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Stromatolites in the
Savanna Formation

The cover photograph shows well-
developed stromatolites exposed on the
surface of a 10- to 14-in.-thick carbonate
bed in the Savanna Formation (Pennsylva-
nian), Pittsburg County, Oklahoma.
Stromatolites are laminated structures
that occur as bulbous heads or stacks.
Occurrences of beds such as these are
uncommon in the Arkoma basin; none
has been documented previously.

Stromatolites are considered to be
organic forms, although only laminated
carbonate sediment can be seen when
they are examined. They contain no
evidence of preserved organic skeleton.
However, modern analogues observed on
tidal flats in carbonate settings indicate
that sediment is trapped on a sticky
organic surface formed by a complex of
blue-green algal mats. Following deposi-
tion, the organic mats decompose and
only the laminated sediment remains
(Blatt and others, 1980, p. 471-472).

The close-spaced hemispherical
growth forms of the pictured stromatolites
(inset photograph A [geologic pickis 1.1 ft

(continued on p. 236)
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SAVANNA FORMATION—BASIN-TO-SHELF TRANSITION

LeRoy A. Hemish'

Abstract

The Savanna Formation (Pennsylvanian) thins northward across the northeastern
Oklahoma shelf area, from ~1,450 ft within the Arkoma basin of eastern Oklahoma (its
type area) to ~70 ft just south of the Oklahoma-Kansas border. The Savanna Formation
consists primarily of clastics in both areas, but the percentage of sandstone decreases
from ~16% in the basin to about 2-3% in the shelf area. The balance of the formation is
shale and some thin beds of coal and impure marine limestone.

The lower, sand-rich part of the Savanna Formation pinches out northward from the
type area, necessitating a change in the definition of its basal boundary. The basal con-
tact in the southern and central Arkoma basin is the base of the lowest mappable sand-
stone overlying shale of the McAlester Formation. It changes to the base of the Spaniard
Limestone Member in the area from the Canadian River north to the Oklahoma-Kansas
line. The upper contact of the Savanna Formation is marked by the base of the Blue-
jacket Sandstone Member of the overlying Boggy Formation throughout both the basin
and shelf areas.

A supplementary reference section is established in the Arkoma basin area. Addi-
tionally, a new reference well is established in the northeastern Oklahoma shelf area.

Introduction

This paper shows the changes in lithology of the Savanna Formation from the
stratotype area in the Arkoma basin to the northeastern Oklahoma shelf area, dem-
onstrates the thinning of the formation northward out of the Arkoma basin, and
discusses the different definitions for the basal contact of the Savanna Formation
in the Arkoma basin and in the shelf area. It establishes a supplementary reference
section for the Savanna in the southeastern part of the Arkoma basin (Appendix 1)
and a reference well in the northeastern Oklahoma shelf area (Appendix 2). The
reference well illustrates how the Savanna Formation rock types in the shelf area
differ from those in the basin area.

This paper supplements an earlier paper by Hemish (1995), in which a principal
reference section (Adamson section) was established for the Savanna Formation in
its type area in central Pittsburg County, Oklahoma (Fig. 1). A complete discussion
of the history of usage and previous investigations regarding the Savanna Forma-
tion is presented in that paper and will not be repeated here.

Briefly, the Savanna Formation (Savanna sandstone as originally defined) was
named and first described by Taff (1899, p. 437-438) in central Pittsburg County.
Subsequent usage of the term, as well as placement of boundary positions by vari-
ous writers, differed from that of Taff, as shown by Hemish (1994, fig. 7). Currently,
the contact between the underlying McAlester Formation and the Savanna is de-
fined as the base of the Spaniard Limestone, or in its absence, as the base of the
first mappable sandstone above the Keota Sandstone Member of the McAlester
Formation. The current placement of the contact between the overlying Boggy
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Figure 1. Map of eastern Oklahoma showing the major geologic provinces; the loca-
tion of the principal reference section for the Savanna Formation (P.R.S.) (Hemish,
1995); the locations of the supplementary reference section and the reference well,
both new; the line of stratigraphic correlation diagram A-A’ (shown in Figure 2); and
the locations of photographs in Figures 12—186. (See Figure 4 for locations of photo-
graphs in Figures 5—11.)

Formation and the Savanna is at the base of the Bluejacket Sandstone Member of
the Boggy. It was defined by Miser (1954) because it was the longest continuously
mappable boundary available, and suitable for both the Arkoma basin and the
northeastern Oklahoma shelf area (Fig. 1). In Oklahoma, the outcrop belt of the
Savanna Formation extends from the Arkansas-Oklahoma line westward in the
Arkoma basin to the northern flank of the Arbuckle Mountains and northward to
the Kansas-Oklahoma line (Miser, 1954).
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The Savanna Formation is not recognized in Kansas; its stratigraphic equiva-
lents become part of the Krebs Formation (Brady and others, 1994, sheet 1). The
Savanna Formation in Arkansas is believed to be equivalent to the Savanna Forma-
tion in Oklahoma (Haley, 1961, p. 8). Haley states that the formation in Arkansas is
lithologically similar to the Savanna Formation in Oklahoma and that at least six
coal beds are present in the unit in Arkansas. The Savanna is thicker in Arkansas,
where its maximum thickness is ~2,200 ft (Haley, 1961, p. 8). In the Arkoma basin
of Oklahoma, the Savanna Formation generally is about 1,100-1,450 ft thick. The
thickest reported occurrence of the Savanna in Oklahoma is in the vicinity of
Wister, Le Flore County, where it is ~1,750 ft thick (Hendricks, 1939, p. 272).

Stratigraphic Correlations

Three measured sections and two core holes (Fig. 1, A-A’) were used to con-
struct a stratigraphic correlation diagram of the Savanna Formation from the
Arkoma basin to just south of the Kansas-Oklahoma line (Fig. 2). The diagram
shows not only a marked thinning of the Savanna Formation northward, but also a
change in lithology.

Figure 3A is a generalized stratigraphic column showing the lithology of the Sa-
vanna Formation and the adjacent formations in the central part of the Arkoma
basin. Figure 3B shows the same formations in the northern part of the Arkoma
basin and the northeastern Oklahoma shelf area.

In the Arkoma basin, the Savanna Formation consists mostly of sandstone and
shale; it includes a few discontinuous thin limestone beds, as well as several thin
coals (of which the Cavanal is the only one named). The sandstones in the Savanna
form prominent ridges throughout most of the Arkoma basin; because of their re-
sistance to weathering, these sandstones account for much of the relief in the re-
gion (notably, in the Sans Bois Mountains) (Fig. 1). However, the combined thick-
ness of the shale beds in the Savanna is much greater than that of the sandstones.
Hemish (1995, p. 222) noted that the combined thickness of the sandstone units in
the principal reference section (Fig. 1) accounts for only 16% of the formation
(232.9 ft of sandstone out of 1,449.1 ft total thickness).

A section (Lodi section) measured in Latimer County (Fig. 2, x!; Fig. 4; Appendix
1) shows marked lithologic similarities to the principal reference section for the Sa-
vanna ~30 miwest in Pittsburg County (Fig. 1). The basal unit of the Savanna For-
mation at both locations is a 5- to 8-ft-thick, blocky, very fine grained sandstone
(Fig. 5A). The contact with the underlying gray shale unit (McAlester Formation) is
sharp, irregular, and disconformable (Fig. 5B). The top of the Keota Sandstone
Member of the McAlester Formation is present at both locations ~70 ft below the
contact (Fig. 6). The seven ridge-forming Savanna sandstone “groups” (comprising
both sandstone and shale units) described by Hemish (1995, p. 210) and informally

called the Savanna 1-7 sandstones, are present in the Lodi section (Appendix 1).

Figure 2 (opposite page). Stratigraphic correfation diagram showing changes in lithol-
ogy and thinning of the Savanna Formation northward from the Arkoma basin. Line
of A—-A’ is shown in Figure 1. The location of measured section x* (Lodi section) is
shown in Figure 4, and it is described in Appendix 1; measured sections x2 and %3 are
described in Wilson and Newell (1937, appendix, measured sections 5,20); core-hole
logs for ©* and C® are given in Hemish (1990b, appendix, core holes 7,10).
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THICKNESS

FORMATION LITHOLOGY MEMBER OR BED ()

SYSTEM
SERIES
GRQUP

Secor Rider coal 1700-1900

Secc_ar coal (top eroded)
Lower Witteville coal
Bluejacket Sandstone

Boggy

Savanna 1100-1750

Cavanal coal

— ,.::fSam Creek(?) Limestone

DESMOINESIAN
Krebs

~—=] Spaniard(?) Limestone

Keota Sandstone

Tamaha Sandstone

Upper McAlester coal
CaM%AIeStSer %o?l

meron Sandstone

Lequire Sandstone 1200-2000

Warner Sandstone

PENNSYLVANIAN

McAlester

McCurtain Shale

Upper Hartshorne coal
Hartshorne Lower Hartshorne coal 300-750
o) Hartshorne sandstone

KAN -»

ATO

Atoka 1200-14,000

A

Figure 3. (A) Generalized stratigraphic column showing the Krebs Group and the
upper part of the Atoka Formation in the central Arkoma basin. (B) (opposite page)
Generalized stratigraphic column showing the same units in the northern part of the
Arkoma basin and the northeastern Oklahoma shelf area. (See Figure 2 for explana-
tion of symboils.)

Although the sandstones within the Savanna “groups” locally split and merge,
pinch out and reappear, they persist across Latimer and Le Flore Counties to the
Arkansas-Oklahoma line. The thick silty shale unit at the top of the Savanna is also
persistent. It is ~240 ft thick in the Adamson section, and ~270 ft thick in the Lodi
section, where it is better exposed. Figures 7-9 are selected representative litho-
logic units from the Savanna Formation in the Lodi section, where the Savanna is
~1,276 ft thick. Conformably overlying the Savanna Formation is the Bluejacket
Sandstone Member of the Boggy Formation.
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Along its outcrop belt in the eastern and south-central Arkoma basin, from
Cavanal Mountain westward to the vicinity of the city of McAlester, the Bluejacket
Sandstone comprises three informal units—a lower sandstone unit, a middle shale
unit, and an upper sandstone unit. Figure 10A,B shows the lower unit of the
Bluejacket Sandstone Member of the Boggy Formation. Figure 11A,B shows the
thick, cross-bedded upper unit of the Bluejacket Sandstone, which caps Ryan Peak
and marks the top of the 1,666.2-ft Lodi section (Fig. 4; Appendix 1).

Hemish (1996) found that ~6 mi north of Lodi in southern Haskell County, the
Savanna Formation consists of only two mappable ridge-forming sandstone
groups (an upper group and a lower group, separated by a valley-forming shale)
and an overlying thick shale below the Bluejacket Sandstone. Oakes (1977, p. 25),
using the term “zone” in the same sense as Hemish's “group,” states that “the up-
per sandstone zone of the Savanna is about 200 feet thick and contains 50 feet of
shale near the middle. It has this tripartite character northward to the Canadian

185



T
T

.. LODI'SECTION

1000 0 1000 2000 3000 4000 5000 6000 7000 FEET
EH = = F——————— | : = 1

1 5 0 1 KILOMETER
| e ——— —— =

CONTOUR INTERVAL 20 FEET
DATUM IS MEAN SEA LEVEL

Figure 4. Map showing the location of measured section La-1-94-H (Lodi section,
Latimer County), designated as a new supplementary reference section for the Sa-
vanna Formation (Appendix 1). Also shown are the locations of photographs in Fig-
ures 5-11. Map is from the Lequire 7.5" quadrangle.
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Figure 5. (A) Basal sandstone unit of the Savanna Formation, shown in outcrop at the
east edge of Rock Creek, SWVaNW“NWViSEVs sec. 2, T. 6 N., R. 21 E., Latimer
County. Contact with the underlying McAlester Formation shown by white line. (B)
Irregular contact between the McAlester Formation and the Savanna Formation
(marked by head of pick). Psv1 (Unit 6, Appendix 1) is exposed in wooded area east
of section-line road, SWVANW1SW1aNWa sec. 1, T. 6 N., R. 21 E,, Latimer County.
Geologic pick is 1.1 ft long. Figure 4 shows location of photographs.
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Figure 6. Keota Sandstone Member of the McAlester Formation (Unit 2, Appendix 1)
exposed in edge of newly excavated stock pond, SWV.SWVsSW'sNWVs sec. 1, T. 6
N., R. 21 E,, Latimer County. Geologic pick (1.1 ft long) marks the Keota. Unit 1 (Ap-
pendix 1) is below the pick head. Figure 4 shows location of photograph.

Figure 7. Wavy-, parallel-bedded sandstone (Psv3a, Unit 12, Appendix 1) and under-

lying shale (Unit 11, Appendix 1) in eroded road ditch, NEVASEV4NEY4NEVa sec. 2, T.
6 N., R. 21 E., Latimer County. Sandstone is 3.2 ft thick. Figure 4 shows location of

photograph.
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River. . .northwest of Hoyt,
Haskell County, where the up-
per unit is 15 feet thick, and
the lower is 20 feet thick, and
the intervening shale is 25 feet
thick. ... Sandstone assignable
to the lower zone of the Sa-
vanna has not been found far-
ther north than sec. 18, T. 9 N,,
R. 19 E.” The lower, 20-ft-thick
sandstone of the upper zone of
the Savanna Formation de-
scribed by Oakes (1977, p. 25)
apparently is the only sand-
stone unit that persists north-
ward into Muskogee County,
where (for purposes of his re-
port) he used the obsolete term
“Spiro Sandstone” to identify it.

Oakes and Knechtel (1948, p.
51, fig. 7) showed that the Span-
iard Limestone Member of the
Savanna Formation in the vicin-
ity of the Canadian River occu-
pies approximately the same
stratigraphic position as does
the base of the lowest sand-
stone of the Savanna Formation
in the Arkoma basin. Hemish
(1993) reported the occurrence
of a limestone bed in Le Flore
County, Oklahoma, which he
tentatively correlated with the
Spaniard Limestone of the
northeastern Oklahoma shelf
area. In that report, he presented
a detailed discussion of the
naming of the Spaniard Lime-
stone (in Muskogee County, by
S.W. Lowman [1932]), as well as
the history of usage and previ-
ous investigations.

Figure 12 shows the Spaniard

SEVaSWVa sec. 35, T. 7 N, R. 21 E., Latimer
County. (A} Contact (at pick head) between Sa-
vanna Formation (below) and Boggy Formation
{(above). Top beds of the Savanna (Unit 45, Ap-
pendix 1) comprise silty, sandy shale, and abun-
dant lenses and stringers of very fine grained
sandstone. The overlying lower unit of the Blue-
jacket Sandstone (Unit 46, Appendix 1) contains
thin-bedded, shaly, wavy-bedded, ripple-marked
sandstone. (B) (opposite page) Lower unit of
Bluejacket Sandstone. Beds dip 20° NW in this
area. Figure 4 shows location of photographs.

Limestone, the lowermost of three persistent, thin, marine limestones that are key
beds in the Savanna Formation throughout the northeastern Oklahoma shelf area.
The other two persistent limestones are the Sam Creek Limestone and the Doneley
Limestone. The three limestones are stratigraphically equivalent to the subsurface
“Brown limes” (Jordan, 1957, p. 28). Hemish (1988) showed that the Savanna For-
mation thins westward from Muskogee County into west-central Okmulgee County,
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where it is only ~130 ft thick. In
this area, as it is throughout
the shelf area and northern
part of the Arkoma basin, the
Savanna is marked by the base
of the Spaniard Limestone, be-
low, and the base of the Blue-
jacket Sandstone, above.

InT. 10 N., R. 19 E. (Fig. 1,
%2}, just north of the Canadian
River in Muskogee County, the

* Savanna Formation is only ~277
ft thick (Fig. 2, x?). The base is
marked by the well-developed
Spaniard Limestone. Other key
beds, such as the Sam Creek
Limestone (Fig. 13A,B), the
Doneley Limestone, and the
Rowe coal (Fig. 14), are pres-
ent. Other named coals in the

‘Savanna Formation in the
northern part of the Arkoma
basin and in the northeastern
Oklahoma shelf area include
the thin, noneconomic Sam
Creek coal, and, near the top of
the formation, the Drywood
coal (Fig. 3B). A locally devel-
oped coal named the Tulla-

hassee coal by Hemish (1990a) is present just above the Spaniard Limestone in
northern Muskogee and southern Wagoner Counties (Fig. 3B).

From the Canadian River northward to the vicinity of northern Craig County, no
continuous sandstone beds are present in the Savanna Formation. Sandstone
lenses, generally 4-6 ft thick, occur in that part of the formation below the Rowe
coal (Fig. 2, X2, x3, 0% Fig. 3B). A sandstone, generally about 12 ft thick, is present in
Craig County near the top of the Savanna Formation. Branson and others (1965, p.
27-28) named the sandstone the “Dickson,” and traced it almost continuously
from T. 25 N., R. 20 E. to the Kansas line. The Dickson Sandstone probably is in-
cluded with the “Bartlesville sands” (equivalent to the Bluejacket Sandstone) of
subsurface terminology in northeastern Oklahoma and southeastern Kansas. One
of the best continuous exposures of that part of the Savanna Formation between
the Sam Creek Limestone and the Bluejacket Sandstone is in shale pits and along a
small creek in secs. 25 and 26, T. 11 N., R. 17 E., McIntosh County, Oklahoma. Ex-
posed is 102.5 ft of section. The interval between the top of the Doneley Limestone
and the base of the Bluejacket Sandstone is 82.7 ft thick, and includes near its base
a black shale that commonly is associated with the Rowe coal and Doneley Lime-
stone. For a detailed description, see measured section 26 in Hemish (in press).

It is noteworthy that the silty shale interval between the Doneley Limestone and
the base of the Bluejacket Sandstone thins markedly northward from %2 to O° (Fig.
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