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Current Models of Midcontinent Pennsylvanian
Deposition and Diagenesis

The Midcontinent Pennsylvanian succession consists of
an alternation of thin, laterally extensive limestone
formations with sandy shale formations (Figure 1). Most of
these limestone formations are composed of a repeating
sequence of rock units called a cyclothem, first recognized
in the Midcontinent by Moore (1931). Wanless and Shepard
(1936) related these alternations of shale and limestone to
periodic transgression and regression of the sea due to
glaciation., Heckel {1977, 1980, 1986} supported this
hypothesis and developed a model for the depositional
interpretation of a cyclothem. The basic complete cycle
currently recognized has, in ascending order: 1) thick,
sandy nearshore to non-marine shale; 2) thin, transgressive
limestone, typically a skeletal calcilutite; 3) thin,
non-sandy offshore shale, commonly with a black phosphatic
facies; 4) thick, reqgressive limestone, typically a
skeletal calecilutite grading upward into a skeletal
calcarenite; and 5) thick, sandy nearshore shale, like unit
one. Differing abundance and diversity of conodont faunas
characterize each member. The maximum transgression is
represented in the offshore shale, within the black
phosphatic facies when present, where conodonts are most

abundant.

The diagenetic features present within transgressgive



and regressive carbonate rocks also are different. Longman
(1980) recognized four diagenetic environments that are
responsible for diagenetic features in a limestone: 1)
fresh-water vadose zone; 2) fresh-water phreatic zone; 3)
mixing zone; and 4) marine phreatic zone. Heckel (1983)
contrasted the features of these environments with those
expected in the deep burial connate zone to explain the
differences in diagenetic features between transgressive
and regressive limestones in Pennsylvanian rocks. Heckel
(1983) observed that transgressive limestones generally
have overcompacted grains, neomorphism of aragonitic shells
and high-magnesium calcite algal blades, and ferroan
calcite and dolomite cements. These features formed in
response to diagenesis in the marine phreatic zone

followed by the deeper burial connate zone, where
compaction of the limestone occurred before cementation.

In contrast, regressive limestones generally have early
cement rims, leached aragonitic shells and high-magnesium
calcite algal blades, blocky non-ferroan calcite cements,
little compaction, and less development of ferroan calcite
and dolomite cements. These features formed in response to
diagenesis in the marine phreatic zone, followed by the
fresh-water phreatic and vadose zones that developed as the
sea regressed before burial in the deeper connate zone

during subsequent transgression. The offshore shale
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the area. All cutcrops and cores collected and studied

are shown in Figure 2.

Method of Study

Nineteen reported outcrops of the Exline Limestone
were visited. Twelve outcrops were found that had the
Exline Limestone still exposed. Limestone and the adjacent
shales were collected to obtain the entire Exline section
at each of these locations. All cores where the Exline was
reported to exist were collected for study from the
respective State Geological Surveys.

The outcrop and core sections then were processed for
conodonts using the methods of Swade (1985). A sample was
taken from every four inches (0.1l m) of cored Exline.

Where shale and limestone were interbedded or otherwise
segregated in the same core segment, the shale residue was
kept separate from the limestone residue. The conedonts
were studied using identifications made by Baesemann (1973)
and Swade (1985) with the help of P. H. Heckel (pers.
commun. 1984} to determine the prezence and abundance of
certain genera through vertical sequences within the Exline
sections. For comparison purposes, the abundance of each
genus was converted to numbers per 1000-gram sample at all

localites. Only elements of the genus Idioprioniodus

and platform elements of the genera Idiognathodus,

Anchignathodus (sensu Swade, 1985), Diplognathodus,
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deposited after the Exline and became incorporated into the

limestone as leaching occurred. The entire mixed skeleta

facies ranges from two to six feet in thickness. At

1

localities ISC and IJCL, most of the core sequence probably

belongs to the underlying Lost Branch Formation because the

distinctive conodont fauna described by Swade {1985) was
found in basal shale (P. H. Heckel, pers. commun. 1984).
The increase in conodont abundance along with the

appearance of Idioprioniodus at the top of the shaly

limestone suggests that the Exline horizon may be present

at the very top of the leached limestone in these two

cores.

Fossils

The skeletal material in the Mixed Skeletal

Calcarenite Facies includes basically the same major groups

as do the other two faciesﬁ_including algae, echinoderms,
gastropods, pelecypods, ostracodes, brachiopods, corals,
and foraminifers. It is termed "mixed skeletal”™ because
single skeletal type dominates. Another difference from
the other two facies is that encrusting foraminifers are

much more abundant. A listing of the macrofossil groups

no

present and their relative abundances is given in Appendix

A.
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a non-carbonate deposit, consisting of deltaic sands and
prodeltaic muds in the south (Howe 1982), and blocky
mudstones, probably ancient soils, in the north. The
facies of this unit have distinct characteristics and
boundaries within the study area (Figure 4).

The northern facies extends across most of the mixed
skeletal limestone of the Exline. It is a green, blocky
mudstone, with few to no marine fossils, and ranges in
thickness from two to three feet. In the extreme northern
part of this facies, the green mudstone encompassing
fragments of the rubbly Exline Limestone grades upward to
all mudstone.

The deltaic sands extend across most of the area above
the Algal Calcilutite Facies, and range in thickness from
three to sixty feet. This sandstone is massive, extremely
friable, fine to medium grained, coarsely crossbedded, and
commonly has a sharp, unconformable boundary with the
Exline.

To the south, prodeltaic marine shales overlie the
Exline. This marine shale is gray, laminated, slightly
micaceous, moderately fossiliferous in the base, and ranges
in thickness up to fifty feet at section MB&T. This
facies has been interpreted as a prodeltaic segquence, which
coarsens upward to deltaic sandstones (Howe 1982). The

boundary between the limestone and the shale is distinct,
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portions of this facies may represent protected shallow
areas such as lagoons behind shoals. The appearance of
barren laminated calcilutite at the top of this Ffacies in
the Offutt core suggests a regressive sequence in which a

muddy shoreline became established upon a former subtidal

shoal as sea level began dropping.

Diagenesis

Key petrologic differences occur between the northern
and southern facies of the Exline Limestone. The southern
two facies (Shaly Crinoidal Calcilutite, Algal
Calcilutite), have similar characteristics, with
overcompacted and crushed grains even in a mud matrix,
neomorphic spar in originally aragonitic and high-magnesium
calcite grains, blocky void-filling calcite only within
gastropods and ostracode shells, and non-unit extinction
within crinoids. All these diagenetic features suggest
strong compaction before cementation and are compatible
with a transgressive or offshore c¢cyclothemic unit based on
Heckel's 1983 diagenetic model,

The northern mixed skeletal facies has different
characteristics from those of the two southern facies,
This facies contains abundant early fibrous cement rims,
leached grain molds, large amounts of blocky void-filling
spar above geopetal debris, syntaxial echinoderm

overgrowths, and no significant overcompacting from the
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that show the shaly crinoidal calcilutite above the algal
calcilutite in its region of development can be
explained by the fact that sandstone directly overlies the

Algal Calcilutite Facies where it is the only facies found

in a complete exposure. These sands were deposited in a

higher energy deltaic environment than the prodeltaic
muds, and could have eroded the soft prodeltaic muds
and the friable Shaly Crinoidal Calcilutite Facies, and

left a sharp contact at the top of the massive, dense Algal

Calcilutite Facies.


































































APPENDIX A

FOS5S81L GROUPS FROM RECOGNIZED EXLINE FACIES
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