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PETROLEUM GEOLOGY OF THE SMACKOVER FORMATION
OF SOUTHERN ARKANSAS

By Jack H. Vestal

ABSTRACT

Much information has been published about the geology of the oil and gas producing
formations of southern Arkansas, but the drilling of new wells makes necessary periodic
revisions of the published facts. It is here intended to present and interpret all facts
about the Jurassic Smackover formation available prior to May 1, 1950.

Chief sources of information include several hundred electrical well logs, drillers’
logs of wells drilled in areas where electrical logs are not available, well cuttings of
several of the approximately 52 wells drilled through the Smackover, published informa-
tion, and personal discussions with geologists familiar with the area.

All well logs were referred to sea level as a datum in order to determine the regional
Smackover structure. Correlations of well logs indicated the approximate northern limit
of the Smackover and the regional thinning from south to north. Microscopic examina-
tion of bit cuttings from wells drilled through the Smackover and published core analysis
data from producing fields revealed regional changes in lithology, porosity, and per-
meability.

Both the structure map, which shows all Smackover oil and gas-condensate wells and
284 wildcat wells, and the isopachous map have contour intervals of 100 feet and are the
first of their kind known to be published. These maps are accompanied by tables that
give the name, location, and other pertinent data about each wildecat well and the field
wells drilled through the Smackover. Effective porosity and permeability favorable for
oil and gas production were found to be present only in the southwest part of the state
although recent drilling has shown that the Smackover underlies more of southeastern
Arkansas than shown in previous publications.
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PETROLEUM GEOLOGY OF THE SMACKOVER FORMATION
OF SOUTHERN ARKANSAS

INTRODUCTION

Location

The Smackover formation of Jurassic age un-
derlies approximately 7,000 square miles of south-
ern Arkansas, south of 34 degrees north latitude.
Figure 1 shows the area studied.

Topography and Drainage
This area, which is included entirely in the
Gulf Coastal Plain, ranges in elevation from 70
to 400 feet above sea level.

Although this part of Arkansas is relatively
flat, most of it is well drained by the Red River,
Ouachita River, Saline River, Mississippi River,
and their tributaries.

Purpese of Investigation

Much has been written about the Smackover
formation in southern Arkansas, but no detailed
regional study including information based on all
wells drilled to the Smackover in this area has
been published. The principal purpose of this
report is to present such a study, based on wells
drilled in the area prior to May 1, 1950.

Method of Investigation

The material presented in this report was de-
rived from (1) the examination and correlation
of available electrical logs of all wildcat wells and
a few producing wells in each oil and gas-con-
densate field; (2) the plotting and correlation of
approximately 150 selected drillers’ logs of wells
drilled in areas where no electrical logs are avail-

able; (8) the detailed examination of the Smack-
over formation well cuttings in 14 of the approxi-
mately 52 wells that have been drilled through the
Smackover; and (4) a detailed study of the geo-
logical literature of southern Arkansas with em-
phasis on the Smackover formation. From this
information a structural contour map (Pl II)
and an isopachous map (PL III) were made. In
order to show regional stratigraphic relationships,
an electrical log cross-section (Pl. IV) was drawn
from northern Louisiana to Clark County, Ar-
kansas.

An electrical log has been run in almost every
well drilled as deep as the Smackover in southern
Arkansas since 1935, the year the first electrical
log was run in this area. Whenever possible, elec-
trical logs were used in compiling data for this
paper, but information on wells drilled before 1935
was obtained entirely from drillers’ logs.

History of Oil and Gas Development

Commercial production from the Smackover
was first obtained in 1936 in the Snow Hill area
of Ouachita County in the Phillips Petroleum
Company No. 1 J. D. Reynolds, Sec. 27, T. 15 S.,
R. 15 W. (Table 9, well 166). By January 1, 1950,
at least 284 wildcat wells had penetrated the
Smackover formation in southern Arkansas (see
Tables 9, 10, and 11). Twenty-six fields in Ar-
kansas have produced a total of 134,610,902 bar-
rels of oil and condensate from the Smackover
(Table 1). Plate I shows all oil and gas-conden-
sate fields in southern Arkansas.



TABLE 1

CUMULATIVE PRODUCTION IN BARRELS OF CRUDE OIL AND GAS-CONDENSATE FROM THE
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SMACKOVER IN SOUTHERN ARKANSAS TO JANUARY 1, 1950*

Field
Atlanta-West Atlanta
Bear Creek
Big Creek
Buckner
Cairo
Calhoun
College Hill
NE Champagnolle
Columbia
Dorcheat-Macedonia
Loutre Creek
Magnolia,

Mars Hill
McKamie-Patton
Midway

Mt. Holly

Pine Tree

Salem Church
Schuler

Snow Hill
Spottsville
Strong
Texarkana
Village
Warnock Springs and

Northeast Extension

Wilks

County

Columbia

Union

Columbia

Columbia and Lafayette
Union

Columbia

Columbia

Union

Columbia

Columbia

Union

Columbia

Lafayette

Columbia and Lafayette
Lafayette

Union

Columbia

Union

Union

Ouachita

Columbia

Union

Miller

Columbia,

Columbia
Union

Year
Discovered

1938
1948
1939
1937
1948
1944
1948
1946
1942
1939
1949
1938
1947
1940
1942
1941
1949
1944
1937
1936
1949
1944
1942
1938

1947
1944

Cumulative
Production
in Barrels

11,524,813
273,425
168,327

7,165,603
728,392
230,757

5,755

740
10,201
6,797,812
31,137
61,494,458
79,682

9,458,016

19,286,998

1,763,847

99,762
117,932

7,180,058

422,434
3,675
28,397
140,232
7,481,325

107,049
10,075

134,610,902

1 Arkansas Oil and Gas Commission production data.



STRATIGRAPHY

GENERAL
Surface Formations

Recent, Quaternary, and Tertiary formations
outcrop throughout most of the area studied;
Upper and Lower Cretaceous formations are ex-
posed in the northwest portion.

Subsurface Formations

Thick deposits of Jurassic age underlie much
of southern Arkansas. Below these are thick
deposits which are believed to be Permian in age
(10). Igneous rocks and late Paleozoic forma-
tions of undetermined age compose the basement
complex.

Quaternary

Recent thin alluvium deposits of unconsoli-
dated gravel, sand, silt, and clay are found on
the flood plains of all major streams and many
minor ones.

Pleistocene terrace deposits of unconsolidated
sand and gravel occupy much of the inter-stream
surface areas (2). No attempt to subdivide either
the Recent or Pleistocene deposits was made in
this study.

Tertiary

The Tertiary system is represented only by
the Eocene series which is commonly divided into
four groups ranging from youngest to oldest:
Jackson, Claiborne, Wilcox and Midway. These
Eocene sediments, composed of sands, sandy
clays, lignitic and carbonaceous clays, and glau-
conitic marls, with thin beds and lenses of lime-
stone and chalk, thicken from approximately 1,500
feet in the southwestern part of the area to more
than 4,000 feet in the eastern part. The series
contains many siderite and ferruginous concre-
tions, irregular thin lenses of bentonitic clay, and
locally irregular lenses and boulders of quart-
zite (11, pp. 109-124).

Upper Cretaceous

Upper Cretaceous sediments, known as the
Gulf series, outcrop in the northwest part of the
area in Little River, Sevier, Howard, Hempstead,
Nevada, Pike, and Clark Counties. Formations
of Upper Cretaceous age from youngest to oldest
include the Arkadelphia, Nacatoch, Saratoga,
Marlbrook, Annona, Ozan, Brownstown, Tokio,
and Woodbine (2). These sediments consist of

a series of clays, marls, shales, chalks, limestones,
and sands, with some volcanic materials, especially
in the basal beds. Although the series underlies
all of the area, it thickens from approximately
200 feet in the southeastern part of the state to
more than 2,000 feet in southwestern Arkansas
(11, p. 63).

Most of the early oil and gas production in
Arkansas was obtained from shallow wells drilled
to sands of Upper Cretaceous age (PL I).

Lower Cretaceous

Ralph W. Imlay (6, p. vii) in 1940 gave the fol-
lowing summary of these formations:

The Lower Cretaceous rocks of southern
Arkansas range in thickness from about six
hundred feet at the outcrop in Sevier, How-
ard, and Pike Counties to over 5,500 feet sub-
surface in the southwestern corner of the
state. ... The Lower Cretaceous—formations
consist mainly of nearshore, shallow water
deposits in Arkansas and of offshore, shallow
water deposits in northern Louisiana. The
nearshore deposits are characterized by con-
glomerates, sandstones, red beds, and reef
limestones whose deposition was interrupted
several times by withdrawals of the Gulf
waters. The offshore deposits are character-
ized by dark shales and thin-bedded lime-
stones the deposition of which was apparently
nearly continuous. Anhydrite was formed
both nearshore and offshore.

... Formations of Lower Cretaceous age,
from youngest to oldest, include the Kiamichi,
Goodland, Walnut, Paluxy, Glen Rose equiva-
lents (Mooringsport, Ferry Lake, Rodessa,
Pine Island, and Sligo), and Hosston.

Extensive uplift and erosion at the end of
Lower Cretaceous time removed much of these
sediments so that from oldest to youngest they
are progressively truncated from their northern
limit toward the south. The subsurface northern
limit extends from the outcrop in southeastern
Pike County in a southeasterly direction through
Clark, Ouachita, Calhoun, and Bradley Counties
into Ashley County.

JURASSIC
General Statement

Rocks of Jurassic age do not outcrop in the
Gulf Coastal Plain, and before the present era of
deep oil well drilling nothing but philosophical

5



reasoning indicated their presence. These sedi-
ments have been found in wells in northeastern
Texas, northern Louisiana, southern Arkansas,
Mississippi, and Alabama (9, p. 1092).

Ralph W. Imlay (7, p. 1473), in his paper on
the Jurassic formations of the Gulf region in
1948, presented a detailed correlation chart of
the Jurassic formations in that area. Table 2
shows his interpretation of the time relations of
the Upper Jurassic formations of the Gulf region
of the United States.

TABLE 2
TIE RELATIONS OF UPPER JURASSIC FORMATIONS COF
THE GULF REGION OF THE UNITED STATES
Imlay

European Stages | Gulf Region of the United States
Tithonian Cotton
Portlandian Valley

o

3 & |Bononian Formation

1] el

% g g Havrian

)

o o .

E & |Sequanian Buckner Formation

= é 5 Argovian Smackover Formation
o
4 | pivesian Eagle Mills Formation
e (Red Beds and Salt)
Callovian

According to Hazzard, Blanpied, and Spooner,
information obtained from the drilling of deep
wells in south Arkansas, northeast Texas, and
north Louisiana since the publication of Imlay’s
paper in 1943 indicates that the Louann Salt,
Werner, Morehouse, and Eagle Mills are separate
formations of probable Permian age (10, pp. 483-
503). Their latest published interpretation of
stratigraphic relations of the Jurassic and Per-
mian sequence is presented in Table 3.

TABLE 3
INTERPRETATION OF STRATIGRAPHIC SEQUENCE
Hazzard, Blanpied, and Spooner

Cotton Valley Group
Unconformity
Buckner Formation

Jurassic Smackover Limestone

Norphlet Formation
Red Beds with or without Gravel
Unconformity

Louvann Salt

Werner Formation
Anhydrite Member and
Red Bed and Grevel Member
Unconformity
Morehouse Formation

Permian

Ezgle Mills Formation

Cotton Valley Group

The youngest Jurassic beds belong to the Cot-
ton Valley group (Table 3) and in Arkansas con-
sist mainly of a near-shore redbed facies com-
posed of interbedded variegated shales, sandstones,
and generally a basal conglomerate; in northern
Louisiana the beds consist of a normal marine off-
shore facies of fossiliferous, dark shales, lime-
stones, and sandstones. Near the Arkansas-
Louisiana boundary these two facies grade into
each other. The approximate northern limit of
the Cotton Valley, which is truncated by the
Upper Cretaceous, extends through central Hemp-
stead, Nevada, Ouachita, Calhoun, and Bradley
Counties. The group thickens basinward to ap-
proximately 2,700 feet in southern Lafayette
County and to approximately 4,000 feet in the
North Lisbon field, Claiborne Parish, Louisiana.

Oil, gas, and gas-condensate are produced from
Cotton. Valley sands in several southern Arkansas
fields. In most places these sands are very lenti-
cular and often cannot be correlated from well
to well in the same field. However, in the Schuler
field the Jones sand at the base of Cotton Valley
was found to underlie the entire field and has
been the principal producing horizon for the field.

Buckner Formation

Underlying the Cotton Valley group is the
Buckner formation which in Arkansas consists
mainly of red shale and white to pink anhydrite
but includes some green shale, some red and gray
fine-grained sandstone, and thin beds of dolomitic
limestone and argillaceous dolomite. Generally,
red shale predominates in the upper part and
anhydrite in the lewer part, but the relative pro-
portions of the two lithologic types vary from
place to place. In northern Louisiana the Buck-
ner changes into dark marine shales. The Buck-
ner is locally absent, as in the Schuler field in
southern Arkansas, and may vary in thickness
up to several hundred feet. Since it grades down-
ward through thin argillaceous dolomite streaks
into the underlying Smackover limestone, this
variation in thickness is probably due to post-
Buckner and pre-Cotton Valley erosion.

Smackover Formation

Definition.—The Smackover formation was
named after the Smackover field, Union County,
Arkansas, where it first produced oil. In south-
ern Arkangas it is divisible into two members of
which the upper congists in most places of oolitic



to chalky limestone and the lower of dark, dense
limestone with argillaceous bands. The porous
oolitic zone, which produces oil and gas in all
Smackover lime fields, is called the Reynolds
oolite from the discovery well in the Snow Hill
area of the Smackover field. The vertical change
from one member to the other is gradational. In
the northern part of the area the lower member
is thinner than the upper and disappears near the
northern boundary. Southward toward Louisiana
the relationship is reversed and the lower member
becomes more argillaceous. This relationship sug-
gests that the upper member is in part the time
equivalent of the lower member. In the south-
eastern part of the area the limestone becomes
sandy and in southern Chicot County it is quite
sandy. According to Imlay (7, p. 1440), “The
limestone is in part dolomitic and in most sec-
tions contains small amounts of anhydrite as
nodules or thin beds.”

Distribution and thickness.—The areal extent
and subsurface structure on top of the Smack-
over in southern Arkansas are shown on Plate
II, and Plate III illustrates the thickness. Tables
9, 10, and 11 list 284 wildcat wells known to have
penetrated the Smackover in southern Arkansas
and include 52 wells that were drilled through it.

The thickest Smackover section encountered in
Arkansas was 951 feet (Table 9, well 81). How-
ever, by considering the thicknesses found in
northern Louisiana wells, the Smackover is prob-
ably more than 1,200 feet thick in southern Lafay-
ette County (see P III). Near the northern limit
it thins rapidly due to erosion during post-Buck-
ner and post-Lower Cretaceous time; but by con-
sidering facies changes and regional thinning in
areas where it is not truncated, the Smackover
probably never extended much farther north than
it now does.

Lithologic and stratigraphic features.—At the
present time the upper member of the Smackover
is the deepest producing horizon in southern Ar-
kansas; and, consequently, for economic reasons
most wells that did not find production in the
upper portion were not drilled through the entire
Smackover formation. However, the distribution
of wells drilled through the Smackover (Pl. III)
in this area reveals regional changes in lithology
and stratigraphy.

In order to illustrate the lithology of the entire
section of the Smackover in the producing area,
Smackover well cuttings from the Atlantic Re-
fining Co. No. 3 Bodcaw Lumber Co., Sec. 29, T.

17 S., R. 23 W., Lafayette County (Table 9, well
111), are described in Table 4. In this well the
top of the upper member, which grades into the
Buckner anhydrite above, was picked at the first
appearance of calcite streaks in the anhydrite.
Below the calcite and anhydrite zone and above
the oolitic zone in this well is 15 feet of gray,
dense, non-porous limestone, generally called the
“cap rock,” which is found in most wells where
the oolitic zone is encountered.

TABLE 4
LITHOLOGY OF SMACKOVER FORMATION
IN McKAMIE FIELD, LAFAYETTE
COUNTY, ARKANSAS

Thickness
(in feet)
Anhydrite, dark gray, dense, with streaks
of caleite .
Limestone, gray, dense, non-porous _____ 15
Limestone, gray, oolitic, no porosity . 10
Limestone, gray, oolitic, fair porosity . 55
Limestone, gray, oolitic, good porosity 5

Limestone, gray, oolitic, excellent poros-

ity and permeability . 108
Limestone, gray, crystalline and oolitic,
poor porosity ... .. . 13
Limestone, gray, oolitic, oolites Doorly
preserved no por081ty 20
Limestone, gray, sucrosic, fine gralned no
p0r051ty with few poorly preserved
oolites . . 45
Limestone, brown to gray, sucrosic, med-
ium-grained, no porosity . 20
Limestone, gray, dense, no porosity ... 55
Limestone, dark gray, dense, no poros-
Wty 30
Limestone, very dark gray, dense, no
poros1ty ... B30
908

The oolitic zone is the main producing zone in
the McKamie and other Smackover formation
fields. The porosity is derived from spaces be-
tween the oolites and is probably a primary fea-
ture rather than secondary solution of the cement-
ing material. Below the oil-water contact the
porosity and permeability greatly decrease, and
the oolites are poorly preserved. ‘“The porous
zone thins toward the edges of the field, as evi-
denced by almost all edge wells. Thin streaks
of reef-type limestone have been cored within
the porous section in several wells” (10, p. 47).

In most fields the porosity and permeability
decrease below the oil-water contact because of
secondary cementation of the oolites. Some wild-
cat wells that were supposedly drilled “on struc-
ture” have found no porosity in the oolitic zone.

7



The portion of the upper member below the
oolitic zone in the Atlantic No. 3 Bodcaw consists
of gray to brown, non-porous, granular limestone
which grades downward into gray, dense, non-
porous limestone. The top of the lower member
was picked at the top of the first very dark gray,
dense limestone which was found to be 560 feet
thick. The Smackover is described below in
Table 5 from well cuttings from the Plymouth
Oil Co. No. 1 C. H. Tompkins, Sec. 3, T. 14 S,,
R. 20 W., Nevada County (Table 9, well 132).

TABLE 5

LITHOLOGY OF SMACKOVER FORMATION
IN SOUTHEASTERN NEVADA
COUNTY, ARKANSAS

Thickness
(in feet)
Limestone, white, sucrosic, no porosity.. 12
Limestone, white, honeycomb, very por-
ous, no permeability (looks as if oolitic
limestone had been completely ce-
mented and the oolites were later dis-

solved) 25
Limestone, light gray, sucrosic, no por-
osity o 5
Limestone, light gray, dense, no poros-
Y 349
491

A complete section of the Smackover is de-
seribed in Table 6 from well cuttings from the
Placid Oil Co. No. 3 Freeman-Smith Lumber Co.,
Sec. 14, T. 16 S., R. 13 W., Calhoun County (Table
9, well 35).

TABLE 6

LITHOLOGY OF SMACKOVER FORMATION
IN SOUTHERN CALHOUN COUNTY,

ARKANSAS
Thickness
(in feet)
Limestone, light gray, dense, medium
porosity due to solution channels . 22
(Sample skip) .. 75

Limestone, light gray, dense, no poros-

Wy 210
Limestone, light gray with dark gray
streaks, dense, no porosity .. 90

Limestone, dark gray, dense, no porosity 40
Limestone, light gray, dense, no porosity 30
Limestone, dark gray, dense, no porosity 241

708

The entire section of the Smackover is de-
scribed in Table 7 from well cuttings from the
H. L. Hunt No. 1 Myers, Sec. 3, T. 19 S. R. 1 W,,
Chicot County (Table 9, well 42).
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TABLE 7

LITHOLOGY OF SMACKOVER FORMATION
IN SOUTHEASTERN CHICOT COUNTY,
ARKANSAS

Thickness
(in feet)
Limestone, gray, sucrosic to dense, no
porosity, very sandy (quartz grains,
white, fine to medium) .. 69
Limestone, gray, sucrosic to dense, very
sandy, trace poorly preserved oolitic

structure, no porosity ... . 10
Limestone, gray, sucrosic to dense, very
sandy, no porosity __ . 30
Limestone, gray, sucrosic to dense, trace
porosity due to solution channels.___.___ 10
Limestone, gray, sucrosic to dense, no
porosity . 60
Limestone, dark gray, dense, slightly
sandy, no porosity 20
Limestone, very dark brownish gray,
dense, very sandy, no porosity ... 80
Limestone, dark brownish gray, dense,
slightly sandy, no porosity ... 100
Limestone, brownish gray, dense, no
porosity . . 90
Limestone, very dark gray (almost black),
dense, sandy, no porosity 205
674

Well cuttings from other wells were exam-
ined, and descriptions of the Smackover section
in several wells have been published, but the
above four wells are considered to be representa-
tive from a regional point of view.

Until the discovery of the Midway field, all
production in the Smackover formation had come
from the porous Reynolds oolitic zone near the
top. The discovery well of the Midway field,
Barnsdall No. 1 Bond (Table 9, well 104), not
only found the Reynolds zone to be saturated
with oil but encountered an entirely new pro-
ducing zone consisting of 118 feet of granular,
almost completely non-oolitic, porous, and per-
meable limestone (8, p. 1290) below the Rey-
nolds zone.

In the Texarkana field the oolites in the
Reynolds zone are poorly developed, and much
of the porosity is probably due to small solution
channels in the limestone.

In the Magnolia field the Smackover forma-
tion (Columbia County) consists of non-porous
dolomitic shale, oolitic limestone, and crystalline
limestone. Production comes from the oolitic
zone which has a maximum thickness of about
340 feet. It is both oolitic and pisolitic with hard,
dense, firmly cemented streaks varying in thick-



ness to a maximum of 60 feet. Several streaks of
cavernous, coral-reef material also occur, as well
as layers of dense, crystalline limestone, with
inclusions of anhydrite, gypsum, calcite, pyrite,
and lignite. Styolites and sections with asphaltic
matrix have been found. The oolitic member
usually is found near the top but may be found
as much as 60 feet below the base of the dolomitic
shale. It is difficult or impossible to correlate
the dense streaks and coral reefs within the
oolitic zone because of their lenticular nature (186,
p. 23).

In the Schuler field, the porous, permeable
oolitic limestone has been found to occur as
much as 80 feet below the oil-water contact (3,
p. 91). Weeks and Alexander (15, p. 1512) have
presented evidence that indicates the oil and gas
in the upper member of the Smackover limestone
came from the lower member:

It is probable that the oil originated in
the lower half of the Smackover limestone
formation. This part of the formation con-
sists of dark, banded limestone with thin
partings of argillaceous, carbonaceous ma-
terial. In practically all places where this
zone has been penetrated, it was found to
contain globules of oil in fractures and bed-
ding planes. Dense limestone streaks below
the producing oolite penetrated at Schuler
contained globules of oil in the fractures.

A wildcat well, American Liberty Oil Co., No.
1 Bradley Lumber Co., Sec. 15, T. 13 S., R. 9 W.
(Table 9, well 8), abandoned in 1946, extended the
known northern limit of the Smackover approxi-
mately 16 miles northeast from the nearest well
that had been drilled into the Smackover. In
this well all of the Lower Cretaceous, the Cotton
Valley and Buckner beds, and most of the Smack-
over were missing, with the Upper Cretaceous
beds resting directly on the lower part of the
Smackover. There has been some controversy as
to whether this well actually encountered the
Smackover. From the electrical well log it could
be assumed that it did not, but an examination
of the samples in view of regional structure and
stratigraphy indicates that the 80 feet of lime-
stone and 25 feet of very calcareous sandstone
below the Upper Cretaceous is the lower part of
the Smackover. The limestone and very cal-
careous sandstone, believed to be the lower part
of the Smackover, is described in Table 8 from
well cuttings.

TABLE 8

LITHOLOGY OF SMACKOVER FORMATION
NEAR ITS NORTHERN LIMIT IN
NORTHEASTERN BRADLEY

COUNTY, ARKANSAS
Thickness
(in feet)
Limestone, light brownish-gray, granu-
lar, very fine-grained, sandy, no
porosity . ... . ... . B0
Limestone, light tan, fine-grained, granu-
lar to dense, few calcite crystals, no
porosity R 30
Sandstone, white to light gray, medium
to coarse-grained, very calcareous, no
porosity . .. 25

Porosity.—As previously discussed, at least
six types of Smackover limestone porosity have
been observed in well cuttings and cores, namely:

1. Porosity in the Reynolds zone of the upper
member between the individual oolites.

2. Vuggy porosity in the upper member where
oolites have been dissolved.

3. Solution channel porosity in the upper
member.

4. Porosity in cavernous coral reef material
in the upper member.

5. Interstitial porosity in granular limestone
in the upper member.

6. Fracture and bedding plane porosity in
the lower member.

The Reynolds oolitic zone of the upper mem-
ber has produced most of the oil and gas from
the Smackover formation in southern Arkansas.
The Reynolds zone porosity extends across south-
ern Arkansas in a belt that is approximately 25
miles wide and is defined in general by fields
that produce from the Smackover. It does not
extend much farther north than the producing
fields and disappears in approximately eastern
Union County. It has been found in the Haynes-
ville and North Lisbon fields of northern Lou-
isiana, but its southern limit is not known at
the present time.

Correlation.—For several years Imlay 7, p.
1449) examined Smackover formation fossils in
well cores from wells drilled in southern Arkan-
sas and northern Louisiana and concluded the
following:

The upper part of the Smackover forma-
tion has yielded a fairly large fauna of .Ar-
govian age. The evidence is furnished mainly



by the mollusks, as the corals merely indicate
a Middle or Upper Jurassic age. Most of the
pelecypods and gastropods are comparable
with Argovian or Kimmeridgian species,
but a gastropod, apparently identical with
Xystrella, suggests an age not younger than
Argovian. The deciding evidence consists of
several ammonites from depths of 8,741 feet
in the Phillips Petroleum Company’s Ken-
dricks No. 1, Sec. 22, T. 19 N., R. 11 W,,
Bossier Parish, Louisiana. These ammonites
are very similar to upper Argovian species
of Dichotomosphinctes and Discosphinctes
from eastern Durango, Mexico. An Argovian
age is confirmed by the occurrence of lower
Kimmeridgian ammonites in the same well
at depths of 8,279 to 8,392 feet and of middle
Kimmeridgian ammonites at depths of 8,048
to 8,063 feet. The lower Kimmeridgian am-
monites occur in dark shale that apparently
occupies the same stratigraphic position as
the Buckner formation farther north.
Whether the Smackover formation represents
more than Argovian time is not known, but
its thickness of only 450 to 1,650 feet and
the presence of upper Argovian ammonites
only 300 feet above its base suggests that it
does not represent much more. Regional
stratigraphic relationships indicate that the
Smackover formation is equivalent to the La
Gloria formation of northern Mexico, which
contains ammonites of Argovian age in its
upper part.
Tabie 2 (p. 6) shows the time relations be-
tween the Smackover and the Upper Jurassic

stages of Europe.

Norphlet Formation
In nearly all of the wells drilled through the
Smackover formation in southern Arkansas,
northern Louisiana, and northeastern Texas a
clastic section of red clays, with some gray clays,
and reddish and gray sands, with or without
gravel, has been encountered below the Smack-
over. This clastic section, ranging from several
feet to 150 feet in thickness has been named the
Norphlet formation. It has been found resting
on the Louann salt, the Werner Anhydrite, the
Eagle Mills formation, and undifferentiated
Paleozoic rocks, some of which have steep dips.
This stratigraphic relationship indicates that the
Norphlet formation is Jurassic in age as is the

Smackover formation (10, p. 488).

Permian
Below the Jurassic are several thousand feet
of Permian formations. The youngest is the
Louann salt, which in places is more than 1,300
feet thick. At the base of the Louann salt is
the Werner formation, composed of as much as
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200 feet of anhydrite, red clays and sands, and
conglomeratic sands. Although the Morehouse
formation has not been found in Arkansas, its
thickness of over 1,100 feet of marine silty shales
and siltstones in Morehouse Parish, Louisiana,
only 8 miles from Arkansas, indicates that it
probably underlies a portion of southern Arkan-
sas. The Eagle Mills formation below the More-
house consists of a series of dominantly red sands
and shales. The maximum thickness of the Eagle
Mills is not known, but in Ashley County in the
Union Producing Co. No. E-1 Crossett Lumber
Co. it is more than 4,500 feet thick (10, pp.
483-488).
Undifferentiated Paleozoic

Because of their extreme depth below the sur-
face, little is known in the area of the Paleozoic
rocks older than Permian. However, in the north-
ern part of the area steeply dipping metamor-
phosed sandstones and shales have been found. In
the Ouachita Mountains, which are north of the
area, these rocks outcrop. Croneis has sum-
marized the rocks of the Ouachita Mountains as
follows:

The rocks of the Ouachita Mountains con-
sist of shale, sandstone, novaculite, chert, con-
glomerate, and minor amounts of limestone
and volcanic tuff. They range in age from
Cambrian to Carboniferous and have an ag-
gregate thickness of at least 25,000 feet.
They are intruded at some places by alkaline
igneous rocks of mid-Cretaceous age, but the
total area of igneous rocks is very small. The
sedimentary rocks are essentially non-fossili-
ferous, but the Ordovician and Silurian beds
have yielded a few graptolites, and the Car-
boniferous formations contain macerated re-
mains of plants (4, p. XVIII).

Igneous Rocks

Little information is available about the
igneous rocks in the area, but they have been
encountered in a number of wells in the northern,
eastern and southeastern sections. Several wells
have been drilled through thin igneous sills into
normal sedimentary rocks. Gravity surveys have
shown that some of the wells that quit drilling
in igneous rocks were in igneous plugs and sills,
and in no case is an igneous mass of large areal
extent indicated. These facts indicate that all
igneous rocks encountered have been of an in-
trusive nature. In view of the location of these
wells with respect to the Ouachita Mountains it
is probable that most of these igneous intrusions
are along the axes of buried extensions of these
mountains.



STRUCTURE

General

The area studied lies within the Gulf Coastal
Plain, and except for the folded Paleozoic beds
older than Permian the regional dips of all for-
mations are relatively gentle. The non-uniform-
ity of the structural shifting in many of the oil
fields of the area indicates the complex structural
history of the area.

Tertiary

The Tertiary formations form a monocline
which dips in a southeastward direction at a rate
generally less than 75 feet and rarely more than
150 feet per mile. These formations reach their
maximum thickness in the Desha Basin in the
northeastern part of the area in the vicinity of
Desha County. The deep structures of some of
the oil fields which produce from older forma-
tions have slight structural indications at the sur-
face in the Tertiary beds.

Upper Cretaceous
The Tertiary and Upper Cretaceous formations
have essentially the same attitude in the area.
Anticlines and domes of low relief, structural ter-
races, and fault line structures have produced
large quantities of oil and gas in the southwest
portion of the area.

Lower Cretaceous

A distinet angular relationship exists between
the Lower and Upper Cretaceous formations. The
Lower Cretaceous formations are tilted in a
southwestward direction with dips that seldom
exceed 150 feet per mile. Some anticlines with
low structural relief and fault line fields produce
oil in southwestern Arkansas.

Jurassic

The Jurassic and Lower Cretaceous formations
have essentially the same regional dip. The only
Jurassic horizon that can be satisfactorily mapped
to show the true structure is the top of the
Smackover formation. A westward plunging syn-
cline separates the southwestern portion of the
area from the Sabine dome in northwestern Lou-
isiana. Little is known about the effect of the
faults in the area on the Smackover formation.
The anticlines on which all Smackover fields are
located have east-west trending axes which are
essentially parallel to the strike of the Smack
over. The structural relief of these anticlines
ranges up to more than 300 feet. L. C. Lamar
(oral communication) stated that seismograph
surveys indicate that the Louann salt below some
of the Smackover fields is thicker than it is in
adjacent areas. Whether the indicated salt flow-
age caused the folding of the anticlines or
whether the flowage was a result of their fold-
ing is not known, but probably it was a combi-
nation of the two. In the extreme southeastern
part of the area parts of two anticlines with struc-
tural closures of more than 2,000 feet on top of
the Smackover extend into Arkansas. Plate II
shows the areal extent and regional structure of
the Smackover.

Permian
Little is known about the structure of the Per-
mian formations, but the dips of the formations
are not believed to be large.

Undifferentiated Paleozoic
Paleozoic rocks older than Permian, where en-
countered in wells in the area, are highly folded.
The surface of these formations is known to dip
steeply below the Permian and younger beds.



OIL AND GAS CONDENSATE FIELDS PRODUCING
FROM THE SMACKOVER FORMATION

General

Most of the oil and gas produced from the
Smackover formation in southern Arkansas has
come from its porous, oolitic, upper member. Table
1 lists all fields that have produced from the
Smackover, gives the county in which each is
located, the year each was found, and the cumu-
lative production of each to January 1, 1950. Piate
I shows the location of all fields discovered in
southern Arkansas. The discovery well in each
field is listed in Tables 9, 10 and 11 in the ap-
pendix. Plate IT shows, in general, the structure
of each in relation to the regional structure of
the Smackover.

All known Smackover fields produce from
anticlinal structures. Before the use of the re-
flection seismograph, indications of structures at
depth had been observed in the shallow Cretaceous
beds and surface formations in the vicinity of
several fields; in almost all cases the reflection
seismograph was used to define the structures in
the deeper beds.

In most fields the gas produced from the
Smackover limestone, unlike that produced from
the Cotton Valley and Cretaceous formations,
contains appreciable quantities of hydrogen-sul-
phide gas with a maximum of approximately 7,000
grains per 100 standard cubic feet of gas (12, pp.
62-64).

The vertical permeability in the Reynolds
colitic zone in many cases is approximately equal
to the horizontal permeability. = Strict production
control is required because of the high vertical
permeability and a strong water drive in most
of the Smackover limestone pools. Field rules
and production rates are directed by the Arkansas
Qil and Gas Commission in such a manner as to
produce equitably the oil and gas in the most
efficient manner.

Atlanta-West Atlanta Field

The Atlanta field in Columbia County is lo-
cated on an east-west trending anticline approxi-
mately six miles long and approximately one-half
to one mile wide with a maximum structural clos-
ure of 78 feet above the oil-water contact. The
drilling which led to the discovery was based on
seismograph surveys. Prior to May 1, 1950, sixty
producing wells and seven dry holes had been
completed with a spacing pattern of one well in
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the center of each 40 acres. The average effective
producing section is 30 feet; the average porosity
is 15 per cent with an average permeability of
1,275 millidarcys (10, pp. 2-6).

Bear Creek Field

The Bear Creek field, discovered in 1948, lo-
cated on a small east-west trending anticline with
low structural relief, produces from the oolitic
Smackover limestone near the southwest side of
the Smackover field. It has been developed on
a 40-acre spacing pattern, and before May 1, 1950,
three dry holes and nine producing wells had been
drilled.

Big Creek Field

With a structural closure of approximately 60
feet the Big Creek field is in Columbia County
on an east-west trending anticline approximately
two miles long and approximately a mile and a
half wide. The location of the discovery well was
based on seismograph surveys. Two producing
wells and one dry hole had been drilled before
May 1, 1950, but both the producing wells have
been plugged and abandoned. This field was a
gas-condensate reservoir, and the well spacing
was originally designated as 640 acres per well.
The approximate effective thickness of the
oolitic member is 30 feet; the average porosity is
12 per cent, while the average permeability is 250
millidarcys. An unusual feature of the gas is
that it contains 31 percent nitrogen (10, pp. 8-10).

Buckner Field

The Buckner field, in Lafayette and Columbia
Counties, is located on an east-west trending anti-
cline about four miles long and three-fourths of
a mile wide. The field has a maximum productive
closure estimated to be 70 feet. The location of
the discovery well was based on seismograph sur-
veys. By May 1, 1950, twenty-nine producing wells
and three dry holes had been completed with a
spacing pattern of one well on each 40 acres. The
effective thickness of the producing zone approxi-
mates 30 feet, with an average porosity of 20 per-
cent and an average pérmeability of 50 milli-
darcys. The lithology of the producing zone dif-
fers from that in most Smackover fields in that
the oolites have been replaced to a considerable
extent by cementing material, which has reduced
the effective permeability (10, pp. 12-14).



Cairo Field

During the summer of 1948 the Cairo field
was discovered near the northeast flank of the
Schuler field in Union County. Several years
before the drilling of the discovery well, seismo-
graph work had revealed an anomalous structural
condition that was difficult to interpret. Later
drilling has shown that the Buckner anhydrite
and red shale which are not present at Schuler
vary considerably in thickness over the anticlinal
structure in the Cairo field. There are several
different oil-water contact levels which are ap-
parently due to different sedimentary conditions.
Wells in the southwest part of the field produce
gas and oil from a sub-sea level lower than the
top of the Smackover porosity in dry holes to
- the northeast. Apparently, the field has been
almost completely developed and consists of fif-
teen producing wells, four dry holes, and one
drilling well.

Calhoun Field

The Calhoun field is a small, east-west trend-
ing anticline about three quarters of a mile wide
and approximately one mile long. Seismograph
surveys led to the location of the discovery well.
The spacing pattern for the four producing wells
and one dry hole completed before May 1, 1950,
is one well on each 40 acres. The effective thick-
ness of the producing zone approximates 41 feet,
with an average porosity of 16 percent and an av-
erage permeability of 1,450 millidarcys (10, pp.
15-18).

College Hill Field

Drilling results on this seismograph prospect
have been discouraging. Three dry holes in addi-
tion to the discovery well have been completed
in the Smackover in the area.

Columbia Field

In the Columbia field only one producing well,
abandoned gince 1943, and one dry hole have been
completed. Seismograph surveys led to the drill-
ing of the discovery well (10, pp. 20-22).

Loutre Creek Field

Approximately 14 feet of oil saturated oolitic
limestone were found above the oil-water contact
in the discovery well of this field. Subsurface
work led to the drilling of this well, and it is note-
worthy that it is one of the few Smackover fields
discovered without the aid of geophysics. Since

completion of the first well, five dry holes have
been drilled nearby, and it seems that the field
will consist of only one producing well.

Magnolia Field

Early surface work in the area by John F.
Magale and later seismograph work led to the
drilling of the discovery well. The field is on an
east-west trending symmetrical anticline approxi-
mately six miles long and a mile and a half wide
with over 300 feet of structural closure above the
oil-water contact. One hundred and fifteen pro-
ducing wells and twelve dry holes had been com-
pleted before May 1, 1950, with a spacing pattern
of one well on each 40 acres. Maximum productive
thickness above the oil-water contact approximates
300 feet, with an average porosity of 17 percent
and an average permeability of 1,500 millidarcys
(10, pp. 35-41).

McKamie-Patton Field

Subsurface work, followed by seismograph
surveys in the area, led to the drilling of the Mec-
Kamie discovery well. When the Patton field
was discovered west of the McKamie field pro-
ducing area, it was believed that these two fields
were on separate structures, but drilling since
that time has proved that the two fields are on
the same anticlinal structure. The structure is an
east-west trending anticline about eight miles long
and varies in width from one-half to one and one-
half miles with a maximum structural closure of
approximately 380 feet. The gas produced is ex-
tremely “sour” and contains approximately 4,000
to 7,000 grains of hydrogen-sulphide gas per 100
standard cubic feet. Thirty-five producing wells
and seven dry holes had been completed by May 1,
1950. The average porosity is 17 percent, and the
average permeability is 675 millidarcys (10, pp.
43-49).

Mount Holly Field

The Mount Holly field is located on a north-
west-southeast trending anticline about one and
one-half miles long and one mile wide with a
structural closure of about 70 feet. Seismograph
surveys in the area led to the drilling of the dis-
covery well. Before May 1, 1950, fourteen pro-
ducing wells and one dry hole had been completed
with a spacing pattern of one well on each 40
acres. The average porosity is approximately 20
percent, and the permeabilities in the pay section
range from 500 to 1,100 millidarcys (10, pp.
51-55).
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Pine Tree Field

On the south flank of the Atlanta field in Co-
lumbia County is the Pine Tree field, a small
anticlinal feature indicated by seismograph work.
Drilling in the area has revealed that a steep
structural trough separates the two fields. Three
producing wells and one dry hole have been com-
pleted.

Salem Church Field

Subsurface indications of structure, con-
firmed by seismograph surveys, led to the drill-
ing of the discovery well. The field is on a small
northwest-southeast trending anticline with struc-
tural closure of more than 60 feet. Before May
1, 1950, three producing wells and one dry hole
had been completed. The effective pay section
was approximately 65 feet thick, with an average
porosity of 20 percent and an average permeabil-
ity of 700 millidarcys (10, pp. 63-66).

Schuler Field

Subsurface indications of structure in the
Upper Cretacecous beds were recognized before
seismograph surveys led to the drilling of the
discovery well. The main producing section in
the field is the Jones sand at the base of the
Cotton Valley group and only several feet above
the oolitic member of the Smackover. The struc-
tural closure above the oil-water contact is ap-
proximately 50 feet. Before May 1, 1950, sixteen
producing wells had been completed in the Smack-
over limestone, but approximately 100 wells had
been drilled into it because the Smackover lime-
stone was the best formation in which to cement
the well casing for completions in the Cotton Val-
ley sands above. The average porosity in the
Smackover is approximately 17 percent, and the
permeability averages approximately 1,200 mil-
lidarcys (10, pp. 67-74).

Texarkana Field

Seismograph surveys and subsurface indica-
tions of structure led to the drilling of the dis-
covery well in 1942. The field is located on a
small anticline with structural closure of approx-
imately 60 feet. Before May 1, 1950, two produc-
ing wells and one dry hole had been completed.
The produced gas, unlike that from most of the
other Smackover fields, contains no hydrogen-sul-
phide but does contain approximately 60 percent
nitrogen (10, pp. 82-84).
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Dorcheat-Macedonia Field

In the Dorcheat portion of the field the pres-
ence of a low flat structural nose or terrace in
the Upper Cretaceous formations had been known
for a number of years, but it remained for the
reflection seismograph to define the structure in
the deeper beds (13, p. 739). When the Macedonia
portion of the field was discovered, it was believed
to be a separate pool from the Dorcheat field; but
later drilling has proved that the two fields are
continuous on the same east-west trending anti-
cline approximately eight miles long and one to
two miles wide. Approximately 95 producing wells
had been completed in the Reynolds oolitic zone
before May 1, 1950, but many of these have since
been recompleted in Cotton Valley sands above
the Smackover. The gas produced from the Rey-
nolds oolitic zone has a hydrogen-sulphide content
of 1,800 grains per 100 standard cubic feet. The
average porosity of the oolitic limestone is 15 per-
cent with an average permeability of 200 mil-
lidareys (10, pp. 331-337).

Midway Field

Subsurface correlation indicated a structural
anomaly in the area before seismograph surveys
led to the drilling of the discovery well. The field
is on a northwest-southeast trending anticline
approximately five miles long and one mile wide
with a structural closure of approximately 200
feet. Forty-seven producing wells and fourteen
dry holes had been completed by May 1, 1950. The
spacing pattern in most cases is one well to each
40 acres. The porosity of the producing zone
averages 26 per cent with an average permeability
of 140 millidarcys. Unlike the oil and gas pro-
duced from most of the other Smackover fields,
the oil produced at Midway contains a relatively
small amount of sulfur compounds, and the gas
contains no hydrogen-sulphide (10, pp. 345-349).

Village Field

The Village field is on a northwest-southeast
trending anticline approximately two and one-half
miles long and one to one-half miles wide. The
location of the discovery well was based on seis-
mograph surveys. Forty-five producing wells and
ten dry holes had been completed in the Rey-
nolds oolitic zone of the Smackover formation by
May 1, 1950. The average porosity is 20 percent
with a permeability of 2,000 millidarcys (10, pp.
371-374).



Snow Hill Pool, Smackover Field

Although the cumulative production from the
Snow Hill pool has been relatively minor, its dis-
covery in 1936 showed that the upper part of the
Smackover formation was oil-bearing and the
characteristics of the oolitic member were favor-
able for commercial production. The location of
the discovery well in the Snow Hill area of the
Smackover field was based on seismograph sur-
veys. This pool, in which six producing wells
and seven dry holes had been completed before
May 1, 1950, is on a small northwest-southeast
trending anticline that has a structural closure
of approximately 50 feet above the oil-water con-
tact. The porosity of the Reynolds oolitic zone is
approximately 25 percent with permeability rang-
ing as high as approximately 1,700 millidarcys (5,
pp. 127-128).

Warnock Springs Field

The location of the discovery well was based
on seismograph surveys. The field is on a north-
east-southwest trending anticline approximately
a mile and a half long and a mile wide. Before
May 1, 1950, five producing wells and two dry
holes had been completed.

Warnock Springs Extension

Subsurface studies led to the drilling of the
first well, a gas distillate producer, in 1949, about
a mile and a half northeast of the Warnock
Springs field. Only one other well, a dry hole, has
been drilled, but the new field is probably sepa-
rated from the Warnock Springs field by a low
structural saddle.

Mars Hill Field
The discovery well was drilled on a seismo-
graph prospect approximately one mile north of
the McKamie field. Before May 1, 1950, three
producing wells and one dry hole had been com-
pleted in the field; and the structure seems to be
an east-west trending anticline.

Spottsville Field
This field, discovered about three miles north-
east of the Atlanta field in Columbia County in
1949, by drilling based on seismograph work, has

one producing well and one dry hole, and the ex-
tent of the structure will not be known until more
wells have been drilled.

Tubal Field

In this general area subsurface work indi-
cated a structural nose in the Upper Cretaceous
chalk. The reflection seismograph was used to
locate the site for the drilling of the discovery
well which was completed early in 1950 as an oil
producer both from the Smackover formation and
a sand in the Cotton Valley formation above. Un-
like the Smackover crude oil produced from the
Atlanta and Schuler fields to the north, the Tubal
field Smackover oil contains no hydrogen-sulphide
or “sour gas.” Although only the discovery well
has been drilled, a new location has been staked
approximately three-fourths of a mile northwest
of the discovery well.

Wilks Field

The discovery well, the only well in the field,
was drilled on a seismograph prospect about two
miles northwest of the Schuler field. This well
was abandoned after producing approximately
10,000 barrels of oil.

Strong Field

In the Strong field only one producing well and
two dry holes had been completed in the Smack-
over limestone before May 1, 1950, and the pro-
ducing well was abandoned after producing only
28,000 barrels of oil. A seismograph survey led
to the discovery of the field.

Northeast Champagnolle Field

The discovery well, drilled on a seismograph
prospect, produced only 740 barrels of oil from
the Smackover limestone before being aban-
doned. No other wells have been drilled to the
Smackover in the immediate vicinity of this well.
Although no official name has been given to this
small reservoir in the Smackover limestone, the
name Northeast Champagnolle field is used in
this report because the discovery well was drilled
near the northeast edge of the Champagnolle
field which produces from both Upper and Lower
Cretaceous sands.
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