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CHAPTER|
ABSTRACT

The Lower Atokan Spiro Sandstone is located in the Arkoma Basin of
Oklahoma. The Spiro is the main natural gas producing interval in the basin and

therefore, has received much attention.

Stratigraphic cross sections, isolith maps, cores, thin sections, and
outcrops were used in the study to determine the depositional environments of
the Spiro Sandstone. Multiple thrust sheets in the southern portion of the study
area posed some difficulty in the preparation of maps and cross sections. In
order to properly map the distribution of the Spiro interval the thrust sheets were
restored to their previous stratigraphic position. This was accomplished by
mapping individual thrust sheets and determining the approximate value of
shortening. When the value of shortening was determined the thrust were pulled

back and palinspastic maps of the Spiro interval were constructed.

In the earliest Atokan a marine regression resulted in the formation of
incised valleys on the shelf. These valleys were eroded into the Sub-Spiro
Shale and locally into the Wapanucka Limestone; they provided a conduit for the
transport of sediments from the north. During the lowstand small wave-
dominated deltas were forming at the mouth of the channels. Accompanying
the progradation of the deltas sedimentation in the channels began to progress
updip from the deltas. A subsequent, northward marine transgression resuited in
the backstepping of the deltas and infilling of the incised valleys. With

continued sediment influx and continuing northward marine transgression, the



reworking of the deltas and the upper part of the incised channel fill sediments

generated the Spiro Sheet Sand.



CHAPTERIII

INTRODUCTION

Overview

Natural gas has been searched for since the early 1900's in the Arkoma
Basin. Reservoirs both shallow and deep exist with differing controls on the
potential for the production of natural gas. The Lower Atokan Spiro Sandstone
in the Arkoma Basin is a prolific natural gas reservoir. Reservoirs in the Spiro
Sandstone are controlled stratigraphically. Although there is significant
structural control on the Spiro, structure plays a minor role in the formation of
reservoirs. Porosity is the major control on reservoir extent. Porosity
preservation in the Spiro is strongly influenced by the presence of clay coatings
on quartz grains. The clay coatings aid in the preservation of primary porosity
by reducing the effects of pressure solution of quartz grains and subsequent

quartz overgrowths.

Location of Study Area

During the earliest Atokan the Spiro Sandstone was deposited in the
western Arkoma Basin. The Arkoma Basin is located in southeastern Oklahoma
and western Arkansas. This study focused on the Spiro Sandstone in Haskell,
Latimer, and Pittsburg Counties, Oklahoma. The area of investigation
incorporates thirty-five (35) townships (T. 4 -8 N., R. 16- 22 E.) covering 1,260
square miles (Fig. 1). The complete Wilburton and Red Oak-Norris gas fields

are within this area, as well as the southern portion of the Kinta gas field .
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Objectives

The main objectives of the present study were to:

1. Determine the lateral and vertical distribution of depositionai
environments in the Spiro Sandstone utilizing palinspastically restored
subsurface maps, well log signatures, and cores of the reservoir rock;

2. Determine the erosional position and lateral distribution of the contact
between the Spiro Sandstone and the underlying Wapanucka Limestone;

3. Restore the thrust sheets to their pre-thrusted geographic locations;

4. Determine the distribution of pore-filling chamosite as contrasted to
glauconite grains as seen in thin sections taken from cores of the

reservoir rock.

Methods

Subsurface information was gathered from 753 wireline logs including
electric logs, natural gamma, formation density and neutron logs (Appendix A).
Twenty five cores were examined for this study. Detailed petrolog descriptions
(Appendix B) were prepared for 24 cores.

Six stratigraphic cross sections were constructed to show the regional
correlation of the Spiro Sandstone, Foster Sandstone, Sub-Spiro Shale and
Wapanucka Limestone (Plates |, II).

A structural contour map of the Wapanucka Limestone was constructed
(Plate 1ll) in order to delineate the individual thrust sheets in the frontal fault
zone of the Arkoma Basin (Fig. 2). The leading and trailing edge of individual
thrust sheets were mapped from the available information. The thrust sheets
were then pulled back to their original stratigraphic positions beginning with the
northernmost thrust and working progressively southward (Plate Ill). The
distance of pull back was determined by the width of each thrust sheet, with the

northern thrust pulled back one mile. The direction of pull back was due south.
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This direction was determined from previous published works of others and from
the work Dr. Cemen has conducted on the geometry of the thrusts for the
OCAST project.

The Foster Channels mapped by Lumsden and others (1971) as well as
the Spiro Sandstone, were grouped into one unit for mapping purposes and will
be considered as the Spiro Interval in this study. A net sand isolith map of the
Spiro Interval (Plate IV) delineates the regional sand body geometry for the
reservoir rock and aids in the facies interpretation. A Sub-Spiro Shale isopach
(Plate V) was constructed to help define the degree of Foster Channel incision
into this shale and into the underlying Wapanucka Limestone.

Twenty four cores of the Spiro Interval were examined (Fig. 3) in order to
identify distinct types of sedimentary structures, vertical sequences of
sedimentary structures, sandstone composition, and vertical changes in grain
size. These characteristics served as lines of evidence for interpreting
depositional facies. Core descriptions were presented on petrologs designed to
show various aspects of the interval. Thin sections were made from selected
zones in each core. A total of 226 thin sections were made from 16 of the cores
studied. Thin sections were examined for grain composition and the presence of
clay coatings. Three of the cores examined and thin sections taken from them
were supplied by Amoco Production Company in Denver, Colorado.

Five outcrops of the Spiro Sandstone were examined in Latimer County
for the purpose of evaluating the sandstone geometry, texture, and sedimentary
structures present (Fig. 4). The quality of the exposures was not good.
Extensive vegetation, structural disruption of the beds (including overturned
section), extensive weathering of exposures, and difficulty in identifying the top
and/or bottom of the sandstone unit made facies interpretation very difficult.
Measured sections were prepared during the winter months, when it was not
necessary to contend with poison ivy, rattlesnakes, or insects.

Problems were also encountered in gathering and utilizing quantitative

subsurface data. Limitations existed in the collection of data to aid in the study.
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AMOCO GARRETT

AMOCO RETHERFORD
AMOCO PATTERSON
SHELL MABRY #1

PAN AMERICAN REUSCH #1

6. ARKANSAS KRAFT 1-25
7. SHELL JANKOWSKY 1-21

MIDWEST SORRELS #1
MIDWEST JONES #1

. MIDWEST FREE #1

. MIDWEST BOOTH #1

. MIDWEST WHITE #1

. MIDWEST NOAH #1

. MUSTANG LYON 1-27

. SARKEYS THRIFT 1-33

. MIDWEST MARTIN #1

. MIDWEST COBLENTZ #1

. MIDWEST RYDER #1

. PAN AMERICAN KENT #1

. PAN AMERICAN MARTIN #1
. SHELL JANKOWSKY 1-32

. HUMBLE ROYE #1

. HUMBLE BURGE #1

. HUMBLE CUMMINGS EST. #1

Figure 3. Distribution of Cores Used in this Stud
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Figure 4. Location of Outcrops Along the Choctaw Fault Used in this Study.
Bandy Creek (B), Wilburton Golf Course South (S), Wilburton Golf Course
North (N), Buzzard Gap (G), Pigeon Creek (P).




Dip meters or directional surveys to correct for the errors in thickness or
stratigraphic depth associated with deviated wells or structural dip. Wells in the
thrusted portion of the study area were considered "straight" unless Pl
completion card or Herndon Base Map information indicated otherwise.
Directional surveys from deviated wells could not be found in publicly accessible
well log libraries and correction for true depth of these wells was approximated.
For deviated wells the surface and borehole total depth locations were found,

By using simple geometry a calculation for an approximation of true depth was
carried out (Fig 5). Corrections for thickness due to tectonic dip of the Spiro
were not carried out due to the lack of dip meter logs or other available data to
indicate true structural dip (Fig. 6). Approximation of true thickness was
calculated for wells that exhibited an unlikely thickness as determined either
from adjacent wells or from repeats of the Spiro in the same well. This
calculation was made by finding the percent difference in the overlying shale
above the Spiro and using that value to calculate an approximate true

stratigraphic thickness.

PREVIOUS WORKS
General Arkoma Basin

From 1930 to 1934 the United States Geological Survey conducted field
work in the Arkansas-Oklahoma coal basin. Separate field parties worked in the
area mapping the coal beds and surface features from the McAlester district
eastward to the Arkansas state line. The field parties were led by Hendricks,
Dane and Knechtel (Hendricks et. al. 1936).

Several models for basin formation ranging from a north-dipping
subduction to a south-dipping subduction zone have been proposed by various
workers (e.g. Keller and Cebull, 1973; Briggs and Roeder, 1975; Walper, 1977).
Houseknecht and Kacena (1983) presented a model to show the formation of the

Ouachita Fold Belt and Arkoma Basin (Fig. 7). This model was based on the

10
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Figure 7. Model of Basin Formation (From Houseknecht, 1983).
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work of previous workers. Folding in the basin is thought to have commenced in
the Early Desmoinesian (Sutherland 1988). Branan (1966) divided the Arkoma
Basin of Oklahoma and Arkansas into three tectonic provinces based on
Ouachita deformation (Fig. 8).

Sutherland and Manger (1979) correlated Mississippian and
Pennsylvanian units in the Ozark uplift of Oklahoma and Arkansas with rocks in
the Arkoma basin and Ouachita mountains. Due to the exploration for
hydrocarbons sandstone units in Arkansas have been given informal
designations (Zachry 1983). These informal names are shown in Figure 9.
Lower Atokan sands on the Northern Shelf of the Arkoma Basin in Arkansas are
interpreted as high destructive delta systems and related sand complexes. The
middle and upper Atokan represent high constructive delta complexes (Zachry
1983). Zachry and Sutherland (1984) described Atokan stratigraphy in the
Ozark area of Oklahoma and Arkansas as well as in the Frontal Ouachitas.
Sutherland (1988) discussed units of Chesterian through Desmoinesian age in
the Arkoma Basin and their stratigraphic equivalents in the Ozark area to the
north. He further noted that the Early Atokan in Oklahoma began with the
development of meandering fluvial systems and small deltas.

Lumsden and others (1971) produced an isopach map of the Spiro
Sandstone interval that identified fluvial channels that trend northwest to
southeast in Haskell, LeFlore and Latimer counties of Oklahoma (Fig. 10). The
channels were termed the Foster Channels. The Foster was shown to be
unconformable with the underlying Sub-Spiro shale and Wapanucka Limestone.
Houseknecht (1986, 1987) determined that the Spiro interval of Latimer and
adjacent counties contains fluvial and marine channels with the interchannel
zones containing subtidal and tidal flat facies. He suggested three sediment
transport directions during the Atokan. Hooker (1988), on the basis of fossil and
chamosite content in the sandstone facies, stated that the Spiro was marine.
Carlson (1989) interpreted the Spiro as being a shelf sandstone or offshore bar

deposits. Hinde (1992) and Grayson and Hinde (1993) interpreted the Spiro as

14
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being shallow marine bars from work they carried out on outcrop (Fig. 11).
Gross et. al. (1995), using cores and well logs, identified a progradational and
retrogradational facies in the Spiro. They identified barrier island and river-
mouth bars in the Frontal Zone of the Ouachitas west of the Arkansas state line
(Fig. 12).

Chamberlain (1971) studied trace fossils in the Ouachita Mountains and

found Chondrities and Zoophycus present in the Spiro Sandstone outcrops.
Chondrities facies indicates a shelf to basin setting. |

Pitman and Lumsden (1968) demonstrated the relationship between
chlorite coatings and porosity preservation in the Spiro sandstone. Lumsden
and others (1971) studied both the Spiro and Foster sandstones. The two sands
were very fine- to fine-grained, with moderate to very good sorting. Both sands
contained chlorite coatings. Al-Shaieb (1988) in a study on the petrology of the
Spiro Sandstone in the Wilburton Field area indicated the importance of clay
coatings of quartz grains in the preservation of primary porosity. He identified
the clay coatings as chamosite; an iron rich chlorite. Carlson (1989) carried out
a petrologic study of the surface and subsurface Atokan sandstones. The sands
were fine- to medium-grained and moderately to very well sorted quartz-arenites,
subarkoses, and sublitharenites. He divided the sands into northern sandstones
and southern sandstones based on the presence of metamorphic rock
fragments. The metamorphic fragments indicated an orogenic source, possibly
from the advancing Ouachita Fold Belt. The northern sandstones were quartz-
arenites derived from the Ozark Uplift.

The Red Oak-Norris field lies below the Brazil Anticline and is south of
the San Bois Fault (Six 1965; Houseknecht and McGilvery 1990). The Kinta gas
field underlies the Kinta and Milton Anticlines (Wonick 1965). Wonick (1965)
constructed a structure contour map on the top of the Wapanucka to illustrate
the anticlinal features as well as the faults. A Spiro Sand and Cromwell Sand
distribution map was also presented. Berry and Trumbly (1968) prepared a

structure contour map on the top of the Wapanucka in the Wilburton field area to
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show the faulting and folding associated with the Carbon Fault. Branan (1968)
stated that principal productive zones in the Arkoma basin are Atokan sand

units. The Lower Atokan Spiro Sandstone is the main productive zone in the
basin. Spiro reservoirs are controlled stratigraphically due to the development of

porosity zones (Branan 1968).
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CHAPTER I

STRATIGRAPHY OF THE ARKOMA BASIN

Introduction

The Arkoma Basin contains a sequence of Cambrian to Pennsylvanian
sedimentary rocks with the Atokan comprising the greatest thickness. The
Upper Mississippian of the Arkoma Basin in Oklahoma is represented by the
Chesterian Series. The Pennsylvanian is composed of the Morrowan, Atokan,
Desmoinesian, Missourian and Virgilian Series according to traditional Mid-
Continent nomenclature. The Missourian and Virgilian are not present in the
study area. The focus of this study is on the Lower Atokan Spiro Sandstone. In
this study the Spiro Sandstone is a group term for the 'Foster Channels' and the

overlying Spiro Sandstone of Lumsden et al. (1971).

Upper Mississippian
Chesterian

The Chesterian in the Arkoma basin of Oklahoma consists of two
stratigraphic units (Fig. 13). The Chesterian includes a lower silty limestone unit
termed the Mayes, with the upper shale unit being the Caney (Tulsa Geological
Society 1961). The equivalent of the Caney in Arkansas is the Fayetteville
Shale. An eastward thickening of the Fayetteville Shale indicates a possible
source of siliciclastics from that direction (Sutherland 1988). Basinward, the
Caney is composed of turbidites having a southeastern source; the Caney is

present in outcrop in the Ouachitas (Sutherland 1988).
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In the Ozark region of Arkansas the Chester crops out and is composed
of interbedded limestones and shales. This involves the Moorefield Formation
which is unconformably overlain by the Hindsville Limestone and Batesville
Sandstone. The Fayetteville Shale, Pitkin Formation and Imo Formation are
conformable with the underlying Hindsville and Batesville. Limestones in the
Ozark region interfinger basinward with the Caney and the complete interval
becomes progressively more clastic into the Arkoma Basin (Laudon 1959;
Sutherland 1988).

Mississippian-Pennsylvanian Unconformity

In the late Mississippian a marine regression exposed Mississippian rocks
on the shelf. Erosion of the Chesterian rocks in the Ozark region is evident.
Southward into the basin, sedimentation was continuous into the Early
Pennsylvanian (Sutherland 1988). Rascoe and Adler (1983) attribute the sea
withdrawl to epeirogenic upwarping of the Cambridge Arch-Central Kansas Uplift

and possible uplift of the Ozark Dome.

Pennsylvanian
Morrowan

Morrowan rocks in the Arkoma Basin in Oklahoma consist of the
Pennsylvanian Caney, Union Valley-Cromwell interval and the Wapanucka
Formation (Fig. 13). The Pennsylvanian Caney is similar lithologically to the
underlying Mississippian Caney, so most workers use the base of the Cromwell
Sandstone as the marker for the base of the Pennsylvanian (Sutherland 1988).

The Union Valley-Cromwell interval is present throughout the entire
Arkoma Basin in Oklahoma. The source of the Cromwell is from the north or
northwest, and the unit was deposited during a series of transgression and
regressions. The Cromwell consists of a series of discontinuous sands
separated by shales (Sutherland 1988). The Prairie Grove Member of the Hale

Formation in Arkansas is the equivalent of the Cromwell. The Prairie Grove
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Member thickens to the east and had a source from the northeast (Sutherland
1988). The orogenic, time-equivalent unit to the Cromwell is the Springer
Formation which crops out in the Ouachitas.

The Wapanucka Formation contains the Wapanucka Shale and overlying
Wapanucka Limestone. The Wapanucka Limestone crops out in Latimer and
Pittsburg Counties, Oklahoma along the frontal thrust belt at Limestone Ridge.
Northward, in the Ozark region, the Morrowan is unconformable with the
underlying Pitkin and Imo formations. The Morrowan Sausbee Formation in the
Ozark region consists of the Braggs Member and Brewer Bend Limestone
Member, which are equivalent to the Union Valley-Cromwell. The equivalent to
the Wapanucka is the McCully Formation which unconformably overlies the
Sausbee Formation of Oklahoma. The McCully Formation consists of the
Chisum Quarry Member, Shale 'A' Member and Greenleaf Lake Limestone
Member (Fig. 13).

The equivalent to the Sausbee Formation in Arkansas is the Hale
Formation and lower part of the Bloyd Formation. The Hale Formation consists
of the Cane Hill Member and Prairie Grove Member. The Bloyd Formation
conformably overlies the Hale formation and contains the Brentwood and
Woolsey Members. The Dye Shale Member of the Bloyd Formation is
unconformable with the Woolsey Member. The Kessler Limestone Member is
conformable with the Dye Shale Member and is the upper unit of the Bloyd
Formation. The Kessler Limestone Member of Arkansas is the same unit as the

Wapanucka Formation in Oklahoma.

Atokan

The Atokan Series in the Arkoma Basin of Oklahoma is subdivided into
the Lower, Middle, and Upper Atokan (Fig. 14). This division is based on the
effects of syndepositional normal faults on the amount of sediment that

accumulated in the Arkoma Basin. A regional unconformity separates the
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Atokan from the Morrowan in the Ozark region and on the northern margin of the
basin. Sedimentation was continuous in the southern part of the basin and the
pre-Atokan unconformity is absent. The lower Atokan is marked by the Spiro
sandstone and an overlying and persistent shale (Sutherland 1988). The Spiro
Is the principal sandstone of the lower Atokan in Oklahoma. In Arkansas, the
lower Atokan contains several deltaic shelf sand units separated by shales, with
units ranging from 20 -200 feet thick (Zachry and Sutherland, 1984). The source
for the Arkansas units is from the northeast which is evidenced by the thickening
of individual sand units in a northeasterly direction. These units extend
westward into the easternmost part of Oklahoma, but were not seen in the study
area.

The Middle Atokan is characterized by a stratigraphic thickening on the
down-thrown side of syndepositional normal faults. The Middle Atokan is
predominantly shale with some discontinuous sands. The Red Oak is a major
hydrocarbon producing sand unit in Oklahoma within this interval; it develops
south of the San Bois fault zone. Vedros and Visher (1979) suggest that the
Red Oak Sandstone was deposited in a submarine fan complex. Houseknecht
and Kacena (1983) propose that the normal faults may have acted as sediment
conduits which funneled sediments southwestward. Further to the east, in
Arkansas, the Middle Atokan contains several sand units that accumulated in
delta and tidal flat environments (Sutherland, 1988).

In the Late Atokan normal faulting ceased and Upper Atokan units do not
show thickening across the faults. The Upper Atokan is composed
predominantly of shallow shelf and deltaic facies, as exemplified by the Dutcher

and Gilcrease sandstones.

Desmoinesian

The Desmoinesian in the Arkoma Basin is represented by the Krebs
Group, Cabaniss Group and Marmaton Group (Fig. 15). Rocks of the Cabaniss

and Marmaton Groups are found in the northwestern portion of the basin. The
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Krebs Group contains the Hartshorne Sandstone, McAlester Formation,
Savanna Sandstone and Boggy Formation (Fig. 15). The Hartshorne is
conformable with the underlying Upper Atokan rock units. The Hartshorne was
deposited in a high-constructive deltaic system that prograded from east to west

(Sutherland, 1988).
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CHAPTER IV
STRUCTURAL GEOLOGY
Overview

The Arkoma basin is an elongate, gently curving arc that extends from
south-central Oklahoma to east-central Arkansas. The southern border is the
frontal Ouachita belt with the northern border involving the Ozark Dome and
Northern Oklahoma Platform. The western boundary is the Arbuckle Uplift (Fig.
16). Many models for the formation of the Arkoma Basin have been proposed.
The most generally accepted version proposes a southward subduction of the

North American continent beneath the South American continent.

Basin Formation

A model for basin formation was constructed by Houseknecht (1983) and
is the one used in this study. Figure 17 depicts graphically stages in the
formation of the Arkoma Basin.

Formation of the Arkoma Basin began in the latest Precambrian to earliest
Cambrian. This was a time of initial rifting and formation of a proto-Atlantic
ocean basin (Fig. 17 A).

During the Latest Cambrian to Devonian the southern margin of North
America developed into a passive Atlantic-type margin (Fig. 17 B). Subsidence
occurred due to cooling as the basin opened. This lead to the formation of a
shelf with a shelf-slope-rise geometry (Houseknecht, 1983). Shallow marine
carbonates and sandstones and non-marine sandstones were deposited on the
shelf.

Closing of the basin began in the Mississippian with the subduction of the

southern margin of North America beneath the South American continent (Fig.
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17 C). Sediments continued to accumulate in shallow marine and non-marine
settings until the Atokan.

By the early to middle Atokan the northward advancing subduction
complex had consumed the ocean basin (Fig. 17 D). With the advancing
subduction complex, downwarping of the Arkoma shelf occurred. As a result of
this downwarping, normal faulting brought about the collapse of the Arkoma
Shelf following deposition of the Spiro Sandstone (Houseknecht, 1983). The
collapse of the shelf lead to the formation of deeper water environments. The
shallow marine rocks that characterized the Arkoma Shelf during the Cambrian
through Early Atokan are overlain by deeper water, submarine units such as the
Red Oak Sandstone.

During the Latest Atokan and Desmoinesian the subduction complex
collided with the North American continent (Houseknecht, 1983). The collision
lead to suturing of the two continental masses and uplift to form the QOuachita
Mountains (Fig. 17 E). Shallow marine and fluvial sediments were then

deposited on the shelf.

Faulting and Folding

During the early to middle Atokan flexural downwarping of the southern
margin of North America created normal faults which offset crystalline basement,
as well as strata as high as the Lower Atokan (Houseknecht, 1987). The
formation of normal faults resulted in a disruption in the classic shelf-slope-rise
geometry of the basin margin and instead produced a step-like geometry. The
thickness of Middle Atokan strata is significantly greater on the southern side of
these normal faults, thus suggesting fault movement contemporaneous with
deposition (Fig. 18). Normal faulting ended before the Desmoinesian, as
evidenced by the fact that Desmoinesian strata in the same area of southeastern
Oklahoma do not thicken on the southern side of these faults (Houseknecht,
1986).
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Folding in the Arkoma Basin apparently ceased in the early
Desmoinesian. Rocks of the Krebs Group are incorporated into folds. The
Thurman Sandstone which overlies the Boggy Formation of the Krebs Group is
not folded (Sutherland 1988).

Structure Related to Fields

All of the important gas fields in the study area occur in association with
anticlines that have surface expression. The Kinta Gas Field is located beneath
the surface expression of the Kinta and Milton anticlines (Fig. 19). The Kinta
Anticline trends east-west and is located in T. 8 N.,, R. 19 & 20 E.. The Kinta
Anticline is expressed as a twin anticline at depth. The Milton Anticline trends
northeast-southwest and is located in T. 8 & 9 N., R. 22-24 E. (Wonick, 1965).

The Red Oak Field is located beneath the surface expression of the Brazil
Anticline (Fig. 20). The southern border of the field is the Cavanal Syncline, with
the San Bois Syncline forming the northern border (Six, 1965).

The Wilburton Field underlies several surface structural features. The
Wilburton anticline, the Craig and Adamson anticlines to the northwest and the
Hartshorne Syncline (Fig. 21) (Berry and Trumbly, 1968).

Structure of Study Area

Thrust faulting is the predominant type of faulting in the southern part of
the study area (Plate VI). This faulting has posed difficulties in previous studies
of the Spiro. The Spiro in wells of T. 5N. and T. 4 N. are repeated as much as
three times in certain wells. Thrust faults below the Choctaw detachment were
mapped. Six individual thrust sheets were mapped and are located in T. 4-5 N.,
R. 16-20 E. (Fig. 2). These thrusts are not present at the surface and terminate
at a proposed ‘Roof Thrust’ in the Middle Atokan shales. Normal faulting is the
predominant type of faulting north of T. 5 N. (Plate VI). Fault planes trend

northeast and show vertical displacements of 400 to more than 4,000 feet.

35



KINTA GAS AREA [0

Haskell and Le Flore Counties / %
Oklahoma su/ Colnty |

r\ {f \— LD

——

[ ] cun

st

R.23E, R.24E,

[
Inhﬂg{ :‘500

R.19 !. R20E. R.2IE. R, 22 €.

Figure 19. Structure Map: Top of The Wapanucka Limestone in the
Kinta Gas Field (From Wonick, 1965).

36



(5961 XIS woJid) pleld4 seo :
SILON-YeQ pay 8y} Ul suojspueg yeQ pay ay] jo do] :dey ainonig "0z o4nbi4

L J

D wn
et ANINSENZADE ONVE WO 08 40 SiimY 3 [ '-fo”n!‘vﬂucalh
003 WWAUDING wnosNOd VROUYING ‘563 INOTIIT ® WRALYY et ranees v eve O
(Vugav FWOe OWrE ¥vO 02w @01 JWALINULS CVJ1s SYS SINNON-NVO @)¥ oNINIY
14 Jaen Iz e Joz
:h... -
- - - -»
- -
—
- o - L 4 \‘\'\” - -
“ .8
RSP
- - » Y e
ey oW -~ ..
ol &\\\iv ) Ay A .oﬁ
\l\ N o o'lt -n—.ll. {
\\ \»NN »v\wo
7 "y 77
R AN E]
Verl N /trrbAot, * d
’ P S gloav ] i
ey, o\ - -
< |5 , = s .
bodly £ 0w Ls( . 2 +
P - *! ]
\.. \‘... /
[ |-
‘ \1 \.1! V. - i
Y X 5
ee o- l«“ £ %I?\‘ - -
ey ok e
o~ O, e
e i ™

37



RITE

-ox

38

WILBURTON GAS FIELD

MAP

MIO0LL ATORA BafNLR
CONTOUR WMYLAVAL 300

STRUCTURE

Figure 21. Structure Map: Top of Middle Atokan Marker in the Wilburton Gas
Field (From Berry And Trumbly, 1968).



CHAPTER YV

GEOMETRY OF THE SPIRO SANDSTONE

Introduction

Six stratigraphic cross sections were constructed to show the lateral and
vertical relationships with the Spiro Sandstone, sub-Spiro Shale and Wapanucka
Limestone (Fig. 22). The datum for the cross sections is a Lower Atokan marker
bed above the Spiro Sandstone that is present throughout the study area. Cross
sections were constructed through the southern part of the study area, where
thrust faulting is the dominant structural feature. The locations of the restored
positions for wells in the cross sections are shown in parentheses. Cross
sections C-C' through F-F' extend southward into the thrusted zone of the study
area. The cross sections were constructed using the restored locations of the
thrusted units. Abrupt thickening and thinning of the Spiro and Wapanucka in
the thrusted zone are assumed to be due to structural dip or faulting and not the
result of deposition. Production symbols on the cross sections depict production
from the Spiro or dual completions that include the Spiro. Dry holes are
indications of non-Spiro production.

A Spiro net sand isolith was constructed to show the lateral distribution
and geometry of the Spiro Sandstone. The isolith values include the Foster
channels mapped by Lumsden and others (1971). A sub-Spiro shale isopach
was constructed in order to locate erosional features in the shale and determine

the locations of Spiro and Wapanucka contact.

39



oy

R16E R17E R18E R19E R20E R21E R22E

P o=\

D GJE=ty
T8N =
N 0t Gt S mme mmt S s o
) et |
- O fo]
{
\ i
T7N X
/
/
o
- y
TGN £ —ﬁk LN\
/ A —r1B")
B) T
N’ ‘
\E/
T5N
|
c’r o'l e :‘3\
T4N / - )
1%
\
2
T3N > ]
e /
D

Figure 22. Location of Stratigraphic Cross Sections.



Stratigraphic Cross Sections
Cross section A-A'

Cross section A-A' extends west to east across the northern part of the
study area (Fig. 22). The cross section begins in section31 T.8 N., R. 16 E.,
and continues to section 13 T. 8 N., R. 22 E. (Plate I). The Spiro sandstone is
approximately 20 feet thick in the Ward Petroleum #1 Caldwell. The Spiro
retains a relatively constant thickness eastward with a thickening in the Snee
and Eberly #1-A Drain. The major change in the Spiro thickness is in the
Humble #1 Fred Dittman and Humble #1 McCurtain wells. The thickenings in
these two wells mark the Foster channels.

The sub-Spiro shale unit is very thin in the west and thickens eastward.
In the Kingwood Qil Co. #1 State Hightower the sub-Spiro shale thickens to 77
feet and in the Stephens Prod. #1 Pearl Patterson the sub-Spiro shale is 67 feet
thick. In the Humble #1 McCurtain the sub-Sprio shale is 22 feet thick. The
thinning of the sub-Spiro shale is due in part to incision of the Foster channel.
An overall thickening of this shale in non-channel areas toward the northeast
suggest a deltaic source for this fine-grained detritus, perhaps in the Fort Smith

area.

Cross section B-B'

Cross section B-B' extends west to east across the middle part of the
study area (Fig. 22). The cross section begins with section 20 T. 6 N., R. 20 E.
and continues to section 20 T. 6 N., R. 22 E. (Plate I).

The Spiro Sandstone is thicker overall here than in cross section A-A'.
The Spiro is 30 feet thick in the Pan Am #1 Opal and retains a relatively constant
thickness eastward with a gradual thickening beginning in the Samson
Resources #1 Mollie Weaver. This thickening continues eastward with a
thickness of 114 feet in the Midwest #1 Noah. The Spiro in the west contains a

thin shale unit which terminates eastward. This shale is not present in the



Whitmar #1-15 Binkley. Interbedded shales are present in the Spiro of the
Tenneco #1-19 Cecil. The increase in shale by intercalation continues eastward.

The sub-Spiro shale is thin to the west with a thickness of around 2 feet
and thickens eastward. In the TNO #1 Owens the sub-Spiro shale is 12 feet
thick. This thickness is maintained eastward, but with a definite thinning in the
Tenneco #1-19 Cecil. The thinning is possibly the result of erosion.

The thickness of the Wapanucka Limestone is variable across the
section. In the Oxley #1 Opal the Wapanucka is 108 feet thick. A thickening is
present in the TNO #1 Owens where the Wapanucka is 141 feet thick and in the
Samson #1 Mollie Weaver which has a Wapanucka thickness of 136 feet. The

Wapanucka thins eastward with a thickness in the Midwest #1 White of 70 feet.

Cross section C-C'

Cross section C-C' extends west to east across the southern portion of
the study area (Fig. 22). The cross section begins in section24 T. 5 N.,, R. 16
E., which has been restored to section24 T. 4 N., R. 16 E.. The cross section
continues eastward to section 26 T. 5 N., R. 20 E., which is restored to section
14 T.4N.,, R20 E. (Plate I). Thickness of units in this cross section have been
affected by structural dip or faulting.

The Spiro maintains a relatively constant thickness eastward to the Sun
Exploration #2 Diamond, where the Spiro reaches a thickness of 42 feet.
Eastward the thickness of the Spiro increases, but with an abrupt decrease in
the Texaco #24-1 D. K. Spangler. The Spiro in the west is a clean sandstone
with shale beds increasing eastward from the Sun #3 R.F. McAlester. Eastward
the shales increase in number and thickness. A distinct coarsening upward
sequence is seen in the upper part of the Spiro in the Amoco #1 Raymond
Smith.

In the Amoco #2 George Peden the sub-Spiro shale is 7 feet thick. A

thickening of the sub-Spiro shale is seen in the Arco #3 McAlester which has 21
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feet of shale. The thickness of the sub-Spiro shale in the Texaco #23-1
Spangler is 41 feet.

The thickness of the Wapanucka varies greatly and this can be seen in
the cross section. In the Amoco #2 George Peden the Wapanucka is 145 feet
thick. The Wapanucka thins to the east with a thickness of 87 feet in the Arco
#3 McAlester. The thinnest Wapanucka is in the Texaco #24-1 Spangler with a
thickness of less than 10 feet. The variation in thickness is most probably

caused by faulting and is not due to deposition.

Cross section D-D'

Cross section D-D' extends north to south across the western portion of
the study area (Fig. 22). The cross section begins in section 10 T. 8 N.,, R. 17 E.
and continues southward to section 33 T. 4 N., R. 17 E. which has been restored
to section 21 T. 3 N., R. 17 E. (Plate Il). The southern part of the cross section is
located in the thrusted portion of the study area.

The Spiro in the Tenneco #1 Badsen is 20 feet thick and maintains a
relatively constant thickness southward. Thickening of the Spiro is seen in the
Mobil #1 Goldie Sivil with a thickness of 69 feet. The Spiro continues to thicken
southward up to a thickness of 118 feet in the Mobil #1-7 Bear Suck Knob. The
Spiro in the Tenneco #1 Badsen contains a thin interbedded shale that thins
southward and is not present in the Steve Gose #1 Hughes. Numerous thin
interbedded shales are present in the Spiro further to the south with a
coarsening upward sequence, approximately 30 feet thick, present at the base of
the Spiro in the Exxon #1 H&H Cattle Co.

The sub-Spiro shale has a thickness of 3 feet in the Tenneco #1 Badsen.
Southward the sub-Spiro shale thickens to an average thickness of 13 feet.
Thickening of the sub-Spiro shale is present in the Arkoma #2 Stine and the
Texaco #15-1 Wayne Wallace with a thickness of 20 feet and 24 feet

respectively.
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The Wapanucka is 69 feet thick in the Tenneco #1 Badsen. The
Wapanucka thickens southward with a thickness of 140 feet in the Guifstream
#1-10 Raspotnik. The Mobil #1 Goldie Sivil and the Sinclair #1 Alfred Parker do
not show the base of the Wapanucka. The maximum thickness of the

Wapanucka is seen in the Exxon #1 H&H Cattle with a thickness of 265 feet.

Cross section E-E'’

Cross section E-E' runs north to south and is located in the central portion
of the study area (Fig. 22). The cross section begins in section3 T. 8 N., R. 19
E. and extends southward to section 18 T. 4 N., R. 19 E., which has been
restored to section 7 T. 3 N., R 20 E. (Plate Il). The cross section extends into
the thrusted zone and the wells in the thrust belt are shown in their restored
positions.

The Spiro in the Samson #2-27 Wimberly is 44 feet thick. The thickness
of the Spiro is relatively constant southward with a slight thickening apparent in
the Pan Am #1 Reusch. A thinning of the Spiro is evident in the overthrusted
unit of the Texaco H.M. Jennings as compared to the underthrusted unit in the
same well. The thinning is possibly a result of thrusting, however the
Wapanucka in the overthrusted unit does not thin in relation to the under
thrusted Wapanucka. This could possibly point to a depositional thinning. The
Spiro reaches a maximum thickness of 160 feet in the Mobil #1-7 Bear Suck
Knob. The Spiro in the TXO #1 Butler Cooper consists of 3 sand units
separated by thin shales. The shales pinch out southward and are not present
in the Samson #2-27 Wimberly. Shales in the Spiro are present again beginning
with the Texaco #23-1 Jennings.

The sub-Spiro shale is very thin in the northern part of the cross section.
The sub-Spiro shale is 8 feet thick in the Samson #2-27 Wimberly. The sub-
Spiro shale reaches a thickness of 21 feet in the Samson #2 Young Ranch. The
maximum thickness of the sub-Spiro shale is in the Mobil #1-7 Bear Suck Knob,

with a thickness of 47 feet.
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The Wapanucka is 43 feet thick in the TXO #1 Butler Cooper and
thickens southward. In the Samson #2-27 the Wapanucka is 90 feet thick. The
maximum thickness of the Wapanucka is 211 feet in the overthrusted unit of the

Texaco H. M. Jennings.

Cross section F-F'

Cross section F-F' runs north to south and is located in the eastern
portion of the study area (Fig. 22). The cross section begins in section 1 T. 8 N,
R. 21 E. and continues southward to section 35 T. 6 N., R. 21 E. (Plate ll). This
cross section does not extend into the thrusted portion of the study area.

The Spiro in the Texaco #1 Kerr McGee is 140 feet thick and contains
one of the Foster channels. The Spiro thins southward where it is only 51 feet
thick in the Humble #1 Eva McDaniel. The Spiro thickens in the Mustang #1-12
Kamphaus and Tenneco #1-24 Mixon with a thickness of 87 and 81 feet
respectively. The thickenings correlate to channels in the Spiro. In the Midwest
#1 Jones the Spiro is 37 feet thick and thickening of the Spiro continues
southward.

The sub-Spiro shale in the northern part of the cross section is thicker
than in the other sections. The sub-Spiro shale is 38 feet thick in the Humble #1
Hazel Falconer. Thinning of the sub-Spiro shale is evident beginning in the
Midwest #1 Jones and it is nearly absent in the Mustang #1-35 Judd with a
thickness of only 2 feet.

The Wapanucka is 90 feet thick in the Texaco #1 Kerr-McGee and thins
southward to 30 feet in the Humble #1 Eva McDaniel. The Wapanucka thickens
to 88 feet thick in the Mustang #1-12 Kamphaus and 73 feet thick in the Tenneco
#1-24 Mixon. Thickness of the Wapanucka southward is unknown since the

wells did not continue through the Wapanucka.
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Spiro Net Sand Isolith

The net sand isolith of the Spiro is used to show the distribution and
geometry of the Spiro Sandstone reservoir rock (Plate IV). Three prominent
thickness trends were identified.

Channel systems were mapped in the north-central and northeastern
portion of the study area. These channels coincide with the location of the
Foster Channels described by Lumsden and others (1971). The width and
thickness of channels increases northeastward, with the thickest channel in the
northeastern part of T. 8 N., R. 22 E. The thickness of sand in this channel
attains a maximum of 178 feet in the Amoco #2 Krisher well at section 25 T. 8 N,
R. 22 E. These channels trend south southeast toward the shelf margin.

In the southwestern portion of the map area additional previously
unknown, Foster channels have been identified. These western channels are
smaller in width and thickness, with a maximum thickness of 80 feet mapped in
one channel.

In the southeastern portion of the map area an elongate sand trend
perpendicular to the Foster channels was mapped. Spiro thicknesses in excess
of 100 feet are seen in the trends. The trend lies at the southern margin of the
Foster channels and is oriented southwest to northeast. The northwest side of
the trend is irregular with thickenings corresponding to the channel locations,
whereas the southeast side of the trend is relatively smooth.

In the northwestern portion of the map a relatively constant Spiro
thickness of approximately 20 feet is present. Several interchannel areas were

mapped with a thickness of the Spiro around 20-30 feet.

Sub-Spiro Shale Isopach

The sub-Spiro shale isopach map illustrates the location of the erosional
contact between the Spiro and Wapanucka (Plate V). Thinning of the sub-Spiro
shale coincides roughly with the channels mapped in the Spiro Interval. In the

southern part of the map, the thickness of the middle shale is questionable due
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to the possibility of distortions due to faulting. The sub-Spiro shale is thicker in
the northeast and thins to the south and west. This would indicate a possible

source of the sub-Spiro shale from the northeast.

Vertical Log Profiles

Vertical log profiles can be used in interpreting depositional facies. The
Spiro Sandstone is a very clean sand and the natural gamma signature is low.
This low gamma value is present in most wells in the study area. With the Spiro
having a low gamma signature representative log signatures of specific
depositional environments are difficult to identify. However, several different log
signatures were observed in the study area. Three of the log signatures were
chosen that best illustrate the signature that relates to a particular environment
(Figs. 23, 24, 25).
-Sharp base with a thin clean sand above, possibly containing thin shale
intervals;
-Erosional base with thick, clean sandstone above and in some
cases thick interbedded shales;
-Coarsening upward pattern
-thin, possible barrier or offshore bar environment;
-thick, possible deltas;
Three electric log profiles are used to illustrate different depositional
environments of the Spiro Sandstone located in the study area. The log curves
used include gamma ray, deep induction, and conductivity curves. The Channel
Sand log signature does not have a gamma ray and an S.P. was used instead.
The log profile of the Spiro Sheet Sand is marked by a sharp base with a
thin clean sand and sharp top. The Arkansas Louisiana Gas #1 White is an
example of a log signature from the sheet sand (Fig. 23). Thin discontinuous

shale interbeds are present in some wells.
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Figure 23. Wireline Log Profile of the Spiro Sheet Sand.
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The log profile from the channel zone is marked by a sharp base and
sharp top. Sand thickness in the channel zones are considerably greater than in
the sheet sand zones. This relationship is seen in the Pan Am #1 Krisher (Fig.
24). Interbedded shales are more abundant than in the sheet sand.

The log profile from the delta facies is marked by a coarsening upward
pattern. Some wells have a sharp base as well. The Amoco #2 Lyons is an
example of a log signature from the delta facies (Fig. 25). Multiple shale

interbeds are seen in some wells.
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Figure 24. Electric Log Profile of the Spiro Channel Sand.
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Figure 25. Wireline Log Profile of the Delta Facies.
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CHAPTER VI

SEDIMENTOLOGY OF THE SPIRO SANDSTONE

Introduction

Twenty four cores were examined and described to aid in the
environmental interpretation (Fig. 3). Most of the cores were obtained from the
Red Oak-Norris field area. The cores contained both marine and fluvial
features. Several cores were not complete regarding the Spiro interval and had
one or more missing intervals. Six cores will be described in the text. They are
complete cores and/or cores that contain sedimentary structures which are
important for the environmental interpretation.

Five outcrops were measured and described to complement the core
descriptions. The locations of the outcrops are shown in Figure 4. The outcrops
examined originally were deposited basinward of the subsurface Spiro studied.
Grayson and Hinde (1993) restored the thrust sheets with seismic evidence and
concluded that there was 18 miles of shortening in the Wilburton and Red-Oak
region. This estimate did not take into account the amount of Spiro Sandstone
missing due to erosion. These outcrops were described to provide a basinward

look at the Spiro and help aid in the environmental interpretation.
Description of Cores

Pan American Petroleum Corp. #1 Reusch

The Pan American #1 Reusch is located in NW/4 Sec. 3T.5N.,, R. 19E,,
in the Wilburton Field, Latimer County. The cored interval is at a depth of

11,554 feet to 11,467 feet. The Reusch is one of the better cores examined.
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The Spiro and sub-Spiro Shale are present in this core, whereas the
Wapanucka is not (Appendix B).

The Sub-Spiro Shale is a laminated, black, fissile shale. Burrows and thin
sand lenses are seen at 11,520 foot core depth. The burrowing and sand
content increase upward, with the burrowing being quite extensive at 11,509.5 to
11,505.5 feet. The contact between the sub-Spiro shale and the Spiro
Sandstone is gradational over approximately six inches. There is no erosional
surface associated with the boundary of the Spiro Sandstone and sub-Spiro
shale.

The Spiro Sandstone consists of a tan, fossiliferous, fine- to medium-
grained, sandstone with carbonate and silica cement. Chamosite is present in
the core as grain coatings. These coatings have aided in the preservation of
primary porosity. Where chamosite coatings are absent cementation has
occluded porosity (Fig.26). Medium-scale trough cross bedding is the dominant

sedimentary structure.

Midwest Oil Corp. #1 White

The Midwest #1 White is located in the E/2, SE/4, Section 18 T. 6 N., R.
21 E., in the Red Oak field, Latimer County. The cored interval is at a depth of
11,746 to 11,645 feet. The core is in fair condition with some missing intervais.
The Spiro is the only unit present in this core (Appendix B).

The interval from 11,677 to 11,668 is calcite cemented. Fossil debris,
composed of crinoid ossicles, are located in several intervals in the core. The
main abundance of fossil debris is from 12,742 to 12,734 feet. Several zones of
bi-directional cross bedding are noted within the cored interval. The zone from
11,663 to 11,661 contains interbedded shales and sandstones. Two thin shale
zones are located at 11,657 and at 11,653. The shales are black and contain
carbonized plant debris, mostly small pieces of stems.

The Spiro is a very fine- to fine-grained, silica cemented, well sorted

sandstone. Chamosite is present as deformed grains and as grain coatings.
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The chamosite has aided in the preservation of primary porosity. In the absence

of chamosite coatings quartz overgrowths have destroyed the porosity (Fig.27).

Midwest Oil Corp. #1 Booth

The Midwest #1 Booth is located in the NE/4, NW/4, SE/4, Section 15T.6
N., R. 21 E., Red Oak field, Latimer County. The cored interval is from 12,130 to
12,064 feet. The core is in good condition. The Spiro Sandstone and sub-Spiro
Shale are present in this core, whereas the Wapanucka Limestone is not
present (Appendix B).

The base of the core to 12,126.5 is a black fissile shale containing
carbonized plant debris. Burrowing and groove marks were observed in the
basal shale. The interval of core containing the contact between the shale and
Spiro is missing. Whether the contact with the shale is transitional or sharp is
uncertain.

From 12,107 feet to the contact with the black shale the Spiro is a fine- to
medium-grained silica-cemented sandstone. Fossil debris, predominantly
crinoid ossicles, is seen in the zone from 12,110 to 12,106 feet. Grain size
decreases from a fine- to medium- grained sandstone to a fine-grained
sandstone at 12,106 feet and consists of a fine-grained well-sorted sandstone.
In the zone from 12,105 to 12,084 feet, calcite cement and silica cement are
both present. Calcite cement is absent above 12,084 feet. Chamosite coatings
are present in the core and have aided in preserving primary porosity.
Chamosite is also found as deformed grains (Fig.28). Burrowing is present in
the upper part of the core from 12,093 to 12,066 feet. Small scale bi-directional
trough cross bedding was observed at 12,094 and 12,072 feet.

Mustang Production Co. #1-27 Lyons

The Mustang #1-27 Lyons is located in the NE/4, SW/4, SW/4, Section 27
T.6N., R. 21 E., Red Oak Field, Latimer County. The cored interval is from
12,256 to 12,223 feet. The condition of the core is excellent. The sub-Spiro
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Shale and the lower portion of the Spiro Sandstone are present in the core
(Appendix B).

The Sub-Spiro Shale is a black, fissile shale with thin sand lenses. The
unit is burrowed and this has resulted in a slight mixing of the sand and shale.
The contact with the overlying Spiro Sandstone is sharp.

The Spiro is a fine- to medium-grained, silica-cemented, well-sorted
sandstone. With an absence of chamosite, quartz overgrowths are abundant in
the core (Fig. 29). Medium-scale trough cross bedding is the dominant

sedimentary feature.

Midwest Oil Co. #1 Sorrels

The Midwest #1 Sorrels is located in the N/2, S/2, NE/4, Sec. 24 T. 6 N.,
R. 20 E., Red Oak field, Latimer County. The cored interval is from 13,708 to
13,621 feet. The condition of the core is good. The Spiro and sub-Spiro shale
are present, as well as the Wapanucka Limestone (Appendix B).

The Wapanucka is present in the lower part of the core from the base of
the core to 13,699 feet. The Wapanucka contains abundant crinoidal debris
from 13,705 to 13,702. The abundance of fossil debris decreases upward.

The sub-Spiro shale is a black, laminated shale with a thickness of 2 feet.
Plant debris was not observed on the shale bedding planes.

The Spiro forms a sharp contact with the underlying shale and large
rounded clay clasts are present at the contact. In the interval from 13,680 to
13,595 the Spiro is a fine- to medium-grained, silica-cemented sandstone.
Chamosite coatings are absent and the formation of quartz overgrowths has

destroyed porosity (Fig. 30). Soft sediment flowage is present at 13,683 feet.

Humble Oil and Refining Co. #1 Roye

The Humble #1 Roye is located in the SE/4, NE/4, SW/4, Section 29 T. 8
N., R. 21 E., NE Lequire field, Haskell County. The cored interval is from 6,213
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to 6,181 feet. The condition of the core is good. This core contains the upper
portion of the Wapanucka Limestone, the complete sub-Spiro shale, and the
lower part of the Spiro Sandstone (Appendix B).

The Wapanucka interval contains a fossiliferous zone which grades
upward into an unfossiliferous micritic mudstone. The contact between the
Wapanucka and sub-Spiro Shale is abrupt.

The sub-Spiro Shale is a black, laminated shale with a thickness of
seven feet. The contact between the sub-Spiro shale and the Spiro Sandstone
is abrupt.

The Spiro is a fine- to medium-grained, silica-cemented sandstone.
Chamosite clay is present in the form of coatings and as deformed grains.
Where the chamosite exists as coatings, porosity has been preserved (Fig.31).
Clay clasts, ranging from pebble to granule size, are present throughout the
core. Granular size clay clast are present above the contact with the shale at
6,201 feet. Unidirectional trough cross bedding is the dominant sedimentary
feature from 6,201 to 6,196 feet. A large carbonized wood fragment is located at
6,197 .4 feet. Pebble-size clay ciasts are present at 6,194.6 feet. From 6,194 to
6,184 consist of alternating sands and shales. The sandstones are fine-grained
and silica-cemented, with shale clasts present. The contacts with the
interbedded shales are abrupt. A shale sequence is present from approximately

6,186 to 6,189 feet. An erosional surface with the shale unit is present at 6,186.

Shell Oil Co. #1-32 Jankowsky

The Shell #1 Jankowsky well is located in the NW/4, Section 32 T. 7 N,
R. 20 E.,, Kinta Field, Latimer County. The cored interval is from 9,760 to 9,852
feet. The condition of the core is good. The Spiro Sandstone is the only unit
present in the core (Appendix B).

The Spiro in this core shows greater vertical variation in grain size and
sedimentary structures than with the other cores examined. The Spiro ranges

from coarse sandstone at the base to fine sandstone at the top. Chamosite

61






grain coatings have prevented the formation of quartz overgrowths and have
preserved the porosity. Where the chamosite is absent quartz overgrowths are
abundant (Fig. 32). The main sedimentary structure is flowage and is present in
several intervals. Two intervals from 9,835 to 9,833 feet and 9,807 to 9,806 feet
contain the best-defined flowage. The core contains several fining upward
sequences. The Spiro in the zone from 9,887 to 9,880 is a fine- to coarse-

grained, silica-cemented, poorly-sorted sandstone.

Description of Outcrops
Bandy Creek Anticline

The Spiro Sandstone is exposed in a bar ditch on the west side of State
Highway 2 south of Wilburton (Fig.33). The exposure begins in Bandy Creek
and is present northward along the ditch. The dip of the Spiro is 34° south 3°
west. The condition of the outcrop is poor due to extensive weathering and the
limited lateral exposure of the Spiro. Loose sediment has been deposited in the
ditch and further masks the in-place Spiro. The Spiro here has been divided into
two basic units (Fig.34).

The lower unit (A) is 13 feet thick and the upper unit is 31 feet thick. The
lower unit is a massive, light brown, medium-grained sandstone with faint cross
bedding. Soft sediment deformation structures are seen at the top of the massive
unit.

The Spiro in the upper unit (B) is a friable fine- to medium-grained brick
red sandstone with thin zones of resistant sand containing small to medium

scale cross bedding.
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Figure 33. Location of Bandy Creek (B), Golf Course South (S),

And Golf Course North (N) Outcrops.

65



| Covered slope.

40

\ o 130
. | Fine- to medium-grained, brick red,
friable, silica-cemented sandstone.

Some resistant sand beds at 20-25 fee!

L W H20

i

10 Medium-grained silica-cemented
sandstone. Small-scale trough
cross beds with convoluted bedding
at 12 feet.

Figure 34. Vertical Profile of the Bandy Creek Anticline Outcrop.
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Wilburton Golf Course South

The Spiro is exposed west of the club house on the Wilburton golf course
(Fig.33). The Spiro dips at 31° south 7° east. The lateral extent of the Spiro is
good but the vertical interval is limited to less than 15 feet (Fig. 35).

The Spiro in outcrop is massive, light tan, fine- grained, silica-cemented
sandstone. Ripples and small- to medium-sized trough cross beds were
observed throughout the interval. Symmetrical ripples were noted on the top of

individual bedding planes near the top of the outcrop.

Wilburton Golf Course North

The Spiro is exposed on the north side of the Wilburton golf course
(Fig. 33). The Spiro dips at 53° south 5° east. The exposure of the Spiro is
good and the outcrop has been divided into three units (Fig. 36). The measured
thickness of the outcrop is 50 feet.

The lower unit (A) is a 14 foot thick, massive, fine-grained, well-sorted
sandstone, with a basal calcareous, crinoid-bearing unit. Small-scale troughs
are present throughout the basal unit.

The middle unit (B) is 14 feet thick and has weathered back and is
covered with rubble. There is a crinoidal hash layer at the base of the middle
unit. Nine feet above the base of unit B is a layer of mud pebble rip-ups.

The upper unit (C) is a massive, medium-grained, silica-cemented,
moderately-sorted sandstone. Small scale trough cross bedding is present in
the upper part. The top of the unit is a fine-grained, moderately-sorted, silica-

cemented sandstone with symmetrical ripples.

Buzzard Gap

Buzzard Gap is located 4.25 miles east of the Wilburton golf course
(Fig. 37). The Spiro dips at 68° south 6° west. The Spiro is 136 feet thick and is
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l-;igure 35. Vertical Profile Qf the Golf Course South Outcrop.
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Figure 36. Vertical Profile of the Golf Course North Outcrop.
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divided into four basic units (Fig. 38). The condition of the outcrop is good,
however the base and top of the Spiro cannot be seen.

The basal portion unit (A) is 36 feet thick and is covered with rubble, but
has two thin resistant beds exposed.

Unit (B) is 32 feet thick and is consists of a massive, fine-grained, silica
cemented, well-sorted, reddish sandstone. Large-scale troughs are the
dominant sedimentary feature. In the upper part of unit B cavities in the
sandstone are possibly due to the weathering of rip-up clasts.

Unit (C) is 24 feet thick and consist of a fine to medium-grained, silica-
cemented sandstone. The sandstone is poorly cemented and has weathered
back to form a rubble covered slope.

Unit (D) is 10 feet thick and consists of a thick, massive unit overlain by
two resistive units. The basal contact of the upper unit contains flute casts. The
unit is a fine to medium-grained, silica cemented sandstone with some thick

hematite bands. Small scale trough cross beds were observed.

Pigeon Creek Anticline

The Pigeon Creek outcrop is located on the west side of State Highway
82 south of Red Oak (Fig. 39). The Spiro is in an overturned anticline with a dip
of 79° south 15° east. The outcrop is 200 feet thick and is divided into 6 units,
labeled A through F (Fig.40 ). The exposure is very good.

Unit A is 55 feet thick and consists of a thick sequence of very fine- to
fine-grained siltstones. Within this sequence thin beds of more resistant
siltstones are seen. Burrowing was noted in the lower part of the unit with an
increase in burrows in the upper most ten feet.

Unit B consists of nine feet of shale which is reddish at the base and
grades upward to a black shale near the top. The contact of unit B with A is
sharp.

Unit C has a sharp contact with unit B and is composed of a massive very

fine- to fine-grained, silica-cemented sandstone. Unit C is 68 feet thick. The
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Figure 38. Vertical Profile of the Buzzard Gap Outcrop.
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Figure 39. Location of the Pigeon Creek Anticline

Outcrop.
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Figure 40. Vertical Profile of the Pigeon Creek Anticline Outcrop.
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lower six feet contains burrows and ripples. Burrowing is again present 15 feet
above the base of unit C. A zone of mud rip-ups occurs 17 feet above the base
and is approximately 3 feet thick. The top of unit C is marked by an eight foot
thick crinoid bearing sandstone overlain by a two foot thick brown shale.

Unit D is a 16 foot thick limestone unit. The base of the unit contains an
abundance of crinoidal debris with the abundance of grains decreasing upward.

Unit E is 43 feet thick, with most of the interval being covered. The base
of the unit is marked by a five foot thick, light brown, fissile shale. Overlying the
shale is a thin sandstone bed consisting of fine to medium grained crossbedded
sandstone containing clay clasts. The rest of unit E is covered except for a thin

sand unit eight feet from the top.
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CHAPTER VII

PALEOENVIRONMENTAL ANALYSIS

Introduction

The Spiro Sandstone was deposited on the stable Arkoma Shelf and
unconformably overlies the Wapanucka Limestone and Sub-Spiro Shale. The
Spiro has been interpreted as being a shallow marine sand by most workers who
have dealt with the regional stratigraphy of the unit (Hooker, 1983, Grayson and
Hinde, 1993; Sutherland, 1988; Carison, 1987; Lumsden, et. al., 1971).

The Spiro has been given several different interpretations regarding
depositional models applicable to the unit. Hinde (1992), and Grayson and
Hinde (1993), interpreted the Spiro as being shallow marine sand bars based on
surface exposures (Fig. 11 pg.19). Their evidence was the upward coarsening
pattern in the Spiro and the predominance of strike oriented sand bodies. Fossil
content and burrowed sands were additional evidence. Lumsden et. al. (1971),
Zackry and Sutherland (1984), Sutherland (1988) interpreted the Spiro interval
as involving an incised channel facies environment and an adjacent shoreline
complex. Northward transgression of the sea generated coastal sand complexes
and thus formed the sheet sand. Houseknecht (1987) interpreted the Spiro in
the Arkoma Basin as fluvial and marine channels with interchannel deposits
characteristic of sub-tidal through tidal flat facies. These interpretations were
based on the sedimentary structures and petrology of the Spiro Sandstone.
Gross et. al. (1995) interpreted the Spiro as consisting of a progradational/
aggradational facies in the lower part of the interval and a retrogradational facies

in the upper part of the interval based on work in the southern Arkoma Basin
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along the entire length of the thrusted zone. They identified barrier island, tidal
channel and deltaic channel mouth bar facies at different locations along the
frontal thrust (Fig. 12 pg.20). Their interpretations were based on evidence from
cores and stratigraphic cross sections.

Three general environments were interpreted in the course of this
research. An incised valley fill facies zone is present in the northcentral and
northeastern portion of the area and a second, valley fill complex has been
found in the southwestern portion of the area. A delta facies was identified in the
southeastern and southcentral portions. This probably represents the
coalescence of several wave-dominated delta sand bodies fed by the incised
channels during the lowstand phase of deposition. A sheet sand facies having
no underlying delta-front or incised channel facies was mapped in the

northwestern part of the study area.

Depositional Environments

Spiro Channel Deposits.

Foster channel deposits were observed in the Jones, Thrift, Cummings
Estate, Humble Burge, Sorrels, Booth, Roye, Lyons, Jankowsky 1-32, and
Jankowsky 1-21 (Fig. 41) cores and were also identified from net sand isolith
mapping (Plate Il). Accumulations in the channels are characterized in cores by
fine- to medium-grained, moderately-sorted sandstones. Unidirectional, small-
to medium-scale trough cross bedding and small-scale ripples are the dominant
sedimentary features (Figs. 42, 43). Mud rip-up clasts are often associated with
the channel deposits and are present in the Booth, Roye, Cummings Estate,
Thrift, Jones, and Sorrels (Fig. 44) cores. Plant debris was observed in
interbedded shales in the Roye and Booth cores and drag marks are present on
the lower surface of a thin sand bed in the interbedded shales in the Roye (Fig.
45).Calcareous fossil fragments are rare in the channel sandstones.

The geometry and thickness of the channels is evident from the net sand

isolith mapping. Erosion of the sub-Spiro shale is seen in the shale isopach.
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Figure 41. Location of Cores That Exhibit Channel Facies are Indicated

With Empty Circles.
















The areas where the sub-Spiro shale is absent coincides with the relative
position of the Spiro channels. Log signatures within the channels have an
erosional base with the sub-Spiro shale and in some cases cut into or rest
directly on top of the Wapanucka Limestone. Channel shape is shown in the
stratigraphic cross sections with an abrupt thickening in the Spiro as well as an

erosional contact with the sub-Spiro shale.

Spiro Delta Deposits

The Spiro net sand isolith map indicates an elongate sand trend
perpendicular to the channel trend and parallel to the paleo-shoreline (Plate Ill).
This sand reached the shoreline by transport through the Foster and western
channels during a eustatic lowstand of sea level. This trend is interpreted as a
wave dominated delta or series of small wave dominated deltas that coalesced
into one undivided sand body.

The delta deposits are characterized in cores by very fine- to fine-grained
sandstones containing fossil debris. Primary sedimentary structures include bi-
directional cross bedding and burrowing (Figs. 46, 47). Plant debris is present
on bedding planes of shales (Fig. 48). Log signatures in the delta deposits vary
with both coarsening upward, and blocky signatures seen. Stratigraphic cross

sections indicate thickenings associated with the delta deposits.

Spiro Sheet Sand Deposits

The Spiro net sand isolith map indicates a sandstone thickness of
between 15-30 feet across the northwestern portion of the study area (Plate iil).
There are no abrupt thickenings in this area that might indicate channel
deposition. Stratigraphic cross-sections show a thin sub-Spiro shaie beneath
this sheet sandstone with no evidence to point toward erosion associated with
incised channels. Stratigraphic cross sections do not show significant thickness
variations of the Spiro in the sheet sand zone. Log profiles indicate a very

clean, thin sand with a sharp base and top.
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CHAPTER VIIi

PETROLEUM GEOLOGY

History of Development

Surface exploration for coal was the first search for fossil fuel in the
Arkoma Basin. The surface mapping that was carried out by U.S. Geological
Survey workers revealed the anticlines that were present in the basin. This lead
to a search for oil and gas. Gas was first discovered in the Arkoma basin at
Mansfield, Sebastian county, Arkansas in March 1902 on the Hartford anticline
(Branan 1966). The Red Bank Oil Company No. 1 Fee located in Sec. 23 T. 9
N., R.24 E., drilled to a depth of 6,300 feet to the Spiro sandstone, this was the
first significant deep gas in the basin (Branan, 1966). The Spiro Sandstone is
the major producing unit in the study area. Although the Arkoma Basin is
complex structurally the primary trapping mechanism is stratigraphic. Three
major gas fields lie within the study area, Wilburton, Red Oak-Norris and Kinta
fields.

The Wilburton Field was discovered in 1929. Spiro production was
initiated in December 1960 when the Ambassador Oil Corp. completed the No. 1
Williams in Sec 23 T. 5 N., R 18 E. (Berry and Trumbly 1968). The principle
producer is the Spiro Sandstone with production also in the Cromwell and Red
Oak sands.

The Red Oak-Norris Field was discovered by the Gladys Belle Oil Co. in
1912 in section 10 T. 6 N., R. 21 E., with production from the Hartshorne
Sandstone (Six 1965). The Red Oak Sandstone is the major producer with the

Spiro Sandstone as a secondary producer.
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The Kinta Field was discovered with the Continental Oil Company No. 1
Davenport located in Sec. 33, T. 8 N., R 20 E., which produced from the Spiro
and Cromwell. It was plugged due to a lack of market for the gas (Branan 1966).

The principle producer is the Spiro Sandstone.

Present Production

The present day Kinta Field consists of many different fields, the names of
which have been discontinued (Table I). The Kinta Field with an area of
approximately 258,000 acres ranks third in total production, based on size, of the
three major fields in the study area. Production as of 1993 was approximately
950,344,613 MCF mainly from the Spiro Sandstone and Cromwell Sandstone.

The Wilburton field contains the Hartshorne field as well as the Wilburton
South field. The Wilburton field based on size is second in production, with
73,000 acres and a total production of 805,925,226 MCF. Production is mainly
from the Spiro.

The Red Oak field is made up of the Norris and Red Oak fields. Present
day nomenclature combines both into the Red Oak-Norris field. The Red Oak-
Norris field is third in production based on size. This field covers approximately
54,400 acres and has produced 657,496,876 MCF. Production is from the Red

Oak and Spiro sandstones.

Future Locations

Potential Spiro reservoirs still exist in the southern portion of the basin
south of the Choctaw fault. With production in the Spiro controlled by porosity,
smaller fields may still exist in the basin north of the Choctaw Fault. The
Wapanucka Limestone is productive from fractured reservoirs and new
production could be found in the southern part of the basin. The Arbuckle has

proven to be productive in zones associated with basement horst.
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TABLE |

DISCONTINUED FIELD NAMES

Discontinued Name New Name
Blocker SE Kinta
Blocker South Kinta
Bokoshe Kinta
Bokoshe East Kinta
Cartersville Kinta
Cartersville NW Kinta
Cartersville SW Kinta
Cartersville West Kinta
Kinta (#1) Kinta
Kinta District Kinta
Kinta NE Kinta
Kinta NW Kinta
Kinta West Kinta
Lequire Kinta
Lequire NW Kinta
Lewisville South Kinta
Lona Kinta
Lona East Kinta
McCurtain North Kinta
Milton South Kinta
Milton West Kinta
Quinton South Kinta
Quinton SW Kinta
Spiro Kinta
Spiro North Kinta
Hartshorne Wilburton
Wilburton North Wilburton
Wilburton NW Wilburton
Norris Red Oak-Norris
Red Oak Red Oak-Norris
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CONCLUSIONS

. An incised valley complex in addition to those mapped by Lumsden and
others (1971) was found in the southwestern portion of the study area.
. The Spiro Sandstone was initially deposited as a series of lowstand deitas
and associated distal valley fill deposits.

. Progradation of the deltas resulted in alluviation of the lower reaches of the
incised valleys.

. A northward marine transgression reworked the deltas and resulted in the
backstepping of the deltas and filling of the incised valleys.

. The Spiro Sheet Sand was formed during the transgression from the
reworking of the delta sands and is present throughout the study area.
. Chamosite clay is present in cores as both a depositional and diagenetic
component. Chamosite is present in the fluvial as well as marine
influenced Spiro.

. Chamosite clay coatings aid in the preservation of primary porosity.
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