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INTRODUCTION
Exploration and Production History

The Cromwell Sandstone (“sand” in much of the literature) is a prolific oil and gas
producer in the Arkoma Basin and the southeastern part of the Cherokee Platform. It
was named for Joe Cromwell of the Cromwell Oil and Gas Company who discovered oil
in the NWViNE4SW' sec. 15, T. 10 N., R. 8 E., on October 2, 1923 near the town of
Cromwell (also named after Joe Cromwell). The well, the Cromwell Oil and Gas No. 1
Bruner, initially flowed 312 bopd from a sandstone at a depth of 3467 to 3475 ft and is
the discovery well of the Cromwell field. In March 1924, the T.B. Hoffer Oil Corp. No. 1
Stidham recorded an initial production of 4000 bopd at a depth of 3510 ft (Rison and
Bunn, 1924). In less than a year, 75 wells produced 62,391 bo weekly from the
Cromwell. Although the sandstone and field were named for the discoverer of oil in the
area, gas had been discovered a year earlier by the Cosden Oil and Gas Company a
year earlier. Rison and Bunn (1924) first named the Cromwell Sandstone (“sand zone”).

Early production from the Cromwell Sandstone focused mostly on oil from
relatively shallow reservoirs (3000 to 4000 ft) in the western part of the Arkoma Basin
(Andrews, 2003). Starting in the early 1960’s, exploration for gas from the Cromwell
extended to the deeper (15,000 ft) parts of the basin. Since its discovery, 120 mmb oil
and 835 bcf gas have been produced from the Cromwell (data courtesy IHS Energy);
this does not include Cromwell production from commingled zones and Andrews (2003)
estimates that an additional 20 to 30 mmb oil and 30 to 40 bcf gas could be added to
the ultimate recovery from the unit.

History of Nomenclature

Despite the importance of the Cromwell Sandstone to Oklahoma's petroleum
industry, (or perhaps because of its importance to the industry), the Cromwell and, more
generally, the Morrowan stratigraphy of the western Arkoma Basin area has a
complicated history. Along the north flank of the Arbuckle Mountains where the units
crop out, Taff (1901) and Morgan (1924) mapped a single Mississippian and lower
Pennsylvanian black shale unit (Caney Shale) below the Wapanucka Limestone.
Hollingsworth (1933) divided the lower part of the Pennsylvanian section into four
members of the Wapanucka Formation: (from bottom to top) Lower Wapanucka Shale,



Union Valley Sandstone, Upper Wapanucka Shale, Wapanucka Limestone. (The lowest
three members correlated with Morgan's (1924) Pennsylvanian part of the Caney
Shale.) He further recognized that the Union Valley Sandstone Member was the same
as the Cromwell Sandstone in many oil and gas fields in the area. Hyatt (1936) divided
the Pennsylvanian shale beneath the Wapanucka Limestone into the Pennsylvanian
Caney and a shale in the lower part of the Wapanucka Formation; these shale units
were separated by the Union Valley Formation which consisted of an upper limestone
and a lower sandstone. Withrow (1969) elevated the name Union Valley to formation,
renamed the lower sandstone the Cromwell Sandstone Member, and named the upper
limestone the Union Valley Limestone Member.

Elias (1954) summarized most of the earlier literature and suggested that the
Caney Shale in the northern Arbuckle Mountains was Mississippian and equivalent to
the Goddard Shale in the southern Arbuckle Mountains. He also suggested that the
Caney was unconformably overlain by the Pennsylvanian Rhoda Creek Formation; this
probably is equivalent to Hollingsworth’s (1933) Lower Wapanucka Shale and Hyatt's
(1936) Pennsylvanian Caney. (Adding to the confusion was Elias’ (1954) use of the
Springer or Springeran Series to separate the Mississippian Chesterian from the
Pennsylvanian Morrowan Series. Fortunately, few workers accepted this new series.)
Grayson (1990) essentially repeated Elias’ (1954) stratigraphy but, more importantly,
documented the conformable nature of the Mississippian — Pennsylvanian boundary
within the Rhoda Creek Formation and the Morrowan conodont zonation. Grayson'’s
(1990) suggestion that the base of the Union Valley Formation be placed at the lowest
occurrence of Idiognathoides sinuatus and that its top be placed at the lowest
occurrence of Idiognathodus sinuosus allows recognition of the Union Valley/Cromwell
Sandstone interval in areas where sandstone is absent and/or well-log correlation is
difficult.

Throughout this guidebook, every attempt has been made to distinguish formally
named geologic units from informally named units. In general, formally named units are
exposed (somewhere) on the surface and are capitalized (e.g., Cromwell Sandstone
Member of the Union Valley Formation). (An exception to this rule is the name of coal
beds, for example, the McAlester coal.) Informal names generally are used by the
petroleum industry to refer to subsurface reservoir units and are shown with lower-case
letters (e.g., Red Oak sandstone). In many cases reservoir units crop out; but unless
they have been formally described and given a type section, they retain a lower-case
letter (e.g., Spiro sandstone). In other cases the same unit has different names on the
surface and in the subsurface (e.g., surface Bluejacket Sandstone Member of the
Boggy Formation, subsurface Bartlesville sandstone). To simplify what may be a
somewhat ponderous formal nomenclature, many names are shortened (but retain the
proper capitalization) (e.g., surface Warner Sandstone Member of the McAlester
Formation shortened to Warner Sandstone; subsurface Fanshawe sandstone, Atoka
Formation shortened to Fanshawe sandstone). In addition, the petroleum industry’s use
of the word “sand” for any number of hard, clastic, petroleum reservoirs has been
changed to “sandstone”.



Guidebook Format and Cautions

This guidebook contains several formats. The road log is perhaps the most
important and shows total miles (number on left) and distance between features that are
discussed in the text (number on right). Because this is a long road log (231.1 miles)
and car odometers vary, total miles are reset to O periodically.

In addition to the geologic features described along the field-trip route, more
general descriptions of the different geologic provinces that are crossed are inciuded.
Also, some of the oil and gas fields that are crossed by the field-trip route are briefly
described. The route passes through several historical coal-mining districts; where the
ruins of the surface workings of some of these old mines are still visible they are
included in the road log. Some of the old coal mines are being reclaimed under the
Oklahoma Conservation Commission’'s Abandoned Mine Land program. The route also
passes close to some modern coal mines (now reclaimed) and some active stone
quarries. Other historical sidelights ranging from the old (Civil War battlefield sites) to
the more recent (Sequoyah Fuels uranium-processing facility) are also included.

Some of the stops in this guidebook are on private property; others are along the
public right-of-way. Two stops are private property. The name of one of the landowners
(Bond locality) is given in this guidebook; if you would like to visit this site at a future
date, please write or call the landowner well beforehand to secure permission. The
other landowner asked that his name not be published, but he is willing to allow
geologists to visit the site (Canyon Creek) under special circumstances. The roadcuts in
this guidebook occur along relatively remote county roads (Arch locality) to very busy
highways (Braggs Mountain). Regardless of how much traffic appears to be present,
please stay to the side of the road (off the road, if possible) and pay attention.
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ROAD LOG

cum interval
mile

0.0 0.0 Startfield trip at intersection of Oklahoma Highway 3 and Union Valley
Road (also county road EW160) about 0.8 mi west of Union Valley and about 7 mi
southeast of Ada. A large sign pointing to the Union Valley Baptist Church is at the
intersection.

Vehicles should park along the shoulder of Highway 3, facing south (toward
Coalgate, away from Ada). Pull off the road if the ground is firm.

Introduction — Lawrence Uplift
Lawrence Uplift

The Lawrence Uplift is a roughly triangular-shaped area that extends from near
Fitzhugh on the west, to Ahloso on the north, to just north of Stonewall of the east (Fig.
1). It is underlain by gently northeast-dipping Ordovician (on the west) to early
Pennsylvanian (Morrowan) rocks (Fig. 2). The uplift is bounded by the generally east-
striking Stonewall Fault on its south side and the generally east-striking Ahloso Fault on
part of its north side. The east side of the uplift typically is shown on most maps at the
unconformity between the Boggy Formation (Desmoinesian) and Mississippian through
Morrowan strata. The uplift's northwest margin is an unconformity between
Desmoinesian and Missourian strata and Ordovician through Mississippian strata.

The age of the Lawrence Uplift relative to the Franks Graben to the south (see
below) and the Ada High subprovince of Northcutt and Campbell (1996) is based on
several criteria: the age of the Stonewall and Ahloso Faults, the age of unconformities,
and the presence of conglomerates in strata adjacent to the uplift. The Stonewall Fault
offsets rocks as young as Missourian (Francis Formation) (Morgan, 1924). The Ahloso
Fault offsets rocks as young as Desmoinesian (Wewoka Formation), but “later beds,
including those of the Francis, are sharply flexed and, in local areas, slightly faulted
along a line representing its probable subsurface trend westward” (Morgan, 1924, p.
151). The presence of rocks as young as the Wapanucka Formation (Morrowan)
beneath the unconformity at the base of the Boggy Formation on the east side of the
uplift is evidence that uplift and erosion is post-Morrowan. Conglomerates presumably
eroded off the uplift occur in the Wewoka Formation immediately north of the Ahloso
Fault (Morgan, 1924) are evidence that the uplift was high in the Missourian. These
lines of evidence suggest one period of uplift occurred after deposition of the
Wapanucka Formation and before deposition of the Boggy Formation during the Atokan
to early Desmoinesian and another period of uplift extended from the deposition of the
Wewoka Formation to that the Francis Formation during the late Desmoinesian to
Missourian.
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Group / Formation

Skiatook Group

Francis Formation
Seminole Formation

Missourian| Series

Marmaton Group

Holdenville Formation
Wewoka Formation
Wetumka Shale
Calvin Sandstone

Cabaniss Group
Senora Formation

Stuart Shale
Thurman Sandstone
Krebs Group
Boggy Formation
i ~—"Unconformity ~—"\
Wapanucka Formation
Union Valley Formation
Springer Group
Caney Shale
Sycamore and Welden Lss
v Woodford Shale
Hunton Group
Sylvan Shale
Viola Group
Simpson Group: (Upper Part)

Pennsylvanian

Desmoinsesian
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Figure 2. Strata exposed in Lawrence Uplift and adjacent area to northwest, north, and northeast
(modified from Ham and McKinley, 1954; Hart, 1974; indberg, 198 ey, 2001). Rocks in the uplift
are Morrowan to Ordovician. Individual formations within the Hunton, Viola, and Simpson Groups have
not been mapped separately. The Seminole, Holdenville, Wewoka, and Boggy Formations unconformably
overlie the older strata on the northwest and the Boggy Formation unconformably overlies the older strata
on the northeast. The Wetumka Shale to Thurman Sandstone are nowhere juxtaposed against the rocks
of the Lawrence Uplift, but are present on the north side of the eastern part of the Ahloso Fault.

The Lawrence Uplift is important because it is one of the few areas where the
Cromwell Sandstone Member is exposed (stops 1 and 2).

Stop 1. Union Valley Locality
Location: NWViNW 4 sec. 32, T. 3 N., R. 7 E., Stonewall 7.5’ quadrangle. On south side

of Union Valley Road (also county road EW160) immediately east of Oklahoma
Highway 3 about 7 mi southeast of Ada and about 0.8 mi west of Union Valley. Pontotoc

County.

Introduction



Stops 1 and 2 probably are the best outcrops of the Cromwell Sandstone
Member in Oklahoma, although they are hardly spectacular and provide little evidence
for determining depositional environment. Both outcrops are in the type area of the
Union Valley Formation which consists of a lower sandstone (Cromwell Sandstone
Member) and an upper limestone (Union Valley Limestone Member). The Cromwell
outcrop belt in this area extends for about 4 mi in a northwest-southeast direction from
about 1.5 mi north of Stop 1 to immediately south of Stop 2. The sandstone is
unconformably overlain by the Desmoinesian Boggy Formation at its northern extent
and truncated by the Stonewall Fault at its southern extent (Hollingsworth, 1933; Barker,
1950) (Fig. 3).

Union Valley Formation

The name Union Valley Formation comes from the name of a schoolhouse located about 1 mi east of
stop 1. At one time, this area was noted for its sweet potatoes and the sandy hills of weathered Cromwell
sandstone were the site of many fields and barns. Local farmers organized a sweet-potato marketing
union and met regularly in the schoolhouse, which was later named Union Valley Schoolhouse (Withrow,
1969, p. 2300).

History of Nomenclature

This Cromwell outcrop belt was originally mapped as Caney Shale by Morgan
(1924, p. 53), who noted that “at one zone near the top of the formation sandy strata are
often predominant. The upper Caney of the Lawrence uplift is especially sandy”.
Morgan (1924, p. 56) also noted that the upper part of his Caney is Morrowan.
Hollingsworth (1933) mapped the Cromwell as the Union Valley Sandstone Member
(including a limestone at the top) of the Wapanucka Formation and stated that this
outcrop belt is the only exposure of the sandstone member. Hyatt (1936) separated the
Union Valley Sandstone and overlying limestone from the Wapanucka and elevated
both rock types to formation status (Union Valley Formation) with a lower sandstone
member and an upper limestone member. He also noted that the Union Valley
Sandstone is equivalent to the Cromwell Sandstone.

Cromwell Sandstone

The Cromwell Sandstone, field, and town are named after Joe Cromwell (1873-1946), an Oklahoma
wildcatter who drilled the first oil well in the Cromwell field in 1923. The discovery well (Cromwell Oil and
Gas No. 1 Bruner), located in the NW1/4 NE1/4 SW1/4 sec. 15, T. 10 N., R. 8 E., initially flowed 312 bopd
from the Cromwell Sandstone at a depth of 3467 to 3475 ft (Levorsen, 1930). A short distance away, gas
had been discovered a year earlier in the sandstone by the Cosden Oil and Gas Company.

The Cromwell Sandstone in the Lawrence uplift is, at present, very poorly
exposed, but apparently it was much better exposed 70 years ago when Hollingsworth



21

28

Union Valley
| P \School House

35

WAPANUCKA
FORMATION
(LIMESTONE)

zZNA ZwH

@ 6
.
. AULT
~ STONEWAL BRLL
~ FORMATION

R: 7E.

Figure 3. Generalized geologic map of the Cromwell Sandstone Member in the Union Valley area (from
Baker, 1950). Location of stops 1 and 2, Union Valley schoolhouse, Hollingsworth’s (1933) measured
section, Barker’s (1950) railroad cut outcrop, key fossil sites (labeled B, from Baker, 1950; labeled H, from
Hollingsworth, 1933; miles 2.5 in this report) are also shown.

(1933, pl. 2) measured a complete section across the middle of sections 29 and 30,
about 0.5 mi north of Stop 1 (Fig. 3). Hollingsworth’s (1933) measured section is
reproduced here as figure 4 and is shown by Andrews (2003, pl. 4) on his regional cross
section of the Morrowan section of southeastern Oklahoma as locality 2. Of particular
interest in the presence of asphaltic sandstone and sandstone containing abundant



plant fossils at the base (see stop 2), fossiliferous sandstone from 25 to 75 ft above the
base (see mile 2.6), and massive to cross bedded medium- to coarse-grained
sandstone above that. The presence of marine invertebrate fossils in a relatively
coarse-grained sandstone is evidence for deposition in shallow water subject to strong
currents, such as an offshore marine bar.

Hollingsworth (1933) noted that the lower and upper contacts of the Cromwell
Sandstone with the Springer Formation (present nomenclature) and Union Valley
Limestone, respectively, are gradational.

Barker (1950) added little to Hollingsworth’s (1933) description of the Cromwell
Sandstone, despite having had the benefit of an excellent exposure along a railroad cut
(Barker, 1950, fig. 8, locality 20) (Fig. 3). Barker (1950) noted the sandstone contained
trace amounts of glauconite. He also identified poorly preserved casts of pelecypods
and gastropods in the sandstone. Based on aerial photographs and measured dips,
Barker (1950) calculated the sandstone varied from 150 to 260 ft thick; this is similar to
Hollingsworth’s (1933) maximum thickness of 235 ft. The presence of glauconite and
marine invertebrate fossils confirms that the Cromwell Sandstone is marine.

Outcrop Description

About 18 ft of the lower part of the Cromwell Sandstone is exposed at Stop 1.
Based on Barker's (1950) geologic map, this outcrop is very close to the base of the
sandstone. The outcrop is moderately well plane-parallel stratified (Fig. 5), although one
3-in.-thick bed is trough cross-stratified. The sandstone is friable, poorly cemented, and
porous. It is medium-fine grained, very well sorted, and composed mostly of subangular
quartz grains, although trace amounts of very fine to medium grained, rounded, dark-
colored minerals or rock fragments are conspicuous in hand specimens. | did not
identify any glauconite. Iron-oxide staining is ubiquitous. Trace fossils are present but
rare and consist mostly of burrows perpendicular to the bedding planes. The sandstone
is fractured and one small fault is present (Fig. 6).

From Stop 1, drive southeast on Oklahoma Highway 3. For the next mile or so,
the low hills to the left (northeast) are underlain by the Cromwell Sandstone. The flat
area on the right (southwest) is underlain by the shale-dominated Springer Group.

1.8 1.8  Approximately 4-ft-thick outcrop of Cromwell Sandstone on left (northeast)
side of highway. Outcrop is a medium gray, mottled (highly bioturbated), silty medium-
fine-grained sandstone with rare dark gray sandstone nodules as large as 4 in. in

(following page) Figure 4. Reproduction of measured section of Cromwell Sandstone across centers of
sections 29 and 30, T. 3 N., R. 7 E. (from Hollingsworth, 1933, pl. I1). Hollingsworth (1933) mapped the
Cromwell Sandstone as the Union Valley Sandstone Member of the Wapanucka Formation; as a result,
shale of the Wapanucka Formation is shown below the sandstone and a sandy limestone is shown at the
top. Present nomenclature is Springer Formation below the Cromwell and Union Valley Limestone
(Hollingsworth’s (1933) “arenaceous, impure limestone”) above.

10



Stratigraphic Section of the Union Valley Sandstone Member
of the Wapanucka Formation

At the type locality on the Lawrence Uplift
Sections 29&30-T 3N.-R 7E., Pontotoc County, Oklahoma

Upper shales of the Wapanucka formation. Dark blue shales containing limonite concretions in lower
part; fossiliferous in upper part, Pentremites angustus, Hustedia miseri, etc. 140’ thick.

Thin-bedded, blue-gray, very arenaceous, impure ls.; fossiliferous, containing molluscan, molluscoidean,
anthozoan elements and microscopic fauna. 6 :

Grayish and tan, fine grained, thin-bedded sandstones. 25°

Light brown and brownish, medium to coarse grained, massive and thin-bedded, cross-bedded sandstones;
not fossiliferrous except in one horizon, about the middle, which contains an abundance of Conularia crustula. 75

Brownish, coarse and medium grained sandstones, thin-bedded and not well indurated. 60°

Brownish, coarse-grained, well indurated sandstone. 1

Tan and light brown, medium and fine grained sandstones, thin-bedded and massive, containing an
abundance of molluscan forms in the lowermost portion. 50°

White, yellow and brown sand with streaks of red, fine grained, massive and thin-bedded. 15’

Dark gray to black, argitlaceous, fine grained sands; asphaltic ordor. 2
Dark gray-black, fine grained, asphaltic sand containing iron stained layers. 5’
Dark blue-black, carbonaceous, very argillaceous, thin-bedded, sands, containing many friable plant remains. 3°

Lower shales of the Wapanucka formation. Dark blue shales with intercalated gray shales. 450" thick in
lowa Refining Company's well in C Sec. 12-T.3N-R.7E., Pontotoc County, Oklahoma.
11




: nwell sandstane at Stop 1. Plane-paralle! stratification is :conSpicuous:~..~Hémm er
(center left) for scale. ‘ ‘

diameter. Some specimens have a distinct hydrocarbon odor. This outcrop is probably
near the base of the Cromwell; Hollingsworth (1933) noted that some of the sandstone
near the base of his measured section (Fig. 4) also had a hydrocarbon odor.

25 0.7 Approximately 3-ft-thick outcrop of Cromwell Sandstone on right
(southwest) side of highway. Outcrop is very similar to that at mile 1.9. Approximately 5-
ft-thick outcrop is on left (northeast) side of highway about 25 ft stratigraphically above
the right (southwest) outcrop. The higher outcrop consists of wavy-bedded, faintly
cross-stratified very fine grained sandstone and siltstone with shale partings. One bed
contains weathered-out molds of pyrite(?) (cube-shaped molds) and rare crinoids and a
coiled marine invertebrate.

2.7 0.2 Intersection of Oklahoma Highway 3 and Mobil Road (also county road
NS362). Stop 2.

Stop 2. Stonewall Locality
Location: Southwest corner sec. 3 and southeast cornersec. 4, T.2N,,R. 7 E,,
Stonewall 7.5’ quadrangle. On both sides of north-south county road (Mobil Road)

immediately north of Highway 3 about 3 mi southeast of Stop 1 and 2.5 mi west-
northwest of Stonewall. Pontotoc County.
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Figure 6. Small fault (immediately to right of hammer) in Cromwell § ; p 1. The sandstone
below the hammer is faintly stratified whereas the sandstone at the top of the photograph is
conspicuously plane-parallel stratified.

Previous Work

Many previous authors have noted the presence of marine invertebrate fossils in
the Cromwell Sandstone. Hollingsworth (1933, table 1) identified four species of
pelecypods, six species of gastropods, one species of cephalopods, and plant
fragments in this outcrop. In addition to helping determine a depositional environment,
the biostratigraphy of the Cromwell Sandstone provides evidence for recognizing the
interval when sandstone is absent (e.g., Stop 3 — Canyon Creek locality, and Stop 5 —
Arch Locality).

The biostratigraphy of the Cromwell Sandstone and surrounding units,

particularly the underlying Springer Group and Caney Shale, has been the focus of
many studies because the Mississippian — Pennsylvanian boundary is somewhere

13



within the Springer Group, which includes the mostly Pennsylvanian Springer Formation
and the mostly Mississippian Goddard Formation. Hollingsworth (1933) described the
megascopic and microscopic fauna of the Cromwell Sandstone and adjacent units near
Union Valley and used the fauna as a correlation tool. He did not, however, describe the
depositional environment of any of the units. Grayson (1990) used conodonts to refine
stratigraphic correlations in the Lawrence Uplift area. He also interpreted the
depositional environment of the Caney — Springer — Union Valley (including Cromwell) —
Wapanucka interval using lithologic succession and faunal diversity. Grayson (1990)
suggested the Caney Shale and Springer Group accumulated under shallow, low-
energy, dysaerobic to anaerobic, open marine conditions. The Cromwell probably is an
offshore-bar deposit; areas where the sandstone is absent (e.g., Stop 3) represent bar-
margin and interbar environments. The unnamed shale below the Wapanucka
Limestone Member is lagoonal and the Wapanucka Limestone “records the
development and progradation of a carbonate shelf” (Grayson, 1990, p. 89).

Outcrop Description

The outcrop at Stop 2 exposes about 15 ft of the lower part of the Cromwell
Sandstone (Fig. 7). The exact thickness is difficult to determine because much of the
upper part of the outcrop is poorly exposed or covered. In addition, the measured
attitude — N80°E 3°S — does not fit the map pattern, although most of the observed
stratification is subhorizontal.

The lower 9 ft of the outcrop consists mostly of well-stratified siltstone and fine-
grained sandstone with silty mudstone partings (Fig. 8). Burrows are very abundant on
bedding planes; concentric sandstone concretions, plant compressions, and molds of
invertebrate fossils (cephalopod) are rare. A small branching fossil or trace fossil,
possibly a filamentous algae, is present on some bedding planes. The overall color is
gray, although individual beds may be very light-colored or brown. The predominance of
siltstone at the bottom of the outcrop may be evidence for a transitional facies between
the shale-dominated Springer Formation and Cromwell Sandstone. Hollingsworth
(1933, p. 22) noted

“the contact of the (Cromwell) with these subjacent shales is fairly distinct with every
evidence of a conformable contact since the shale grades rapidly into the sand, the
gradation zone being approximately three feet of dark blue-black, carbonaceous, very
argillaceous, thin-bedded sands, containing many friable plant remains. The base of this
thin zone is considered the base of the (Cromweli) and the top of the (Springer).”

However, it appears that the “argillaceous zone” of Hollingsworth (1933) is considerably
thicker than 3 ft and/or is, in fact, several zones (e.g., mile 2.6).

The upper 3 ft of this lower part is very poorly exposed, but it appears to become
more sandstone-rich upwards.
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Measured Section, Stop 2
Cromwell Sandstone

(Location: SW corner sec. 3, SE corner sec. 4,
T 2N, R.7E.; Stonewall 7.5’ quadrangle)

Feet

D A

Fine-grained sandstone. Medium brown. Plane-parallel
stratified. Poorly cemented, porous, clean.

Covered

Silty fine-grained sandstone. Medium brown. Unstratified.
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Siltstone, fine-grained sandstone, silty mudstone. Gray, rarely
brown. Well-stratified. Burrows abundant; concretions, plant
compressions, molds of invertebrate fossils rare. Increase in
sandstone upwards.

Figure 7. Gt r part of Cromwell Sandstone at Stop 2.

The gray siltstone/sandstone is overlain by a 6-in.-thick medium brown, poorly
stratified, silty fine-grained sandstone. Aithough the color change is abrupt, there is little
difference between the brown and the upper part of the gray rock types. A covered
interval about 3 ft thick overlies the brown sandstone. About 3 ft of a plane-parallel
stratified, medium brown, fine-grained quartzose sandstone is poorly exposed in cut
banks on the right (east) side of Mobil Road above the covered interval (Fig. 9). This
sandstone is poorly cemented, porous, and relatively clean except for irregular
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concentrations of iron oxide minerals. The brown sandstone is similar to the sandstone
at Stop 1 and represents a cleaner, higher-energy facies of the Cromwell than the gray
siltstone/sandstone.

From Stop 2, continue driving east (southeast) on Oklahoma Highway 3.

29 0.2 Cross trace of east-striking Stonewall Fault. Boggy Formation exposed in
down-thrown block.

Introduction — Franks Graben
Franks Graben

Franks Graben is the westernmost extension of the Arkoma Basin (Fig. 1). Itis
triangular in shape, with its western apex a few miles southeast of Fitzhugh. It is open to
the east, where it merges with the main part of the Arkoma Basin. It is composed of
generally gently east-dipping rocks except along its faulted margins where much of the
strata assume steep dips. Older rocks (Desmoinesian) are exposed to the east, younger
rocks (Missourian) to the west. The boundary between the Franks Graben and the
Lawrence Uplift (described above) to the north is the north-side-up Stonewall Fault. The
north-side-down Franks Fault Zone separates the Franks Graben and the Hunton
Anticline to the south. To the southeast, the fault zone becomes a complexly faulted
monoclinal flexure and rocks as old as Ordovician dip steeply into the graben. Stop 3 is
an exposure of the Morrowan Union Valley Formation (including Cromwell- equivalent
shale) in this faulted monocline.

The age of the Franks Graben probably is similar to that of the Lawrence Uplift
(described above), and evidence for that age is based on the age of the Stonewall Fault
and Franks Fault Zone and the age of conglomerates eroded off the Hunton Anticline.
As described above, the Stonewall Fault is post-Wapanucka (Morrowan) / pre-Boggy
(Desmoinesian) to Missourian in age. Hart (1974) shows a strand of the Franks Fault
Zone offsetting the Boggy Formation; this is credited to Naff (1962), but Naff doesn’t
show the fault on his map. If present, at least part of the Franks Fault Zone is as young
as Desmoinesian.

Better evidence for the age of uplift of the Hunton Anticline relative to the Franks
Graben along the Franks Fault Zone is provide by Morgan (1924), who described
several conglomerates that he believed were eroded off the Arbuckle Mountains
(Hunton Anticline). “The (conglomerate) beds in the type area were followed eastward
and in that direction were found to be traceable ... into the McAlester, Savanna, and
Boggy Formations. (Also,) ... several lines of evidence strongly suggest the correlation
of the upper part of the conglomeratic strata of the Franks area with the upper Wewoka,
Holdenville, Seminole, and Francis Formations” (p. 121). Morgan’s (1924) observations
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are evidence that the Franks Fault Zone was active as early as McAlester time
(Desmoinesian) and as late as Francis time (Missourian).

The Franks Graben contains one of the larger oilfields in this part of Oklahoma -
the Fitts field (described below).

5.2 2.4  Exit off of Oklahoma Highway 3 to Oklahoma Highway 61 (Stonewall exit).

56 0.4 Turnright (south) on Oklahoma Highway 61 (also county road NS364).
Two outcrops of sandstones in the Boggy Formation crop out between here and the
bridge over Clear Boggy Creek (mile 7.2).

6.7 1.1 Enter Fifts Field.
Fitts Field

The Fitts field was discovered in 1933 by the W.A. Delaney No. 1 Hayden,
located in the NE1/4 NE1/4 SW1/4 sec. 30, T. 2 N., R. 7 E. The well was completed as
a gas producer on February 16 at a depth 1171 — 1185 ft (open hole) in a sandstone in
the Gilcrease zone in the Atoka Formation (Fig. 10). Following this relatively shallow
discovery, oil and gas were quickly discovered in deeper formations: the Hunton (Bois
d’Arc and Chimneyhill) in July, 1933; the Bromide in June, 1934; the Viola in July 1934,
and the McLish in April 1935 (Hyatt, 1936). Oil and gas in the Booch, Cromwell, and Oil
Creek were discovered by 1937 and the Wapanucka was a producer by 1969.

The Fitts field is a faulted anticline about 6 mi long and 2 mi wide; production is
controlled by cross faults on either end of the anticline, a major south-side-down fault on
the south side, and structurally low beds on the north side. In 1937 there were 603 wells
in the field; by 1969 only 163 wells were still productive. As of the end of 1967, the Fitts
field had produced over 122 million barrels of oil (Withrow, 1969, table 4). As of
November 2001, the field had produced about 231 mmb oil, 55 bcf gas, and was still
producing about 16 mb oil and 450 mcf gas annually (data courtesy IHS Energy).

7.2 0.5 Cross Clear Boggy Creek.
7.7 0.5 Enter“old” Jesse Field.
Jesse Field
The Jesse field, now part of the Fitts field, was discovered in 1935 by the

Anderson and Kerr et al No. 1 Thompson located in the SW1/4 NE1/4 SW1/4 sec. 1, T.
1 N., R. 7 E (Boyd, 1938). The well was completed as an oil producer on February 2 at
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a depth of 3835 ft in the Hunton limestone. In November that same year, oil was
discovered in the basal McLish. By 1938 hydrocarbons had also been discovered in the
Gilcrease, Wapanucka, Hunton, Viola, and Bromide; by 1969 the Savanna, McAlester,
and Cromwell were also producers.

The Jesse field is about 4 mi long and 1 mi wide and, like the Fitts field, is a
faulted anticline.

Most of the old Jesse field is within Withrow’s (1969) “transitional lithofacies” of
the Cromwell Sandstone. This lithofacies, which varies from about 1 to 6 mi wide,
separates an area to the south where the Cromwell is shaly from an area to the north
where sandstone predominates. The boundaries between the lithofacies are gradational
and somewhat arbitrary. “Sandstone/shale ratios increase gradually from 0/1 in the
south to 1/0 in the north” (Withrow, 1969, p. 2303). Figures 11 and 12 are modern logs
of the Cromwell in the old Jesse field. They are very similar to those shown by Withrow
(1969) as typical of the “transitional lithofacies”. The irregular, but coarsening-upward
character of the gamma-ray curve is typical of offshore bars (Bouma and others, 1982;
Galloway and Hobday, 1983), although the thickness (almost 100 ft) for the “lower” and
“upper” Cromwell sandstones suggests that “sand ridge” may be a more appropriate
term than offshore bar. Marine shale underiies and overlies the Cromwell.

8.3 0.6 Sandstone outcrop along road. This is the base of the Boggy (Naff, 1962).
9.7 1.4 Small settlement of Jesse. Turn right (west) on county road E1678. For
the next 3.2 mi, the road closely follows the contact between the Boggy Formation to
the right (north) and the Savanna Formation to the left (south).
10.2 0.5 Turn left (south) following county road.
10.4 0.2  Turn right (west) following county road (now EW168).
13.3 2.9 Park along right (north) side of road near where road crosses shallow
creek. This is the departure point for a 0.5-mile hike through the woods to Stop 3. Stop
3 is on private property; if you choose to visit it later on your own, please secure
permission from the landowner before you do so.

Stop 3 is best visited during the dry season; Canyon Creek generally flows year-

round and the exposed section is best seen when the water is at its lowest. A word of
caution — greenbriars are extremely thick along the creek.

Stop 3. Canyon Creek Locality

Location: Along Canyon Creek, E1/2 sec. 8, T. 1 N., R. 7 E., Harden City 7.5’
quadrangle. About 2 mi east of U.S. Highway 377 and 3 mi south of Harden. Pontotoc
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Figure 11. Part of electric log from Owl Creek Production No. 1A-36 Ayakatubby (NW4SW.NE V4 sec.
36, T.2N., R. 7 E., Jesse field). “Upper” Cromwell sandstone and “lower” Cromwell sandstone are
coarsening-upward offshore-bar or sand-ridge deposits. The well produces oil from the Cromwell.
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deposits. The high gamma-ray, low-resistivity, featureless log pattern above and below the Cromwell is
typical of marine shale. The well produces oil from the Hunton; the Cromwell was dry.

County. Measured section starts about 0.4 mi south of east-west county road and
continues for about 0.6 mi to south edge of section.
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Introduction

The Canyon Creek locality (Fig. 13) is the best-exposed section of Morrowan
strata along the north side of the Arbuckle Mountains; for this reason, Andrews (2003,
pl. 4) included it on his regional cross section A-A’ of the Morrowan strata in
southeastern Oklahoma as locality 1. In addition to being well-exposed it is almost
continuous, containing no significant disconformities (Grayson, 1990). This outcrop is
part of a belt that Ham and McKinley (1954) mapped as Springer Formation (including
the Union Valley (Cromwell) Sandstone) around most of the east side of the Arbuckle
Mountains from about 2 mi northwest of here to about 6 mi southeast of Wapanucka.
Outcrops are extremely scarce throughout the outcrop area because most of the

formations are easily weathered shale.

Park for stop 3

McAlester Formation
Atoka Formation
Wapanucka Limestone ——
unnamed shale ——

Pl

Union Valley Formation

Rhoda Creek Formation

&J =

/)

Caney Shale _A-L/

Woodford Chert —o—
and older
Paleozoic strata
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Canyon Creek

Figure 13. Geologic map of the Canyon Creek locality (Stop 3) (Grayson, 1990). The Rhoda Creek

Formation is equivalent to the Springer Group.
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Previous Work

The Canyon Creek section is also important because Grayson (1990)
documented the conodont biostratigraphy of this part of the Morrowan. His work showed
that the Union Valley Formation (including the Cromwell Sandstone) could be identified
by the presence of the conodont /diognathoides sinuatus but predated the conodont /.
sinuosus (Fig. 14). Grayson’s (1990) work allows correlation of this section and the
Cromwell Sandstone outcrops near Union Valley with Morrowan sections elsewhere in
Oklahoma, including those in the frontal belt of the Ouachita Mountains near Arch
(Stops 4 and 5) and in the Ozark Uplift (Stops 6, 7, and 8).

The Union Valley Formation along Canyon Creek is composed of black shale,
fossiliferous shale, and argillaceous biomicrite (Fig. 14). Sandstone is absent. This
contrasts with as much as 235 ft of Cromwell sandstone on the surface near Union
Valley (Hollingsworth, 1933) and an average of 125 ft in the Fitts field (Withrow, 1969).
Grayson (1990) interpreted the Union Valley Formation in Canyon Creek as having
been deposited in a bar-margin or interbar environment.

Return to cars and retrace route to Oklahoma Highway 3.

21.0 7.7  Turnright (east) on Oklahoma Highway 3. Reset odometer to 0.0. For the
next approximately 8 mi, the road crosses the Boggy Formation, but there are no
outcrops along the highway. The trace of the Stonewall Fault cannot be mapped east of
here, and the Franks Graben merges into the Arkoma Basin.

1.0 1.0 Leave Pontotoc County, enter Coal County. Continue east on Oklahoma
Highway 3.

2.0 1.0 Intersection with old Oklahoma Highway 3.

4.0 2.0 The small Tupelo NW field is just to the left (northeast) of the highway. It is
a faulted(?) circular domal structure (Mann, 1958; Disney, 1960). The field was
discovered in 1952 (oil in the Bromide) by the Beach and Talbot and Sohio No. 1 Guth,
located in NW1/4 SE1/4 NW1/4 sec. 22, T. 2 N., R. 8 E.; the Cromwell is also a
producer.

6.6 2.6 Intersection with Oklahoma Highway 48 to Tupelo (to right (south)).
Continue east on Oklahoma Highway 3.

10.1 4.5 Poorly exposed approx. 4-ft-thick sandstone at base of Boggy Formation
just east of top of ridge. Its stratigraphic position suggests it is equivalent to the
Bartlesville.

11.3 1.2 Intersection with county road N3745 to Centrahoma (about 0.5 mi to left
(north)). Continue east on Oklahoma Highway 3. The town of Centrahoma is near the
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northwest end of the Centrahoma field, which extends from here to just south of
Coalgate.

Centrahoma Field

The discovery well for the Centrahoma field is the Carter Oil No. 1 John
Thompason, located in the S 72 NE ¥4 NW Y sec. 34, T. 2 N., R. 9 E. It was spudded on
May 12, 1935 and, depending on which author is correct, discovered oil in the Cromwell
Sandstone on February 2, 1936 (Dannenburg, 1952) or in the Viola Limestone in May
1937 (Brooks, 1963) or August, 1937 (Anderson, 1974). Following the discovery of oil in
the Viola (or Cromwell), gas was discovered in the Atoka in 1941, Cromwell gas in
1949, QOil Creek oil in 1953, McLish oil in 1960, and Booch gas in 1961 (Brooks, 1963).
In addition to these units, there is commercial production from the Savanna, Hartshorne,
Hunton, Bromide, Wapanucka, and Spiro (Spring, 1994; Herndon, 2002).

The Centrahoma field is a northwest-trending anticline broken by several
northeast-striking faults. Production is controlled mostly by structure, although
stratigraphic traps also occur. Dannenburg (1952, p. 13) suggested that the
Centrahoma structure “is a typical small dome found in Coal county oil or gas fields”,
figure 15 is a structure contour map and cross section of the field.

As of November 2002, the Centrahoma field had produced about 4.2 million
barrels of oil and 126 bcf gas. It continues to produce about 45,000 barrels of oil and
800 mmcf of gas annually (data courtesy IHS Energy).

The log character of the Cromwell Sandstone in much of the Centrahoma field is
shown by Anderson (1974, fig. 4) and in figures 16 and 17. The Cromwell interval in
both wells is an irregular, but generally coarsening-upward sequence that probably
represents an increasing proportion of thicker sandstone beds (rather than a grain-size
change). Two Cromwell sandstones separated by shale (high gamma-ray “spike” on
figure 17) may be present; the upper interval fines upward. The Cromwell Sandstone in
both wells is underlain and overlain by a relatively featureless, high gamma-ray, low-
resistivity “railroad track” log pattern.

The irregular, coarsening-upward gamma-ray log profile of the Cromwell is
characteristic of offshore bars or sand ridges (Bouma and others, 1982; Galloway and
Hobday, 1983). Encasement in marine shale (“railroad track” profile) supports a marine
origin for the Cromwell. The profile do not support Anderson’s (1974, p. 79)
interpretation that the Cromwell is “a marine-delta complex”.

16.3 5.0 Intersection with U.S. Highway 75 to Calvin (to left (north)). Continue east
on Oklahoma Highway 3 / U.S. Highway 75. The surface geology in this area is poorly
known. The geologic maps by Naff (1962) and Knechtel (1937) differ greatly. In general,
however, the highway is near the Boggy — Savanna contact.
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Figure 17. Part of electric log from St. Mary Operating Co. No. 1-4 Inman (N¥2SW"iNW%asec. 4, T. 1 N,,
R. 10 E., Centrahoma field). The well was drilled in 2001 and completed in the Cromwell Sandstone (725

mcf/day) and Wapanucka Formation. The shale-rich interval from 7020 to 7040 may separate the

Cromwell into upper and lower parts. The coarsening-upward profile of the “lower” Cromwell is typical of

offshore bars and sand ridges. The well produces gas from the Cromwell and Wapanucka.
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18.3 2.0  Outcrop of sparsely fossiliferous sandstone in the Savanna Formation on
left (northeast) side of highway. Strata dip northwest, away from the axis of the
Coalgate Anticline (see below).

19.5 1.2 About 0.1 mi after crossing Caney Creek, the highway crosses the outcrop
of the McAlester (Lehigh) coal (Fig. 18). Although extensively strip-mined in the late
1800’s and early 1900’s, there is little surface evidence for it here.

20.1 0.6 Intersection with Oklahoma Highway 31 in north end of Coalgate. Turn left
(north) on to Oklahoma Highway 31. Reset odometer to 0.0.

Coalbed Methane near Coalgate, Oklahoma
Brian J. Cardott, Oklahoma Geological Survey

More than 2000 wells in the Oklahoma coalfield have been drilled exclusively for
coalbed methane (CBM) since 1988. The Oklahoma coalfield is in the eastern part of
the State and is divided into the northeast Oklahoma shelf and Arkoma Basin based on
physiographic and structural differences. Most of the CBM wells in the Arkoma Basin
are in Haskell (451), Latimer (20), Le Flore (146), and Pittsburg (138) Counties. Three
wells southeast of Coalgate in Coal County were completed in 1992 — 2002 to the
Hartshorne and McAlester (Lehigh) coals at depths-to-top of coal of 806 to 1610 ft in an
area of extensive underground mining. The Indian Nation Illluminating 1 Leon Lanoy
wells (sec. 36, T. 1 N., R. 10 E.) was completed to the McAlester (Lehigh) coal (806 to
812 ft) on November 28, 1992 and was plugged and abandoned on July 18, 1994. The
Infand Oil 1-25 Mary T. Cannon well (sec. 25, T. 1 N., R. 10 E.) was recompleted to the
Hartshorne coal (1610 to 1615 ft) on March 13, 1993 and is currently classified as dry.
The Carmac Energy 1-18 Road Runner well (sec. 18, T. 1 S., R. 11 E.) was completed
in the McAlester (Lehigh) coal (969 to 976 ft) on August 7, 2002 and is currently shut-in
(in July 2003).

Coalgate, Oklahoma

Coalgate was originally founded as the town of Liddle (named for William Liddle, a local coal mine
superintendent) when a post office was established on September 18, 1889 (Shirk, 1974). The name of
the town was changed to Coalgate on January 23, 1890. Two origins for the name Coalgate have been
suggested. One is that the town was named for the then-president of the Missouri Kansas and Texas
Railroad, Coalgate Hoyt. The other origin is that the name was derived from a slogan popular in the early
coal-mining camps, “a gate to wealth from the coal industry”.

(following page) Figure 18. Map showing approximate outcrop location and potentially strippable coal
beds near Coalgate, Oklahoma (from Friedman, 1982). Also shown are three coalbed-methane wells
drilled in this part of the Arkoma Basin and two mileage markers (see text).
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Aldrich (1952, p. 36-37) reported that

“the first coal mine was opened in 1882 within one hundred feet of what is now Main Street. The first vein
mined was so close to the surface that the overburden was removed by plows and scrapers and the coal
removed with sledges, steel coal pins and shovels. By 1897 there were more than 1500 people in
Coalgate. During the next few years the population grew rapidly and by 1900 there were 2614.

“In 1902 the United State Indian Inspector described Coalgate as a mining town that contained a
very large number of one-story frame houses. The majority of the houses were occupied by miners and
when new cost about $50.00 each. The town was buiit without regard to any regularity. The population of
the town was extremely mixed, being composed of a high per cent of foreign and Negro miners.”

Coalgate continued to grow until 1925 when the mines began to close.
Sites of Geological Interest

The Coal County Historical and Mining Museum is located at 212 S. Broadway on the south side
of town. The museum contains a large and varied collection of tools and equipment used in the

underground coal mines in the area, as well as a number of historic photographs. Call (580) 927-2360 for
information.

Introduction — Arkoma Basin

(The following general description of the Arkoma Basin is modified from Hemish and
Suneson, 1997)

The Arkoma Basin is an elongate, arcuate, structural and depositional basin lying
just north of the Ouachita Mountains fold-and-thrust belt (Fig. 19). It extends from the
Arbuckle Mountains and related structures (e.g., the Lawrence Uplift) on the west to just
northeast of Little Rock, Arkansas, where it is covered by sediments of the Mississippi
embayment. In Oklahoma it is bounded on the south by the Choctaw Fault and on the
northeast by the Mulberry Fault. The boundary between the Franks and Wapanucka
Grabens to the southwest and the Arkoma Basin is gradational, as are the basin’s
northwestern and northern boundaries with the Cherokee Shelf (Fig. 19).

The southern part of the Arkoma Basin adjacent to the Ouachita Mountains is
described by Arbenz (1984) as a compressional fold belt of Pennsylvanian age. The
surface geology of the area covered by this guidebook is dominated by broad synclines
and relatively tight anticlines (Fig. 20). Much of the area, particularly in the southern
part, is underlain by north-directed thrust faults, many of which are subhorizontal and
parallel to bedding planes. Locally the faults rise to form blind-thrust-cored anticlines. In
addition, small south-directed backthrusts and “out-of-the-syncline” faults are present.
Structurally, the area forms a classic triangle zone (e.g., Valderrama and others, 1994,
Cemen and others, 2001), which is typical of many foreland basins immediately
adjacent to fold-and-thrust belts.

The history of the Arkoma Basin can be separated into two phases — basin
subsidence and sedimentation followed by compressional deformation. Prior to the
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Figure 19. Map showing the location of the Arkoma Basin and adjacent geologic provinces in Oklahoma.
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Figure 20. Generalized map of major geologic structures in southern part of the Arkoma Basin near field-
trip route. Towns passed through are shown for reference. (Modified from Marcher, 1969; Hart, 1974;
Marcher and Bergman, 1983; and Arbenz, 1989.)

Atokan, the Arkoma Basin was part of an epicontinental shelf on which a relatively thin
sequence of shallow-water carbonate strata (Wapanucka Formation) and clastic strata
(Spiro sandstone) was deposited. Beginning in the middle Atokan, south-side-down
normal faults resulted in a rapidly subsiding, major foreland basin that began receiving a
thick sequence of deep-water clastic sediments. This thick sequence of dominantly
marine beds (Atoka Formation) generally is conformably (but locally disconformably)
overlain by deltaic sandstones, siltstones, and coals of the Hartshorne Formation.
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Sandstone isopach and facies maps of the Hartshorne Formation (Andrews, 1998),
Booch sandstone (McAlester Formation) (Busch, 1959), and Bluejacket Sandstone
Member (Boggy Formation) (Visher, 1968) are evidence that the Arkoma Basin
continued to subside throughout the Desmoinesian, but at greatly reduced rates
compared to that during the Atokan.

In general, the folds and thrust faults in the Arkoma Basin are parallel to those in
the Ouachita Mountains to the south (Fig. 20) and most geologists accept a similar
tectonic origin for those in the basin and mountains. The inception of compressional
folding in the Ouachita Mountains is difficult to date because early-formed deformational
structures were overprinted by later mostly coaxial structures. It is likely that the earliest
deformation is no older than Meramecian — the age of the lower part of the Stanley
Formation. To the north in the Arkoma Basin, earliest folding postdated the middle
Atokan normal faults. The age of the cessation of folding cannot be established in the
mountains, however, it can be determined in the Arkoma Basin. Sutherland (1988) has
shown that the Desmoinesian Krebs Group formations are folded and are overlain
unconformably by the unfolded Desmoinesian Cabiniss Group. Thus, folding in the
Arkoma Basin was relatively short-lived, extending from the late Atokan to the middle
Desmoinesian.

0.3 0.3 Cross outcrop of McAlester (Lehigh) coal near axis of Coalgate Anticline.
Several closely spaced slope mines (Coalgate Coal Co. No. 1 mine, also known as
“Soup-Bone” Mines) immediately northwest of the highway are now flooded.

1.5 1.2  Turn left in center of Cottonwood. The Coalgate North field is just west of
Cottonwood. It was discovered in 1987 by the Santa Fe Minerals 14-1A Witherspoon
(SEVASEVAINWV4 sec. 14, T. 1 N., R. 10 E.) that completed in the Booch at a depth of
about 1550 ft. The Hartshorne is also a producer. As of November 2002, the field had
produced about 4.4 bcf gas and continues to produce about 40 mmcf gas annually (data
courtesy IHS Energy).

Following a period of heavy rain during the week of May 14, 1989, some land
immediately south of the center of Cottonwood subsided into an open airshaft
associated with a long-abandoned underground coal mine. The Oklahoma Conservation
Commission, which administers money from the U.S. Dept. of Interior Abandoned Mine
Land trust fund, reclaimed the site. Subsidence is a relatively common occurrence in
Cottonwood, Coalgate, and Lehigh (located about five miles south of Coalgate) and
other areas in Oklahoma where abandoned underground mines are present.

ABANDONED COAL MINE LANDS RECLAMATION
(modified, in part, from Kastl and others, 2001)

Coal has been mined in Oklahoma since 1872 and since that time, over 70,000
acres of mined land from both underground and surface mining has not been reclaimed.
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Abandoned coal mine land occurs in sixteen counties; this field trip will cross reclaimed
and unreclaimed land in Coal, Pittsburg, and Mclntosh Counties. Most landscape
scarring associated with underground mines, the predominant form of mining in
Oklahoma prior to 1943, includes scattered gob piles (mine refuse), shaft openings,
subsidence features, and abandoned equipment. Features associated with surface
mining include elongate ridges of spoils (overburden material), water-filled pits, steep
highwalls, and acid-mine drainage. “Unreclaimed areas are unsightly, unproductive,
and, in many cases, dangerous.” (p. 68). As of June 25, 2002, 25 known deaths had
occurred in Oklahoma at abandoned mine sites (Mike Kastl, 2003, pers. commun.).

The first (relatively inadequate) reclamation laws in Oklahoma were passed in
1968 and 1971. In 1977, President Jimmy Carter signed the Surface Mining Control and
Reclamation Act of 1977, which (1) required coal mine operators to reclaim the land
they were mining and (2) established the Abandoned Mine Land (AML) Trust Fund. The
fund, administered by the Office of Surfacing Mining, U.S. Department of the Interior, is
generated by a tax on active coal mine operators and is designed to reclaim orphan
coal mine lands that endangered the public health and/or safety. Shortly after the
federal bill was signed, Governor David Boren designated the Oklahoma Conservation
Commission (OCC) as the state agency to oversee the reclamation of Oklahoma'’s
abandoned coal mine lands. Since 1995, Oklahoma has received between $1.5 and
$1.6 million for its AML program; however, the OCC believes it would take more the $90
million to reclaim the high-hazard sites identified in Oklahoma.

In 2001, the OCC identified 261 problem AML areas in Oklahoma; nationwide,
there may be as many as 12,000 mines that require reclamation (Brinkley, 2002). Since
the trust fund was established, it has collected almost $7 billion. “But after 26 years, an
estimated 80% of the total area at risk hasn't yet been safeguarded, the trust fund brims
with $1.5 billion in unspent funds, and some of the money that is spent goes to projects
unrelated to coal” (Fialka, 2003, p. A1). Brinkley (2002) reported that $204 million was
spent from the fund in the fiscal year that ended September 30, 2002, but that about
$350 million in taxes and interest were paid into the fund. In addition, and despite the
clear need for AML reclamation, “the Bush administration is proposing to cut spending
to $174 million” (Brinkley, 2002, p. A18).

The principal reason much AML trust fund money continues to accumulate
despite the needs of 23 states and three Native American tribes is the federal deficit.
Brinkley (2002, p. A18) has described the problem:

‘When the abandoned mine trust fund was authorized, it was designated ‘on budget,’” as
are most government trust funds. That means the money is held in the government’s
general treasury pool, although it cannot be spent on anything else. When the Interior
Department asks to spend part of the fund, the request must compete with those from
every other program in the department. Any increase in spending must be offset by a
decrease somewhere else. A result, federal officials acknowledge, is that the money is
held back to help lower the budget deficit.”
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An additional problem with the fund is that the states that produce the most coal get
most of the money in the fund. “The result: about two-thirds of the program’s funds are
designated for states in the West. Yet 93% of the problems that remain — acid-tainted
streams, underground fires, gaping holes and other hazards that would cost an
estimated $6.6 billion to fix — are east of the Mississippi” (Fialka, 2003, p. A1).

The failure to adequately fund the AML program is surprising because “the
hazards are likely to grow more dangerous and expensive. Nationwide, the US DOI
estimates that 3.5 million Americans live less than a mile from hazardous abandoned
coal mines, a figure that will rise as housing construction continues to spread into the
countryside. And the shafts below get ever more unstable ...” (Fialka, 2003, p. A10). In
Oklahoma, surface subsidence over abandoned underground coal mines has recently
damaged property in Wilburton and Tulsa.

Continue north (soon to be northeast) on Oklahoma Highway 31.

2.2 0.7 Spoils pile on right (south) side of highway. Here, the strip-mined
McAlester (Lehigh) coal dips northwest and is on the northwest flank of the northeast-
trending Coalgate Anticline (Fig. 14). Coal, black organic shale, and carbonized plant
fossils are abundant on the spoils pile.

29 0.7 The low ridge to the left (northwest) is underlain by the basal sandstone of
the Savanna Formation. For the next approximately 4 mi, the highway is parallel to the
McAlester - Savanna contact.

55 2.6 Cairo Corner. Intersection with Oklahoma Highway 131 (straight ahead)
and Oklahoma Highway 31 to left (north). Continue straight ahead on Oklahoma
Highway 131.

6.4 0.9 "Village" of Cairo. Enter Coalgate Northeast gas field, which was
discovered by the Ran Ricks No. 11-A McEntire (CS/2NW'asec. 11, T.1 N,,R. 11 E.)
in 1978. This well was completed in the Wapanucka at about 8400 ft deep. The Atoka
and Cromwell also produce gas in the field. As of November 2002, the field had
produced about 634 mmcf gas and was still producing about 27 mcf gas annually (data
courtesy |IHS Energy).

7.0 0.6 Sandstone to right (southeast) is basal sandstone in Savanna Formation.

9.0 2.0 Steeply (65°) dipping sandstone to right (southeast) is either uppermost
Savanna sandstone or basal Boggy sandstone (Bluejacket Member).

94 04 Leave Coal County, enter Atoka County. Continue on Oklahoma Highway
131. The highway is now in the Boggy Formation.
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12.5 3.1 Ranch house on ridge on right (southeast). The ridges in this area are
long and linear and typically are undertain by sandstone beds in the Boggy Formation.
In detail, however, the ridges are discontinuous (Fig. 21); this probably results from
strata that are sandstone-rich (prominent ridge) grading laterally into strata that contain
significant amounts of siltstone or shale (subdued or no ridge).

About 0.5 mi south of the ranch house is the Wardville South gas field. Gas was
discovered by the Enron No. 21-1 Overstreet (NWV4SE4SEY. sec. 21 T.2 N.,, R. 12 E.)
in 1995 in the Hartshorne. The Booch also produces gas in the field.

13.7 1.2 Small community of Wardville on left (north). Continue on Oklahoma
Highway 131.

14.7 1.0 The high ridge on the skyline at about 1:00 is underlain by Atoka
Formation sandstones in the OQuachita Mountains.

The highway here is near the center of the Wardville gas field which was
discovered in 1996. The discovery well for the field is the Enron No. 10-1 Thompson
(S2SEVaNEY4 sec. 10, T. 2 N., R. 12 E.) which was completed in the Hartshorne at a
depth of about 3700 ft and in the Booch at about 3300 ft. In addition to these units, the
Savanna and Atoka also are productive. As of November 2002, the field had produced
just over 1 bcf gas and was continuing to produce about 111 mcf gas annually (data
courtesy IHS Energy).

18.6 3.9 Cross old railroad grade and begin gentle climb up sandstone-supported
ridge. The railroad grade and flat area to the west are underlain by the Boggy
Formation; the ridge-forming sandstone is in the Savanna Formation. The railroad is
shown as the Chicago, Rock Island, and Pacific by Hendricks (1937a, pl. 1); it served
many of the coal mines in this area and is parallel to the outcrop of the McAlester coal
and Highway 63 about two miles east of Kiowa (see below).

19.3 0.7 Intersection with U.S. Highway 69. Turn left (north).

The low ridge about 0.4 mi. east of the intersection is the steeply west-dipping
Hartshorne Formation (basal Desmoinesian). Suneson (1998, p. 30-33) described the
Hartshorne Formation in this area and interpreted most of it to consist of delta-front
sediments.

20.5 1.2 Leave Atoka County, enter Pittsburg County.
The one-well Reynolds gas field is just to the east. It was discovered in 1980 by
the Hamilton Brothers No. 1-3 Hamilton Vaughan — Duvall (EV2E2WV2NE V4 sec. 3, T. 2

N., R. 13 E). The producing formation is the Wapanucka Limestone at a depth of about
11,000 ft.
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125, B ; 2d on Knect 7) who located it at the top of the
sandstone in the Savanna Formation. Modern geologic maps show the contact at the base of the
Bluejacket Sandstone Member of the Boggy. Many of the linear ridges (dashed lines) that parallel the
highway are underlain by sandstone beds in the lower part of the Boggy. The discontinuous nature of the
ridges is evidence that the sandstone beds also are discontinuous.
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Kiamichi Energy Facility

The power plant on the left (west) is the Kiamichi Energy Facility, a 1250-mw natural-gas-fueled
power plant. The plant cost $350 million to design and build; construction started in July 2001 and is
scheduled to be completed in June 2003. Electricity from the plant will meet the energy needs of more
than a million homes.

The natural gas to fire the plant is being supplied by Coral Energy of Houston, Texas. Coral is a
subsidiary of Shell.

For the next two miles, the highway crosses moderately northwest-dipping
Savanna Formation. The relatively flat area to the east is underlain by the shale-
dominated McAlester Formation.

223 1.8 Lowridge is underlain by northwest-dipping sandstone in the Savanna
Formation. The basal Bluejacket Sandstone Member of the Boggy Formation is thin,
poorly exposed, and marked by a very low discontinuous ridge in this area. Hendricks
(1937a) included the shale above this sandstone in the Boggy; Marcher and Bergman
(1983) (based on Jones, 1957) follow modern terminology and include the shale above
this sandstone in the Savanna.

229 0.6 Highway crosses unexposed Bluejacket Sandstone.

23.8 0.9 Intersection with Oklahoma Highway 63 near center of Kiowa. Turn right
(east) on Oklahoma Highway 63. Reset odometer to 0.0.

0.5 0.5 Just past the high school, highway crosses back into Savanna Formation.

0.7 0.2 Outcrop of uppermost(?) sandstone in Savanna Formation dipping 16° to
northwest. Weathered chert fragments (probably Ordovician Bigfork Chert or Devonian
Arkansas Novaculite) as large as 1/8 in. in diameter are present in coarse-grained
sandstone near the base.

1.3 0.6 Highway crosses into the McAlester Formation. It also crosses over a
large underground coal mine (McAlester — Edwards Coal Company No. 1 mine) that
mined the McAlester coal.

(following page) Figure 22. Map showing the location and extent of underground coal mines along field-
trip route between Kiowa and Blanco (from Hendricks, 19373, pl. 7). The road shown on this map is
essentially the same as Highway 63 and mileages shown refer to those in text. The Chicago, Rock Island
and Pacific Railroad is also shown (mile 18.6, p. 38). The McAlester coal was extensively mined
northwest of Pittsburg; only two relatively small mines south and southwest of Blanco produced the
Hartshorne coal.
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1.8 0.5 Entrance to the McAlester - Edwards No. 1 mine and outcrop belt of the
McAlester coal (Fig. 22). This mine was active in 1930 (Hendricks, 1937, p. 57), but
there is no longer any trace of the coal mine workings.

The area near the outcrop belt of the McAlester coal between here and mile 8.0
at Blanco is one of the Oklahoma Conservation Commission’s Abandoned Mine Land
planning units. The area is prone to subsidence over abandoned coal mines, contains
open shafts and inclines and gob piles, and is locally littered with old mining equipment
and debris.

3.0 1.2 Highway 63 turns left (north) just north of small town of Pittsburg. Continue
on Oklahoma Highway 63.

The trace of the Choctaw Fault, which separates the Arkoma Basin and Ouachita
Mountains geologic provinces, passes through Pittsburg.

The large Pittsburg gas field surrounds the town of Pittsburg.
Pittsburg Gas Field

The discovery well for the Pittsburg gas field is the Hamilton Brothers No. 1
Chitty - Scott located in the NEV4aNEV2SW'4NEYz sec. 30, T. 3 N., R. 14 E. The well was
completed on February 6, 1979; the Wapanucka Limestone and Cromwell Sandstone
were found to be productive at depths of about 9400 and 10,300 ft, respectively. As of
1990, the field was about 23 square miles in area and included 28 producing wells (27
Wapanucka completions and 10 Cromwell completions) (Suneson and others, 1990, p.
41). The Woodford, Hunton, and Spiro also are productive (Richardson, 1986). Boyd
(2003) shows the Pittsburg field to be about the same size.

Hardie (1988) characterized the subsurface geology of the Pittsburg field as an
"incipient triangle zone" dominated by north-vergent thrust faults (e.g., Choctaw Fault),
but including a shallow south-vergent thrust fault in the lower part of the McAlester
Formation and deeper blind south-vergent thrust faults that form anticlinal traps in the
Wapanucka. Gas production is from fractures (Richardson, 1986). To date, the
Cromwell Sandstone in the Pittsburg field has not been described.

As of November 2002, the Pittsburg field had produced just over 77 bcf gas and
was continuing to produce about 2 bcf gas annually (data courtesy IHS Energy).

The Cromwell Sandstone in the Pittsburg field is thinner than it is in the Fitts
(Jesse) and Centrahoma fields (compare Figs. 11, 12, 16, and 17 with 23 and 24; also
Andrews, 2003, pl. 1). In addition, the base of the Cromwell in the Pittsburg field is more
abrupt and less gradational than it is at Fitts (Jesse) and Centrahoma. This may be the
result of scour and rapid filling of channels eroded into the offshore bars (Bouma and
others, 1982) or scour and subsequent deposition by storm or tidal currents (Galloway
and Hobday, 1983). The log pattern also resembles that which is typical of some parts
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Cotton 1 Hodgens
Pittsburg Field
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Figure 23. Part of electric log from Cotton Petro orp. {odgens (! /4 S

R. 14 E., Pittsburg field). Shale at about 10,960 ft separates the Cromwell into upper (40 -ft- th|'ck) and
lower (50 -ft-thick) parts. Both Cromwell intervals coarse upward, as is typical of marine-bar deposits. The
Union Valley limestone is absent. The well produces gas from the Cromwell and Wapanucka.

of submarine fans; thus, it is also possible that the Cromwell Sandstone in this part of
the Arkoma Basin was deposited by turbidity currents.

3.5 0.5 Turnright. The McAlester — Edwards Coal Co. mine no. 2 (Fig. 25) was
located a couple of tenths of a mile to the west.
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Figure 24. Part of electric log from Cotton Petroleum Corp. No. 1 Hopper (C NW'2sec. 15, T. 3 N., R. 14
E., Pittsburg field). The Cromwell Sandstone extends from about 11,580 to 11,660 ft and may be divided
into upper and lower parts by the shale-rich interval at 11,610 to 11,625 ft. The base of “both” Cromwell
sandstones is relatively abrupt. The Union Valley limestone is absent. The well was dry.

For the next several miles, Highway 63 parallels the outcrop of the McAlester
coal (Fig. 22). The entrances to several underground mines are located very near the
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highway, and surface evidence for the workings is still present. In addition, the Chicago,
Rock Island and Pacific Railroad grade that served the mines is also still visible at many
places along the highway.

42 0.7 Ruins of Pittsburg - McAlester Coal Co. No. 4 mine on left (north) (Fig.
26). (This mine is also referred to as the McAlester — Edwards No. 4 mine in Hendricks’
(19374, p. 58) text.)

54 1.2 Ruins and spoils piles of Blanco Coal Co. No. 3 mine on right (south) (Fig.
27). This mine, like those just passed, were active in 1930.

6.3 0.9 Spoils pile of Blanco Coal Co. No. 2 mine on right (south). Northeast of the
Blanco Coal Company No. 2, the McAlester coal generally is too thin to have been
economic to mine.

6.9 0.6 Section line road to right (south). The low ridge immediately north of the
highway is underlain by the basal sandstone of the Savanna Formation.
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Figure 26. Ruins of
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