs and service company reports include
black shale which should be placed in the base of the overlying Osage
Group. Berryhill (1961) reported a black, calcareous. shale bed,
approximately 32 feet thick, in the Osage Group, resting upon a
28-foot average section of Woodford Shale in the Bay Oil Corpor-
ation No. 1 Beetho, C SY% SEY SEV, sec. 14, T. 20 N, R. 7 E.
Glauconite is normally present at the base of this shale in wells
south of Hallett and Jennings where Hyde (1957, pl. 4) included the

section in the Osagean. Jordan (1957) also pointed out that the



16 ‘WOODFORD SHALE

Woodford underlies a glauconitic, dark-gray to black argillaceous
limestone or calcareous shale unit of earliest Osagean age in western
Creek County. The Woodford Shale is absent locally in sec. 6, T.
20 N., R. 8 E., of Pawnee County in the North Terlton Field (fig.
3). This absence is due to post-Mississippian, pre-Desmoinesian
erosion of a topographic and structural high.

The Woodford is remarkably uniform in thickness throughout
most of north-central Oklahoma, but is locally removed also in
Osage County in an area north-northwest of the Ralston Field,
called Osage Island (Leatherock and Bass, 1936). Northeastward
thinning of the Woodford and its absence over Osage Island are
cited as evidence of an unconformity at the top of the Woodford.
Gearhart (1958) and Baker (1958) reported similar relationships
in western Pawnee County.

The Woodford Shale rests upon the truncated members of the
Simpson Group, the Wilcox sand or green shale or dolomite of the
Simpson where the Viola Limestone is absent, and on-the Viola
in the western and southwestern part of Pawnee County.

Greene (1930) stated that the original substance of the abundant
microfossil Tasmanites carried in the Woodford Shale, once spheres
but now flattened into discs, was the source of most of the oil
found in the Wilcox sand and associate strata.

The Misener sand, considered equivalent to the Sylamore Sand-
stone of surface nomenclature, is an unconformity sandstone which
occurs locally in the lower part of the Woodford Shale. It grades
laterally into the base of the shale. The term Misener is applied to
a varicty of lithic types, such as poorly sorted porous sandstone,
dolomitic glauconitic sandstone, and dolomite or chert conglomerate.

According to Gearhart (1958), in the vicinity of the Northwest
Watchorn Field, sec. 19, T. 23 N,, R. 3 E,, a bed of reworked lime-
stone, chert, and quartz fragments, cemented by crystalline calcite,
represents the Misener.

The source of much of the sand for the Misener member was
the Simpson sandstones which were eroded in the northeastern
part of the county. The Misener commonly contains coarse “golf
ball” sand grains similar to those in the First Wilcox sand. In places
where the Misener is present and lies directly upon Simpson sand-
stones, the contact between the sandstones is normally indistinguish-

able.

MISSISSIPPIAN  SYSTEM - 17

The only Misener sand shown in the cross sections is 23 feet
and 7 feet thick in wells 16 and 17, respectively, and 10 feet thick in
well 5. Ten feet is about the average thickness of this sandstone
where present in Pawnee County.

The Misener pay is an important oil producer in Payne County
to the southwest, and it produces minor amounts where present 1n
Pawnee County. However, at some places, it is impossible to state
definitely that a given sandstone is Wilcox or Misener. It is produc-
tive in the Southeast Blackburn, North Garr, Keystone, East Pawnee
(abd.), and West Skedee Fields.

MIsSISSIPPIAN SYSTEM

For the most part, Mississippian rocks, referred to as the Mis-
sissippi lime, underlying the Pennsylvanian section of Desmoinesian
age and resting upon the Woodford Shale, are classified as belonging
to the Osage Group. However, limestones of the Meramec Group are
probably present in the southeastern part of the county. On the basis
of a study of wells in sec. 34, T. 20 N, R.9 E., and sec. 14, T. 19 N,
R. 9 E., Hyde (1957, pl. I) showed the line of truncation of the
Meramec Group, formed by pre-Desmoinesian erosion, as passing
through secs. 24 and 34, T. 20 N, R. 9 E. Lukert (1949) placed an
unconformity between the Osage Group and the underlying Wood-
ford Shale. Rocks of Osagean age underlie most of north-central
Oklahoma, whereas the strata representing Meramec and Chester
deposition have been removed by extensive pre-Desmoinesian erosion
from the northern part of the Oklahoma arch (Jordan and Rowland,
1959).

The Mississippi lime is a light- to dark-brown siliceous and
dolomitic, and medium- to fine-crystalline limestone. However, it
is variously logged ‘as white, gray, brown, or black limestone with
sandy phases. The basal part of the limestone locally may be argil-
laceous and pyritic, and it is normally more siliceous and of a darker
gray color than the upper beds. The Mississippi lime of Pawnee
County is thought to correlate with cherty limestones of the Keokuk
and Reeds Spring Formations of the surface section in northeastern
Oklahoma.

Normal thickness of the Mississippi lime averages between 200
and 300 feet, being thinner generally in the southern part of Pawnce
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County. Anticlinal high areas were more deeply eroded than other
areas, so that the amount of truncation is roughly proportional to the
amount of structural closure.

A thickness map (pl. II, map F) of the Mississippian-Woodford
section was constructed because the base of the Woodford and the
top of the Mississippian are the two stratigraphic markers most
accurately reported and recognized in old driller’s logs. The unit 1s
absent in the eastern part of the North Terlton structure (parts of
sec. 31, T. 21 N,, R. 8 E., and sec. 6, T. 20 N., R. 8 E.) where, on the
upthrown east side of a fault, the Bartlesville sand rests direcly upon
Simpson strata (fig. 3). The thickest section, 365 feet, is found in
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Figure 3. Map showing absence of Mississippian rocks on North Terlton structure.
Thickness of Mississippian-Chattanooga unit given in feet above control point.

PENNSYLVANIAN SYSTEM 19

NEY NEY NE% sec. 29, T. 23 N,, R. 4 E. The largest area in
which the Mississippian-Woodford unit is thin (less than 150 feet)
is along a northeastward-trending line passing through NE cor. T.
20 N,, R. 7 E., and the Cleveland structure and southwestward to-
ward the western part of the Terlton Field. This area probably is
more complexly faulted than is shown in maps B and C (pl. II).
Other prominent small areas where the unit is relatively thin are in
the Watchorn, East Watchorn, Ralston, and Yale-Quay Fields. These
and other areas where the Mississippian-Woodford sequence is
relatively thin (map F, pl. II) are related to anticlines, or noses
shown on the structure map of the base of the Woodford Shale and
to lows on the map of the Pennsylvanian-Mississippian unconformity
(maps B and C, pl. II).

Locally, the uppermost part of the Mississippian sequence in
the county is a porous zone of blue to gray chert called Mississippi
chat. More specifically, the chat consists primarily of weathered,
tan, tripolitic chert that is present locally (up to 95 feet thick) upon
the irregular surface of the limestone.

The Mississippi lime produces oil in the Greenup, Jennings, and
Keystone Fields and in one well in the Terlton Field, and the chat
is productive in the Greenup, Hallett, and Ralston Fields. Because of
its normally high porosity, the Mississippi chat serves as an excellent
petroleum reservoir in northern Oklahoma, especially to the west
of Pawnee County in southern Noble County (Page, 1955). The
upper porous part of the Mississippian limestone, called chat, con-
stituted the “first break in the lime” of the old-time operators.

In 1961 activity in eastern Oklahoma was highlighted by the
completion of a zone discovery in Pawnee County. Porter Producing
Co. No. 1 State School Land, SEY;, SW!/4 SW14 sec. 13, T. 20 N,, R.
7 E., in the North Terlton Field, was drilled to a total depth of 2,755
feet. Mississippi chat, new pay for the field, was perforated from
2,716 to 2,726 feet. Fracture-treated by the operator, the well flowed
3 barrels of oil an hour on a 16/64-inch choke. Regular pay in the
field is from Prue and Inola (Tulsa World, May 28, 1961).

PENNSYLVANIAN SYSTEM

Pennsylvanian rocks form approximately 75 percent of the
sedimentary sequence in Pawnee County. The Pennsylvanian unit,



20 PENNSYLVANIAN SYSTEM

containing rocks of Desmoinesian, Missourian, and Virgilian ages,
ranges in thickness from about 2,200 feet in the eastern part.of
the county to 3,900 feet in the western part. However, post-Permian
crosion has removed part of the sequence from the eastern half of
the county. Map E of plate II is a thickness map of the Checker-
board Limestons and older Pennsylvanian rocks, and it shows that
this unit increases in thickness from 625 feet in the northwest to
1,325 feet in the southeast, a divergence of 700 feet. As may be
observed in the cross sections (pl. I), the increase in the interval o
the south and southeast is due largely to a thickening of the Desmoin-
estan Nowata Shale which unconformably underlies the Seminole
Formation of Missourian age. Also, the Seminole Formation, which
includes the Cleveland sands, locally thicker at some places, is norm-
ally thickest in the southern and eastern part of the county.

TABLE 3. STRATIGRAPUIC SECTION OF DESMOINESIAN ROCKS
IN PawnNee CountTy, OKLAHOMA

Surface Formation Subsurface

and Thickness Subsurface
Group Selected Members in Feet Terms

Marmaton 150-310

Nowata Sh 5-260 o

Oologah Ls Big lime

Labette Sh 50-185 Peru

Fort Scott Ls Oswego—Wheeler
Cabaniss Senora 'm 180-275

Breezy Hill Lis 5-20

Lagonda Ss 40-110 Prue' _

Verdigris Ls 5-20 Ve?dlgrls

Chelsea Ss 80-165 Sl.tmner

Tiawah Ls , 10-15 Pink
Krebs 155-375

Bogey Fm 110-225

Taft Ss 40-110 Red IFork
Burbank of Inola Ls 5-20 Inola '
Subsurface Blucjacket Ss 50-130 DBartlesville

Savanna Fmn 40-170  Includes Brown limes

MecAlester Fin 0- ?* Dooch—=Taneha, ‘‘Tucker,”’

Burgess,

basal sandstone
Hartshorne Fm absent
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ROCKS OF DESMOINESIAN ACE

Most of the oil-productive rocks of Pawnee County are of
Desmoinesian age. They have an average thickness of 610 feet in the
county, ranging from 530 to 750 feet. Rocks of Desmoinesian age
are divided into the Krebs, Cabaniss, and Marmaton Groups
(ascending order). Most of the divergence southeastward is within
the Marmaton Group, but additional units of the Krebs Group onlap
the Mississippian erosion surface from the southeast.

Krebs Grou P

Rocks of the Krebs Group are dominantly dark-gray to black
shales, with some silty lenticular sandstones and a few thin lime-
stones. The group ranges in thickness from 155 to 375 feet in Pawnee
County, averaging about 235 feet. According to Greig (1959), the
Hartshorne Formation (lowermost Krebs) is not represented in the
county. The Krebs Group includes the McAlester, Savanna, and
Boggy Formations (ascending order).

A basal Pennsylvanian sandstone, the Burgess sand, is present
locally, directly above the pre-Desmoinesian unconformity. It is a
detrital sandstone and chert conglomerate, and, where present, it
rests upon Mississippian rocks.

Loose usage of the names Burgess and Mississippi chat results
in confusion. The Burgess is a transgressive unconformity sand-
stone, which is a pay zone of detritus upon the surface of the
Mississipian rocks. Although it is difficult to separate the Burgess
from the Mississippi chat by sample and electric-log studics in parts
of the county, the term Burgess should be reserved for the detrital
sand-conglomerate zone resting upon rocks of Mississippian  age.
The term Mississippi chat should be used only for the cherty residue
of north-central Oklahoma (including Pawnce County) derived

“‘through the in situ weathering of Mississippian limestone (Jordan,

1957) at or near the pre-Pennsylvanian unconformity.

The Burgess sand yields oil in Jennings, Maramec, and Ralston
Fields of Pawnee County. However, some of the production from
the Ralston Field may be from the Mississippi chat that has been
misidentified as Burgess.
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McAlester Formation

The McAlester Formation is absent in most of Pawnee County,
and the oldest Pennsylvanian formation is in most places the Savan-
na. However, in the southeastern part of the county the McAlester
Formation is present but is difficult to recognize except where a
shale section underlies the Booch or Taneha sand. The Booch is
considered equivalent to the Warner Sandstone Member, and at
places it is called erroneously the Tucker sand. At other places the
Booch is termed Burgess, the Burgess also being called Tucker. As
stated before in this report, in the section on Ordovician rocks, the
term Tucker is unsuitable in subsurface terminology when it is
applied to basal Pennsylvanian sandstone as well as to the Simpson
Wilcox sands. In the Cushing Field of Creek County, the term
Tucker has been applied to Red Fork, Bartlesville, Misener, and
Wilcox sands (Jordan, 1957). The sandstones termed Booch or

Tancha yield oil in the Jennings, East Maramec, and Terlton Fields

of Pawnee County.

Savanna Formation

Rocks underlying the Bartlesville sand zone and overlying
unconformably the Mississippi lime (or locally chat, Burgess, or
Booch) consist of dark-gray shales interbedded with thin limestones
and thin lenticular sandstones and are assigned to the Savanna
Formation. The thin, discontinuous, dark-tan to brown, finely
crystalline to microcrystalline dense limestones are the “Brown
limes” of the subsurface and are correlated with limestones in the
upper part of the Savanna.

The Savanna Formation ranges 1n thickness from about 40
feet to nearly 170 feet and averages 75 feet in Pawnee County. It
forms the base of the Desmoinesian section and of the Pennsylvanian
System over most parts of the county where the McAlester is
absent.

Boggy Formation

Bartlesville sand zome. The Savanna is overlapped by the
Boggy Formation. The Bartlesville sand, which is found in the
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lower part of the Boggy Formation, is persistently well developed in
the southeastern part of Pawnee County (as may be seen in the cross
sections), wedges out to the northwest concurrent with the onlap
in the same direction, and is present only locally in the northwestern
part. ,
In the eastern and southeastern part of the county the Bartles-
ville, which underlies the Inola Limestone, is a greenish-white to
gray, fine- to medium-grained, pyritic sandstone that is micaceous
and calcareous in places and contains some green shale flecks. The
sandstone grades northwestward in the county to a dark-gray to
black shale.

The Bartlesville zone has an average thickness of about 80 feet,
ranging from a minimum of 50 feet to a maximum of 130 feet.
Locally, in north-central Pawnee County, this sandstone zone may
be correlated with a shale and a thin, gray-white, medium-crystal-
line, arenaceous limestone.

The Bluejacket Sandstone Member of the Boggy Formation on
the surface is equivalent to the Bartlesville sand of the subsurface.
The sandstone most commonly is found in the uppermost part of
the Bartlesville zone.

The Bartlesville has yielded large quantities of oil in the follow-
ing fields: East Blackburn, North Bryan, Cleveland, Greenup,
Hallett, Northwest Hallet, Jennings, Keystone, Lauderdale, Mar-
amec, Northeast Maramec, North Quay, Ralston, Terlton, North
Terlton, Southeast Terlton, and North Watchorn.

Inola Limestone. Separating the Bartlesville zone below from
the Red Fork zone above is the Inola Limestone. A thin limestone
member of the Boggy, it ranges from 4 to 19 fect in thickness and
subdivides the Boggy Formation. The limestone is tan to gray and
is finely crystalline. Two good illustrations of the Inola Limestone
may be seen by the resistivity curves on the electric logs of wells
22 and 23 of cross section D-D'. It js difficult to distinguish the
Bartlesville and Red Fork sand bodies where this high resistivity
peak is absent on electric logs.

The Inola Limestone is typically 7 to 10 feet thick in Pawnee
County, but locally the limestone grades laterally into a shale.
Where a sandstone occurs near the top of the Bartlesville zone, it
is normally associated with another sandstone in the basal part of
the Red Fork zone and the Inola js represented only by a thin
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shaic. Tt should be noted that in Pawnee County (and particularly
in Osage County) the term Burbank is given to a sandstone body
which occurs in the Inola zone and extends into parts of both the
Bartlesviile and Red Fork zones.

The Burbank sand is considered to be equivalent to the Red
Fork in the upper part of the Boggy Formation. Recent strati-
graphic work, however, suggests that it could be equivalent to the
lower part of the Boggy or both Bartlesville and Red Fork. A good
example of this may be seen in well 4 of cross scection A-A’. A dash-
ed correlation line is used to show possible Burbank development mn
this zone.

Burbank oil 1s produccd in the Beaver Island Field, NWY NEY,
NEY, sec. 17, T. 23 N, R. 3 E., and in the Bryan Field, secs. 1 and
12, T.20 N, R. 5 E., and sec. 6, T. 20 N, R. 6 E. It is also produced
in a local porosity zone within the Inola Limestone zone in the
North Terlton Field.

Red Fork sand zone. Above the Inola and below the Pink lime
(Tiawah Limestone) is the Red Fork sand zone, which is in the
upper part of the Boggy Formation or lower part of the Senora
Formation and is equivalent to the Taft sandstones of the surface.

The Red Fork zone ranges from 40 to 110 feet in thickness,
averaging 70 feet over the county. An example of the Red Fork
sand where 1t occurs throughout the thickness of the zone is
ilustrated in well 18 of cross section D-D’. At other places sandstone
may be thin (less than 10 feet) or present only in the lower or in
the upper part of the zone. _

The lithology of the Red Fork varies considerably throughout
the county, grading from an off-white or salt and pepper, fine-
grained, slightly calcareous and micaceous sandstone to a light-
brown, very fine-grained, argillaceous sandstone. 'The Red Fork
zone is also commonly represented by calcareous and arenaceous
shale where the sandstone is absent. Wright (1941) believed this
change in lithology to be the result of sorting by waves and tides
along a strand line of the Cherokee sea.

Locally, the Red Fork is a massive 50- to 75-foot-thick, medium
to coarse-grained, porous sandstone which produces significant
quantitics of oil in several pools in Pawnee County. Production from
the Red Fork is found in the fields here listed: Bryan, North Bryan,
Northeast Bryan, Southwest Cody, North Garr, Greenup, Jennings,

I
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Keystcne, Lauderdale, Maramec, East Terlton (abd.), and East
Watchorn.

Cabaniss Group

Rocks of the Cabaniss Group consist of interbedded sandstones,
gray shale, and several thin limestone and coal beds. This group
ranges in thickness from 180 to 275 feet with an average thickness
of about 215 feet.

Lukert (1949) referred to the rocks from the base of the
Marmaton Group (top of Cabaniss Group) to the top of the
Mississippi lime (base of Krebs Group) as the “Cherokee formation,”
a term used by many subsurface geologists. The Cherokee section

in Pawnee County ranges in thickness from approx1mately 335 to
650 feet, averaging 450 feet.

- Senora Formation

Pink lime. The Pink lime is equivalent to the Tiawah Lime-
stone of the surface. It lies above the Red Fork and marks the base
of the Skinner sand zone above.

The Pink is a gray, tan or buff to dark-brown, mottled, fine-
crystalline to dense, locally granular, fossiliferous limestone. It
averages about 12 feet in thickness.

Because of its uniform thickness and its distinctive elecrtic-log
characteristics, the Pink lime provides the best subsurface marker

" bed in the Cabaniss Group and is second in importance for correla-

tion purposes only to the younger Checkerboard Limestone for the
entire section. It is used as a reliable marker bed throughout
Pawnee County.

Skinner sand zone. The Skinner sand zone lies between the
Pink and Verdigris limestones and is composed of an average of
approximately 105 feet of sandstone interbedded with thin shales
and minor limestones and coal. The zone ranges from 80 to 165 feet
in thickness. Within the zone are three sandstone bodies, termed
the lower, middle, and upper Skinner sands (well 8 of cross section
A-A"). The lower Skinner is generally the thickest and best defined
in southern Pawnee County, whereas the upper Skinner is thickest
in the northern part.

Normally the Skinner sandstones are gray to an oil-stained
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brown, fine grained, calcareous, slightly micaccous and argillaceous,
and have slight porosity. The lower sandstone is typically buff to
dark brown, locally calcareous, medium to coarse grained, with
rounded and frosted grains at places. The upper sandstone is dull
white or gray to light tan, fine grained with subrounded grains, and
is calcareous. The Skinner sand zone is correlated with the Chelsea
Sandstone of the surface. '

The Skinner pay is a major source of o1l in Pawnee County,
especially in the southern and southeastern part of the county.
Most of the production in the Skedee and Hallett Fields is from
this zone. North Garr, Watchorn, and East Watchorn are the only
major fields in the county that do not have production from the
Skinner.

Verdigris Limestone. The Verdigris Limestone marks the top
of the Skinner sand zone and the base of the Prue sand zone. The
Verdigris is a mottled-gray or tan to brown, microcrystalline to
coarsely crystalline limestone, which ranges in thickness from 7 to
20 feet (averaging 11 feet) 1n the county. Because of its relatively
uniform thickness and persistence across Pawnee County, it can be
used as a marker bed in the subsurface.

Prue sand zone. Located between the Verdigris and the
overlying Oswego lime is the Prue sand zone. The Prue 1s thick
in wells 5 and 6 in cross section A-A” and also 1n wells 19 and 20 1n
cross section D-D” (pl. I). The zone averages 65 feet in thickness
but ranges from 40 feet in the north to 110 feet in central Pawnee
County.

The Prue is a clear to light-gray, locally shaly, calcareous and
micaceous, very fine- to medium-grained sandstone which is equiv-
alent to the Lagonda Sandstone of the surface. It is discontinuous
in the county and at places grades laterally into dark-gray or black
shale.

A shale and limestone sequence only a few feet thick normally
scparates the Prue from the Marmaton Group above. The thin
(5- to 20-feet-thick) limestone overlying the Prue sand zone and
just underlying the base of the Fort Scott Limestone is equivalent
to the Breezy Hill Limestone of the surface. It is normally 10 feet
thick in Pawnee County but locally is little more than a thin shaly
interval.

The Prue yields a fair amount of oil in a few pools in the
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couﬁty, those being: Boston, Northwest Bryan (abd.), Casey, North
Casey, Maramec, North Maramec, North Quay, Skedee, and North
Terlton.

Marmaton Group

The Marmaton Group in Pawnee County consists of the Fort
Scott Limestone (termed Oswego lime), Labette Shale, Oologah
Limestone (termed Big lime), and the Nowata Shale. This sequence
of interbedded limestone and shale beds ranges in thickness from
150 to 310 feet in the county, averaging 210 feet.

Big lime-Oswego lime

The Big lime and Oswego lime are correlated as one unit
because the position of the intervening Labette Shale is difficult to
place. Normally the Big lime and Oswego lime consist of a series
of limestones and interbedded black shales. The upper limestones of
this section grade successively castward into shale. For this reason
the unit is not a reliable regional marker but can be used locally for
structure control.

The Oswego lime was described by Baker (1958) as a gray-
mottled to brown, normally finely crystalline and nonporous,
pyritic, locally granular limestone. Stringer (1957) described the
Oswego as being oblitic near the base, cherty, and locally weathered
on structural highs in adjoining Payne County to the southwest.

The Labette Shale lies between the Big lime and the Oswego
lime, but its position is not everywhere determinable within a pre-
dominant limestone or shale section. In the shale and thin limestone
interval of the Labette, a local lensing sandstone called the Peru
sand (equivalent to the Englevale Sandstone of the surface) may be
present.

The upper bed of the unit, the Big lime, 1s a locally porous, gray
to brown, fine- to coarse-crystalline, locally cherty or granular,
silty, relatively soft limestone with interbedded dark-gray shale. The
Big lime is absent in southeastern Pawnee County, where it grades
laterally into a shale, leaving only the lower limestone, the Oswego,
in this area.

The entire Big lime-Oswego lime interval, including the
Labette Shale, averages 140 feet in thickness in the county, ranging
from 50 feet in the southeast to 185 feet in the southwest. The
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lesser thickness of limestone in the interval in the southrs:t ‘ 4
to an increase in shale content. The unit is 170 to 175 !:-n SEE B
the northern part of T.23 N, R.5E.,and 7. 24N, R. 51 -
The Oswego lime yields oil in the Cleveland, Mnr.n-n“c\-: S PP vg
East Masham, and North Quay Fields, and in the Teelton Bt
where it is called Wheeler. The Peru sand yiclds ol ivr !I!s' terh
Garr, Greenup, Hallett, Keystone, and East Maramce Firlh

Nowata Shale

M M . ‘r *‘w*
Above the Oologah Limestone 1S the Nowata Shal-. »

marks the top of the Marmaton Group and the top of the l“:-‘“’:"m
esian Series. The Nowata is a compact, dark-gray to hl;.uk::.:: o
The Nowata Shale averages approximately 70 fectan h:: ‘;"“f;
in the county but has a considerable range from 5 fect in W ;
A-A’ to 260 fect in the southeastern part of the county 0 v“r
8 and 9 of the same cross section where this thickness r-!'f*tf-"':
includes shales equivalent to the Big lime and ' l,:ﬂwl?t ';"‘;‘
occurrence of the overlying Cleveland sand and variations 18 thad
ness of the underlying shale section indicate an uncenilommds
between rocks of Desmoinesian and Missourian age. \
Locally in the county sandstone, considered by 31\31\\' .:s u:?
cquivalent to the Wayside sand, is present within fhc f\““ m‘;’ﬂ:i
(Berryhill, 1961). This sandstone is oil-productive 10 the Nt
Garr Field. _. ‘
On the basis of the work of Jordan (1959) in Creck Coaary :
the south, it is concluded that the two uppermost form:mvw:t of ':’
Marmaton Group, the Lenapah Limestone and the Hallemee

Shale, are probably absent in Pawnee County.

ROCKS OF MISSOURIAN AGE

If an unconformity is assumed at the top of the 1 {7"*1<v'*:
Formation and at the base of the Cheshewalla (Tonkawa) Sy
stone (Douglas Group of the Virgil), the Missouri scction J\:“;J":
1,500 feet in thickness in Pawnee County, ranging from 1350
‘o the north to 1,660 feet in the southeast, a difference of only *
feet. The Missouri unit is more than twice as thick as the M
Moines unit and is divided into the Skiatook and Ochelata Greg»

(table 4).

Wit
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Skiatook Group

The Skiatook Group includes all rocks in the section from the
ta<c of the Cleveland sand zone (the unconformity at the top of the
“nwata Shale), to the top of the Dewcey Limestone. In the north-
western part of the county the group has a thickness of 405 feet,
whereas in the southern part it has a maximum thickness of 690
fret, The average thickness is 555 feet.

TABLE 4. STRATIGRAPHIC SECTION OF MISSOURIAN AND EArLY
ViRaILIAN RocKs IN PAwWNEE COUNTY, OKLAITOMA

Surjace Subsurjace
Epoch Group Nomenclature Thickness Subsurface
in Feet Terms
Virgilian Douglas 340-1,490
Vamoosa Fm - incomplete
Wynona Ss 45-115 Endicott
Cheshewalla Ss 80-150 Tonkawa
Missourian 1,330-1,660
Ochelata 870-1,015
Tallant Fm 80-220
Bigheart Ss ‘
Barnsdail Fm 45-165
Okesa Ss
Wann F'm 360-565 Wildhorse lime
Perry Gas sand
Tola Fm 20-130
Avant Ls 5.55 Avant=0il City
Muncie Creek Sh 10-115
Paola Ls absent?
Chanute Fm 80-220 Mussellem=—=
Peoples=
Cottage Grove=
Osage Layton
Skiatook 405-690
Dewey Ls 5-35  Dewey=
Avant-Dewey
Nellie Bly Sh 30-110
Hogshooter s 5-25 Hogshooter=
T.ost Clity
Coffeyville 'm 250-330  Tavton
Checkerboard Ls %10 Checkerboard
Seminole F'm 70-240 Cleveland, Jones,
Dillard
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Seminole Formation

Cleveland sand zone. Overlying the Nowata Shale and ux}dcr—
lying the Checkerboard Limestone in the subsurface is the Scmmple
Forfnation, which includes the Cleveland sand zone. The formation
consists of thin limestones, argillaceous sandstones, and dark-gra‘y
to black calcareous and arenaceous shales. The Cleveland sand 1s
locally present at the base of the formatio’n, as seen in wells 4
(channcl sand?) and 14 on cross section C-C” (pl. I).

The Cleveland is a clear to dull-white or gray, locally tan to
“salt and pepper,” fine- to coarse-grained, porous, micaceous, an.d
calcarcous sandstone containing green shale fragments. It 1
lenticular and the zone ranges from 70 to 240 feet in thickness in
the county. The average is 155 feet. The Seminole thins (by approxi-
matcly 140 feet) by onlap northwestward, as shown by cross section
A-A’. Baker (1958) pointed out that the increased angularity and
coarseness of the grains in the basal part of the Clcvelanc} sand
together with some oxidation particles (fcrruginou's coatmg'of
sand grains) arc other evidences of the unconformity separating
the Missourian and Desmoinesian Series.

The Cleveland sand of the Seminole Formation was named fqr
the town of Cleveland (secs. 8 and 9, T. 2L N, R. 8 E.) anfl the oil
field just south of it. The lower Cleveland sand locally is called
the Dillard and the upper sand 1s called the Jones; both sands locally
produce oil in Pawnee County. At many places the Dawson coal
lies between the two sandstone bodies. .

The Cleveland sand produces considerable amounts of oil or
gas in the Cody, Cleveland, North Garr, Hallett, Keystone, Lal‘lder-
dale (Jones sand), Maramec, Masham (gas), and Terlton Fields,
which are for the most part in the southeastern part of the county.

Checkerboard Limestone

Resting upon  the Seminole Formation and undcrlying.the
Coffeyville Formation is the Checkerboard Limestone. The hr.ne—
stone has been described in different parts of the county as being
varicolored, fine to medium crystalline, arenaceous, and nonporous.
Also locally represented in the Checkerboard Formation 1s an
unnamed calcareous sandstone above the limestone. The Checker-
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board consists of one, two, or locally three limestone beds overlain
by black fissile shale.

The Checkerboard Limestone is the most distinctive and widely
used subsurface marker bed in Pawnee County, where it averages 10
feet thick. Berryhill (1961) stated that the Checkerboard is chosen as
a structural or stratigraphic datum because: (1) the limestone is
readily recognized on electric logs by its charcteristically high
resistivity curves, (2) it is persistent over a large area with a rela-
tively constant thickness, and (3) the top is correctly reported by
nearly all geologists. For these reasons, the limestone also makes an
excellent horizon on which to contour.

Coffeyville Formation

Layton sand zome. 'The name Layton was first applied to a
sandstone in the Cleveland Field (Greig, 1959). Sandstones above
the Checkerboard Limestone and below the Hogshooter Limestone
(=Dobbs Creek Sandstone Member of the Coffeyville Formation,
Jordan, 1957) are called True Layton sands to distinguish the
sandstones from miscalled units. The sandstone is well represented
in cross-section wells 2 and 5 on A-A’, well 12 on B-B’, and in wells
14 and 17 on C-C’. Well 14 shows an especially thick section of the
Layton sand as well as the Osage Layton sand 70 feet above it.

The Coffeyville Formation consists of two members composed
of interbedded calcareous and noncalcareous sandstones and of aren-
aceous and calcareous shales. The formation ranges in thickness
from 250 to 330 feet and averages 300 feet in Pawnee County. The
lower member is composed of dark-gray, arenaceous to calcareous,
micaceous shale, which has an average thickness of 185 feet, rang-
ing from 120 to 225 feet. The upper member is the Layton sand
zone, which ranges in thickness from 85 to 165 feet, averaging
120 feet. The sandstone is clear, white or gray or locally even “salt
and pepper” in appearance, very fine to coarse grained, subangular,
normally nonporous, micaceous, calcareous, and well cemented. It
contains green shale fragments and is interbedded with dark-gray,
thin shale beds and locally minor thin, tan, finely crystalline lime-
stone beds.

It is locally difficult to distinguish the upper part of the
Layton from the Hogshooter Formation where the latter is not
thick and well represented. According to Gearhart (1958), thick-
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cning of the Layton sand is accomplished at the expense of the
underlying shale section.

The Layton sand produces oil in several Pawnee County
ficlds. These are the Cleveland, Lauderdale, Maramec, Southeast
Osage City, Terlton, Watchorn, and Northwest Watchorn Fields.

Hogshooter Limestone

Resting directly above the Layton zone and below the Nellie
Bly Shale is the Hogshooter Formation, normally a usef.ul'ar}d
widcly used subsurface marker bed in Pawnee County, as 1t 15 11t
all central and northeastern Oklahoma. Locally termed the Lost
City lime, the [Hogshooter 1s represented by a gray calcareous,
archaceous or silty shale and a thin, gray-white or buff-tan, locally
granular, microcrystalline to medium-crystalline limestone. Also
locally, a white, calcareous sandstone is present in the upper part of
the formation. The Hogshooter Formation, where present, normally
is from 10 to 25 feet thick.

The limestone exhibits complementary thickness relationships
with the underlying Layton sand. Where the Layton sand is thick,
the Hogshooter 1s represented by calcareous shale and sandstone
(Gearhart, 1958); but where the Layton is thin, the Hogshooter is
a fairly thick limestone. Likewise, irregular variations in the thick-
ness of the overlying Nellie Bly Shale commonly are complementary
with those of the Hogshooter Formation. It should be noticed that
increases in the thickness of the Layton zone coincide with both a
thinning of the Nellie Bly Shale and an increase in the shale content
of the Hogshooter; the opposite is true where the Layton zone 18
thin.

Nellie Bly Shale

The Nellie Bly Formation rests upon the Hogshooter and
underlies the Dewey Limestone. It consists of a gray or dark-gray,
compact, calcareous, and locally micaceous shale. This shale unit
ranges in thickness from 30 feet in the northwest to 110 feet in the
southeast and averages 60 fect. Lukert (1949) stated that the Nellie
Bly Shale thins westward from Osage County.
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Dewey Limestone

Marking the top of the Skiatook Group is the Dewey Limestone
zone, which is represented by calcareous gray to dark-gray, aren-
aceous, and slightly micaceous shale with a number of thin, multi-
colored (white to brown), locally developed, finely crystalline to
microcrystalline limestones. Also locally present in the zone is a
thin, light-gray, medium-grained calcareous sandstone.

The Dewey appears to be better represented where the Nellie
Bly Shale is thin. Blakeley (1959) reported that this zone is difficult
to recognize where the overlaying Cottage Grove Sandstone (Osage-
Layton sand) is well developed, possibly because erosion may have
removed the upper part of the Dewey. This relationship may be
observed on the cross sections. The Dewey zone is from 7 to 37 feet
thick and averages 20 feet across Pawnee County.

Ochelata Group

The Ochelata Group includes all rocks from the base of the
Cottage Grove Sandstone of the Chanute Formation to the top of
the Tallant Formation. The group averages 940 feet in thickness in
Pawnee County, ranging from 870 to 1,015 feet, thinning slightly
from west to east. The Ochelata has approximately twice the thick-
ness of the Skiatook Group, the two of them constituting the Mis-

‘sourian Series.

Chanute Formation

Cottage Grove Sandstone zone. Rocks from the top of the
Skiatook Group to the base of the Iola Formation belong to the
Chanute Formation. The formation is primarily sandstone but is
also characterized by interbedded thin discontinuous limestones and
shales. The Cottage Grove Sandstone (Osage-Layton sand) is the
principal member, making up the major part of the Chanute Form-
ation.

The Cottage Grove is a white, locally gray to tan, fine- to coarse-
grained, commonly porous, locally calcareous sandstone, the basal
part of which is cherty and glauconitic. The zone averages approxi-
mately 155 feet in thickness, ranging from 80 to 220 feet, whereas
the actual sandstone body ranges from zero to 125 feet. This lensing



34 CIIANUTE FORMATION

i 1 north-
sandstone is thick in the western part and espccmll‘y 1?) thi pon
western part of the county. It is thin locallﬂ, ;;nd 1; g :;r(ll in o

i -section wells /7 an
outlieast as can be seen in Cross-s . .
zcc 30. T. 23 N, R. 5 E. Where the sandstone is absent, the mtcr\éal
. . » R. ‘ : ter
is con;posed almost entirely of gray to dark-gray, silty to vs

compact shale. ' N
li“m increase in thickness of the sandstone in the zone 1s

: basal
plishcd at the expense of the ovcrlylélg shalc.1 H(Ew;:;:,,sitional
e to be a result o
variations of the sandstone.achar . L s
Jifferences. Although quite variable as to the lithologic impurities,

o s 2o
porosity, and lateral continuity of the individual beds, the Cottage
b <l

I i istribution (Berryhill, 1961, p. 4).
has a wide and persistent distribution ( :
Gro‘:cc:idqing to Lukert (1949), the Chanute Fogmlx{txon( 1;§sgt)s
1 | ing Skiatook Group. Oakes
disconformably upon the underlying : O
i formable with the underlying
also stated that the Chanute 1s uncon _ ‘ ing
i jatook Group in Creek County.
D Formation of the Skiatoo ;
szfge Grove Sandstone is locally absent or at besGt, poo.rly r:&rcci{
: is thi he Cottage Grove 1s a
ted where the Dewey is thick, but t :
Z‘:‘dc well-reprcsented sandstone. Therefore, ft appears that (ithre
Cottage Grove developed in complementary thickness to the unde
ing D Limestone zone. : '
lYInngnl:e_‘:le}(l1958) found an excellent sandstone c'levelopment in
the basal part of the Chanute Formation in a well in sothwctstc:exl
Pawnee County where both the Dewey and I—Cliogshooter Lk::ccs)foxth :
, i basal sandstone membe:
were absent. This suggests that the . : e e
1 deposited in erosional valley
Chanute Formation may have been dep :
i 1 in si d presence of green grains
hannels. An increase in grain size and pr '
2;5 1eaven chert fragments (Gearhart, 1958) in this basal sandfstc;;:
also suggest the existence of a disconformity at the top o'th.m
gki1tOOT(DGrOUp Greig (1959) stated that an uncclon}fi.orrglty Wfl o
M i section is ind by the marked thinning o
the Missouri section 1s indicated by !
scl:tion between the Coffeyville and Chanute Formations towal;i
the north and west. He thought this may cor-respond to .the lll{nC:nd
formity reported by Lukert (1949) separating the Skiatoo
Ochelata Groups. ' . .
i The ambig}:lities of the synonymous tcrmmc.)logy applied toT thz
Osage-Layton sand should be eliminated. rI'-hxs is not the :1‘(1]
L1y§on sand of Creek County, which is equivalent to the Dodds

10LA FORMATION 35

Creek Sandstone. Some of the terms applied to the Cottage Grove
zone are: Layton, Peoples-Layton, Osage-Layton, Broyles-Layton,
Layton. of Ponca City, Peoples sand, lower Tonkawa, Mussellem
(by Bass), and Watchorn sand. Mussellem and Osage-Layton are
fairly consistently used terms applied to the Cottage Grove sand, the
term how in general usage. The name Osage-Layton was first applied
in the Cushing Field in Creek County but is misidentified as True
Layton in Osage County.

The sandstone called Peoples produces in the Cleveland and
Lauderdale Fields. The Watchorn sand, which is probably Cottage
Grove, was named and produces in SW1;, NW1; SWj sec. 33, T.
23N, R.3 E,, at a depth of 2,750 feet.

Iola Formation

The Iola Formation is composed of the Paola Limestone, Muncie
Creck Shale, and the Avant Limestone. Lukert (1949) stated that
the Paola can be recognized at few places in the subsurface. The
Paola Limestone was questionably identified at the base of the Iola
Formation in a few of the cross-section wells and in a few well
samples that were run. In Pawnee County, the Iola Formation
ranges in thickness from 25 to 185 feet, averaging 85 feet.

Muncie Creck Shale. The Muncie Creck is a gray or dark-
gray to black, bituminous, fissile to platy, highly radioactive shale
underlying the Avant Limestone. The shale is normally about 55
feet thick in Pawnee County, ranging in thickness from 10 feet in
the northwest to 115 feet in the southeast.

Avant Limestone. At the top of the Iola Formation lies the
Avant Limestone. The limestone is thickest in the southwestern part
of the county, where it is 55 feet thick. It thins to 5 feet in the
northern part. Its thickness averages approximately 25 feet in
Pawnee County. The Avant is a white, light-gray or tan, somewhat
mottled, microcrystalline to medium-crystalline, arenaceous and
dolomitic limestone that grades into shale and sandstone northward
and westward.

Jordan (1957) reported that the name Avant as used in the
subsurface is most often misapplied to the Wildhorse Dolomite, but
also is given incorrectly to limestone in the upper part of the Nellie
Bly Formation or to the Dewey Limestone. The Avant of the surface
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Wann Formation
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Wann Formation is often erroneously reported as the Avant or
Avant-Dewey Limestone. Locally, the Wildhorse is represented by
two limestones separated by a shale interval of 25 to 40 feet.

The Wildhorse Limestone, where present, normally is from
seven to nine feet thick across the county except in the northwestern
part, where it is 30 feet thick in cross-section well 2 and 45 feet
thick in well 1, both on line A-A’. Gearhart (1958) reported a max-
imum thickness for the Wildhorse of 120 feet in the northwestern
part of the county but, if this questionable thickness is correct, it is
an unusually abnormal and local deposit.

Greig (1959) placed an unconformity in the lower part of the
Wann Formation in eastern Pawnee County. His work revealed
almost complete truncation of the lower part of the Wann in east-
ernmost Pawnee County. The unconformity seems to die out west-

ward and is not apparent in the subsurface in the larger part of the
county to the west.

Barnsdal] Formatioﬁ

Oakes (1951) defined the Barnsdall Formation to include
“the rocks from the base of the Birch Creek Limestone* upward
through a section composed largely of shale to the base of the Big-
heart sandstone.” Oakes also believed that the Barnsdall was under-
lain with slight disconformity by the Wann Formation, but no
evidence of this was observed in the subsurface of Pawnee County.
The Barnsdall Formation ranges in thickness from 45 to 165 feet,
averaging 95 feet across the county.

Okesa Sandstone. The Okesa (Greig, 1959, and Berryhill,
1961) is a white, fine- to medium-grained, locally massive, calcareous
cemented sandstone. No calcarcous members are reported in the
Barnsdal] Formation in eastern Pawnee County, but in the remainder

of the county thin dolomites and dolomitic limestones are encounter-
ed locally.

Tallant Formation

The interbedded, chocolate and gray sandy shales and thick
sandstones, characteristic of the Tallant Formation, lie conformably
upon the Barnsdall Formation. The Tallant Formation crops out
southward from the Kansas-Oklahoma line in a relatively narrow

* Substirface term.
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that an unconformity separates rocks of Missourian and Virgilian
ages. In northwestern Pawnee County, Gearhart (1958) reported
that the basal part of the Tonkawa sand contains weathered chert
fragments and a zone of coarse basal sand which appears to be
widespread. Baker (1958) suggested an unconformity here also,
based upon an increase in the number of sandstone beds at the base
of the Douglas Group in southwestern and south-central Pawnee
County. A few oxidized particles (iron-oxide-coated sand grains) in
the north-central part of the county in the basal Tonkawa sand may
also indicate an unconformity (Blakeley, 1959). Increased coarse
grain size and presence of some green grains in the basal Tonkawa
also suggest an unconformity separating the two mentioned series.

Douglas Group
Vamoosa Formation

Cheshewalla Sandstone (Tonkawa sand zone). The Cheshe-
walla Sandstone, basal member of the Virgil unit, is referred to in
the subsurface as the Tonkawa sand (or Stalnaker sand of southern
Kansas) and is a persistent sandstone zone which can be traced
fairly well throughout Pawnee County.

The Tonkawa zone is a section of interbedded shale and sand-
stone. The upper part of the Tonkawa zone is mostly shale but local-
ly is sandstone with thin shale partings, whereas the lower Tonkawa
section is a white to light-gray, fine- to coarse-grained, porous,
friable, slightly calcareous sandstone, which becomes a locally
cherty sandstone with clear or frosted grains near the base. Some
green grains are found near the base also. Local and minor channel-

ing is present on the uneven erosional surface. The channeling, upon
which the Cheshewalla (Tonkawa) Sandstone was deposited, is
fairly well verified in Pawnee County. Because of the absence of
limestone marker beds and the lenticularity of the sandstone in
the overlying Endicott zone, it is difficult to determine the boundary

between the Tonkawa and Endicott sand zones in Pawnee County.

The Tonkawa sand zone averages 105 feet in thickness through-
out the county, ranging from 80 feet in the northwest to 150 feet
in the north. The Tonkawa sand yields some gas in the Watchorn
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Field. Carpenter (1927) mentioned two unna.mcd .salx(;d(sltonacss ib:l;:\;
the Cheshewalla (Tonkawa) Sandstone, which yielded g e
Watchorn (Morrison) Field. These sandstones are possibly
igheart. .
OkessV}?zii?;ngandstonc (Endicott {and' 2.0726). Ovcrllyméroflhc
Cheshewalla (Tonkawa) Sandstone, still w'1thm the It?ougfg az oy }l:c’
lies the Wynona Sandstone, referred to 1n the subsur ac =
Endicott sand. The Endicott sand zone averages appr;)xflm: _ny >
fect in thickness in Pawnee County, ranging from 4 eet 1dvthat
northwest to 115 feet in the southwest. Greig (1959) report_gn ot
the Wynona 1s the lowest member of the Vamoosa Forma lformit
can be identified in Pawrnee County,. and placed Fhe 1u‘nconb urfac);
higher in the section than it is considered to be in this subs
investigation. . ‘
mVLilt‘llt;c: Endicott is a white to light-gray or brown, fine- tlc\)I Cf)artifc
grained, locally massive and slightly calcareous sandstorfle;i 1 fizhhe
base of the sandstone locally are several thm beds o u;ldérlies ;
finely crystalling, porous lix.n'estonc. The Endicott zorcl:z e
thick sequence of dark fosstliferous shalcs. or a zone ; g 1 gfd "
and thin discontinuous limestones. Qrmg (1959? f:lscrl ! L
Endicott zone as a complex interfingering of red silty sha les, CgmSq
colored thin siltstones, and lelnt'icular sandstones. In the $
i is zone is primarily shale. .
Secu?l?l:ctgndicott salfd yields some ‘oil in the East Watchorndigcrlli
In appearance, the Endicott is. simx.lar to thf: ov;rlyér;gt S\?I/]atchom
of the Elgin-Hoover zone which yield gas in the
Fld%he subsurface cross sections in this study were no(ti extt'antc;(e);i
above the Wynona (Endicott) sandstpnc zone. For tl(lli1 : cscr:ip on
of the remainder of the Pennsylvam:}n section (mfl e alr;awnCC
Virgilian Series) and the Permian section of thclst}lzr ace gklahoma
County, refer to Geology of Pawnee County, Ok a o;izgaég
Geological Survey Bulletin 83, by Paul B. Greig, Jr., .
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REGIONAL STRUCTURE

Pawnee County is on the north-central Oklahoma platform,
botinded on the east and northeast by the Ozark uplift, on the south
and southeast by the Arkoma basin, and on the west by the Nemaha
ridge. The county lies a few miles west of the buried Tulsa Mount-
ains and approximately 35 to 40 miles east of the Nemaha ridge.
Pawnee County also forms a part of the Prairie Plains homacline,
a regional post-Permian structure in the Pennsylvanian and Permian
beds west of the Ozark dome.

The formations within the county have a homoclinal westerly
or southwesterly dip which is locally interrupted by a number of
minor uplifts. The features found on the homocline, locally modify-
ing it, are gentle plains-type folds in the form of structural noses or
plunging anticlines, small domes, synclines, terraces, and anticlinal
folds (Powers, 1931). Other structural features feund in the county
include faults without preferred orientation and Osage-type struc-
tures, which occur mostly in the eastern part (Ireland, 1955). Many
of these structures become more pronounced with depth and the
regional dip increases. According to Powers (1931), the structures
are the result of recurrent uplift of topographic highs of the Pre-
cambrian basement. Lateral compression in the basement rocks was

resolved into vertical movement, uplifting basement highs along
pre-existing lines of weakness. The greater amount of flexuring
was thus produced in the pre-Pennsylvanian beds, and folding de-
creases upward within the Pennsylvanian, becoming barely discern-
ible in the surface beds which were subjected to the least number
of uplifts. _

According to Greig (1959), most of the significant structural
highs in pre-Pennsylvanian strata are reflected in the overlying
Pennsylvanian beds but less sharply. It is generally true that pre-
Pennsylvanian structures of relatively great amplitude occur as
closed highs in the surface beds, those of medium amplitude occur
as noses, and those of small amplitude are largely or completely
masked. The Otoe anticline (Watchorn Field) in northwestern

Pawnee County is an example of a pre-Pennsylvanian structure of
relatively great amplitude. This structure has about 100 feet more
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vertical closure (Carpenter, 1927)1in Igrc-Pt;:nnsylvaman horizons
it has in the Permian Fort Riley Limestone. .
than\;\;hhercas the regional dip of the Late Pcnnsylyaman a?&iiz;lz
Premian strata in Pawnee Countir 1s %lllc V(;,.CSt.’ tltll(liedrlgsglftf())x'fe;omhcrly
ian beds normally is southwesterly. This d1p 15 soushery
and southwesterly dips imparted to the beds by thre'c stag dpb
ian tilting combined with the westerly dip imparted by
gzgltr-l\s)&);loﬁ?;gpnt;ﬁ (%’ermian) tilting. Post-Cretaceous rejuvenation
e westerly tilt. '
Stccpgllf(:htil surface i}II’l ‘eastern Pawn‘ce County are two belzs' 1c{)i[na
series of north-northeastward-trending ecllleon falljlj bs rlFa d%
northwest-southeast. These echelon fau.lts, first Stl.ljlcl y JFah
(1920), normally are less than three mlle's long with t;rovg s
than 100 feet (Jones, 1959). Many geologists have postu aﬁewcver
flicting theories as to the origin of. these faults'. Most‘ agree, o'n thé
that they are the surface expression of faultlpg orlg{nl::a‘tllng 11926)
underlying Precambrian basement rocks (Sherill, 1929h, 1o eyf,almin .
Greig (1959) thought that pqhaps the actual echelon g
rred in post-Wolfcampian time. . .
OCCU;:?;L;Srfary) after the li’recambrian{ the times of major regxot;::
movements were post-Arbuckle, pre-Simpson; post-Sxmpson,1 pmc
Viola; post-Hunton, pre-Woodford; post-Osage, pre-Harts ;c9>31.
(Desmoinesian); and post-Permian (Eardle.y, 1951; Powers, \ aré
Disney and Cronenwett, 1955). Two periods of movi;xendford
clearly shown in the subsurface of Pawnee County.'Pre- lzof ore
erosion removed all Hunton and Sylvan rocks and Viola roc z} r "
part of the county (fig. 2). Mississippian {ocks of the Chester rct) [E
and those of the Meramec, except those: in the southcas.tern pali oE
the county, were removed before deposmc‘)n'of; th.c earliest rocks loc
Desmoinesian time. The absence of Mississippian rocks on‘f t }1
North Terlton structure (fig. 3) and. the removal of part o t; ;
Mississippian rocks on the upthrown 51df3 of a fault and fl‘Ol’l"l oth ‘
structures, indicate that folding and faulting occurred aff'ter MlSi{lSSlpf
pian deposition but before deposition of the oYcrlylng roc1 :1 0
Desmoinesian age. The exact time of movement is not revea ; 1?
Pawnee County because Morrowan ar.1d Atokan rocks are a scnci
Evidence in other parts of the State indicate that movements ocurr}c{:s
after deposition. of the Mississippian, Morrowan, and Atokan rocor.
In southern Oklahoma post-Morrowan, pre-Atokan movement cor-
relates with the main Wichita orogeny.
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A reconnaissance study of subsurface structure in Pawnee
County was made by constructing three maps (pl. II, maps B-D)
contoured on a 25-foot interval. For reasons of clarity, the printed
maps show only 50- and 100-foot contours. No area on any map
‘should be considered contoured with the degree of accuracy needed

: to delineate prospects for oil and gas. Map B shows structure at the
base of the Woodford Shale (Devonian), which lies unconformabl
upon Ordovician rocks. Map D is contoured at the top of the
Checkerboard Limestone (Pennsylvanian), a marker bed in the
lower part of the Skiatook Group, 100 to 300 feet above the uncon-
formity separating rocks of Missourian and Desmoinesian age. Map
C, contoured at the top of the Mississippi lime, shows an erosion
surface and not a true structural datum. However, map C differs
from map D (base of Woodford) primarily only in the amount of
closure shown. Thickness maps, Mississippian-Woodford unit (map
F) and Checkerboard Limestone-base Pennsylvanian unit (map E)
were contoured without indication of faults. Close spacing of
contours on map F at many places indicates the presence of faults
shown on maps B and C as well as other faults where insufficient
structural control did not justify placement of a fault.

Southwesterly homoclinal dip, interrupted by anticlines, struct-
ural noses, and faults, is approximately 40 feet per mile at the base
of the Woodford and at the top of the Mississippian, whereas the
dip at the top of the Checkerboard Limestone is generally due west
and amounts to about 50 feet per mile.

Northeastward-trending faults are mapped at the base of the
Woodford Shale (map B) and at the top of the Mississippian (map
C) in the North Morrison Field (T. 22 N, R. 3 E.), East Watchorn
Field (T. 23 N, R.3E), Yale-Quay (T. 22 N, R. 3 E.), Cleveland-
North Terlton area (T.20,21 N, R.8E.), and Lauderdale-Southeast
Terlton area (T. 20 N, R. § E.). Production of oil is from closure
on the upthrown side of the fault which is west of the fault except in
the North Terlton area. Throw of these faults ranges from 100 to 210
fect at the base of the Woodford Shale. The East Watchorn fault
has a throw of 210 feet at the south end and of 85 feet near the
north end. Closure amounts to 150 feet. However, at the top of the
Mississippian (map C) the maximum throw js 100 feet and the
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closure is reduced to 75 feet as a result of erosion gf Mississippian
rocks during Early and part of Middle Pennsylvanian time.

In the Cleveland-North Terlton area (maps B, C) the structure
probably is more complex than is shown. Discovery an(% dcvc}opment
drilling of this arca were made in the early years of oil exp orltm'on;
and well records are of poor quality. Northwest of Cleveland, ).us.
across the Arkansas River in Osage County, lies the Boston anticline
with 150 feet of closure at the base of the Woodf_ord. South. of the
town of Cleveland is the Cleveland structure with apprommat.cly
225 feet of closure. The structure has a small westerly cxtcn.smn
into sccs. 13 and 24, T. 21 N, R. 7 E., with only 50 feet.of c](f)suqc.‘
A northwestward-trending fault cuts the southeast side o Ttl e
Cleveland structure with approximately 380 feet of throw. _ 1{5
(ault intersccts, in sec. 31, T. 21 N, R. 8 E,, a north-south fault
which extends southward into the east side of the North Tcrltor;
Ficld. Woodford and Mississippian rocks are absent on the top.’o
the North Terlton structure in part of sec. 6, T. 20 N, R. 8 E. (flgé
3). The fault, upthrown on the east, has a measurable throw lo
about 200 feet at the base of the Woodford and about 160 feet at the

- the Mississippian.

P (:.[f“lilc Watchor}n}, East Watchorn, Masham (T. 23 N, R. 4 E)
and Cleveland Fields show less closure at the top of the Checkclr-
board Limestone (map D) than at the base of lthe Woodfor(fi Slha i
or at the top of the Mississippi lime. A fault 'w1th a throw o :197(5);
55 feet is shown to cut the East Watchorn Field. CarPcnter (1 > )
doubted that Pennsylvanian or Permian rocks are mvol\.zed, 1§t
thought that the slight reversal in dip of the surface bcéds 1]ncr<ftaSLli
withl.(,lcpth and may have rcsultcn.l from movements n tlcI al:t_
plane subsequent to Mississippian time. At the_ surface a nort lwfva_
ward-trending echelon fault crosses the fault in the pre-Pennsy

nian beds at an angle of about 35 degrees (Carpenter, 1958, pl. 1).

HISTORY OF PETROLEUM DEVELOPMENT

Oil was irst discovered in Pawnee County on the Bill Lowery
farm on the south edge of Cleveland in the north half of sec. 17, T.
21 N, R, 8 E,, in July 1904. This initial well of the present Cleveland
Field was drilled by John Shell and W. J. Fellows and was located in
Indian Territory at the time of discovery. Drilled to 1,615 feet, the
well was completed in the Cleveland sand. Initial production was
approximately 50 barrels of oil per day. Development of this field
spread rapidly, and within a year 255 wells had been drilled. Addi-
tional production was discovered in the Layton, Skinner, Bartlesville,
and Wilcox sands and in the Oswego lime. The Cleveland Field
is presently producting from 163 wells on 5,100 acres (table 6). Some
parts of the field are now being waterflooded. The discovery of the
Cleveland Field established the county as one of the earliest oil-
producing regions in Oklahoma.

The discovery and rapid development of the Cleveland Field
brought on an intensive exploration campaign for additional new
fields. The most significant result of this search was the discovery
of the Glenn Pool (second major oil field to be found in Oklahoma)
late in 1905 and the Cushing Field (third major field of the State)
in March 1912, both of these fields being in Creek County. The
discovery of the Cushing Field, which reached a productive peak of
300,000 to 330,000 barrels daily in April 1915, had a particularly pro-
found effect on the exploration and development of adjacent areas.
Activity continued to be brisk in Pawnee County for nearly two
decades after the discovery of the Cleveland Field.

The order in which the fields were discovered in Pawnee County
is as follows: Cleveland (1904); Ralston (1909), Terlton (1912);
Lauderdale (1915); Jennings (1916); Casey, North Terlton, and
Watchorn (1917); Keystone (1919); East Blackburn, North Garr,
and Maramec (1920) ; Hallett (1922); Masham (1924) ; Skedee and
East Watchorn (1942) ; five minor fields (1944, 45, 48) ; North Bryan
(1951); Cody, South Crescent Star, and Northeast Bryan (1954);
South Blackburn (1955); and 21 minor fields (1950-51, 53-58). In
the periods from 1924 to 1942, from 1943 to 1951, and from 1955 to
the present, only minor discoveries were made within the county.

The period from 1924 to 1942 was one of marked declined activity,
not a-single field being discovered in the thirties. The latest two
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small discoveries are the Northeast Maramec (SE4 sec. 26, T. 21
N., R. 6 E.) and Beaver Island (NEY; NEY; sec. .17, T. 23 N., R. 31
E.) Fields in 1958. The minor fields di§covcred in the forties an
fifties were mostly extensions of larger fields (tablc 5) .

Approximately 55 fields (with about 40 active 1n 1960) are _1ln
Pawnee County. The East Watchorn Field, prqducmg primarily
from the Layton and Wilcox sands (table 5), dlscoYercd in Ma)é
1942, is now the third largest field of the county, with a yield o
more than 10 million barrels of oil. '

In 57 years Pawnee County has produced approximately 125
million barrels of oil from nearly 40,000 proved acres (table 6).
Currently 1,500 wells are active producers, approx1mately the
same number are abandoned, and about I,SSQ are dry holes, for an
approximate total of 4,550 wells drilled. This 1s an average of about
80 wells drilled per year (table 8) and about 7.7 wells per 640 acres.

[ MA
Tapue 5. Iaraer Om FIELDS OF PAWNEE CounNtyY, OKLAHO

Cum;iative Production

Discovery
Rank TField Name* to(&ﬁs{)ﬁl S‘g.(t)e e
1 Cleveland 42,447,250 %?)(])%3
2 T.anderdale 20,031,600 b 942
3 Jast Watchorn 10,262,700 ..(,)17
4 Watchorn 8,389,900 1520
5 Maramec 7,254,300 Toa9
*xG Keystone 7,083,600 1016
*xT Jennings 5,864,000 1090
**g Garr, includes North Garr 5,274,800 o
9 North Terlton 4,516,000 ot
10 Iallett 2,252,100 1¢
11 Terlton 1,447,400 1912
12 Masham 732,000 lg%i
13 Northeast Bryan 475,000 1(”2
14 Skedee 467,200 ]1.()0(}
15 Ralston 405,800 1‘)51
16 North Bryan 354,800 1920
17 East Blackburn 27?,500 Toe
18 South Blackburn 215,800 917
19 Casey 163,200 1()54
20 South Crescent Star 124,000 1 9
21 Cody 108,000 195
Total 118,145,950

T '
Sources: National Association of 0Oil Scouts aend Landmen’s Yearbooks and
Vance-Rowe Reports.
*Tor locations of nll county fields, see plate 1.
**pawnee and Creek Counties.
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In 1959, 14,014 undrilled acres were under lease by petroleum com-
panies in Pawnee County. The county presently has a daily average
production of about 6,000 barrels.

Production in Pawnee County is predominantly oil. Gas is
produced in small quantities for local consumption, but no major
gas reseryoir has been discovered. Greig (1959) stated that oil
production is second only to agriculture as the chief source of
income in the county.

The history of development of an area is revealed by the
amount of crude oil produced and the number of development and
exploratory wells drilled each year. The numbers of development
and wildcat completions for about the last ten years in Pawnee Coun-
ty are listed in table 8. A compilation of the annual crude oil produc-
tion for the county is shown in table 7 accompanying the graph of
figure 4. The all-time high for production in Pawnee County was in
1925, when 6,372,600 barrels of oil were produced. Three other yearly
peaks were during 1920, 1934, and 1943. The lowest yearly produc-
tion within this interval was in 1949, when only 1,377,200 barrels
were recorded for the county. The 1915 figure was less than 15

T

'l]I'IIII'IIllllllllllllllrlllllll[rlllllr

{MILLIONS OF BARRELS)
o
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—
'
Y

Figure 4. Graph of annual petroleum production in Pawnee County, 1915-1960.
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million barrels. These statistics are only approximate, but they do
define the important periods of the history of oil and gas develop-
ment in Pawnee County.

Secondary recovery is important in Pawnee County. As shown
in tables 9 and 10, secondary recovery accounted for 1,374,000
barrels of oil in 1958 and for 923,000 barrels in 1959. This is
approximately half of the yearly producton of the county. Production
from secondary recovery alone in 1958 was nearly equal to the total
production of 1949 in the county. In the Hallett Field, secondary
recovery was started as early as September 1947.

Almost all of the early production from the larger fields in the
county was closely associated with easily mapped surface structures.
These surface structures, according to Berryhill (1961), were instru-
mental in the early exploration and development. Greene, as early as
1930, believed that all the closed structures (anticlines and small

Tasue 7. Crupk O1L PropucTioN 1N PAWNEE COUNTY BY YEARS,

1913-1960
Barrels Barrels Barrels

Year Produced Year Produced Year Produced
1913 * 16,157 1929 2,761,247 1945 1,620,328
1914 1930 2,684,791 1946 1,515,562
1915 *1,487,695 1931 2,287,962 1947 1,534,738
19416 *2.014,850 1932 2,337,410 1948 1,514,730
1917 *2.512,970 1933 2,279,418 1949 1,377,230
1918 1,993,988 1934 4,711,723 1950 1,506,083
1919 2,170,513 1935 3,900,077 1951 1,882,478
1920 5,789,627 1936 3,306,332 19562 2,012,612
1921 4,092,438 1937 2,375,526 1953 2,306,826
1922 3,595,335 1938 2,183,178 1954 1,916,325
1923 3,161,345 1939 2,175,924 1955 2,201,675
1924 4,385,541 1940 2,116,545 1956 2,633,350
1925 6,372,612 1941 1,875,841 1957 2,688,300
1926 5,391,966 1942 2,141,333 1958 2,409,557
1927 4,368,621 1943 2,791,333 1959 2,476,345
1928 3,054,039 1944 2,652,333 1960 2,308,110

Total of above figures 124,892,919

Total from other sources 118,810,424 .

Sources: 1013, 1915-1944, 01l and Gas Jowrnal; 1945-1949, 1953-1958,
Amer, Inst. Mining, Metal, Petrol. Eng.s 1950-1052, 1954, 19565, Na-
tional Oil Scouts and Landmen’s Assoc. Yearbook; 1959, 1960, Vance
Rowe Reports.

* Cleveland Tield only.
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domes) and most of the obvious prominent structural features,
including noses and terraces, had been tested. The development and
use of the seismograph as an important exploratory tool increased
exploratory activity and helped find oil in the county. The perfec-
tion of new completion methods in the 1950’s also caused an upswing
in attivity. A part of this new activity was directed toward the
discovery of stratigraphic traps, principally lenticular sandstones.
Most of the recent discoveries and extensions have been from this
type of trap.

" Several wells of fields discovered since 1950 in the county were
originally abandoned (Berryhill, 1961). When reworked, using new

-methods of perforating, acidizing, and sand fracturing, these wells

were completed with good initial potentials.

Productive zones range in age from Ordovician-Cambrian
(Turkey Mountain) to Virgilian or Late Pennsylvanian (Hoover
sand) and most productive areas produce from more than one zone

TABLE 8. DEVELOPMENT COMPLETIONS IN PAWNEE COUNTY

Total Average

Crude Total Footage Footage

Year 0il Gas Dry Service Wells | Drilled Per Well
1952 69 0 55 0 124 320,782 2,595
1953 149 1 62 0 212 575,705 2,716
1954 98 3 69 0 170 457,901 2,694
1955 123 3 72 0 198 '509,693 2,674
1956 98 1 72 0 171 444,939 2,602
1957 69 0 43 0 112 276,124 2,465
1958 b4 0 '35 . 13 102 232,522 2,280
1959 55 0 21 1 77 182,844 2,375
1960 16 1 15 9 41 101,963 2,487

Wirpcar CoMPLETIONS, PAwNEE CoUNTY

1949 1 0 11 12 40,330 3,361
1950 5 0 23 28 88,857 3,173
1951 3 0 27 30 95,310 3,177
1952 1 0 14 15 50,859 3,393
1953 1 1 27 29 101,334 3,494
1954 1 1 23 : 25 90,553 3.622
1955 6 1 23 30 94,381 3,146
1956 0 0 34 34 83,412 2,453
1957 2 0 13 15 49,854 3,324
1958 2 0 16 18 61,058 3,392
1959 1 0 8 9 33,004 3,667
1960 0 0 3 3 9,777 3,259

Source: 01l and Gas Journal {annual review and forecast issues).
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TasLe 9. SEeONDARY REcoVERY IN Pawnpe County, 1958

Number
of Wells Total Oil
at End Production Producing Date
Field of Year 1958  (hbls) Zone Begun
Bryan, NIX 18 95,991 Red Fork 11/57
Cleveland 52 50,788 Bartlesville
Cody 8 8,662 Cleveland
Hallett 96 310,250 Skinner 9/47
Keystone 72 119,370 Cleveland 6/50
Lauderdale 71 399,539 Bartlesville 5/51
Maramec 62 132,207 Red Fork 9/57
Ralston 6 6,930 Misener 3/65
Terlton 9 5,780 Skinner . 10/58
Watchorn, E 22 244,504 Wilcox 3/53
Total: 416 1,374,021

égi'c“c}—_l—%Q National 01l Scouts and Landmen’s Assoc. Yearbook.

Tasee 10, SECONDARY REcoviry N PAWNER Counrty, 1959

bo A& 2} -—'T . -
g2 3 A% g
_ EE IS N T «g=
8 23 5 S b B9 B P
& (s < 45 <& £EE SAZ
Bryan, N Red Fork 720 19 192 5 70,080
Cody Cleveland 136 5 16 1 5,840
Iallett Skinner 2,314 52 528 34 192,662
Jennings, N Skinner 1,040 13 247 4 90,155
Keystone Cleveland 960 44 250 12 91,250
Tiauderdale Red Fork 1,182 40 644 21 235,060
& Bartlesville
Maramece Red Fork 880 35 210 8 76,650
Ralston Misener 160 4 11 2 4,099
Skedce U. Skinner 160 3 59 1 21,5635
Terlton Skinner & 1,080 52 179 17 65,393
Bartlesville
Watchorn, B First Wileox 360 11 138 2 50,370
Yale-Quay Bartlesville 83 6 56 2 20,407
(Pawnee-
Payne)

Total 9,075 284 2530 109 923,501

Discontinued IFloods: Hallett Pool (594 Acres)

Terlton Pool (220 Acres)
Source: Rescarch Oil Reports (Analysis of available data on sec-
ondary recovery in Oklahoma, 1959).
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(table 6). The most prolific zones are the Wilcox (Simpson) sand of
Ordovician age and the following Pennsylvanian sands: Bartles-
ville, Red Fork, and Skinner sands of Desmoinesian age, and the
Cleveland and Layton sands of Missourian age. The reservoir beds
are part of a westward-dipping sedimentary sequence, the thickness
of which increases from about 3,000 feet in the east to about 5,000
feet in the west. Productive zones range in depth from 1,100 to 4,300
feet (Greig, 1959). Because of the westerly dip of the beds, wells in
the western part of the county normally are deeper than those in
the eastern part.

Most of the established oil- and gas-producing areas in Pawnee
County are in the eastern part (pl. I) although many significant
discoveries have been made in the central and western parts during
the last few years. Oil entrapment is primarily structural, the oil
occurring in small anticlines and domes, and locally against faults.
The stratigraphic traps commonly occur on the flanks of known
structures. The proportion of oil produced from stratigraphic
reservoirs is expected to grow as exploration in the county continues.
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Perhaps all of the obvious or major structural features have been
tested for oil and gas in Pawnee County. However, most recent
discoveries have been wildcats or field extensions from stratigraphic

traps. Stratigraphic traps commonly occur on the flanks of known .

structures. In an old shelf area such as this, the possibilities of strati-
graphic traps are numerous. Exploration will continue for shallow
sandstones where changes in depositional and post-depositional con-
ditions have caused variations in porosity to form stratigraphic traps.
The proportion of oil produced from stratigraphic reservoirs is
expected to grow in the future, and the possibilities of continued
production in this area are favorable.

Production from the Mississippi lime and the Arbuckle Group
has been fimited, but carbonate studies, such as those recommended
by Clinton (1959), may reveal zones of primary and secondary
porosity that are favorable to oil accumulation in these formations.

Although production from the Misener and Simpson (Bromide-
“Wilcox”) sands is small in comparison with that of the Middle
Pennsylvanian (Desmoinesian) sandstones, future pools may be
discovered as a result of additional deep drilling. Lack of control
on the deeper producing horizons does not rule out the possibility
of discovering new pools at these depths.

Many wells initially abandoned as nonproductive have been
completed for commercial production by deeper drilling or by
using modern improved completion techniques. :

Another and perhaps most important source of future oil
production in Pawnee County is through secondary recovery. This
method of production by waterflooding presently produces nearly
half the oil of the county. Berryhill (1961) reported that other areas
geologically comparable to this one have produced more oil by
secondary recovery than by primary methods.

Re-evaluation of the data supplied by many nonproductive
wells and sound geological application of the information should
result in discovery of quantities of oil that may have been overlooked.
Many new types of logs such as sonic, gamma-ray, neutron, flowing
neutron, and micrologs have been invented and, when they are
used together with regular electric logs, should provide an excellent
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opportunity through analysis of the data obtained for application
to future exploration for oil in the area. '

Subsurface structural and thickness studies will be useful in
the future exploration of Pawnee County. Isopach maps will show
areas of thinning over probable structures or of thickening in con-
junction with possible stratigraphic sand lenses. Structural maps
used in conjunction with isopach maps may point out particular
areas for seismic, gravity, or magnetic investigations. Paleogologic
maps used in conjunction with isopach and structural studies will
indicate possible locations of strand lines, belts of updip wedgeouts
of porosity and permeability (particularly in carbonate rocks), and
stratigraphic traps. Lithofacies studies and analyses of particular
groups and formations will be useful for determining the future oil
and gas possibilities of an area.

With the aid of these many techniques, devices, and basic
geologic interpretations, many more stratigraphic-type reservoirs
may be found in Pawnee County in the future. Large areas in the
western part of the county are virtually untested for oil. Townships
21-22 N, R. 3 E,, presently do not have one producing well. This
area is believed to have a good discovery potential. .

The Keystone Field (sixth largest oil field in Pawnee County,
‘with a total production of more than seven million barrels of oil) pro-
duces largely from the Red Fork sand in stratigraphic traps. Locally
in this area, reported high salinity of water in the Red Fork lensing
sands is suggestive of connate water. The oil ordinarily occurs in
the lower, well-sorted phase and the gas in the upper, poorly sorted
phase; therefore, it might be useful to cement casing through the
upper sand and produce only the lower sand, thus giving a longer
flowing life and a better gas-oil ratio to the well. Where there is no
water drive of the oil, the gas present assists in driving the ol toward
the well. The Red Fork in the Keystone Field and surrounding area
is nearly ideal for secondary recovery. Gas-injection and waterflood
projects point toward increasing' the ultimate recovery from 90 per-
cent to as much as 300 percent of primary production.

The lenticular shoestring sands, such as the Red Fork in Pawnee
County, hold opportunity for the diligent operator. Costs of leasing
are relatively small in many areas because they have already been
prospected for structural accumulations. For the same reason, a
wealth of subsurface data in the form of well logs and samples
'is available to the investigator.
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Search for continuations of the known shoestring trends by
cross-section and thickness studies will involve st\idy of the strand
lines along which they formed. This search will make use of
microscope sample studies and logs of abondoned wildcat tests in
seeking clues from the nature of the deposits to determine whether
they formed landward or seaward from the strand line (Wright,
1941). The search for new trends may also include the scanning of
intervals to detect thinning which may show nondepositional
interims.

The Red Fork shoestring sand in Pawnee County, like similar
trends, was formed through uniform geologic processes which can to
some extent be visualized. Exploration for its productive continua-
tions can be based on reasoning from knowledge of these processes.
Folding has played an important role in placing the water table
in certain parts of this trend, and the use of structural information
will help prevent the drilling of wells in the water-filled parts of
the trend.

The major oil production is concentrated presently in the
eastern part of the county, but most of the recent discoveries have
‘been made in the central and northwestern parts. The county
has continued to produce oil at the rate of at least 1.5 million barrels
annually since 1916 (with the exception of 1949). The future looks
relatively bright for production of petroleum and some gas in
Pawnee County, an area which already has yielded approximately
125 million barrels of oil. With continued production from the
major fields and future extensions along the flanks of structures
and wildcat discoveries of stratigraphic type from channel sands or
lenticular shoestring sands along old strand lines, the county should

continue to be a good source of petroleum and assure continuing

growth for many years from the Oklahoma shelf.
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