























































































































































































































































































































































































































































































































































































































































































































































































































Arbuckle Brown Zone Reservoir in the Healdton Field

veloped as follows: dolomitization (intercrystal-
line and residual primary porosity) — dissolution
(vugs) » dolomite cementation (coarse- and
baroque-dolomite cements) — deposition in karst
features (muddy sediments) — fracturing — cal-
cite cementation (blocky calcite) (Fig. 2).

Pore systems in the Brown zone reservoir can
be divided into two classes (I and If) based on the
dominant pore type and a third class that contains
both class I- and II-type porosity (Fig. 2).

Class I pore systems are dominated by breccia-
and/or fracture-porosity and are most common
in the mud-rich facies, particularly in laminated
mudstone in the upper part of the Brown zone res-
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Figure 1. Photographs of thin sections from the
HAU no. 5-3 well (sec. 4, T. 4 S., R. 3 W.) showing
facies and porosities; bar scales are 4 mm long.
A—Strongly bioturbated, mud-rich facies: dolostone
with ghost of bioturbated structure and organic
remains (arrows) within burrow. Depth 3,650.4 ft.
B—Grain-rich facies: medium- to coarse-crystalline
dolomite with ghost of grainstone texture and re-
sidual remains of primary intraparticle (arrows) and
interparticle (too small to be seen in the same scale)
porosities. Solution pores are indicated by triangles
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ervoir. Rocks with class I pore systems generally
have low porosity but relatively high permeability.

Class 1 pore systems are dominated by porosity
controlled by depositional fabric and formed by
dolomitization of algae-rich and grain-rich facies.
These facies occur in the lower part of the reser-
voir interval. Rocks with class II pore systems gen-
erally have relatively high porosity and low per-
meability.

Rocks with class III pore systems have texturally
controlled (class I} porosity enhanced by fractur-
ing and brecciation. They have both high porosity
and high permeability and provide the best quality
reservoir in the field.

10 W

in the lower part of the photomicrograph. Depth
3,750 ft. C—Algae-rich facies: coarsely crystalline
dolomite with ghost of algal-framework structure
and residual interframework porosity (arrows). Depth
3,589.5 ft. D—Vugs in coarsely crystalline dolomite
of algal-rich facies: note that black, muddy sedi-
ments, deposited after the coarsely crystalline
baroque dolomite, are not only on the bottom of the
vugs but also somewhat on the roof, which may indi-
cate that the muddy sediment was deposited in a
phreatic zone. Depth 3,604 ft.
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Stratigraphic Controls on Natural-Gas Accumulation
in Morrowan Reservoirs, Batson Field Area,
Arkoma Basin, Arkansas
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INTRODUCTION

The Arkoma basin of western Arkansas and east-
ern Oklahoma contains large reserves of natural gas
in reservoirs of Paleozoic age. Sandstone units near
the base of the Atoka Formation, and within the
underlying Morrowan Hale and Bloyd Formations,
provide most of the natural gas in the northern part
of the Arkoma basin in northwestern Arkansas.

The Batson field area includes the Batson field
and the adjacent Ozone field in Johnson County, Ar-
kansas (Fig. 1). The area is inmediately south of the
Cass fault system. North of the fault, Morrowan res-

ervoir units are exposed in the southern Boston:

Mountains. Prominent exposures of Morrowan res-
ervoir units and associated strata also occur within
a south-trending outcrop belt on the Jasper arch, a
few miles east of the fields.

MORROWAN RESERVOIR STRATIGRAPHY,
BATSON FIELD AREA

The Morrowan section in the outcrop belt and in
the Batson field area (Fig. 2) is underlain by lime-
stone beds of the Mississippian Pitkin Formation.
The interval is overlain by sandstone and shale units
of the Atoka Formation. In surface exposures the
Morrowan sequence is divided into the Hale For-
mation (below) and the Bloyd Formation (above).

The Hale Formation is composed of two mem-
bers; the Cane Hill Member and overlying Prairie
Grove Member. The Cane Hill Member ranges
from 200 to 320 ft thick and is a complex succes-
sion dominated by intervals of shale with subordi-
nate intervals of thin-bedded, very fine sandstone
interbedded with shale. Sandstones as much as 60
ft thick occur in the lower and middle parts of the
member.

Outcrop samples indicate that the unit is com-
posed of fine- to medium-grained sandstone and
is not calcareous. Cane Hill sandstone units in the
subsurface form elongate belts 0.25-0.5 mi wide
and 1.0-1.5 mi long. They are productive in the

Batson field area and are referred to as Lower Hale
by petroleum geologists in the Arkoma basin.
The Prairie Grove Member of the Hale Forma-
tion overlies the Cane Hill Member throughout the
area and ranges from 40 to 130 ft thick. Samples
from surface sections are composed of sandstone
that varies considerably in carbonate content. The
carbonate occurs as skeletal fragments and cement,
and may form as much as 45% of the rock. The Prai-
rie Grove Member is a major reservoir unit in the
Batson field area, and is recognized by petroleum
geologists as the Middle Hale or Second Hale sand.
The Prairie Grove Member of the Hale Forma-
tion is overlain conformably by the Bloyd Forma-
tion. Surface sections are normally subdivided
into the Brentwood Limestone, Bloyd sandstone,
Dye Shale, and Kessler Limestone Members. The

- Bloyd sandstone and sandstones within the Brent-

wood Member are important reservoir units in the
Arkoma basin.

In the Batson field area, the Brentwood Lime-
stone Member is a succession of shale and sand-
stone that ranges from 120 to 240 ft thick. Thin lime-
stone units occur within the shale intervals. Indi-
vidual sandstones may exceed 60 ft in thickness and
occur as elongate bodies 1-3 mi in length. They are
never >0.25 mi wide, and are commonly only sev-
eral hundreds of feet wide. Although porosity is
high, Brentwood sandstones have not been produc-
tive in the Batson field area. Petroleum geologists
refer to the sandstones as the Upper Hale or First
Hale sand, as well as Brentwood sand.

The Bloyd sandstone overlies the Brentwood
Member throughout the northern part of the Bat-
son field area. It is also prominent in the northern
part of the outcrop belt. The unit ranges from 20 to
80 ft thick and is composed of medium-grained
sandstone. The sandstone is rarely calcareous and
contains no shale. The unit is productive in several
wells in the Batson field area, but production and
sedimentologic trends are apparently not related.
The Kessler Limestone Member of the Bloyd For-
mation is not a reservoir unit in the Arkoma basin.

Zachry, D. L.; VanArsdale, Roy; and Harris, Patrick, 1993, Stratigraphic controls on natural-gas accumulation in
Morrowan reservoirs, Batson field area, Arkoma basin, Arkansas, inJohnson, K. S.; and Campbell, J. A. (eds.),
Petroleum-reservoir geology in the southern Midcontinent, 1991 symposium: Oklahoma Geological Survey

Circular 95, p. 265-267.
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Figure 1. North-south cross section from the Ozark shelf to the northemn Arkoma basin, showing the
structural position of the Batson field adjacent to the Cass fault. The Morrowan sequence is exposed

immediately north of the fault.

PETROGRAPHY OF RESERVOIR UNITS
Hale Formation

The Cane Hill sandstone reservoir unit in sur-
face exposures east of the Batson field area is com-
posed of fine-grained sandstone that crops out in
beds 2-6 in. thick. The beds are ripple laminated
and display ripple marks on bed surfaces. Thin-
section analyses indicate that the sandstone is well
sorted and is cemented by quartz overgrowths.
Porosity counts of thin sections impregnated with
blue epoxy yield porosity values of 4-5%. This is
comparable to porosity values of 6-8% deter-
mined from density logs. The petrographic char-
acter of the Cane Hill sandstone is fairly constant
in outcrop sections, and is projected to be so in the
subsurface of the Batson and Ozone fields.

The Prairie Grove Member is the most important
reservoir unit in the Morrowan section of the Batson
field. It is also the most diverse in petrographic char-
acteristics. Three lithofacies dominate the member
in surface sections, and are suggestive of reasons for
the distribution of subsurface porosity.

Much of the Prairie Grove sandstone contains
little or no carbonate. The sandstone ranges from
fine to medium grained, and is composed of quartz
with minor quantities of feldspar and chert rock
fragments. It is well sorted, and thin-section point
counts indicate porosity values ranging from 9 to
20%. The porosity is mostly intergranular, although

scattered molds of skeletal grains contribute to po-
rosity. Large-scale, trough cross-stratification is
abundant.

Carbonate-free sandstone, with relatively high
porosity, grades laterally into carbonate-cemented
sandstone without significant numbers of skeletal
grains. Porosity, as determined by point-count, is
low. Sets of large-scale, trough cross-strata are
abundant, and a bidirectional current regime is
indicated by directional measurements.

Sandstone with abundant skeletal grains that
grades into sandy skeletal limestone occupies
large parts of the Prairie Grove Member in the out-
crop belt. Most porosity is occluded by carbonate
cement, Large-scale cross-stratification is essen-
tially absent, and small-scale current-related struc-
tures are rare.

Significant effective porosity in the Prairie
Grove is intergranular and is restricted to intervals
with little or no carbonate cement. These intervals
are laterally restricted.

Bloyd Formation

Elongate sandstone bodies of the Brentwood
Member are composed of quartz sandstone with
minor amounts of carbonate cement. The sand is
fine grained and well sorted. Partial cementation
by quartz overgrowths is common, but the cement
is rarely pervasive. Porosity is intergranular and
rarely exceeds 9%. Except for thin beds of shale-



Natural-Gas in Morrowan Reservoirs, Batson Field Area

BATSON FIELD
e i

267

JASPER ARCH

Kessler Limestone
Dye Shale Member c
ol
>B8 Z
SE =
Bloyd sandstone my E
L
>
Brentwood Member ;l_
2
Prairie Grove Member E
(Middle Hale sand) e %
Q =
. w® S
Cane Hill Member T £
o
(Lower Hale sands) -
Pitkin Formation Z
a
o
n
@
Fayetteville @
Formation =

Figure 2. Resistivity log from the Batson field and a measured surface section from the Jasper arch,
~10 mi to the east, illustrating the Morrowan succession and reservoir units.

pebble conglomerate at the bases of the sand bod-
ies, the petrographic character of the units is uni-
form.

The Bloyd Sandstone Member is composed of
fine- to medium-grained sandstone with abun-
dant granules and pebbles of quartz. Sand-size
components are dominantly quartz, but feldspar
and metamorphic-rock fragments are common.
The sandstone is moderately well sorted. Quartz
cement is common, but not pervasive. Porosity is
both intergranular and moldic, formed by dissolu-
tion of noncarbonate, framework grains. Porosity
values range up to 20% and are generally higher
than for other reservoir units in the Morrowan se-
quence.

SUBSURFACE DISTRIBUTION
OF RESERVOIR UNITS

Cane Hill Sandstone

Porous strata in the Cane Hill sandstone are con-
centrated in T. 11 N., R. 23 W. in the Batson area.
The sandstone is an elongate body trending ap-
proximately north-south. Maximum thicknesses
exceed 60 ft and decline east and west to zero. Pro-
duction in the Batson area is entirely within the

mapped trend and is restricted to a cluster of seven
wells at the northern margin of the township.

Prairie Grove Sandstone

Porous strata in the Prairie Grove sandstone are
restricted to several elongate to lobate trends with
north-south orientations. The trends are con-
centrated in the southern part of T. 12 N. and
throughout T. 11 N. A major trend in R. 25 W. is
bilobate, with thicknesses ranging from 10 to 130 ft.
Prairie Grove production is concentrated in an east-
west-oriented belt across the northern margin of
the trend near the township boundary, and south-
eastward in an elongate trend on the western mar-
gin of the western lobe. Production also occurs in
four wells in the northern part of an elongate trend
inT. 11 N., R. 24. W. Porous strata in other parts of
the Prairie Grove trends are not productive.

Brentwood Sandstone

Sandstone trends within the Brentwood Mem-
ber are narrow and highly elongate. They are re-
stricted to the eastern part of the Batson area and
are not now productive. Unit thicknesses exceed
60 ft, and reservoir characteristics seem excellent.



