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ABSTRACT

The faura and palececology of a late-FPennsylvanian
shale which lies betwsen beds of the Livingston Limestone
in eastern Illinois is presented. The name Charleston
Cuarry shale is used informally fer this shale in the
area of the Charleston Stione Company quarry, northeast
of Charleston, Coles Co., Illineis,

The fauna consists mostly of bryozoans, brachiopods
and crineids distributed throughout three distinct zones
within the Charlestorn Quarry shale. This faura inhabited
an offshore quiet bottom area in a shallow, warm, marine
epicentinental sea at a water depth of approximately
20 meters,

TNTRODUCTION

The late Pennsylvanian Livirgsteon ILimestone is sxposed by
mining in the quarries of the Charleston Stone Compary along the
Embarrass Fiver, northeast of Charleston, Illincis. The thickress
of a gray shale, the Charlestor Quarry shale, at the study site,

a newly opened pit in the quarry complex { % S5E., % 5F., % SW.,
SEC. 32, T. 13 N., R. 10 F., Coles Co.), is 18 inches. It divides
the livirgston Limestcre into twe distinct btenches, each spprox-
imately 1C feet thick. The shale is fine grained, predorminantly
gray in color ard oveowms in three distinct zomes: a bottom-mest,
heavy, dense shsle in abrupt contact with the lower limestone
bench, a middle shale zone of soft, thinly-bedded, greenish-gray
deposit mottled with darker patches, ard an upper zcne of limey
shale which grades inte the upper limestone bench,

STEATTGEARVY
The Livingston Limestore was nared by Worthen (1875). This,
with the ircluded Charleston Quarry shale, s placed in the Bo:d

Formation, Mcleansbero Group, Pernsylvariar System of eastern
Tllineis {Kosanke et al., 1%96G),
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The most useful summary of the Permsylvarian geology of the
study area can be found in Clegg(19%%9) who refers tc the limestone
containing the Charleston Quarry shale as the Millersville Limestone.
Put Kosarke et al, (1960) have classified the lirastone east of
the La Salle Anticline as the Tivipgston Limestone. A direct
correlation botween the Millersville and Livirgstion Limestones ie
noted by Clegg (1959) and Xosanke et al. (1960).

The Livingston Limestene is a gray to buff, extremely deuse,
erystalline reck extending with the Millersville Limestone through
the deep part of the I1linois RBasin. The Livingston lirmestone
reaches, in places, a total thickness of FO feet or more. It is
not qguite so well developed or the southerr flank of the Bellair-
Champaign Uplift, the northernrost extent of the limestone and
the locatior of this paperts study arca. Several authors have
menticned a shale bed separating the Livingston Iimesteone into
two benches, but no definitive study of this skale, the Charleston
Cuarry shale, has ever been pubtlished.

SAMPLILG

Nurerous samples of the Charlestorn Quarry shale were collected
during the summer of 1973. The sarmles were taken from a newly
cpened pit in the quarry on the west side of the Embarrass River
and compared to specimens from the palecbiology collection of
Easterr Tllinois University derived from Charleston Juarry shale
obtained fror an abandoned pit op the east side of the Bribarrass
River.

411 of these sarples were obbained from a complete stratigraphic
sequence of shale, The shale was rercved from the cuarry for study.
{rie shale sanple somewhat in excess of © cubic feet was taken
apart bedding plane by hedding plane arnd examined for fossils.
Lifferent types ard munters of fossils found in each of the three
shale Zone layers are sumrarized in Table 1, &nalysis of these
sanples incdicate ro specific orientaticn of the fossils. Most
fossils were articulated and sheowed no surface wear from transport,

FATECRCCLOGY

Ary atterpt to recorstruct past environment is difficult,
since in few cases is the evidence clear and indismitatle. This
section will presert the tasic palececological data and assumpe
tions used ir an enwironmental reconstruction of the Charleston
tuarry shale,

Lophophyllidium proliferum is a small, solitary rugose coral
and the only coral found ir the fawna. According to Hill (1908),
rugose corals were apparently akle to exist in numbers under condi-
tions where large compound corals could not flourish, the sedlinentary
envirormerts suggesting, perhaps, moderalely deep seas with relatively
low amounts of light, Ziegler, Cocks and Barbach (1968) sugpested
that the "ocormeoria™ shape cnd weight concentration orn the outer
curve of the rugose coral wculd have served to keep its mouth
raised abore the sediment surface without being firmly anchored




TARIE 1, Faunal compositior and specimen occurrence in a 5 cu. ft.
sarple of the Charleston Quarry shale. R= rare, 1-3
specimens; P= present, L-8 specimens; A= abundant, 9 or
more specimens,

Species bottom middle uprper
shale shale shale
zone zone ZONE

Coral

Lophophyllidium proliferum R R R

Bryozoea

Fenestrellina nimica 4 A P
Fenestrellina modesta A A P
Polypora sp. P P -
Penniretepora sp. b Rk R
Hhombopora lepidedendroides A R R
Brachiopoda
Inarticulata
Orticuloidea rissouriensis A E R
Articulata
Derbyja crassa - il -
Chonetinelia fleningi R R -
Kozlowskia splendens A A A
Reticulatia huecoensis - P -
Hustedia mormoni P P P
Composita argentea R - R
Feospirifer gunbari A P A
Panctospirifer kentuckyensis - F b3
Crurithyris olanoconvexa R F R
Bivalvia
Acanthopecten carboniferus R - -
Gastropoda
Glabrocingulum grayvillense (B#%) 7 ? ?
P -

PTat.zcerus Sp. -

Trilcbita

cf. Ditomopyge - R R
Crinnids

sterules and plate fragments A A A

*Cne specimen of unkneown zenaticon from the Paleobticlegy collection
of Eastern Illineois University.
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to the substrate by cementation. The trophic mode of such eorals
has been desigrated by Walker (1972) as a high level suspension
feeder. L. proliferum specimens were unfragmented and showed no
surface wear from transport.

The bryozoans of the fauna are of two morpheological types:
the upright fan-shaped merhers of the family Fenestrellidae
(Fenestrsllira mimica, Fenestrellina modesta and Polypora sp.)
and tre branching or ramose forms (Penniretepora sp. and
Rhorbopora lepidodendroides), HNo encrusting bryozoans are present
in the Charleston Guarry snale, although specimens of encrusting
bryozoans are to he found in the Upper livingston limestone bench,

Bxcept for R. lepidodendroides, which is abundant in the
upper shale zone, the upright fan-shaped fenestrelid colonies
are more common than the branching forms. According to Ryland
(1970) fenestrelids presumably evolved in response to a need for
the filtration area of the c¢clony to be as large as possible in
haritats not subject to apyreciasble water rwvemernt.. Walker
{1672} classified the trophic mode of the branching bryozoans
as high level suspension feeders., Preservation suggests a quiet
water habitat with rapid burial and no transport after death,

Orbiculoidea missouriensis, the only inarticulate brachicpod
in the favra, had a pedicle apparently used for sttachment to a
substrate butwas not found attached to any material in the
Charleston Quarry shale,

Articulate brachiopods make up the majority of specimens
of the fauna, With the exception of Composita argentea, with
its large, heavy, biconvex shell and need of a firm substrate
for ettachment by its pedicle, all of the articulate brachiocpods
possessed a shell rorphology that would have allewed them to
1ive on a soft sediment.

Dertyia crassa had a slightly biconvex shell unlike most other
strophomerids, According to Miir-Wood and Williams {1965), the

shell was supposedly attached to a surface by cementation of the
ventral unbo, having leost a functional pedicle. However, in the
Charleston Quarry shale, this species is always found unattached

to any surface. It may have been free-lying upon the hottom,

not utilizing any cementaticn habit, btut relying upon its small

size, welght and broad surface area to prevent sinking. Chonetinella
flermingi, with its concavo-convex shell morphology and valve edges
growing urwards, away from the substrate, was well adapted to

life on a soft subsirate., In addition, C. flemingi’s shell
morpheleogy would allow a rapld snapping of the valves to unbury

the shell if covered too deeply by shifting sediment (Fudwick 197C).
Kozlowskis splendens and Reticulatia lmecoensis, pproductids

equipped with spines to stread out their weight, have obwicus
adaptiors tc live on soft bottoms. Broken unattahed spines are
common fossils in the Charleston Quarry shale and spine scars

are present on all specimens of these productids. Hustedia mormoni
and Crurithyris plancconvexa were of a small size and weight,

have obvious adaptions to live on soft bottoms.
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(Walker and Laporte 1970}. Stevens (1971} has devised a method

of determiring watsr depth by the number of brachiopod genera
present in a fauna. OStevens believes that more brachiopod

genera are found in the more stable deeper waters offshore than

in the less stakhle shallower waters nearshore. Using the thin

coal seam seen in the study pit beneath the Livingston Limestone

as a starting point of a sedimentary sequence in the quarry and

the upper Livingston Limestone bench as the end point, cne can
estimate the changes in water depth. The thin coal seam represents
the remains of a swamp present before the transgression of an
epicontinental sea. Above the coal is a three foot layer of dark
gray shale which would represent the arigipal shallow hottom of

the sea, Water depth gradually increased and under a depth of

E-15 meters, the lewer Livingston Lirestone bench was deposited.
This depth is arrived at from Stevens! (1971} views which relate
the four genera of brachiopods present in the leower limestone bench;
Comnosita argentea, Neospirifer dunbari, Kozlowskia splendens and

a rhynchonellid, to & water depth of 5-15 meters., after the
deposition of the lower Livingston Limestone bench, the water depth
rapidly deevened and the sedirment regiwe changed. This sudden
change in water depth can be deduced from the abrupt contact between
the upper surface of the lower Tivinpstor Limestone and the bottom
shale zone or the Charleston Guarry shale.

The water depth above the Charleston Quarry shale was over
20 meters, based on the presence of 10 genera of krachiopods,
Witk the deposition of the Charleston Quarry shale, the water became
shallower, due to a recession of the epicoptinental sea. This was
a gradual process as seen by the gradual gradation of the upper
shale zone upwards inte the upper Livingston Limestone bench,
Although Mylius (1977) has described 9 genera of brachicpods in the
upper Livingston Limestone bench, the authors and Eastern Illineis
Iniversity's Paleozoolopy classes over several yesrs, have found
only five genera: Composita argertea, Neospirifer dunbari,
Kozlowskia splendens, “unctospirifer kentuckyersis and a rhynchonellid.
This would correspond to a depth of 5-1C meters, the same depth
of deposition as the lower Livirngsten Limestone bench,

The upper Livingston Limestore bench is the end of the
Penreylvanian strata in the gquarry as all intervering beds lLetween
the upper limestone bench and the "leistocere deposits have heen
removed by post-Fennsylvariar erosion. Mylius (1927} has descrited
sandstones, shales, slates ard a thin limestorne of later Pennsyl-
vanian age above the upper Livingston Limestore Lerch to the south
of the study area. This would seem to indicate the continuation
of the typical Pennsylvariar cycle of depeosition after the formation
of the Livirgstore Limestone,.

Sore other factora must alsc Ye concidered irn a paleocecolerical
study: light penetratior, water terperature, salinity, bottom
conditior,, and food supply.

If ligkt conditiens now are similar to light conditions in
the Pernsylvarian, then it is provable that some wave Zengths of






in the portion of the zone immediately helow the upper limestone bench,
there are no hedding vlanes, The uprer shale zone is very limey
indicating reworking and mixing of the shale and lime.

The relative firmmess of the tottom was different in each of
the three shale zones. The bottorm shale zone was thin and dense
since it offer=d sufficiant anchorage for Composita argentea and
large crinoids, The middle shale zone was probably a semi-coze
tottom with water filling the spaces tetween the fine shale particles.
Thie was definitely a less firm substrate thap the bottom shale zone
ard one on which £, argentea could not attach., The upper shale zone
has the least rumber of species., This was probably a slightly firmer
bottorm than the middle shale zone. It contained C. argentea but
vhether this brachiopod attached during depositicr of the upper
shale zone or after mixirg with lime had cccurred is not clear.
The upner shale zone had the crinoid stems of the smallest dlameter.
Perhaps this transitional zene from shale to limestone offered the
least stable envirormental conditions of the three shale zones.

The Charleston Quarry shale might be designated a Kozlowskia~
Neospirifer commnity since these two genera were the most abundant
and characteristic of the fauna. They also exhibited specializations,
such as the spines cof Kozlowskia and the wide wirgs of leospirifer,
that relate then to the soft bottom of the Charleston Guarry
skale, There was no evidence of infaunal specles in the community.

No turrows or reworkirng of the sedirents were found.

SUMMARY

The Charlestor Quarry shale was formed of fine sediments in a
gufet bottom habitat in 20 meters of water that was offshore in a
warm epicontinental Penrsylvanian sea. Sedimentation varied from
heavy and intermitternt to light and steady during the deposition
of the three shale sones. The relative lirmness of the shale
di ffered,

The fauna can be designated a Kczlowskia-Neospirifer comrunity.
The primary trotvhic mode was filter feeding on an abundant food
supply, A1l of the fanna was epifaunal and a characteristic marine
assemhlagre.
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