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Figure 4. Map of Arkoma Basin and Quachita Mountains showing major structural features, numbered well locations, and ref-
erence line(s) that approximate breakout orientations. Circled well locations did not show a preferred breakout orientation.

breakouts/feet logged” and “feet of breakouts/feet
logged” reflect how much breakout is present in a well
(over the interval logged) and is another qualitative indi-
cator of data quality. Large numbers in these columns
indicate that breakout zones are common; small num-
bers indicate that breakout zones are rare.

Figure 5 is a series of rose diagrams showing the direc-
tion of breakout for the 24 wells used in this study. The
upper hemisphere is based on the number of feet of
breakout over the logged interval; the lower hemisphere
is based on the number of breakouts. The heavy lines
plotted on the outside of the rose diagrams (Fig. 5) also
are plotted in Figure 4 through the welllocations and are
used merely as a reference line; they may represent the
approximate breakout direction(s) but have no statistical
significance. The data for three wells (nos. 19, 23, and 24)
were too scattered to determine an approximate break-
out direction.

Figure 6 is a histogram of the interpreted approximate
breakout directions shown on Figure 5 (rounded to the
nearest 10°). Some wells showed more than one break-
out direction; both are plotted on Figure 6. The most

common breakout direction is N. 20° E., and nearly 70%
of the wells had a breakout direction of N. 20° E. = 20°.
The N. 20° E. direction becomes more significant if sev-
eral apparently anomalous “breakout” directions are
considered. The N. 60°W. and N. 30°W. directions occur
in well no. 21. This well is highly deviated (maximum 23°)
(Table 1), and the borehole was extremely irregular, sug-
gesting that the data may be in error. The two N. 20° Ww.
directions were from wells (nos. 2 and 5) that also
showed N. 10° E. and N. 20° E. breakout directions, sug-
gesting that the N. 20° W. directions may represent pre-
existing fractures or joints. The N. 80° E. direction is also
from a well (no. 14) that showed a N. 20° E. breakout di-
rection and may represent preexisting fractures. The N.
20° W. and N. 80° E. directions are perpendicular and
parallel, respectively, to the general structural grain of
the Ouachita tectonic belt in this area; fractures with
these orientations are not unlikely. If the anomalous data
from wells nos. 21, 2, 5, and 14 are eliminated, all the
breakout directions for the 21 wells for which an approxi-
mate direction could be determined are from N. 10° W.
to N. 40° E. and 85% are N. 20° E. + 20°.
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TABLE 1. — WELLBORE-BREAKOUT DATA, ARKOMA BASIN AND OUACHITA MOUNTAINS » OKLAHOMA

N
S &
5 o & S o AN
& @ $. ;fQ 4’? y 7 §$ égy S
§ fo &F & & &7 FHF
é? 5 ; 4,‘&@ 5 g’o & & ~é& &
& Date  Depth S IS & & & &8
& Well logged logged & & & °§' S& &
< (operator, no., farm)  County Sec./T./R.  molyr (v ¥ FTY L& & & &8
1 Grace 1 Mitchell Pittsburg 8/5N/14E 7/80 7,400-9,850 2.5 11 79 C 5 3
2 Beren 1-30 Turner Pittsburg 30/5N/15E  10/81 1,785-3,615 2 7 97 C 4 5
3 Samson 1Bobo Pittsburg 16/5N/17E  7/78 8,200-9,351 5 4 73 C 4 6
4 Beren 1-1Alexander Pittsburg 1/4N/14E 4/81 2,483-3,183 35 6 72 B 9 10
5 Kerr-McGee 1-31 Pittsburg 31/3N/14E  6/79 54-2,642 2.5 7 65 C 3 3
Lee Scott
6 Getty 1-14 Sweetin Pittsburg 14/3N/15E  7/822 12,380-13,860 7.5 5 31 B 3 2
7 Texaco 1-16 Isbell Pittsburg 16/3N/5E 2/85 5,966-13,852 13 6 186 B 1 2
8 Exxon 1 Circle F Latimer 22/6N/21E 1/86 9,000-12,875 4 14 118 C 4 3
Ranch
9 ARCO 1 Sharp * Latimer 2/5N/17E 11/88 13,800-15509 3 18 226 B 11 13
10 ARCO 3 Costilow Latimer 14/5N/18E 5/88 13,054-14,140 7 12 73 A 11 7
11 ARCO 2 Yourman Latimer 15/5N/18E  6/87 10,820-11,246 2 1 16 B 2 4
12 ARCO2-16 Latimer 16/5N/18E  6/88  12,787-13,961 3 6 22 B 5 2
Kilpatrick
13 ARCO 2 Fazekas Latimer 17/5N/18E  12/87 12,958-14,990 4 8 57 B 4 3
14 ARCO 2 Bennett Latimer 19/5N/18E 9/88 11,500-13,476 6 5 41 C 3 2
State
15 ARCO 2 Paschall Latimer 21/5N/18E 10/88 13,154-14,256 11 5 24 B 5 2
16 Shell 32-27 Williams Latimer 27/5N/19E  12/80° 1,190-14,294 7 49 679 B 4 5
17 ARCO 1 Hart Latimer 6/4N/19E 1/89 15,400-17,764 12 41 759 A 25 46
18 Exxon 1 Retherford Latimer 5/3N/18E 1/84 1,943-7,352 6 25 167 C 5 3
19 Getty 1 Calhoun Le Flore 2/7N/24E 3/80 4,202-9,649 4.5 4 211 C 1 4
20 Sohio 1-7 Le Flore 7/IN/23E  5/87 623-8,015 45 23 621 C 3 8
Weyerhaeuser
21 ARCO1-19Ingersoll Atoka 19/IN/13E  10/87 12,600-15,060 23 32 971 D 13 39
22 Exxon1-“A” Mullin  Atoka 32/3S/11E  1/78 9,070-13,188 55 48 364 C 12 9
23  Sohio 1-29 Trotter Pushmataha 29/1N/18E  4/84P 650-6,798 8 4 26 C 1 0
Dees
24 Jones & Pellow Pushmataha 27/1S/15E  9/81 6,225-10,467 7.5 8 56 C 2 1
27-1 Smith
4Spud date. Log date not given on log. BDate of last log.

Figure 5 (opposite page). Rose diagrams showing breakout orientations for wells shown in Figure 4. Upper hemisphere shows
total feet of breakout; lower hemisphere shows number of breakouts. Heavy lines just outside diagram are reference lines that
visually approximate average breakout orientations, but have no statistical significance. These lines are the same as those
plotted on Figure 4.
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Interpretation

Based on 20 wells for which good
and consistent borehole-elongation data
were available, the approximate average
breakout direction in the Arkoma Basin
and Ouachita Mountains in Oklahoma is
N. 20° E. This finding suggests that Sy ,,,,
(and the orientation of induced hydraulic
fractures) is N. 70° W. (west-northwest).
This direction is significantly different
from the east-northeast direction found
by Zoback and Zoback (1991) and Zoback
(1992a) for the “midplate stress province”
of the North American plate. qu

Anomalies in regional in-situ stress ori-
entations are not uncomimon. Bell and
others (1992) discussed three alternatives
to explain the anomalous stress regime in
the southwestern part of the Aquitaine
Basin, France: (1) boundary zone between
anorthern European stress province and a Pyrenean
stress province, (2) geomechanical discontinuities in the
structurally complex Aquitaine Basin, and (3) weak hor-
izontal-stress anisotropy. None of these explanations
satisfactorily explains the anomalous Arkoma Basin-
Ouachita Mountain stress direction. Unlike the Pyre-
nees, the Ouachita Mountains are not actively overriding
the Arkoma Basin. Breakout direction in the structurally
complex Ouachita Mountains is the same as that in the
structurally simple Arkoma Basin. The widespread and
relatively consistent west-northwest direction suggests
that horizontal stresses are unequal in magnitude but
uniform in direction. )

Zoback (1992a) discussed several “second-order
stress sources” that affect regional stress patterns. Those
that are associated with flexural stresses include “sed-
iment loading, particularly along continental margins;
glacial rebound; seamount loading; and the upwarping
of oceanic lithosphere oceanward of the trench” (p.
11,720). These processes occur in areas of active tecton-
ics and/or sedimentation and are not relevant to the

" Atkoma Basin-Ouachita Mountains. Zoback (1992a) also
suggested that buoyancy forces related to lateral differ-
ences in crustal density can affect regional stress pat-
terns; however, all the examples cited are from areas of
active tectonism. Lateral crustal-strength contrasts are
restricted to transform plate boundaries, such as along
the San Andreas fault.

The origin of the west-northwest S;,,.,, direction is un-
known. One possibility is that it is related to the -110-
mgal east-northeast-trending gravity low centered in the
Ouachita Mountains just southeast of the Potato Hills
(Kruger and Keller, 1986). This minimum is probably
caused by a structurally(?) thickened Carboniferous sedi-
mentary section in conjunction with an upper- and/or
lower-crustal downwarp (Kruger and Keller, 1986, p. 683).
A possible objection to the gravity minimum as a cause
for the anomalous S, ,,,, direction is that well number 20
is located near the center of the minimum, whereas all
other wells are on the steep north flank of the minimum.
Future work, particularly in areas south of and outside
the gravity minimum, may clarify whether it is the cause

NUMBER OF WELLS
- N W H» OO N OO

N. H. Suneson

BREAKOUT ORIENTATIONS
Figure 6. Histogram of approximate breakout orientations.

of the anomalous stress orientation in the Arkoma Ba-
sin—-Ouachita Mountains area.
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Paleozoic Rocks of the Western Frontal Ouachita Mountains
and Arkoma Basin, Arkansas: Summary

Charles G. Stone
with the cooperation of
Bovyd R. Haley

Arkansas Geological Commission
Little Rock, Arkansas

GEOLOGIC SETTING

Paleozoic rocks in the western frontal Ouachita
Mountains are intricately folded, complexly thrust-
faulted, and mildly to severely sheared. The exposed
rocks are mostly Devonian through Middle Pennsyl-
vanian and include the Arkansas Novaculite, Stanley
Shale, Jackfork Sandstone, Johns Valley Shale, and Atoka
Formation. Most of these rocks are considered to be of
deep-marine origin. Their thickness ranges from ~50,000
ft in the south to <30,000 ft along the northern part of the
frontal Ouachita Mountains. The effects of the late Pa-
leozoic compressional forces that formed the Ouachita
Mountain fold belt also lessen in intensity toward the
north. Rock types in decreasing order of abundance are
shale, sandstone, siltstone, chert-novaculite, conglomer-
ate, tuff, and limestone.

In the southwestern Arkoma Basin there are expo-
sures of thick, interbedded sequences of deep-marine
sandstone and shale of the lower Atoka Formation (Mid-
dle Pennsylvanian). These lower Atokan rocks grade and
thin toward the north across postulated large, “buried,”
generally downthrown-to-the-south growth faults into
shallow-marine and deltaic facies. Thin to thick intervals
of shallow-marine and deltaic sandstone, shale, and
some thin coal beds occur in the overlying middie and
upper Atoka, Hartshorne, McAlester, and Savanna For-
mations—all of Middle Pennsylvanian age. In places the
stratigraphic succession is disrupted by large, mostly
northward-translated thrust plates. The strata are usu-
ally inclined rather steeply along the crests of anticlines
and gently in the broader synclines.

GAS AND COAL PRODUCTION

Since the discovery of the shallow Mansfield gas field
in March 1902, many hundreds of shallow to rather deep
wells have been drilled, and considerable dry-gas re-
serves have been proved in the western Arkoma Basin of
Arkansas. Most gas production has been from shallow-
marine and deltaic sandstone sequences of the Atoka
(Middle Pennsylvanian) and Hale Formations (Early
Pennsylvanian). Some gas production, however, has

been from proximal deep-marine sandstone of the lower
Atoka Formation and older platform limestone and chert
sequences. Future natural-gas exploration should be
focused primarily on deeper drilling targets. Drilling ac-
tivities will be strongly aided by seismic evaluations to
pinpoint growth faults, stratigraphic traps, unconformi-
ties, depositional trends, and other features.

Low-volatile bituminous to semianthracite coal has
been mined in the western Arkoma Basin of Arkansas
since 1840, although large-scale production did not be-
gin until about 1880. The most productive coal seam—
the lower Hartshorne coal—underlies alarger area than
any other coal in Arkansas. It averages about 3 ft thick,
but locally exceeds 8 ft. Whereas in 1958 there were some
44 active coal mines in or near this area, at present there
is but one underground mine near Hartford, Arkansas,
and a few small surface ventures. The coal reserves and
recoverable reserves are estimated at 2,080 and 1,040
million short tons, respectively.

RESULTS OF RECENT GEOLOGIC MAPPING

Many of the maps and illustrations shown in the poster
session accompanying this meeting were generated by
an intensive 7Y%-year field and aerial-photographic map-
ping project undertaken by Boyd R. Haley and me in
central and west-central Arkansas. This program was
part of a still larger cooperative venture (COGEOMAP)
with the Oklahoma and the U.S. Geological Surveys that
was designed to generate geologic maps and reports pro-
viding information on the complex structure, stratigra-
phy, and mineral resources in the Quachita Mountain
orogen. In addition, important biostratigraphic evalua-
tions of the lower Paleozoic strata of the Ouachitas in-
clude studies by Ray Ethington and Jim Stitt (University
of Missouri~Columbia), John Repetski (U.S. Geological
Survey), and others.

In Arkansas, 178 geologic maps have been completed
at a scale of 1:24,000 and then reduced and compiled for
publication at a scale of 1:100,000. A few of the many
geologic features that are newly illustrated in the western
frontal Ouachita Mountains and Arkoma Basin on the
COGEOMAP maps include (1) the duplex, triangle, or

Stone, C. G., 1994, Paleozoic rocks of the western frontal Ouachita Mountains and Arkoma Basin, Arkansas: summary, in Sune-
son, N. H.; and Hemish, L. A. (eds.), Geology and resources of the eastern Quachita Mountains frontal belt and southeastern
Arkoma Basin, Oklahoma: Oklahoma Geological Survey Guidebook 29, p. 293-294.
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“teepee” nature of the structure in Atokan rocks along
Dutch Creek in Scott and Yell Counties; (2) revisions of
the Choctaw “frontal” thrust-fault zone west of Waldron,
Scott County; (3) décollements in the Stanley Shale west
of Potter, Polk County; (4) complex backthrusting at a
number of sites—east of Acorn, Polk County, and else-
where; and (5) curious lineaments trending northwest
and northeast noted on aerial photographs at several lo-
calities in western Polk County.

In addition, the poster session includes several theo-
retical cross sections depicting the depositional systems
and structural origins of the Ouachita Mountains and Ar-

C. G. Stone

koma Basin beginning in early and extending through
late Paleozoic time. The thin, preflysch, lower Paleozoic
strata of the Ouachita trough record the development of
the broader early basin from a continental rift into a nar-
rower but deep ocean basin. Extensive late Paleozoic
compressional forces along the southern margins of the

- basin aided in the northward deepening and migration

of the Ouachita trough while >45,000 ft of Carboniferous
deep-marine turbidites were deposited. Eventually, in
very late Paleozoic time, the Quachita Mountains were
further thrust-faulted and uplifted into a complexly de-
formed mountain range.



