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ABSTRACT.

A well preserved crinoid fauna is described from Lower Mississip=-
pian strata of the Meadville Member, Cuyahoga Formation in north-
eastern Ohio. Twenty=-three species of crinoids are recognized. Anal-
ysis of camerate and inadunate crinoid groups reveals five new

species, Platycrinites burki, Cyathocrinites exertus, Cyathocrinites

simplex, Goniocrinus sceletus and Logoerinus martini, and seven new

combinations of genera, Histocrinus aegina (Hall), Ascetocrinus

subcarinatus (Hall), Paracosmetocrinus richfieldensis (Worthen),

Paracosmetocrinus corycia (Hall), Pachyloerinus subtortuosus (Hall),

Acyloerinus lyriope (Hall), and Linocrinus merope (Hall). Ontogenetic

variation in three camerates, Aorocrinus helice (Hall), Cusacrinus

daphne (Hall), and Platycrinites contritus (Hall) was examined by
allometric analysis,

Monobathrid camerates dominated the crinoid community in numbers
of individuals but poteriocrine inadunates showed the greatest species
diversity. Flexible crinoids rank third in both abundance and species
diversity. The fauna shows its strongest correlation with Lower Mis-
sissippian crinoid faunas of the Lodgepole and Banff Formations c¢f the
Western Interior, and Wassonville Limestone and Lower Burlington Lime-
stone of the Mississippi Valley, indicating a late Kinderhookian to
early Osagian age. This is consistent with its overall proximal loca=-

tion on the westerly to southwesterly prograding Mississippian

(Waverly) deltaic complex.
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The crinoid community flourished on an upper prodeltaic to distal
bar facies in well-oxygenated, tropical waters above storm wave base
within the Ohio Mississippian marine embayment. The paleoenvironment
was subject to periodic rapid changes in sedimentation and localized
reducing conditions. Excellent preservation of crinoids together with
the character of sedimentary features lead to the conclusions that the

crinoid community was buried catastrophically by a turbidity flow.

ii
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INTRODUCTION AND PURPOSE

Mississippian age strata in North America has long been recog-
nized for abundant, well preserved crinoid faunas. One of the lesser
known of these faunas from the shales of the Waverly Group, at Rich-
field, Ohio was first described by Hall (1863) and Hall and Whitfield
(1875). Later, Worthen (1882) and Springer (1920) described two addi-
tional crinoids from these beds. Subsequent revisions were made by
Wachsmuth and Springer (1881, 1897), Springer (1920), Kirk (1941),
Bassler and Moodey (1943), Strimple (1967), and others. Exact loca=-
tion of the crinoid bearing beds in Summit Co., Ohio were never
published.

The purpose of this study is to document an important Mississip-
pian crinoid locality. Previous .unknown aspects of the crinoid fauna
concerning its taphonomy, synecology, and the local depositional
environment are discussed. Twenty-three species of crinoids are
recognized, Analysis of camerate and inadunate crinoid groups reveals

five new species, Platycrinites burki, Cyathocrinites exertus,

Cyathoerinites simplex, Gonioerinus sceletus, and Logocrinus martini;

and seven new combinations of genera, Histocrinus aegina (Hall),

Ascetocrinus subcarinatus (Hall), Paracosmetocrinus richfieldensis

(Worthen), Paracosmetocrinus coryeia (Hall), Pachylocrinus

subtortuosus (Hall), Acylocrinus lyriope (Hall), and Linocrinus merope

(Hall). Crinoids in the subclass Flexibilia (Zittel, 1895) were
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2
identified and photographed (Pl; 13) for purposes of crinoid community
reconstruction, however taxonomic evaluation was not possible at this
time. Springer (1920, p. 245-248, 313, and 387-389; Pl, XX, figs.
4.8, P1. XL1, fig. 11, Pl, LII, fig. 1=5) in his well known monograph

on Flexible crinoids recognized four species, Dactylocrinus tardus

(Hall), Forbesiocrinus communis (Hall), Taxocrinus communis

(Springer), and Taxocrinus kellogi (Hall), A list of fossil synonyms

is reproduced in the section immediately proceeding analysis of

inadunate crinoids,

LOCALITY

Through the guidance of a skilled local collector I was able to
investigate beds believed to approximate Hall's primary crinoid-bear-
ing horizon. Crinoid material forming the basis of this study was
collected along a small tributary creek of Furnace Run in the northern
one=half of Richfield Township: TuUN, R12W; 66,250 m N and 46,300 m E
(Text Fig. 1). The local stratigraphic section consists of an inter-
calated shale and siltstone sequence located in the upper part of the
Meadville Member of the Cuyahoga Formation (Text Fig. 2). Underlying
contact with the Orangeville, Sharpsville, and Strongsville Members is
not found along the measured section, but may be found elsewhere in
Summit County at topographically lower elevations of Szmuec's (1970)
Everett Road and Cuyahoga River gorge sections. Overlying transition

with the Rittman Member is found a short distance westward in north-
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3
eastern Medina County near Hinkley, Ohio. The crinoid-bearing hori-
zons near Richfield correlates closely in a stratigraphic and ecolog-
ical sense to starfish beds described by Kesling and LeVasseur (1971)

aiong State Route 80 near North Royalton, Ohio.

METHODS AND MATERIALS

Preliminary collection of crinoids as stream float and easily
accessible slabs that continued into the stream bank produced about
one-thirdvof the specimens collected. The remaining specimens were
obtained from excavations made during September of 1980, and July and
August of the following year. A bulk sample of eight square meters,
distributed between three lensoidal units (B,C,M) was brought back to
the laboratory for analysis.

Initial stages of the excavation involved removal of approxi=-
mately one meter thickness of coarse glacial alluvium, soil, and local
vegetation with hatchet, pick axe, shovel, and a wheelbarrow. Upon
reaching the fossiliferous horizon the surface of the bed was care-
fully cleaned and photographed (Text Fig. 3). Field orientations were
recorded with Brunton compass and engraved along the top surface of
the bed. The lensoidal siltstone units were then pried loose and
plastic sheet overlays used to trace the "fit" of individual pieces in
the lens (Text Fig. 4). In the laboratory overlays allowed the recon=-
struction of fossil orientations.

Vertical sections through the siltstone lens were cut, polished,
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y
and photographed. Photographs reveal a "coarse-tail" calcisiltite
with concretionary horizons, shale partings, and mudstone intraclasts
which grade upward into a finely laminated siltstone (Text Figs. 5 and
6). Following photography, individual pieces of the lens were care-
fully split and another set of plastic overlays used to record fossil
orientation. Rose diagrams constructed from the orientation of cri-
noid crowns, columns, and miscellaneous elongate bodies (i.e., carbo=-
nized plant material and mudstone intraclasts) reveal a bimodal dis-
tribution with the major axis oriented NE-SW approximately centered
NSO°E, and the minor axis NW=SE nearly perpendicular to the major axis
(Text Fig. 7). Orientation is largely consistent with regional paleo-
current patterns recorded from sole marks and rippled beds in the
Cuyahoga Formation of northern Ohio (Text Fig. 8; adapted after Szmuc
1970, p. 53).

Crinoids were cleaned with vibratory tools, needles, and an air
abrasive unit, Cleaning difficulties encountered by strongly cemented
siltstone matrix made the successful removal of some crinoids impos-
sible, Fortunately, a large number of crinoids were found in impure
shale-rich siltstones that greatly facilitated preparation. Short
soakings in Stoddard's solvent and water helped to soften the

surrounding matrix,
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Text Figure 1. Area of Investigation

Measured section taken from points A to B.

Crinoid-bearing horizon occurs at point marked

X.
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Text Figure 2 Measured section along tributary of Furnace
Run in Richfield Township, Summit County.

LEGEND

Sittstone Rippled bedding

Futod bed

with thin ecoe Smal claystone pebbies
Siltstone layers

€D G Claystone concretions

Shaie layers Zoophycos sp.
pussusmst  Siltstone with
KRR U shape burrows
m— ironstone U Arenicolites sp.

L] Shale with lenticular Horizontal burrows
B ) Siltstone ( ) Paleophycus ? Planolites

' . Plant debris
- —

¢ 3’ Helminthoida
Covered L
Fossils
1 Edmondia Bivaive 8 Athyris Brachipod
2 Straparolius Gastropod 9 Cupularostrum Brachiopod
3 Unispiriter Brachiopod 10 Toryniter? Brachiopod
4 Fenestella Bryozoan 11 Crinoid Fauna
§ Ericiatia Brachiopod 12 Pilatyceras Gastropod
68 Crinoid columns 13 Glass sponges (Dictyospongiidae)
7 Grammysia Bivalve
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Text Figure 3. Crinoid Locality
A. Crinoid-bearing siltstone beds exposed
along creek surface,
B. Excavation pit made during the summer of
1981. Pick ax for scale,
C. Author following a crinoid siltstone bed

into alluvium covered creek bank.
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Text Figure 4, Method of recording orientation in bulk siltstone

samples,

A, Pried up siltstone bed with north direction
arrows (inscribed in blue), and top surface

indicated by red paint.

B. Plastic overlay used to trace the "fit" of

pieces in the lens.
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Text Figure 5, Vertical section through crinoid=bearing siltstone

beds in Unit 31.

A. Impure, or "shale-mixed" siltstone showing
poorly sorted bioclastic layer, and finely
laminated upper layer.

B. Bioclastic sideritic siltstone., Fine dashed
line below top indicates thickness of post-
depositional weathering rim; whereas, the
dashed line in the interior of the bed indi-
cates a zone of pyrite., The laminated upper
siltstone layer is absent. Presence of the
upper weathering rim along the top of the bed

suggests it may have been lost to erosion.
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Text Figure 6., Vertical sections through crinoidal beds in

Unit 31.
A. Calcisiltite with concretionary debris

infilled glass sponge. Zone of
cementation restricted to inside of sponge,

B. Calcisilitite showing three horizons:
1) a mud-rich laminated underbed,

2) a poorly sorted, well cemented bioclastic

layer,

3) a fossil poor, finely laminated siltstone

layer.
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Text Figure 7. Paleocurrent rose diagram of elongate objects
in the excavated beds of Unit 31. Rose diagram
plotted in 10 degree increments to emphasize
peak direction trends.

A. Crinoid crowns

B. Crinoid columns

C. Composite: crinoid crowns, columns, plus
some wood fragments and elongate mudstone

intraclasts.
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Text Figure 8. Orientation of sole markings, ripple marks, and
cross beds in Cuyahoga and Shenango strata of
northeastern Ohio., Wedge-out margins of the
Rittman, Sharpsville, and Shenango beds

indicated (adapted from Szmuec, 1970).
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STRATIGRAPHY

Stratigraphic investigations important to an understanding of the
Mississippian System of northeastern and central Ohio include the
works of Newberry (1870, 1873), Prosser (1912), Hyde (1915, 1921),
Conrey (1921), Chadwick (1925), Cushing et al. (1931), Holden (1942),
deWitt (1946, 1951), Ver Steeg (1947), Pepper et al. (1954), Szmuc
(1959, 1970), Osgood and Szmuc (1972),'and Bork and Malcuit (1979).

' In this study primary credit for a regional environmental setting and
stratigraphy'must go to Szmue (1957, 1959, 1970) and Osgood and Szmuc
(1972).

The Cuyahoga beds were first named by J. S. Newberry (1870, p.
15; 1873, p. 184-186). 1In northeastern Ohio the Cuyahoga Formation
crops out as an irregular east-west trending belt from Trumbull and
Ashtabula counties to Huron and Crawford counties. South of its
northern axis the Cuyahoga Formation is confined to a east-central
belt which extends to the Ohio River. Along the northern edge of its
outcrop the Cuyahoga Formation is cut out in part, or entirely by the
irregular pre~Pottsville erosion surface, which is overlain by the
Sharon Conglomerate (Pennsylvanian) and other lithologic units of the
Pottsville Series. Thickness of beds in northeastern Ohio range from
less than 100 feet to about 350 to 375 feet (Szmuc, 1970). Southward,
the erosion surface ascends stratigraphically and rests upon the Logan

Formation in central Ohio. In Wayne and Ashland counties the Cuyahoga
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beds reach a maximum thickness of 550 to 625 feet (Szmuc, 1970). A
composite section of lithologic members comprising the Cuyahoga Forma-
tion is given in Text Figure 9; The Meadville Shale Member is the
unit of primary interest in this study.

The name Meadville was first used by White (1881, p. 83=-90) for
strata occurring between the Sharpsvilie and Shenango Sandstone in
Crawford County, Pennsylvania. Later, Caster (1934) renamed White's
subdivisions of the Meadville Shale as the Byham Limestone, the
Harvest Home Shale, the French Creek Limestone, and the Custards
Shale. Szmue (1959, p. 1684; 1970, p. 23) equated the Shenango Sand-
stone and overlying Hempfield Shale of northwestern Pennsylvania to
upper beds of the Meadville Member in the Cuyahoga River Vallqy region
of Ohio.

In Cuyahoga and surrounding counties the Meadville Member reaches
a maximum thickness of 210 to 250 feet (Szmuc, 1970). The lower 90-
100 feet consists of a light blue gray to gray shale that is inter-
calated with relatively few siltstone beds. Conversely, the upper
part coarsens showing well developed shale and siltstone intercala-
tions which largely resemble those of the Sharpsville Member. Upper
horizons of the Meadville Member have been observed to grade laterally
into the Rittman Member, a coarse clastic conglomerate-sandstone unit
interpreted as a deltaic bar-finger deposit (Osgood and Szmuc 1971, p.
11). The Rittman Member is found along a north-south trending belt
from Wayne to northern Medina Counties, and is geographically closely

adjacent to the crinoid=bearing beds described in this study (Text
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Figure 10).

PALEOGEOGRAPHY

During early Mississippian time northeastern Ohio was located in
the tropical climatic zone directly south of the equator (Ziegler et
al., 1979). Paleocurrent determinations of sole marks, rippled beds,
and crossbeds in the Cuyahoga Formation indicate that shoreline lay to
the east and southeast of the Cuyahoga valley area., Basal units of
the Cuyahoga Formation are represented by transgressive anerobic to
dyserobic black shale facies of the Sunbury and Orangeville Shale
Members. Deposition proceeding the Orangeville indicates gradually
regressive conditions, characterized by periodic pulses of dense
sediment laden currents. Improved circulation became supportive to
the establishment of a diverse benthic fauna. As progradation contin-
ued the paleoenvironment progressively changed from a dyserobic-aero-
bic open shelf and prodelta environment to shallower aerobic delta
front and delta platform environments, Coarse clastics of the Rittman
and Black Hand Members are examples of aerobic delta front and plat-
form facies. In central Ohio, Bork and Malcuit (1979, p. 1093)
determined. shale of the Cuyahoga Formation to be comparable with the
Bellerophon community of Bowen et al. (1974), a molluscan rich commun-
ity representative of a nearshore zone adjacent to a prograding clas;
tic lobe, Alternatively, Kammer (1982, p. 174) argued that this
molluscan rich fauna does not require proximity to shoreline, but

may represent an instance of environmental stress caused by dyserobic
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bottom conditions which likely persisted below normal wave base during
quieter intervals of sedimentation.

Ettensohn (1985, p. 71) suggests that the Catskill Delta develop-
ed in a warm setting ideal for thermohaline density stratification
where warm, light, oxygen-rich surface water was found above denser,
more saline bottom water. This zone of changing temperature and
salinity gradients is better known as the pycnocline, Ettensohn
(1985, p. 66, fig. 1) placed the pycnocline boundary between the pro=-
delta and delta front environments. A similar thermohaline density
stratification may also have been present during stages of the
Waverly-Borden Delta complex.

According to Woodrow (1985, p. 61) the pycnocline formed an
effective process boundary whereby sediments above it were moved by
wave-related traction processes, and by turbidity currents below it.
Alternatively, a model for a sedimentological process boundary need
not envoke density stratification. Rather, the seaward return of
storm surges such as those envisioned by Hayes (1967) and Swift and
others (1971) may also have been responsible for the generation of
turbidity currents. Dependent upon a region's supply of coarse
clastics and a storm's intensity and epicenter, a continuum of storm
generated sedimentological sequences may develop (Dott and Bourgeois,
1982, p. 678, fig. 24). The crinoid community near Richfield, Ohio
flourished on an upper prodeltaic, or distal bar facies in tropical
waters above storm wave base within the Ohio Mississippian marine

embayment (Text Fig. 10).
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Text Figure 9. Lower Mississippian stratigraphic units in
northern Ohio and their inferred depositional

environments., Vertical dimensions of the

units are not drawn to scale (adapted from

Osgood and Szmuec, 1972).
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