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Intresiuction

This guidebook is a companion to Oklahoma Geologi-
cal Survey (OGS) Special Publication 2005-1: The Booch Gas
Play in Southeastern Oklahoma: Regional and Field-Specific
Petroleum-Geological Analysis (Boyd, 2005). The Booch gas
study is the latest in the series of play-based workshops jointly
sponsored by the OGS and the Petroleum Technology Transfer
Council that are designed to aid State oil and gas operators.

The Booch (pronounced Boke, the same as “coke”) strati-
graphic interval is the informal subsurface term used by the oil
and gas industry to identify certain sandstones contained in the
Desmoinesian (Middle Pennsylvanian) McAlester Formation.
The term “Booch sand” was first used in 1906 to describe the
producing reservoir in two wells drilled in Okmulgee County
(sec. 20, T. 13 N,, R. 14 E.) on the Booch farm in the Morris Oil
Field (Clark, 1930; Jordan, 1957). Jordan (1957) correlated the
productive sandstone on the Booch farm with the Warner Sand-
stone, a formally named member of the McAlester Formation.
In sequence stratigraphic terms, the Warner Sandstone typically
correlates with middle Booch PS-3/3A (Boyd, 2005). (The cor-
relation of surface-named sandstones with subsurface-identified
sequences is one of the themes addressed in this guidebook). In
the broader sequence-stratigraphic framework, the Lower and
Middle Pennsylvanian sediments, of which the Booch is a part,
were deposited in an overall transgressive regime during which
smaller magnitude regressions occurred (see Boyd, 2005, fig.
11, after Ross and Ross, 1988).

The purpose of this guidebook is multifold. It locates,
identifies, and describes the best Booch sandstone outcrops
in the Oklahoma part of the Arkoma Basin. It interprets the
depositional environments of the strata in those outcrops
based on lithologies, sedimentary structures, stratal discon-
formities, and textural changes. It presents gamma-ray profiles
of the outcrops that approximate wireline gamma-ray logs in
the subsurface. Parts of wireline logs from nearby wells are
presented to show that, in some cases, the logs closely match
the outcrop profiles; in other cases, the logs may differ greatly
from the outcrop. Finally, the logs and outcrops are placed in

the sequence-stratigraphic framework established for the en-
tire Booch interval.

This guidebook is based on regional and detailed subsur-
face and surface studies. Figure 1 shows the location of the 19
outcrops described in this guidebook and the area in which the
Booch is recognized in the subsurface. Figure 1 also shows the
locations of the wells in which logs, cores, and/or core analy-
ses were utilized in Boyd’s (2005) study of the Booch and the
surface geologic maps that show the distribution of the Booch
sandstones.

McAlester Formation field mapping (which includes all
of the Booch stratigraphic interval) is difficult, especially in
structurally complex areas, because outcrops usually are widely
spaced, poorly exposed, and restricted to relatively thin intervals
within and immediately below erosionally resistant sandstones
and siltstones. This limits the interpretation of a stratigraphic
interval that is composed mostly of easily eroded shale. How-
ever, this limitation can be overcome by utilizing the subsurface
data provided by thousands of closely spaced wells. Measured
sections, surface gamma-ray profiles, and analysis of subsurface
data makes it possible to place Booch outcrops into a regional
depositional framework. This not only helps explain anomalies
that are difficult to address on the surface, such as variations
in thickness and the stratigraphic placement of unnamed (or
misnamed) sandstones, but also puts a “face” on wireline-log
signatures recorded in the subsurface.

Surface (McAlester Formation)

The McAlester Formation, named by Taff (1899) who
called it the McAlester shale, is the second oldest of the four
formations that make up the Desmoinesian Krebs Group in
the Arkoma Basin of Oklahoma and Arkansas. For the most
part, it conformably overlies the Hartshorne Formation and
conformably underlies the Savanna Formation (Fig. 2). The
base of the McAlester generally is recognized as the top of the
highest Hartshorne coal. The top of the McAlester Formation
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Figure 1. Map showing location of field-trip stops (numbers 1 through 19) and data used in Boyd’s (2005) regional subsurface study of the Booch
interval, including wells, cores, and core analyses. Geologic maps used in field studies of the Booch are outlined and labeled as follows: SV - Sa-
vanna 7.5' quadrangle (Suneson, 1997); HSW - Hartshorne SW 7.5' quadrangle {Suneson and Hemish, 1996); HA - Hartshorne 7.5' quadrangle
(Suneson, 1996); AD - Adamson 7.5' quadrangle (Hemish, 1995); GO - Gowen 7.5" quadrangle (Hemish, 1992); WL - Wilburton 7.5" quadangle
(Hemish and others, 1990a); PA - Panola 7.5' quadrangle (Hemish and others, 1990b); RO - Red Oak 7.5 quadrangle (Hemish and others, 1990c);
LF - LeFlore 7.5' quadrangle (Hemish, 1991); SU - Summerfield 7.5' quadrangle (Hemish and Mazengarb, 1992); WS - Wister 7.5' quadrangle
(Hemish and Suneson, 1993); NLFCO (northern Le Flore County) ~ Knechtel (1949); WHM (area near Wildhorse Mountain) — Crumpley (1949);

HKCO (Haskell County) — Oakes and Knechtel (1948).

is placed at the base of the lowest massive sandstone of the
Savanna Formation. In most places the contact with the Sa-
vanna is gradational and conformable; locally, however, the
basal sandstone unit of the Savanna Formation is deposited
in channels eroded into the McAlester. Where this occurs, the
contact is a paraconformity.

Most of the McAlester Formation consists of poorly ex-
posed shale that typically forms valleys between ridges under-
lain by the sandstone-rich Hartshorne and Savanna Formations.
The formation includes several moderately to poorly exposed
sandstone beds of varying thickness and continuity which form

low ridges or hills in otherwise relatively flat valley floors. In the
extreme southern part of the Arkoma Basin, chert conglomer-
ate beds are present. Several coal beds are also present and, like
the sandstones, vary greatly in character. The McAlester coal
(and locally, Upper McAlester coal) has been extensively strip-
mined. Other named (e.g., Keefton) and unnamed (e.g., Mile
0.0, Day Two) coals have been mined locally.

The McAlester Formation is divided into six named mem-
bers (from bottom to top): the McCurtain Shale, the Warner
Sandstone, the Lequire Sandstone, the Cameron Sandstone, the
Tamaha Sandstone, and the Keota Sandstone (Fig. 2). These
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were first “named and assigned member status in 1927 by Thom
(1935)” (in Russell, 1960, p. 14), but this work evidently was
unpublished. Wilson (1935) and Wilson and Newell (1937), ac-
knowledging Thom’s work, recognized the same sandstone mem-
bers and also named the Stigler coal. These authors, however, in-
cluded the Tamaha and Keota in the overlying Savanna sandstone
and the Upper Hartshorne coal in the McAlester shale. Oakes and
Knechtel (1948) and Knechtel (1949) formally raised the rank of
the McAlester shale to McAlester Formation. They also included
the Tamaha and Keota Sandstone Members, as well as the un-
named shale immediately overlying the Keota, in the McAlester
Formation. The McAlester Formation in the Arkoma Basin also
contains five named coal beds; from bottom to top, these are the
Keefton coal (within the Warner Sandstone Member), the McAl-
ester (Stigler) coal, the Upper McAlester (Stigler Rider) coal, the
Tamaha coal, and the Keota coal. Recent OGS mapping in the
southern part of the Arkoma Basin shows the Warner Sandstone
as locally subdivided into lower and
upper parts; the names lower Warner

= (%2} o
sandstone and upper Warner sandstone, AR
, P

however, are informal.
Subsurface (Booch sandstones) 2

Formal stratigraphic nomenclature
is based on strata that can be described
and mapped in outcrop. Industry termi-

SAVANNA|BOGGY THURMAN |FORMATION

the mapped extent of the McAlester Formation. In terms of oil
and gas production the upper part of the McAlester Formation,
between the Brown Limestone {equivalent to the surface Span-
jard Limestone) and the McAlester coal, is relatively unimportant.
Thus, the Keota and Tamaha Sandstones are not included in what
the petroleum industry considers to be the Booch stratigraphic
interval (Fig. 2).

Wireline logs from throughout the Arkoma Basin (Fig. 1)
show the Booch stratigraphic interval to be composed of eight,
generally coarsening-upward depositional cycles (Fig. 3). These
cycles, or parasequences, represent a relatively conformable suc-
cession of genetically related beds that are bounded by marine
flooding surfaces or their correlative surfaces (Jackson, 1997). In
the Booch interval each parasequence represents a shallowing-
upward sedimentary cycle that is interpreted as a progradation
of Booch deltas into the marine Arkoma Basin. Fach parase-
quence begins with a flooding surface that marks the deposition

FORMAL SURFACE INFORMAL SUBSURFACE | |THIS STUDY[

Spaniard Limestane Brown limesione PS=Parasequence

nology, however, is keyed to productive

|

I

[

I

Keota Sandstone !
Keota coal |
|

I

|

I

|

reservoirs and typically is not related Tamaha coal usually identiied
. Tamaha Sandslone
to formal surface terminology. A lo- z
. . =z < Upper McAlester coal
cal name may be given to a productive | < |
- w
reservoir that) over time, is extended to i w McAlester{Lehigh, Stigler) coal McAlester coal
=4
include a much thicker stratigraphic in- R PS-0
- o| m Cameron Sandstone
. oy > w PS-1
terval. Eventually a consensus is reached ol 2 oo Loquire Sandstone
in which certain stratigraphic markers z)w wlw (upper Warner sandslone) ps2
. [a} 2] [ I e .
on well logs are understood to define w wlw
o . . . W Sand PS-3
the limits of a given productive interval. 7;» ?;J e erane TanehaTucker
: . . I W dstone sandstone PS-3A
The industry-defined Booch is not the (ower Wamer sandsione]
subsurface equivalent of the McAles- unnamed sandstone PS-4
wl
ter Formation but represents the lower z
. . L e
three quarters of this formation between z
= unnamed sandstone PS-5
the tops of the McAlester and Harts- x
Q
horne coals. Fortunately, Hartshorne =
McCurtain shal PS-6
and McAlester coals are among the ¢uriain shate
most widespread coals in the Arkoma 2
£
Basin and both have been extensively g HARTSHORNE
mapped and mined; therefore, they pro- z ,
) PP » > heyp 2 p ATOKA
vide excellent markers in both the sur- g Z

face and subsurface. Within the Booch,
the Warner Sandstone (PS-3/3A) is the
most widespread, allowing it to form a
relatively continuous ridge throughout

Figure 2. Booch stratigraphic-nomenclature chart (modified from Boyd, 2005, fig. 1). The chart
compares formal surface and informal subsurface (industry) names with parasequence designations
from Boyd (2005). Locally, the Warner Sandstone has been subdivided on some surface geclogic
maps into upper and lower (informal) sandstones.



of distal marine muds. These are overlain by progressively more
nearshore marine muds, silts and sands that can include fluvial-
deltaic sands and muds that may be interbedded with peat. The
tops of each parasequence typically are sharp and represent ma-
rine transgression, with distal marine shale of the next flooding
surface deposited on relatively shallow-marine, deltaic, or non-
marine strata.

The eight Booch parasequences are based on regional
subsurface stratigraphic markers. They are combined into
three intervals termed the lower, middle and upper Booch.
These three subdivisions were defined using the period of
maximum progradation and sand deposition, here called the
middle Booch, to separate the shale-dominated upper and
lower Booch intervals. Boyd (2005) describes the individual
Booch parasequences in detail.

Surface - Subsurface Gorrelation (Fig. 2)

In outcrop the base of the McAlester Formation is the top
of the highest Hartshorne coal. On wireline logs, the base of the
McAlester Formation (and Booch interval) occurs where rela-
tively high-resistivity siltstones and shales above the coal are
overlain by low-resistivity, high-gamma ray shales. In outcrop
(e.g., Stop 5), this contact occurs where light brown, fossilifer-
ous (plants), interdistributary-bay shale in the Hartshorne is
overlain by distal marine shale at the base of the McAlester.
The subsurface contact between the Hartshorne and McAles-
ter Formations can be several tens of feet above the coal. Thus,
the surface-defined contact can be much lower than the sub-
surface-defined contact.

On the surface the McCurtain Shale Member of the
McAlester Formation extends from the top of the (Upper)
Hartshorne coal to the base of the Warner Sandstone, which is
the most extensive and best-exposed sandstone in the McAles-
ter. In the subsurface, the McCurtain shale is the lowest para-
sequence in the McAlester Formation (PS-6) (Boyd, 2005).
Thus, the subsurface-defined McCurtain shale is always thin-
ner than that defined at the surface.

In general, parasequences PS-6, PS-5, and PS-4 contain
little or no sandstone (Boyd, 2005). This contrasts with parase-
quences PS-3 and PS-3A which contain abundant sandstone.
Based on surface-to-subsurface correlations throughout the
Booch outcrop area, subsurface parasequences PS-3 and 3A
contain what is mapped on the surface as the Warner Sand-
stone or, in places, the lower Warner Sandstone. This relation
is supported by the sandstone-dominated character of PS-3
and 3A in the subsurface and the widespread occurrence of the
Warner on the surface. Locally, various workers have mapped
discontinous sandstones below the Warner; these are mapped
either as “sandstone lenses within the McCurtain Shale” (e.g.,
Oakes and Knechtel, 1948) (see Stop 17, this guidebook) or as
unnamed sandstones within the McCurtain Shale (e.g., Hem-
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Figure 3. Regional Booch type log (Oneok Exploration No. 5 Burr,
Pittshurg County, Oklahoma) showing eight, generally coarsening-up-
ward parasequences (from Boyd, 2005, fig. 9). The parasequences are
numbered (from oldest to youngest) 6, 5, 4, 3A, 3,2, 1, and 0.
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ish and Suneson, 1993) (see Mile 83.1, Day One, this guide-
book). The parasequence (PS-4, PS-5) to which these un-
named sandstones are assigned varies.

Several relatively widespread and well-developed sand-
stones have been mapped in the McAlester Formation above
the Warner Sandstone (PS-3/3A). From oldest to youngest,
these include the upper Warner sandstone, Lequire Sandstone,
and Cameron Sandstone. Based on correlation of the sand-
stones mapped on the surface with nearby down-dip wireline
logs, PS-2 includes either the upper Warner or Lequire Sand-
stones, PS-1 either the Lequire or Cameron Sandstones, and
PS-0 the Cameron Sandstone. The McAlester coal occurs near
the top of PS-0. Some of the names applied to the McAlester
sandstones cropping out in the Arkoma Basin may be incor-
rect, but renaming them based on sequence stratigraphy is be-
yond the scope of this study.

tl) 5 10 15 20 2|5 Miles oo e
1

L 1 1

. !mM'askogeé"w.,' 0/0

Depositional Environments

Hemish and Suneson (1997) reviewed the history of
McAlester (Booch) sandstone interpretations. Most modern
studies of the Booch begin with the classic studies by Busch
(1953, 1959, 1971, 1974). Based on isopach maps of the mid-
dle Booch sandstone (Warner Sandstone), Busch showed that
the unit has the form and character of a series of anastomos-
ing distributary channels (Fig. 4). (It is important to note that
Busch’s studies focused on the Cherokee Platform area of
eastern Oklahoma and extended only into the northwestern-
most part of the Arkoma Basin.) He observed that where the
channel sandstones are thickest, the underlying beds had been
eroded. He interpreted some of the smaller distributary sand-
stones as deposited in a crevasse-splay environment. Busch
also recognized that the upper Booch sandstone locally was
deposited in a deltaic environment, but he did not address the

Channels in McAlester Formation

——— Mostly middle Booch (Busch, 1971)

---------------- Mostly upper Booch (Busch, 1971)

————————— lower Booch (Bissell, 1982) and
middle Booch (Bowker & Seale,
1985) near Brooken gas field

e lower Booch (Fields, 1987)

lower Warner (Karvelot, 1973)

w==-=upper Warner (Karvelot, 1973)

Lequire (Karvelot, 1973)
middle Booch (Boyd, 2005)

------------------------ Geologic provinces

Figure 4. Map showing distribution of Booch channels in the Arkoma Basin and on the southern part of the Cherokee Platform (modified from Hem-
ish and Suneson, 1997, fig. 12). Channel locations are based on Busch (1971), Bissell (1982), Bowker and Seale (1985), Fields (1987), Karvelot

(1973), and Boyd (2005).



6 Depositional Environments

origin of the lower or lower middle Booch sandstones. Bissell
(1982) recognized prodelta, delta-front, and shoreline sand-
stones in parts of the Booch interval. Regardless of the details

of nomenclature, a deltaic origin for the Booch sandstones is
firmly established.

More recently, Northcutt (1995, p. 14) identified what
he considered to be “Booch sediments” which include shales
“deposited in marine, delta-front, lagoonal, and coastal-plain
environments,” as well as sandstone, the greatest thicknesses
of which “were deposited in distributary channels on the del-
ta plain” The Booch also includes coal deposited in lagoons
on the delta plain. Northcutt (1995) combined all published
maps of the Booch on the Cherokee Platform into a single map
showing the Booch delta and interpreted areas of fluvial, upper
delta-plain, and lower delta-plain deposition. But, as in most
studies of the Booch, Northcutt’s (1995) map covered only the
extreme northern part of the Arkoma Basin.

Boyd (2005) studied the subsurface character of the Booch in-
terval in the Arkoma Basin and put it into a sequence-stratigraphic
framework based partly on modern paleogeographic reconstruc-
tions of North America (Fig. 5). He concluded that Booch strata
could be divided into three basic types: (1) distal marine and pro-
delta shales, (2) various types of deltaic sediments and coals (in-
cluding delta-front and delta-plain strata), and (3) fluvial sediments
related to incised valleys (Fig. 6). For each cycle of Booch progra-
dation, marine shales are deposited first. They are deposited in a
low-energy environment over a large area. Although deposited in a
distal marine environment, this does not imply deep water; rather,
they are deposited beyond the reach of shoreline processes. Thick-

Figure 5. Paleogeographic recon-
struction of part of Middle Penn-
sylvanian southern mid-continent
(modified from image by R.C.
Blakey, hitp://jan.ucc.nau.edu/~rch7/
namPP315.jpg, retrieved July 5,
2006). The reconstruction shown
here differs from Blakey’s reconstruc-
tion of the Early Pennsylvanian in the
following ways: the Nemaha Uplift
extends south through most of Okla-
homa, the large “bay” in southeast-
ern Kansas is filled, and the Quachita
Mountains are considerably lower.

ness variations in these units occur gradually, and minor variations
in the composition of marine shales (discernible on wireline logs)
can be correlated over tens of miles. Thus, they are reliable subsur-
face stratigraphic markers.

The economically important Booch sandstones overlie
marine shales and are typically near the top of parasequence
depositional cycles. Evidence observable in outcrops and in
cores for a prograding delta includes thin siltstone laminations
within the marine shale; the frequency, grain size, and thickness
of these laminations gradually increase upsection as the delta
progrades over the marine shale. With continued progradation
tidal winnowing progressively removes the clay-sized fraction
until only silt and fine-grained sand remain. The upper part of
the coarsening-upward parasequence typically is a fine-grained
sandstone deposited in a tidally winnowed distributary-mouth
bar environment. The coarsening-upward pattern that charac-
terizes the Booch parasequences marks the transition from dis-
tal marine shale, to prodelta siltstone and shale, to delta-front
distributary-mouth bar, although not all environments are pre-
served everywhere.

Locally, distributary-channel-fill sandstones occur on
top of and incise into the mouth bars that they sourced (Fig.
6). Distributary-channel sandstones are usually single-story
channel-fills, are never more than 30 ft thick, and typically
less than 20 ft. Because these are narrower than the mouth
bars that they feed, feeder channels are not always observed
on wireline logs or in outcrop. Where channel-fill deposits are
not present, the distributary-mouth bar deposits may be over-
lain by interdistributary sediments of the delta plain, including



Guidebook Format 7

fossiliferous (plants) bay-fill shales, crevasse-splay sandstones,
tidal-channel sandstones, and/or coal.

In places a much thicker sandstone may be present that
can be more than two hundred feet thick. These are inter-
preted as stacked channel-fill sandstones filling valleys that
were incised when the paleoshoreline was located far to the
south. In places, these valleys are eroded deep into the under-
lying marine shales or completely through them and into the
underlying parasequence. These sandstones, which represent
the main feeder system bringing sediment to the delta dur-
ing a period of maximum progradation, become thicker in the
updip direction. Although incised-valley sandstones are the
highest quality reservoirs in the Booch, the individual chan-
nel-fill components vary in their log response. This probably
reflects variations in grain size, the amount of disseminated
plant material, and/or the presence of shale rip-up clasts that
are frequently present in these sandstones.

Guidehook Format
This guidebook is divided into two parts. Day One is a

road log starting in Blanco and ending in Poteau, Oklahoma
(Fig. 7). The road log goes through the towns of Haileyville,

Prodelta shale Distributary channel
PS-4 on mouth bar
PS-3/3A

Interdistributary bay-fill/lswamp
upper PS-0

Adamson, Wilburton, Panola, Red Oak, Wister, and Howe.
Eight Booch sandstone stops and one (Stop 5) showing the
Hartshorne Formation — McAlester Formation contact com-
prise the first day. Day Two starts in Poteau, ends in Stigler,
Oklahoma, and goes through the towns of Shady Point, Pana-
ma, Cartersville, and Keota (Fig. 8). Nine of the stops on Day
Two are at Booch sandstones and one (Stop 18) is a McAlester
sandstone above the Booch.

The guidebook is based, in part, on several guidebooks pre-
viously published by the Oklahoma Geological Survey. The road
log from Blanco (Day One, Mile 0.0) to Bond (Day One, Mile
8.7) is modified from Suneson and Andrews (2005). Stop 2 (AOK
Railroad, Haileyville measured section) was described by Hemish
and Suneson (1997, p. 56-59). The road log from the small village
of Bowers (Day One, Mile 31.3) to State Highway 82 on the east
side of Red Oak (Day One, Mile 55.4) is modified from Suneson
and others (2005). Stop 5 (Panola measured section) was visited as
part of a field trip on the Hartshorne Formation (Suneson, 1998).
The road log from State Highway 82 (Day One, Mile 55.4) to the
Wister Lake spillway (Day One, Mile 80.1) and the description of
the Cameron Sandstone at Stop 6 is modified from Suneson and
Hemish (1994). All the guidebooks are based on 1:24,000 geologic
maps of the southern part of the Arkoma Basin published by the

Increasing incision

oo Limit of major incision

¢

Tidal channels

‘B\ ~ \;0¢
X € = |-Delta-front complex

" |-Delta-front complex

7 Mouth bar
Distributary channel
e

Limit of previous parasequence

\00. progradation
Prodelta
Eberly & Meade
No. 3-5 Lake
[4] NWYNWYNWY sec. 5, T. 6 N, R.16 E.
K.B.E. 614 ft

Stacked channel fill
ps-2

Figure 6. Schematic Booch tidally-influenced delta. This diagram shows the major depositional environments encountered in the Booch and their

appearance on wireline logs (from Boyd, 2005, fig. 16).



Oklahoma Geological Survey as part of the U.S. Geological Survey-
supported COGEOMAP and STATEMAP programs (Fig. 1).

Most of the road log for Day Two is new. The only part that
was previously described is the first 3.7 miles from Poteau (Day
Two, Mile 0.0) to the east along State Highway 112. The most
recent geologic maps of this part of the Arkoma Basin are those
of Knechtel (1949) and Oakes and Knechtel (1948).

Throughout this guidebook sites of historical interest are
noted. These sites are included because most geologists are
interested “in anything and everything they see in the field.”
Furthermore, geologists are also historians; we simply tend to
be more interested in what others call “really old things.”

In the interest of simplicity, but in keeping with some de-
gree of nomenclatural correctness, the names of formal strati-
graphic units are capitalized; however, “Warner Sandstone
Member of the McAlester Formation” is typically simplified to
“Warner Sandstone.”” Informal stratigraphic units (e.g., upper
Warner sandstone, Booch sandstones) are shown in lower case.
Coal beds, although formal stratigraphic units, are shown in
lower case (e.g., Lower Hartshorne coal). All subsurface units
are also shown in lower case. Throughout the guidebook the
names sandstones that are exposed on the surface are named
as shown on the geologic maps. Where we have determined
that a sandstone has been misnamed on a map (e.g., Day One,
Stop 3 - Lequire Sandstone) we use the correct name and doc-
ument our reasons for the change.

Thickness calculations between sandstone beds or from a
sandstone to an underlying or overlying coal bed are based on
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ROAD LOG

Start field trip in small town of Blanco, Oklahoma, along Oklaho-
ma State Highway (S.H.) 63. The road log for the first 8.7 miles is
modified extensively from Suneson and Andrews (2005).

cum interval
miles

0.0 0.0 Blanco, Oklahoma. A post office was established
here in 1901. Proceed east on S.H. 63.

Blanco Gas Field

Section 12, T. 3 N,, R. 14 E., immediately to the south-
west, is the one-well Blanco Gas Field, discovered in 1979 by
Hamiton Brothers Oil Company in their No. 1-12 Hamilton
Sweetin well (E¥2E%2EV2NW13). Production is from the Wapa-
nucka Limestone which was perforated from 10,915 to 11,055

For the next ~11 mi the highway parallels an old railroad
grade that serviced a number of mines in the McAlester coal.
The Choctaw, Oklahoma, and Gulf Railroad Company built
the railroad west from near Hartshorne in 1900-1901; it origi-
nally extended to Ardmore and closely followed the outcrop of
the coal (Taff, 1904; Gunning, 1975). The railroad was bought
by the Chicago, Rock Island, and Pacific Railway Company in
1904 (George and Wood, 1943), and this company played a
major role in developing the coal resources of southeastern
Oklahoma. The line was abandoned in 1950.

0.6 0.6 S.H.63 passes underneath the Indian Nation Turn-
pike. Continue east.

0.8 0.2 Excellent outcrop of shale in McAlester Formation
(PS-1) in bar ditch on left (north) side of road im-
mediately west of bridge.

ft. Hardie (1988, p. 237, cross section C-C', well 15) shows a 0.9 0.1 Excellent outcrop of Cameron Sandstone Member,
small south-vergent anticline to be the trapping structure. The McAlester Formation in small creek on left (north).
well has produced ~900 MMcf gas and is still producing ~61 Stop 1.
Mcf gas per day (IHS Energy, 2006).
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Step 1. Cameren Sandstene
tiance Measured Section

Location: Exposure along creek immediately north of Okla-
homa State Highway 63, ~0.3 mi east of bridge under Indian
Nation Turnpike and ~1 mi east-northeast of Blanco, Okla-
homa. Center E¥2SE% sec. 6, T. 3 N, R. 15 E,, Savanna 7.5'
quadrangle. UTM: 155 247205 E 3849355 N.

Discussion and Interpretation:

Suneson (1997) mapped this outcrop as the Cameron
Sandstone Member of the McAlester Formation. Here, it dips
steeply (53°) to the northwest on the southeastern flank of the
Kiowa Syncline (trough ~2.5 mi to north-northwest). The
trace of the Blanco Fault, a relatively small south-southeast-
directed backthrust, is ~0.5 mi to the southeast and the trace
of the Choctaw Fault is ~1.5 mi to the southeast. This outcrop
is near the southern margin of the Arkoma Basin, the edge of
which is marked by the Choctaw Fault.

Hendricks (1937a) placed the Cameron Sandstone (al-
though not named as such in his report) into his “middle” part
of the McAlester Formation. His descriptions are not helpful for
interpreting the depositional environment of sandstone.

Suneson (1997) described the Cameron Sandstone (Fig.
9) in the Savanna quadrangle as follows:

The Cameron Sandstone Member ... is a relatively well ex-
posed, yellowish gray to dusky yellow, fine- to very fine grained
noncalcareous silty sandstone that typically weathers to ripple-
marked slabs and flagstones. Individual outcrops vary from iso-
lated 4- to 8-ft-thick sandstone beds to stacked sandstones over
100 ft thick. In the southeastern corner of the map, the Cameron
shows rapid thickening and thinning. Although mapped as a
single unit, the Cameron Sandstone Member includes covered
intervals that separate sandstone beds and are probably shale and
siltstone. Common sedimentary structures, in addition to ripple
marks, include wavy bedding, large-scale cross-stratification, soft-
sediment deformation features, and sole marks. The sandstone
locally appears to grade both up- and down-section and along
strike into flaser-bedded siltstone/sandstone sequences.

The top of the Cameron Sandstone here is ~80 ft below the
McAlester coal (Suneson, 1997). To the northeast, this sand-
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Figare 9. Graphic co-
lumnar section of the
Cameron  Sandstone
exposed at Stop 1,
Blanco measured sec-
tion. The McAlester
coal crops out ~80 ft
above the top of this
sandstone.

Blanco Measured Section 11

stone ranges from ~280 ft to 690 ft below what is mapped as the
McAlester coal (Hendricks, 1937a; Suneson and Hemish, 1996).
Hendricks (1937a, p. 63) notes that there are “several” coal beds
greater than 1 ft 2 in. thick in the McAlester Formation; he also
notes that “numerous thin coal beds are present a short distance
above the McAlester coal, and some of these beds are present
over considerable areas” (p. 15).

Boyd (2005) notes that the McAlester coal is a useful
marker bed for identifying his parasequence PS-0, which usu-
ally immediately overlies the Cameron Sandstone. It is likely
that any coals more than ~100 ft above the Cameron are not
the McAlester coal.

Hemish and Suneson (1997, Stop 7) described the Cam-
eron Sandstone in detail at an outcrop ~0.9 mi east-northeast
of here (Fig. 10). They measured 85 ft of sandstone, which
is identical to that in this outcrop. Many of the sedimentary
structures they measured and described are similar to what
Suneson (1997) noted and that are present here. They inter-
preted the Cameron as having been deposited in a “marginal
marine” environment, but admitted that their interpretation
was “open for discussion.”

Two nearby well logs show the variable thickness and
character of the Cameron Sandstone. The Hamilton Brothers
No. 1 Sweetin (EEWBEBLNWY sec. 12, T. 3 N, R. 14 E.) is
located ~1.5 mi west-southwest of this outcrop. The McAlester
coal was penetrated at 830 ft and the Upper McAlester coal
at 800 ft (Fig. 11). The top of the Cameron Sandstone is ~75
ft below the McAlester coal; this is similar to what Suneson
(1997) mapped at the surface. In the well, the Cameron Sand-
stone is ~35 ft thick — about half of what was measured at the
outcrop. The Oryx No. 1 Cable (CN% sec. 1, T.3 N,, R. 14 E.)
is ~1.5 mi west-northwest of this outcrop. The McAlester and
Upper McAlester coals are at 2,335 and 2,314 ft deep, respec-
tively, and the Cameron Sandstone is represented by a ~65-ft-
thick sandstone-rich interval from ~2,425 to 2,490 ft (Fig. 12).
As in the Sweetin well, the top of the Cameron is ~75 below
the McAlester coal.

The absence of siltstone and shale (except as rip-up clasts),
the abundance of truncated cross-stratification at many scales,
and probable abrupt basal contact (Fig. 9) are evidence that the
Cameron Sandstone was deposited in a relatively high-energy en-
vironment. The sharp base of unit 1 suggests incision followed by
channel filling. Many features, including the draping in units 2
and 3 and the herringbone cross-stratification in unit 3 suggest a
tidal influence. Based on the sedimentary structures in the mea-
sured section, units 1, 2, and 3 probably represent tidal deposits or
tidally reworked distributary-channel deposits. By contrast, the
depositional environment of unit 4 is relatively straightforward
— the truncated beds, channelform features, and zones of rip-up
clasts are evidence that it is a channel-fill sandstone, probably fill-
ing a distributary channel. The origin of these deposits is open
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to interpretation because most Booch sandstones this thick are
interpreted to be primarily incised-valley fill.

The Hamilton Brothers No. 1 Sweetin and Oryx No. 1 Ca-
ble logs show the Cameron Sandstone to have relatively sharp
base that is about the same distance below the McAlester coal as
in the outcrop. However, the log character of this interval in the
two wells is different. The variability seen between the Sweetin
and Cable wells is especially common in the upper Booch where
pervasive marine shales are rare and most sediments are deltaic.
As discussed throughout this guidebook, the Booch sandstones
exhibit significant lateral and vertical facies changes, suggestive
of a dynamic and complex depositional environment. Except
for the incised-valley fills, all Booch sandstones were deposited
in and around tidally influenced deltas.

Description of units (Fig. 9):

Cameron Sandstone Member:

Note: 0-11 ft measured and described on west side of creek;
11-25 ft on east side; 25-41 ft on west side; 41-49 ft on east
side; 49 ft — top in creek bed.

4. Sandstone. Beds 1 - 3 ft thick; locally internally strati-
fied. Large-scale, low-angle wavy-bedded showing low-angle
truncations. Common local small-scale soft-sediment defor-
mation; slight slump features; good dish-and-pillar (dewater-
ing) structures. Channels common, many with thin zones of
unsupported shale rip-up clasts at base. Pinch-and-swell com-
mon due to channeling (Fig. 13).

3. Sandstone. Very fine grained, well sorted. Individual
beds vary in thickness. Plane-parallel- and trough-cross-
stratified; tops of many beds ripple-marked. Finely stratified
organic-rich sandstone locally draped across ripple-bedded
sandstone. Well-developed herringbone cross-stratified sand-
stone beds 1-3 in. thick separated by plane-parallel-stratified
sandstone with organic-rich layers near top. Minor soft-sedi-
ment deformation, possibly slumped beds, at top. Trace fossils
absent. Contact between units 3 and 4 conformable.

2. Sandstone. Fine-grained, poorly sorted to rarely well
sorted, very abundant comminuted carbonaceous organic de-
bris and mica on bedding planes. Mostly plane-parallel strati-
fied, locally low-angle cross-stratified. Thicker beds appear un-
stratified or show low-amplitude wavy-bedding; some pinch and
swell, draping common. Some large-scale wavy-bedding shows
truncation of beds (Fig. 14). Ripple-marks moderately common.
Thin zones with shale or siltstone rip-up clasts, flattened parallel
to bedding planes, moderately common. Trace fossils uncom-
mon. Upper part: Wavy-bedding, low-angle cross-stratification,
truncated beds more common than below. Also sandstone fine-
to very fine grained, only trace of organic debris.

1. Sandstone. Fine-grained, poorly sorted, abundant com-
minuted carbonaceous organic debris. Mostly highly soft-sed-

Ti Creek Measured Section

Cameron Sandstone
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Figure 10. Graphic co-
lumnar section of the
Cameron Sandstone at Ti
Creek (from Hemish and
Suneson, 1997, fig. 38). 0
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iment deformed with rolled sandstone masses. Locally highly
plane-parallel stratified.

1.7 0.8 Cross Ti Creek. Hemish and Suneson (1997) mea-
sured an outcrop of the Cameron Sandstone in the
stream cut immediately north of the highway (Fig.
10). Some old and impressive bridge abutments
from the Choctaw, Oklahoma, and Gulf Railroad

are still present on either side of Ti Creek.

Leave Savanna 7.5 quadrangle, enter Hartshorne SW 7.5’
quadrangle. The geology of the Hartshorne SW quadrangle is
shown by Suneson and Hemish (1996).

2.8 1.1 Low ridge is upper Warner sandstone of the McAl-
ester Formation.
34 0.6 Highway passes through a ridge underlain by sand-

stone of the Hartshorne Formation dipping ~45°
northwest, For the next couple of miles, the highway
parallels the Hartshorne ridge to the left (north).

Haileyviile Southwest Gas Field

Enter Haileyville Southwest Gas Field (Boyd, 2002) which
was discovered by the Oxley No. 1 Whiting (SW/ANE%SW4
sec. 25,'T. 4 N, R. 15 E.) in 1975. The well was perforated in the
Red Qak sandstone from 8,341 to 8,693 ft.

The field produces primarily from Atoka Formation
sandstones, including the Atoka (undivided), Spiro, Bra-
zil, Red Oak, and Fanshawe; minor production is from the
Hartshorne and Wapanucka. The field has 76 active wells,
has produced 162 Bcf of gas, and continues to produce 23
MMcf gas per day (IHS Energy, 2006).

45 1.1 Section-line road to right (south).

The broad valley to the southeast is underlain by the
Atoka Formation; the trace of the Choctaw Fault is in the val-
ley, but is difficult to locate precisely because it juxtaposes
easily eroded, poorly exposed shale of the Atoka Formation
in the hanging wall (south) against equally easily eroded and
poorly exposed shale of the Springer Formation in the footwall
(north) (Hendricks and others, 1947).

55 1.0 The large borrow pit on the left (northwest) exposes
shale in the uppermost part of the Atoka Formation.

6.0 0.5 S.H.63crosses Gardner Creek. Suneson (1998, p. 35-
39) measured and described the outcrop of Harts-
horne sandstone immediately east of the highway.

7.6 1.6 Entrance to the small Berlin Coal Mine (McAles-

ter coal) to left (north). This mine was abandoned
prior to 1930 (Hendricks, 1937a).

Hamilton Brothers
No. 1 Sweetin
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Figure 11. Part of wireline log from Hamilton Brothers No. 1 Sweetin
well showing the log character of the Cameron Sandstane. The McAl-
ester and Upper McAlester coals are characterized by sharp-peaked
gamma-ray lows. The Cameron Sandstone on this log and at the out-
crop at Stop 1 is characterized by a sharp basal contact.

8.0 0.4 Entrance to the small Messina Coal Co. No. 1 Craig
Mine (McAlester coal) to right (south); some rem-
nants of the mine workings are still present. This
mine was active in 1930 (Hendricks, 1937a). The
Oklahoma Conservation Commission reports that
the slope entrance is open but partly blocked with
concrete debris.

The low ridges just north of the highway are underlain
by northwest-dipping sandstone beds in the lower part of the
Savanna Formation.

87 0.7 Intersection with county road NS414. This intersec-

tion is shown as “Bond” on some maps of this area.

The structural geology immediately south of here is com-
plex and includes, from north to south, the Craig Anticline,
the Haileyville Syncline, and the north-dipping Berlin Fault.
These probably are flexural-slip structures on the south flank
of the Kiowa Syncline.

Leave Haileyville Southwest Gas Field, enter Wilburton
Gas Field (Boyd, 2002).
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Wilburton Gas Field

The Wilburton Gas Field is the third largest gas field in the
Arkoma Basin, extending from here ~30 mi &
east-northeast through north-central Latim-
er County, and varying from 2 to 8 mi wide.
The field has produced 2,023 Bcf gas and
continues to produce ~109 MMcf gas per day
(230 Mcf gas per day per well, average). 597
wells were drilled in the field and 480 remain
active. The Cromwell Sandstone; Wapanucka
Limestone; Spiro, Red Oak, Fanshawe, and
Atoka (undivided) sandstones; and Harts-
horne Formation are the primary producing
units (THS Energy, 2006).

The Wilburton Field includes the for-
mer Wilburton North, Wilburton North-
west, and Hartshorne Fields. Prior to 1987
this part of the Wilburton Field was the
Hartshorne Gas Field (Burchfield, 1985)
which was discovered by the Public Service
Company No. 1 Craig (NE%SE%NEY sec.

9, T.4 N., R. 16 E.) in 1941. This well produced gas from the
Hartshorne at a depth of 1,200 to 1,280 ft.

The subsurface geology of this part of the Wilburton Field
is relatively well-studied. Wilkerson and Wellman (1993) and
Valderrama and others (1996) have documented the triangle-
zone geometry of this part of the Arkoma Basin and the loca-
tion of many of the gas reservoirs at the leading edge of blind
thrust plates. Gross and others (1995) and Forgotson and oth-
ers (2000) emphasize the importance of depositional environ-
ment, diagenetic history, and thermal maturity for exploring
for Spiro sandstone reservoirs. Detailed studies of the other
reservoir units are not published.

For the next several miles S.H. 63 continues to parallel the
Choctaw, Oklahoma, and Gulf railroad grade. The grade is still
visible immediately to the left (northwest) of the highway.

10.8 21 S.H. 63 passes over a moderately extensive un-
derground coal mine beginning here. Hendricks
(1937a) shows five slope mines (including the Ta-
tum, Stevenson, and Bolen-Darnall Coal Co. Nos.
4 and 5 Mines) in the northwest-dipping McAlester
coal on the northwest flank of the Craig Anticline
on the right (southeast) side of the highway. All the
slope mines appear to extend into the underground
mine and all were abandoned by 1930.

11.0 0.2 Leave Hartshorne SW 7.5' quadrangle, enter Harts-
horne 7.5" quadrangle. Suneson (1996) mapped the
geology of the Hartshorne quadrangle.

114 04 Road to abandoned village of Craig enters from left
(northwest).

Figure 13. Large-scale trough cross-bedding and cut-and-fill structures in unit 4, Cameron
Sandstone, Blanco measured section. Black comb for scals.
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Extensive remains from coal-mining ac-
tivity, probably from the Bolen-Darnall Coal
Co. No. 5 Mine, on right (southeast). The
ridge on the left (northwest) side of the high-
way is underlain by the Savanna Formation.

11.5 0.1 Northeastern extent of under-
ground mine in McAlester coal.

11.8 0.3 S.H. 63 crosses Brushy Creek.

121 0.3 Ridge underlain by Cameron
Sandstone dipping ~15° west
near the crest of Craig Anti-
cline.

125 04 Section-line road to right (south).

126 0.1 Roadtoleft (north). The small out- . 3 g > ~
‘ ) % &= A\ .
crop on the left just past the road is b ot
the lower Warner sandstone. Here  Figure 14. Mostly plane-parallel stratified to slightly wavy-bedded sandstone typical of unit 2,
it dips ~35° west on the crest of the  Cameron Sandstone, Blanco measured section (structural dip 40° to right). Some beds show
Craig Anticline. slight thickening and thinning. Hammer for scale.

13.0 0.4 Beginninghere, S.H. 63 passes over extensive Hai-
ley-Ola Coal Co. No. 1 Mine in Lower Hartshorne
coal beginning here. This mine and the more ex-

ﬁﬂﬁﬂlal’i 333! 3¥E[| gﬁit§a¥ tensive Rock Island Improvement Co. No. 8 Mine
BN L (also in Lower Hartshorne coal) underlie much of
ﬂﬂ!lﬂlaﬁﬁ ﬂﬂ!ifﬁalf | the northern part of the town of Haileyville.

) e e W e 13.1 0.1 Cross Blue Creek.
The railroad through Haileyville is part of the originai

Wister to McAlester line built by the Choctaw Coal and Rail- 134 0.3 Road enters from right (south).
way Company. Here the line followed close to the present 3 i}
route of U.S. 270/ S.H. 1. The cut at Stop 2 is not part of the 3 0 }81'0153 furgs ek northjk Enter HatleypaliqrOkla
griginal line; it does not appear on Hendricks’ (1937a) map '
of the coal fields nor on the 1948 1:250,000 U.S.G.S. topo-
graphic map. However, it is present on the 1967 1:24,000 Haileyville, Oklahema
topographic map. 1

The Choctaw Coal and Railway railroad was built in
1889 — 1890 from Wister to McAlester to connect the St.
Louis — San Francisco (“Frisco”) line (now Burlington —
Northern) with the Missouri — Kansas — Texas (“Katy”) line
(now Union Pacific). It is shown on Taff’s (1899) geologic
map and probably was built to exploit the “coal measures”

Haileyville and its twin city Hartshorne were established
in 1890 as a result of the construction of the Choctaw Coal
and Railway Company railroad. Haileyville was named for Dr.
David Morris Hailey, one of the early principal coal mine op-
erators in the district (Fugate and Fugate, 1991).

mapped by Chance (1890). ; 13.55 0.05 Turn right (east).

The railroad was sold to the Choctaw, Oklahoma, and
Gulf Railroad Company in 1894, became the Choctaw, Okla- i 13.6 0.05 'Turn left (north). Haﬂeyvﬂle Warriors football
homa, and Western, and was bought by the Chicago, Rock | field on left (west).

Island, and Pacific in 1904. It is now operated by the Arkan-
sas — Oklahoma (AOK) Railroad based in Wilburton, Okla-
homa. The AOK operates ~70 mi of freight line (mostly coal)
between Howe and McAlester. In the past, coal was one of | 140 03  Turn left (north) to intersection with U.S. 270 /
the railroad’s most important commodities, but flagstone | S.H. 1.

recently has become significant. '

137 01 'Turn right (east). US. Highway 270 / State
Highway 1 immediately to left (north).

141 0.1 Road forks. Take left fork past sewage disposal
ponds on left (west).
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Figure 15. Graphic columnar section of Warner Sandstone and upper
part of McCurtain Shale exposed at Stop 2, AOK Railroad, Haileyville
measured section (from Hemish and Suneson, 1997, fig. 45).

142 0.1 Turn right (northwest).

143 0.1 Cross railroad tracks. Immediately after cross-
ing tracks, turn left (northwest) on graded
gravel road. The ridge immediately in front is
underlain by the lower Warner sandstone. Stop
2 is the railroad cut through the ridge immedi-

ately to the left (southwest) of the road.

146 03 Turn left (southwest) on poor dirt track and
park. Walk to railroad tracks, turn left, and
walk back to large outcrop of lower Warner

sandstone and Stop 2.

For permission to visit this outcrop (private property),
please contact B. David Donoley, President/CEQO, Arkansas
- Oklahoma Railroad, Inc., 103 South Central, P.O. Box 485,
Wilburton, OK 74578; or phone (918) 465-0299.

Stop 2. Warner Sandstone,
AOK Raiiroad, Kaileyvil'e Measured Section

Location: Railroad cut along Arkansas - Oklahoma Railroad
~0.5 mi northwest of Haileyville, Oklahoma. NEYANW4SE%
sec. 35, T. 5 N, R. 16 E., Hartshorne 7.5' quadrangle. UTM:
158 263840 E 3860440 N.

Discussion and Interpretation:

This outcrop of the Warner Sandstone (Figs. 15 and 16)
dips ~20° northwest towards the axis of the Kiowa Syncline,
which is located ~1.3 mi to the northwest (Suneson, 1996).
The crest of the Craig Anticline is ~1 mi to the southeast and
the trace of the Choctaw Fault is ~2.5 mi to the south. Hemish
and Suneson (1997) measured and described this section; their
description and interpretation is reprinted below. Although
mapped as the lower Warner sandstone by Suneson (1996),
this outcrop is the Warner Sandstone based on subsurface re-
gional data and the probable correlation of the coals in units
10 and 12 with the Keefton coal (Fig. 2). The low ridge to the
north, mapped by Suneson (1996) as the upper Warner sand-
stone, probably is the Lequire Sandstone. Our reinvestigation
of the outcrop largely confirms Hemish and Suneson’s (1997)
interpretations but adds some detail and puts the section into
Boyd’s (2005) sequence stratigraphic framework of the McAl
ester Formation.

The Warner Sandstone was logged in the Unit No. 1 Nor-
ris B (NEASEMNEUNWY sec. 31, T. 5 N, R. 16 E.) (Fig. 17),
located ~4 mi west of this outcrop. The No. 1 Norris drilled the
Warner Sandstone from 2,710 ft to 2,745 ft and although thin-
ner than the Warner Sandstone exposed at Stop 2, both show
the characteristic “shale break” within the unit.

Hemish and Suneson (1997, p. 56) described and inter-
preted this outcrop as follows:

The Arkansas-Oklahoma Railroad section at Stop [2 (Fig.
15)] is the best exposure of the contact between the McCur-
tain Shale and Warner Sandstone Members of the McAles-
ter Formation in the southern part of the Arkoma Basin. The
McCurtain Shale Member typically forms valleys and is rarely
exposed. Although the Warner Sandstone Member generally
is well exposed, most outcrops are lichen covered, thus subtle
(and, in some cases, gross) sedimentary structures commonly
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are obscured. In addition, the more fine-grained rocks within
the Warner Sandstone Member are rarely exposed. In this area,
the Warner Sandstone Member is split into lower and upper
sandstones; the upper sandstone is very poorly exposed where
the railroad cuts through the low ridge ~700 ft northwest of this
section, It is not worth visiting.

This section represents two very different sedimentary
environments. The McCurtain Shale Member appears to
have been deposited in a prodelta environment; the relative-
ly high silt content of the shales, abundance of siltstone and
fine-grained sandstone beds, and conspicuous slump features
suggest a proximal prodelta setting. In contrast, the Warner
Sandstone Member is characterized by a large number of sedi-
mentary structures that suggest deposition in relatively shal-
low water. The most important of these features are diagnostic
and include coal beds (units 10 and 12) and autochthonous
plant fossils (units 8 and 16). Any interpretation of the depo-
sitional environments of the different units that make up the
lower part of the Warner Sandstone Member at this locality
should start with these four units.

Part of our interpretation of this section is that unit 8 was
deposited in an interdistributary-bay environment; the grada-
tional nature of the contact between units 8 and 7 suggests that
unit 7 was deposited in a similar environment. Unit 7 clearly
eroded into unit 6 (interpreted to be a prodelta deposit), which
suggests that the contact between units 7 and 6 (the Warner
Sandstone — McCurtain Shale contact) represents an abrupt
lowering of sea level and could mark a sequence boundary.

An important aspect of this section is that there appear to
be no sediments associated with distributary channels. Levees,
channel-fill, and distributary-mouth-bar deposits are absent
in this outcrop.

According to Hemish and Suneson (1997), the Warner
Sandstone at this stop consists entirely of delta-plain depos-
its, including crevasse-splay sandstones, in-
terdistributary-bay and bay-fill shales, and
marsh-swamp coals. They noted some tidal-
flat and tidal-channel deposits in unit 8.

An alternate interpretation of units 7 and
8 is that they are tidally reworked distribu-
tary-mouth bars that shoal upward into san-
dy tidal-flat deposits. One argument against
Hemish and Suneson’s (1997) interpretation
of unit 7 as an interdistributary-bay deposit is
the predominance of sandstone and evidence
for a relatively high-energy environment
(ripple marks, trough-crossbeds). The abun-
dant sandstone suggests the unit represents a
middle- or upper-bar deposit; the scarcity of
lower-bar strata that would normally grade
into the underlying prodelta shales of unit 6
is due to the erosional unconformity between
units 7 and 6. Flaser beds and local repeti-
tion of strata are evidence for tidal rework-
ing, and the presence of reddish beds may

indicate subaerial exposure and weathering. Unit 8 is gener-
ally similar to unit 7; although evidence for tidal reworking
is stronger and includes bidirectional cross-stratification. The
presence of Stigmaria in the upper part of unit 8 is evidence
for shoaling and the transition of the unit from delta-front to
delta-plain deposits.

Figure 18 compares the graphic columnar section and
surface gamma-ray profile of the Warner sandstone at this
stop. The abrupt base of the sandstone units (7, 14, and 16) are
clearly represented on the profile. The apparent fining-upward
character of unit 14 may partly be due to the mostly soil-cov-
ered exposures available for gamma-ray measurements; unit
14 may, in fact, have an abrupt top. Despite the abrupt and
clearly erosional base of unit 7, it is not a channel deposit as
evidenced by the seriate character of the gamma-ray profile. As
stated above, unit 7 is a tidally reworked distributary-mouth-
bar deposit with an erosional base. In contrast, units 14, 16,
and 18 are crevasse-splay deposits. The interdistributary-bay
or bay-fill shales (unit 15 and parts of units 13 through 11)
have higher gamma-ray readings than the marine shales (units
5 through 1) probably because of the high silt content in the
marine shales. The presence of silt is evidence of a more proxi-
mal (probably a prodelta) deposit, as opposed to a distal ma-

rine shale. The seriate character of the entire unit above the
prodelta shales is typical of delta-plain deposits, particularly
the alternating crevasse-splay sandstones and interdistribu-
tary-bay shales.

Figure 18 is part of the well log of the Unit No. 1 Norris
B (NE4SE%NE%UNW Y% sec. 31, T. 5 N, R. 16 E.) showing the
Warner (this outcrop) and the Lequire (upper Warner sand-

Figure 16. Qutcrop photo of units 7 through 13, AOK Railroad, Haileyville measured section.
The base of unit 7 (marked) is partly in the shadow on right; the light-colored unit in the up-

per left is unit 8 (top marked).
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Stop 2. Warner Sandstone, AOK Railroad, Haileyviile Measured Section 19

stone of Suneson, 1996) Sandstones. The highly seriate charac-
ter of the Warner Sandstone, indicative of delta-plain deposits,
is similar to that observed on the gamma-ray profile of the
outcrop. Distributary channel-fill deposits are absent. Parase-
quences 3 and 3A typically do not have thick marine shales at
their base, making the identification of their boundaries un-
certain. This contrasts with the thick marine shales, generally
beginning with a “hot” gamma-ray streak at the flooding sur-
face, on the No. 1 Norris B log for parasequences 5, 4, 3, and 1
(Tig. 19).

Figure 19 shows the position of the Warner Sandstone
within the sequence stratigraphic framework of the entire
Booch interval developed by Boyd (2005). The Warner Sand-
stone is within the PS-3 and PS-3A intervals in the middle of
the Booch. In this well the Lequire Sandstone (PS-2) is well-
developed and the Cameron Sandstone (PS-1) is poorly devel-
oped. No Booch sandstones are present below the Warner, but
the coarsening-upward trends are apparent.

Description of units
(modified from Hemish and Suneson, 1997) (Fig. 15):
WcRLESTER FORMATION:

Warner Sandstone Member:

(Note: Interpretations of depositional environments are those
of the authors and some differ from those of Hemish and
Suneson (1997).)

18. Sandstone. Very fine grained, yellowish gray (5Y 7/2).
Abundant organic material on laminations. Slabby, consists of
stacked, amalgamated sandstone beds. Cross-beds, pinch-and
swell, soft-sediment deformation features common; scour-
and-fill uncommon. Top irregular, wavy-bedded. Interpreta-
tion: crevasse-splay sandstone

17. Covered. Interpretation: interdistributary-bay or bay-
fill deposit?

16. Sandstone. Very fine grained, light gray (N7), conspic-
uous mica on laminations. Slabby, consists of stacked 0.5-1-
{t-thick beds (Fig. 20). Cross-beds, plane-parallel beds, pinch-
and-swell, soft-sediment deformation features common.
Contains an upright carbonized tree trunk ~3.5 ft tall, 4 in. in
diameter in growth position (Fig. 21), extending through four
individual sandstone beds with a base in unit 15. Conspicuous
carbonized plant compressions, rarely well preserved, on bed-
ding planes. Base abrupt, wavy, slightly undulatory. Interpreta-
tion: crevasse-splay deposit

15. Shale. Silty, fissile to platy, poorly exposed. Interpreta-
tion: interdistributary-bay or bay-fill deposit

14. Sandstone. Fine-grained, quartzose, light gray (N7),
with conspicuous mica and organic material on laminations.
Mostly plane parallel stratified, rarely cross stratified, locally
with soft-sediment deformation features (Fig. 22). Abundant
rounded shale rip-up clasts 3 in. in diameter in zone ~1 ft

Unit Petroleum

No. 1 Norris B
NEVSEVANENWY sec. 31, T. 5N., R16 E.
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Figure 19. Wireline log of the entire Booch interval in the Unit No.
1 Norris B compared to the gamma-ray profile of the AOK Railroad,
Haileyville outcrop. Although this outcrop is one of the thickest de-
scribed, it represents only a small part of the Booch interval. The PS-2
sandstone underlies a topographic ridge mapped by Suneson (1996)
as upper Warner sandstone but referred to in this report as the Lequire
Sandstone.
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thick, ~3 ft above base. Base sharp, with abundant load casts.
Interpretation: crevasse-splay deposit

13. Shale. Fissile, grayish black (N2) to olive gray (5Y3/2),
appears to be organic-rich. Small coal chips observed in float
near lower part of unit, but no coal outcrop observed. Mostly
poorly exposed. Rare 0.5-1-in.-thick silica-cemented shale
layers thicken and thin slightly. Locally weathers spheroidal-
ly. Abundant ironstone concretions near top. Interpretation:
marsh-swamp deposit and interdistributary-bay or bay-fill de-
posit overlain by marine or prodelta shale.

12. Coal. Weathers to 1-2-in. blocks. Keefton(?) coal. In-
terpretation: marsh-swamp deposit

11. Shale. Very dark colored, sooty, organic-rich. Soft,
weathers easily. Yellowish clayey mineral on bedding planes.
Poorly exposed. Interpretation: mixed marsh-swamp and in-
terdistributary-bay or bay-fill deposit

10. Coal and underclay. Coal ~2 in. thick; underclay ~4
in. thick. Coal weathers to 1-2-in. blocks, iron-oxide-stained
fractures. Well parted. Keefton(?) coal. Interpretation: marsh-
swamp deposit

9. Covered. Probably shale. Interpretation: interdistribu-
tary-bay or bay-fill deposit

8. Sandstone. Very fine grained, quartzose, light olive gray
(5Y6/1). Mostly cross bedded, rippleform-topped, and flaser
bedded; locally repetitive (Fig. 23). Cross-beds mostly unidi-
rectional, but locally bidirectional. Locally small-scale soft-
sediment deformation and dewatering features. Beds locally
lensoid with no evidence for erosion at base (Fig. 24). Upper

Figure 20. Stacked, thick-bedded sandstone in unit 16, AOK Railroad, Haileyville measured sec-
tion. A wide variety of sedimentary structures suggests that this unit is a crevasse-splay deposit.
A coalified tree trunk in growth position is present immediately below hammer (Fig. 21).

4 fr with abundant vertical burrows. Locally
contains shale rip-up clasts as large as 2 in.
in diameter. Autochthonous 2.5-ft-long Stig
maria ~14 in. below top of unit. Also prone
plant cast with slightly carbonized exterior,
upright cast at same level. Top of unit con-
tains 1-ft-thick channelform deposits that
truncate soft-sediment-deformations in un-
derlying sandstone. Base gradational with
unit 7. Interpretation: tidally influenced up-
per distributary-mouth-bar, locally tidal-flat
and tidal-channel deposits

7. Sandstone, minor siltstone, very mi-
nor shale. Fine-grained to very fine grained,
medium light gray (N6) to light olive gray
(5Y6/1). Sandstone includes ripple-marked,
wavy-bedded, trough cross-bedded, and fla-
ser-bedded beds 0.5-6 in. thick, interbedded
with plane-parallel laminated beds 0.5-3 in.
thick (Fig. 25). Cross-bedded beds are unidi-
rectional, locally show pinch-and-swell, lens-
ing, pinching-out. Cut-and-fill structures

AR A .

Figure 21. Close-up photograph of coalified tree trunk, AOK Railroad,
Haileyville measured section (unit 16). Hammer for scale. See figure
20 for location.
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McCurtain Shale Member:

6. Shale and very minor siltstone. Olive black (5Y2/1). Fis-
sile, locally slightly calcareous, abundant carbonized organic
debris on bedding planes in upper 1.5 ft. Shale locally exhibits
pencil structure. Possibly slightly coarsening upward. Interpre-
tation: proximal prodelta possibly grading upward to distal bar

5. Siltstone; minor shale; rolled sandstone, siltstone, and
shale masses. Sandstone fine-grained, calcareous, locally with
soft-sediment deformation features. Rolled siltstone masses
with iron oxide stain. Rolled masses range from 2 in. to 3.5 ft
long. Unit includes autochthonous, but detached and folded
beds. Interpretation: proximal prodelta deposit

4, Siltstone and shale. Shale silty. Rare 1-in.-thick calcare-
ous siltstone layers show pinch-and-swell, locally form align-
ment of concretions, elsewhere detached and folded. Soft-
sediment deformation features common at base. Thickness
approximate. Interpretation:
proximal prodelta deposit

3. Siltstone. Sandy, dark yellowish brown (10YR4/2). Platy
to chippy, appears highly fractured and weathered. Mica, mi-
nor carbonized organic material, iron oxide stain conspicuous
on bedding planes. Interpretation: proximal prodelta deposit

2. Shale. Silty, olive black (5Y2/1). Weathers chippy. Con-
spicuous 0.25-1-in.-thick iron-oxide-stained beds. Interpreta-
tion: prodelta deposit

Figure 22. Soft-sediment deformation features in unit 14, AOK Railroad,
Haileyville measured section. These structures indicate that the entire

~B-ft-thick bed was deposiied extremely rapidly. This is consistent with
a crevasse-splay origin for the unit. Hammer for scale. stone at top of unit. Hard, quartzose, calcareous cement, dis-

1. Shale. Silty. Poorly exposed, weathers chippy. Mica
conspicuous on bedding planes. 1-in.-thick fine-grained sand-

uncommon. Beds generally very continuous
across length of outcrop; locally repetitive.
Cross-bedded beds appear to be most com-
mon in lower part of unit; plane-parallel
bedded beds most common in middle and
upper parts of unit. Very minor soft-sedi-
ment slump structures in lower part. Unit
locally includes some slightly reddish weath-
ering, resistant, calcareous, sideritic, sandy
siltstone layers ~1 in. thick. Very abundant
carbonized plant trash on plane-paral-
lel beds, some with extremely fine detail of
plants preserved. Mica conspicuous on bed-
ding planes. Shale rip-up clasts in basal 3 in.
Contact with unit 6 sharp, erosional, marked
by scoured channels as thick as 2 ft (Fig. 26),
locally with groove casts oriented at N. 70°~
75° E. and load casts. Shale locally deformed
(compressed) beneath channels. Interpreta-
tion: Tidally influenced distributary-mouth-

Figure 23. Unit 8, AOK Railroad, Haileyville measured section, showing rippieform-topped
crossheds, flaser beds, and cyclic character of unit. Vertical burrows (immediately to left
of penny) and soft-sediment deformation features (near center of photograph) are locally
bar deposit. conspicuous. The abundance of sandstone and cyclicity are evidence that this unit is a tidally
reworked upper-distributary-mouth-bar deposit.



22 Dow, Oklahoma

ground No. 2 Mine is north and northwest
of town. The McAlester coal is exposed in an
old strip pit just south of the road (Suneson,
1996); this pit is not shown on Hendricks’
(1937a) map, so it must have been active af-
ter 1930.

15.8 0.3  Road intersection. Turn right
(north).

This flat topography immediately south of
the town of Dow is underlain by a thin veneer
of the Gerty Sand, an unconsolidated Pleisto-
cene deposit that probably marks the former
course of the Canadian River. This deposit is
distinguished from Quaternary alluvial deposits
by the abundance of Rocky Mountain-derived
pebbles and cobbles, especially quartzite. Hen-
dricks (1937a, 1937b) studied the Gerty Sand
throughout Oklahoma and concluded that “it is
probable that the original course of the Canadian
River at the time of the deposition of the Gerty
Sand was down Peaceable and Brushy Creeks to
(near Haileyville)” (Hendricks, 1937a, p. 31).

w1 W

Figure 24. Sandstone lens (possible tidal channel), unit 8, AOK Railroad, Haileyville mea-
sured section. Hammer for scale (from Hemish and Suneson, 1997, fig. 47).

continuous, locally appears detached and folded. Interpreta-
tion: prodelta deposit

16.0 0.2  Dow, Oklahoma.

Return to graded gravel road and turn left (northwest).

14.7 0.1 Low ridge is upper Warner sandstone, Dow, Oklahoma

14.9 02 Road “T’s” Turn right (north). Dow Lake is on Dow was one of three small coal-mining towns (including
right (east) side of road. Bache and Alderson) that were established along the Choctaw
152 0.3 Road turns to left (west) and Coal and Railway Company line shortly after it was built. All

passes through some low out-
crops of the Cameron Sand-
stone dipping ~150 west. This
is the same Cameron ridge that
the field-trip route crossed at
Mile 12.1.

153 0.1 Road crosses Brushy Creek.
Highly ripple-bedded bedding-
plane outcrops of Cameron
Sandstone dipping ~100 north-
west exposed on southeast bank
of creek.

155 0.2 Road crosses outcrop location
of McAlester coal.

Most of the area between this location
and the town of Dow overlies the Milby and -
Dow Coal and Mining Co. No. 1 Mine in the  Figure 25. Highly rippled, crossbedded, and flaser-bedded sandstone typical of unit 7, AOK
McAlester coal (Hendricks, 1937a). The No.  Railroad, Haileyville measured section. Sandstones are interbedded with plane-parallel-strati-
fied siltstone and shale. Most ripples and crossbeds are unidirectional. Unit is interpreted as
a tidally influenced distributary-mouth-bar deposit. Keys for scale.

9 Mine, also an underground mine, is mostly
west and southwest of Dow, and the under-
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were named after coal operators or coal com-
pany employees.

Leave Hartshorne 7.5' quadrangle, enter Ad-
amson 7.5’ quadrangle. Hemish (1995) mapped
the geology of the Adamson quadrangle.

For the next couple of miles the surface
geology mostly consists of a dissected veneer
of Gerty Sand that is broken by “paleo-hills
and -ridges” underlain by moderately south-
to southwest-dipping McAlester (Booch)
sandstones.

16.6 0.6 Section-line road to left (west).
Continue straight. Leave area
of underground mines in the
McAlester coal.

17.6 1.0 Crossroads. Continue straight.
Leave Wilburton Gas Field.

17.9 0.3 Strip mines in the Hartshorne
coal are present on both sides of
the road.

Begin ascent up south side (and dip slope) of Pocahontas
Mountain, which here is underlain by moderately (25°) south-
dipping Hartshorne sandstone on the north flank of the Kiowa
Syncline (south flank Adamson Anticline).

18.1 0.2 Top of Pocahontas Mountain.

Hemish (1995) mapped the contact between the Harts-
horne Formation and underlying Atoka Formation ~140 ft (in
elevation) below the top of the mountain.

184 0.3 Road straightens. The broad flat valley in front is
underlain by very poorly exposed Atoka Forma-
tion which is mostly shale.

189 0.8 Approximate trace of Carbon Fault.

Here, the Carbon Fault dips steeply north and juxtaposes
north-dipping shales in the Atoka Formation in its hanging
wall against south-dipping shales in the Atoka Formation in its
footwall. Many geological maps of this area also show the crest
of the Adamson Anticline superposed on the fault. Hemish’s
(1995) cross section shows the triangle-zone geometry of this
area.

Gaines Gas Field

Section 10 (T. 5 N, R. 16 E.) immediately to the west
makes up the two-well Gaines Gas Field (Boyd, 2002). The
discovery well for the field is the Hamilton Brothers No. 1-
10 Bernardi-Jones (NEUSWYNEY) which was completed in

& » . }z' .;‘hr g \ |
e ‘m@’a.ﬁm BRI

Flgure 26. Base of unit 7, AOK Railroad Haileyville measured section, showing channelform
features and erosive nature of contact between units 7 and 6. Hammer for scale (from Hem-
ish and Suneson, 1997, fig. 50).

April 1980 in the Wapanucka Limestone from 10,192 - 11,278
ft. The cumulative production from this well is 587 MMcf gas
(IHS Energy, 2006). Chesapeake Operating completed its No.
1-10 Fish Trap well (NW¥WNEY%SEY) in 2004 in the Brazil
sandstone from 10,405 - 10,414 ft. This well is a poor produc-
er having a cumulative production of 6 MMcf gas (20 months)
and a current production rate of 7 Mcf gas per day. The field
has a combined production from both wells of 55 Mcf gas per
day (IHS Energy, 2006).

19.0 0.1 Begin ascent over Fish Trap Mountain.
19.1 0.1 Top of Fish Trap Mountain.

Fish Trap Mountain is underlain by steeply north-dipping
(80°) Hartshorne sandstone. The Hartshorne — Atoka contact
is just below the top of the mountain on its south side. Unlike
the south flank of the Adamson Anticline, the Hartshorne coal
was rarely mined on the north flank because its dip was too
steep.

The valley immediately north of Fish Trap Mountain is
underlain by the McAlester Formation.

19.2 0.1 Road turns left (north) and follows section line.

19.5 0.3 Hemish (1995) mapped this low ridge as under-
lain by the upper Warner sandstone. Stop 3 is the
same unit exposed 1 mi to the east. Correlation
of the McAlester Formation in this area, as deter-
mined by Boyd (2005), suggests this ridge prob-
ably is underlain by the Lequire Sandstone which
is discussed at Stop 3.
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Stop 3
Lequire Sandstone
Adamson West
Measured Section

ft
20—

10

0

Figure 27. Graphic columnar section of Lequire Sandstone exposed at
Stop 3, Adamson West measured section.

19.6 0.1 Low ridge underlain by the Cameron Sandstone.
Stop 4 is the same unit ~2.5 mi to the east.

Turn right (east) on major paved county road.

For the next 6.4 mi (to Mile 26.0), the road parallels
and is just south of an old railroad grade shown on the 1908
1:250,000 topographic map of the area as the Missouri, Kan-
sas, and Texas Railroad, Wilburton Branch. (Taff (1904) does
not mention the line.) The railroad was built to serve the many
coal mines in the area, exploiting mostly the McAlester coal
to the west and the Hartshorne coal to the east. The line was
reclassified as a siding in 1922 and abandoned in 1950 (George
and Wood, 1943).

20.6 1.0 Turn right (south) into small parking area oppo-
site the Pittsburg County Water Authority plant.
Park near the water pump. Gaines Creek arm of
Lake Eufaula is ahead. Walk down steep and rub-
bly dirt road to examine large outcrop of Lequire
Sandstone.

Stop 3. Lequire Sandsione
Adamson West Measured Section

Location: Immediately south of county road opposite
water treatment plant and road to Hickory Point Recreation
Area, just above edge of Gaines Creek arm of Eufaula Lake.
About 1.75 mi west of Adamson, Oklahoma. CSE4NE%NEY
sec. 11, T. 5N, R. 16 E., Adamson 7.5" quadrangle. UTM: 15
264480 E 3867560 N.

Discussion and Interpretation:

The Adamson West measured section (Fig. 27) is located
~0.5 mi north of the steeply north-dipping Carbon Fault on
the south flank of the San Bois Syncline (trough ~2.25 mi to
north) (Hemish, 1995). The Carbon Fault is a backthrust that
forms the northern margin of a triangle zone in the southern
part of the Arkoma Basin; the southern margin of the triangle
zone is the Choctaw Fault and the floor is a regional detach-
ment that rises from the Devonian Woodford Chert to the
lower part of the Atoka Formation from south to north (Ce-
men and others, 2001). The Carbon Fault also forms the core
of the Adamson Anticline. The Lequire Sandstone at this out-
crop dips 25° north.

Hemish (1995) and Hemish and Suneson (1997) mapped
the sandstone exposed here as Warner Sandstone. Hemish
(1995) described it as a “resistant, moderate reddish brown
(10R4/6) to grayish orange (10YR7/4) to moderate yellowish
brown (10YR5/4), find-grained, cross-bedded sandstone of
variable thickness”

Boyd (2005) mapped a prominent sandstone in the subsur-
face nearby and correlated it with his parasequence PS-2. This
sandstone is 450 ft to 475 ft below the McAlester coal (Boyd, 2005,
PL 1, wells 15 and 16). He also showed that the Warner-equivalent
PS-3A and 3 were poorly developed in this area. Boyd’s (2005)
observations, the stratigraphic position of this sandstone ~425
ft below the McAlester coal based on surface exposures, and the
prominent topographic expression of the ridge underlain by this
sandstone suggest this sandstone is the Lequire Sandstone (PS-2)
and not the Warner Sandstone (PS-3A and 3).

Figure 28 shows logs from two nearby wells that show
the character of the Lequire Sandstone. The Jay No. 1-32 Ed-
die (CNE%“NEY sec. 32, T. 6 N, R. 16 E.) is located ~3.7 mi
northwest of this outcrop and the Jay No. 1 Harper (CE% sec.
3, T. 5 N, R. 16 E.) ~1.4 mi northwest. The gamma-ray logs
from both wells show conspicuous “hot” shales immediately
above well-developed sandstones. The logs also show that the
Warner Sandstone, ~150 ft to 200 ft below the Lequire Sand-
stone, is poorly developed. The poor development of the War-
ner Sandstone on the logs is consistent with the poor topo-
graphic expression in this area of the lower Warner sandstone
as mapped by Hemish (1995).

The Lequire Sandstone exposed along this ridge was mea-
sured in detail by Hemish and Suneson (1997, stop 6) a few
hundred yards to the east (Fig. 29). There the lower contact
of the sandstone and strata above the sandstone are exposed.
Although their description of the units is quite good, our in-
terpretation of the Lequire Sandstone (their units 4 and 5) dif-
fers from theirs. Hemish and Suneson (1997) suggested the
Lequire Sandstone is a delta-plain deposit consisting of “a se-
ries of distributary channels,” whereas we believe it is an up-
per-delta-front deposit (see below).
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26 Stop 3. Lequire Sandstone, Adamson West Measured Section

Lequire Sandstone
East of Adamson West
Measured Section
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Figure 29. Graphic columnar section of the Lequire Sandstone located
just east of the Adamson West measured section (Stop 3, this guide-
book) (from Hemish and Suneson, 1997, fig. 35). Hemish and Suneson
(1997) called this the Warner Sandstone, but correlation with well logs
to the north shows this to be the Lequire Sandstone (PS-2).

At this outcrop, strata underlying the Lequire Sandstone
are not exposed; to the east, the sandstone grades into the un-
derlying shale (Hemish and Suneson, 1997, p. 51). The coars-
ening-upward character of the sandstone at this outcrop is
suggested by the gradational contact between units 2 and 1,
and the gradational fining downward may extend down-sec-
tion to the underlying strata as occurs to the east. Evidence
that the sandstone (Hemish and Suneson’s (1997) units 3 and
4) (this report units 1, 2, and 3) was deposited in a high-energy
environment includes cross-stratification, ripple marks, and
low-angle truncations; flaser bedding suggests the sediments
were influenced by tides. The gradational lower contact and
high-energy environment suggests that the Lequire Sandstone
here was deposited in a shoaling distributary-mouth-bar en-
vironment; the channelform features may be tidal in origin or
indicative of periodic erosion related to distributary channels
altering course during flood events.

The ovetlying strata are delta-plain sediments {Hemish
and Suneson, 1997) and represent deltaic progradation. The
coal probably is not the Keefton coal within the Warner Sand-
stone as identified by Hemish and Suneson (1997), but is a
coal at the top of Boyd’s (2005) PS-2.

The coarsening-upward character of the log from the No.
1 Harper supports a distributary-mouth-bar origin for the
Lequire Sandstone. In addition, the density log (not shown)
suggests that the gamma-ray low at 1,404 ft is a thin coal. The
Lequire interval on this log is interpreted to be a 30-ft-thick
distributary-mouth bar overlain by ~20 ft of delta-plain strata,
including a coal. This shoaling sequence is generally similar
to that proposed by Hemish and Suneson (1997). In contrast,
the density log from the No. 1 Eddie (not shown) shows a
coal at 2,042 ft, below the principal sandstone. Although coals
typically occur above these sandstones, the general delta-plain
environment that concludes the depositional cycle of each
parasequence has coal swamps, bay fills, overbank splays, and
distributary channel-fills in close proximity. This allows these
environments to occur in almost any order, or even to be re-
peated, as at Haileyville (Stop 2).

Description of units (Fig. 27):
MCALESTER FORMATION:

Lequire Sandstone Member:

3. Sandstone. Fine-grained, slightly silty. Plane-parallel
stratification grades laterally into wavy- and ripple-bedded.
Poorly exposed.

2. Sandstone and very minor shale. Sandstone fine to very
fine grained, moderately sorted, quartzose. Beds 1 to 8 in.
thick, generally very continuous along strike (Fig. 30). Some
large-scale trough-cross-stratification and very low angle trun-
cated crossbeds. Highly cross-stratified, tops typically ripple-
marked. Flaser-bedding common,; sideritized shale preserved
in troughs. Some beds locally show soft-sediment deforma-
tion, contain rolled and/or slumped sandstone masses 1 - 2 ft.
thick. Individual beds may thicken upward. Contact with unit
1 sharp and conformable (Fig. 31).

1. Sandstone and minor shale. Sandstone fine-grained,
moderately sorted, quartzose. Comminuted carbonaceous
organic debris and mica on abundant partings. Lower part:
Lenticular- and wavy-bedded sandstone interbedded with sid-
eritized shale. Sandstone cross-stratified, exhibits much pinch-
and-swell. Individual beds continuous. Amount of sandstone
increases upward.

Return to paved county road, turn right and continue east.
21.0 04 Cross Gaines Creek arm of Lake Eufaula.

22,1 1.1 Enter Adamson, Oklahoma. The following brief
history of Adamson is modified from http://www.
adamsonancestry.com/place-names/adamson-
okla.html, retrieved April 15, 2005.

22.2 0.1 ‘Turnleft (north} immediately and drive up hill.



Stop 4. Cameron Sandstone, Adamson Measured Section 27

Eufauia Lake and Dam

(the following is modified from the U.S. Army Corps of
Engineers website: http://www.swt.usace.army.mil/PROJ-
ECTS/civil/civil_projects.cfm?number=10, retrieved August
2, 2006).

Eufaula Lake is the largest lake in Oklahoma, with more
than 600 mi of shoreline and 102,000 surface acres (~ 160
sq mi). Eufaula dam was built between 1956 and 1964 ~9
mi below the confluence of the Canadian and North Cana-
dian Rivers (originally just east of the present-day town of
Eufaula). The lake now extends well up those rivers, as well
as the Brushy Creek / Gaines Creek drainages to the south
near McAlester and the Coal Creek / Deep Fork drainages to
the northwest just east of Henryetta. The lake and dam were
built for flood control, water supply, hydroelectric power,
and navigation.

The lake now covers several trails and towns of histori-
cal significance, including the Texas Road, a branch of the
California Road (see Mile 75.0, Day Two), and North Fork
Town. The Texas Road was a major wagon route for Texas
immigrants crossing Indian Territory in the 1830s. U.S.
Highway 69 approximately parallels the old road through
much of Oklahoma, and the Missouri, Kansas, and Texas
(Katy) Railroad — the first rail line built (1872) across Indian
Territory — also follows the Texas Road. “The Texas Road
and a branch of the California Road crossed at North Fork
Town, making it a major intersection of traffic. This impor-
tant tribal community was the scene of the treaty signing
between the Confederates and the Creeks, Choctaws, and
Chickasaws in 1861.”

224 0.2 Park in driveway at private residence near top of

hill.

Mr. Jim Whiting has kindly granted us permission to visit

this excellent outcrop of the Cameron Sandstone. For permis-

sion to visit this outcrop, please contact Mr. Whiting at (918)

297-2913.

Stop 4. Cameron Samdsione

Location: Private residence on north side of Adamson, Okla-
homa. Center N NUNWYUNEY sec. 7, T. 5 N, R. 17 E,, Ad-

amson 7.5'quadrangle. UTM: 158 267155 E 3867705 N.

Discussion and Interpretation:

This outcrop of the Cameron Sandstone (Figs. 32, 33) is
located on the south flank of the San Bois Syncline (trough
~2.5 mi to north) and ~0.7 mi north of the trace of the steeply
north-dipping Carbon Fault. This fault forms the north side of

a triangle zone that separates the Arkoma Basin and Ouachita
fold-and-thrust belt in this part of Oklahoma. The strata dip
~25° north. Hemish (1995) mapped the McAlester coal ~150
ft above the base of this sandstone. Because the coal is easily
identified on well logs, this outcrop can be confidently cor-
related with well-log signatures in nearby wells. The Cameron
Sandstone at this locality underlies a ridge with ~100 ft of re-
lief. Along strike this ridge is a much less prominent feature, in
some places disappearing altogether. This is evidence that the
sandstone content of the Cameron interval varies widely, in
some places probably containing little more than thin-bedded
siltstones.

The Coquina No. 1 Tobe (ELELWHBNEY sec. 5, T. 5 N.,
R. 17 E.) (Figs. 34 and 35) is located ~1.2 mi northeast of this
outcrop. The McAlester coal is distinctive on the gamma-ray,
resistivity, and density logs and the Upper McAlester coal is ~47
ft above it. The first sandstone is ~80 ft below the coal and is
~80 ft thick. This thickness, combined with its sharp upper and

- g -

Figure 30. Unit 2 of Lequire Sandstone at Stop 3, Adamson West
measured section, showing cliff-forming sandstone with continuous
partings. Minor large-scale cross-bedding locally present. Sharp basal
contact of unit 2 is overhang near bottom of photograph.






