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JOHN H. MOSSLER!

Carbonate Facies of the Swope Limestone Formation

(Upper Pennsylvanian), Southeast Kansas

ABSTRACT

The Swope Limestone Formation is composed of three
members. The basal member, the Middle Creek Limestone, is
a thin uniform biomicrite that is known to be present only in
the northem part of the Kansas outcrop. The overlying Hush-
puckney Shale, composed of black, fissile shale overlain by
gray, blocky shale also is known to be present only in the
northern part of the outcrop. The Bethany Falls Limestone
Member, uppermost member of the Swope, is composed of
three facies in the northern part of its Kansas outcrop belt.
Here the lower part of this member is composed of (1) bi-
omicrite containing a diverse marine biota, including abundant
phylloid algae fragments. This unit interfingers southward
with (2) less fossiliferous, color-mottled biomicrite. An oolite-
pelletoid facies (3) composed of oosparite, oomicrite, pelsparite,
and pelmicrite overlies the biomicrite and mottled biomicrite
facies. An algal mound complex composed of phylloid algal
biomicrite is present in the southern part of the outcrop belt.
South of the mound complex in the extreme southern part of
the outcrop belt, a thin dolomitic subfacies of the biomicrite
facies, laterally equivalent to the mound complex, wedges out
into the detrital sedimentary rocks of overlying and underlying
formations.

Ubiquitous distribution of phylloid algae indicates all lime-
stones of the Swope formed in shallow water. The presence of
oolitic limestone in the upper part of the Bethany Falls Member
overlying biomicrites with a normal marine fauna suggests that
shallowing of marine waters took place during deposition of
the member. The distribution of subfacies in the oolite-pelletoid
facies is analogous to the distribution of facies belts in modem
oolitic carbonate sediments on the Bahama Platform west of
Andros Island. OQosparites at the southem end of the outcrop
belt of the facies resemble tidal bars and marine sand belts
along the edge of the Bahama Platform. Oomicrites, pelsparites
and pelmicrites in the northern part of the outcrop belt re-
semble the platform interior sediments of the Bahama Platform.
Dolomitic micrites found in Iowa at the extreme northern edge
of the Bethany Falls outcrop belt resemble shallow intertidal to
supratidal sediments found on the west side of Andros Island.

1 Department of Geology, University of Minnesota, Duluth, Minnesota
53812,

Manuscript received and accepted for publication November 20, 1972.

Edited by Gary Alan Waldron.
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INTRODUCTION

In eastern Kansas, Pennsylvanian rocks crop out in
a belt that extends south-southwesterly through the
statc from the northcastern corner. The stratigraphic
units are thin, laterally persistent, alternating layers of
shale and limestone, with local sandstones, all dipping
gently toward the northwest at 15 to 30 feet per mile.

The subject of this study, the Swope Formation, is
one of the persistent limestone units in the Upper
Pennsylvanian sequence. It is composed of three
members which are, in ascending order, the Middle
Creek Limestone, the Hushpuckney Shale, and the
Bethany Falls Limestone (Fig. 1).

The objectives of this paper are to present a de-
tailed description of the petrography of the carbonate
rocks in the Swope Formation in the southeastern
Kansas part of the outcrop belt, identify facies of the
unit along this part of the outcrop, and interpret the
depositional significance and interrelationships of these
facies. Diagenesis and dolomitization in the lime-
stone of the formation have already been described
(Mossler, 1971).
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Generalized columnar section for Bronson Subgroup.
Adapted from Moore (1948) and Zeller (1968).
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]. H. Mossler—Carbonate Facies of the Swope Limestone Formation, Southeast Kansas 5

Several previous investigations provide a general
framework for this study. Payton (1966) made a de-
tailed study of the Missouri and Iowa outcrop of the
Swope Formation in which he subdivided the forma-
tion into ten lithologic facies and interpreted environ-
mental conditions under which they formed. Other
investigators have made important contributions to-
ward petrologic and environmental interpretation of
the Swope Formation as part of the more general
studies of several units in the Missourian Series.
Heckel and Cocke (1969) discuss algal mound com-
plexes observed in outcrops of Upper Pennsylvanian
limestones of the Midcontinent region. Their publi-
cation is a continuation of work begun by Harbaugh
(1959, 1960) who was the first to realize the important
role of phylloid algae as a biotic constituent and rock
builder in Upper Pennsylvanian limestones of south-
eastern Kansas. Hamblin (1969) studied marine
paleocurrent directions in oosparites of the Bethany
Falls and other limestones of the Upper Pennsylvanian
Kansas City Group of southeastern Kansas, and re-
lated these directions to the paleogeography of the
region. More recently, Scott (1970) presented a gen-
cralized model for Bethany Falls deposition based on
a study of the member throughout its outcrop belt in
Kansas, Missouri, and Iowa.

The stratigraphic nomenclature used in this report
is that proposed by Moore (1948, p. 2028-2031). Folk’s
nomenclature (1959) is used for classifying limestone
facies. Modifying adjectives are used with these
names in order to describe the various rock types more
thoroughly and to help delineate different facies in
certain limestones.

Thirteen complete or nearly complete exposures
of the Swope Formation in southeastern Kansas were
intensively studied in 1968. These exposures were se-
lected at relatively evenly spaced intervals along the
outcrop belt (Fig. 2) and were chosen so that all sig-
nificant variations in facies occurring along the Kansas
outcrop were represented. In addition, many inter-
mediate exposures were visited to delineate areal ex-
tent of the facies and to detect any lithological vari-
ations that might lead to more accurate interpretations
of relationships between different facies. Exact loca-
tions for all measured sections are given in Mossler
(1970).

Petrographic investigations involved use of 220
thin sections, stained to facilitate distinction of calcite
and dolomite using the procedure of Dickson (1966)
and 40 polished, stained rock slabs which were
sprayed with clear acrylic. Several samples were seri-
ally sectioned to determine gross morphology of algae
in the algal mound facies to decipher fabric relation-
ships in color-mottled carbonates. Etched thin scc-
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tions (Lees, 1958) and insoluble residues helped reveal
distribution of detrital material within certain lime-
stones.
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GENERAL STRATIGRAPHIC AND
ENVIRONMENTAL SETTING

The Swope Formation on outcrop represents part
of a shallow marine shelf that extended northward
from northeastern Oklahoma into Iowa. The regional
slope of the sca bottom was generally toward the
southwest (Payton, 1966; Hamblin, 1969). Unfossil-
iferous, laminated, dolomitic micrites, interpreted to
have formed in very shallow marine to supratidal en-
vironments (Heckel, 1968) and Osagia biomicrites
that formed in shallow-water environments (Payton,
1966) are found in Iowa, north of the open marine
b omicrite facies of Kansas. They indicate that south-
western Iowa was near the northern landward end of
the shallow marine shelf.

During the same time interval, the southern end of
the shelf was the depocenter for thick wedges of ter-
rigenous sediment which have been interpreted to be
of deltaic origin (Wanless, et al., 1971). The terrige-
nous formations directly beneath and above the
Swope Formation both thicken southward in Kansas.
The underlying Ladore Shale averages 10 feet in
thickness in the north and thickens southward to 40
feet in Neosho County (Fig. 2). The overlying Gales-
burg Shale thickens southward from 10 feet or less
of shale in Linn and Miami counties to more than 75
feet of shale and sandstone in southern Neosho County
(Jungmann, 1966).

The Swope and other Upper Pennsvlvanian lime-
stone units of southcastern Kansas reflect the proximity
of deltaic sedimentation in northeastern Oklahoma
which influenced nearby calcareous shelf sediments in
Kansas (Heckel and Cocke, 1969). Shallow marine
shelf carbonates throughout most of Kansas thicken
into algal mound complexes near their southern limits.
Southward the mounds grade abruptly into thin bio-
micrites that interfinger with thick terrigenous clastic
strata. Thick deltaic aprons of terrigenous sediment
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monoaxonic sponge spicules. Ostracodes, fusulinids
and pelecypods are minor constituents. Fossil frag-
ments commonly are distributed in swirled patterns in
the matrix and are finely comminuted, suggestive of
reworking by burrowing organisms. The matrix is
composed of microspar with the characteristic loaf-
shaped crystals of calcite described by Folk (1965).
Some areas of the microspar possess pelletoid texture
interpreted to be the fecal pellets of scavenging or-
ganisms; in some instances these pecllets fill portions
of burrows.

Dolomite occurs in two forms: 1) silt-sized euhedra
that replace micrite matrix; and 2) coarser ferroan
spar crystals that replace fossil fragments and some-
times fill fractures and primary void spaces preserved
within fossils. Commonly the silt-sized dolomite se-
lectively replaces calcium carbonate matrix that is in-
terpreted to have filled burrows, like similar dolomite
in the basal argillaceous subfacies (see below). Silici-
fication is widespread in this facies of the Bethany
Falls, and occurs along bedding planes in the form of
microcrystalline chert nodules that replace micrite and
skeletal material.

Argillaceous subfacies. The basal foot of limestone
in the northern part of the biomicrite facics is an
argillaccous, dark colored, massive bed which is
slightly different from the overlying nonargillaceous
subfacies (Fig. 3). It carries disarticulated and broken
fragments of a diverse fossil assemblage that includes
gastropods, phylloid algae with recognizable micro-
structure, echinoderms, trilobites, ostracodes, bryo-
zoans, pelecypods, brachiopods and some unidentified
fossil fragments of collophane. The skeletal fragments
do not exhibit any evidence of abrasion but they are
arranged in swirled patterns suggestive of burrowing
by organisms.

The unit is characteristically widely dolomitized
by silt-sized (0.025-0.03 mm), subhedral to euhedral
crystals selectively replacing the matrix, especially
along burrowed zones. Minor amounts of dolomite
partially replace fossil fragments composed of sparry
calcite.

Payton (1966) observed this same zone at the base
of the Bethany Falls Member in Missouri where he de-
scribed it as a separate facies, the argillaccous pyritic
biomicrite facies. He interprets it to be transitional
between overlying limestone of the Bethany Falls and
underlying Hushpuckney shale. Thin limestone lenses
within the Hushpuckney Shale in Kansas (loc. LC),
which are lithologically similar to the basal argilla-
ceous zones, support this interpretation.

The basal Middle Creck Member of the Swope
Formation is similar to the basal argillaccous subfacies
in both its lithology and pattern of dolomitization. It
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is an argillaceous, medium- to dark-gray biomicrite
with an abundant, diverse fauna which resembles that
in the argillaceous subfacies. Dolomite usually occurs
as silt-sized crystals replacing micrite along burrowed

Zones.
Dolomitic subfacies. South of the algal mound

complex, the Swope Formation thins to 5 to 6 feet of
biomicrite that extends from northern Labette County
into Montgomery County (Figs. 2 and 3). In Mont-
gomery County, thin biomicrites considered part of
this southern facies may actually be lenses of lime-
stone occupying stratigraphic positions in the thick
Ladore-Galesburg clastic wedge that are equivalent or
nearly equivalent to Swope limestones to the north
(P. H. Heckel, pers. comm., 1968). Poor, discontinuous
exposures preclude certainty about exact stratigraphic
relationships between the limestone in Montgomery
County and that to the north. South of southern
Montgomery County, the thin biomicrites disappear
and terrigenous clastics are stratigraphically equivalent
to the Swope.

This subfacies is classified as a dolomitic biomicrite.
The unit contains varied fossil constituents including
cchinoderms, bryozoans, pelecypods, phylloid algae,
and foraminifers. The top foot of the limestone com-
monly contains large chert masses which contain
spongcs.

Most of the coarse calcite spar in the biomicrite
replaces phylloid algae blades, but some appears to fill
voids created by burrowing organisms or decay of
soft-bodied organisms. Dolomite occurs in the form
of silt-sized euhedra replacing micritic groundmass.
The sclective replacement of the fine-grained ground-
mass by dolomite is similar to dolomite replacement
in argillaccous biomicrites beneath the algal mound
and in the northern basal argillaceous subfacies. Most
dolomite in outcrop has been intensively weathered
and leached so that only molds of former dolomite
crystals remain. The rock has also invariably been
stained by hydrated iron oxides. The intensive alter-
ation may be due to overlying porous sandstones that
would give percolating ground waters easy subsurface
access to the unit. Elsewhere the Bethany Falls usually
is overlain by shales which provide the unit with a cap
less permeable to ground water and would help pro-
tect it from intensive alteration.

Paleoenvironmental interpretation. Lack of criteria
for grain support listed by Dunham (1962) indicates
that the limestones in the biomicrite facies are mud-
supported rocks. The large proportion of fine-grained
sediments and the absence of conclusive evidence for
grain support suggest the environment was relatively
quict, below wave base or sheltered from current
activity.
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J. H. Mossler—Carbonate Facies of the Swope Limestone Formation, Southeast Kansas 13

vironment whose modern analogue is the inner Florida
reef tract. Birdseye structure and fenestral-laminated
algal lime sediments indicate supratidal and intertidal
environments (Illing, Wells, and Taylor, 1965; Shinn,
Ginsburg, and Lloyd, 1965). The presence of these
structures at the top of the oolite-pelletoid facies may
indicate further shallowing of water in this northern
area prior to deposition of overlying Galesburg ter-
rigenous sediments.

In summary, the regional variation in this facies
resembles that of a section through modern platform
sediments in the Bahamas (Fig. 11). The southern
oosparites are equivalent to cross-bedded sands of
modem tidal-bar and marine-bar belts, and the north-
ern oomicrites and pelletoidal rocks are equivalent to
the modern muddy platform-interior sediments. Un-
fossiliferous laminated dolomitic micrites found in
Iowa (Heckel, 1968) are equivalent to modern inter-
tidal to supratidal sediments. This apparent trend to-
ward more restricted conditions toward the north is
consistent with marine paleocurrent data collected by
Hamblin (1969) which indicates that the paleoslope
in southeastern Kansas during Kansas City time de-
scended toward the southwest.

Phylloid Algal Mound Complex

A phylloid algal mound complex is present along
the outcrop belt from central to southern Neosho
County. The mound complex attains a maximum
thickness of 22 to 27 feet near the south end at locality
PLO and thins northward to 7 feet at locality ENR.
The complex consists of two facies, the algal mound
and the mound-capping facies, and it overlies a sub-
facies of the biomicrite facies.

Argillaceous biomicrite subfacies beneath mound
complex. Rocks assigned to the argillaceous biomicrite
subfacies of the biomicrite facies are present beneath
the algal mound facies (Fig. 3). Like the argillaceous
biomicrite at the base of the biomicrite facies, this
rock is transitional between the underlying dominantly
terrigenous Ladore Shale and the purer carbonate of
the overlying algal mound facies. This subfacies is 1
to 4 feet thick.

The fine-grained groundmass of this facies is in-
tensely dolomitized everywhere it was observed except
at locality PLO where only the basal foot is so altered.
The skeletal grains, which have remained calcitic, are
floating in the matrix of subhedral to euhedral silt-
sized dolomite crystals. Ferroan calcite is interstitial
to dolomite rhombs in the groundmass. The skeletal
material is dominated by fragments of bryozoans,
brachiopods (including some large, whole individuals),
and pelecypods. Algae are not abundant in the unit
except where it is more than a foot thick at locality
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PLO. Even in the thicker development, bryozoans,
brachiopods, crinoids, and pelecypods are prominent
biotic constituents.

Algal mound facies. The algal mound facies is
composed of algal biolithite and biomicrite that differs
from that in Lansing Group mounds (Harbaugh, 1959)
by having smaller amounts of calcite and dolomite
void-filling spar. The algal mound facies attains a
maximum measured thickness of about 12 feet at local-
ity PLO; northward it thins to 5 feet at locality ENR.
The algal mound facics is characterized by abundant
phylloid algal blades which appear to be preserved in
original growth position in certain zones, and are in-
terpreted to form algal biolithite (Fig. 12). Identi-
fiable algae in the mound are probably codiaceans.
J. L. Wray (pers. comm., 1969) identified material
from localities PLO and ENR as Ivanovia (Khvorova,
1946), but states that the identification should be con-
sidered tentative. Bryozoans and other fossil forms
are scarce in the algal biolithite but are important
constituents in algal biomicrites overlying and inter-
bedded with the biolithite zones.

Unlike other Upper Pennsylvanian algal mound
limestone described by Heckel and Cocke (1969), the
Bethany Falls mound does not possess more than lo-
calized zones containing conspicuous amounts of void-
filling calcite and ferroan dolomite spar. Ferroan
dolomite in the algal mound facies is mostly confined
to fractures transecting the rock and to central por-
tions of the algal blades. The growth form of Ivanovia
may not have been as amenable to preservation of
void space by the umbrella effect as the growth forms
Archaeolithophyllum, which commonly grew as crusts
and blades subparallel to the substrate (Wray, 1965).
Wray (pers. comm., 1969) states that the growth form
of Ivanovia, like that of related Eugonophyllum (Ko-
nishi and Wray, 1961), is one of upright blades. Serial
sectioning of algal biolithite indicates many of the
Ivanovia (?) blades in the Bethany Falls are concave-
convex in cross-section, with the concave side upward
(Fig. 12). This configuration would have allowed the
blades to act as natural traps for sediment while pre-
serving little void space beneath them. The abundance
of micritic carbonate in the groundmass of the rock
indicates that the algae grew in a quiet environment
where silts and clays were not winnowed out.

Micrite in some portions of this facies is character-
ized by clotted texture. This texture may be duc to
fecal pellets that were protected from compaction by
algal blades or may be pellets of algal origin similar
to those reported by Wolf (1965).

At locality PLO, a small lens of biosparite occurs
at the top of the algal mound. It is § to 10 inches
thick and about 3 feet in width and has a biconvex
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result from reworking of underlying mound rock just
before deposition of the Dodds Creek Sandstone or it
may record formation of a nonalgal tidal flat environ-
ment prior to deposition of the sandstone.

CONCLUSIONS

Both of the lower units of the Slope, the uniform
biomicritic Middle Creek and overlying Hushpuckney,
are present only in the north and may be equivalent
to the uppermost part of the underlying Ladore Shale
in the southern part of the Kansas outcrop.

The Bethany Falls member is composed of four
major facies groups (Fig. 3); 1) the biomicrite facies,
2) the mottled biomicrite facies, 3) the algal mound
complex, including the mound capping facies, and 4)
the oolite-pelletoid facies. The main part of the bio-
micrite facies (1) crops out at the north end of the
Kansas outcrop belt and is characterized by an abun-
dant varied fauna and conspicuous sparry calcite algal
fragments. This facies passes southward into the mot-
tled biomicrite facies (2) which has a shaly southern
subfacies and a burrow-mottled northern subfacies
separated by a zone that apparently represents local-
ized incipient algal mound formation. Overlying the
mottled and non-mottled biomicrites is the oolite-
pelletoid facies (3) composed of thick cross-bedded
oolites in the south and thin interbedded oosparites,
oomicrites and pelsparites-pelmicrites in the north.
South of the mottled biomicrite facies is the algal
mound facies complex (4) consisting of the mound
composed of algal biomicrites and biolithites, under-
lain by a thin argillaceous, dolomitic to completely
dolomitized subfacies of the biomicrite facies and
overlain and flanked by mound associated facies com-
posed of algal-bryozoan biomicrite, crinoidal bio-
sparite and intramicrudite. South of the algal mound
complex there is a thin ironstained dolomitic subfacies
of the biomicrite facies (1) which thins southward to
a feather edge between thickened over and underlying
detrital units.

Correlation between the algal mound in the south-
ern part of the Kansas outcrop belt and the biomicrites
and oolitic limestones in the northern part is equivocal.
The algal-mound facies is interpreted to be partly
correlative with both the mottled and non-mottled
biomicrites in the lower part of the Bethany Falls
Limestone in the northern part of the outcrop belt and
the oolite-pelletoid facies in the upper part of the
northern outcrop, but stratal continuity is not proved
at this point. The shaly subfacies at the southern end
of the mottled biomicrite facics may be equivalent to
the uppermost part of the Ladore Shale southward.

The oolite-pelletoid facies of the Bethany Falls fits
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a sedimentological framework similar to that presently
prevailing on the Bahama Platform west of Andros
Island. It is primarily oosparite at the southern end,
oomicrite, pelsparite, and pelmicrite in the central
part, and barren, laminated, dolomitic micrites at its
northern end in Iowa (Heckel, 1968). This broad
pattern of subfacies indicates a regional slope of the
sca floor towards the south during deposition of the
facies and is consistent with the regional slope indi-
cated by marine plaeocurrent directions (Hamblin,
1969).

The presence of fine-grained carbonates with a
normal marine fauna in the color-mottled biomicrite
facies and the biomicrite facies of the lower part of
the Bethany Falls indicates that this part of the Beth-
any Falls formed in slightly deeper water than the
overlying oolite-pelletoid facies. However, phylloid
algae are a prominent biotic constituent in the north-
ern biomicrites of Kansas, and stromatolites are im-
portant in Missouri (Payton, 19668) indicating that
depth of sedimentation nevertheless was not below
the photic zone. The abundance of cross-bedded
oolites in the upper part of the Bethany Falls indicates
that water must have shallowed during deposition of
the unit until some of the carbonate sediments were
forming above wave base. The interpretation that
water progressively shallowed during deposition of
the Bethany Falls in Kansas is consistent with Payton’s
(1966) similar conclusion concerning the member in
Missouri and Iowa.
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