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ABSTRACT

A subsurface study in the Ardmore Basin compares
the structural styles of Sho-Vel-Tum with those of the
adjoining Arbuckle Uplift in south-central Oklahoma
using a simple three-point-problem approach to devel-
op dip-vector maps, strike-line maps and ultimately
detailed structure contour maps. Five balanced cross
sections were developed using standard techniques. The
balanced cross sections provide robust constraints for
reconstructing the evolution of the Arbuckle Mountains
during the Pennsylvanian.

Sho-Vel-Tum experienced flexural-slip folding and
into-the-hinge thrust faulting during transpression. Ac-
commodation space decreases to the northwest along
anticlinal hinges. Folding mechanisms, fault trends,
and deformation styles suggest that Sho-Vel-Tum and
the Arbuckle Uplift are similar.

These methods and ideas used are simple yet inno-
vative in interpreting structurally complex areas in the
subsurface. This project shows that the development of
strike and dip data can lead to data-driven, well-con-
strained, and complete balanced cross sections that can
guide structural interpretations in the subsurface.

INTRODUCTION

The region in and around Sho-Vel-Tum is known for its
structural complexity and has been the subject of debate as
to whether the uplift resulted from compression (Taff, 1904;
Dott, 1933; Brown, 1984; Naruk, 1994), strike-slip (Ham,
1951; Tanner, 1963; Carter, 1979; Tomlinson and McBee,
1987) and/or transpression through inversion (Granath,
1989; Ferebee, 1991; Tapp, 1995). Southern Oklahoma is

the location of a triple junction rift that resulted in a north-
west-southeast-oriented aulacogen forming the Arbuckle
and Wichita Mountains (Hoffman et al., 1974; Feinstein,
1981). Later deformation of the region occurred during the
Pennsylvanian when North America collided with Llanoria
(South America and Africa) causing uplift (Houseknecht,
1983). Difficulties arise when interpreting the complex
structures in the region due to uncertain geometries of the
initial rift-bounding faults and due to the uneven collision
between North America and Llanoria. By determining a
connection between the Arbuckle Uplift and Sho-Vel-Tum,
interpretations can be drawn about the structural styles of
the area.

Sho-Vel-Tum is immediately west of the Arbuckle
Mountains (Figure 1). This work tested the idea that the
trend of increasing deformation seen in the Arbuckle Up-
lift continued into the subsurface into the Tatums, Sholem
Alechem (shortened to Sholem), and Velma Fields that
make up part of Sho-Vel-Tum. The project was approached
as if it were a field mapping exercise, within the subsurface.
Over 300 well logs were studied and over 500 strike and dip
values were calculated using the classic three-point-prob-
lem construct. The strike and dip values were used to create
a series of dip-vector maps throughout Sho-Vel-Tum. Five
balanced cross sections were constructed extending from
the western Arbuckle Mountains to the southwest into the
Sho-Vel-Tum Complex. Stereonets and strain ellipses were
also constructed for further structural analysis of each field.
The development of strike and dip data lead to data-driven,
constrained, and complete balanced cross sections, inde-
pendent of any initial model bias. The area was treated as
a new field area so that the strike and dip data, balanced
cross sections, stereonets, and strain ellipses can help guide
further structural interpretations of the region.
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(Billingsley, 1965). Both Hoard and Billing-
sley used well log and drilling data prior to
the mid-1950’s to describe the structures in
the Tatums and Sholem Fields.

The Velma Field is more complex than
the Tatums and Sholem Fields and was first
studied in the 1950’s by Rutledge (1956),
who noted that there were two periods of in-
tense folding in the Velma Field, the first in
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post-Morrowan and the second in post-Hox-
bar, and that each of these events was fol-
lowed by deep erosion. In his interpreted
cross section, Rutledge (1956) shows four
vertical faults and two anticlinal folds with
the axis of the major fold migrating westward
with depth and the eastern edge acting as a
- horst. Rutledge’s main data source was drill-
ing information and well logs. Decker (2002)
describes the structures in the Velma and Mil-
roy Fields as disharmonic with three levels
of structuring. He illustrates the first level
as having basement elements that protrude
northeast from under the Wichita Uplift caus-
) ing faulting in the basement rocks and Ar-
‘¢’ buckle Group. His second level of morphol-
— ogy includes backthrusting in the Arbuckle
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Figure 1. A: Oklahoma map showing the location of Sho-Vel-Tum in
relation to the Arbuckle and Wichita Mountains. B: Surface geology of
the Arbuckle Mountains showing Pre-Pennsylvanian formations. Ma-
jor bounding faults are represented by bold dashed lines in the Arbuck-
le Mountains. Sho-Vel-Tum is shown with the Tatums, Sholem, and Vel-
ma Fields labeled. Digital data from Cederstrand (1996), Boyd (2002).

Previous Work

Fields within the Sho-Vel-Tum Complex have been de-
scribed as compressional or transpressional (Hoard, 1956;
Billingsley, 1956; Rutledge, 1956; Granath, 1989; Harmon
and Tapp, 2001; Decker, 2002). Hoard (1956) described the
Tussy Sector of the Tatums Field as a series of faulted nos-
es, faulted anticlines, and truncated structures. The north-
west-oriented anticline in the Sholem Field has been de-
scribed as compressional (Billingsley, 1956). Steeper dips
on the northeast side of this anticline prompted Billingsley
(1956) to suggest compression came from the southwest.
The apex of this anticline shifts to the southwest with depth

Group, as well as rabbit-ear folds in the Simp-
son Group. Detachments in the Caney and
Goddard Formations represent the third level
of structuring (Decker, 2002). Decker (2002)
recognized that folds tighten to the northwest
and backthrusting is more prominent towards
the northwest as well. Decker (2002) conclud-
ed that fold geometries in these two fields do
not represent significant strike-slip displace-
ments. Concurrent with Decker, Harmon
and Tapp (2001) constructed balanced cross
sections in the Milroy Field and conclude that a backthrust
model fits the style of deformation along the Velma-Milroy
trend. Using seismic data, Jacobson (1984) interpreted a
cross section that begins 9.6 km (6 mi) southwest of Velma
on the Wichita Uplift and extends northeast through the West
Velma Field and ends 4.8 km (3 mi) northwest of the Sholem
Field. His cross sections show two major high angle reverse
faults protruding from depths below 2,743 m (9,000 ft). The
angles on these reverse faults shallow with depth. The north-
ern fault in his cross section, termed the Velma Fault, was
interpreted by Perry (1988) as a listric thrust fault with late
Virgilian dip-slip displacements of more than 2,896 m (1.8
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mi).

Rutledge (1956) believed that the
major structures within Velma began to
develop with the Wichita orogeny during

e
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the late Morrowan period with over 914
m (3,000 ft) of uplift and 610 m (2,000
ft) of Springer removed by erosion (Rut- Velma\
ledge, 1956). However, Jacobson (1984)
and Perry (1988) concluded that Velma
was uplifted 1,524 m (5,000 ft) during
the Atokan or very early Desmoinesian, H f
followed by an additional 457 m (1,500
ft) of uplift in the later part of the Des-
moinesian.

Granath (1989) used the kinematic
relationships between faults systems to

5 Sholem  1,6ums
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predict the horizontal component of slip 97°3930W
from incremental strain data in a regional
study of the Ardmore Basin. He suggest- s
ed that the Ardmore Basin was divided
into rhombohedral blocks by left-lateral
strike-slip followed by transpression in
the Late Pennsylvanian (Granath, 1989).
This resulted in localized deformation
styles connected through fault systems,
similar to what was described by Fere-
bee (1991). Ferebee (1991) suggested
that localized compression and extension stresses were
transferred vertically and horizontally through faults with
slip occurring along discontinuous planes creating sinistral
transpressive and transtensional features. Granath’s (1989)
study described the Healdton Field deformation as domi-
nantly strike-slip; the Kirby Fault as mainly a dip-slip fault
with a small right-lateral component; the northern fault in
the Velma Field as a high-angle reverse fault; and both the
Washita Valley Fault and Criner Hills Uplift displacement
as oblique through pure left-lateral strike-slip and pure re-
verse slip (Figure 2). In his interpretation, the reverse faults
in the Velma Field make up a system of faults that eventu-
ally connect to the Criner Uplift in the southeast and to the
Meers/Washita Valley Fault system in the northwest.

This study was undertaken to examine the structural style
of Sho-Vel-Tum in detail to test the models that have been
proposed for the areas and to determine if modern balancing
methods could be used to develop geometrically and structur-
ally reasonable cross sections in this complex system.
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Figure 2. Type and convergence angle for major faults in the Ardmore Ba-
sin. Letters represent the fault or field; CH, Criner Hill; O, Overbrook; K,
Kirby; H, Healdton; ER, Eola Robertson; and WYV, Washita Valley. The
circle denotes the fault orientation by the letter, dashed lines represent the
strain ellipse axes, and vector represents the displacement convergence to
fault normal. Modified after Granath (1989)

Methods

Initial data for the project included basic information
and well logs for all of the wells in Stephens and Carter
Counties, Oklahoma. Pennsylvanian and older tops were
interpreted and correlated for more than 300 of the deeper
wells within the Tatums, Sholem, and Velma Fields. Sho-
Vel-Tum is the largest oil and gas complex in Oklahoma
encompassing over 650 sq km (241 sq mi). More than
21,000 wells have been drilled since 1914 with production
occurring in Permian through Ordovician units. The his-
tory of exploration throughout Sho-Vel-Tum resulted in a
substantial amount of well data for the project.

Three proprietary seismic lines within Sho-Vel-Tum
were used to help guide interpretation. The seismic lines
are oriented northeast southwest and extend 3 to 6 km (2 to
4 mi) southeast of the Tatums, Sholem, and Velma Fields
(Figure 3). When studying the seismic lines, notes were
taken and detailed drawings were constructed so that the
structures observed could be correlated to other aspects in
the project.
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Figure 3. Cross section locations are shown through Sho-Vel-Tum and western Arbuckle Mountains. Surface faults
in the Arbuckle Mountains are outlined with the Joins Fault in bold. Contours are on the Sycamore Formation with
a 122-m (400-ft) interval. Approximate location of seismic lines 1, 2, and 3 are also shown.

Dip-vector maps were constructed using the interpret-
ed tops from well logs in the Tatums, Sholem, and Velma
Fields. Each dip value was calculated through triangulation
of three wells on the same top (classic three-point prob-
lem). From the three wells, strike lines were drawn and a
dip value was calculated using the equation:

Dip = Arctangent [rise/run] (1)

Rise is the change in elevation and run is the horizon-
tal distance between two strike lines. The distance between
three wells ranged from 152 m (500 ft) up to 1,520 m
(5,000 ft). Overall, 32 dip-vector maps were constructed
throughout Sho-Vel-Tum on eight Pennsylvanian to Ordo-
vician formation tops.

A dip value was also calculated using the apparent
thickness in well-log signatures and a regional thickness
determined from researched values. The calculated dip
values were compared to the dip values determined from
3-point problems to verify the dip-vector maps.

Structure maps were developed using all available
data: dip-vector maps, strike-line maps, dipmeter data, log
tops, and fault geometries from seismic data. Tops were
identified in all available logs that penetrated the Missis-
sippian Sycamore Formation or deeper within the Tatums,
Sholem, and Velma Fields. Faults were recognized by re-
peat or missing sections in well logs, however, faults could
also be recognized when the contours did not correspond
to the dip-vector maps. Fault localities can also be veri-
fied using apparent thickness relations in well logs. Discor-
dance between hand contours and dip-vector maps helped
to identify fault trends in the structure maps. The fault
trends in the structures maps correlated to the faults trends
observed in the seismic data. Therefore, the geometry of
faults in the seismic data likely represents the geometry of
faults in the structure maps. The detailed mapping tech-
niques utilized in developing structure maps allowed for
a better understanding of the behavior of faults and folds
within Sho-Vel-Tum.
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Five cross sections were constructed perpendicular to
strike. The cross sections extend over key areas of inter-
est in Sho-Vel-Tum based on the structure maps (Figure
3). Two cross sections extend over the western edge of the
Arbuckle Mountains into the Tatums Field, one cross sec-
tion extends over the Sholem Field, and two cross sections
extend over the Velma Field. The locations of the cross sec-
tions were chosen using three criteria: the deepest wells,
wells with significant features such as faults, and shallow-
er wells for an even spacing between deeper wells. Using
these criteria to select cross section wells resulted in signif-
icant and complete cross sections perpendicular to strike.

Surface geology over the western Arbuckle Mountains
was incorporated in the Tatums Field cross sections and in-
cludes outcrop formations, strike and dip data, and surface
faults. The surface geology was derived from the map,
“Geologic Map and Sections of the Arbuckle Mountains,
Oklahoma” (Johnson, 1990). The fault of focus in the west-
ern Arbuckle Mountains was the Joins Fault and is the only
surface fault included in the cross sections. By tying the
cross sections back to the Arbuckle Uplift, the connection
between the structural style of the uplift and Sho-Vel-Tum
could be analyzed.

When constructing and interpreting each cross section,
a dip value was calculated for each formation interval in the
well-log signatures. The calculated dip values were then
corroborated using the dip-vector maps and dipmeter data
when available. The dip data and structure maps helped to
locate faults, and by integrating the seismic information,
the geometry of the faults could be interpreted. After the
cross sections were constructed, they were balanced to test
the validity of the interpretation and to test if each was ret-
ro-deformable.

Each cross section was balanced by hand through suc-
cessive attempts to minimize error. If a cross section can be
balanced, it is considered retro-deformable, thus verifying
the initial interpretation as geometrically reasonable. Both
the kinked-bed and line-length methods were used for bal-
ancing. In a cross section, the bed layers are straightened
and the curvature of bedding is kinked, making the cross
section geometrically more accurate for balancing (Mount
et al., 1990). This method assumes the thickness is uniform
and that a fold hinge occurs at the same point through the
bed layers (Mitra, 1992). When balancing a cross section
using the line-length method, a pin-line is placed verti-
cally through an area with little deformation (Groshong,
2006). The cross section is balanced from the pin-line by
“stretching” each bed layer horizontally from the pin-line.
This is done by measuring the length of each bed layer and

marking fault contacts. Each measured line length is drawn
horizontally from the pin-line with fault geometries drawn
at the marked contacts. A cross section is considered bal-
anced when the ends of each bed layer line up vertically
and fault geometries are structurally feasible. The amount
of shortening is calculated by dividing the total length of
the deformed cross section by the total length of the bal-
anced cross section. The percent of error is calculated off
the deviance of the longest measured line length and must
be less than five percent to be considered balanced (Mi-
tra, 1992). This was accomplished by dividing the shortest
measured line length by the longest measured line length.
Once a cross section is balanced with less than a five per-
cent error using these methods, then the initial deformed
cross section is an acceptable geometric interpretation.

Six Mississippian and older units were kinked and bal-
anced in the five cross sections. The tops of the Sycamore
Formation, Hunton Group, Viola Formation, Bromide
Formation, Oil Creek Formation, and the Joins Formation
were selected because of their relatively equal spacing and
definitive log character. Dashed lines represent interpolat-
ed layers where erosion has occurred in the cross sections.
All of the work was done by hand and then drawn into
Corel Draw to generate the final cross section. For each de-
formed cross section, the balanced section is shown below
at a smaller scale in the figures. No vertical exaggeration
is used in the cross sections. A scale is shown for both the
deformed and balanced section. Formation tops and fault
contacts are marked on each well in the cross sections.
These marked tops also include younger formations and
unconformities that were not balanced. These general attri-
butes were used for the construction of each cross section
through Sho-Vel-Tum.

Cross sections D-D’ and E-E’ extend over the western
Arbuckle Mountains into the Tatums Field. Surface geolo-
gy including strike and dip values were used to construct
these cross sections along with well logs from the Tatums
Field. Three wells were used to construct cross section
D-D’ and six wells were used to construct cross section
E-E’. The Cool Creek Formation, Butterfly Dolomite, and
Timbered Hills Group were included in cross sections D-D’
and E-E’ because they encompass structural features that
are exposed at the surface.

Cross section C-C’ extends over the Sholem Field. Fif-
teen wells were used to construct this cross section with six
wells penetrating Mississippian and older strata. Only Mis-
sissippian and older units were kinked while the younger
formations were kept smooth. This cross section was not
balanced due to the lack of significant faults and structures.
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including major faulting and fold-
ing within each field. The dip-vec-
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Figure 4. Composite dip-vector map for the Velma Field based on three-point
problem solutions for Deese through Viola. Dip directions are shown; longer

vectors represent greater dip values.

Cross sections A-A’ and B-B’ extend over the Velma
Field. The fault geometries mapped through this field were
correlated from the trends observed in the seismic lines
using dip-vector maps and dipmeter data. Fourteen wells
were used to construct cross section A-A’ with eight wells
penetrating Mississippian or older strata. Sixteen wells
were used to construct cross section B-B’ with seven wells
penetrating Mississippian or older strata. Cross sections
A-A’ and B-B’ are the farthest to the southwest in Sho-Vel-
Tum and required detailed mapping efforts due to complex
structural features.

Fold and strain analyses were performed to help con-
strain the structural style of each of each field. Pole data
were plotted on the Schmidt Equal Area Net using strike
and dip values generated from the three-point problems and
analyzed using standard methods. The approximate strain
ellipse was calculated from the cross sections to demon-
strate the amount of shortening that has occurred through
each field. The ellipse was calculated using the greatest
amount of shortening for each cross section and was rotat-
ed along strike when plotted on a map. The stereonets and
strain ellipses gave a further analysis on the style of folding
that occurred in each field during deformation.

very low dip values suggesting that
deformation intensity is not contin-
uous from the Arbuckle Uplift. To
the southwest, however, there is a
dramatic change in the behavior of
the dip vectors in the Velma Field.
The vectors display dominant trends
representing steeply dipping layers and well-defined struc-
tures. The geometrical trends of the dip vectors in the Vel-
ma Field (Figure 4) reveal a northwest-southeast elongated
anticline. The dip-vector trends illustrate that deforma-
tion is much less in the Tatums and Sholem Fields than in
the Velma Field, suggesting deformation increases to the
southwest in Sho-Vel-Tum, but is not a continuation of the
Arbuckle Uplift (Simpson-Carpenter, 2011).

In cross section A-A’ through the Velma Field (Figure
5), four major reverse faults were mapped including three
backthrust faults. The backthrust faults were recognized
by three repetitions of the Viola and Joins Formations in
a single well. These backthrust faults extend toward the
southwest off the first major bounding reverse fault to the
northeast in the Velma Field. The first major bounding fault
(fault 4) and the series of backthrust faults (fault 3) are in-
terpreted as into-the-hinge thrust faults that occur from
room accommodation problems in flexural-slip folding. As
shortening increases in a region, the bounding faults ab-
sorb the compressional energy creating upwards displace-
ments versus a continuous horizontal deformation pattern.
This resulted in a major faulted anticline oriented north-
west-southeast creating the dominant structure in the Vel-
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Figure 5. Cross section A-A’
through the Velma Field. The
well number is shown above
the well symbol and can
be found in the appendix.
Dashed lines represent inter-
polated layers where erosion
has occurred. In cross sec-
tion A-A’ three reverse faults
and a series of backthrust
faults are mapped. The bal-
anced section is shown with
the pin line. A scale is shown
for both the deformed and
the balanced section.

Figure 6. Cross section B-B’
through the Velma Field. The
well number is shown above
the well symbol and can
be found in the appendix.
Dashed lines represent inter-
polated layers where erosion
has occurred. In cross sec-
tion A-A’ three reverse faults
and a series of backthrust
faults are mapped. The bal-
anced section is shown with
the pin line. A scale is shown
for both the deformed and
the balanced section.
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Figure 7. Cross section C-C’
through the Sholem Field.
A broad gentle anticline is
the dominant structure with
a slightly steeper dip angle
along the northeast limb.
The anticline trends north-
west southeast. This section
was not balanced due to the
low levels of shortening.

Figure 8. Cross section D-D’
through the Tatums Field.
The wells used are shown by
the number above the well
symbol, and can be found in
the appendix. Dashed lines
represent interpolated layers
where erosion has occurred.
Pseudo wells do not actually
exist. These are vertical pro-
files at a point that are based
on outcrop width and dip in
field data. The Joins Faults
is split into two segments in
D-D’. The balanced section
is shown below with the pin
line. A scale is shown for both
the deformed and the bal-
anced section.



Structural analysis of Sho-Vel-Tum

ma Field. The offset for the major bounding fault in cross
section A-A’ is 396 m (1,300 ft). The offset for each back-
thrust fault in cross section A-A’ from northeast to south-
west is 741 m (2,431 ft), 241 m (790 ft), and 818 m (2,683
ft). Two other high-angle reverse faults were mapped from
shallower structures that mimic the offset of the deeper re-
verse faults. The fault farthest to the southwest (fault 1) is
very close to the Wichita Uplift in the subsurface and has a
displacement of approximately 1,370 m (4,500 ft) in cross
section A-A’. The second fault (fault 2) has an approximate
offset of 550 m (1,800 ft) and occurs between fault 1 and
fault 4. These two faults strike northwest-southeast and dip
to the southwest. Overall, three high-angle reverse faults
and three backthrust faults were mapped with a 1.3 % error
for cross section A-A’ which is 31% shortened.

Four faults intersect cross section B-B’ (Figure 6) and
can be correlated with the faults in cross section A-A’. The
first major reverse fault to the northeast (fault 4) correlates
to the bounding fault in cross section A-A’. However, only
a single backthrust fault (fault 3) extends off of this fault in
cross section B-B’. Cross section B-B’ is 25% shortened and
multiple backthrust faults may not have developed due to a
lesser amount of shortening than in cross section A-A’. The
offset for the major bounding fault (fault 4) on cross section
B-B’ is 1,036 m (3,400 ft) and the offset for the backthrust
fault (fault 3) is 518 m (1,700 ft). The fault farthest to the

Carter, Stephens, Comanche, Grady, and Garvin counties

southwest in cross section B-B’ can be correlated to fault 1
in cross section A-A’ and has an offset of 1,585 m (5,200 ft).
A second reverse fault can be correlated to fault 2 in cross
section A-A’ and has an offset of 300 m (1,000 ft). The error
for balanced cross section B-B’ is 1.8%. Cross sections A-A’
and B-B’ were developed using well-log data, dip-vector
maps, apparent-thickness relations, and structure maps. The
mapped faults have structurally reasonable geometry and
offset and balance with less than 2% error.

A single cross section extends through the Sholem
Field. This cross section, C-C’ (Figure 7), displays a gentle
anticline oriented northwest-southeast. The dips along this
anticline are slightly steeper along the northeast limb. The
lack of major structures in the Sholem Field suggests that
Sho-Vel-Tum is disconnected from Arbuckle deformation.

In the cross sections through the Tatums Field, the
Joins Fault cuts through the hinge of a fold up on the Ar-
buckle Uplift while a major fault in northeast Tatums Field
separates the Arbuckle Uplift from Sho-Vel-Tum. On cross
section D-D’ (Figure 8) the Joins Fault has an offset of 366
m (1,200 ft), but on cross section E-E’ (Figure 9) it has
an offset of 122 m (400 ft). The amount of shortening in
cross section D-D’ is 10% and the amount of shortening
in cross section E-E’ is 7%. The Joins Fault acts as a trans-
pressional into-the-hinge thrust fault with less accommo-
dation room towards the northwest. A major fault separat-

193 270 49 276 48 344
55555

R v 4 L B .
i

nnnnnn

Psuedo Well A

nnnnn
nnnnn

4000 - Major Fault

nnnnn

Figure 9: Cross section E-E’
through the Tatums Field.
The wells used are shown by
the number above the well
symbol, and can be found in
the appendix. Dashed lines
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ing the Arbuckle Uplift from Sho-Vel-Tum is observed in
cross section E-E’. Near the southwest edge of cross sec-
tion E-E’, a well over 3,960 m (13,000 ft) deep does not
penetrate any Mississippian strata, however, Mississippian
limestone crops out at the surface 6.5 kkm (4 mi) to the
northeast. This major fault was also observed in seismic
data as a nearly vertical fault with steeply southwest-dip-
ping beds on the Arbuckle side and nearly horizontal beds
to the southwest on Sho-Vel-Tum side. This fault was also
detected in dip-vector maps by noticeably larger dip vec-
tors along the northeast Tatums Field. In summary, cross
sections D-D’ and E-E’ reveal transpressional faulting on
the Arbuckle Uplift as well as a major bounding fault be-
tween the Arbuckle Uplift and Sho-Vel-Tum.

The stereonet analyses helps to identify tightness, cur-
vature, and symmetry of the folds in each field as well as
the trend and plunge. Folds in Tatums and Sholem Fields
are open and symmetrical, as represented by a cluster of
poles in the center of the net due to shallow-dipping beds
in these two fields. The fold in the Velma Field is relatively
open, rounded, and slightly asymmetrical with steeper dip
angles along the southwest limb of the anticline. The trend
and plunge of the folds are 281°, 3°, in the Tatums Field,
327°, 1.6° in the Sholem Field, and 314°, 1.5° in the Velma
Field (Figure 10).

Strain, based on the balanced cross sections, was deter-
mined for each field. The ellipse was calculated using the
greatest amount of shortening for each field, which is 10%
for the Tatums Field, 2% for the Sholem Field, and 31%
for the Velma Field. The ellipses show that the shortening
precludes any type of flattening strain or associated flexur-
al-flow folding (Behzadi and Dubey, 1980). The distinguish-
ing feature of flexural-slip folding is that bed layers maintain
their thickness, whereas in flexural-flow folds they do not
(Donath and Parker, 1964). The evidence for flexural-slip
folding in the strain ellipses validates the method employed
for balancing the cross sections (Figure 11)

Discussion

This project examined changes in deformation intensi-
ty and the potential application of balancing techniques to
compare the Arbuckle Uplift to Sho-Vel-Tum. Results from
the dip-vector maps, balanced cross sections, stereonets,
and strain analyses show that shortening increases toward
the southwest in Sho-Vel-Tum, but is not a continuation
from the Arbuckle Uplift. A major bounding fault observed
in seismic data and dip-vector maps is seen in cross section
E-E’. This major fault strikes northwest-southeast and sep-

Velma A
Poles to bedding
n=129

Trend and plunge from
cylindrical best fit model.

Trend Plunge
314.8 1.5 NW

Sholem B

Equal Area

Poles to bedding
n=78

Trend and plunge from
cylindrical best fit model.

Trend Plunge
3273 1.6 NW

Poles to bedding
n=62

Trend and plunge from
cylindrical best fit model.

Trend Plunge
281.1 3.1 NW

Figure 10. Stereonet analysis of poles to bedding in (A)
Velma, (B) Sholem and (C) Tatums Fields.
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Strain Ellipse for Each Field

west suggesting that accommodation room
decreases toward the northwest along the an-

ticlinal trend.

The strain ellipses through Sho-Vel-Tum
also show that the shortening precludes any
type of flattening strain and associated flex-

34°31'45"N

ural-flow folding. The Arbuckle Anticline
and the Velma Anticline both resulted from
flexural-slip folding mechanisms as shorten-
ing increased during transpression.
Deformation in the Arbuckle Uplift and

=)
iz

in Sho-Vel-Tum is partitioned along bounding
faults. The fault in northeast Tatums Field is
the first bounding fault in Sho-Vel-Tum and
separates the highly deformed western Ar-
buckle Uplift from the lesser deformed Tatums
Field. Other bounding faults in Sho-Vel-Tum
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Figure 11. Strain data for Velma, Tatums and Sholem Fields. The strain

T
97°19'0"W

occur within the Velma Field. The bounding
faults extending through Sho-Vel-Tum imitate
larger bounding faults extending through the
Arbuckle Uplift resulting in similar folding
mechanisms and fault trends in each system.

ellipses show the degree of shortening in each of the cross sections for

the fields.

arates the Arbuckle Uplift from Sho-Vel-Tum. Southwest
of this fault there is little deformation in the Tatums and
Sholem Fields, but deformation increases rapidly in the
Velma Field. The balanced cross sections through Sho-Vel-
Tum show intense deformation in the Velma Field. The
results suggest Sho-Vel-Tum is disconnected structurally
from the Arbuckle Uplift.

Although Sho-Vel-Tum is disconnected from the Ar-
buckle Uplift, the structural styles within each are simi-
lar. Both systems are characterized by large, flexural-slip
folds that are fault-bounded on the northeast quadrant of
the folds. The bounding fault (fault 4) that cuts the main
anticline in the Velma Field also trends northwest-south-
east and shows a decrease in accommodation room toward
the northwest. Cross section A-A’ has a greater amount of
shortening than cross section B-B’ and extends further to
the northwest over the major anticline in the Velma Field.
The displacements from each backthrust fault extending
off of the bounding fault contributes to a greater amount
of shortening on cross section A-A’ and suggests accom-
modation room is decreasing toward the northwest along
the Velma Anticline, similar to what was observed along
the Arbuckle Anticline. We interpret the structural style as
transpressional. Fault displacements increase to the north-

Conclusions

Over 300 well logs were studied and over 500 strike
and dip values were calculated using the classic three-
point-problem construct. The strike and dip values were
used to create a series of dip-vector maps. Five balanced
cross sections were constructed connecting the western
part of the Arbuckle Uplift to the southwest into Sho-Vel-
Tum. The main conclusions that can be drawn from this
work are:

1) The structural evolution of Sho-Vel-Tum is similar to
but not a continuation of deformation from the Arbuckle
Uplift.

2) The trend of folds and faults between the two systems
is similar.

3) The fault displacement along anticlines in Sho-Vel-Tum
increases to the northwest suggesting accommodation
room is decreasing to the northwest along the axis of
each anticline.

4) Flexural-slip folding is the dominant mechanism of fold
development with accompanying into-the-hinge thrusting.

5) The most reasonable interpretation of Sho-Vel-Tum
structure is that of the formation of pop-up features
formed in transpression.
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TABLE 1: API NUMBER, WELL, TD AND SPUD DATE FOR WELLS USED IN CROSS SECTION A-A’

Cross section # Listed API Number Well Name Well No. TD (ft) Spud Date

A 541 35137241420000 DOUTHIT 1 7189 07/05/1985
A 542 35137242350000 LUCILLE "A’ 1 8550 12/17/1985
A 553 35137245870000 STODDARD B 1 10255 11/05/1987
A 605 35137301020000 HARMON JESSE 1 9012 04/02/1965
A 607 35137301480000 BURKHART A 1 5796 06/11/1965
A 613 35137003390000 PASCHALL 2 7329 05/09/1946
A 642 35137600160000 WESTHEIMER 1 9855 09/18/1955
A 658 35137019320000 COWAN 1 9604 04/17/1955
A 771 35137200600000 M G BURKHART 2 4720 06/02/1966
A 953 35137210440000 VELMA DEEP 1 14493 08/19/1974
A 1010 35137037450000 SCHOOL LAND 1 7346 08/08/1948
A 1044 35137040060000 HARMON-/C/ 1 6745 07/12/1957
A 1046 35137040690000 HOLDER 1 7469 06/10/1963
A 1054 35137218320000 VELMA ARBUCKLE UNIT 1 17507 05/16/1978

TABLE 2: API NUMBER, WELL, TD AND SPUD DATE FOR WELLS USED IN CROSS SECTION B-B’.

Cross section # Listed API Number Well Name Well No. TD (ft) Spud Date

B 501 35137059020000 LULA HARRIS 6 7030 01/30/1955
B 547 35137243670000 DAUBE PARTNERSHIP 2-4 7207 07/12/1986
B 659 35137019480000 GATES-GILMORE 1 4800 01/01/1943
B 775 35137203640000 DAUBE 1 10528 08/28/1968
B 819 35137030780000 A M GILMORE 4 7883 01/08/1949
B 820 35137030810000 FRENSLEY-HANSON 1 6816 03/18/1951
B 826 35137030940000 SIDNEY 6 7650 05/08/1950
B 830 35137031090000 ALMA BINDER 1 6860 10/23/1948
B 1078 35137041600000 ROBBERSON /A/ 1 5300 08/02/1951

B 1082 35137042110000 DOAK ZIGLER 8 6096 06/29/1954
B 1086 35137042220000 ROBBERSON 6 8556 06/16/1948
B 1090 35137042490000 KUENKEL 1 9110 05/25/1945
B 1091 35137042700000 MARTIN 1-D 8254 01/21/1945
B 1099 35137045350000 FRENSLEY /N/ 2 6207 05/17/1952
B 1108 35137224440000 STIEFEL /B/ 1-X 10644 08/18/1980
B 1117 35137227970000 MCFARLAND 1 5322 05/26/1981

TABLE 3: API NUMBER, WELL, TD AND SPUD DATE FOR WELLS USED IN CROSS SECTION C-C’.

Cross section # Listed API Number Well Name Well No. TD (ft) Spud Date
C 140 35019031560000 CLEALAND PRUITT 1 7400 02/26/1964
C 143 35019031690000 PECK 6 7321 08/20/1963
C 231 35019213690000 PECK 1 8650 02/15/1975
C 235 35019215750000 JOSIE 1 6518 03/20/1976
C 284 35019211720000 SANNER 1 8050 04/07/1973
C 288 35019212350000 J J HARDIN /A/ 1 8423 01/23/1974
C 629 35137005560000 L C RUE 1 6509 03/09/1947
C 635 35137006130000 BOYLES 1 11507 12/03/1951
C 651 35137002290000 DARITY 1 5005 08/16/1947
C 743 35137027490000 MURCHISON 8 6062 09/23/1953
C 786 35137207070000 JOE 1 7300 09/26/1971
C 787 35137207490000 MOBIL 1 13252 01/01/1972
C 809 35137030270000 JAMES HYND 1 5649 04/19/1954
C 893 35137208050000 MYRTLE GREEN 22 7300 09/02/1972
C 975 35137213590000 CORNELIUS /B/ 1-14 6300 06/19/1976
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TABLE 4: API NUMBER, WELL, TD AND SPUD DATE FOR WELLS USED IN CROSS SECTION D-D’.

Cross section # Listed API Number Well Name Well No. TD (ft) Spud Date

D 14 35019009490000 HIGGINS 1 4944 09/28/1959
D 241 35019220280000 TOLBERT 10-1 5690 04/12/1980
D 244 35019222190000 TOLBERT 3-1 4040 12/21/1980

TABLE 5: API NUMBER, WELL, TD AND SPUD DATE FOR WELLS USED IN CROSS SECTION E-E’.

Cross section # Listed API Number Well Name Well No. TD (ft) Spud Date
E 48 35019038240000 ZELLA LINDSAY 1 2002 06/06/1952
E 49 35019038250000 R J JOHNSON 1 1830 03/16/1961
E 193 35019046370000 H L KNIGHT ESTATE 1 2010 10/02/1960
E 270 35019205800000 JOHNSON 1-31 13293 08/17/1969
E 276 35019210010000 R J JOHNSTON 1 3315 02/04/1972
E 344 35019233870000 SPEAKE 1-29 10500 09/04/1986
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