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SUBSURFACE GEOLOGY AND PETROLEUM
POSSIBILITIES OF NORTHEASTERN ARKANSAS

by
William M. Caplan
ABSTRACT

The twenty-seven counties studied have an aggregate
area of 17,000 square miles, containing 418 exploratory wells
for a drilling density of one well to 40 square miles. No oil
or gas is produced in these counties. The area lies in the
upper Mississippi embayment of the Gulf Coastal Plain. Pre-
sumably the embayment is of post-Comanchean age, formed by
differential movements along pre-existing lines of weakness
inherent in early Paleozoic or basement rocks.

No Comanchean sediments are believed present in the
embayment north of Township 9 or 10 South. Upper Cre-
taceous (Gulf) sediments of Austin, Taylor and Navarro ages
exhibit a normal marine cycle in the embayment, being repre-
sented by a basal marginal sand, a series of onlapping beds,
and regressive deposits resulting from an apparently com-
plete withdrawal of the sea. These sediments aggregate 1100
feet in thickness in the Desha basin which centers in Desha
and Lincoln Counties. Progressive loss of formations updi
results from onlap rather than from thinning of individua
beds. In a narrow zone parallel and adjacent to the Fall
Line, pre-Midway erosion has removed all Cretaceous de-
posits. Downdip, near the embayment trough, Ripley, Selma
and Eutaw facies of western Tennessee and norlzwestern
Mississippi dominate the Cretaceous section. The basal
marginal unit, varying in age from Austin, near the embay-
ment trough to Navarro, updip, is the most prospective post-
Paleozoic reservoir in northeastern Arkansas.

The next most likely post-Paleozoic reservoir is the
Nacatoch sand. Reef-type limestones are present in the
Nacatoch in Crittenden and Poinsett Counties. In Desha
County, the ““Monroe gas rock” facies occurs sporadically in
the Nacatoch section. Faulting may have affected the
Nacatoch in Woodruff County. Tertiary and younger sediments
overlie the Cretaceous in the embayment but are not pros-
pective reservoirs.

The embayment lies within the structural and strati-
graphic influences of the Ozark uplift, the Arkansas basin
and the Quachita Mountains. Correlations of pre-Atoka rocks
with equivalent rocks of adjacent states indicate that treat-
ment of the embayment on a regional rather than a local basis
is valid. Ozark facies rocks in the embayment rise structurally
to the north and are truncated in that direction so that north-
ward progressively older Paleozoic rocks immediately underlie
Cretaceous rocks present, Maximum development of the Ozark
uplift in the embayment is indicated by a truncated belt of
Siluro-Devonian rocks, thought to be overlapped downdip by
the Chattanooga shale. The base of the Chattanooga marks a
major unconformity of regional dimensions,

Porous, truncated Ordovician and Siluro-Devonian rocks
wedged out beneath the Chattanooga would make excellent
reservoirs. The St. Peter sandstone is considered prospective
in the embayment. Cambro-Ordovician rocks present, in-
clusive of Powell, are presumed equivalents of the Knox
dolomite, recently reported as productive of oil in north-

xiii



eastern Mississippi. Sands in the Atoka formation, as pro-
jected from the Arkansas Valley into the embayment, may be
prospective for gas. The Atoka produces dry gas from {ligh
carbon ratio areas in western Arkansas. Quachita facies
rocks in the embayment are not now considered potential
reservoirs’,
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INTRODUCTION

This report presents a current interpretation of data derived
from a continuing study of the Paleozoic and Cretaceous forma-
tions occurring in the subsurface of northeastern Arkansas. The
study, which is being sponsored by the Arkansas Resources and
Development Commission, Geology Division, has as its ultimate
goal the location of stratigraphic or structural features in the sub-
surface of northeastern Arkansas that may be conducive to the
accumulation of oil or gas in commercial quantities.

The area included in this report (Fig.1) lies in the Gulf
Coastal Plain province of Arkansas and consequently in the
western portion of the upper Mississippi embayment.

Data from twenty-seven counties were used in the course
of this study., These counties aggregate some 17,000 square
miles within which 418 exploratory wells and stratigraphic tests
have been drilled to the present time. The resulting drilling
density of one well to approximately 40 square miles fails to
present the exploration pattern in northeastern Arkansas in its
proper perspective. The well location map (Plate I) indicates
diagrammatically both the relative scarcity of total drilling in the
area and the preponderance of drilling in certain counties within
the area.

Neither oil nor commercial gas production has resulted to
date from exploratory drilling in northeastern Arkansas, although
a number of shows of each have been reported. Such oil and gas
shows have been attributed to formations ranging in age between
Pennsylvanian (Atoka) and Eocene (Wilcox). With few exceptions
these reported shows have not been specifically treated herein,
as the writer has not been able to substantiate them.

Of the 418 wells in these counties, approximately one-third
have been deep enough to encounter a formation of Paleozoic age.
The majority of wells drilled to the Paleozoic have been abandon-
ed at, or slightly below, the point at which Paleozoic rocks were
first encountered. Only eight wells have penetrated more than
one Paleozoic formation.

lBenedum-Treas 0il Company No. 1 Mack, sec. 3, T. 15N, R. 12E, Missis
sippi County; T.D. 4535 ft.

Tennark, Inc. No. 1 Martin, sec. 35, T. 14N, R. 3E, Craighead County;
T.D. 5092 ft.

Arkansas 0il Ventures, Inc. (Deardorf) No. 1 Doggett, sec. 31, T. 10N,
R. 3W, Jackson County; T.D. 3029 ft. This well is presently being deepened.

R. L. Jones (Tubular Service) No. 1 Norris, sec. 17, T. 12N, R. 4W, In-
dependence County; T.D. 670 ft.

M. E. Davis No. 1 DeMange, sec. 28, T. 8N, R. 7E, Crittenden County;
T.D. 5020 ft.

Manning and Martin No. 1 Park-Gieseck, sec. 4, T. 6N, R. 5E, Cross
County; T.D. 4451 ft. Plattin lime one was encountered at 3275 ft., followed
by 1176 ft. of dolomitic limestone that may include Plattin, Rock Levee, Joachim
and Dutchtown.

C. R. Craft Associates Co. No. 1 J. A. Hinkle, sec. 23, T. 11N, R. 4W,
Independence County. This proposed 5000 ft. test is now drilling,

Magnolia Petroleum Co. No. 1 Roy Sturgis, sec. 30, T. 9N, R. 3W, Woodruff
County. Now drilling.
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The number of wells usable for control purposes in this area
has been considerably limited by the failure of early operators to
preserve well samples or data; however, more care has been exer-
cised in this respect during the last few years. In drilling an
area such as this, where every well has a wildcat status, ade-
quate steps should be taken to insure the recovery of as much
subsurface data as is practical from a well. This is especially
important to operators who are planning a multiple well drilling
program within a relatively limited area.

The Cretaceous sediments present, being predominantly
chalks and marls, are prone to washing out during drilling. As a
result, well cuttings from the Cretaceous section may be inter-
preted as coming from a rubble zone, thereby suggesting uncon-
formities which are not present. Flectrical logs are of particular
value in helping to delimit the Cretaceous and younger formations.
Core drilling may be used to considerable advantage through the
younger sedimentary sections to aid in the establishment of key
beds whose presence might otherwise be obscured inwell cuttings
by caved material. Magnetometer surveys can be of value in this
region for generally localizing prospective drilling areas or for
determining the locations of traverses for more detailed surveys
by seismograph profiling. Insofar as seismic prospecting is con-
cerned, the upper Mississippi embayment has been classed by the
Society of Exploration Geophysicists as an area where reflec-
tions of good quality may be obtained by methods in general
use (Murphee, 1952, p.119).

Magnetometer, seismograph and gravimeter surveys have
been and are currently being run in northeastern Arkansas by
various companies. Although their specific results have not been
made available, the continuance of such surveys appears to de-
note usable results.

As can be seen on the Paleozoic Contour Map, Plate II (in
pocket), a slim-hole drilling program could be used over a fairly
extensive region. Wells of this type are not only cheaper to drill
but could be converted to production.

Certain unsubstantiated and, at least in part, erroneous
ideas have hindered petroleum exploration in this area to & large
extent., Qutstanding among these are: (1) the tendency to accept
carbon ratio values based upon regional patterns as absolute
measures of productive ability within limited areas, (2) the pre-
sumption that no source beds are present within the Creta-
ceous section, (3) the assumption that the presence of fresh
water, found sporadically in the Cretaceous Nacatoch formation,
condemns that formation as a potential reservoir, and (4) the
prevalent idea that the attainment of a Paleozoic formation in a
northeastern Arkansas well is equivalent to encountering base-
ment rock and is a signal for abandonment. With regard to the
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latter point it is true that Paleozoic black shale sections un-
doubtedly achieve large aggregate thicknesses under portions of
northeastern Arkansas. The assumption that they will persist
beyond reach of the drill wherever encountered is not justifiable,
even on the basis of the limited definitive data now available.
The negative attitude toward such areas fails to realize the possi-
bilities for production from sands or other potential reservoir
beds contained within these shale sections.

Because of the limited nature of existing subsurface well
control in northeastern Arkansas, it has been necessary in this re-
port to treat the area as part of a regional pattern rather than to
attempt comprehensive localization of subsurface features. This
treatment is considered valid in view of similarities in structural
and stratigraphic relationships occurring between Arkansas and
adjacent states. The Cretaceous and Tertiary formations can be
traced across the embayment into adjoining states with consider-
ably more assurance than can be accorded the Paleozoic sedi-
ments. Paleozoic formations encountered in wells drilled in
northeastern Arkansas indicate that the pattern of outcrops from
the vicinity of Batesville, in Independence County, eastward to
the Fall Line, may be the key to a considerable number of prob-
lems complicating the Paleozoic section in the embayment. Since
it is anticipated that some readers of this report may not be fa-
miliar with the expression ‘“‘Fall Line’’ as just used, and as will
be used throughout the following text, it seems appropriate to
define it at this point. As can be seen on the Arkansas State
Geological Map, a well defined line of demarcation trends gener-
ally northeast-southwest across the state from Sevier County to
Clay County, dividing the state approximately in halves. This
“Fall Line’’ serves to separate the region of Paleozoic outcrops
of various ages, on the west, from the unconsolidated, younger
sediments of the Gulf Coastal Plain, on the east.

In the preparation of the text and associated data, well
samples were examined in conjunction with electrical logs when-
ever possible. Drillers’ logs have been used to some extent but
only where they could be interpreted with reasonable assurance
by comparison with more valid data from near-by wells.

Most of the well samples, electrical logs, drillers’ logs,
core logs and the variety of additional data used in the prepara-
tion of this report were drawn from the files of the Division of
Geology.

The interpretations presented herein are tentative and
subject to revision as additional information becomes available.
Correlations of the Cretaceous and younger sediments shown on
cross section A-A' (Plate V) are based essentially on the Phillips
Petroleum Company No. 1 Perthshire well, Bolivar County, Missis-
sippi, which is well Number 7 on the section. The geologic tops
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shown in the Perthshire well are somewhat modified after those
of the Shreveport Geological Society (1945, Pl. 2) which were
generally used as a guide in this well. Correlations of the
Cretaceous and younger sediments shown on cross sections B-B'
(Plate VD), C-C' (Plate VII) and D-D' (Plate VIII) are those of
the writer, Lithology in the Clay County Oil Company No. 1
Norred (well No. 1, PL. VIII) is modified slightly after that shown
on Missouri Geological Survey Log No. 8698, by Grohskopf and
Ostrander.
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REGIONAL STRUCTURAL RELATIONSHIPS

A. Mississippi embayment: The Mississippi embayment is
a structural depression whose narrow, northern tip extends to
Cairo, Illinois, and whose southern expression opens into the
Gulf Coastal Plain, dipping toward the Gulf of Mexico. The upper
Mississippi embayment, within which northeastern Arkansas lies,
is bounded approximately on the south by the 34th parallel and on
the north by the mouth of the Ohio River (Schneider, 1947, p.626).
The periphery of the upper Mississippi embayment can be traced
on the surface through eastern Arkansas, southeastern Missouri,
southern [llinois, western Kentucky, western Tennessee, north-
eastern Mississippi and northern Alabama by following the re-
spective Fall Lines in those states. Dips of the poorly consoli-
dated Cretaceous and younger formations forming the surface of
the embayment are essentially toward the southeast from Arkansas
to Illinois, toward the south from Illinois, and toward the south-
west from Kentucky to Alabama. Dips along the extent of the Fall
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Line through these states range upward to one hundred feet or
more per mile into the embayment, but lower dips, in the range of
thirty feet or less per mile, predominate. The upper Mississippi
embayment is bordered on the west by the Qzark and Quachita
structural provinces, on the north by the Eastern Interior basin,
and on the east by the Appalachian Mountain region.

The formation of the Mississippi embayment is believed to
have been initiated during the Cretaceous period at some time
prior to the deposition of earliest Upper Cretaceous sediments.
Probably the first stage of development was the southward down-
warping of the entire area now comprising the embayment. This
was followed by westward downwarping east of the present course
of the Mississippi River. The latter movement may be attributable
to structural adjustments resulting from the Appalachian orogeny.
Subsequent eastward downwarping in northeastern Arkansas re-
sulted in the formation of the Arkansas Coastal Plain and led
ultimately to the present configuration of the upper Mississippi
embayment. The structural axis or trough of the embayment,
which now approximates the course of the Mississippi River, is
indicated as having been some distance to the east initially,
reaching its present position through progressive westward move-
ment of depositional centers, This indication is based primarily
on the occurrences and relative thicknesses of Cretaceous sedi-
ments older than Austin age in Mississippi, Tennessee, Kentucky
and Alabama while sediments comparable in age are apparently
missing in northeastern Arkansas. Fast of the Mississippi River
the basal Upper Cretaceous Tuscaloosa formation has been found
as far north as Kentucky, while to date no sediments of Tuscaloosa
age have been positively identified in the subsurface of north-
eastern Arkansas. Tuscaloosa age sediments may eventually be
encountered under the Coastal Plain in the area here concerned,
but they will probably be confined to the deeper portions of the
Desha basin in Desha County. The absence of Tuscaloosa sedi-
ments in wells drilled in western Tennessee suggests limitation
of the encroaching Upper Cretaceous sea further to the east.
Therefore, deposits of Tuscaloosa age sediments would not be
expected in portions of northeastern Arkansas adjacent to western
Tennessee.

The prevalence of basal Upper Cretaceous sedimentation in
the eastern portion of the upper Mississippi embayment, as oppos-
ed to the apparent lack of it in the western portion of the embay-
ment, is taken here as an inference that the eastward component
of dip had not been initiated in the embayment area as late as
Upper Tuscaloosa time. Not until Tokio-Eutaw (Austin) time did
Upper Cretaceous deposits appear to transgress northeastern
Arkansas to any extent.



The previously noted migration of depositional centers
toward the west may have initiated eastward downwarping that
resulted in the development of the upper Mississippi embayment
in northeastern Arkansas. [t is the belief of some geologists that
the eastward component of dip of the Arkansas Coastal Plain is
due to small but persistent downwarpings along a northeast trend-
ing zone of weakness previously established in the basement
rocks during early Paleozoic time. Although downwarping of the
embayment area continued into the Tertiary period, the westward
shifting of depositional centers apparently ceased at some time
prior to deposition of the older sediments of the Midway group.
Both the Midway and Wilcox groups achieve their maximum thick-
nesses in the embayment area essentially along the present axis
of the trough. Born (1935) indicated the rapid thickening of these
groups toward the center of the embayment and also noted that
the Ripley sand in western Tennessee thickens to the west, prob-
ably indicating that the axis of the embayment had generally
reached its present position during Ripley time. In general, the
trough of the Mississippi embayment trends toward the northeast.
From present indications the axis of the embayment is not directly
under the course of the Mississippi River but is a few miles re-
moved to the west, at least in the vicinity of Memphis, Tennessee.

There is some possibility that Lower Cretaceous and Juras-
sic rocks related to those deposited in southwestern Arkansas
and northern Louisiana may have been deposited in northeastern
Arkansas. If this occurred, they must have been removed com-
pletely, or nearly so, during the post-l.ower Cretaceous (Coman-
chean), pre-Upper Cretaceous (Gulf) erosion interval following
the orogeny at the end of Comanchean time. Fvidences of near-
shore facies in much of the pre-Austin Mesozoic section of south-
western Arkansas and northern Louisiana seem to preclude the
deposition of sediments of Jurassic and Lower Cretaceous ages
in northeastern Arkansas. According to Spooner (1935, p.xxix),
the strand lines of the Comanchean sea were generally determined
by the trend of the Quachita Mountains. Therefore, sediments of
Comanchean age would not generally be expected under the Upper
Cretaceous and younger rocks of the Coastal Plain north of Town-

ship 9 or 10 South,

The Upper Cretaceous was essentially a period of crustal
stability during which marine deposition was predominant. How-
ever, continued downwarping of the Arkansas Coastal Plain was
taking place slowly along both its eastern and southern compo-
nents of dip, as evidenced by the progressive marine onlapping of
successively younger Upper Cretaceous formations both toward
the west and toward the north within the embayment. The thinning
of the Upper Cretaceous column northward and westward, toward
the head of the embayment and the Fall Line, respectively, is
related more to the transgressive overlapping of younger formations

-6 -



than to the thinning of individual beds within the Upper Cretaceous
section (Plates V, VI, VII, VIII). Transgressive overlap was ap-
parently the rule in the Mississippi embayment during Upper
Cretaceous time, although minor regressive phases may be more
numerous than now recognized. Possibly the best example of
a deposit attributable to regression in northeastern Arkansas
during this period is found in the Nacatoch formation. In the
northern portions of the embayment the upper member of the
Nacatoch (Plates V and VIII) contains non-fossiliferous, lignitic,
sandy clays which grade southward into marine strata.

Disconformities are present within the Upper Cretaceous
section near the Fall Line, as evidenced by the appearance of
progressively older Upper Cretaceous formations immediately
beneath basal beds of the Nidway group as the Fall Line is ap-
proached. These disconformities are the results of truncation of
the Upper Cretaceous formations by erosion following emergence
at the end of the Cretaceous period. The disconformities appear
to be of local significance only, as they are not consistent for
any appreciable distance along the strike of the formations nor do
they persist downdip. Plate V will serve as an illustration of the
latter condition. The removal of sediments during the post-Upper
Cretaceous, pre-Lower Midway erosion interval does not appear
to have been as extensive in northeastern Arkansas as would
be expected in view of the relative length of the erosional period.
The extent of this interval has been estimated on the basis of
pronounced evolutionary changes in fauna between Arkadelphia
time and Lower Midway time.

Facies changes within the Upper Cretaceous section are to
be expected in proceeding from the shallower to the deeper por-
tions of the embayment. These lithologic changes are the re-
sultants of changes in depositional environments and the grada-
tion of sediments of varied geographical and geological origins.

Little is known of the structural attitudes of the down-
warped, and possibly faulted, Paleozoic rocks lying immediately
beneath the Cretaceous or Tertiary sediments in the embayment,
making up its floor. Possibly the word ‘‘floor’”, as used here,
should be clarified before proceeding, since it appears frequently
in the following portions of the report. The undifferentiated
Paleozoic rocks at the base of the unconsolidated, younger
Coastal Plain sediments represent the top of the Paleozoic sec-
tion in the embayment and the floor on which the oldest Cre-
taceous or Tertiary sediments rest. It should not be inferred that
the term applies to a basement complex underlying the Coastal
Plain sediments in northeastern Arkansas.

The apparent structwal configuration of the embayment
floor is shown on Plate II, which is a contour map based on the
elevations of undifferentiated Paleozoic rocks encountered in
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wells drilled in the embayment. Three anomalous 