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PLANT SPORES AND OTHER MICROFOSSILS FROM UPPER DEVONIAN AND LOWER
MISSISSIPPIAN ROCKS OF OHIO

By Marcia R, WinsLow

ABSTRACT

Upper Devonian and Lower Mississippian rocks of Ohio
contain plant spores which are the microscopic disseminules
of cryptogamic plants (or their equivalents among plants of
more advanced organization), woody fragments, and foerstian
remains. Microfossils of unknown affinity, such as the cysts
of hystrichosphaerids and disseminules of Tasmanites, are
also present and in places abundant. The main purpose of this
report is to provide a systematic description and to record
stratigraphic occurrences of the different types of spores and
sporelike microfossils.

Maceration residues prepared from outcrop, well cutting,
and core samples, at 10 localities in Ohio east of the Cincinnati
arch, represent about 130 stratigraphic horizons; nearly all
the residues contain recognizable microfossils. The strati-
graphic section, which spans the controversial Devonian-Mis-
sissippian contact, containg the Olentangy shale, Ohio shale
(Huron and Cleveland members where differentiated), and
Chagrin shale of Late Devonian age and the Bedford shale,
Berea sandstone, Sunbury shale, Cuyahoga formation, Black
Hand formation, and Logan formation of Early Mississippian
age. Additional samples from Middle Devonian limestones
and from Pleistocene beds in which Upper Devonian and Lower
Mississippian microfossils had been redeposited yielded micro-
fossils useful for comparative purposes.

The land-plant microfossils of Upper Devonian and Lower
Mississippian rocks of Ohio, only briefly mentioned in previous
literature, include a multitude of types having great botanical
disparity and represent varied plant associations. Within the
section studied, diversified assemblages of land-plant spores
first appear in the Upper Devonian Chagrin shale (or its
equivalent) and persist, with changes in composition and rela-
tive abundance of different types. throughout the younger strata.
Many of the smaller types of land-plant spores are widely dis-
tributed, but megaspores are more restricted in lateral distribu-
tion, apparently in areas near shoreline and closer to their
place of origin. Microfossil assemblages in the basal part of
the Bedford shale of Early Mississippian age in northern Ohio
appear very distinct from those of older beds because of the
abundance and variety of megaspores. The greater frequency
of megaspores is probably due to increased stream velocity
and proximity of shoreline during deposition of the Bedford
shale, rather than to a sudden proliferation of land plants.
Nevertheless, some of the small spores of the Bedford shale
also differ greatly from those occurring in underlying beds.
A gradual invasion of the borderlands of the Ohio embayment
by communities of rapidly evolving plants may account, in part,
for the changed aspect of the assemblages early in Mississip-
pian time. Spores of the overlying Berea sandstone are very

similar to those of the Bedford shale. More distinctive as-
semblages seem to characterize the Cuyahoga, Black Hand,
and Logan formations.

Hystrichosphaerids, previously unrecorded in Upper Devo-
nian and lowermost Mississippian rocks of Ohio, occur in the
Olentangy shale, but are found most abundantly in the Chagrin
shale or in the upper part of the Ohio shale. Within the area
studied, they are not known to occur in rocks younger than the
Berea sandstone. The forms referred to Hystrichosphaeridium
and Micrhystridium are probably representative of planktonic
marine or brackish-water organisms.

Tasmanites disseminules, globular to disk-shaped propagative
bodies of enigmatic affinity and function, are abundant and
widely distributed in the otherwise poorly fossiliferous Ohio
shale. These microfossils have been noted many times pre-
viously as ‘“macrospores” or ‘‘sporangites.” Four species are
distinguished, three of which appear to be restricted strati-
graphically. However, the lack of many distinctive morpho-
logic features may limit the value of these disseminules for
stratigraphic purposes. Tasmanites apparently is indicative
of a marine or brackish-water environment.

Foerstian remains, represented by small black ovate or
elongate, sometimes bifurcating, thalli that may be allied with
the brown algae, are restricted to a zone 60-150 feet thick
within the lower part of the Ohio shale. The foerstian zone
is persistent through the area covered in this study and evi-
dently extends over a wide area in the Eastern United States.
The stratigraphic occurrence suggests that these plant fossils
may represent members of a pelagic or sargassoid plant
community.

Many of the spore types described in this report are similar
to those reported in the few published studies on rocks of com-
parable age from other parts of the world. In spite of general
similarities. very few appear conspecific with forms previously
described. Some species from the Logan formation seem very
closely related to those described from the Upper Mississippian
rocks in Illinois and Kentucky. Although 2 species of Hy-
strichosphaeridium and 1 species of Tasmanites reported here
have been previously described, the other forms from the Upper
Devonian and Lower Mississippian rocks of Ohio seem rela-
tively distinct.

Genera identified on the basis of plant and other microfossils
in the Upper Devonian and Lower Mississippian rocks of Ohio
include: Triletes, Lycospora?, Cirratriradites, Endosporites,
Densosporites, Dicrospora, Calamospora, Reticulatisporites,
Punctutisporites, Granulatisporites, Verrucosisporites, Laevi-
gatosporites, Grandispora, Cyrtospora, Canthospora, Convolu-
tispora, Radforthia, Anapiculatisporites?, Callizylon, Sperma-
tites, Hystrichosphaeridium, Micrhystridium, Tasmanites, and
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2 PLANT SPORES AND OTHER MICROFOSSILS FROM

Foerstia. Of these genera, Dicrospora, Cyrtospora, Cantho-
spora, and Radforthia are named as new. More than 80 species
and unnamed forms are referred to the various genera; 31
new species are described.

INTRODUCTION

MICROFOSSIL ASSEMBLAGES AND THEIR GEOLOGICAL
AND BOTANICAL SIGNIFICANCE

The main emphasis of this paper is on land plant
spores, the microscopic disseminules of cryptogamic
plants or their equivalents among plants of more ad-
vanced organization, found in maceration residues of
rocks from Ohio, principally rocks of Late Devonian
and Early Mississippian age. Some other resistant
plant parts are also described. Secondary emphasis is
placed on the study of 7asmanites, distinctive globular
to disk-shaped centrically symmetrical propagative
bodies of enigmatic alliance which occur most abun-
dantly in this country in Devonian and Mississippian
black shales. Their occurrence has generally been re-
corded in the literature as “sporangites” or “macro-
spores.” The study of the hystrichosphaerids, probably
representative of several different kinds of unicellular
planktonic marine to brackish-water organisms, is not
extensive. They are described mainly to emphasize
their presence in the Ohio shale, an occurrence not
noted in previous literature. The somewhat restricted
stratigraphic occurrence of the foerstians, but not their
morphological characteristics, is also presented. The
foerstians are represented by black ovate or elongate,
sometimes bifurcating, sporogenous thalli; they may
be allied with the Phaeophyceae or brown algae and
are possibly planktonic marine or brackish-water plants.
All the above microfossils were isolated from their
host rock by use of disaggregation and maceration
techniques employing hydrofluoric acid and (or)
Schulze’s solution followed by humic dispersal in
potassium hydroxide.

Plant microfossils may include spores and pollen,
fragments of waxy, oily, or otherwise resistant plant
parts such as cuticles, seed coats, sporangia, and frag-
ments of fusinized vascular tissue. Microscopic re-
mains of larger plants, for example, identifiable splin-
ters of woody tissue and foerstian remains are also
considered part of the plant microfossil assemblage.
Microfossils of unknown or uncertain affinity, such
as Tasmanites and hystrichosphaerids, sometimes occur
with the transported spores of land plants. All these
microfossils, as well as chitinozoans and scolecodonts,
are resistant to physical and chemical degradation.
Other types of microfossils, for example Foraminifera,
radiolarians, holothurian sclerites, conodonts, sponge
spicules, ostracodes, and fish fragments, may occur with
the chemically resistant microfossils, but generally do
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not withstand the hydrofluoric and nitric acids used in
maceration treatment and are therefore not present
in the maceration residues.

Any of the above microfossils may be present, dis-
persed as minute fragments, in sedimentary rocks. The
types of microfossils and the species represented de-
pend on the age of the rocks, the sedimentary environ-
ment, distance from shoreline, prevailing water current
or wind direction, and conditions for preservation that
exist in the environments traversed since the time of
dispersal.

Most micropaleontologic studies of maceration resi-
dues are concerned with problems of stratigraphic cor-
relation or ecological interpretation. Of the plant
material available in maceration residues, isolated
spores and pollen have been the most thoroughly
studied. Spores and pollen are generally produced in
great numbers, are usually resistant to physical and
chemical attack, and differ sufficiently so that many
taxonomic groups can be recognized.

Spores and pollen have the greatest chance for
abundant representation near their site of production,
as in coal beds, for example, but their distribution is
only incidentally controlled through bioselective agen-
cies. Because spores and pollen are characteristically
adapted for dispersal, they may be widely scattered in
near-shore marine detrital deposits. Thus, they will
occur in sedimentary association with marine nektonic
and planktonic organisms. Spores and pollen may also
be present in near-shore deposits from which marine
types of fossils are excluded or in marine beds in which
calcareous fossils are poorly preserved or have been
destroyed by scavengers. Therefore, spore and pollen
distribution is not as restricted as that of benthonic
invertebrates. Thus, the results of plant microfossil
studies serve to supplement other types of paleontologic
information and extend the range of fossil interpreta-
tion for purposes of stratigraphic research. Kuyl,
Muller, and Waterbolk (1955, figs. 6, 8) give two dia-
grammatic sections showing the divergence between
palynological correlation, thought to represent time-
stratigraphic correlation, and correlation based on
lithology and benthonic foraminiferal assemblages.

Disparity between the actual plant frequency in an
ancient flora and the record of the flora as shown by
preserved microfossils is to be expected. Spores and
pollen are not all similar in their resistance to chemical
attack nor equally adapted for dispersal. Neverthe-
less, although no fossil records are perfect, it is normal
to find a far greater representation of plant kinds
among the microfossils than is known from megascopic
remains. This is particularly true of the Lower Mis-
sissippian flora in this country where the leaf and stem
fossil representation is rather scant.
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The plant microfossil assemblage being deposited at
any given time is a record, although incomplete, of the
terrestrial and aquatic flora then existing. Any sudden
change in a plant community or gradual changes over
a long period of time will be shown by the changed
aspect of the microfossil assemblage in the surrounding
or bordering sediments. Once this pattern of change
is established for a sedimentary basin, stratigraphic
correlations may be made with greater accuracy. Kuyl,
Muller, and Waterbolk (1955, p. 49) point out that
although evolution forms the backbone of palynologi-
cal zonation, climatic and edaphic conditions may cause
additional variations in the flora that may be of more
importance for local correlation work. Kosanke (1955)
and Norem (1955) emphasize the importance of under-
standing the ecological relationships of the parent
plants and the causal factors of plant distribution in
time and space.

Oil company paleontologists (Armstrong, 1953;
Hoffmeister, Staplin, and Malloy, 1955a, 1955b; Kuyl,
Muller, and Waterbolk, 1955; Norem, 1955; Wilson
and Hoffmeister, 1955; Woods, 1955) are taking prac-
tical advantage of the relative abundance of spores and
pollen to hystrichosphaerids and other fossils in well
samples. Armstrong (1953) reports that fossil spores
and pollen occur in about 45 percent of well cuttings
examined, whereas Foraminifera and larger fossils are
normally present in less than 1 percent. Pollen and
spores are most abundant near ancient shorelines, the
smallest or lightest forms being carried seaward the
farthest. Microforaminifera and hystrichosphaerids
occur with the spores and pollen, but, in contrast, occur
more abundantly as the distance from shoreline in-
creases. Technologists (Armstrong, 1953), on the
basis of information derived from spore assemblages
from only three sets of well cuttings, say they are able
to reconstruct the position of an ancient shoreline.

The possibility of contamination of microfossil as-
semblages in clastic sediments by secondarily deposited
microfossils must always be considered. Hough
(1934), Dijkstra (1950), and Kuyl, Muller, and Water-
bolk (1955, p. 55) have noted occurrences of micro-
fossils that have been eroded from older beds and re-
deposited in younger beds. The recognition of such
occurrences is important in that it may correct a false
age attribution or shed light on possible sediment
source areas.

A study of microfossils found in maceration resi-
dues not only aids in the correlation of rock units, but
may also yield information, when compiled from many
sources, on the phyletic and ecologic patterns of the
past.

NATURE OF PRESENT PROBLEM

The Upper Devonian and Lower Mississippian rocks
of Ohio have long been noted for their general paucity,
with the exception of the conodonts, of well-preserved
stratigraphically significant fossils. The Upper Devo-
nian Ohio shale, in particular, has posed both problems
of subdivision and environmental interpretation. The
stratigraphic position of the Devonian-Mississippian
boundary has been the subject of continued contro-
versy. Although plant microfossils, Tasmanites dis-
seminules (which have been referred to commonly as
“plant spores” or “sporangites”), foerstian remains,
and isolated large plant remains are known to occur in
this sequence of rocks, very little paleontologic empha-
sis has been placed upon them.

The rather extensive research done on plant and
other microfossils contained in maceration residues of
all types of rocks has proved of great value in the
correlation of rock units, in ecological or environmental
interpretation, and in the elucidation of the distribu-
tion, both areal and with time, of faunas and floras.
However, there has been little extensive previously
published work on plant microfossils of Late Devo-
nian and Early Mississippian age. Therefore, this
investigation was intended to yield results that might
lead to a more precise knowledge of the types of micro-
fossils contained in these beds and their environmental
and stratigraphic significance. The first step towards
this knowledge is the systematic, detailed investigation
and description of the forms encountered and the re-
cording of their areal and stratigraphic distribution.

One of two primary objectives of this report is the
presentation of the generalized stratigraphic distribu-
tion chart (pl. 23) of the microfossils studied, as well
as the more detailed distribution charts (pls. 2426
and fig. 1) based on well core and cuttings samples.
Plate 23 represents a collation of all recorded occur-
rences from all localities and presents a mnecessarily
generalized picture of the relationships of microfossil
occurrences, one type to another and through the se-
quence of Upper Devonian and Lower Mississippian
rocks. Therefore, relative thicknesses of formations,
rather than thickness at a given locality, are repre-
sented on this chart. The distribution and relative
abundance of Zasmanites, Dicrospora, foerstian re-
mains, and 7'riletes, given in the first four columns, are
based upon all observations of the total core or well
cuttings sets involved; that of the individual species
are based mainly on maceration residues.

Because stratigraphic relations of the Huron and
Cleveland members of the Ohio shale to the undiffer-
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Figure 1.—Stratigraphic occurrence and relative abundance of microfossils from the Chillicothe core at locality 10 (fig. 2).

Genera and

species are listed in the same order as on plate 23.

entiated Ohio shale of southern Ohio and to the
Chagrin shale of eastern Ohio are partly still in ques-
tion and because the lithologic boundaries probably
transgress “time lines” from locality to locality, the
microfossil occurrences at core and well-cutting locali-
ties are presented in detail on plates 2426 and on
figure 1. The genera and species on plates 2426 and
figure 1 are, however, listed in the same order as on
plate 23 where the taxa are arranged in the strati-
graphic order of their appearance.

The other primary objective is the detailed descrip-
tion of the microfossils studied so that the report may
be of maximum comparative value in future work. It
is generally held that the study of plant microfossils
less than 200u (microns) in diameter is the most pro-

ductive of results needed for stratigraphic correlation.
However, larger microfossils may be equally valuable
and should not be disregarded. The presence of
algal(?) foerstians (2-5 mm) and 7'asmanites (25u to
more than 800u) in the Upper Devonian dark shales
may aid in subdividing this thick sequence of beds.
Fragments of megaspores are commonly found in small
spore assemblages and, unless some study has been given
to these larger spores, the ornamentation fragments
found with the smaller fossils in fine-sized residues may
mean little to the investigator. For these reasons, and
because no similar studies on Uppon Devonian and
Lower Mississippian rocks of Ohio or of any other
state have ever been published, attention is given to
the total maceration residue assemblage including small
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and large spores, vegetative fragments, remains of
foerstians, hystrichosphaerids, and 7asmanites. Occur-
rences of fish plates, scolecodonts, conodonts, ostracodes,
brachiopods, and other fossils were noted during the
examination of outcrop, core, and cuttings samples
prior to maceration.

The plant microfossils in the Ohio Upper Devonian
and Lower Mississippian rocks include a multitude of
types having great botanical disparity. The main em-
phasis is placed on those microfossils occurring in beds
immediately above and below the Devonian-Mississip-
pian boundary, beds generally correlative with those
from which Cross and Hoskins (1952) describe the
Devonian-Mississippian transition flora. Numerous
spores, present in the Chagrin shale, Cuyahoga forma-
tions, Black Hand formation, and Logan formation, re-
main undescribed. Only the more morphologically
distinctive or more abundantly occurring types from
these units are described in the present report. More
detailed work on the microfossils of the Chagrin shale
and older beds will be necessary before adequate com-
parisons can be made with the plant spore types de-
scribed by Naumova (1953) from the Upper Devonian
of the Russian platform.

The present investigation is mainly concerned with
samples from the Upper Devonian Olentangy shale,
Ohio shale (Huron and Cleveland members where
differentiated), and Chagrin shale, and from the Lower
Mississippian Bedford shale, Berea sandstone, Sun-
bury shale, Cuyahoga and Black Hand formations (un-
differentiated ), and Logan formation from 10 localities
in Ohio east of the Cincinnati arch (fig. 2). Additional
samples of Devonian black shale from other States and
samples of Middle Devonian Columbus limestone were
studied for comparative purposes. Reworked Upper
Devonian microfossils, found in the Pleistocene glacial
deposits in the Great Lakes region, were also studied
with regard to their relative resistance to erosion and
secondary deposition. The strata investigated contain
the contrasting spore assemblages mentioned by Daw-
son (1888 also p. 6 of this report), as well as the con-
troversial Devonian-Mississippian boundary. In view
of the recent study by Pepper, de Witt, and Demarest
(1954) on the Bedford shale and Berea sandstone and
studies by many others on the geology of Ohio, as noted
in the present writer’s section on “Stratigraphic rela-
tions and sample localities,” there is no occasion for
detailed discussion of the stratigraphic relations.

The present investigation was begun in 1952 as part
of a program of graduate study at The Ohio State Uni-
versity. Part of the material derived from this study
was submitted in the spring of 1954 as a master’s thesis.
The study was continued and mainly completed prior to

September 1955. Literature citations include very
little published after that date.
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REVIEW OF PREVIOUS STUDIES
POLLEN AND SPORES

GENERAL HISTORY

Spores were certainly recognized as plant associates
long before the foundation of modern botany and the
recognition of their true function in the life cycle of
plants. Wilhelm Hofmeister (1851) gave botanists an
appreciation of heterospory and the function of spores
in the life cycle of plants in the 1860’s, nearly a hundred
years ago. The general picture was not completed
until the work of Strasburger?! and others 30 years
later which established the relation of reduction divi-
sion and fertilization in the life cycle of plants.

Bennie and Kidston (1886) credit Morris (1840) as
being the first to illustrate isolated fossil megaspores.
Bennie and Kidston (1886) published an excellent
paper on the occurrence of spores in the Carboniferous
of Scotland but did not fully realize the application
which such a study might have. Reinsch in 1884 pub-
lished a monographic work on plant remains from the
Moscow coal basin and other localities. Although his
drawings are meticulously done, he had no apprecia-
tion of the function of spores and, therefore, a satis-
factory interpretation of their structure was not
possible. Geological interest in plant microfossils has
been stimulated by Quaternary pollen studies on peat,
starting with Lagerheim, Von Post, and Erdtman in
the early part of the 20th century. *

1 See Wodehouse (1985, p. 15-100) for a comprehensive historical
review and discussion of the early investigators.
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Most of the investigations of pre-Quaternary spores,
if not purely paleobotanical, were undertaken princi-
pally for aid in the correlation of coal beds, such as
was Raistrick’s (1934) work on the microspores of the
British coal measures and Zerndt’s (1934, 1937) work
on the megaspores in the coals of the Polish coal basin.
It had been realized in the early 1930’s that sediments
other than coals also may contain spores and pollen.
Wilson (1946) emphasizes the possibility of correlating
sedimentary rocks by plant microfossil investigations.

In the last 15 years stratigraphic studies based on
fossil spore and pollen (and on hystrichosphaerid) oc-
currences in sedimentary deposits have been emphasized
more and more. Much of this work is being under-
taken in petroleum company laboratories (Armstrong,
1953 ; Hoffmeister, Staplin, and Malloy, 1955a; Kuyl,
Muller, and Waterbolk, 1955) ; active investigation of
coals has continued (Dijkstra, 1946; Cross, 1947;
Kosanke, 1950; Arnold, 1950). Titerature on the more
general aspects, as well as detailed studies of the vari-
ous facets of spore and pollen studies, is becoming
voluminous. Erdtman (1955) gives bibliographic
references to some of the older as well as newer litera-
ture on palynology.

As for the paleobotanical studies of pollen and
spores, more emphasis is being placed on the natural
association of types of spores and pollen in fructifica-
tions, as can be seen, for example, in the work of
Chaloner (1951; 1953a, b, ¢; 1954a) and Felix (1954).

PREVIOUS WORK IN OHIO

In 1888 Sir William Dawson in “The Geological
History of Plants” remarks about the great variety
of spores and “sporangia” in the Carboniferous, as
shown, for example, in the Bedford shale. In a speci-
men of this shale which Dr. Orton sent to him, he notes
(p. 56-57) the presence of 7'riletes and spinous and
hooked spores or “sporangia” which he compares with
the still problematic genera Sporocarpon, Zygosporites,
and Trequairia, forms discussed and illustrated by
Williamson in 1880. Dawson contrasted the great
variety of plant microfossils in the Bedford shale with
the almost exclusive predominance of the abundant
and widely disseminated 7'asmanites sporelike micro-
fossils in the shales underlying the Bedford shale.

Bartoo (1948, 1950) notes the presence of lycopod
stems and cones and a Calamites stem in a Sunbury (?)
shale collection from the Berea Quarry at Berea, Ohio.
She mentions the presence of trilete spores in the cone
compressions. Bowen * briefly notes and illustrates a
spinose lageniculate spore from the Sharpsville sand-

2 Bowen, A. S., 1951, The stratigraphy and micropaleontology of the
Mississippian strata above the Berea formation in northern Geauga and

southern Lake Counties, Ohio: Unpublished master’s thesis, The Ohlo
State University, 1951,

stone and lycopod spores from the Orangeville shale
of the Cuyahoga group of northeastern Ohio. Al-
though many reports have mentioned “macrospores”
or “sporangites” since 1888, virtually nothing has been
added to the knowledge of these forms.

PERTINENT PLANT-SPORE LITERATURE

Literature dealing with pre-Devonian occurrences
will not be discussed here, but reviews of the existing
literature may be found in papers by Hgeg (1942, p.
147) and Hoffmeister, Staplin, and Malloy (1955a,
pp- 9, 10). With the exception of Naumova’s paper
(1953), very little work has been done on Devonian
spores, in comparison with that done on Pennsylvanian
spores. Potonié and Kremp (1954, p. 185) note the
lack of spore investigations of Upper Devonian beds.
Most of the literature on Mississippian spores is not
concerned with spores of earliest Mississippian age.
Hoffmeister, Staplin, and Malloy (1955a) note the lack
of information about spores of this age.

Plate 27 shows the stratigraphic sequence in Ohio
as well as that in several other localities where plant
microfossils of either Devonian or Mississippian age
have been studied. The approximate stratigraphic
intervals are marked to emphasize the comparative age
of many previously studied assemblages. The correla-
tions are generalized but are based on previously pub-
lished paleontologic evidence and the correlation charts
given by Cooper and others (1942) and Weller and
others (1948).

Devonian—Potonié and Kremp (1954, p. 185) note
those authors who have contributed to the study of
Lower, Middle, and Upper Devonian spores. Lang
(1925) describes several spore types from the Cromarty
fish beds of Middle Old Red Sandstone age in Scot-
land. Some of his types are comparable to some speci-
mens found in the Upper Devonian rocks of Ohio.
Kriusel and Weyland (1929) describe several bifurcate-
spined spores from the Middle Devonian of Elberfeld,
Germany. Nikitin (1934) describes the genus Krysh-
tofovichia, comparable in several respects with Dicro-
spora described in this paper, from the Devonian of
the Kursk and Voronezh region in central Russia.
Arnold (1936) illustrates spores, apparently identical
with Lang’s type G spores (cf. Dicrospora), from the
Devonian of Quebec. He notes their occurrence in the
Pocono (?) formation (Arnold, 1933) and in the De-
vonian of the Appalachian region (Arnold, 1937).
Thomson (1940) describes 17 types from the Middle
Devonian rocks of Estonia. He later (1952) incor-
porates this material with some additional material
into a short general paper on spore forms of Early
and Middle Devonian age. Not one of the spores
described from Ohio appears to be conspecific with any
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that Thomson illustrates. Hgeg (1942, p. 146-147)
describes isolated spores, probably of latest Middle
Devonian age, found in Mimer Valley, central Spitz-
bergen. He classifies these spores according to the
system set forth by Thomson (1940). FEisenack (1944)
also describes spores, probably of Late Devonian age
(Isborsker Stufe), comparable to several illustrated
by both Lang and Thomson. Hsii has evidently done
considerable work on the spore assemblages of Devonian
beds in China (Sahni, 1948, p. 244, 245; Sitholey, 1950,
p- 12). Unfortunately only these abstracts were avail-
able to the author. Radforth and McGregor (1951)
have recently investigated the composition of spore
assemblages from rocks of Silurian and Devonian age
from several localities in Canada (pl. 27). At least one
of the spore types they describe from Middle Devonian
beds near Hudson Bay apparently ranges through
Upper Devonian and Lower Mississippian rocks of
Ohio. Hoffmeister, Staplin, and Malloy (1955a) dis-
cuss briefly and illustrate a wvaried spore assemblage
from the Upper Devonian of Alberta.

The only compreheunsive report on Upper Devonian
small spores is that of Naumova (1953), who studied
Upper Devonian (and Middle Devonian) spores and
“pollen” of the Russian platform (pl. 27). Rather
general comparisons, noted in the section on “Sys-
tematic descriptions,” can be made with some micro-
fossils of Late Devonian age in Ohio. Nothing com-
parable to her Archaeoperisaccus spores was found.
Because most of the material described in the present
paper is of earliest Mississippian age, only a few forms
similar to Naumova’s would be expected.

Mississippian—In 188+ Reinsch published his monu-
mental work on plant microfossils, many of which were
derived from Lower Carboniferous beds of the Mos-
cow coal basin. Some of the spores described from
Ohio seem comparable to some of those Reinsch illus-
trated. Several of the lageniculate megaspores de-
scribed in this paper (pl. 27) can be compared with
those illustrated by Beunie and Kidston in 1886.

The most important comparative material for mega-
spore studies is on spores of Carboniferous age inves-
tigated by Nowak and Zerndt (1936) and by Zerndt
(1934, 1937) from the eastern part of the Polish coal
basin (pl. 27). Schopf, Wilson, and Bentall (1944) and
Dijkstra (1946) have brought the views expressed in
these three papers and others up to date and revised
them according to recent views on plant spore
relationships.

Naumova (1938) describes small spores of Early Car-
boniferous age from the Moscow coal basin. Luber and
Waltz (1938) also describe occurrences of small spores
of Tournaisian and Visean age in coals at this locality
and others in Russia (pl. 27). In addition Raistrick
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(1938) and Knox (1948) describe some small spores in
Lower Carboniferous coals and coals of the Limestone
Coal Group (pl. 27).

Berry (1937) describes small spores from a coal of
Mississippian (?) age in Tennessee (pl. 27). Schemel
(1950) describes small spores and some megaspores
from a coal of Springer or Chester age in Utah (pl.
27). Hoffmeister, Staplin, and Malloy (1955b) give
a detailed account of the assemblages of small spores
in the Hardinsburg sandstone and a summary account
of that in the Waltersburg sandstone (pl. 27), both
of Late Mississippian age from Kentucky and Illinois.
A recently published account of megaspores of Missis-
sippian age from this country is Chaloner’s (1954b)
study of samples from localities in Michigan, Indiana,
and Pennsylvania (pl. 27). The oldest megaspores
he studied areg probably equivalent in age to the
youngest. ones described here from the Logan forma-
tion. Comparisons of Chaloner’s material and con-
clusions with the results of this study are given later.

FOERSTIANS AND LARGER PLANT FOSSILS

A laterally persistent zone of foerstian remains, small
(2-5 mm) ovate or elongate, sometimes bilobed, plant
remains of algal(?) origin, has already been noted in
the Ohio shale or its equivalent by Cross and Hoskins
(1951), Arnold (1954), Hass (1956), and by J. M.
Schopf (oral communication, 1955). Cross and Hos-
kins (1951, p. 722) note that the fossils are confined
to a zone between 14 and 15 of the way up in the
black shales, regardless of the total thickness of the
sequence. They report the occurrence of this zone
from numerous outcrop localities in Ohio, Kentucky,
and Tennessee. Hass (1956, p. 21) notes the associa-
tion of foerstians only with conodonts like those occur-
ring in the lower fauna of the Gassaway member of
the Chattanooga shale. He notes foerstian occur-
rences in southwestern Virginia, in northeastern Okla-
homa, and in areas already mentioned by Cross and
Hoskins. No attempt is made in the present paper to
describe these plants nor to discuss the problems of
affinity and nomenclature. Generally two genera,
Foerstia and Protosalvinia, have been recognized in the
Foerstiales. Foerstian affinities, regarded as more or
less problematic, and morphology are treated more
fully by White and Stadnichenko (1923), Kidston and
Lang (1924), Kriusel (1941), Schopf, Wilson, and Ben-
tall (1944), Lang (1945), Arnold (1954), and reviewed
by Schopf (1957).

Read and Campbell (1939), Arnold (1937, 1939,
1948a), Cross and Hoskins (1951, 1952), Hoskins and
Cross (1951, 1952), and Read (1955) have published
results of investigations concerned with plant mega-
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fossils of Late Devonian and (or) Early Mississippian
age in the Eastern United States. The information in
these papers may be considered as a tentative guide to
the possible affinity of some of the plant microfossils
described by the present writer.

HYSTRICHOSPHAERIDS

According to Glaessner (1945, p. 20) and others,
microfossils of this type are first described from Creta-
ceous flints as Xanthidium, a genus of modern fresh-
water algae, by C. G. Ehrenberg as early as 1836.
Wetzel (1933) originally created the family Hystri-
chosphaeridae for microfossils from Cretaceous flints.
In 1937, Deflandre, describing new genera and species
of hystrichosphaerids from Cretaceous flints, examined
the evidence on the nature and relationship of these
microfossils. In 1938, Eisenack describes new genera
and species of hystrichosphaerids and other micro-
fossils from the Silurian rocks of the Baltic; he revises
his previous classification to follow that started by
Wetzel and revised by Deflandre. Deflandre (1945)
also describes Silurian hystrichosphaerids, discusses
much of the earlier literature, and compares his
Silurian assemblage to that described by Eisenack.
Deflandre (1952) reviews the hystrichosphaerids, in-
dicates some of the more basic literature, and notes
those papers that include extensive bibliographies.
Erdtman (1945) observed living hystrichosphaeroid
organisms and dinoflagellates in an investigation of
the settling of pollen and spores in the sedimentogenous
zone at the sea bottom off the southwestern coast of
Sweden. He also notes recent compilations of litera-
ture on the subject of hystrichosphaeroid organisms.
Fisenack (1954) describes very well preserved material
from the upper Oligocene “Blue earth™ associated with
the Baltic amber.

In this country, as early as 1862, M. C. White de-
scribes hystrichosphaerids and other microfossils from
chert nodules of central and western New York. Laird
(1935, p. 255-256) illustrates hystrichosphaerid-type
microfossils from chert beds in the Lockport forma-
tion of Middle Silurian age near Ontario, Canada.
Bashnagel (1942) describes similar Middle Devonian
microfossils from the Onondaga limestone in central
New York. He refers these fossils to living algae,
basing his comparisons on the similarity of external
characters. Fisher (1953) also reports and illustrates
similar microfossils from the Middle Silurian Maple-
wood shale of Chadwick (1918) and Neahga shale of
Sanford (1933, 1935) of New York. Whereas Bash-
nagel considers the Middle Devonian microfossils as
of fresh-water origin, Fisher believes that those he de-
seribes might well be marine.

TASMANITES

Schopf, Wilson, and Bentall (1944) state that Daw-
son proposed the term “Sporangites” as early as 1863,
but point out that Dawson, in his original description
and in some of his later papers, confused spores, spo-
rangia, probable seeds, and probably unrelated thalloid
plants in his conception of Sporangites. For this rea-
son and others, they accept the generic designation,
Tasmanites, given by Newton (1875) to the microfossils
he described from the Tasmanite marine “coal” of
Tasmania, and they regard Sporangites as a confused
name.

Johnson and Thomas (1884) describe the occurrence
of these microfossils (redeposited) in the glacial de-
posits and water supply in the Chicago area. In the
same year Reinsch (1884) describes these microfossils,
under his group Discieae, from the Ohio shale, from
samples found in the Chicago area and from Tasmanite
“coal” samples. Wethered (1886) describes some speci-
mens from the Ohio shale as well as those found in
the basal beds of the Lower Limestone Shales, Dry-
brook, Forest of Dean, to the east of the South of
Wales coal field.

Except for Eisenack’s (1931, 1938) work (ZLeios-
phaera in part?) and Hough’s (1934) paper on the
occurrence of Zasmanites as secondary or tertiary dep-
osition, little had been written on these enigmatic
microfossils for 50 years, until the papers by Kriusel
(1941) and Schopf, Wilson, and Bentall (1944). Som-
mer (1953) describes eight species of Z'asmanites, found
in dark shales from Barreirinha in Brazil that are
presumed to correspond with the Hamilton group in
age. Hoffmeister, Staplin, and Malloy (1955a) men-
tion the occurrence of Zasmanites in rocks of Early
Devonian to Early Mississippian age and state that
the several species will perhaps become good index
markers when they are better understood.

PLANT SPORE MORPHOLOGY AND CLASSIFICATION

Because the main emphasis of this paper is on fossil
plant spores, their general morphology and classifica-
tion is summarized below. The morphology and
classification of other microfossils is given in the
appropriate sections in the systematic descriptions.

MORPHOLOGY, SYMMETRY, ORIENTATION, AND
FORM

In the botanical sense, a spore is the unicellular ini-
tial stage of the gametophytic or haploid (reduced
chromosome number) generation. Fach spore mother
cell (diploid), produced in a sporangium, divides by
meiosis and mitosis into four haploid unicellular bod-
tes which are the spores.
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Mature spores are commonly enclosed in a resistant
membrane or protective coat. The usual type of mem-
brane substance is a waxy material allied with cutin
and called sporonine by Erdtman (1943) and sporopol-
lenine by Zetzsche (1932, p. 205). Dilute mineral acids
generally do not affect it; concentrated acids attack it
slowly. Alkalies react with sporopollenine only on
melting. Acetyl bromide, which is capable of convert-
ing both cellulose and lignin into soluble substances,
apparently has no effect on these spore membranes.
The excellent preservation of spores in coal, peat, sand-
stone, and shale, and the commonly good, but often
imperfect, preservation in black shales, indicates the
effective resistance of sporopollenine against chemical,
physical, and biological agencies operative in sedimen-
tary deposits.

Spores are characteristically either radially (pl. 17,
fig. 17; pl. 18, fig. 5) or bilaterally (pl. 15, figs. 1, 8)
symmetrical. The type of symmetry is controlled by
division of the spore mother cell and by orientation of
the gametophyte that develops from them. If spore
wall formation takes place following the two free nu-
clear divisions of the spore mother cell nucleus, the
spores will be arranged tetrahedrally and each will
possess fundamentally a radial symmetry. On the
other hand, if the spore walls form after each of the
two nuclear divisions, the spores will be arranged in
either a tetragonal or a sectorial pattern, and each spore
will show bilateral symmetry. Notable papers dealing
with the developmental morphology of spores are by
Siler (1934) and Selling (1944).

Spores are described with reference to their relations
in the original tetrad. The axis of a radially sym-
metrical spore passes through the center of the orig-
inal tetrad. Contact faces are the two or three surfaces
of mutual contact of spores within the tetrad. The lines
between the contact faces usually are specialized
dehiscence lines for the spores of vaseular cryptogamic
plants. In spores derived from tetrahedral.tetrads, the
trilete suture forms along the three triradiate lines.
In sectorial tetrads the monolete suture forms along
the single central line. Tetragonal tetrads are prin-
cipally known in angiospermous plants that have a
different germinal adaptation. The distal surfaces of
spores correspond to those exposed on the outside of the
tetrad; the proximal surfaces correspond to the spore
surfaces in mutunal contact inside the tetrad. All parts
of the spore coat beyond the margin of contact faces
are regarded as distal. Bilaterally symmetrical spores
possess 2 principal planes of reference; 1 taken proxi-
modistally through the longest dimension and the
second passing through the flat or proximal side to the
center of the distal side. Diagrammatic illustrations
of tetradic arrangement are given by Wodehouse (1935,

p. 159, 160), Erdtman (1943, p. 52), Dijkstra (1946,
p- 14), and others.

The original spore shape is often distorted by com-
pression. It is important to note the compressional
form, however, because this form is influenced by the
original shape of the spore and, therefore, the pre-
ferred position of rest in a sedimentary deposit often
leads to a manner of folding and orientation character-
istic for spores of a particular species. Chaloner
(1953a) gives an interesting account of how Z'riletes
mamillarius-type spores, originally saucer shaped, react
to compaction. Schopf (1941) had previously illus-
trated the same spore form in petrified material where
the original spore shape was not distorted by compres-
sion. In some sedimentary deposits, open spores may
be filled by mineral matter prior to compaction and
preserved in virtually their original form. Many of
the spores found in the coarse-grained Berea sandstone
at locality 5 (pl. 4, fig. 5) were filled with quartz grains
and thereby maintained their original shape.

HAPTOTYPIC AND EMPHYTIC CHARACTERS

Wodehouse (1935) initiated the term “haptotypic”
to refer to those features, often conspicuous on the
proximal surface, that are mainly controlled or in-
fluenced by the contact relationships of each spore to
the other three in the original tetrad. These features,
the trilete rays (ray=one extension of the trilete
suture or its expression as lips or folds), contact faces,
arcuate ridges, and the flange (probably a hyperde-
veloped structure equivalent to the arcuate ridge), are
characters of tetrad configuration of radially sym-
metrical spores. The present writer has used the term
“zonarium,” in connection with spores of Dicrospora,
to designate a type of arcuate ridge which may be
highly developed and flangelike in proportions in spores
of some species and from which the most proximal
furcate-tipped spines radiate.

The emphytic characters are those which are inherited
and bear no relationship to spore groupings in the tet-
rad but are more uniformly applied by the tapetal
fluid or plasmodium after the spore tetrads separate
inside the sporangium. Distal ornamentation such as
spines or tubercles are deposited only under the in-
fluence of the tapetal fluid which surrounds and nour-
ishes the spores. The type, shape, and size of these
features are frequently relatively constant for spores
of a given species.

The size of spores is highly variable as is shown by
Schopf, Wilson, and Bentall (1944, pl. 3). Bocheriski
(1939, pl. 7, fig. 44) has shown how great a variation
in megaspore size may be found within a single cone
of Sigillariostrobus. Kach species has its own char-
acteristic mode of spore size variation and for this
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reason it is hazardous to regard absolute size as a spe-
cific criterion. Wilson (1934) and Reeve (1985) in
studies of the modern genera Lycopodium and Sela-
ginella show that each species is characterized by a
larger or smaller normal range of variation. Irregu-
larities of spore development can cause the size dis-
tribution curve to be asymmetric and variously skewed.
The potentially functional spores generally are the
most abundant class and usually prevalent among those
recovered as fossils. For this reason the theoretical ex-
tremes of spore size within a species are never abundant
in assemblages of isolated spores. Butterworth and
Williams (1954) point out that the different maceration
methods used to release spores from their sedimentary
matrix affect the size of the spores differentially. The
differential effect seems to be minor, however, when
compared to the possible natural size variation.

NOMENCLATURAL AND TAXONOMIC TREATMENT

Terminology and detailed morphologic considera-
tions are presented by recent authors so that plant
microfossil descriptions can now be presented in ade-
quate detail. Cross (1950, p. 52-63) gives an excellent
review of the problems of morphology and classification.
Schopf, Wilson, and Bentall (1944) discuss the classifi-
cation of Paleozoic spores, large and small. Dijkstra
(1946) presents a classification of megaspores. Potonié
and Kremp (1954) describe a morphographic classi-
fication, a mixture of binomial nomenclature and an
identification key, a classification accepted only in part
by Hoffmeister, Staplin, and Malloy (1955 a and b).
Naumova (1953) has recently expanded the Russian
(see Naumova, 1939) classification to include new “gen-
era.” This classification, in general, seems to be a
strictly morphographic one. Also pertinent are texts
by Faegri and Iverson (1950), Erdtman (1943, 1947,
1952 a, b), and Wodehouse (1935), all of whom pre-
sent this material, principally on angiosperm pollen,
in considerable detail. Kuyl, Muller, and Waterbolk
(1955) and Traverse (1955) give excellent reviews and
discussions of fossil pollen classification.

Most of the named and described Paleozoic genera
have been discussed by Schopf, Wilson, and Bentall
(1944), by Dijkstra (1946), and by Potonié and
Kremp (1954). Potonié (1954) discusses the affinities
of spores of these genera. Several new genera have
been recently proposed by Hoffmeister, Staplin, and
Malloy (1955b). These and numerous other papers
were consulted as an aid to procedure and classification
and for comparison of forms.

Many classification schemes have been proposed for
spores, although most of these systems are based on
rather arbitrary characters. Very few of these classi-

fications are botanically significant because they do not
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attempt to express even broad natural relationships.
Schopf (1938, p. 16) defined genera on the basis of
larger taxonomic categories and in this sense the genera
represent a natural classification. He pointed out that
spore genera are artificial in that they correspond not
to normal genera (usually based on features of the
sporophyte), but to categories that often approximate
the family or suborder in the standard taxonomic
scheme. Schopf, Wilson, and Bentall (1944, p. 9) do
not consider spores or any other morphological part of
a plant in any stage of its life cycle to be a species.
They regard a species of plant as a group of organisms
(that is, a taxon) and point out that spores are probably
just as definitive of species as any other fragmental part
of the life cycle of a particular plant.

Some difficulty was expected and encountered in
identifying older Paleozoic spores described here with
those of published genera which are based mainly on
material of Pennsylvanian, or equivalent, age. Many
of the Upper Devonian and Lower Mississippian small
spores seem to have affinities with previously described
taxa. Other spores are so unusual that the author re-
gards them as the basis of new taxa of generic rank.
Most of the megaspores described here are allied with
Triletes, a valid and correct name in spite of recent
arguments (Potonié and Kremp, 1954) against its
validity. 7riletes antedates and displaces Laevigatis-
porites (Ibr.) Potonié and Kremp, 1954. The circum-
scription of the various other taxa of generic rank based
on megaspores and applied by Potonié and Kremp is a
taxonomic decision that each author must make.

The suprageneric classification of plants is patterned
after that given by Tippo (1942).

LABORATORY TECHNIQUES
SAMPLE EXAMINATION

All samples collected in the field were first thoroughly
washed and examined wet, immersed in water or xylol,
with a Greenough-type microscope at magnifications
of X 10to X 60. The occurrence of organic material,
carbonaceous and noncarbonaceous, and the lithology
of the hand specimens were noted. Samples containing

notable amounts of carbonaceous material or those

representing critical horizons were set aside for macera-
tion. Well cuttings (cable tool) were examined wet
and studied in the same manner. Logs were prepared
of the sets of cuttings on which lithology, occurrence
of Tasmanites, foerstian remains, and other fossils, such
as conodonts and brachiopods, were indicated. Core
samples were split into halves, if necessary, and ex-
amined and logged in the same manner as the outcrop
samples.

During laboratory examination and maceration, care
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was taken to keep the samples free from contamination.
The possibility of contamination in the cable-tool cut-
tings was minimized by the selection, for maceration,
of individual rock chips of cuttings considered charac-
teristic of the depth interval. However, the possibility
of syndepositional contamination by fossils eroded from
older beds always exists.

As this microfossil study was not intended to be a
quantitative one, no attempt was made to standardize
sample size or weight. The samples varied in weight
from 0.25 to 66 grams for outcrop samples which con-
tained an obvious abundance of megaspores. Samples
from cuttings and cores were smaller and usually
weighed from 0.5 to 4 grams. A reserve of each sample
macerated was usually saved.

MACERATION PROCEDURES

Most of the samples collected were noncoaly and,
therefore, hydrofluoric acid was used to dissolve and
disaggregate the mineral matrix in order to free the
organic remains. Norem (1953, 1956) has recently
presented preparation schedules similar in some respects
to those used during this investigation.

Three variations in technique were used, all per-
formed under a fume hood. Sandy or shaly samples
with well-disseminated organic matter were macerated
with dilute hydrofluoric acid. Samples of clastic rocks
containing thick carbonaceous streaks, such as the Berea
sandstone from locality 5, were first treated with dilute
hydrofluoric acid until the mineral matter was dissolved
or disaggregated ; the washed sample residues were then
treated with Schulze’s solution and then later with
potassium hydroxide. Schopf (1938) and Kosanke
(1950) discuss the Schulze method of maceration in
considerable detail. Samples of thinly laminated or
dense black shales were first soaked in ethylene diamine
for 24 hours to a week in order to swell the samples
and thus allow acids to attack the contained mineral
matter more readily. These samples were then washed
and treated in the same manner as clastic samples
which contained thick carbonaceous streaks. The black
shales of the Sunbury shale and the Cleveland member
and the lower part of the Ohio shale contain a large
amount of highly comminuted organic matter in ad-
dition to the microfossils. This remained in the residue
and tended to obscure the plant microfossil assemblage.
Some of the black shales were merely soaked in hydro-
fluoric acid until microfossils visible on the surface
were separated from the matrix. No completely satis-
factory technique was developed for macerating these
black shales.

The above outline is generalized. Methods were
varied, especially as to the length of maceration and

concentration of the acids, depending on the lithology
and response of the various samples.

PREPARATION OF RESIDUES FOR MOUNTING

After maceration each residue was washed thor-
oughly and either centrifuged or allowed to stand until
settled. Residues were subsequently transferred to
95-percent alcohol. A few of the residues were then
stained with a few drops of a saturated solution of
safranin in 95-percent alcohol. Residues were next
transferred to 100-percent alcohol and then to 100-per-
cent xylol.

All residues were examined in a petri dish with a
Greenough-type microscope by both reflected and trans-
mitted light. Larger spores, greater than about 100,
were individually transferred from xylol to balsam
mounts. Smaller spores were transferred en masse with
a pipette, mixed with a drop of balsam on a slide, and
covered with a cover glass. Slides were placed on a
hot plate for a few seconds in order to remove air
bubbles and then placed upside down on a rack while
the balsam hardened. Balsam, rather than other
mounting media, was used because of its greater per-
manence. Some of the larger spores were mounted
dry in cardboard microfossil slides.

More than 800 slides ** were made containing micro-
fossils representing about 130 samples from about
2,000 feet of Upper Devonian and Lower Mississippian
rocks.

MICROSCOPIC EXAMINATION AND ILLUSTRATION

The morphological interpretation of compressed
plant spores and other microfossils and the mental
reconstruction of their original form requires critical
lighting and fine focusing. All mounts were studied
with transmitted light and some with reflected and
polarized light on a Universal microscope at magni-
fications from X 35 to X 1,800. Most of the specimens
required magnifications from X 300 to X 800.

Measurements of individual spores and other micro-
fossils were made with a filar micrometer. All draw-
ings on plate 22 were made at original magnifications
of X 350 or X 1,000.

Most of the photographs were taken on 35-mm film
at original magnifications of X 10 to X 284. Excel-
lent enlargements as much as X 1,000 could be made
without visible grain. The lighting for photography
was arranged to emphasize a specific feature or a group
of features possessed by the specimen. The nearly
opaque and uncompressed specimen shown on plate 4,
figure 5, was centered over a very intense beam of light
to show both the ornamentation at the margins and the
outline of some features within the margins. Other

22 On file at the U.S. Geol. Survey, Columbus, Ohio.
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specimens (pl. 7, fig. 1; pl. 8, fig. 4; pl. 20, fig. 8)
were also photographed in this manner. The speci-
men shown on plate 4, figure 1, was photographed in
a completely bright field with the substage condenser
racked down. This optical arrangement emphasizes
the reiief of the specimen so that surface details are
more apparent. Polarized light was used occasionally
with specimens of Z'asmanites (pl. 20, fig. 4a; pl. 21,
fig. 2). If the specimens illustrated on the plates were
stained or photographed with filters, such information
is noted in the accompanying descriptions.

STRATIGRAPHIC RELATIONS AND SAMPLE LOCALITIES
GENERAL STRATIGRAPHY

Upper Devonian and Lower Mississippian rocks crop
out in a wide belt extending westward from New York
and northern Pennsylvania across northeastern Ohio
to Sandusky, Ohio, where the belt swings almost due
southward along the eastern flank of the Cincinnati
arch and enters northern Kentucky in the vicinity of
Vanceburg, Ky. This dominantly marine clastic se-
quence is generally composed of black to gray and some
red shales, siltstones, sandstones, and minor amounts
of conglomerate, calcareous shale, and limestone. These
beds overlie Middle Devonian limestone and shale and
dip gently southward and eastward beneath rocks of
younger Mississippian age where these are present and
elsewhere beneath rocks of Early Pennsylvanian age.

Upper Devonian and Lower Mississippian rocks are
also present, mostly under cover of Pleistocene deposits,
in extreme northwestern Ohio on the northwestern
flank of the Cincinnati arch, dipping gently south-
westward along the Lucas County monocline, and
northwestward into the Michigan Basin (Ehlers,
Stumm, and Kesling, 1951).

Between the two main outcrop belts mentioned above,
but east of the crest of the Cincinnati arch in Logan
County, Ohio, is an outlier of Devonian rocks (Belle-
fontaine outlier) surrounded by rocks of Silurian age.

A brief description of the stratigraphic units sam-
pled during this investigation is given below. The
base of the Mississippian is placed at the base of the
Bedford shale in accordance with de Witt (1951), Wins-
low, White, and Weber (1953), Hyde (1953). and
Pepper, de Witt, and Demarest (1954).

MIDDLE DEVONIAN STRATA

The stratigraphy and age relations of the Middle
Devonian marine limestones in Ohio, only a few sam-
ples of which have been studied during this investiga-
tion, have been discussed by Stewart (1955). The
Columbus limestone is usually a massive dolomitic
brown limestone in the lower part and a very pure
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light-gray fossiliferous limestone in the upper part.
The overlying Delaware limestone is typically a blue
limestone interbedded with brown shale and chert
layers (Stewart, 1955). Wells (1947) gives a detailed
biostratigraphic analysis of these and overlying for-
mations of central Ohio.

UPPER DEVONIAN STRATA

Overlying the Delaware limestone is the Olentangy
shale that is probably of early Late Devonian age.
The genetic relation between the Olentangy shale and
the overlying Ohio shale is not certain, although Car-
man (1947) and Wells (1947) suggest that the Olen-
tangy shale of central and southern Ohio is a non-
carbonaceous basal phase of the Ohio shale. Typically
the Olentangy shale 1s a slightly caleareous gray-green
to blue shale interbedded with layers of black shale
and some thin limestones. The shale is sparsely fos-
siliferous, containing ostracodes, conodonts, plant re-
mains, 7'asmanites, corals, bryozoans, brachiopods, and
some cephalopods (Wells, 1947).

The overlying Ohio shale is a dominantly black or
brownish-black carbonaceous shale interbedded with
blue-gray shale, calcareous shale, thin limestones, and
some siltstones. The shale thins southward from more
than 500 feet in southern Huron County, Ohio, to about
95 feet in Estill County, Ky. (Pepper, de Witt, and
Demarest, 1954). In east-central Ohio, the Ohio shale
is more than 950 feet thick at locality 7 (fig. 2 and
pl. 25) and, mecluding the Chagrin shale, more than
1,500 feet thick at locality 6 (fig. 2 and pl. 24).

The stratigraphic relations of the Huron and Cleve-
land members of the Ohio shale to the undifferentiated
Ohio shale of southern Ohio and to the Chagrin shale
of northeastern and east-central Ohio are not com-
pletely known. The shales of the Huron and Cleveland
members interfinger with, and are correlative in age,
in part, to the Chagrin shale.

The lower member of the Ohio shale, the Huron
member, where characteristically developed in the
bluffs of the Huron River, north of Norwalk, Ohio,
is a grayish-black shale fissile shale containing many
large concretions. Here the immediately overlying
upper member of the Ohio shale, the Cleveland member,
is lithologically similar, but differs in that it contains
thin beds of gray shale, siltstone, and siliceous lime-
stone in the lower part. Eastward the tough grayish-
black shale of the Cleveland interfingers with the Cha-
grin shale, thinning to a feather edge in eastern Ashta-
bula County (Pepper, de Witt, and Demarest, 1954).
In central and northern Ohio the black shales of the
Huron and Cleveland members are roughly equivalent
in age to the lithologically undifferentiated Ohio shale
of southern Ohio and are separated in some areas by
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the gray Chagrin shale. The Chagrin shale of eastern
Ohio may include as much as 1,200 feet of interbedded
massive gray siltstone and shale; westward the Chagrin
shale has a lower silt content ; it thins and interfingers
with the Ohio shale. Fossils in the Ohio shale, gen-
erally scarce, include fish remain, conodonts, scoleco-
donts, brackish-water brachiopods, 7asmanites, foers-
tian algal(?) remains, and fragments of other plants.
The massive siltstones of the Chagrin shale in north-
eastern Ohio are generally very fossiliferous.

MISSISSIPPIAN STRATA

The contact of the Upper Devonian black shale with
the overlying Lower Mississippian Bedford shale is
usually distinet except in a few areas, such as the Cleve-
land area where a dark-gray to black fossiliferous zone
occurs at the base of the Bedford shale. The Bedford
shale is usually a red argillaceous shale, gray in the
basal part, interbedded with thin partings of ripple-
marked siltstone in some areas. Near Cleveland, Ohio,
two massive beds, the Euclid and Sagamore siltstone
members, occur in the Bedford shale. The thickness of
the Bedford shale in northern Ohio is irregular be-
cause of post-Bedford channel scouring. Southward
through Ohio the Bedford shale thins and becomes
more silty, and in addition decreases in red shale con-
tent. The Bedford shale contains few invertebrate
marine fossils other than those in the basal transitional
zone in northern Ohio; fragmental plant remains are
common in the shale in northern Ohio (pl. 2, figs.
2, 2a, 3).

In central and northern Ohio the Bedford shale is
generally overlain disconformably by the Berea sand-
stone. In southern Ohio the siltstones of the Bedford
shale cannot be distinguished from those of the Berea
sandstone. The Berea sandstone is a medium- to fine-
grained quartzose sandstone that in northern Ohio may
occur as a massive channel sandstone, as a crossbedded
sandstone, or as a thin-bedded marine sandstone. In
many places the basal part of the Berea sandstone oc-
curs in channels cut into, or through, the Bedford shale.
One such channel sandstone, in the vicinity of South
Ambherst, Ohio (loc. 5), 1s as much as 235 feet thick.
Pepper, de Witt, and Demarest (1954) observed very
few invertebrate fossils in the Berea sandstone, these oc-
curred in the sandstone near the Ohio-Pennsylvania
State line. Carbonaceous material is very common,
especially in the channel sandstone phases in northern
Ohio (pl. 2, fig. 1). In east-central Kentucky the Bed-
ford shale and Berea sandstone feather out, and there
younger beds of the black Sunbury shale rest directly on
the black Ohio shale.

The Sunbury shale is a black fissile shale, contains
highly comminuted organic matter, is somewhat quartz-

ose, pyritic, and fossiliferous in the basal part, and is
generally similar in appearance to the Cleveland mem-
ber of the Ohio shale. The shale is generally thickest
in eastern Kentucky, western West Virginia, and south-
ern Ohio; it is a sharply distinguishable unit through-
out Ohio except in much of northern Ohio, east of
Cleveland, where it is considered the basal member of
the Orangeville shale. The Sunbury member is not
recognized in extreme northeastern Ohio.

The overlying Cuyahoga formation consists of about
150-300 feet of marine shales and fine-grained sand-
stones displaying a complex pattern of facies changes.
In northern Ohio the Cuyahoga has a group status and
is recognized as including three formations, the Orange-
ville shale, the Sharpsville sandstone, and the Meadville
shale in ascending order. The Cuyahoga group is
overlain disconformably by Pennsylvanian rocks in
northern Ohio, but in central and southern Ohio the
Cuyahoga formation is overlain by the Black Hand
formation.

The Black Hand formation consists of massive coarse-
grained sandstone and some conglomerate in the lower
50-210 feet and of fine- to coarse-grained sandstone in
the upper 60-130 feet. Hyde (1953) contrasts the com-
plex facies changes evident in the lower part of the
Black Hand formation to the widespread areal uni-
formity of the upper part (the Byer and Allensville
members of the Logan formation of Hyde, 1912, 1915,
1953) of the Black Hand formation.

The Logan formation (Vinton member of the Logan
formation of Hyde, 1912, 1915, 1953) is finer grained
than, and usually easily distinguishable from, the un-
derlying beds of the Black Hand formation. The
Logan formation usually consists of a series of fine-
grained gray to yellow sandstones and shales with a
maximum thickness of 200240 feet.

An erosion surface separates the Logan formation
from the overlying Maxville limestone of Mississippian
age. The Mississippian rocks as a whole were deeply
eroded prior to the deposition of sediments during
Pennsylvanian time.

SAMPLING LOCALITIES

Localities where samples were collected are indicated
by number on the index map of Ohio (fig. 2). Meas-
ured sections are given for the outcrops at localities 1,
2,and 9. Distinction of the lithologic units and sample
descriptions for localities 6, 7, 8, and 10 are based on
observation of core and cutting chips under a binocular
microscope.

LOCALITY 1

Chippewa Creek section (pl. 1) was measured 0.6
mile east of Brecksville on the north side of Chippewa
Creek in the Brecksville Reservation, a part of the
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FIGURE 2.—Index map of Ohio showing general location of collecting localities.

Cleveland Municipal Park System, Brecksville Town-
ship, Cleveland quadrangle, Cuyahoga County, Ohio
(SW1NE1; T. 5 N, R. 12 W.). A description of the
stratigraphic sequence near this section is given by
Prosser (1912, p. 441). De Witt (1951, p. 1353) men-
tions that the base of the Bedford shale is black or very
dark gray in the Cleveland area and can be separated
from the Cleveland member of the Ohio shale only by

means of fossils. This basal fossiliferous zone was not
noted at locality 1. It is possible that the sample (mac-
eration 158 ) supposedly taken from the upper 2 inches
of the Cleveland is actually basal Bedford shale. Sec-
tion begins at creek bottom 100 feet south of State

Route 82.

e Samples macerated for study for this report are indicated by mac-
eration numbers. Letters following maceration numbers in the follow-
ing stratigraphic section correspond to those used on pl 1.
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Level of State Route 82.
Lower Mississippian :
Berea sandstone:
6. Sandstone, gray, coarse-grained, massive,
cliff-former, based covered. Maceration
304 e

Total exposed thickness of Berea sandstone__

Feet

20
20+

Disconformity.
Bedford shale:
Unnamed unit:

5. Shale, red and gray to blue, argillaceous,
and fine-grained siltstones, thinly lami-
nated, partly covered. Maceration 305
from red shale 18 ft below base of
Berea sandstone_____________________ 36

Euclid siltstone member :

4. Siltstone, gray, medium- to thin-bedded,
some shale layers near base. Desig-
nated “Euclid sandstone” by Prosser
(1912, p. 442). Maceration 162 (pl. 1,

A) from basal shale and two 2-in. silt-

stone layers beneath this shale at base

of Hueclid siltstone member.. . __.__ 15
Unnamed unit:

3. Shale, gray, thin-bedded, some siltstone
layers. Macerations: 40A, B, and C
(plL. 1, B) from top 2 in. of shale below
base of Euclid; 160 (plL. 1, ¢) from
shale 3 ft below base of Euclid; 38 (pl.

1, D) from shale 1-5(?) ft below base of
Euclid; 320 (pl. 1, E) from basal 4-6.
in. of Bedford shale; 61-1, 61-2 (pl. 1,
E) from basal 2 in. of Bedford shale.. 8

Total thickness of Bedford shale________ 59

Upper Devonian :
Ohio shale:
Cleveland member :

2. Shale, uniformly black, massive, fissile
when weathered. Two thin soft gray
shales near base at position marked by
I on pl. 1. Macerations: 158 (pl. 1, F)
from top 2 in. of Cleveland; 39 and 150
(pl. 1, G) from shale 15 ft above base of
Cleveland; 157B (pl. 1, I) from two
soft gray layers above and below sam-
ple 157A; 157TA (pl. 1, H) from black
shale 214 ft above base, between two
soft gray shale layers; 152 (pl. 1, J)
from shale 3 in. above base of Cleve-
land; 156 (pl. 1, &) from basal 21 in.
of shale.____________________________ 25

Total thickness of Cleveland member____ 25

Chagrin shale:

1. Shale, gray, poorly bedded, some thin silty
layers, pyritic, fossiliferous (brachiopods).
Maceration 154 (pl. 1, L) from top 8 in.
of Chagrin shale - 7

Total exposed thickness of Chagrin shale_____ 7

Bed of Chippewa Creek :
Total exposed thickness of section____ 1117*+

15
LOCALITY 2

Section is along north side of Tinkers Creek, along
Button Road, 1.5 miles southwest of Bedford, Bedford
Township, Cleveland quadrangle, Cuyahoga County,
Ohio (NE14{NW1,SW1, T.6 N, R. 11 W.). Approx-
imately the same section is described by Prosser (1912,
p. 406-407).

Covered.
Lower Mississippian :
Bedford shale:
Sagamore siltstone member :
3. Siltstone gray, thin- to medium-bedded,
some shale layers near base of unit.
Twelve-in. shale layer above basal 4-in.
siltstone layer of Sagamore included in
maceration 163___ —_— 12
Unnamed unit :
2. Shale and siltstone, blue-gray, evenly
bedded, some crossbedding (pl. 2, fig. 3).
Interval 3.5-4 ft below base of Saga-
more siltstone member included in mac-
eration 161. Sample taken 11.5 ft
below base of Sagamore included in
maceration 159 (hand specimens shown

Feet

on pl. 2, figs. 2, 2a, 8) e 38+
Total exposed thickness of Bedford
shale___________ 50+
Upper Devonian:
Ohio shale:
Cleveland member :
1. Shale, black, massive, band of vitrain 5
ft long and a few inches thick near base.
Contact of Cleveland with Bedford shale
covered. Basal 6 in. of black shale in-
cluded in maceration 165 __________ 18+
Total thickness of Cleveland member___ 18=%*
Chagrin shale:
Total thickness of section sampled____ 68%*

LOCALITY 3

Sample was taken along west bank of sewer outlet,
north side of Tinkers Creek, Bedford Glens, 0.5 mile
south of Bedford, Bedford Township, Cleveland quad-
rangle, Cuyahoga County, Ohio (NEY,NE1,SW1, T.
6 N, R. 11 W.). The stratigraphic sequence at this
locality is described by Prosser (1912, p. 408, 409).
Silty layers of Bedford shale, 6 ft below the base of
the Berea sandstone were included in macerations 278
and 306. The total thickness of the Bedford shale in
this section is about 88 feet. Therefore, the sample
macerated would represent uppermost Bedford shale.

LOCALITY 4

Sample is from the bed of Euclid Creek at base of a
hill known as Old Baldy about 0.5 mile south of U.S.
Highways 6 and 20, Euclid Township, Euclid quad-
rangle, Cuyahoga County, Ohio (center of R. 11 W,
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T.8N.). Sample is from a fossiliferous bed (sponges)
in the gray Chagrin shale about 130 feet below the base
of the Cleveland member of the Ohio shale. The shale
matrix is light gray, poorly bedded, fossiliferous, and
pyritic, and appears devoid of plant remains. This
sample was included in maceration 169.
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LOCALITY 5

Samples are from the Berea sandstone in the Cleve-
land Quarries Co.’s Quarry 6, north of U.S. Highway
113, South Amherst, Amherst Township, Vermillion
quadrangle, Lorain County, Ohio (Center of SW1j
SWi, T. 6 N.,, R. 18 W.). In this area the Berea
sandstone is in the form of channel sandstone and may
be as much as 235 feet thick (Pepper, de Witt, and
Demarest, 1954, p. 28). These authors emphasize that
much of the carbonaceous material included in the
Berea sandstone occurs in the channel sandstone deposi-
tional phases of the Berea. The macerated sample is
a very carbonaceous sandstone (pl. 2, fig. 1) and is
included in macerations 153 and 302.

LOCALITY 6

Barberton test core 3 was drilled for mine-shaft ex-
ploration for the Pittsburgh Plate Glass Co. (Columbia
Chemical Division) about 2 miles west of the center
of Barberton, Norton Township, Akron quadrangle,
Summit County, Ohio (center of NE1,SW1, T. 1 N.,
R. 12 W.). The stratigraphic succession to a depth
of about 2,800 feet is as follows: Deposits of Pleistocene

age; Sharon conglomerate of Pennsylvania age; Cuya-

Lower Mississippian:

DEVONIAN AND MISSISSIPPIAN ROCKS OF OHIO

hoga formation, Sunbury shale, Berea sandstone, and
Bedford shale of Mississippian age: Cleveland member
of Ohio shale, Chagrin shale, Huron member of Ohio
shale, and Olentangy shale of Late Devonian age ; Dela-
ware and Columbus limestones, Lucas dolomite, and
Sylvania sandstone of Middle Devonian age; Bass Is-
land dolomite and Salina formation of Silurian age.

Stauffer (1944) compiled a log of this succession
based on a study of the section exposed in the mine
shafts and on a study of the cores of wells 3 and 4. In
general his interpretation of formational boundaries
has been followed in this study. W. H. Hass made
his unpublished log of core 3 available for this study.

Parts of the original core as well as a split, deposited
at the Geological Survey laboratory at Columbus for
trace elements analysis and paleobotanical research,
were examined and sampled by the author as follows:
468-1,497 feet (including rocks from the lower part of
the Cuyahoga formation down nearly to the base of
the foerstian zone in the Huron member of the Ohio
shale) ; 1,700-2,067 feet (lower part of Huron member
and upper part of Olentangy shale) ; 2,181-2,209 feet
(basal part of Olentangy shale, Delaware limestone,
and upper part of Columbus limestone). Two hundred
feet of the Huron member below the foerstian zone
and about a hundred feet of the lower part of the
Olentangy shale were not examined for microfossils.

As a whole the Upper Devonian shales are not con-
spicuously demarcated lithologically as typical Cleve-
land member, Chagrin shale, and Huron member. The
thickness of the rock units is, therefore, for the most
part, that given by Stauffer (1944).

Depth
Cuyahoga formation (lower 17 ft): (feet)
11. Shale, medium-gray _ __ e 468-485
Depth
Maceration No. Description (feet)
43D e Gray shale_ 468-484
Sunbury shale:
10. Shale, gray to black, silty. Lingulain basal 6 in________________________________ .. 485-507.75
Depth
Maceration No. Description (feet)
436 L Black silty shale. - - o 507. 6
Berea sandstone (not reported by Stauffer |1944]):
9. Sandstone, light-buff to gray, petroliferous. .. o eon 507.75-509.16
Depth
Maceration No. Description (feet)
L R, Banded buff sandstone. .. ooaaea 508. 25
Bedford shale:
8. Siltstone, light- to medium-gray. Marine fossils in lower 10 ft of coarser grained siltstone. Car-
bonaceous bands and spores conspieuous._ . _ e 509. 16-562. 75
Depth
Maceration No. Description (feet)
438 s Light-gray siltstone and medium-gray shale containing spores________ 510
439 e Interbedded medium-gray siltstone and shale containing spores....... 527



STRATIGRAPHIC RELATIONS AND

Upper Devonian:
Ohio shale:
Cleveland member:
7. Siltstone, dark- to light-gray, sandy, with dark-gray shale in lower 20 ft.
Carbonaceous layers present________________

SAMPLE LOCALITIES 17

Depth
(feet)

562. 75-622. 75

Lingula at 585 ft.

Depth
Maceration No. Description (feet)
563
582
588.75
Chagrin shale:
6. Shale and siltstone, medium- to dark-gray with a few sandy beds and carbonaceous layers. Scole-
codonts abundant. Marine fossils at 640, 720, and 740 ft_________________________________ 622, 75-836. 16
Depth
Maceration No. Description (feet)
443 . Medium- and light-gray siltstone, carbonaceous.___________ 639.75
444 . _-—. Medium-gray siltstone, carbonaceous....._.____.__ - 664. 5
445 —--- Medium- to dark-gray siltstone, carbonaceous.- - 708.6
QGray siltstone, containing megaspores. ... __...._.. 708.75-713. 5
Medium-gray siltstone containing megaspores______________ 792-797
Gray carbonaceous siltstone__ ... ________ 796.6
Mottled red and gray siltstone 832-836. 1

5. Shale, black in upper 25 ft, and siltstone, medium- to reddish-gray with carbonaceous layers.

Caleareous in lower part__ ____________________

Maceration No.

Ohio shale:
Huron member:

Light-gray shale. e
Gray carbonaceous siltstone containing Tasmanifes.. --
Qray silty shale containing Tasmanites._.__.___._______ .
__ Gray siltstone and shale containing Dicrospora spores_...__._... -

Gray siltstone and shale, carbonaceous, containing megaspores_._._..

836. 16-1, 082. 75
De
(fe]e)tt)h
919-924
973-978
987. 6-993
1,027-1,032
1,059. 5-1,062. 3

4. Siltstone, medium- to dark-gray and black, interbedded with calcareous layers, gray shale,

and blue-gray siltstone.
especially abundant from 1,753-1,875 ft.

Maceration No.

Olentangy shale:

3. Siltstone and shale, medium-gray to black, interbedded with thin brown
Tentaculites, brachiopods, conodonts, ostracodes, and Tasmanifes commmon.__________________

Mfaceration No.

Middle Devonian:
Delaware limestone:

2. Limestone, dark-gray.__________________________

Columbus limestone:

1. Limestone, light-gray, with black shale partings in upper 30 ft___________________________.____

Maceration No.

Lucas dolomite:
Total thickness of section sampled, 1,738.8 ft.

LOCALITY 7

R. J. Dalier No. 3 well was drilled (cable tool) by
the Pure Oil Co. on the R. J. Dalier farm about 1.4
miles southeast of Newcastle, Newcastle Township,
Brinkhaven quadrangle, Coshocton County, Ohio
(Ex%.NEYSEY,SW1, R. 9 W, T. 6 N.). Drilling be-
gan at an elevation of 1,160 feet, cuttings being re-

Marine fossils at 1,300, 1,540, 1,900, and 1,975 ft.
Foerstians present from 1,436.5-1,619ft________

Light-gray shale containing Tasmanites . ... .. oo ______..
_.. Interbedded gray shale and siltstone containing foerstians.___
... Dark-gray siltstone containing abundant Tasmanites..__...._._
Dark-gray shale containing Tasmanites. ..o oo

Black shale partings_______

Tasmanites
1,082. 75-2, 071. 75
Depth
(feet)
1,162-1,167
1,478-1,482.5
1,864-1, 869
2, 052. 6-2, 057

Description

limestone layers.
2,071. 75-2, 185

Description

2, 185-2, 190

2, 190-2, 405

Description (feet)

covered by bailer at intervals of 4 to 20 feet below a
depth of 220 feet, and terminated in rocks of Silurian
age (the Clinton sand of drillers) at a depth of more
than 3,200 feet. The log of the Mississippian rocks
cut by this well is given and discussed by Lamborn
(1954, p. 226-227). The Cuyahoga and Black Hand
formations (undifferentiated) are reported as a single
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unit because the lower part of the Black Hand forma-
tion is not characteristically developed at this locality.
The upper limit of the Black Hand formation is placed
at the upper limit of the Allensville(?) member of the
Logan formation of Hyde (1912, 1915, 1953) as re-
ported by Lamborn (1954, p. 226).

Cuttings from the following formations were exam-
ined for microfossils: Logan formation, Black Hand

Loss of interval.
Lower Mississippian:
Logan formation:

and Cuyahoga formations (undifferentiated), Sunbury
shale, Berea sandstone, and Bedford shale of Missis-
sippian age; Ohio and Chagrin shales (undiffereni-
ated) and Olentangy shale of Late Devonian age; Mid-
dle Devonian “Big Lime” (Delaware limestone, Colum-
bus limestone, and Detroit River group) and “Oriskany
sand” (Sylvania sandstone).

. . . Depth
12, Sandstone, siltstone, and shale, gray to dark-gray and buff. Marine fossils present in finer grained cal- (feet)
careous beds; carbonaceous matter and megaspores conspicuous in coarse-grained beds._____________ 220-370
Depth
Maceration No. Description (feet)
B60. ool Gray siltstone, isolated megaspores_ _ .o 268-273
361 . i QGray siltstone and shale. .. e ——————— e 292-299
862 o . Megaspores picked from sandstone. . ___ ..o 299-303
Black Hand and Cuyahoga formations, undifferentiated:
11. Sandstone and siltstone, buff to gray, shale, usually gray. Sandy beds predominating from 370-470 ft
and from 650-700 ft. Marine fossils present at about 400 ft, 600 ft, 680 ft and common in lower 150
ft of gray shale_ . ___ e 370-900
Depth
Maceration No. Description ( feet)
3638 oL Isolated MegaSPOres._ _ .o oo ool 452-460
%] Gray and buff coarse siltstone ___ e cemeemcememmceemees 452-460
364 s Sandstone, disaggregated, isolated megaspores 460-468
. O Siltstone, carbonaceous, MeZASPOTeS . - - - . o cecmmmcme e mmameen 650-665
366 - e el Gray silty shale containing Megaspores. . .- uccuococcacaccmccacacamcacmamn—e- 722-730
Sunbury shale:
10. Shale, black to dark-gray, dense, containing quartz grains in basal layers_.__________________________ 900-970
Depth
Maceration No. Description (feet)
367 Black to dark-gray shale. - ... acei- 944-954
3688 el Black dense shale. . e eceeee 965-975
Berea sandstone:
9. Sandstone, coarse-grained, pyritized - . _ ____ e 970-975
Depth
Maceration No. Description (feet)
368D ol SandStone e mm e 965-975
Bedford shale:
8. Siltstone, gray, and shale, gray to black. Marine fossils at 990 ft. Black shale containing Tasmanites
prevalent in lower 52 ft___ __ . __ __ e 975-1, 052
Depth
Maceration No. Description ( feet)
L Gray fissile shale_ i 975-985
(1 - Black shale containing Tasmanites. . .. icccecaae 998-1,009
7 Ghray shale containing Tasmanites_ ... i emae 1,025-1,038
Upper Devonian:
Ohio and Chagrin shales, undifferentiated:
7. Shale, black and dark-gray, containing abundant Tasmanttes. Marine fossilsat 1,060ft___._______.______ 1, 052-1, 170
6. Siltstone and shale, gray, containing Tasmanites___ _____________________ .. 1, 170-1, 280
Depth
Maceration No., Description (feet)
Y £ U Gray shale . e 1,170-1,177
5. Shale, light- to dark-gray, containing Dicrospora spores_ - ____ . ____________ ... 1, 280-1, 390
Depth
Maceration No. Description ( feet)
R 7 S Dark Shale oo doen 1,279-1, 294
7 S Medium-gray shale - . i —— e —— 1, 369-1, 380

1, 390-1, 570



STRATIGRAPHIC RELATIONS AND SAMPLE LOCALITIES

Upper Devonian—Continued
Ohio and Chagrin shales, undifferentiated—Continued

3. Shale, black, interbedded with gray and blue-gray shale.
and 1,700 ft. Foerstians present at 1,640-1,740 ft. Tasmanites abundant in lower 65 ft

19

Depth
(feet)

1, 570-2, 004

Three thin limestone layers between 1,670

Depth
Maceration No. Description (feet)
£ TR Dark-gray to black shale .. ... ___ . e 1, 571-1, 582
S QGray shale containing foerstians .. .. ... 1,729-1, 740
BT e QGray shale containing Tasmanites ___.____________ ... 1, 849-1, 859
378 e Black shale containing abundant Tasmanites . ._____________ .o .. 1,979-1, 994
Olentangy shale:
2. Shale, blue-gray, interbedded with black and calcareous brown shale and gray siltstone. Marine
fossils at 2,100 ft. Tasmanites abundant near base _ _ __ . _ _ o oo 2, 004-2, 188
Depth
Maceration No. Description (feet)
379 QGray shale containing Tasmanites . ___ . _ . ... 2, 017-2, 030
380 Brown calcareous shale containing Tasmanites. .. . eoooeeeeeee 2,183-2,193

Middle Devonian:

“Big Lime” (Delaware limestone, Columbus limestone and Detroit River group):
1. Limestone, brown, and dolomite, interbedded with gray to black shale (cavings?) containing Tasmanites.

Marine fossils and fish remains present

Maceration No.

“Oriskany sand” (Sylvania sandstone).
Total thickness of section sampled, 2,080 ft.

LOCALITY 8

The Mounts No. 1 well was drilled by W. C. Adair
and Co. (cable tool) about 3.2 miles south of Logan
and 0.5 mile east of Scott Creek, Falls township, Zaleski
quadrangle, Hocking County, Ohio (NW14 SE14 SE1,
sec. 35, R. 17 W., T. 14 N.). Drilling began at an
elevation of 920 feet in rocks of Pennsylvanian age,
cuttings being recovered by bailer at intervals of 5 to

Lower Mississippian:

2, 188-2, 300

Depth
(feet)
2, 279-2, 291

15 feet, and terminated at a depth of 2,826 feet in
Silurian rocks. The stratigraphic sequence with which
this report is concerned is: Cuyahoga formation (lower
27 ft), Sunbury shale, Berea sandstone, and Bedford
shale of Mississippian age; Cleveland member of Ohio
shale, Chagrin shale, Huron member of Ohio shale, and
Olentangy shale of Late Devonian age.

Depth
Cuyahoga formation (lower 27 ft): (feet)
8. Shale, light- to medium-gray, containing spores, conodonts, scolecodonts, and crinoid stems________-___ 778-805
Depth
Maceration No. Description (feet)
148 el Light-gray shale. . ___ e 778-788
146 e ees Light-gray shale. .. .. e 788-800
Sunbury shale:
7. Shale, black to dark-gray, containing a few beds of light siltstone and quartz grains at base_____._____ 805-850
Depth
Maceration No. Description (feet)
___________________________________ Black to dark-gray shale 800-813
............................. Black shale_ ... _...___.. 813-824
................................... Black to dark-gray shale 824-834
Berea sandstone:
6. Sandstone, quartzose, very coarse to very fine grained. . __________________________ ... 850-890
Bedford shale:
5. Shale and siltstone,red, interbedded with gray shale, often in very thin laminae, containing carbonaceous
matter and spores. Carbonaceous matter in red beds often surrounded by gray reduction aureoles.
Few shell fragments at base_ _ ____ - 890-1, 010
Depth
Maceration No. (feet)
___________________________________ 884-893
_____________________________ 893-903
____________________________________ 920-935
_______________________________________ 935-044
_______________________________________ 944-952
_______________________________________ 952-962
972-979

593123 0—62——3
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Upper Devonian:
Ohio shale:
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Depth
Cleveland member: (feet)
4. Shale, black to brown, containing abundant Tasmanites and a few conodonts_.____._____________ 1, 010-1, 044
Depth
Maceration No. Description (feet)
B389 e Black shale containing Tesmanites. . _____ . _________..__ 1,007-1, 015

Chagrin shale:

3. Shale, light- to medium-gray, interbedded with some dark-gray shale, especially near base and with light-

gray siltstone in upper 30 ft.

Depth

Maceration No. Description (feet)
Unmacerated sample._ ______________ Triletes e e e e 1,064-1, 078
390.-.- Gray silty shale containing Tasmaenites . _________ . 1,078-1, 088
391 Gray shale containing Dicrospora spores_.___ .. ____._______.__ o= 1,117-1,129
392 Dark- to medium-gray carbonaceous shale, containing spores.________._____ oo 1,137-1,143
393 Dark-gray shale containing Tasmanites 1,209-1, 221

Tasmanites. .. ..o 1,233-1, 241
394 Medium-gray shale containing Tasmanites. - oo oo 1, 282-1, 290

Ohio shale:
Huron member:

2. Shale, black, dark-gray and light-gray. Black shale most prominent in upper 15 ft and in lower 255

ft. Conodonts present at top and fish fragments scattered throughout.
Foerstians and thin calcareous shales from 1,430-1,571 ft____________

abundant in basal 200 ft.

Maceration No.

Olentangy shale:

1. Shale, light- to medium-gray and blue-gray interbedded with calcareous shale and buff limestone. Black
to brown shale in basal 30 ft. Tasmanites abundant, ostracodes and erinoids present ______________ 1, 755~1, 900
Depth
Maceration No. Description (feet)
400 e Medium-gray shale and black shale

Middle Devonian rocks.
Total thickness of section examined for samples, 1,122 ft.

LOCALITY 9

Samples were taken of the Bedford shale exposed
in the Claycraft Co. clay products pit 1.25 miles east
of the juncture of Morrison Road and State Route 317,
east of Big Walnut Creek, Jefferson Township, East
Columbus quadrangle, Franklin County, Ohio (SE14
NW1SW1, T. 1 N, R. 16 W.). Additional samples
were taken of the Bedford shale, Berea sandstone, and
Sunbury shale along Rocky Fork, 1.25 miles east of
Gahana, Jefferson Township, Westerville quadrangle,
Franklin County, Ohio (S14SW14NW14, T. 1 N,
R. 16 W.).

Stauffer, Hubbard, and Bownocker (1911, p. 220-221)
give a composite section of the stratigraphic units in
this locality along Rocky Fork from its juncture with
Big Walnut Creek to the upper part of the tributary
which flows through New Albany. Their section is
adopted, in part, as no attempt was made to measure
the section when the collections were made.

Dark-gray shale containing Tasmanites_ ... __________
Medium-gray shale containing foerstians____
Black shale containing foerstians___________________
Black shale containing foerstians and Tasmanites.__
Tasmanites...._.._..
Interbedded black and light-gray shale containing Tasmanites

Tasmanites .. _._.________._

Tasmanzites especially

Description ( feet)

Lower Mississippian:
Cuyahoga formation :
Sunbury shale:

12. Covered unit____
11. Shale, black, fissile, iron-stained. Brachio-
pods, conodonts, and fish plates abundant
in basal few inches. Basal 8 in. included
in maceration 151_______________________

Contains spores, carbonaceous matter, some conodonts and Tasmanites-_ 1, 044-1, 290

1, 290-1, 755

Feet
10.0

Total thickness of Sunbury shale__.____

Berea sandstone :
10. Sandstone, massive, ripple marked. Lami-
nated siltstone and sandstone 12.3 ft below
top included in maceration 317__________
9. Sandstone, fine-grained, interbedded with
shales, ripple marked____________________
8. Shale, gray, arenaceous, interbedded with
sandstone_ . _______ ____________________
7. Zone of convolute bedding. Light sandy
siltstone, crossbedded, from basal 6 in,,
included in maceration 315______________

17.5

8.5

Total thickness of Berea sandstone_._.

39.0




MICROFOSSIL OCCURRENCE

Lower Mississippian—Continued
Bedford shale:

6. Shale, blue, argillaceous, arenaceous toward
top, soft. Dark-gray shale from upper 6 in.
included in maceration 318; arenaceous
ripple marked shale 10 ft below base of
Berea sandstone included in macerations
316 and 319; gray shale 20 ft below base
of Berea sandstone included in maceration

Feet

38.6
8.0

[

. Shale, mottled-gray, argillaceous, soft_______
4, Shale, red to reddish-brown, fissile.
shale at base of unit included in macera-

25.5
3. Shale, blue, argillaceous, fissile, soft. Blue
shale at top of unit included in maceration

2. Shale, blue, argillaceous, very fossiliferous
near base________________ .
1. Shale, dark-bluish-brown, soft, sparsely
fossiliferous - _______________ .3

Total thickness of Bedford shale______

Lower Mississippian:
Bedford shale.
Upper Devonian:

AND DISTRIBUTION 21

Upper Devonian:
Ohio shale.

LOCALITY 10

The Chillicothe test core was drilled 2.5 miles south-
west of Chillicothe, northeast corner Huntington Town-
ship, Roxabell quadrangle, Ross County, Ohio (lat 39°
1757 N., long 83° 01°05”” W.). Test coring began at
an elevation of 880 feet south of Paint Creek, penetrat-
ing Sunbury shale, Berea sandstone, and Bedford shale
of Mississippian age; Ohio shale and Olentangy shale
of Late Devonian age; and Columbus limestone of
Middle Devonian age. Coring terminated in rocks
of Silurian age at 577 feet. Descriptions and inter-
pretations of the beds cut by the core are given by Car-
man (1947, 1955).

Of the available core, only parts of the Ohio and
Olentangy shales, 440 feet in total thickness, were
examined,

Ohio shale:
2. Shale, black to brown, interbedded with Jight-gray shale. Darker shale and calcareous beds prominent Depth
near top. Lingula present near top and at several lower horizons. Foerstians present from 320-376.75 (feet)
ft. Tasmanites abundant_ ______ . 124. 25-500. 5
Depth
Maceration No. Description (feet)
807 e e e Black shale containing Tasmanites. - . e 125.25
08 o e Blue-gray shale containing Tasmanites ...« .. 218
309 Dark-gray shale containing Tasmanites. .. . aen. 399.25
. 2 Light-gray shale containing Tasmanites 466.3
Olentangy shale:
1. Shale, blue-gray, interbedded with brown to black shale, especially in basal 5 ft. Lingula present at
base. Tasmanites abundant___ . __ __ 500. 5-564. 5
Depth
Maceration No. Description (feet)
21 U Black shale containing Tasmanites . - e ceaaeaee 563

Middle Devonian:
Columbus limestone.

MISCELLANEOUS SAMPLES

A number of samples of Pleistocene till from the
Great Lakes region were examined for their content of
secondarily deposited Devonian and Mississippian age
plant spores and Zasmanites microfossils.

Samples of black shale of Late Devonian age from
States adjacent to Ohio were examined for 7 asmanites.

The following additional samples of Columbus lime-
stone of Middle Devonian age were macerated and ex-
amined: Core chips of black shale partings from
Marblehead Peninsula on Lake Erie; limestone from
the upper part of the formation from Bellevue quarry,
south of Sandusky, Ohio, and Marblehead peninsula.

MICROFOSSIL OCCURRENCE AND DISTRIBUTION
STRATIGRAPHIC OCCURRENCE

MIDDLE DEVONIAN STRATA

Only a few microfossils have been recovered from
marine Middle Devonian beds (miscellaneous samples
and loc. 7): Tasmanites sinuosus and Cirratriradites
sp. A. The latter was noted only in well cuttings.
Tasmanites or Tasmanites-like microfossils were previ-
ously known to occur in the Middle Devonian lime-
stones (oral communication, C. H. Summerson, 1955).
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Although the present writer did not find Dicrospora
represented, one spore, possibly referable to this genus,
was found by J. W. Wells (written communication,
1955) in the Columbus limestone.

UPPER DEVONIAN STRATA

The Olentangy shale is almost devoid of land-plant
spores. Dicrospora multifurcata and Cirratriradites
sp. A are sparsely represented only in well cuttings from
locality 8. Zasmanites, however, is represented abun-
dantly, especially by some of the thick-walled dis-
seminules of 7'. Auronensis, 7. sp. A, and 7'. sommert.
Only a few hystrichosphaerids are present. Thus, in a
depositional environment that Wells (1947) considers
as normally saline and below wave base, Tasmanites is
dominant.

Microfossil assemblages in the lower part of the Ohio
shale, or lower part of the Huron member where differ-
entiated, usually contain many thick-walled dissemi-
nules of Zasmanites sommeri. T'. sinuosus is commonly
dominant. Several dicrosporoid spores are present
below the foerstian zone.

Foerstian remains occur within the lower part of the
Ohio shale, or Huron member, throughout a zone rang-
ing from 60 to 150 feet in thickness (fig. 3), a zone
remarkably persistent in lateral extent and possibly
representing a correlative time zone. The shales in this
zone are characterized by thin interbedded calcareous
shale or silty limestone. Foerstian thalli generally ap-
pear as ovate or lobate black carbonaceous flakes marked
by prominent cellular reticulation. They occur, singly
or in masses, along bedding planes in light- to dark-gray
shale or silty shale interbedded with black shale.
Tetrads of trilete foerstian spores are commonly present
in contact with or enclosed by the thalli, but isolated
foerstian spores were not found in any of the macerated
samples taken from the foerstian zone. Associated
microfossils include hystrichosphaerids, a few dicro-
sporoid spores, and Zasmanites. Tasmanites, how-
ever, is generally not as abundantly represented as in
the beds below and above this zone, nor is it intimately
associated with the foerstian thalli.

Hystrichosphaerids arve commonly found in the
Huron member above the foerstian zone. Hystrichos-
phaeridium ohioensis and IH. trispinosum become
abundant in the uppermost beds of the Huron member
or its equivalent. Dicrospora porcata and Cirratrirad-
ites sp. A are also represented in the uppermost part
of the Huron member.

Discrosporoid spores and other land-plant spores
first occur abundantly in the Chagrin shale, especially
at localities 6 and 8. Dicrospora multifurcata, D. por-
cata, and D. amherstensis? are present throughout the
shale, but are more abundantly represented, occurring

OHIO OHIO
SOUTHERN NORTHERN
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NN
Bedfor;l shale
~1 Cieveland
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b@.".‘ \Ohiovshale
o :
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| Bedford shate | Tongue of
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FIeURE 3.—Diagrammatic columnar sections at four localities in Ohio,
showing the stratigraphic position of foerstian remains. Note thick-
ening of Upper Devonian rocks toward northern Ohio,

with D. multifurcata var. impensa, in the upper beds of
the Chagrin shale.  Spores of Endosporites chagrin-
ensis are the most conspicuous and persistent of the
smaller spores in lateral distribution (fig. 4). Cir-
ratriradiles sp. A is also present and spores of Rad-
forthia radiate occur sporadically. Small spores that
first occur infrequently in the upper beds of the Chagrin
shale are those of: Calamospora, Grandispora, Reti-
culatisporites crassus, and Canthospora cracens. A few
rather poorly preserved megaspores and vascular frag-
ments, sometimes abundant, were found in some of the
samples of Chagrin shale. Disseminules of 7asmanites
séinuosus are abundant in some beds of the Chagrin
shale, but they do not occur in abundance in association
with large numbers of land-plant spores. Hystricho-
sphaerids are present in samples containing abundant
Tasmanites. At some places, they are abundant in
samples containing land-plant spores, but generally
they are scarce wherever land-plant spores are abun-
dant. Hystrichosphaeridium trispinosum and Micrhy-
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stridium sp. A occur most abundantly in the lower
beds of the Chagrin shale, but are present throughout
the shale. Hystrichosphaeridium ohioensis and H. cf.
H. longispinosum are also present throughout the shale.

Where the shale of the Cleveland member, the upper
member of the Ohio shale, is dense and black (locs.
1, 2, and 8), it contains very poorly preserved spores
but abundant well-preserved 7'asmanites. In contrast,
the Cleveland member at locality 6 contains abundant
land-plant spores, hystrichosphaerids, and some 7'as-
manites. Endosporites chagrinensis occurs abundantly
in the Cleveland member at locality 6, whereas £. lacu-
nosus occurs in the Cleveland member at locality 1.
Although spores of £. lacunosus are very abundant in
the upper 2 inches of the shale, which may actually
represent the lowermost part of the Bedford shale (see
comment under discussion of loc. 1), only one spore

of this species was found in lower beds of the Cleve-
land member. The spores of these two species of
Endosporites have not been observed to occur together.
The known occurrences and intervals of greatest
abundance of the two species are indicated on figure 4.
The upper limit of £. lacunosus is not indicated be-
cause of the lack of control samples in overlying beds
at localities 1,2, 3, 8, and 9.

The following are present in the Cleveland member:
Cirratriradites sp. A, Reticulatisporites crassus, Can-
thospora cracens, Reticulatisporites? fimbriatus var.
spathulatus, Radforthia radiata. Megaspores of 7'ri-
letes catenulatus and spores of Dicrospora porcata,
D. multifurcata, and D. multifurcate var. impensa are
also present. Hystrichosphaeridium trispinosum and
H. ohioensis are sometimes abundant and H. cf. H.
longispinosum and Micrhystridium sp. A are some-
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times present in the Cleveland member. Zasmanites
sinuosus disseminules are often abundant and well
preserved in comparison to the land-plant spores in
the dense black shalg of the Cleveland member. A
few very poorly preserved larger and thicker walled
disseminules of 7asmanites are present in the upper
2 inches of the Cleveland member at locality 1.

Wells (1947) postulates that the Ohio shale was
deposited below wave base in muddy brackish water,
poorly aerated at depth, and that the plant and fish
remains were drifted in by the streams of Cincinnatia.
The types and distribution of land-plant microfossils
found at the localities sampled during this investiga-
tion do not reveal any indication of a western or south-
western source area.

LOWER MISSISSIPPIAN STRATA

The microfossil assemblages of the lower part of
the Bedford shale are strikingly different in aspect
from older assemblages in that larger plant micro-
fossils, such as megaspores, the larger spores of Dicro-
spora, and tracheid fragments, are very abundant,
especially at localities 1, 2, and 3, closest to the source
area of the delta phases of the Bedford shale. At other
localities only isolated specimens or fragments of the
larger microfossils have been observed. The Bedford
shale in northern Ohio also contains a greater abun-
dance of plant microfossils than the underlying Cleve-
land member. Southward this contrast disappears.
In general, however, the upper beds of the Bed-
ford shale at all localities sampled contain abundant
small spores.

Commonly the following are represented in the Bed-
ford shale in northern Ohio: 7'riletes aries, T. auri-
tulus, T'. catenulatus, T. catenulatus var. marginatus,
T. cervicornis, T. globulus, vascular fragments and
fragments interpreted as sclerenchymatous “nests.”
The megaspores of 7. catenulatus and T'. globulus are
usually very common. The sclerenchymatous “nests”
are especially abundant in the upper part of the Bed-
ford shale. Spores of Dicrospora, particularly the
larger ones, are also present in the Bedford shale. The
following species based on small spores are usually
abundantly represented in the Bedford shale: C'ir-
ratriradites  hystricosus, Endosporites lacunosus,
E.% crassaspinosus, and Reticulatisporites? fimbria-
tus. Cirratriradites hystricosus is represented in the
Bedford shale at every locality. Small spores of
Endosporites lacunosus are the most abundant and con-
sistently occurring spores in the Bedford shale (fig.
4). Very abundant isolated spores and sporangial
masses of this species are present at localities 1, 2, and
3. This is further avidence that the Bedford shale
in the Cleveland area was closer to land and the site

of plant growth than the Bedford shale at any of the
other localities. Z£.? pseudoradiatus is commonly
represented in the Bedford shale at most localities and
apparently restricted to this shale. Spores of the
following species are present in the Bedford shale:
Lycospora? sp. A, Cirratriradites sp. A, C. sp. B, Den-
sosporites sp. A, D? sp. B, Reticulatisporites? fimbri-
atus var. spathulatus, R. crassus, Punctatisporites cf.
P. nitidus, Cyrtospora clavigera, Canthospora patula,
0. cracens, Convolutispora tuberosa, C. sp. A, Anapi-
culatisporites? retusus, and Radforthia radiata.
Spores of Laevigatosporites and Calamospora are rare.
Rare abraded large and rather thick walled Tasmanites
disseminules are present in the Bedford shale in north-
ern Ohio. Tasmanites sinuosus, Hystrichosphaeridium
trispinosum, H. cf. H. longispinosum, and H. ohioensis
are present in the Bedford shale at some localities south
of the Cleveland area.

Plant fragments are generally not as abundant in the
red as in the gray Bedford shale, but where spores or
other plant materials occur in the red shale, the frag-
ments are surrounded by gray reduction aureoles.
This conforms with observations of Pepper, de Witt,
Demarest (1954) that suggest sediments which made
up the Bedford shale were originally derived from up-
land red soils which were reduced to gray muds only
where deposited in a reducing environment (that is, de-
posited with an abundance of decaying plant material).

The content of the microfossil assemblages in the
Berea sandstone is not as uniform from one locality to
another as is that of the assemblages of the Bedford
shale. Microfossils were found only at localities 5 and
9. The sandstone at locality 5 contains carbonaceous
layers (pl. 2, fig. 1) and megaspores of 7'riletes auritu-
lus, T. catenulatus, T. cervicornis, T. globulus (rare),
T. aries (rare), 7.% sp. B. and Dicrospora amhersten-
sis. Many fragments of vascular tissue and scleren-
chymatous “nests” occur with megaspores. Many
isolated small spores and sporangial masses of Z'ndo-
sporites lacunosus characterize the sandstone at locality
5. Other small spores present are those of Lycospora?
sp. A, Endosporites? crassaspinosus, Calamospora ob-
tecta, Reticulatisporites crassus, Laevigatosporites,
Cyrtospora clavigera, Canthospora cracens, and Ana-
piculatisporites? retusus. Species present in the Berea
sandstone at locality 9 are: E'ndosporites lacunosus, £
erassaspinosus, Dicrospora porcata, Reticulatisporites?
fimbriatus, B. crassus, Verrucosisporites depressus, and
Canthospora patula. A few disseminules of Zasma-
nites sinuosus, Hystrichosphaeridiwm ohioensis, and
Micrhystridiwm sp. A are present in the sandstone at
locality 9. Very few species are present in the Berea
sandstone that are not also present in the Bedford
shale.
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The distributional pattern and the similarity of the
microfossil content of the Bedford shale and Berea
sandstone agree well with Pepper, de Witt, and Demar-
est’s (1954) interpretation of these sediments as a
genetically related wedge of sediments representing a
cycle of deposition during an oscillation of the land
and sea between two periods of quiesence. The deltaic
phases, at least, originated mainly from a northern
source area.

The distribution of microfossils in the Sunbury shale,
as shown on plate 23, may be somewhat misleading.
It is likely that more species are present than have been
noted during this study. Well-preserved and identifi-
able microfossils are rather rare, and finely divided or-
ganic matter tends to obscure the forms that are present
in the maceration residues. Only the following have
been identified from the Sunbury shale: (irratriradites
sp. A, E'ndosporites? crassaspinosus, Radforthia radi-
ata, Densosporites? sp. B, Verrucosisporites depressus,
Cyrtospora clavigera, Convolutispora tuberosa, C. sp.
A, Anapiculatisporites? retusus. Neither Dicrospora
nor hystrichosphaerids were noted in this formation.
The black shale of the Sunbury probably represents
the slow deposition of an organic mud in a shallow
somewhat stagnant sea which had inundated the
Bedford-Berea delta and the stream channels which
had carried these sediments (Pepper, de Witt, and
Demarest, 1954). Such a depositional environment ac-
counts for the scarcity of all but the smallest of plant
microfossils. Tasmanites, so abundant in Upper De-
vonian beds and supposedly having a similar deposi-
tional environment, is notably absent.

Microfossils of the lowermost shales of the Cuyahoga
formation (locs. 6 and 8) are similar to those of the
Sunbury shale, except for the absence of Verrucosis-
porites depressus and the recurrence of spores found in
the Bedford shale and Berea sandstone, such as those
of E'ndosporites lacunosus, Reticulatisporites crassus,
and Canthospora cracens. T'riletes catenulatus var.
miéwtus is also present. One specimen of 7asmanites
sinuwosus was found at locality 6. Very few plant
microfossils occur in the beds of the lower part of the
Cuyahoga formation that contain marine fossils.

The assemblages in the upper part of the lower half
of the Cuyahoga and Black Hand formations (undiffer-
entiated) are characterized by abundant megaspores of
Triletes catenulatus var. miztus and 7. variabilis. 1.
aries is sparsely represented. Small spores of C'yrtos-
pora clavigera are very abundant. Also represented
are Reticulatisporites crassus, B.? fimbriatus, Anapic-
ulatisporitest retusus, and Densosporites sp. A.

The upper half of the Cuyahoga and Black Hand
formations (undifferentiated), as well as the Logan
formation, contains an abundance of plant microfossils.

The assemblages of the few samples taken from the
upper part of the Cuyahoga and Black Hand forma-
tions (undifferentiated) are characterized by abundant
small spores of Endosporitest crassaspinosus and Ciér-
ratrivadites hystricosus, and by Granulatisporites
loguni. The occurrence of Granwlatisporites logani is
the oldest record of spores definitely referable to the
genus Granulatisporites (in the sense of, Schopf,
Wilson, and Bentall, 1944), although these spores are
larger and bear stouter ornamentation than most spores
previously referred to the genus. Also represented are
Reticulatisporites? fimbriatus and Densosporites sp. A.
Large spores of 7'riletes catenulatus var. marginatus?,
T. catemwlatus var. mixtus, and 7. variabilis, partic-
ularly those of the latter two, dominate the megaspore
assemblage.

Although the Cuyahoga and Black Hand formations
(undifferentiated) were deposited in a marine environ-
ment, deltaic in part, Hyde (1953) inferred that some
of the beds were deposited very close to shoreline. The
presence of abundant megaspores in some of these beds
would seem to support this inference.

The Logan formation was deposited under more uni-

| form conditions than the Cuyahoga formation and the

lower part of the Black Hand formation. Hyde (1953)
notes that his Allensville member of the Logan forma-
tion (part of the Black Hand formation, this report)
represents deposition from an eastern source after gen-
eral shoaling of the region, and that, in contrast, his
Vinton member (the Logan formation, this report)
was deposited in much quieter deeper water. However,
the samples investigated, probably from the Logan
formation contain abundant megaspores which again
indicates closeness to shoreline. The Logan formation
is characterized by abundant spores of Punctatispo-
rites? logani and by the rather robust megaspores of
Triletes triquetrus. Also abundantly represented are
Cirratriradites hystricosus, Endosporites? crassaspin-
osus, and Granulatisporites logani. Less abundantly
represented are 7'riletes wariabilis, Densosporites sp.
A, Punctatisporites cf. P. nitidus Hoffmeister, Staplin,
and Malloy, and some spores similar to others of Punc-
tatisporites described by these authors from Upper
Mississippian strata of Ilinois and Kentucky. The
assemblages from the Logan at locality 7 contain spores
similar both to those of earliest Mississippian age and
to those of Late Mississippian age, but they nevertheless
appear to be distinguishable.

GENERAL NATURE OF FLORAS
REVIEW OF MEGAFOSSIL EVIDENCE

The information as to the composition of Upper
Devonian and Lower Mississippian floras in North
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America has been based largely on evidence from
megascopic fossils; that is, fronds, stems, and larger
plant parts. White (1909) believed that the Upper
Devonian flora, characterized by Archoeopteris, showed
little evidence of climatic contrast with that of the
Middle Devonian and developed or evolved mainly in
eastern North America or in the Arctic region. Accord-
ing to Arnold (1939) the Devonian lycopods are too
poorly preserved to permit exact comparison with the
Mississippian forms from the Pocono formation, al-
though these appear to bear greater resemblance to one
another than the corresponding ferns or pterido-
sperms(?). Krausel and Weyland (1941) have more
recently reviewed the composition of Upper Devonian
floras in North America.

The transitional Devonian-Mississippian petrifac-
tion flora, described by Cross and Hoskins (1952) and
Hoskins and Cross (1952), from the upper part of the
New Albany shale in central Kentucky and southern
Indiana, includes an unique and diverse assemblage of
plants of fairly restricted stratigraphic range. Promi-
nent constituents of this flora (Cross and Hoskins,
1951) are the Calamopityeae, Pityeae, and some genera
of uncertain affiliation. Cordaitaleans, filicaleans, cala-
miteans, and lycopsids are present. Possibly other
types are sparsely represented. This flora is similar to
neither Devonian nor Mississippian floras as generally
recognized. The exact age relation of the Falling Run
member of the Sanderson formation of Campbell
(1946), in which these petrifactions are found, to the
Bedford shale and basal part of the Pocono formation
is not known with certainty.

The Lower Mississippian flora contrasts sharply with
that of the Upper Devonian in most regions. The flora
of the Catskill formation of Middle and Late Devonian
age 1s characterized by Archaeopteris, whereas the
lower part of the Pocono formation of Mississippian
age is characterized by a flora dominated by Adiantites
and the upper part of the Pocono formation and the
Price sandstone are characterized by an abundance of
Triphyllopteris (Read, 1955). Arnold (1948a) notes
the absence of sigillarians and cordaites and rare
fragmentary occurrences of calamiteans. It is possible
that this contrast between Upper Devonian and Lower
Mississippian floras may be due, in part, to changes
in climate and sedimentation that attended the post-
Devonian orogeny which produced the eastern uplands
and bordering coastal plains (White, 1934).

Read (1955) states that the meager available evi-
dence suggests that the post-Pocono Mississippian
floras may be distinet from those of the Pocono and
Price formation.
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INTERPRETATION BASED ON MICROFOSSILS

The present study confirms Dawson’s (1888) early
obeservations regarding the variety of species repre-
sented by microfossils in the Bedford shale. How-
ever, a great variety of species represented by micro-
fossils, in contrast to Dawson’s observations, is also
present in the Ohio and Chagrin shales. The results
of the present study seem to support Dawson’s opinion,
based on evidence shown by plant megafossils, that
there exists in strata in Ohio a transitional Devonian-
Carboniferous flora.

The variety and abundance of plant microfossils,
especially spores, in rocks of Late Devonian and Early
Mississippian age indicate the diversity of the then
existing floras. In the sequence examined in Ohio, no
great variety appears below the Chagrin shale or its
age equivalents (pl. 23). However, studies in other
areas (for example, in the Russian platform
[Naumova, 1953]) have revealed an extensive variety
of spore types occurring throughout rocks of Late
Devonian age.

Unfortunately, the affinities of only a few of the
spores of Late Devonian age from Ohio can be sug-
gested. The presence of herbaceous and arborescent
lycopods is indicated by spores of Cirratriradites,
T'riletes, and possibly Endosporites; sphenopsids are
represented by spores of Calamospora and possibly
Reticulatisporites. The alliance of Dicrospora, Punc-
tatisporites, Canthospora, and other types not described
in the present study, is unknown. However, Punctati-
sporites, in part, may be allied with the Filicales. Oc-
casionally vascular tissue and minute stems are the only
microfossils, except for Zasmanites, found in macera-
tion residues of Upper Devonian dark shales. How-
ever, the vascular fragments of Callizylon, known from
Upper Devonian megafossils, were not recognized in
Upper Devonian maceration residues.

An extremely varied plant microfossil assemblage
appears in the Bedford shale of Early Mississippian
age (pl. 23). The present writer believes that this
assemblage does not necessarily signify an evolutionary
spurt among plants, but rather is indicative of near-
ness to shoreline and of stronger stream velocities in-
volved in deposition of the sediments that formed the
Bedford shale. Indeed, Pepper, de Witt, and Demarest
(1954, p. 99) postulate heavy precipitation (with conse-
quent abundance of vegetation) in the highlands of
northeastern Canada, the source area of most of the
Lower Mississippian sediments of the Bedford and the
Berea. Some of the variation between Upper Devo-
nian and Lower Mississippian plant microfossil assem-
blages may be the result of the shift from a dominantly
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eastern source area, possibly maintaining a slightly
different plant population, to a dominantly northern
source area. However, some of the small spores of the
Bedford shale are very different from any observed in
underlying beds. It seems as though gradual diversifi-
cation of plant communities must account for some of
the distinctive spore types first occurring in the Bed-
ford shale. The large spores or megaspores are not
as uniformly distributed as are the small spores. Al-
though no megaspores of 7'riletes are present in beds
older than those of the Cuyahoga and Black Hand
formations (undiffereniated) at locality 7, megaspores
are known from older beds at other localities. Mega-
spores, because of their large size, are more restricted
to sites of deposition close to shoreline than are the
smaller spores. The absence of 7'riletes megaspores in
older beds at locality 7 cannot be due to the nonexist-
ence of heterosporous plants, but rather due to sedi-
mentary processes unfavorable to their deposition or, a
remote possibility, conditions unfavorable to their
preservation.

The Lower Mississippian flora consists of many types
of lycopods (represented by spores of 7'riletes, Lyco-
spora?, Cirratriradites, and possibly Endosporites),
sphenopsids (represented by spores of Calamospora and
possibly Reticulatisporites), and ferns (represented by
spores of Punctatisporites, in part, and possibly by
Granvlatisporites, Verrucosisporites, and Anapiculati-
sporites?). A number of other types of spores are
present, unknown as to affinity, that merely suggest a
varied flora. Vascular and cuticular fragments are
usually abundant in the Bedford shale, Berea sand-
stone, and younger beds. In general the spore assem-
blages found in the Bedford shale and Berea sandstone
are different from those found in the Cuyahoga and
Black Hand formations (undifferentiated), which in
turn are different from those found in the Logan forma-
tion. Whether or not these differences are caused by
evolutionary changes, ecologic changes in plant com-
munities, or by a combination of these factors, which
seems most probable, cannot be stated. Some of the
variation may be caused by the change from a domi-
nantly northern source area during deposition of the
Bedford and Berea formations to a dominantly eastern
or southeastern source area, for at least southern and
central Ohio, during deposition of the Cuyahoga, Black
Hand, and Logan formations.

A comparison of the spore assemblages described
from the Upper Devonian by the present writer with
those of comparable age described from other parts of
the world reveals many similarities in spore types. For
example, dicrosporoid spores are reported from Middle
and Upper Devonian rocks in many areas and Calamo-

spora spores are reported from Devonian rocks of other
areas (Naumova, 1953; Hoffmeister, Staplin, and Mal-
loy, 1955a). In spite of general similarities, compari-
son of the few described forms found in the Upper
Devonian of Ohio with, for instance, those from the
Upper Devonian of Russia reveals none that appear to
be conspecific. Thus, uniformity, in the strictest sense,
of Upper Devonian floras is not indicated. Because of
the lack of published information, comparison of the
Lower Mississippian spore forms found in Ohio rocks
with those from other areas is not yet possible.

SUMMARY

Abundant plant or sporelike microfossils are present
in Upper Devonian rocks in Ohio. Those derived
from land plants are associated with the silty gray
Chagrin shale which was derived mainly by sedimenta-
tion from an eastern source area. Spores of land
plants are notably abundant at locality 6 in northeast-
ern Ohio and at locality 8 in south-central Ohio. They
are present at locality 7 even though the Chagrin shale
at this locality is not lithologically definable. How-
ever, at locality 10, Upper Devonian rocks contain very
few microfossils of land-plant derivation (fig. 1).

Tasmanites is evidently not related to the terrestrial
vegetation but its affinity is still a question. It is
characteristic of the black thin-bedded euxinic marine
facies of the Ohio shale, but it seems to be absent from
the Sunbury shale of similar lithology. Disseminules
of Tasmanites also are lacking or sparsely represented
in at least a part of the Chagrin shale, even though the
gray silty facies is not characteristically differentiated,
as at locality 10. They are not present in deposits of
direct continental derivation, such as the channel sand-
stones of the Berea. Z7asmanites seems always to be
associated with marine or brackish facies within the
Chagrin shale, Bedford shale, or Berea sandstone.
Spores of land plants are lacking or poorly represented
in these occurrences. Probably Tasmanites represents
a group of planktonic or nektonic organisms that flour-
ished in the epilimnion in marine or brackish water.

Common occurrences of the hystrichosphaerids were
first noted in the foerstian zone, although rare speci-
mens were found below this zone. They may occur
with an abundance of Zasmanites but are most com-
monly associated with land-plant remains, although not
with the most abundant occurrences of land-plant re-
mains. Possibly the hystrichs represent brackish-
water planktonic organisms.

The foerstians evidently are characteristic of marine
deposits and are unusual in being restricted within a
zone in the black euxinic facies of the Ohio shale. The
significance of their narrowly restricted stratigraphic
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distribution, in a zone in constant relative position to
established conodont zomes, is at present unknown.
The great lateral extent of foerstian remains and their
rare association with land-plant spores or abundant
hystrichosphaerids suggest that the foerstians floated
sargassumlike in a pelagic, rather than littoral, envi-
ronment. Overturn of poorly aerated bottom water,
possibly during storm periods, could account for the
introduction of extensive masses of well-preserved
plant material into the bottom environment.

The greatest concentration of land-plant remains in
lowermost Mississippian rocks in northern Ohio indi-
cates a northern source area for these sediments. More-
over, a northern source area has already been postulated
on the basis of geologic evidence (Pepper, de Witt, and
Demarest, 1954). Near-shore conditions are also in-
dicated by abundant plant remains in some beds of the
Cuyahoga, Black Hand, and Logan formations. In
contrast to the Upper Devonian occurrences, hystricho-
sphaerids and Zasmanites, with few exceptions, seem
to be absent or much less common in beds of Early
Mississippian age.

Although many problems, especially those relating to
environmental or ecological interpretation, remain un-
solved, a wealth of potentially valuable paleontologic
data can be found in these rocks.

SYSTEMATIC DESCRIPTIONS

Plant Kingdom
Subkingdom EMBRYOPHYTA
Division TRACHEOPHYTA
Subdivision LYCOPSIDA
Class LYCOPODINEAE
Order and Family UNCERTAIN

Genus TRILETES (Bennie and Kidston, 1886) ex Zerndt, 1930*

Plates 3, 4, 5, 6; plate 7, figures 1(?), 1a(?), 1b(?), 2-7; plates
8, 9; plate 17, figures 10-12; plate 19, figures 9, 9a, 10, 11;
and figure 5

Type species—Triletes glabratus Zerndt, 1930
(=T'riletes 1 Bennie and Kidston, 1886).
Description—Megaspores radially  symmetrical,

proximal sides marked by a prominent triradiate su-
ture, often with arcuate ridges or a flange connecting
the ends of the rays. Spore coat smooth or variously
ornamented ; ornamentation generally more developed
distally. Spores generally large, some exceeding 3 mm.
Megaspore coats adapted to protection and dissemina-
tion of megagametophytes and other aspects of repro-
duction that characterize ancient free-sporing lycopsids.

Discussion—The author prefers to use the preceding
interpretation of 7'riletes that is adhered to by most

4+ This citation was suggested to the author by J. M. Schopf, who now
believes that it accurately reflects the true nomenclatural status of

Triletes when that name is applied to a taxon of generic rank.
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of those who have studied fossil megaspores, rather
than the interpretation recently given by Potonié and
Kremp (1954). They use the name 7'riletes to desig-
nate a division of their sporomorphic system and in-
clude in it all trilete-type isospores, microspores, and
megaspores that lack auricles, equatorial rims, flanges,
or bladders. This does not conform with any natural
grouping of plants and does not seem as suitable as
the usage followed by Seward, Bartlett, Zerndt, Harris,
Schopf, Cross, Arnold, Dijkstra, Kalibova, Chaloner,
Surange, Srivastava, Singh, and others since Bennie
and Kidston (1886).

Sections of Triletes.—Schopf (1938) proposed that
certain groups of species be allocated within four sec-
tions based on comparative spore morphology and other
evidence that suggested lines of intrageneric alliance
or affinity. Kidston’s informal groups Apiculati and
Zonales were discontinued because they are expressive
of arbitrary distinctions that transgress natural rela-
tionships. They are based on characters that have
developed independently on several occasions in groups
of diverse relationship. Schopf, Wilson, and Bentall
(1944) did not make a sectional assignment of all
species of 7'riletes, though they did note the sectional
affiliation for a few additional species.

Dijkstra (1946) included the species of Schopf’s sec-
tion Auriculati under the section Aphanozonati and
reinstated the Zonales of Bennie and Kidston as a sec-
tion. He continued the use of the sections Lagenicula
and Triangulati.

Chaloner (1953a) discussed the section Aphanozonati
and described a group of originally saucer-shaped
spores (7riletes mamillarius and 7'. glabratus) origi-
nating from a Mazocarpon type of sporangium, hence
of Sigillarian affinity. He split the section Aphanozo-
nati into the Aphanozonati, in the strict sense, and
Mazospora, new section. Although his approach to
the problem of determining original spore shape is
indeed a contribution, his new section Mazospora does
not seem to be taxonomically valid. Chaloner based
the new section on the two species for which the section
Aphanozonati was originally constructed. Therefore,
Aphanozonati, in the strict sense, is equivalent to Mazo-
spora and holds priority over the latter. It would be
plausible to describe another section for those spores
which are not concavoconvex or planoconvex and which
are now included in the Aphanozonati in its more gen-
eral usage.

The following paragraphs give a résumé of the four
sections of 7riletes as given by Schopf (1938, p. 24)
who describes the section Aphanozonati as:

# * * gpores large; round or oval. Zonal appendages lacking ;

arcuate ridges usually present. Trilete structures moderately
proportioned, lacking strong apical prominence, and usually
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occupying about half of the area of the proximal “hemisphere”
(planimetric measurement). Spore coat generally thick. Sur-
face ornamentation variable, sometimes extremely apiculate.

Spores of the section Auriculati are of medium size,
axially shortened, with a generally subtriangular or
trilobate form due to the expansion of the spore coat
opposite the trilete radii. Flange may be moderately
developed in the interradial areas. The rays are long,
extending from apex to equator. Generally the spore
coat is nearly opaque and relatively thick.

Schopf (1938, p. 31, 32) describes spores of the sec-

tion Triangulati as:
* * * of medium size or somewhat smaller. Spore body usu-
ally round to oval; zonal appendages, when present, sometimes
radially extended lending a triangular appearance. Such
zonal appendages usually are somewhat membranous, thinner
than the spore coat proper. Arcuate marking or equivalent
zonal structures commonly present near the true equator of
the spore body. Trilete rays generally long in proportion to
body size. Surface smooth or variously ornamented by
reticulation.

Selaginellites is known to have similar megaspores,
and it was suggested that the Triangulati are allied
with some of the herbaceous heterosporous lycopods.
Chaloner (1954a) confirmed the general equivalence of
the Triangulati and the herbaceous lycopods (Selagin-
ellites). More recently Hoskins and Abbott (1956)
described a bisporangiate lycopsid strobilus containing
megaspores of T'riletes triangulatus-type and micro-
spores similar to Cirratriradites annulatus. Guennel
(1954) describes the morphology of spores of 7riletes
triangulatus in detail.

Lagenicula was originally proposed as a group by
Bennie and Kidston (1886, p. 114, 115) to include
megaspores of oval to circular outline (when laterally
compressed) provided with a necklike projection which
eventually splits into three subtriangular segments.
Schopf (1938, p. 27, 28), emending this description,
described these spores as being characterized by a gen-
eral change in the shape of the spore reflecting axial
extension and involving the apical segments whereby
the elongated and upraised apical flaps are more or less
distinctly set off from the lower part of the three
contact faces.

Schopf (1938) states there is no reason to doubt that
species of Lagenicula were produced by heterosporous
lycopods. Chaloner (1954b) notes that at least three
members of the Lagenicula section are believed to have
been borne by Lepidodendron and that there is no re-
liable report of their having been borne by a member
of any other genus.

Sectional affinity of Upper Devonian and Lower
Mississippian spores of Triletes—It is important to
note that the sections of 7'riletes have been based on
spores of Mississippian and Pennsylvanian age (Early

and Late Carboniferous of Europe and Asia), generally
of a younger age and that they consequently represent
plants different in character from those represented by
the spores described in this paper. Tt can be expected
that these Upper Devonian and Lower Mississippian
plants, as a whole, may show characteristics of sev-
eral of the sections of 7'7iletes and that any one species
may not correspond precisely with any one of the sec-
tions as they are now defined.

Spores of 7. auritulus n. sp. can undoubtedly be
referred to the section Lagenicula. These spores, how-
ever, show a hyperlageniculate development of the
apical prominence in relation to general body size.

The oldest spores described as Lagenicula I by Ben-
nie and Kidston were found in the Calciferous Sand-
stone a few feet above the top of the Upper Old Red
Sandstone in Scotland. These spores show a more
typical lageniculate development than do those lagen-
iculate spores described in this paper, except possibly
those found in the Logan formation of Ohio.

If distal spore coat ornamentation is considered as a
genetically controlled feature, then those spores show-
ing similarity in ornamentation or variations thereof
may be genetically related. Species described in this
paper as 7'riletes catenwlatus n. sp., 7. cervicornis n.
sp. 7. variabilis n. sp., and 7. triquetrus n. sp. all
possess the catenulate type of distal spore coat orna-
mentation or a variation of it and are probably related
botanically.

Spores of 7. catenulatus, T'. catenulatus var. mar-
ginatus, T'. cervicornis, and 7. variabilis possess apical
prominences that are quite high relative to spore body
size. These prominences correspond in configuration
to those shown especially well on plate 5, figure 5 and
plate 6, figure 2. The lips decrease in height gradually
from the proximal pole to about midway along the ray,
there decreasing rather abruptly to a low lip which
extends slightly beyond the margin of the body (pl. 5,
fig. 5). The prominence of 7'. triquetrus is of the same
shape but somewhat reduced in size. These related
spores possess apical prominences that are not basally
constricted like those commonly shown by spores typi-
cal of Lagenicula. Furthermore, the spore body varies
from distinctly oblate to spheroidal. The well-devel-
oped flange of 7'. catenulatus var. marginatus is similar
to that of 7. ¢riangulatus. 'Therefore, it seems that
spores of the above group have features in common
with spores of the Lagenicula, Aphanozonati, and
Triangulati sections. However, the spores of the cate-
nulate type from younger beds, 7. wariabilis and 7.
catenulatus var. miztus, show a tendency toward the
development of a constricted lageniculate apical promi-
nence. From this, one may infer that the catenulate
group preceded typical differentiation of the three sec-
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tions of 7'riletes. They are assigned to the section
Lagenicula because their alliance and evolutionary
tendencies seem most definitely alined in that direction.

Spores of 7. globulus n. sp. and 7. aries n. sp. also
pose a problem. Both spores possess apical promi-
nences which are unlike the typical lageniculate prom-
inence. These spores appear to be related to those of
dominantly Namurian species, usually classed within
Lagenicula, that have a rotund body contour, thick
spore coat, and prominent trilete structures. The
apical prominence usually predisposes the megaspores
of these forms to lateral compression. This related
group includes 7. subtilinodulatus (Nowak and
Zerndt) S. W. & B.° 7. agninus (Zerndt) S. W. & B,,
T. simplex (Zerndt) S. W. & B., 7. splendidus (Zerndt)
S. W. & B, and 7. indianensis Chaloner (included in
Aphanozonati by Chaloner). These spores stand out
in sharp contrast with the typically bottle-shaped thin-
ner walled spores that seem more naturally allied
within Lagenicula. Apparently 7. agninus, 7. aries,
and the others are principally restricted to the Missis-
sippian and Lower Pennsylvanian rocks of North
America and Europe (Dijkstra, 1952). Chaloner
(1954b) reports 7'. indianensis and Schemel (1950)
reports 7. agninus from the Mississippian rocks of
this country. Spores of 7. globulus and 7. aries are
questionably referred to the above group and, therefore,
questionably to the section Lagenicula.

The spores described as T'riletes sp. A and those
shown on plate 19 figures 9 and 11 may be related
to the Aphanozonati in a broad sense. There is a
possibility of origin from Sigillarian ancestors but this
is speculative. Those of 7'riletes? sp. B are not as-
signed to a section as it is not definitely known whether
they represent 7'riletes or Dicrospora.

Occurrence.—Spores of I'riletes, in particular lageni-
culate spores, are reported from beds as old as Upper
Tournaisian in Europe, Asia, and the U.S.S.R.
(Potonié and Kremp, 1954, p. 183). It is not known
whether the lageniculate spores described by Bennie
and Kidston (1886) from the Califerous Sandstone of
Scotland are equivalent in age or younger than those
described from the Bedford shale of Ohio. Spores of
the genus 7'riletes form a striking part of the plant
microfossil assemblage of the Lower Mississippian be-
cause of their large size and number of distinctive
species.

The oldest megaspore referable to 7'riletes was found
at locality 6 in the Chagrin shale about 375 feet above
the foerstian zone. This spore has a catenulate type
of ornamentation but is not referable to any species
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described here. The upper part of the Ohio shale or
Chagrin shale at this locality has yielded several
Triletes megaspores, but their preservation is quite
poor. The genus is also represented in the upper part
of the Chagrin shale at locality 8. No megaspores
referable to 7riletes were found below the Cuyahoga
and Black Hand formations (undifferentiated) at local-
ity 7; none were found in the Chillicothe core, locality
10.

Section LAGENICULA (Bennie and Kidston) Schopf, 1938
Triletes auritulus n. sp.

Plate 3, figures 1, 1a, 2, 2a, 3, 3a, 3b, 4, 5, 6;
plate 4, figures 1, la, 2

Diagnosis—Megaspores large, usually compressed
laterally, prolate circular to prolate in outline, 1.1-2.29
mm long including apical extension (13 specimens
measured). Spore body, excluding lips and ornament,
prolate to suboblate in outline, ranging from 550u to
1570x in length. Internal spore cavity probably sub-
spherical in original form.

Trilete structures highly developed (pl. 3, figs. 1-4) ;
lips unusually prominent, ranging from about 260 to
935, in height and basally constricted (pl. 3, fig. 2a).
Lip height (from base of lip, not from arcuate ridge) at
apex ranges from 20 to 60 percent of total axial length.
Trilete rays range from 260u to 630u long. Auricles
(flaplike extensions of lips at ends of rays) conspicuous
(pl. 8, figs. 1, 2a, 3, 4, 6; pl. 4, figs. 1, 2), platelike in
form, commonly adding 40-55 percent to ray length
and range from 140u to 300 in height. Arcuate ridges
thin but persistent, touching outer extremities of each
auricle opposite the rays and arching moderately
around contact areas.

Contact areas irregularly pitted, appearing striate
to rugose with grain radiating from apex (pl. 3, fig.
2a), and occasionally bearing, as do basal parts of lips,
acuminate spines about 10x long. Distal surfaces
rough, with sparsely scattered acuminate spines ex-
tending 10p~60u in length from somewhat expanded
bases (pl. 3, figs. 1a, 3a).

Spore coat 20p-25u thick adjacent to trilete struc-
tures, as much as 45u thick on distal suface of largest
spore measured. Spore coat deep-reddish-brown by
transmitted light; in highly oxidized specimens, yel-
lowish brown; spore coat black to light brown by
reflected light.

Holotype—Plate 3, figures 1, 1a, from the Bedford
shale, loc. 1, maceration 40C, slide 1, collection
4-11-1-52.

Discussion.—The apical elaboration of spores shown
by figures 2, 3, and 4 on plate 3, is considered typical;
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that of the specimen shown on plate 3, figure 6 is less
prominent in proportion to body size than was observed
on any other specimen. These apical prominences or
lips are often found isolated, broken away from the
spore body, and are up to 1,2004 in height. The maxi-
mum size given in the diagnosis, based on unbroken
spores, may be considered conservative for spores of the
species.

Although spores of 7'. auritulus have ears, it is
apparent that these are a different kind of structural
modification than that shown by spores included in the
Auriculati section of Z7riletes. The ears of the
auriculate spores appear to be on the equatorial line of
arcuate development and tangentially expanded, where-
as the auricles of spores of 7. auritulus appear as a type
of labial elaboration at the end of the ray and above the
level of the arcuate ridge.

Of previously described species within the section
Lagenicula, spores of 7. auritulus seem most closely
comparable to spores of 7. angulatus (Zerndt) S. W.
& B. (See Dijkstra, 1946.) The former are slightly
larger, more prolate, possess a more spatulate apex and
generally shorter rays. The spore coat bears acuminate
spines whereas that of spores of 7. angulatus bears
either short blunt appendages or is more or less smooth.
The greatest distinction between the two is the form of
the protuberances at the radial extremities. Those of
7. angulatus were probably originally hollow and con-
sist of an enlargement of the contact face in a vertical
plane and of the arcuate ridge which evidently is about
48u-177u high and 8u—48u wide. The auricles of spores
of 7. quritulus are flaplike extensions, lips, of the con-
tact faces at the ends of the trilete rays, separate from
the main apical prominence. These extensions involve
no concomitant modification of the arcuate ridge which,
although weakly developed, connects the outer edges of
the auricles.

With the exception of the one clavate spine shown
by figure 35 on plate 3, the configuration and frequency
of spines seems comparable to that shown on mega-
spores of Lepidostrobus braidwoodensis Arnold (1938,
fig. 7, p. 711). The spines of these megaspores, how-
ever, are smaller than those of 7'7iletes auritulus and
the apical part of the Braidwood spores is a subordinate
part with no suggestion of auricles.

The apical prominence of spores of 7'. auritulus may
often show a hyperlageniculate development. On one
spore the lips are 200x longer axially and 300y broader
(perpendicular to the axis) than the spore body.
However, in general form, spores of 7'. quritulus seem
comparable to typically bottle-shaped spinose spores
such as those of 7. crassiaculeatus and 7. horridus
(both, in the sense of Dijkstra, 1946). The spores of
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these two species types have been found in cones of
Lepidostrobus (Chaloner, 1953b) of the arborescent
lycopods.

Occurrence—Spores of T'riletes auritulus are present
in the Bedford shale at localities 1, 2, and 3. Frag-
ments were found in the Bedford shale at locality 9.
The most abundant occurrences noted were in the up-
permost part of the Bedford shale at locality 3 and in
the Berea sandstone at locality 5 (pl. 23).

Triletes catenulatus n. sp.

Plate 5, figures 4, 5(?), 6(?); plate 6, figures 1(?), 1la(?),
2, 2a, 3, 3a, 3b

Diagnosis—Megaspores of medium size, having no
preferred compressional form; length overall (includ-
ing apical prominence) of lateral compressions ranges
from 425u to 740x; diameter of proximodistal com-
pressions ranges from 450u to 620p. Spore body cir-
cular to oval in lateral outline, tending to subtriangular
in proximodistal compressions (pl. 6, fig. 3); uncom-
pressed spore body probably somewhat oblate to
spherical.

Trilete structures highly developed, distorted when
vertically compressed. Apical prominence of a sub-
dued lageniculate type, shows no tendency to basal
constriction (pl. 6, fig. 2) ; usually more than 200y high,
as much as 285 high. Trilete rays range from 180u to
270w in length, often equaling height of apical promi-
nence; on any 1 specimen, 1 ray appears shorter than the
other 2. In proximodistal compressions rays generally
not extending to margin; in lateral compressions, espe-
cially partly denuded ones, rays projecting away from
body in manner shown by figure 5 on plate 5. Contact
areas equaling about three-fifths or more of proximal
surface, defined distally by edge of distal ornamenta-
tion which usually obscures a low arcuate ridge (pl. 6,
fig. 2a).

Lips and contact areas generally smooth to granular;
distal surface bearing numerous acuminate spines,
10u—40p long and occasionally developed as a flange
extending 70u at arcuate ridge. Spines thin basally,
5u~12u in diameter, expanding outward to 6x-20p in
diameter; bulbous expansion bearing one or more acu-
minate tips, generally about 5z in diameter and 10u
in height (pl. 6, figs. 2a, 3b). Spines connected, one to
another, by spanlike extensions of bulbous medial part
above spore coat in discontinuous reticulate pattern
appearing chainlike when viewed down axis of spines
(pl. 6, figs. 2, 3). Meshes 10u4-50p in diameter when
reticulate network is characteristically developed. Or-
namentation rather easily torn from spore coat.

Spore coat 12u-23u thick, orange to reddish brown
by transmitted light.
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Above diagnosis based on measurements of 21 typical
specimens; varietal forms of this species described
following discussion of typical forms of 7. catenulatus
(that is, 7. catenulatus var. catenulatus).

Holotype—Plate 6, figures 3, 3a, 3b from the Bed-
ford shale, locality 2, maceration 161, slide 25, collection
8-12-6-53.

Discussion—Plate 6, figure 2, shows an example of
1 spore which has been split into 3 symmetrical and
identical parts or valves, a feature which has been
noted by Chaloner (1954b) as characteristic of 7'»iletes
angulatus. Specimens of other species of this study,
imcluding 7. auwritulus, also show this characteristic
splitting.

The ornamentation of the broken specimen shown by
figure 4, plate 5, is of the typical catenulate type but
somewhat sparsely developed. Those specimens shown
by figures 5, 6, and 7 on plate 5, are examples of rugose
to smooth-coated spores bearing a subdued lageniculate
apex that are quite commonly found associated with 7'.
catenulatus spores. Many partly denuded spores of 7.
catenulatus show the same morphologic features and a
smooth to rugose coat. In the author’s opinion those
spores shown by figures 5, 6, and 7 on plate 5, are
nothing more than completely denuded spores of 7.
catenulatus or one of its variants, Spores like those of
figures 5, 6, and 7 are also found associated with 7.
catenulatus var. miztus and 7. variabilis in maceration
364.

The specimen shown by figures 1 and la, on plate 6
bears a resemblance to those of 7'. catenulatus in size,
shape, and in the development of a reticulate network
of spines. However, the spore is regarded as an ex-
treme example of spores that represent a different
species. These spores typically possess a discontinuous
network of spines which are fused throughout most of
their length and branch distally into frilled tips (pl. 6,
fig. 1a). In any event these forms probably are closely
related to 7. cotenulatus.

No previously described species of 7'riletes are known
to possess this catenulate type of spore ornamentation.

Occurrence—Typical spores of this species (7.
catenulatus var. catenulaius) are common in the Bed-
ford shale, especially in the lower part, at localities 1,
2, and 9; they are present in the Cleveland member of
the Ohio shale at locality 6, in the Bedford shale at
locality 8, and in the Berea sandstone at locality 5
(pl. 23).

Triletes catenulatus var. marginatus n. var.
Plate 5, figures 7(?), 8, 8a; plate 6, figures 4, 4a, 5

Diagnosis—Megaspores of medium size, usually ver-

tically compressed; overall length (including apical
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structures) of lateral compressions ranges from 440y to
515u; diameter of spore body (excluding flange) in
proximodistal compressions ranges from 3004 to 500y,
somewhat less than for spores typical of the species (23
specimens measured). Effective diameter of spores in-
creased 60,—200u by encircling flange.

Spore body moderately subtriangular in proximo-
distal compressions (pl. 6, fig. 4a) ; shape accentuated
by extension of trilete rays onto flange and occurrence
of maximum development of flange at ray extremities.
Uncompressed spore body probably more oblate than
that of spores typical of species.

Trilete structures highly developed, distorted when
vertically compressed (pl. 6, fig. 4), having same con-
figuration as spores typical of species. Apical promi-
nence 120p~235, high. Suture extends almost to spore
body margin; straight trilete rays extend to flange
margin and appear as projecting points on partly
denuded specimens. Base of rays or lips about 10u
wide. Contact areas occupy proximal hemisphere com-
pletely, larger relative to body size than is typical of
species. Arcuate ridge commonly present at base of
flange.

Lips and contact areas generally smooth to granulose,
occassionally possessing ornamentation similar to that
on distal surface but reduced in size. Distal ornamen-
tation catenulate; adjacent bulbous-based spinules con-
nected by a span above spore coat and presenting a
reticulate appearance. Spine bases about 5u high,
as much as 10p in diameter; spines as much as 10u in
length distally and as much as 38x in length near
flange, in general shorter than those on spores typical
of species. Spines may be in scattered groups on distal
surface (pl. 5, fig. 8) or so scarce as to be barely notice-
able. Some specimens, probably abraded, have smooth
to rugose distal coat.

Thin serrate flange ranges from 34y to 100p in width,
widest at ends of rays (pl. 6, figs. 4a, 5), is spinose
throughout its width (pl. 5, fig. 8a), and originates
from the fusion and prolongation of distal ornamenta-
tion. Spores typical of 7. catenulatus, in contrast,
sometimes possess a ragged, coarser flange (pl. 6, fig.
3a); that is, a row of enlarged catenulate spines.

Spore coat 9u~20u thick, thickest distally and ad-
jacent to ends of rays, generally 12u—~14p thick along
margin of contact area opposite a trilete ray. Spore
coat orange brown by transmitted light, flange gen-
erally yellow.

Holotype—Plate b5, figures 8, 8a, from the Bedford
shale, locality 1, maceration 40A, slide 13, collection
4-11-1-52.

Discussion.—Spores of this variety are generally
smaller and possess a better developed flange, larger
contact area, and shorter spines than those spores typi-
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cal of 7. catenulatus. The equatorial flange and oblate
body form have predisposed most specimens to proxi-
modistal compression in spite of the high apical
prominence.

Spores of 7. catenulatus var. marginatus are most
closely comparable to those of 7. triangulatus Zerndt
(in the sense of Schopf, 1938) of the section Triangu-
lati. Chaloner (1954a) described 7. #riangulatus-type
megaspores from Selaginellites suissei. This deserip-
tion further confirmed Schopf’s suggestion of the gen-
eral equivalence of the Triangulati and the herbaceous
lycopods.

Spores of this variety of Zriletes catenwlatus, as op-
posed to spores of 7'. triangulatus, are generally slightly
smaller, possess a less expanded flange, and the spore
body shows a more pronounced subtriangular shape in
the transverse plane. The distal surfaces of spores of
T. triangulatus ave set with a reticulate pattern of
anastomosing ridges having a mesh size of about 20u—
80p (Guennel, 1954) ; those of 7. catenulatus var. mar-
ginatus show a discontinuous reticulate pattern of
much smaller mesh size. Although the ornamentation
and flange of spores of 7. catenwlatus var. marginatus
are rather easily torn from the spore body, the lips
(lamellae of Guennel, 1954) are sturdily attached to
the spore body proper. This latter feature seems to
be in contrast with what Guennel (1954) describes
for spores of 7. triangulatus. Evidently the flange,
lamellae, and reticulum of spores of 7. triangulatus
constitute a single membranous complex which is easily
torn from the spore body. The lips on spores of 7.
triangulatus are often straight when only 104204 high
but become sinuous or fluted when the height at the
proximal pole is as much as 80u; the lips on spores
of this variety of 7. catenulatus are usually straight
and may be more than 200u in height at the proximal
pole. The presence of a lageniculate apex and a well-
developed flangs on the same spore poses the problem
of whether these spores are more closely related to the
sections Lagenicula or Triangulati. However, the
apical prominence of spores of the catenulate group
as a whole is the more distinctive feature.

Occurrence—Spores of this variety are common in
the Bedford shale, especially in the lower part, at lo-
calities 1, 2, and 3 (pl. 23). One specimen was found
in the Bedford shale at locality 6 and one, of question-
able aflinity, in the Cuyahoga and Black Hand forma-
tions (undifferentiated) at locality 7.

Triletes catenulatus var. mixtus n. var.
Plate 7, figure 2

Diagnosis—Megaspores of medium size, usually
laterally compressed and showing varying degrees of
asymmetry because of folds modifying shape; uncom-
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pressed spore body probably spherical. Total length
(including apical prominence but excluding spines)
ranges from 460u to 730p (8 specimens measured) ;
width, normal to axis, ranges, approximately because of
spore coat folding, from 420p~560u.

Trilete structures very prominent. Lips form a
basally constricted apical prominence 320u—460u wide,
180p—270p high as measured from base of lips, bearing
conical spines 5p-10p long and 2p-3p in diameter.
Trilete rays 200x-280u long, forming a small triangular
projection at arcuate ridge. Contact areas probably
occupy about four-fifths of proximal surface in trans-
verse plane and bear small spines 2u—4p in height and
u~4p in diameter.

Distal spines discrete, rather closely spaced, 10x—25p
in length, uniform in length on any one specimen, and
5u~10x in diameter ; spines more or less elongate conical,
tapering abruptly to a long point. Smaller subsidiary
spines sometimes present. Some spines on every speci-
men joined throughout part of their length or con-
nected, by a catenulate bridgelike strand, but not ap-
pearing, in plan view, as an overall network, as does
ornamentation on typical spores of 7. catenulatus.

Spore coat 5p~19p thick; on one specimen spore coat
13 thick distally, 12u thick just distal to arcuate ridge,
and bu thick at contact area. Spore coat orange red
to reddish brown, thinner lips yellow by transmitted
light.

Holotype—Plate 7, figure 2, from cuttings of the
Cuyahoga and Black Hand formations (undifferen-
tiated), locality 7, maceration 366, slide 2.

Discussion—Spores of this variety can be distin-
guished from those typical of 7. catenulatus and from
those of 7. catenulatus var. marginatus by their higher
basally constricted apical prominence which may cause
their preference for lateral compression. Further-
more, most of the distal spines are discrete, a few being
of the catenulate type. Flange development such as
is exhibited by 7. catenulatus var. marginatus is not
present. on spores of this variety.

The trend from connected ornamentation to discrete
ornamentation (spores of 7. catenulatus as opposed to
those of 7. catenulatus var. mixztus) is also shown by
spores of two other species, 7. cervicornis and 7. vari-
abilis, which are probably botanically allied to each
other and to the group of plants bearing catenulate-
ornamented spores. Spores of 7. catenulatus var.
mixtus as well as those of 7. variabilis also show the
trend towards the development of a basally constricted
apical prominence.

Occurrence—These spores were found in three
samples in the Cuyahoga and Black Hand formations
(undifferentiated) at locality 7. One specimen was
found in the lower part of the Cuyahoga formation at

DESCRIPTIONS

locality 8 (pl. 23).
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Triletes cervicornis n. sp.
Plate 4, figures 3, 3a, 4, 5, Ja-e; plate 5, figures 1, 1la

Diagnosis—Megaspores of medium size, usually con-
pressed laterally; overall length (including apical
prominence) ranges from 500 to 845u (19 specimens
measured) ; equatorial dimension ranges from 400u to
690u. Uncompressed spore body probably nearly
spherical to slightly oblate.

Trilete structures highly developed, distorted when
vertically compressed (pl. 4, fig. 3). Apical promi-
nence of the subdued lageniculate type, on some speci-
mens as much as 300u in height (pl. 4, fig. 4), usually
equal to or slightly greater in height than length of
trilete ray, bearing small spines as much as 10u in
height. Adjoining spines may show a catenulate con-
nection. Basal lip width about 7u. Trilete rays ex-
tending nearly to margin, about half the diameter of
vertically compressed spore body in length. Arcuate
ridges inconspicuous, usually obscured by distal
ornamentation, about 9u wide.

Contact areas generally smooth to granulose, some-
times set with small spines (pl. 5, fig. 1a). Spines on
distal surface closely spaced, most thickly set at ends
of rays (pl. 4, fig. 5a); all spines variously branched
(pl. 4, figs. 3a, 5b-5e). Spines generally 50u~85u long,
of uniform length on any one specimen; fluted spine
bases range from 10x to 30p in diameter. Some spines
have a single base (pl. 4, fig. 5¢), branching outwards
into 2 to 5 acuminate tips (pl. 4, fig. 5e) ; some consist
of 2 to 3 separate prolongations basally, joining out-
ward and forming thickest part of spine before branch-
ing again ; other spines joined above level of spore coat
by catenulate type of span or bridge. No subsidiary
small spines present on distal surface.

Spore coat 13u-25x thick, thinnest on contact sur-
faces. Spore coat orange to dark reddish brown when
macerated in HF (hydrofluoric acid), yellow to yellow-
ish brown when macerated in Schulze’s solution (for
example, holotype), as observed by transmitted light.

Holotype—\Uncompressed specimen on plate 4,
figures 5, ba—e, from the Berea sandstone, locality 5,
maceration 153, slide 10, collection 1-11-14-53.

Discussion.—As was discussed in the general state-
ments on 7'riletes, spores of this species are probably
botanically allied to those of 7. catenulatus, occurring
in the same assemblages, and to those of 7. variabilis
which are present above the stratigraphic occurrences
of 7. cervicornis.

Adjacent spines on spores of both 7'. cervicornis and
T. catenutatus possess catenulate spans. However,
spines of 7'. cervicornis spores are more highly de-
veloped, and the catenulate bars are not as continuous

from spine to spine as they are on 7. catenulatus spores.

As yet no specimens showing intergrading character-
istics between those of 7'. cervicornis and 7'. variabilis
have been found. In general the spores of 7. cervi-
cornis have a more limited size range, show no tendency
to have a basally constricted apical prominence, and
do not possess single spines or subsidiary small spines
on the distal coat. The spines are shorter generally,
more densely spaced and, although exhibiting the same
basal fluting as spines of 7. wariabilis, are not demon-
strably hollow or composed of two different organic
materials. Most of the spores have a thinner distal
coat than those typical of 7. variabilis.

Spines on spores of 7. cervicornis bear a superficial
similarity to those described for spores of 7. praetextus
Zerndt, 7'. radiosus S. W. & B. (= 7. radiatus Zerndt),
and 7. hirsutus (Loose) mn the sense of Dijkstra (=
Setosisporites hirsutus of Potonié and Kremp, 1954).
Although the spines of the latter three species are
branched or basally fused, apparently no specimens
show the variety of types found on an individual speci-
men of 7. cervicornis or the catenulate type of span
above the spore coat. Otherwise the spores bear little
morphological resemblance, especially as concerns the
apical development.

Occurrence.—Spores of this species are present in
various horizons in the Bedford shale at localities 1,
2, and 3, in the upper part of the Bedford shale at
Tocalities 8 and 9, and in the Berea sandstone at locality
5 (pl. 23).

Triletes variabilis n. sp.
Plate 7, figures 3, 4

Diagnosis—Megaspores of medium size, usually
compressed laterally or obliquely; spore body origi-
nally probably nearly spherical. Overall length (in-
cluding apical prominence) ranges from 520u to 1,380
maximum width normal to axis ranges from 440 to
1,160 (14 specimens measured).

Trilete structures highly developed. Apical promi-
nence lageniculate, more or less basally constricted,
ranges from 150x to 200x in height and from 200w
to 600p in width, sometimes split apart into three
valves. Lips thick, obscuring suture. Contact areas
occupy about three-fourths of proximal surface in
transverse plane. Blunt to conical processes, 2u—10u
high and 2u-10p in diameter, commonly on lips and
contact surfaces; strongly developed spines possess
a catenulate type of connecting span. Arcuate ridge
marked by development of spines of same length as
more distal spines, but more closely spaced.

Distal spines taper gradually from fluted base to
thin sharp point and range from 70u to 150u in length
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and 10x to 40x in basal diameter; spine bases often
filled with pyrite cubes or other mineral matter. Thus,
spine bases either originally hollow or at least com-
posed of two different organic substances. Subsidiary
distal spines 10p—-35u long and 2y-10p in diameter.
Distal spines mostly single or discrete, but several to
as many as half of the spines may be joined through-
out part of their length or joined by catenulate spans;
larger spores of species, like holotype, bear only 3 or
4 such forked or double spines.

Spore coat 19p~28u thick; reddish brown by trans-
mitted light and brown by reflected light. Large spines
glossy brown to black and small subsidiary spines of
lips, contact faces, and distal surfaces, yellow by re-
flected light.

Holotype—Spore shown, as photographed by re-
flected light, on plate 7, figure 4, from Logan forma-
tion, locality 7, maceration 361, slide 3, dry mount.

Discussion.—As was discussed under 7. catenulatus
var. mixtus, spores of 7. variablis show morphologic
trends (as compared to spores of 7. cervicornis) of the
same kind as is shown by spores of 7'. catenulatus
var. miztus (as compared to spores typical of 7. catenu-
latus). Spores of 7. variabilis have some ornamenta-
tion of the catenulate type as is developed on spores
of 7. cervicornis, but many of the spines are discrete
and are, furthermore, interspersed with smaller sub-
sidiary spines. Spores of 7'. variabilis possess an apical
prominence which tends to be basally constricted,
whereas spores of 7. cervicornis possess the subdued
lageniculate type apex.

The basally constricted apex, development of discrete
rather than connected spines, and the appearance of
subsidiary distal spines on stratigraphically younger
spores of the catenulate type probably indicate an
evolutionary change.

Spores of 7'. variabilis are comparable to those of
T. horridus (in the sense of Dijkstra, 1946) and 7.
crassiaculeatus (Zerndt, 1937) S. W. & B., megaspore-
types which have been described by Chaloner (1953b)
from the cones Lepidostrobus dubius and Lepidostro-
bus allantonensis, respectively, but have a smaller
mean diameter and possess a lower apical promi-
nence. The spore coats of the 7'riletes variabilis spores
have about the same range in thickness as do those of
7. horridus. Furthermore, the spines of 7'. variabilis
are of about the same length as those on spores of
T. horridus but are interspersed with somewhat longer
subsidiary spines. The most significant difference be-
tween spores of 7. variabilis and those of 7. horridus
or 7. crassiaculeatus is that those of the former possess
some spines that are forked or show catenulate join-
ing and spines that are distinctly not of a homogene-
ous material. The larger of the 7. wariabilis spores,

like the holotype, possess fewer forked spines and caten-
ulate spans connecting spines; these spores, if only
casually examined with a low-power microscope, might
be confused with spores of 7. horridus or 7. crassia-
culeatus.

Occurrence—Spores of this species are the most
abundant megaspores found in cuttings of the Cuya-
hoga, Black Hand, and Logan formations at locality
7 (pl. 23).

Triletes triquetrus n. sp.
Plate 7, figures 6, 7

Diagnosis—Megaspores medium to large in size,
often compressed laterally or obliquely; compressions
rarely having more than one, if any, lateral fold in
spore coat. Overall length (including apical promi-
nence) ranges from 1,000 to 1,130u; equatorial
diameter ranges from 850y to 1,580u (10 specimens
measured). Spore body originally more or less spheri-
cal, perhaps somewhat oblate.

Trilete structures conspicuous. Lips form a more or
less subdued lageniculate prominence (pl. 7, fig. 6),
200p-280u high at proximal pole as measured from base
of lips, 850p—600x high as measured from lowest level of
arcuate ridge. Trilete rays 300p—450u long, terminating
at arcuate ridge in small triangular outgrowths (pl. 7,
fig. 8) ; suture apparently extends to margin of triangu-
lar outgrowths. Contact areas occupy about one-half
of proximal hemisphere (pl. 7, fig. 7). Lips and con-
tact faces generally unornamented to slightly granu-
lose; on some spores small spines about 5u long or
scattered large processes, like those on distal coat, are
present along base of lips (pl. 7, fig. 6) or on contact
faces. Arcuate ridges as much as 40x wide, bear con-
spicuous spinose processes.

Discrete pointed spines 154-50x long, extend from
large bulbous bases 15,~40u in diameter, covering distal
surface; spines smaller and more concentrated ad-
jacent to contact areas.

Spore coat 35u-50u thick. Spore coat dark-reddish
brown by transmitted light. Spore. coat brown and
distal spines black by reflected light.
Holotype—Plate 7, figure 6, from cuttings of the Logan
formation, locality 7, maceration 362, slide 7, dry
mount.

Discussion.—Distal spines on well-preserved specimens
show thin pointed shafts extending from bulbous bases.
However, the spine tips on many specimens are now
broken away, so that the spine bases and remaining
shafts present a rather jagged and irregular appear-
ance. Commonly spine bases are filled with mineral
matter, as are those on spores of 7'. variabilis, indicat-
ing that either the bases were originally hollow or at
least composed of two different organic materials. A
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few adjacent spines on every specimen are connected
throughout the length of their bases or are connected
by a thin strand above the spore coat, like the ornamen-
tation developed typically on spores of 7. catenulatus.
This species and 7. #riquetrus probably represent re-
lated plants.

One of the distinctive features of these spores is the
small triangular outgrowths at the ends of the rays, a
feature also characteristic of spores of 7. angwlatus
(Zerndt). Spores of 7. triguetrus, when compared to
spores of the European 7. anguwlatus (Zerndt, 1937;
Dijkstra, 1946), appear to possess smaller triangular
outgrowths, smaller apical prominences and contact
areas in proportion to body size, and larger spinose
processes. The axial length of spores of 7. ¢triquetius
is less than or about the same as the smaller spores of
7. angulatus, but the equatorial diameters have an
equivalent range.

Chaloner (1954b) reports 7. angulatus from rocks in
this country of nearly equivalent age to those in which
spores of 7'. triquetrus are found. The latter possess
smaller triangular outgrowths, lower apical promi-
nences, larger tubercles, and a consistently thicker coat
than those described as 7. angulatus by Chaloner.

Occurrence.~—Although only 10 measured speciniens
were used for descriptive purposes, spores of 7. #ri-
quetrus are quite common in the well cuttings from the
Logan formation at locality 7 (pl. 23).

Section LAGENICULA?
Triletes globulus n. sp.

Plate 8, figures 1, 2, 3, 4, 4a,4b, 5,6, 7:
plate 9, figures 1, 1a ; text figure 5

Diagnosis—Megaspores of medium size, commonly
compressed laterally or obliquely. Overall outline, in-
cluding apical extension, prolate circular to subprolate,
averaging 620u in length (380u-840y for 13 specimens) ;
spore body appears oblate circular to suboblate, com-
monly between 500p~700p in maximum diameter (58
specimens measured; fig. 4). Vertically compressed
spores nearly circular.

Trilete structures conspicuous. Apical prominence
T0u—190p high; apex height bears no apparent. relation
to total spore size, accounting for as much as 32 percent
of total length of one small specimen. Lips sinuous
and folded, about 14, thick, decreasing in height away
from apex, increasing to a second height maximum (as
much as 150x) more than half way from apex to mar-
gin, then decreasing in height abruptly near ray termi-
nation (pl. 8, fig. 2). Trilete rays range from 160u
(dried and shrunken specimen; pl. 8, fig. 7) to 300u in
length, usually 250u-290x (19 specimens measured).

Contact areas occupying 3%—44 of proximal hemisphere,
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usually wrinkled, sparsely ornamented with tubercles
(pl. 8, figs. 4b, 6) 6u—9p high and 3p-15x in diameter.
Some tubercles small and round (pl. 8, fig. 4b) ; others
larger and irregular, appearing as spheroidal aggre-
gates of smaller globules. Tubercles of contact areas
more concentrated near arcuate ridge and along rays,
oceasionally occurring even on lips (pl. 8, fig. 2). Ar-
cuate ridges conspicuous, moderately curved, about 18u
wide (pl. 8, fig. 5).

Distal surfaces sparsely to densely covered with
tubercles, larger and more diversified in form than
those on contact areas. Tubercles mostly 9u~18u high
and 18u—274 in diameter, at some places twice this size,
appearing as if composed of small globules 4,-9x in
diameter (pl. 8, figs. 3, 4a, 4b). Some prominent
tubercles appear basally constricted, shown at left of
figure 4 and in greater detail in figure 4a on plate 8.
One specimen ornamented with, in addition to normal
complement of tubercles, a few spines 9p—18p long.

Spore coat 18u-31p thick distally (18 specimens
measured), a little thinner, about 204, at contact areas.
Spore coat. reddish brown and lustrous by transmitted
light; shiny jet black by reflected light.

Holotype.—Plate 8, figures 4, 4a, 4b, from the Bed-
ford shale, 3.5 to 4 feet below the siltstone lentil (Saga-
more siltstone member), locality 2, maceration 161,
slide 2, collection 8-12-6-53.

Discussion—The histogram (fig. 5) depicting the
variation in maximum diameter of spores of 7. globulus
shows a skewness toward the size minimum. The
spores were measured according to their compressed
form and are not from the same locality. Originally
in deposition they were necessarily subject to sedimen-
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FIGURE H.—Histogram showing the size variation of mega-
spores of Triletes globulus n. sp., based on 58 specimens
(dimensions omit apical prominence). Holotype indicated
by solid square.
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tary sorting. Under these conditions skewed varia-
tions in diameter distribution may be expected.

Tubercles similar to those found on spores of 7'riletes
globulus have been described by Reinsch (1884) as
“globular parasitic bodies.” He did not recognize
these bodies as a botanically integral part of the spore
coat but treated them separately as Subtribus II,
Globuliformis of Tribus Leptoideae (v.2). The “par-
asitic growths” that show some similarity to the tu-
bercles of 7. globulus are figured on his plate 79, figure
18 a—c (diagnosis 24, p. 25, v. 2), and on plate 80,
figure 25 a-b (diagnosis 28, p. 25, v. 2). However,
the spores bearing these tubercles seem to bear little
resemblance to those of 7. globulus. These “leptoidean”
tubercles, similar to those on spores of 7. globwlus,
were found in the Blatterkohle and in beds in the
vicinity of Metschowk in the Moscow basin. The beds
are, without much doubt, of Early Carboniferous age,
and possibly referable to the upper Tournaisian and
lowermost Visean (Shvetzov and Vablokov, 1937).
According to R. C. Moore (1937) this would corre-
spond in age to the upper part of the Lower Missis-
sippian and lowermost part of the Upper Mississippian
series in the North American section.

The tubercles and globules on 7. globulus spores are
not similar to those sporadically adhering aggregates
of globules, possibly of tapetal origin, described by
Chaloner (1953b, p. 270) and discussed in detail by
Felix (1954, p. 359, 360). Even though there is con-
siderable range in size and form of tubercles on an
individual specimen, the surface ornamentation is dis-
tinctive and highly characteristic.

Those spores on plate 9, figures 1, la, three of a
tetrad, are probably spores of 7. globulus, but their
opacity prevented further study with transmitted light.

As was noted in the generic discussion of 7'riletes,
spores of 7. globulus appear to be related to spores of
the section Lagenicula that have a votund body shape,
thick spore coat, and prominent trilete structures.

Spores of 7. globulus are smaller and have a thinner
coat than those of 7. subtilinodulatus. The latter do
not have lips highly developed beyond the apical prom-
inence. These same distinctions apply to an even
greater degree in comparison with 7". splendidus. For
spores of 7. simplex var. levis Zerndt, the development
of the apical prominence is similar, but development
of the other trilete structures is different. The
shrunken specimen (pl. 8, fig. 7) (shrinkage occurred
during mounting) bears a superfical resemblance to
those of 7. agninus and, although the spores of 7.
globulus correspond in size to those of 7. agninus, the
spore coat (in addition to differences of ornamentation
and lips) of 7. globulus is generally much thinner. Tt

seems plausible to regard these high apexed nonprolate
megaspores as representative of a group of closely
related species of plants.

Occurrence—Spores are common throughout the
Bedford shale at localities 1-3. Spore fragments are
present in the upper part of the Bedford shale at
locality 6 and in the Berea sandstone at locality 5
(pL 23). In general, spores of this species are very
abundant in the upper part of the Bedford shale of
the Cuyahoga County area. As yet, none have been
recognized in beds younger than the Berea sandstone.

Triletes aries n. sp.
Plate 7, figure 5; pl. 9, figures 2, 2a, 3, 3a

Diagnosis—Megaspores of medium size, usually ob-
liquely compressed, originally more or less spherical.
Maximum diameter ranges from 680u to 1100y, aver-
aging 850u (11 specimens measured).

Trilete structures highly developed. Apical promi-
nence rising abruptly from trilete rays (pl. 7, fig. 5; pl.
9, fig. 2); only slightly, if at all, constricted basally;
ranging from 100u to 270p in height, commonly extend-
ing from proximal pole 150y along ray; thickened
and more or less subtriangular in transverse plane.
Trilete rays as much as 230p long; on some spores rays
slightly developed as lips (26x high on one specimen)
outward from prominence. Contact areas enclosed by
low arcuate ridges, occupying about 24 to 34 of proxi-
mal hemisphere (pl. 7, fig. 5 and pl. 9, fig. 3 respec-
tively) ; usually bearing spines, smaller than but similar
to distal spines, and globular tubercles 4p—124 in
diameter.

Distal surface covered with commonly blunt, some-
times acuminate and reflexed spines extending abrupt-
ly from expanded bases (pl. 9, figs. 2, 2a, 3). Spines
range from 10u to 60p (usually 30x) in length and
10p—40p in basal diameter; smaller and more closely
spaced adjacent to contact areas. One broken and
abraded specimen devoid of ornamentation.

Spore coat 25p-50u thick. Spores dark-reddish
brown by transmitted light; black by reflected light.

Holotype—Plate 9, figures 3, 3a, from the Bedford
shale, locality 2, maceration 163, slide 1, collection 9-
12-6-53.

Discussion—Spores of T. aries are slightly smaller
than those of 7. agninus (Zerndt, 1937), possess a
more distinct and smaller apical prominence which does
not extend the length of the ray, and have a generally
thinner coat and distinct spines (rather than irregular
protuberances simulating verrucosity). Spores of 7.
aries are much smaller than those of 7. splendidus
(Zerndt, 1937), have a thinner coat, and possess spinous
processes of smaller diameter and different configura-
tion. The apical prominence is similar in form but
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smaller; sutures extend to the proximal pole on spores
of both species. Spores of 7. aries are similar to those
of 7. subtilinodulatus (Nowak and Zerndt, 1936) in
body size and apical configuration, but possess processes
about twice as large and a smaller contact area. Spores
of 7. aries are distinguished from those of 7. indi-
anensis Chaloner (1954b) by differences of the same
kind and magnitude of those noted for spores of 7.
subtilinodulatus; they are generally smaller, possess a
lower apex, larger spines, and smaller contact areas.
Of all the spores of 7. aries, those from the Cuyahoga
and Black Hand formations (undifferentiated) are
most similar to those of 7' indianensis in size and apical
dimensions, but the spine size is greater and the contact
areas smaller. The apical prominence of spores of 7.
aries 1s smaller, less expanded, and relatively opaque.

T. aries seems to show its closest alliance with 7.
indianensis which has been recorded by Chaloner
(1954b) from the Beaver Bend limestone of Malott
(1919) in Indiana, which is correlated with the lower
part of the Chester series and thus of somewhat younger
occurrence than 7'. aries. 'The differences between these
species is in degree of development of the distal orna-
mentation, contact areas, and apical prominence. One
might conceivably think of 7. aries as representing an
ancestral form that became modified in evolution.

Other possibly related and younger forms are 7.
subtilinodulatus, recorded from Namurian A or Dinan-
tian age beds in Europe by Dijkstra (1946), and other
nonprolate lageniculate spores (in the sense of Dijkstra,
1946}, such as 7. agninus and 7. splendidus. The for-
mer species is reported from a coal of Chester or
Springer age in Utah by Schemel (1950) and from
the Lower Carboniferous of Europe by Dijkstra
(1946). Dijkstra reports 7. splendidus from the
Namurian A and Dinantian of Poland, the Dimantian
of Scotland, and questionably from the Namurian C
of Turkey.

Occurrence—Although comparatively rare in in-
dividual macerations, spores of this species were
found in the Bedford shale at localities 1, 2, 3, 8,
and 9; in the Berea sandstone at locality 5, and in
the Cuyahoga and Black Hand formations (undifferen-
tiated) at locality 7 (pl. 23).

Section APHANOZONATI Schopf, 1938

Triletes sp. A
Plate 19, figure 10

Description—Megaspores small, usually vertically
compressed; subtriangular in transverse plane, with
bluntly rounded margins at ends of trilete rays; prob-
ably originally oblate. Diameter ranges from 285u to
400p.

Trilete structures conspicuous, but not strongly de-
veloped. Trilete rays low, straight to slightly sinuous,
12414y wide, about 120p-180u long, extending slightly
beyond arcuate ridges. Contact faces smooth, occupy-
ing about one-half proximal hemisphere, bounded by
low, gently curved arcuate ridges.

Distal spore coat highly granulose to tuberculate.
Tubercles parallel sided and blunt, as much as 10g
in length, usually closely spaced; on some spores well
developed only at the arcuate ridge, as on the specimen
illustrated. Spore coat 9u—15x thick; orange to reddish
brown by transmitted light.

Discussion.—These spores are not present in abun-
dance in any one maceration. Specific distinction must
await further study.

The spore shown in figure 9, plate 19, possesses much
more prominent tubercles and, therefore, is not in-
cluded with those of 7'riletes sp. A.

Occurrence—Spores are mnot abundant but are
present in the Bedford shale at localities 1, 6, and 9.

Section UNCERTAIN
Triletes? sp. B
Plate 7, figures 1, 1a, 1b

Description—Megaspores of medium size, usually
compressed laterally; overall outline circular to pro-
late, averaging 960u in length (830u-1,150u for 7 speci-
mens). Spore body spheroidal to slightly oblate.

Trilete structures highly developed. Lips 4p—8u
thick, 110p-200p high at proximal pole, tapering grad-
ually to ends of rays, averaging 335y in length. Ar-
cuate ridges virtually absent; position marked by con-
spicuous distal ornamentation. Trilete structures as
a whole occupy a little more than half of proximal
hemisphere. Contact areas granulose, bearing small
protuberances about 20p in diameter.

Distal surface granulose, bearing short mammillate
spines (pl. 7, fig. 1a), 354-80u high, 40—130u in diam-
eter, each generally possessing a small smooth central
papilla about 15 in diameter (pl. 7, fig. 1b).

Distal spore coat 25u-50u thick, about 15u thick at
contact areas. Spore coat dark orange to reddish brown
by transmitted light ; spore coat dull tan to brown, and
central papillae glossy and black by reflected light.

Discussion—Two bifurcate tipped spines (Dicro-
spora-type), 35 and 50x long, were noted appressed to
one specimen; their connection to the mammillatelike
spines was not demonstrable. It is possible that the
central papilla of the mammillate spines are in reality
basal shafts of longer spines, all of which were broken
away during during transport or sample preparation.
The texture of the spore coat and the general configura-
tion of the spores seem to support, rather than reject,
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affinity with Dicrospora and the possibility of bifurcate
spines. Until obviously well-preserved specimens are
found, these spores are questionably referred to 7'7iletes.
The spines now appear generally comparable to those
on spores of the 7'riletes mamillarius-type that Chaloner
(1953a) recently described from Sigillarian cones.
The apiculi of 7. mamillarius are occasionally more
sharply acuminate. However, spores of the two species
are different in original body form: uncompressed
spores of 7'. mamillarius have a planoconvex or conca-
voconvex form ; those of 7'riletes? sp. B have a more or
less spherical form. This difference in original spore
form probably indicates a fundamental botanical dis-
tinction between the two species of plants. The spines
as they now appear on spores of 7'riletes? sp. B are
also comparable in size and shape to those on spores of
T. splendidus (Zerndt) especially to those as shown
by figure 1, plate 19, in Zerndt (1987). The general
body form of the spores of the two species is generally
comparable, but those of 7. splendidus possess trilete
structures of different size and configuration.

Occurrence.—Spores and spore fragments have been
found, as yet, only in the Berea sandstone of the South
Ambherst quarries, locality 5.

Triletes spp.

Plate 5, figures 2, 2a, 2b, 8, 3a; plate 17, figures 10, 11, 12;
plate 19, figures 9, 9a, 11

The spore shown on plate 5, figures 2, 2a, and 2b, is a
unique complete example of one of several types of
medium-sized spores that are usually not abundant or
well preserved in uppermost Devonian shales of the
Chagrin shale and Cleveland member or upper part of
the Ohio shale. This spore is about 380y in axial length
and possesses acuminate spines about 80u long. The
lips are 170p high at the proximal pole. A spore
fragment, similar to the spore figured, was found at
the same locality, in the Chagrin shale at a horizon 70
feet higher.

The spore shown by figures 3 and 3a on plate 5 is
about 245x in axial length and possesses distal spines
about 12u long. Trilete structures are unusually high.

The spores illustrated on plate 17 by figures 10, 11,
and 12 were probably originally somewhat spherical.
On these three spores the trilete sutures appear very
short, and originally they were considered as represent-
ing Calamospora megaspores. Upon very close exami-
nation, however, the trilete rays were found to be quite
long but inconspicuous toward their terminations. It
is entirely possible that these three spores represent
aphanozonate (in the broader sense) megaspores rather
than Calamospora megaspores. In any case, the speci-
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mens are either badly abraded or distorted by mineral
grain imprints.

As already noted, the spore shown by figure 9 on
plate 19 may be allied to those described as Z'riletes
sp- A.

The specimen illustrated on plate 19, figure 11, shows
a resemblance to spores of 7'riletes fulgens Zerndt
(1937). Since it is a single specimen, no further com-
ment seems justified.

Other megaspores of 7'riletes have been found during
this study but are not as abundant or as distinctive as
the ones described in detail.

Order LEPIDODENDRALES
Family UNCERTAIN

Genus LYCOSPORA Schopf, Wilson, and Bentall, 1944
Plate 18, figures 3(?),3a(?),4(?),4a(?)

Type species.—Lycospora micropapillata (Wilson
and Coe, 1940) by designation of Schopf, Wilson, and
Bentall, 1944 (p. 54).

Description—Spores trilete, about 18u—45y in diam-
eter, flattened oblate originally, circular to rounded
triangular in transverse plane (usual plane of com-
pression). Trilete rays extend nearly to margin;
suture usually is distinet without much labial elabo-
ration. Spore coat usually thin (about 1p) at proximal
and distal poles, thicker at equator, but not distinctly
demarcated from the equatorial ridge. Surface smooth
to granulose or rugose; on some, ornamentation is more
prominent near the equator. Spore equator marked
with a short tapering ridge, corresponding to the arcu-
ate ridge, rarely so extended as to resemble typical
flange development.

Discussion.—Kosanke (1950) described spores of two
species of Lycospora, L. pseudoannulata, and L.
punctata, which possess rather highly developed equa-
torial flangelike ridges, 4u—6u wide in the former and
2u—3u wide in the latter species.

In their discussion of Cérratriradites, Hoffmeister,

Staplin, and Malloy (1955b, p. 382) distinguish Cérre-
triradites and Lycospora as follows:
* % % Qirratriredites includes forms with a distinet marginal
flange which is thinner and often lighter in color than the
central body. Lycospora has a narrow equatorial girdle on
which thickened extensions of the trilete rays are not developed.
They consider Lycospora pseudoannulata, L. punctata,
and L. minuta (Wilson and Coe) Schopf, Wilson, and
Bentall as spores of Cérratriradites.

There is evidence, however, that Lycospora spores, In
the same cone, show considerable variation in the width
of development of the equatorial ridge or flange. This

is shown by the Lycospora-type microspores Felix
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(1954) described in natural association with mega-
spores of the 7'riletes rugosus-type from Lepidostrobus
diversus cones and by other Lycospora-type spores
from a large microsporangiate cone, Lepidostrobus
pulvinatus. The spores in the latter cone showed con-
siderable natural variation. Spores 25p-31p in diam-
eter possess a flangelike equatorial ridge 3.6u—4ux wide;
others from the same cone (15x~19u in diameter) possess
aridge 1.2u—2u wide. He rather generally compares the
larger spores to those of Lycospora parve but more
closely compares the smaller spores of the population
to those of L. micropapillata. Indeed, he suggests
that spores of the latter species (the type species of the
genus) might represent immature or abortive spores
such as occur in Lepidostrobus pulvinatus.

In contrast, spores of Cirratriradites are apparently
allied with the herbaceous heterosporous lycopods
(Selaginellales). Chaloner (1954a) describes mega-
spores of T'riletes triangulatus-type and microspores
Cirratriradites  annwlatus-type from Selaginellites
suissei Zeiller (=“Lycopodites ciliatus” Kidston), an
herbaceous heterosporous lycopod cone. More recently
Hoskins and Abbott (1956) noted the natural occur-
rence of megaspores resembling 7'riletes triangulatus
and microspores of the Cirratrivadites annulatus-type
in a small bisporangiate strobilus.

Chaloner (1954a) states that possibly there is a gen-
eral equivalence of Cirratriradites with the herbaceous
lycopods as a group. Zycospora on the other hand has
arborescent lycopsid affinities. This distinction is
probably of ecological as well as phylogenetic
significance.

It seems unfortunate that spores of Lycospora that
tend toward flange development can be confused with
Cirratriradites (Hoffmeister, Staplin, and Malloy,
1955b). Although they are usually -considerably
smaller, some spores of Lycospora may be difficult to
differentiate from some spores of Cirratriradites. The
natural occurrence of equatorial ridges of moderate
flangelike proportions on the Lycospora-type spores of
Lepidostrobus shows that a purely morphological sep-
aration of spores with a flange and spores without is
contrary to their probable natural affinity. To he
indicative of relationship to Cirratriradites, the flange
should be of a prominence comparable to the micro-
spores of Selaginellites. The type species of Cir-
ratriradites is fully accordant with this interpretation.

Herbaceous and arborescent lycopods may become
harder to distinguish because they were more closely
related in Devonian, or perhaps Early Mississippian
time, since at that time their stage of evolutionary
divergence was certainly less distinet. This possibly,
but not necessarily, may apply to their spores also.

Some spores found during this study appeared to

compare favorably, on a morphologic basis, with those
of Cirratriradites and more rarely with Lycospora.
Assignment has been decided by evaluating the degree
of general similarity spores of the species have to the
respective type species.

Affinity—In addition to the occurrences mentioned
by Felix (1954) and discussed above, Chaloner (1953b)
describes ZLycospora-type microspores and 7'riletes
rugosus-type megaspores from cones of Lepidostrobus
russelianus. He also describes microspores of the
Lycospora-type and Triletes horridus-type megaspores
from type specimen cones of Lepidostrobus dubius and
from other cones, apparently identical, that were found
in organic connection with vegetative organs assigned
to Lepidodendron simile. Felix (1954) also describes
Lycospora-type spores associated with microsporangi-
ate cones referred to Lepidocarpon. All the cone
studies suggest that LZycospora is authentically identi-
fied with the Lepidodendrales.

Occurrence—Kosanke (1950) found abundant spores
ot Lycospora in Pennsylvanian coals in Illinois. Cross
and Schemel (1952) give the upper limit of oceurrence
for spores of Lycospora as middle Conemaugh in the
Appalachian basin. Hoffmeister, Staplin, and Malloy
(1955a) give the stratigraphic range of spores of this
genus as being from Late Devonian to late Des Moines
in age.

In this study, Zycospora? spores were found almost
exclusively in the Berea sandstone at locality 5.

Lycospora? sp. A
Plate 18, figures 3, 3a, 4, 4a

Description—Spores trilete, 36u—48u in diameter,
flattened oblate, subtriangular in outline in proximal
view. Trilete rays faint (pl. 18, fig. 3a), extending to
body margin but apparently not onto equatorial ridge.
Equatorial ridge as much as 4.5x wide, thin at margin
(pl. 18, figs. 3a and 4). Spines small, sharply pointed,
as much as 3.6u in length and 3p—4u in width basally
(pl. 18, figs. 3 and 4a), present on distal surface of
spore body and equatorial ridge.

Discussion.—These spores seem similar in several re-
spects to those of the species next described, Cirratri-
radites hystricosus; both are subtriangular, possess
flangelike rims or flanges, and spinose distal ornamen-
tation. The equatorial flangelike margin of these Ly-
cosporal spores is smaller in proportion to body size
than that of spores of corresponding size of Cirratri-
radites hystricosus. The size and proportions of spores
of C. hystricosus and of Lycospora? sp. A agree more
with their respective type species than with each other.
The similarity of their ornamental features may indi-
cate a closer relationship than would be expected be-
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tween the two genera. The spores of Lycospora? are
not usually found in association with those of Cirratri-
radites hystricosus. Whether or not the two genera can
be validly distinguished on a morphologic basis in rocks
of Devonian or Early Mississippian age is still in
question.

The spinose ornamentation of these spores distin-
guishes them from other spores of Lycospora.

Occurrence—At present. these small spores, isolated
and in tetrads, were found rarely in the Berea sand-
stone at locality 5. One example was found in the
Bedford shale atlocality 7 (pl. 23).

Order SELAGINELLALES
Family UNCERTAIN

Genus CIRRATRIRADITES Wilson and Coe, 1940
Plate 18, figures 1, 2, 5, 6, 12

Type species—Cirratriradites maculatus Wilson and
Coe, 1940 (p. 183), by designation of Schopf, Wilson,
and Bentall, 1944 (p. 43).

Description.—Wilson and Coe (1940, p. 183) give

the following generic description:
* * * Microfossils, triradial: walls medium thickness, trans-
lucent to opaque; equatorial fiange present; body of micro-
fossils somewhat triangular; proximal surface triradiate ridges
cross equatorial flange; faint striations, rods, or fringe-like
secondary layers often present on inner edge of flange. Group
A, in part, of Raistrick and Simpson, 1933.

Discussion—A comparison of spores of Cirratrirad-
ites and Lycospora is given in the discussion of Ly-
cospora. The spores of this genus, 40p~100x in diam-
eter, are moderately oblate usually compressed in plane
of flange, spore body is circular to subtriangular in
transverse plane. Trilete rays, usually well developed,
extend to margin of spore body and often are expressed
as thickenings on the flange. Lips are commonly
strongly developed. The thin distinct flange, variable
in width and ornamentation, may be radially striate,
irregularly thickened and minutely to coarsely serrate
marginally. The flange is often more extended at the
corners and thus emphasizes the subtriangularity of
the spore.

The spore coat is smooth to rugose or ridged; orna-
mentation is commonly arranged in a radial pattern.
The central distal surface may possess irregular areas
divided into several sections by ridges.

Cirratriradites spores found during this investiga-
tion possess many of the morphologic features common
to Cérratriradites spores. The spores are rounded sub-
triangular in outline with angularity further empha-
sized by wider development of the flange at the corners.
The flange may show bands of irregular density, rod-
like thin areas adjacent to the contact of spore body and

flange, a radially striate pattern caused by the radial
pattern of distal spines, or combinations of these. As
far as is known, the distinct distal spinose ornamenta-
tion present on these spores has not previously been
considered typical of Cirratriradites spores. Similar
spinose ornamentation, usually more restricted equato-
rially, is common on some spores of Densosporites.
However, the marginal elaboration of the spores de-
scribed here is definitely a flange rather than a
cingulum.

Upper Devonian examples of Cirratriradites spores
are similar to those shown in figures 1 and 2, plate 18.
They generally possess both long prominent distal
spines and equatorial spines, the latter connected within
a thin flangelike web. On some spores the webbing
is weakly developed. Such spores are at least spe-
cifically distinct from those, for example, in figure 5,
plate 18. Stratigraphic range of the spiny flanged
forms is given (pl. 23) under Cirratriradites sp. A,
although it is not yet certain that these represent just
one species. Those of Early Mississippian age (that is
Cirratriradites hystricosus) usually possess a more
strongly demarcated flange and less well developed
distal spines.

Affinity—From what is now known from cone
studies, the affinity of Cirratriradites is with the her-
baceous lycopods. (See discussion under Lycospora.)

Occurrence—Hoflmeister, Staplin, and Malloy
(1955a) report the stratigraphic range of the genus
in North America as from Upper Devonian through
Pennsylvanian. During the present investigation
spores of the genus were found in both Upper Devo-
nian and Lower Mississippian rocks.

Cirratriradites hystricosus n. sp.
Plate 18, figure 5

Diagnosis—Spores trilete, 4661y in diameter, light
to dark yellow; flange distinctly subtriangular to tri-
angular in transverse outline; outline of spore body
more rounded. Transverse plane nearly always cor-
responds to the plane of sedimentary compression.
Uncompressed spores oblate distally, flattened pyram-
idal proximally. Trilete rays usually distinct, some-
what sinuous, extending out onto flange; lips mem-
branous, as much as 4p in height at proximal pole.
Equatorial flange, minutely serrate marginally, ranges
from 6y to 16u in width along the trilete rays and from
4.8y to 10p in width interradially; often appearing
radially plicate, some with thinner rod-shaped areas
in the denser part adjacent to the spore body.

Distal spore coat, 1u—2u thick. Distal surface of
flange bearing sharply pointed spines 2u~5.2x long and
1.2p—4.2p in diameter basally.
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Holotype—Plate 18, figure 5, from the Bedford shale,
locality 1, maceration 162, slide 10, collection
17-12-6-53.

Discussion—The radial pattern of spines in com-
pressed specimens may cause the radially striate or
plicate appearance of the flange. The lighter rod-
shaped areas shown on the flange in figure 5, on plate 18
may be preservational. They are never as strongly
developed as shown by €. sp. B in figure 12 on plate 18.
The flange may be partly or wholly torn away on
badly abraded specimens.

This species is distinguished from other species of
Cirratriredites by the spinose ornamentation of the
spore coat.

Occurrence.—Spores of this species are present in the
Bedford shale at localities 1-3, 6-9 and in the Cuya-
hoga and Black Hand formations (undifferentiated)
and Logan formation at locality 7. They are espe-
cially abundant in the Bedford shale, upper part of
the Cuyahoga and Black Hand formations (undiffer-
entiated) and in the Logan formation (pl. 23).
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Cirratriradites sp. A
Plate 18, figures 1, 2

Description—Spores trilete, about 60u—80x in diam-
eter; flattened oblate; subtriangular in transverse out-
line; more commonly, but not always, compressed
proximodistally. Trilete rays distinct, extending near-
ly to margin of flange (pl. 18, fig. 1). Flange, often
membranous (pl. 18, fig. 2) or indistinct, as much as
124 in width. Spore coat about 2x thick. Distal
surface of flange set with discrete tapering spines as
much as 12u in length and 5up in diameter basally.
Spines on the flange commonly extend beyond margin
of flange.

Discussion—Study of these forms has been cursory.
Some spores now considered as (. sp. A may later prove
to be specifically distinct.  Therefore, their strati-
graphic range is a preliminary suggestion.

Occurrence—Spores of this type occur in upper
Middle and lower Upper Devonian well cuttings (pl.
23) at localities 7 and 8 (contamination?) and are fairly
abundant throughout the Chagrin shale or its equiva-
lent at localities 6, 7, and 8. Spores are also present in
the Bedford shale at localities 1-3, 6-9, and in the Sun-
bury shale and lower part of the Cuyahoga formation at
locality 6. As yet none have been noted in the Berea
sandstone.

Cirratriradites sp. B

Plate 18, figures 6, 12

Discussion.—These spores, considerably less abun-
dant than but generally similar to those of C. Aystrico-
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sus, are distinguished by their larger size (as much as
82u in diameter) and coarser ornamentation. Spores
shown on plate 18 in figures 6 and 12 possess irregular
partly interconnected distal ridges as much as 7u in
width. Sharply pointed spines, 4u—4.8u long (like those
of O. hystricosus), are distributed on the ridges, distal
coat, and distal surface of the flange. The flange is
serrate, plicate, and wider opposite the trilete rays as in
spores of (. hystricosus. The flange may possess large
irregularly shaped thin areas adjacent to the spore
body (pl. 18, fig. 12). Tt is possible that these thinner
areas and apparent coarseness of ornamentation are
preservational artifacts. Until more material is exam-
ined, it seems advisable to exclude these spores from C.
hystricosus.

Ocourrence—Specimens, rather rare, were found in
the Bedford shale at localities 2 and 7.

Class, Order, and Family UNCERTAIN
Genus ENDOSPORITES Wilson and Coe, 1940

Plate 16, figures 1, 2, 3, 4, 5, 6(?), 7(?), 8(?), 9(?), 10, 11,
13, 14(?) ; plate 18, figures 7(?), 8(?), 9(?), 10(?), 11(?);
plate 19, figure 4 ( ?) ; text figures 4, 6, 7,

Type species—Endosporites ornatus Wilson and
Coe, by designation of Schopf, Wilson, and Bentall,
1944 (p. 45).

Description—The spores are originally described by
Wilson and Coe (1940, p. 184) from the Des Moines
series of Iowa as:

* * * gpherical or subspherical, possessing centrally a
smaller sphere or central body; central structure with
triradiate aperture; walls thin, transparent or trans-
lucent, colorless.

They also noted the probable equivalence of group C
[in part] of Raistrick and Simpson (1933).

Discussion—As a general rule the spores of Endo-
sporites possess a central spore body enclosed in an in-
flated bladder which is joined to the central body only
on the proximal surface.

Schopf, Wilson, and Bentall (1944) give a more
complete description of these spores. They note the
irregular folding of the bladder, the common pres-
ence of infrareticulation on the distended perisporal
bladder, the occasional continuation of trilete rays onto
the bladder, and the presence of apical papillae on the
endosporal body of some spores.

Kosanke (1950, p. 36) states that the size of spores
of Endosporites described from this country ranges
from 50u to 175.. He, as well as Schopf, Wilson, and
Bentall, notes that the encompassing bladder is usually
membranous and much thinner than the wall of the
enclosed central body.
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Chaloner (1953c) described spores of the £ndo-
sporites globiformis-type (Ibrahim, 1932) S.W. & B.
from Lepidostrobus zea Chaloner. Chaloner's results
reconfirmed the reconstructed axial section of original
spore form as given by Potonié (1952, p. 152, fig. 3)
in that the perisporal bladder extends distally com-
pletely around the spore body and is not attached to
the distal part of the spore body. Chaloner also men-
tioned the presence of a slight peripheral thickening
of the perisporal bladder.

More recently, Potonié and Kremp (1954, p. 171-173,
pl. 18, figs. 80, 81) describe spores of Endosporites
and present a revision of the reconstructed axial sec-
tion of spore form as given by Potonié in 1952. They
describe spores of Andosporites as possessing a margin-
al limbus on the bladder, a morphological feature ap-
parently equivalent to the peripheral flange on the in-
flated wing of Spencerisporites spores as described
by Chaloner (1951). On the other hand, Chaloner
(1953c¢) notes a peripheral thickening but not a narrow
flange, on the bladder of Endosporites-type spores.
Potonié and Kremp describe the peripheral limbus as
causing a certain rigidity of the bladder and together
with the original flattened umbrella-shaped form caus-
ing characteristic proximodistal orientation of com-
pressions. Potonié and Kremp do not discuss whether
or not all spores previously assigned to Lndosporites
were originally umbrella shaped or possessed a
marginal limbus.

Seven distinguishable trilete single-bladdered spores,
one type of which is referred to another genus, are de-
scribed in this paper. Four species of Endosporites
are new: L. chagrinensis, E. lacunosus, E.? pseu-
doradiatus, and £.% erassaspinosus. Spores of the three
latter species possess some features that have not been
congidered as characteristic of Endosporites spores.
Spores of E. lacunosus possess bladders ornamented
only on the distal external surface. Those of £.7 pseu-
doradiatus are of large size and possess a very thick
walled bladder and strongly developed trilete rays.
Those of 7.7 crassaspinosus also possess a thick walled
bladder, highly ornamented, however, and heavy trilete
rays. With the study of more and more single-
bladdered spores from rocks older and younger than
those containing the type species, it may become neces-
sary to revise the characterization of this genus. Tt is
more than likely that some spores now described under
Endosporites. including several described here, are not
borne by plants at all closely related to the type species
Endosporites ornatus.

Affinity—Potonié (1954, p. 110-111) reviews the
problem of the affinity of Endosporites and refers
Endosporites to Sigillariaceae questionably. Prior to
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this review, Schopf, Wilson, and Bentall (1944, p. 45)
described E'ndosporites as related to some of the Penn-
sylvanian Cordaitaleans, but Schopf (oral communica-
tion, 1955) now regards this relation as doubtful.
Chaloner (1953c, p. 109) describes Z'ndosporites globi-
formis-type spores from a lycopod cone, the affinities
of which, however, are not at all clear. (See Potonié,
1954, p. 110-111.)

Occurrence—Spores of Endosporites are found in
rocks of Late Tournaisian to Early Permian age in
Europe and Asia (Potonié and Kremp, 1954, p. 183).
Hoffmeister, Staplin, and Malloy (1955a) report find-
ing spores of Endosporites in beds of Early Missis-
sippian to early Permian age in North America. They
report spores questionably assigned to this genus from
the Upper Devonian of western Canada.

Spores of Endosporites chagrinensis are among the
most abundaut spores in the upper part of the Ohio
shale and Chagrin shale of Late Devonian age in Ohio.
Sypores of E. lacunosus are among the most abundant
small spores in the Bedford shale and Berea sandstone
of Early Mississippian age (fig. 4). Those of Z.?
pseudoradiatus are typical of the Bedford shale while
those of £.? crassuspinosus are abundant in the Bed-
ford shale, upper part of the Cuyahoga and Black
Hand formations (undifferentiated), and in the Logan
formation.

Endosporites chagrinensis n. sp.
Plate 16, figure 10 ; text figure 4

Diagnosis—Spores trilete, have a central body en-
closed in a bladder, usnally compressed in proximo-
distal orientation; ranging from 105z to 183y in di-
ameter, including bladder, for 27 specimens measured
(more than half of these range from 120u to 140u).
Central body ranges from 64u to 100 in diameter;
ratio of central body diameter to total diameter com-
monly between 53 to 59 percent with extremes of 50 and
66 percent. Outline of bladder (perisporal?) circular
in transverse plane, that of central body (exosporal?)
slightly subtriangular. Original form of bladder
probably oblate to disk shaped in axial section, that
of central body flattened oblate. Bladder attached
only to proximal surface of central body, commonly
highly folded and, therefore, crenulate at its periphery.

Trilete suture 28u—39x long at each ray, fairly dis-
tinct, extending nearly to body margin; spore body
often split open along suture. No lips, arcuate ridges,
distinet demarcation of contact areas, or apical papillae
observed.

Spore-body surface appears quite smooth; bladder
appears finely granulose, possibly a preservational and
not an original characteristic. Bladder membrane
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0.54~0.9x thick, yellow by transmitted light; central
body coat 1.4u—1.9x thick, dark yellow to orange brown
by transmitted light.

Holotype—Plate 16, figure 10, from the Cleveland
member of the Ohio shale, locality 6, maceration 442,
slide 5.

Discussion—On many specimens, folds of the distal
bladder membrane are superimposed on the distal wall
of the central body which is not affected by the folding.
It is assumed, therefore, that the distal part of the
bladder is not connected to the central body of the
spore. Furthermore, folds on the proximal surface of
the bladder may extend toward the proximal pole as
much as 20p past the margin of the central spore body
without being reflected in corresponding folds of the
central body. This featura indicates that not all of
the proximal hemisphere of the central body is at-
tached to the bladder. Several specimens were com-
pressed slightly obliquely, but the bladder maintained
its circular outline, and there is no indication of a
thickened marginal rim. Therefore, the original spore
form in axial section would be slightly different in
reconstruction, and less disk shaped, than that given
by Potonié and Kremp (1954, pl. 18, fig. 81). There
can be little question, however, that these Upper De-
vonian spores would be interpreted as representing
Endosporites if they had come from rocks of Pennsyl-
vanian age. There is no adequate basis for generic dis-
tinction at the present time.

Several associated smaller spores are very similar
to spores of this species. They range from 67u to 95,
in diameter, and possess sutures shorter in relation to
body diameter and a central body more subtriangular
in outline. They are not identified with £. ckagrinen-
sis at the present time, but the possibility of close
relationship exists.

Spores of E. chagrinensis are comparable to those of
Auroraspora solisortus Hotfmeister, Staplin, and Mal-
loy (1955b) in the outlines of subcircular bladder and
subtriangular central body, in the relative thickness
of body wall and bladder membrane, and in the ratio
of spore body to the total diameter. However, spores
of E. chagrinensis do not have lips developed along the
suture and are at least twice the size of those of .duror-
aspora solisortus.

As a rule the spores of this species are not well pre-
served. They often are broken.

Occurrence—The occurrence and relative abundance
of E. chagrinensis is diagrammatically presented in
figure 4. Spores of this species are among the most
abundant in the Chagrin shale at several localities. In
general the species occurs commonly in the upper 275
feet (abundantly in the upper 150 feet) of the Chagrin
shale and in the Cleveland member of the Ohio shale at

locality 6. The spores are also present in the Chagrin
shale of locality 8, occuring abundantly about 125 feet
down from the base of the Bedford shale. At locality 7,
only one spore of this species was found, that occurring
237 feet down from the top of the Ohio shale (pl. 23).

Endosporites lacunosus n. sp.
Plate 16, figures 1, 2, 3, 4, 5; text figure 4

Diagnosis—Spores trilete, possess central body en-
closed in a bladder, usually flattened in good proximo-
distal orientation; range from 58u to 108u in overall
diameter, including bladder, for 31 specimens measured
(more than half of these range from 60u to 70u). Cen-
tral spore body ranges from 33u to 59 in diameter;
ratio of central spore body diameter to total diameter
commonly between 60 and 70 percent, with extremes of
47 and 81 percent. Bladder and central body both
asymmetrically subtriangular in outline, 1 radial ex-
tremity usually slightly more acute than the other 2
(pl. 16, fig. 4); uncompressed spore form probably
somewhat flattened. Bladder membrane attached to
central body only on proximal surface, usually with
distal folds in proximodistal compressions; bladder
membrane and central body both much folded in lateral
compressions.

Trilete rays distinet (pl. 16, fig. 1), with sutures ex-
tending to margin of central spore body and persisting
as folds on bladder membrane to, or to within a few mi-
crons of, peripheral rim. Lips rising gradually to 4p
in height at apex. Central body with three, often in-
distinet, apical papillae (pl. 16, figs. 3 and 4).

Surface of central body and proximal surface of
bladder is smooth. Distal external surface of bladder
membrane marked with irregularly spaced oval to cir-
cular pits, 0.94—5.5u in diameter and about 1u in depth
(pl. 16, fig. 4); intervening ridges irregular in width
and length, with tiny sharp spinules as much as 1.4u
in length and about 1z in diameter; spinules confined
to distal surface beyond the peripheral rim.

Wall of central body usually 1.3u—2p thick. Bladder
membrane 1.1u—2.8u thick at margin of proximodistal
compressions, because of thickened peripheral rim (pl.
16, fig. 5) ; proximally and distally, bladder membrane
appears 0.7u-1.8p thick in optical section measured
along folds. Spores appear light yellow to dark brown
by transmitted light, depending on preservation.

Holotype—Plate 16, figure 5, from the Berea sand-
stone at locality 5, maceration 153, slide 23, collection
1-11-14-53.

Discussion.—The bladder in the unflattened spore is
probably extremely lenticular in form, similar to that
shown by Chaloner (1953c, p. 106, text fig. 4, lower
left). The peripheral rim of the bladder is thickened
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slightly (pl. 16, fig. 2) as in spores of the E'ndosporites
globiformis-type described by Chaloner (1953c¢) and
maintains its identity even when it is displaced from
the margin.

The author prefers to refer to the basic ornamenta-
tion on the distal surface of the bladder as lacunose
because the pattern of interconnecting ridges around
the pits is more irregular and coarses than ornamenta-
tion patterns usually described as reticulate. Bladders
of spores typical of E'ndosporites are usually described
as having the same kind of emphytic ornamentation on
both proximal and distal surfaces (Schopf, Wilson,
and Bentall, 1944, p. 45). These authors also suggest
that the fine-meshed reticulation pattern, commonly
present, is probably on the internal bladder surface,
rather than on the exterior. In spores of £ lacunosus,
not only is the lacunose (or reticulate) ornamentation
and associated spinules on the external bladder sur-
face, but also these features are distinctly limited to
the bladder surface distal to the marginal rim.
Whether this feature is unique among spores of £ndo-
sporites or merely too indistinct to be demonstrated with
certainty on spores of some other species is uncertain.
More critical studies need to be made to establish this
point as it may aid in differentiating the spores of
lycopsid affinity (Zndosporites) from pollen or pre-
pollen grains of coniferous origin.

The apical papillae are rarely distinct, but more dis-
tinct on isolated spores than on spores found in large
sporangial masses. The lacunose ornamentation is also
much more distinct on isolated spores. The distal blad-
der spinules are conspicuous on spores in sporangial
masses.

Spores of E. lacunosus shown on plate 16 are yellow
to light yellow. Specimens having very dark brown
coloration and obvious distal ornamentation are abund-
ant in the red shale of the Bedford at locality 8 and
in the red upper part of the Bedford shale at locality
1. Some dark specimens are present at most localities
but are not always associated with red beds. Where
red shales were sampled, however, specimens represent-
ing E. lacunosus were invariably darker and displayed
conspicuous distal pitting. The differences between
the light- and dark-colored spores are probably due
entirely to preservational differences.

These spores are similar in size and proportions to
those of Z. pallidus Schemel, but the spores of Z.
pallidus evidently do not possess distally restricted
bladder ornamentation or as thick a peripheral rim.

Occurrence—Spores of E'ndosporites lacunosus are
very abundant in the Bedford shale at localities 1-3,
6-9 (pl. 23 and fig. 4). Spores are also abundant
in the uppermost part of the Cleveland member at
locality 1 and the Berea sandstone at localities 5 and 9.
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Only 1 specimen was found in the lower part of the
Cleveland member at locality 1, and only 2 specimens
were found in the lower part of the Cuyahoga forma-
tion at locality 8.

Endosporites sp. A
Plate 16, figure 11

Discussion—Two spores of this type have been
noted ; both possess a central body, fairly thick walled
(2.74), enclosed in a membranous bladder and circular
in outline. The total or overall diameter of the 2
spores is 80z and 93p; the ratio of spore-body diameter
to total diameter is 65 and 70 percent. Trilete struc-
tures are distinct but do not extend to the margin of
the centra] body. Bladder and central spore body are
apparently unornamented. Because of the circular out-
line and the occurence of mineral matter within the
central body, which simulates a pitted type of orna-
mentation in the photograph (pl. 16, fig. 11), these
spores seem superficially similar to the form referred
to as Zonotriletes microalveolatus, a name unaccom-
paniad by description or reference to type, by Luber
and Waltz (1938, pl. 3, fig. 31). More specimens are
needed to provide adequate basis for description.

Occurrence—The figured specimen is from the up-
permost part of the Chagrin shale at locality 1, the
other from the Berea sandstone at locality 9.

Endosporites sp. B
Plate 16, figure 13

Discussion—These trilete spores have a thin finely
granulose bladder, 145p~180u in diameter, enclosing a
thicker walled (2.7x) central body which is only proxi-
mally attached to the bladder membrane. Bladder and
spore body both are rounded subtriangular in outline
in the transverse plane. The ratio of body diameter to
total diameter is from 62 to 70 percent. Trilete rays
extend onto the bladder as thin, rather vague folds;
lips are membranous, as much as 4u in height.

Ocourrence—Several specimens were found in the
Bedford shale and Berea sandstone at locality 9 and
in the Bedford shale at locality 1.

Endosporites? pseudoradiatus n. sp.
Plate 16, figures 6, 7, 8, 9; text figures 6A, 6B

Diagnosis—Spores trilete, rather large for “small”
spores, possessing a central body enclosed in a bladder,
usually compressed proximodistally ; ranging from 175u
to 470p in overall diameter for 38 specimens measured;
most specimens from 250u to 300x in diameter. KEn-
closed central spore body ranges from 90u to 230 in
diameter, commonly between 125p and 150x; ratio of

central body to overall diameter between extremes of
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32 and 65 percent. Bladder moderately subtriangular
to nearly circular in outline in transverse plane (pl. 16,
figs. 7, 8) ; central spore body distinctly subtriangular
(pl. 16, fig. 9). Central body rarely displaced by com-
pression, and, except for short interradial folds (figs.
6A, 6B and pl. 16, fig. 7), bladder membrane usually
not folded. Uncompressed spores probably extremely
lenticular, slightly pyramidal proximally.

Trilete structures conspicuous; rays 10p—18u wide,
gradually increasing in height from radial extremities
to as much as 40x at apex. Individual rays range in
length from 40 to 50 percent of overall diameter, ex-
tending nearly to bladder margin (pl. 16, fig. 8). Rays
sinuous adjacent to apex, straighter towards extremi-
ties, commonly dividing near the margin (pl. 16, fig.
8), and on some spores with a near-marginal extension
that may simulate a low incomplete arcuate ridge. Lips
low, thick, rarely parted, suture apparently restricted
to central spore body. Contact areas not distinguished
by differences in ornamentation or texture.

External surface of bladder smooth ; internal surface
usually appears finely punctate, possibly as a result
of internal mineral occurrences.

Bladder membrane 3.6u-13, thick, more commonly
5u—Tu along slightly thickened margin (fig. 68 a-b)
and somewhat thinner proximal and distal to periph-
eral rim; bladder membrane appears thicker in cen-
tral area where it is attached to proximal wall of
central body. Wall of central spore body 1.6u—6.8u,
usually 2.5u-3.5p thick, thinner than bladder mem-
brane that surrounds it (fig. 68 c—c,). Bladder yal-
low to orange by transmitted light, central body much
darker, reddish brown.

Holotype—Plate 16, figure 7, from the Bedford
shale, locality 1, maceration 40C, slide 10, collection
4+-11-1-52.

Discussion—Spores of Endosporites? pseudoradiatus
are generally much larger than spores typical of the
genus. The smallest spores of E.% pseudoradiatus are
comparable in size to the largest spores yet unquestion-
ably referred to Endosporites; they are also compa-
rable in size to those of Spencerisporites Chaloner
(1951). However, spores of Endosporites? pseudo-
radiatus differ from those of Spencerisporites karczew-
skii (Zerndt) Chaloner in their original form and in
the relation of the bladder to the central body (fig.
64, 6B).

The discussion of the reconstructed original form
of these spores, here questionably referred to Zndo-
sporites, is based on a study of both dissected and
entire specimens, using both reflected and transmitted
light. The reconstructed axial section is comparable
to that shown by Potonié and Kremp (1954, pl. 18,

fig. 81) for Endosporites Wilson and Coe, and by
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F1GURE 6.—A, Diagrammatic proximal view of
a spore of Endosporites? pseudoradiatus n.
sp. Dashed lines indicate internal features.
B, Diagrammatic axial section of same spore.
a-b indicates bladder thickness at margin,
c¢—c¢; indicates inner spore body coat thickness.
X 200,

Chaloner (1953c¢) for microspores of the Endosporites
globiformis-type that were obtained from cones of
Lepidostrobus zea. Only a part of the proximal sur-
face of the central body is affixed to the bladder. The
marging of the central body, as much as 20x from
the edge, are not involved in the superimposed inter-
radial bladder folds and, to this extent, the wall layers
are separate. Similarly, the trilete rays shown by fig-
ure 9, plate 16, are slightly askew and evidently not
affixed to the corners of the central body. The promi-
nent trilete rays, when compressed, may act as but-
tresses, causing formation of tension folds in the body
wall and bladder membrane parallel to the spore
margin.

The apex projects above the plane of the bladder
when spores of Endosporites? pseudoradiatus are axi-
ally compressed. This is accentuated by the stout
trilete rays. The central body appears darker by trans-
mitted light because, in addition to the normal thick-
ness of the body walls, the attached proximal bladder
membrane also is thickened in this area.

Three morphologic features distinguish these spores
assigned to E'ndosporites? from those of the type spe-
cies: Larger size, a bladder membrane thicker than
the wall of the central body, and a more prominent
development of the trilete rays. The spores have in
common a marginally rimmed bladder, similar shape,



SYSTEMATIC

and similar original form. Some spores of the £'ndo-
sporites type evidently functioned as microspores
(Chaloner, 1953c), but whether the spores of £.%
pseudoradiatus functioned as isospores, microspores,
or megaspores remains unknown.

The closest comparison of these spores with published
material seems to be with those described as spore type
A by Lang (1925). The type A spores were found,
evidently in abundance, in the Cromarty fish beds in
the Middle Old Red Sandstone of Scotland. However,
neither of the two specimens figured by Lang (1925,
pl. 1, figs. 1, 2) show a tendency to develop interradial
folds upon compression nor are they as large as typical
spores of E'ndosporites? pseudoradiatus.

Occurrence—These spores are quite common through-
out the Bedford shale at localities 1, 2, and 3; a few
specimens are present in the Bedford shale at localities
6 and 9 (pl. 23).

Endosporites? crassaspinosus n. sp.

Plate 18, figures 7, 8, 9, 10, 11; plate 19, figure 4(?); text
figures 7TA, 7B

Diagnosis.—Spores trilete, have central body enclosed
in a bladder, usually compressed proximodistally;
ranging from 104y to 213y in overall diameter. Central
spore body ranges from T4u to 130 in diameter (47-64
percent of total diameter). Bladder distinctly tri-
angular to subtriangular in outline in transverse plane
(pl. 18, fig. 8), greatest extension along the trilete rays.
Central body subtriangular to rounded triangular (pl.
18, fig. 7), attached to bladder only in area of proximal
pole, not joined over margins on proximal surface.
Uncompressed spores extremely oblate lenticular, more
expanded distally (fig. 7B).

Trilete rays prominent, sinuous at proximal pole
(pl. 18, fig. 8), extending to bladder margin and termi-
nating in a stout spine (fig. 7B, a-a,). Lips usually
well developed, 5y-12u high at apex, decreasing in
height gradually towards bladder margin. Suture
appears to extend nearly to margin of the bladder, but
this extension can be distinguished only where lips are
torn away or poorly developed (pl. 18, figs. 10 [in
part], 11).

Proximal surface of bladder smooth; distal surface
ornamented with discrete pointed spines generally
ranging from 4y to 40u in length but usually less than
10p (broken?), and from 8y to 11.5u in basal diameter.
Number of spines projecting from one interradial mar-
gin vary from 5 to 13; typically a spine is developed at
each radial extremity. Surface of central spore body
smooth to granulose.

Bladder membrane thick, 3.3u~Tx on margin (fig.
7B, a;-b) and distally, apparently thinner on proximal
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side. Wall of central spore body 1u-3u thick (fig. 7B,
¢-¢,), obscured on some specimens by bladder ornamen-
tation or folds. Spores yellow to dark orange brown
by transmitted light.

Holotype—Plate 18, figure 10, from the Bedford
shale, locality 2, maceration 163, slide A, collection
9-12-6-53.

Discussion—The broken specimen in figure 9, plate
18, shows that the wide margin, otherwise possibly
interpretable as a flange, actually consists of the proxi-
mal and distal coat of an enclosing bladder. A fairly
consistent feature of these spores is a dark apparently
thick circular band surrounding the spore body. This
band represents the bladder coat in optical section (figs.
7,11, pl. 18) ; the distal bladder spines outside the band
can be seen in side view. The bladder curves around
and conforms to the expanded shape of the central
spore body immediately distal to the central spore body.
This configuration may be entirely original or it may be
partly induced by compression in the sediments.

Figures 74 and 78 show diagrammatic proximal
and cross-sectional views of a spore of £.? crassaspino-
sus as it might appear very slightly compressed. The
distal bladder wall has been observed folded over the
distal central spore body without any effect on the latter
and the central body is occastonally observed displaced
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FIGURE 7.—A, Diagrammatic proximal view of a spore of
Endosporites? crassaspinosus n. sp. Dashed lines in-
dicate internal and distal features. B, Diagrammatic
axial section of same spore. @—a; indicates spine, a,-b
indicates bladder thickness at margin, e—c¢; indicates

inner spore body coat thickness. X 500.
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from its central position. The extremely lenticular
cross-sectional shape and the buttressing effect of the
rays results in an almost invariable preferred proximo-
distal orientation in deposition and subsequent
compression.

Labial elaboration is usually prominent but may be
lacking (pl. 18, fig. 11) or partially lacking (pl. 18,
fig. 10). It is difficult to determine whether the absence
of lips is always a result of preparation or preservation.

Other spores having the same stratigraphic distribu-
tion and general dimensions as those shown by figures
7-10 and 11 on plate 18 have a subtriangular to
slightly more rounded shape and a more membranous
central body. Many have spines approaching the
maximum length given in the description. At present
all are considered conspecific. The spore shown by
figure 4, on plate 19, questionably referred to .? cras-
saspinosus, may represent the extreme development of
the more rounded form and membranous central body.

Spores of £.? crassaspinosus are similar to those of
E.% pseudoradiatus in proximal outline and in develop-
ment of the trilete rays. In contrast, spores of Z.?
pseudoradiatus are generally larger, unornamented, and
possess a marginally thickened bladder.

Spores of E.% crassaspinosus are referred to Endo-
sporites because they are comparable in size to large
Endosporites spores and possess a single large enclos-
ing bladder. However, the outer membrane, here
interpreted as bladder wall, is thicker than that of the
central spore body and is distally spinose. These
spores differ from those of Grandispora in that the
bladder is thicker, the shape more triangular, the orna-
mentation is distally confined and the trilete rays are
much more prominent than in spores of that genus as
described by Hoffmeister, Staplin, and Malloy (1955D).

The relationship of this species to any previously
described is not at all clear.

Occurrence—Spores of this species are especially
abundant in the Bedford shale at localities 1, 2, and 3,
in the upper beds of the Cuyahoga and Black Hand for-
mations (undifferentiated), and in the Logan forma-
tion at locality 7. Spores are also present in the
Bedford shale at localities 6, 8, and 9, the Berea sand-
stone at locality 9, the Sunbury shale at locality 7, and
the lower part of the Cuyahoga formation at locality
8 (pl. 23).
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Endosporites? sp.
Plate 16, figure 14

The spore shown on plate 16 by figure 14 possesses
a trilete central body, wall thickness of 1.4u, enclosed
in a thinner bladder. Diameter of the body is 65 per

cent of the total diameter. The specimen is somewhat
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distorted in preservation and distinctive features may
have been obscured.

Subdivision LYCOPSIDA?
Class, Order, and Family UNCERTAIN

Genus DENSOSPORITES (Berry) Schopf, Wilson, and Bentall,
1944

Plate 22, figure 13; plate 17, figures 14(?), 16(?), and 18(?)

Type species—Densosporites covensis Berry, 1937
(p- 157), by designation of Berry.

Description—Spores trilete, 27u~100p in diameter,
originally oblate, round to subtriangular in equatorial
outline. Trilete rays are usually delicate, may possess
lips, and rarely extend to the equatorial margin. Spore
coat is greatly thickened at the equator to form a trans-
luscent to opaque circular rim which may taper to a
thin margin. The coat decreases in thickness proxi-
mally and distally and often is membranous at the
proximal and distal poles. Spore coat smooth, granu-
lose to rugose or apiculate ; ornamentation more strong-
ly developed equatorially on some spores.

Discussion—The thickened equatorial area may be
simple or divided into zones of different thickness and
ornamentation. Hoffmeister, Staplin, and Malloy
(1955b) report a transition from simple to zonate
margins in spores of one species. Related modifications
may be represented among spores Raistrick (1938)
assigned to his type A, but these forms have not yet
been taxonomically assigned.

Spores of Densosporites found during this investiga-
tion are of the smooth type and correspond in this
respect with the type species of the genus. Potonié and
Kremp (1954) have used the name Densosporites for
spinose forms that differ from the type species of the
genus, and have applied the name Anwlatisporites to
spores that correspond best to the species that Berry
(1987) originally described and which are assigned to
Densosporites here. There is some question whether
the spinose development is sufficient basis for generic
distinetion but, if it is so regarded, the name
Densosporites must be retained for the smooth forms
that most closely correspond to the species that serves
as the nomenclatural type.

Affinity-—The affinity of these spores is as yet un-
known, but Potonié (1954, p. 115) suggests that this
genus is possibly allied with the Lycopsida because of
the morphologic transition between spores of Denso-
sporites and Lycospora.

Occurrence—The youngest occurrence of spores of
Densosporites in this country is reported by Cross and
Schemel (1952, p. 128 and fig. 4) to be slightly above
the Pottsville-Allegheny boundary in the Appalachian
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region. Kosanke (1950) reports these spores as ap-
parently restricted to the Tradewater and Caseyville
groups in Illinois. Hoffmeister, Staplin, and Malloy
(1955b) described several species from the Hardinsburg
sandstone of Late Mississippian age.

The oldest occurrence noted during this study was
in the Bedford shale of Early Mississippian age.

Densosporites sp. A
Plate 22, figure 13

Description—Spores trilete, 32p-39p in diameter,
subtriangular in outline, usually proximodistally com-
pressed. Trilete rays simple, faint, not quite extending
to the area of equatorial thickening. Spore coat about
4p—-8u thick equatorially in optical section, becoming
membranous as it decreases in thickness toward proxi-
mal and distal poles; very light yellow centrally to
dark reddish brown marginally, as viewed by trans-
mitted light. Surface smooth to slightly granulose.

Discussion.—The dotted line inside the margin of
the spore shown by figure 13, on plate 22, is believed
to represent the proximal margin of the thickened
equator. The thickening, therefore, appears to be most
strongly developed slightly distal to the geometric
equator. The spores described are consistent in their
morphological features, but they are rare. Specific
assignment and more complete description is reserved
until more abundant material is discovered.

Occurrence—A few spores of this form of Denso-
sporites were found in the Bedford shale at locality 1
and in the Cuyahoga, Black Hand, and Logan forma-
tions at locality 7 (pl. 23).

Densosporites? sp. B
Plate 17, figures 14, 16, 18

Description—Spores trilete, 49u~69u in diameter;
probably originally oblate, nearly circular to rounded
triangular in proximal outline; usually compressed
proximodistally. Trilete rays simple, centrally distinct
but rather vague peripherally, extending nearly to the
margin of body cavity as seen in proximal view.
Proximal coat of some show a triangular darkened area
around the proximal pole (pl. 17, figs. 14, 18). Spore
coat 4.4p-9.4p thick at the equator in optical section,
slightly thinner but not membranous proximally and
distally. Surface smooth. Wall dark yellow to orange
brown by transmitted light.

Discussion.—The equatorial thickening is not typi-
cally developed and it may be these forms should be
assigned to a genus other than Densosporites. The
equatorial rim could be a thick flangelike modification
of the spore coat; it may represent only a thinning of
the spore coat on the proximal side. Certainly the

average thickness of the proximal and distal portions
is greater in this form than in most species of Denso-
sporites, and the greatest thickness is equatorial in
specimens normally preserved. A close comparison
of the proximal and distal walls has not been possible,
however, in material available thus far. The spore
shown by figure 18 on plate 17 is tilted slightly in the
balsam mount and shows an unusually irregular equa-
torial thickening and folding.

Occurrence.—Spores of this type have been noted in
the Bedford shale at localities 1 and 2, in the Sunbury
shale at localities 8 and 9, and in the lower part of
the Cuyahoga formation at locality 8.

Genus DICROSPORA n. gen.
Plates 10, 11, 12 and 13 ; plate 22, figures 15, 16

Type species—Dicrospora porcata n. sp. (cf. pl. 11,
figs. 4, 5, 5a; pl. 12, fig. 5; pl. 22, fig. 15) from the
upper part of the Ohio shale at localities 6 and 8, the
Bedford shale at localities 1-8, and 9, and the Berea
sandstone at locality 9.

Diagnosis—Spores radial, trilete. Spore body asym-
metrical in the axial plane; proximal side flattened or
oblate; distal side expanded, even becoming prolate;
circular to moderately subtriangular in the transverse
plane. Overall shape lenticular, spheroidal or subpro-
late depending on the degree of apical expansion.

Exclusive of appendages, spores of different species
range from about 70x to 550u in transverse body dimen-
sion and from about 100x to 455x in axial dimension,
including the lips.

Trilete rays usually two-thirds of the radius or
longer, straight or on some spores undulatory; lips
prominent and usually thin. Zonarial (equatorial)
ridge usually prominent and integral with the ring of
most prominent spines.

Strikingly ornamented by slender spines, from 20u to
more than 300u in length, that tend to be most promi-
nent in the zonarial (equatorial) region, absent on prox-
imal surfaces. Spines bifurcate to multipartite at the
tip and often hollow towards their point of basal at-
tachment (pl. 10, figs. 5a-5d; pl. 13, figs. 7, 8, 9).
Ultimate terminations variously recurved or hooked,
frequently acuminate; some ending in filaments.
Apart from the spines, distal surfaces rough, granulose,
or smooth; proximal surfaces usually smoother than
distal surfaces, some ridged or with small tubercles, but
never spinose.

Spore coat usually thinner over the contact areas,
thicker distally, varying from about 7p—30u; density to
transmitted light proportional to thickness, thicker
portions often appear deep red when centered over a
strong light beam.
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Discussion.—The size limits of spores of Dicrospora,
as given above, must be regarded as approximate since
spores of some species have a preferred compressional
orientation. For this reason, both axial and transverse
measurements on spores of these species sometimes can-
not be given. Small dicrosporoid spores (less than 70u
in diameter) are present in the Ohio shale but are not
described in this report. The upper limit of the size
range would be twice as large if 77iletes? sp. B is
assignable to Dicrospora.

There are several morphologic variations and special
morphologic features shown by spores of Dicrospora.
Spores of different species show variations of the dicro-
sporoid configuration but the shape of the proximal
area relative to that of the distal area remains fairly
constant in spores of the genus, exhibiting extreme flat-
tening in spores of D). bedfordi. Spores of several
different species of Dicrospora have been found inti-
mately associated with tangled masses of resinous-
appearing filaments that agree in size and appearance
with the terminations of forked spines (pl. 11, figs. 2,
2a). These filaments may have formed as long exten-
sions of the spine tips, now broken away, but their exact
significance is not known. Similar tangled threadlike
appendages are illustrated for spores described as
Selaginellites (Miner, 1932) from the Upper Creta-
ceous of Greenland. These latter appendages, 8-15 in
number, have a funnel-shaped broad base thinning to
3u~4u terminally. No implication of botanical affinity
should be inferred from this comparison.

Nikitin (1934) interprets the hooked spines on mega-
spores of Kryshtofovichia as an adaptation for anchor-
ing megaspores in a favorable environment, close to
their site of production, rather than as an adaptation
favoring wide dispersal. Although the appendages of
Dicrospora spores appear fragile, considerable durabili-
ty in transport is indicated by: (a) their occurrence in
marine environments and (b) their persistence on speci-
mens occurring in glacial till derived in part from shale
of Devonian and Mississippian age (reference material
in “maceration” 169-A, sample transmitted from C. S.
Bacon). Most specimens from reworked deposits, how-
ever, have lost delicate appendages.

Whether these spores functioned as megaspores, mi-
crospores, or isospores is unknown. The great range in
size of spores of Dicrospora is comparable to that ex-
hibited by spores of Calamospore S. W. & B. which is
allied with some of the isosporous-heterosporous articu-
late groups. However, there is no evidence, other than
the considerable range in size, for believing that the
plants bearing dicrosporoid spores were heterosporous.
Kryshtofovichia Nikitin (1934) is regarded as hetero-

sporous with megaspores and microspores entirely
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differing in form. Only the megaspores of Kryshto-
fovichia show resemblances to Dicrospora spores.
Possibly some of the smaller spores of Dicrospora may
be only immature or abortive (pl. 12, fig. 8, spore at
upper right) but in general they are well formed and,
for this reason, are presumed to have been functional.

Tetradic association (pl. 12, fig. 5), or more especially
association in pairs (pl. 11, fig. 5), is common for spores
of D. porcata. No groups of spores in large sporangial
masses like those described by Nikitin (1934) were
noted.

There are several scattered notes in the literature de-
seribing spores similar to Dicrospora; few of these
include both adequate descriptions and binomial desig-
nations that are needed as a basis for systematic classi-
fication.

Lang (1925) described and illustrated several spore
types from the Middle Old Red Sandstone Cromarty
fish beds of Scotland and one of the spore types, desig-
nated as type G, has some characteristics in common
with those of Dicrospora. Lang noted two forms of
type G spores: the larger (G-1) is about 200x in diam-
eter, bearing spines about 30u long and bifurcate at
the tips; the other is very similar to the first, but little
more than half as large (about 1154 in diameter).

Kriiusel and Weyland (1929; p. 321-322, 346, figs. 29,
30; pl. 14, figs. 1, 2) describe and illustrate bifurcate
spined spores from the Middle Devonian beds of Elber-
feld, Germany. These are associated with Aneurophy-
ton germanicum and Kriusel and Weyland believe
spores of this type were borne in Aneurophyton spor-
angia. The spores they found isolated are said to range
from 60u to 200u in diameter. Although Kr#usel and
Weyland (1929, p. 346) also indicate that Aneurophy-
ton spores are 15u in diameter, this probably is a mis-
print. Several Dicrospora species include spores in the
60p—200y size range and some of the spores associated
with Anewrophyton may be referable to this genus.
Unfortunately spores in the Elberfeld beds are more or
less opaque, so that critical comparison is impossible.

Arnold (1933, p. 115, fig. 2) illustrates a dicrosporoid
spore associated with a heterosporous lycopod strobilus
in the Pocono formation in Pennsylvania. This spore
evidently is not related to the fructification of Lepi-
dostrobus gallowayi Arnold (1935), as megaspores of a
quite different type have been demonstrated in place in
the strobilus (Felix, 1954, p. 369). Nevertheless, the
presence of dicrosporid spores in the Pocono forma-
tion of Mississippian age is of interest.

Nikitin (1934) describes megaspores of Kryshto-
fovichia africani, about 500u in diameter, from clays of
Late Old Red Sandstone age in central Russia. The
distal surface of these megaspores is set with long
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spines, some hollow, evidently bifurcate tipped. The
shaft of each spine is nearly cylindrical and long, ex-
tending nearly to the tip. This feature is comparable
with that shown by Dicrospora sp. (pl. 10, figs. 1, 1a) ;
the general configuration of the spine shaft is similar to
that of Dicrospora bedfordi (pl. 10, figs. 2, 2a). The
lips of K. africani megaspores are extremely high,
about 500p, and often split apart. The megaspores are
about the same size as those of Dicrospora amherstensis.
It seems quite possible that the spores of Dicrospora and
the megaspores of Kryshtofovichia comcide to some
degree in their botanical relationship. However, Niki-
tin based his generie description on association of mega-
spores, microspores having an entirely different mor-
phology, and megasporangia and microsporangia
which he considered part of the same plant. Dicro-
spora cannot be considered as synonomous..

Arnold (1936) discusses and illustrates spores, ap-
parently identical with Lang’s type (& spores, from the
Scaumenac plant beds along the southern shore of the
Gaspé Peninsula. These spores are associated with an
Archaeopteris flora. Arnold (1937) also reports type
G spores in the Chemung and Ithica-Enfield (Portage)
formations of Late Devonian age of the Appalachian
region in association with abundant plant parts, espe-
cially Archaeopteris. He suggests (1936) that the type
G spores in the Middle Old Red, Elberfeld, and Scau-
menac floras imply common elements, as yet not fully
known, in these floras so widely separated geograph-
ically.

More recently Hgeg (1942, p. 146-147, pls. 31 and 49)
describes and figures several types of bifurcate spinea
spores, of latest Middle Devonian age, from Mimer
Valley in central Spitzbergen. These spores seem most
similar to the rare and poorly preserved specimens
found in approximately the lower two-thirds of the
Ohio shale.

In a recent comprehensive study of spores from
Middle and Upper Devonian rocks of the Russian plat-
form (pl. 27), Naumova (1953, p. 26, 51 [description],
52-53, 97, 124; pl. 1, fig. 25; pl. 6, figs. 2-9; pl. 15, figs.
12, 13; pl. 18, figs. 24, 25) describes a new “‘subgroup”
Archaeotriletes. A translation of her description of
this new “subgroup”, for which she does not designate
a type species, is as follows: Represented by spores
with long hornlike protuberances having broadenings
on the ends similar to spores of modern water fern of
the Azolla type. She briefly describes these spores
under 10 specific(?) and one varietal(?) headings in
combination with the “subgroup” term Archaeotriletes.

The Russian spores range from 30u to 120x in diam-
eter and possess numerous spinose processes. The
spines of two species? are terminally bifurcate with

recurved acuminate tip; spines on the other forms tend
to be clavate with incipient bifurcations. Although
these spores occur in upper Middle Devonian through
Upper Devonian beds in the Russian platform, the
specimens illustrated by Naumova are mainly of mid-
dle Late Devonian age (Middle Frasnian).

Most of the specimens described here as Dicrospora
are larger than those described as Archaeotriletes; show
a more distinct development of the terminal spine bi-
furcations, and possess a greater apical development.
Spores of two species(?) of Archaeotriletes possess a
zonarium or pseudoflange (arcuate ridge) from which
spines radiate. This is well developed in some spores
of Dicrospora. The spore most similar to those typical
of Dicrospora is an undesignated specimen figured by
Naumova (1953, fig. 2) to represent a “Devonian
Azolla type.” This spore, 170x in diameter, has short
(35k) stout bifurcate spines, a very rough distal coat,
and, evidently, prominent lips. The specimens from
Ohio with multifurcate spine terminations apparently
are not known in the Devonian of Russia. None of
those described by Naumova can be considered con-
specific with spores described here.

Hoffmeister, Staplin, and Malloy (1955a, p. 10, pl
1, figs. 4, 6) mention 1 large form of bifurcate spined
spore found in the Upper Devonian shales of western
Canada and illustrate 2 spores between 50u and 60u in
diameter (excluding spines). These two are smaller
than the spores of Dicrospora described in this paper.

The dicrosporoid assemblage reported here is, in
part, younger than those previously reported and it
seems to show considerably more diversification. In
papers mentioned above, there are no illustrations of
spore bearing obviously multifurcate spine tips. The
most abundant occurrences of spores of Dicrospora in
Ohio, as shown from this study, are latest Devonian
and earliest Mississippian in age. This is younger
than the occurrence described by Lang (1925), Kréusel
and Weyland (1929), Nikitin (1934), Hgeg (1942),
and Naumova (1953, in part), but similar in age to
occurrences mentioned by Arncld (1933, 1936, 1937),
Naumova (1953, in part), and Hoffmeister, Staplin, and
Malloy (1955a). None of the species described under
Dierospora seem the same as those noted by the various
authors mentioned, but Lang’s type G spores, the
megaspores of Kryshtofovichia, and spores reported as
Archaeotriletes, probably belong in the same family as
Dicrospora. The different species of Dicrospora sug-
gest that considerable diversification took place in this
plant, alliance during Late Devonian and Early Missis-
sippian time.

Affinity—Structures analogous, but not homologous,
to the bifurcate and multifurcate spine terminations of
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these plant spores also occur on the massulae of Azolla,
on perithecia of certain ascomycetes, or zygospores of
some kinds of desmids, on some species of hystricho-
sphaerids, on tests of some chitinozoans, and on stato-
blasts of some fresh-water Bryozoa. Because this type
of spinose structure is present in several groups of
unrelated organisms, it evidently cannot be regarded,
by itself, as compelling evidence of affinity. It never-
theless is a feature of definite structural specialization
and, when taken in combination with other character-
istics that serve to validate the comparison, may serve
as an excellent basis for taxonomic differentiation.

Both the megaspores of Aryshtofovichia and at least
those originally described by Lang, are found in fresh-
water deposits (Nikitin, 1934, p. 1091 ; Phemister, 1948,
p- 67). Spores of Dicrospora are associated with
many land-plant spores in the Berea sandstone at lo-
cality 5, that Pepper, de Witt and Demarest (1954)
regard as a fresh-water channel sand. They also
are associated with abundant fragments of land plants,
especially Archaeopteris, in the Appalachian region
(Arnold, 1937). On the other hand, spores of Dicro-
spora are also abundantly associated with 7asmanites,
Hystrichosphaeridium, and hexactinellid sponges in
undoubted marine environments. In general the evi-
dence strongly supports a terrestrial habitat for plants
represented by dicrosporoid spores.

No assignment to any known family or order can be
suggested. It is by no means evident that this genus
is even fully allied to the Lycopsida although this, of
the various possibilities, seems most plausible. Char-
acteristic haptotypic features and highly developed
ornamentation suggest that these spores are represent-
ative of a specialized group of land plants. The rela-
tionship of larger isolated bifurcate spined spores to
spores found associated with Anewrophyton is not
fully established. The most evident relationships are
with the genus Aryshtofovichia described by Nikitin
(1934) and with the Archaeotriletes “subgroup” of
Naumova. Unfortunately, the alliance of Aryshto-
fovichia and Archaeotriletes is as problematic as that
of Dicrospora.

Occurrence—Reports of spores similar to those of
Dicrospora are scattered throughout the literature, as
indicated above. Spore occurrences previously re-
ported, however, are dominantly of Middle and Late
Devonian age.

The known stratigraphic range of spores of Dicro-
spora in Ohio is indicated in plate 23. Spores refer-
able to this genus were found in every locality but
were rare at localities 7 and 10. They are most abun-
dant in the upper part of the Ohio shale (Chagrin shale
or its equivalent) and in the Bedford shale.

Dicrospora porcata n. sp.

4, 5, 5a; plate 12, figure 5; plate 22,
figure 15

Plate 11, figures

Diagnosis—Spores trilete, small in comparison with
most megaspores, ranging from 125, to 250p in axial
length (including apical prominence), from 125u to
190y transversely (17 specimens measured). Laterally
and proximodistally compressed specimens equally
abundant. Dimensions 1.5 to 2.4 times the measure-
ments given, if overall length of spines is included.
Spore body circular to subtriangular in proximodistal
compressions.

Trilete structures prominent (pl. 22, fig. 15), least
well developed on spores in tetrad association; lips
30u—55u in height, membranous; rays 55p—90u in length,
extending onto zonarial ridge; suture extending only
to inner margin of zonarial ridge. Zonarial ridge about
16x wide, distinctly demarcated. Each contact surface
with 4 to 7 sharp grooves and ridges radiating from
apex toward the zonarium, devoid of spines.

Usually about 15 to 30 spines developed on the
zonarium and distally, irregularly disposed, tapering
from expanded hollow bases into a smooth solid shaft
20u-120p in length. Each spine terminated by a char-
acteristic grapnellike bifurcate tip, hooks moderately
to strongly recurved.

Body surface granulose, distal coat 7u~12u thick,
proximal coat varying in accordance with ridge and
groove structure. Spore body yellow to orange brown
by transmitted light; membranous lips light yellow.

Holotype.—Plate 22, figure 15, from the upper parv
of the Bedford shale, locality 9, maceration 319a, slide
1, collection 2-4-23-53.

Discussion.—Spores of this species are sometimes
found joined in tetrads (pl. 12, fig. 5) or more com-
monly in half-tetrads (pl. 11, fig. 5). Tetrad associa-
tion of spores suggests immaturity, but tetrads are per-
sistent in the mature spores of certain other groups of
plants and probably should be regarded as characteris-
tic of this species. Spores in tetrad or half-tetrad asso-
ciation commonly possess a more pronounced angularity
of body form, fewer but stouter spines, smaller con-
tact areas, and a minimum development of lips.
Whether they are in tetrad groups or isolated, the in-
dividual spores are well formed and presumably equally
functional.

The proximal ridges and grooves are consistently

present. They appear to have little functional signif-
icance and may merely represent characteristic
ornamentation.

Grapnel terminations of the spines are best shown
in the line drawing (pl. 22, fig. 15). Isolated spores
have spines with grapnel hooks slightly more recurved
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than those in tetrads (cf. pl. 22, fig. 15, with pl. 12, fig.
5). The hollow bases of the spines frequently contain
deposits of secondary mineral matter.

Occurrence—This species is fairly common. It is
present in the undifferentiated Ohio and Chagrin shales
at locality 7, the Chagrin shale at locality 8, the Chagrin
shale and Cleveland member at locality 6, the Bedford
shale at localities 1, 2, and 3, and the Bedford shale
and Berea sandstone at locality 9 (pl. 23).

Dicrospora amherstensis n. sp.
Plate 10, figures 3, 4, 5, 5a, bb, 5e, 5d

Diagnosis.—Spores trilete, but large, evidently func-
tioning as megaspores. Average diameter of spore body
about 525u; circular to slightly subtriangular in out-
line in proximodistal compressions. Original body
form spheroidal to oblate.

Trilete structures prominent; lips thin and high
(more than 70u) ; average ray length about 200u. Zon-
arial ridge distinet but inconspicuous (pl. 10, fig. 5),
enclosing about 85 per cent of the proximal hemisphere
of this spore. Contact surfaces unornamented.

Spines, more than 45 in number on one specimen,
developed on the zonarium and distally, tending to be
closely and evenly spaced, tapering from expanded
bases into a smooth shaft, often curved, about 300 in
length. Base and shaft both hollow nearly to the tip
(pl. 10, figs. ba—d). Spine tips broadened, nearly flat
at the end, armed with two opposed hooks, highly re-
curved, that correspond with the grapnel type of bifur-
cation (pl. 10, fig. 5b).

Body surface dull, faintly roughened (pl. 10, fig. 3),
or glossy brown to black by reflected light; distal coat
22p-30p thick, proximal coat thinner. Spore body red-
dish brown by transmitted Light; lips yellowish.

Holotype.—Plate 10, figures 5, 5a—d, from the Berea
sandstone, locality 5, maceration 153, slide 1, collection
1-11-14-53.

Discussion—One of the most striking features of
these spores, when viewed by transmitted light, is the
outline of the hollow spine bases on the distal coat. A
striking appearance, when viewed by reflected light, is
also afforded by these spores, especially when the spines
are broken away and mineralized fillings of spine cavi-
ties remain attached to the body. The larger spores as-
signed to this species are more likely to be broken than
those of D. porcata described previously.

Occurrence—Five specimens measured were found
in the Bedford shale at localities 1 and 2 and in the
Berea sandstone at locality 5. Fragments of spores
of this species are common in these beds. Comparable
fragments, possibly of spores of this species, were also
found in the Chagrin shale, especially at locality 6

(pl 23).

Dicrospora bedfordi n. sp.
Plate 10, figures 2, 2a

Diagnosis—Spores trilete, evidently functioning as
megaspores, ranging from 330 to 480y in transverse
diameter, slightly greater when obliquely compressed
(five specimens measured) ; subtriangular in outline.
Distal surface more oblate than in 2. amherstensis;
proximal surface flattened; lateral compressions not
seen. Uncompressed form oblate or, possibly,
lenticular.

Trilete structures prominent; lips very high (as
much as 220p), membranous, usually broken or folded
across contact areas. Rays 150u4-190x in length, ex-
tending onto zonarium, suture shorter. Zonarium aug-
mented by closely set spine bases and broadly developed
into a pseudoflange. Contact surfaces smooth, merg-
ing with the inner margin of the zonarium.

Spines (more than 45 in number on illustrated holo-
type), more than one-third of which radiate from or
contribute to the zonarium, stouter and more numerous
opposite radial extremities. Spine bases broad, not
bulbous, tapering uniférmly to join spine shaft, solid,
in all 904—170p in length, slightly curved, 8y broad near
tip. Tips armed with two hooks, strongly recurved,
similar to D. amherstensis; hooked tips frequently lack-
ing, due to breakage.

Body surface dull by reflected light; distal coat
15p-18u thick. Spores reddish orange by transmitted
light.

Holotype—Plate 10, figures 2, 2a from the Bedford
shale, locality 1, maceration 40A, slide 13, collection
4-11-1-52.

Discussion.—This species is easily differentiated
from those described previously by its relatively short
axis and the thickset spines around the pseudoflange
margin. Relatively uniform proximodistal compres-
sion makes spores of this species appear distinctive.

Occurrence—Five specimens in good condition and
fragmented specimens were found in the.Bedford shale
at localities 1 and 2 and in the upper part of the Bed-
ford shale at locality 3 (pl. 23).

Dicrospora multifurcata n. sp.

Plate 12, figures 8, 8a, 8b; plate 13, figures 1, 2, 8, 4, 4a, b,
6, 7, 8, 9; plate 22, figure 16

Déagnosis—Spores trilete, small in comparison with
most megaspores, ranging commonly from 1004 to 200
in axial length, excluding lips, and from 100ux to 165
transversely (17 specimens measured). Diameter in-
cluding spines is generally 250u—~300p and as much as
350s. Usually compressed laterally; proximodistal
compressions relatively rare. Spore body circular or
oval in transverse outline; markedly asymmetrical
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in lateral view with proximal surface flattened and
distal surface much expanded.

Trilete structures prominent (pl. 22, fig. 16; pl. 13,
figs. 2 4,) ; lips 50p—T0p in height, somewhat spatulate
in lateral view, membranous; rays 65,—1154 in length,
extending to zonarium, terminated by a slight pro-
tuberance, some developed as a spine. Zonarium
chiefly demarcated by the bases of zonarial spines.
Contact surfaces smooth, inconspicuous.

Spines, usually 7 to 20 in number, more than one-
third of which are set along and contribute to
zonarium. Spines 40p-120p in length (commonly
60u—80u), hollow, often collapsed, tapering more uni-
formly than in previous species from broad bases to
6p—8u near tip. Spine tips, armed with 3 to 7 hooks
(commonly 6), moderately reflexed and 6420 in
length (pl. 12, figs. 8a, 8b; pl. 13, figs. 7, 8, 9).

Body surface rugose distally. Distal coat usually
8u—11u thick, as much as 20x; proximal coat thinner.
Spore body reddish brown by transmitted light; lips
and spines yellow.

Holotype—Plate 13, figures 4, 4a, from the Chagrin
shale of the Barberton core, locality 6, maceration 44—
1-B, slide 3, collection 912-792-797.

Discussion.—The considerable range in size observed
in this species suggests irregularities in gametophytic
development. If heterospory was not completely es-
tablished in these plants, such a size range might be
expected. Larger specimens evidently represent mega-
spores, but the possibility exists that the smaller indi-
viduals may have produced male gametophytes. The
smaller spores are well formed and presumably func-
tional regardless of their smaller size.

As in preceding species, characteristics of spines are
most diagnostic. The hollow spines are favorite sites
for mineral deposits and often contain minute cubes of
pyrite (pl. 13, figs. 1, 5, 6; pl. 22, fig. 16). Similar
deposits also occur in the central chamber of many
spores. The collapse of broad spines lends a character-
istic roughened appearance to the shaft and the minute
folds, 114u~21%u across, simulate striations, as shown
on plate 13, figure 6. Spines on some spores tend to be
stout. throughout their length (pl. 13, fig. 2). The
spines are irregularly disposed, and on a few specimens
the spines have grown together at the base where too
closely crowded. In addition to these features, the
many hooks at the tips of spines serve readily to iden-
tify this species which shows a greater range of varia-
tion in other characteristics.

Occurrence—Spores typical of this species (that is,
D. multifurcata var. multifurcata) are present in the
Olentangy shale, Huron member, Chagrin shale, and
Bedford shale at locality 8; in the upper part of the
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7; in the Chagrin shale at locality 4; in the Chagrin
shale and Cleveland member at locality 6; in the Bed-
ford shale at localities 1,2, and 3; and in the upper part
of the Bedford shale at locality 9 (pl. 23). Abundant
specimens were found in the Chagrin shale at localities
4 and 6, in the Bedford shale at locality 6, and in the
upper part of the Bedford shale at locality 9.

Dicrospora multifurcata var. impensa n. var,
Plate 12, figure 7, 7a

Diagnosis—Spores similar to those typical of D.
multifurcata but larger, 240p~300p in body diameter,
and with longer spines. Diameter including spines 2
to 3 times body diameter (6 specimens measured).
Lips as much as 85p high at apex. Contact areas smooth
and definitely distinguished from rugose zonarium and
distal surfaces. Spines 130u-250p in length, hollow;
spine wall 5 decreasing to 3x terminally; spine bases
expanded (40p—55p), much as in D. madtifurcata, but
shaft proportionately more slender. Tips rarely bifur-
cate, principally multipartite with as many as 7 hooks,
9u—15u long. Body surface dull by reflected light, dis-
tally rugose; spore coat 18u~28u thick.

Holotype—Plate 12, figures 7, 7a, from the Chagrin
shale, locality 4, maceration 169, slide 2, collection 1-
1-1-54.

Discussion—Most of the specimens noted are broken
or badly abraded. Many spine tips have been broken
away. On each of several specimens, however, the
number of well-defined terminal prongs may range
from 2 (bifurcate) to 7. This type of variation be-
tween spines on a single specimen also is characteristic
of spores typical of D. multifurcata, but spines of the
latter never seem to be bifurcate tipped. The con-
sistently larger size of spores of D. multifurcata var.
impensa seems to support their varietal separation
from those typical of the species.

Occurrence—Spores of this variety are not abundant
but are present in the Chagrin shale at localities 4 and
8, in the Chagrin shale and Cleveland member of the
Ohio shale at locality 6, and in the upper part of the
Bedford shale at localities 3 and 9 (pl. 23).

Dicrospora sp. A
Plate 11, figures 2, 2a, 8, 3a

Description—Spores trilete, typically dicrosporoid
in form; axial length, including lips, about 1654 ; trans-
verse diameter about 150x (4 specimens measured).

Trilete structures well developed; lips thin and
about 40u in height at apex; rays about 70u in length,
extending to margin of body. Zonarial ridges dis-
tinet, about 14u—-20u wide, with numerous spines. Con-
tact surfaces ornamented with small irregularly spaced
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hemispherical tubercles 2.5u—5.5, in diameter.

Spines numerous, 35p—60u in length, with hollow ex-
panded bases 10u—~15x in diameter and solid shafts,
tapering to a diameter of 2u—4u near tip. Spine tips
bifurcate, terminal prongs often long (as much as 20p)
and tapering, variously curved, of unequal length.
Spore coat Tu-19u thick distally, thinner (4x) in
contact areas; orange brown by transmitted light.

Discussion.—The specimen shown by figures 2 and
2a on plate 11 has terminal prongs unequal in length,
tapering to a diameter of about 1. The spore is as-
sociated with long tangled filaments (1x in diameter)
that agree with the ends of the spines in size and ap-
pearance. This suggests that these filaments formed
long extensions of the bifurcate spine tips, most of
which were broken during sedimentary transport or
in preparation of the material. This intimate associa-
tion of spores and filaments also has been noted for
spores of D. multifurcata var. impensa, D. bedfordi,
D. amherstensis, and several other specimens of bifur-
cate spined spores, specifically distinct and not de-
scribed in this paper.

The spores of Dicrospora sp. A are similar to those
of D. porcata in body form but, in addition to dif-
ferences in spines, are distinguished from that species
by contact areas ornamented with scattered tubercles
instead of radiating ridges and grooves.

Occurrence—The four measured specimens were
found in the Chagrin shale at localities 4 and 6, and
in the Bedford shale at locality 9.

Dicrospora sp. B
Plate 12, figure 2

Description—Spores trilete, probably originally ob-
late, slightly subtriangular in outline in transverse
plane. Diameter 130u—150x (5 proximodistally com-
pressed specimens measured). Trilete rays somewhat
sinuous, extending nearly one-half the diameter of spore
body. Lips about 18x in height at apex (1 specimen
measured ).

Spores apparently possess a flangelike zonarium, 14—
18y wide. Spines radiating from edge of equatorial
rim and distal coat are relatively delicate with seem-
ingly solid shafts 20u—25p in length ; spine terminations
bifurcate.

Discussion.—Specimens of this type and the one
shown in figure 1 on plate 12, which may belong to a
different species, are distinctive in possessing rela-
tively short spines.

Occurrence—A few specimens were found in the
Bedford shale immediately below the Euclid siltstone
member at localities 1 and 2.
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Dicrospora sp. C
Plate 12, figures 3, 3a

Description—Spores trilete, spinose, body asymmetri-
cally oblate; axial length, including apex about 280u
(3 laterally compressed specimens measured). Apex
as much as 1254 in height, consisting mainly of mem-
branous lips (usually 7T0p-90u in height) ; trilete rays
about 954 in length.

Distal surface ornamented with numerous flexuous
hollow-shafted spines about 100x in length. Spines
often irregularly bifurcate, with terminal prongs ex-
tended and lyrate, rather than recurved, variable, with
simple or clavate termination (pl. 12, fig. 3a). Spore
coat about 13u thick; orange brown by transmitted
light.

Discussion—The spines of these specimens, unlike
those of most other spores of this genus, have tips dif-
fering greatly in size and shape from one another. It
is possible that some of the original terminations have
been broken away, so that only a blunt end remains.
It seems evident, however, that considerable natural
variation exists.

Occurrence—Two specimens were found in the Bed-
ford shale below the base of the Euclid siltstone mem-
ber at locality 1 and one was found in the Bedford
shale immediately below the base of the Sagamore
siltstone member at locality 2.

Dicrospora spp.

Plate 10, figures 1, 1a; plate 11, figures 1, 1a; plate 12, figures
1, 4, 4a, 6

A number of other forms related to Dicrospora have
been found that are not described because of limited
or questionably preserved material. Plate 12, figures
4 and 4a, shows one of these forms. The spines are
unusually well preserved, but the body is opaque due
to mineral deposits. It seems more closely related to
D. sp. A of species described here, but determination
is insecure.

A different type is shown on plate 11, figure 1, in
which the spines are straight and long, but relatively
thin. An extreme variation is illustrated on plate 12,
figure 6, in which the spines are long and sinuous, be-
ing wrapped medusalike around the body of the spore.
These types stand in contrast to the spore illustrated
in figure 1, on plate 12, in which the spines are slender
but unusually short. None of these forms are repre-
sented by many specimens.

The spcre shown in figures 1 and 1a on plate 10 shows
6 very stout spines, 1 of which has a delicate miniature,

but apparently normal, bifurcate termination sur-
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mounting the stout shaft. Spines of most of the spores
assigned to Dicrospora tend to have a thickened, bulb-
ous base; in the example figured, this type of basal
swelling seems to extend out as a regular investment.
of the spine to almost conceal the tip. This spore is
very similar to those of the Kryshtofovichia mega-
spores described by Nikitin (1934) and, when more
abundant material is discovered, it may possibly be
preferable to consider this spore type as representing a
genus other than Dicrospora as treated here.

Subdivision SPHENOPSIDA
Class EQUISETINEAE
Order EQUISETALES
Family UNCERTAIN

Genus CALAMOSPORA Schopf, Wilson, and Bentall, 1944
Plate 17, figures 1, 2, 3, 4, 5,6, 7, 8, 9

Type species—Calamospora hartungiana Schopf,
Wilson, and Bentall, 1944 (p. 51), by their designation.

Description—Spores radial, trilete, probably func-
tioning variously as isospores, microspores and mega-
spores in different species, originally spherical, or
nearly so, developing sharp lunate-lenticular folds upon
compression. Trilete rays relatively short, often less
than half the spore radius, lacking pronounced labial
differentiation. Contact areas may be darkened or pos-
sess a slightly different surface texture near the apex
(kontakthof). Spore coat usually smooth to slightly
granulose or rugose, relatively thin (<2p in spores
smaller than 100x). The smaller forms (30u—100p) are
generally light yellow and translucent. Larger spores
may be several hundred microns in diameter and have
a coat as much as 15y thick.

Affinity—On the basis of Hartung’s (1933) study
of spores of six genera of calamarian alliance and on
other evidence, Schopf, Wilson, and Bentall (1944)
regard Calamospora as allied with the Calamitales and
the Noeggerathiales and probably correlative with some
Mesozoic equisetaleans.

Occurrence—Hoftmeister, Staplin, and Malloy
(1955a) give the range of spores of this genus as basal
Tournaisian to lower Permian in Europe and as Up-
per Devonian through Pennsylvanian in North Amer-
ica. Naumova (1953) reports the occurrence of
calamarian spores of Leiotriletes microrugosus (= Lae-
vigatisporites microrugosus Ibrahim 1933; Calamo-
spora microrugosa [Ibrahim] S. W. & B.) from beds
of Late Givetian age (Middle Devonian) through beds
of Famenian age (L.ate Devonian) on the Russian
platform.

Spores of Calamospora described in this paper are
chiefly from the Berea sandstone. Other spores, large
and small, possessing features described by Hartung

as typical of calamarians, are also found, although
never in abundance, in the Chagrin shale at localities
6 and 8, in the Bedford shale at localities 1-3, 6, and
9, in the lower part of the Cuyahoga formation at lo-
cality 6 and in the Logan formation at locality 7.
Those occurring in the Chagrin shale seem to be dis-
tinguished by extremely short trilete rays in a darkened
contact area.

Calamospora obtecta n. sp.
Plate 17, figures 4, 5, 7, 8

Diagnosis—Spores trilete, completely enveloped by
a loosely fitting thin outer membrane (perisporal?),
lacking preferred compressional orientation, and ap-
pearing circular to subcircular in marginal outline.
Maximum diameter, excluding the outer membrane,
ranges from 46u to 72u; including the membrane, 55u~
76p. Trilete rays distinct, ranging in length from 18u
27y, usually longer than two-thirds of the spore radius.
Labial elaboration absent. No differences in texture
or color distinguish the contact areas. Inner spore
coat (exosporal?) 1.2u—2u thick, minutely granulose to
smooth, bright yellow by transmitted light. Outer
membrane less than 0.5x thick, nearly transparent.

Holotype—Plate 17, figure 5, from the Berea sand-
stone, locality 5, maceration 153, slide 22, collection
1-11-14-53.

Discussion.—These spores are characterized by rather
long trilete rays, the absence of coat differentiation in
the contact areas, and the presence of a distinctive
outer membrane, probably a perisporium. The outer
membrane of the holotype specimen is larger, in rela-
tion to spore body size, than that enveloping each of
the spores shown by figures 4, 7, and 8 on plate 17. In
extreme cases the folds of the outer layer extend 4.5u
outward from the margin of the spore body. Folds
or wrinkles of the outer membrane cross over the suture
but are less prominently developed in this region than
distally.

The uncompressed specimen shown in figure 4 on
plate 17 includes a membranous central body 45u in
diameter. This might be thought to represent a
shrunken endosporal membrane. On the other hand,
the spore is split and open; it is possible that this cen-
tral body is extraneous to the spore. No similar mem-
brane was observed in unbroken specimens.

Calamospora-type spores possessing thin perisporal
membranes, frequently separated from the rest of the
spore coat, have recently been described by Delevoryas
(1955, p. 483) from the calamitean fructification
Palaeostachya decacnema. His description seems to
imply that the darker contact areas (kontakthof) sur-
rounding the juncture of the trilete rays are morpho-
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logical features of the perispore rather than of the
inner spore coat, but these features are lacking from
Calamospora obtecta. The fact that spores of Calamo-
spora obtecta retain intact a delicate outer membrane,
equivalent to the perisporium, suggests they have not
been subject to abrasion in transport. KEither distance
of transport from their site of origin was relatively
short, or the currents were gentle. On the other hand,
a fragment of an immature calamitean fructification
may have been present, as discussed next (see C.
obtecta?).

Occurrence—Spores of C. obtecta have been noted
only from the Berea sandstone at locality 5, both com-
pressed and uncompressed (pl. 23).

Calamospora obtecta?

Plate 17, figures 1, 2, 8, 6

Description.—Spores similar to preceding species
but lacking outer (perisporal?) envelope.

Discussion—Spores occur abundantly with spores of
O. obtecta in the Berea sandstone at locality 5 with the
sole exception of one example from the Bedford shale
(pl. 17, fig. 6). It would seem most plausible that
these spores are merely the spores of C. obtecta denuded
of their outer membranes. However, the presence in
the same sample of one sporangial mass of Calamospora
spores in which there was no indication of any envelope
around individual spores suggests that the smooth
spores and the ones with an outer envelope may pos-
sibly represent different species of calamarian-type
plants. However, these forms all are assigned, with
question, to the same species because the sporangial
mass may represent an immature state in which an
outer spore membrane had not been formed before the
fructification was carried away and buried by
sediments.

Calamospora sp. A
Plate 17, figure 9

Description—Spores trilete, 90p—95u in diameter,
circular to subecircular in outline, when compressed
develop characteristic lunate-lenticular folds. Trilete
rays, simple, distinct, about three-fourths the length
of spore radius. Spore coat appears darker adjacent
to the rays, possibly representing contact areas. Spore
coat smooth, 2.7u thick.

These are very similar to spores assigned to C.
obtecta!, except for their larger size and thicker wall.

They probably represent a closely allied species of
plant.

Occurrence—Only two specimens were found, those
from the Bedford shale at localities 1 and 2.
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Order SPHENOPHYLLALES?
Family UNCERTAIN

Genus RETICULATISPORITES (Ibrahim) Schopf, Wilson, and
Bentall, 1944

Plate 14, figures 1(7?), 1a(?), 1b(?), 2(?), 2a(?), 3(?), 3a(?),

4(7), 4a(2), 5(7), 6(), 7(?), 8, 9, 10, 10a ; plate 22, figures
21(2), 22(7), 23

Type species—Reticulatisporites reticulatus (Ibra-
him, 1933 (p. 33), as designated by Ibrahim.

Description—Spores trilete, basically triradial in
symmetry, about 40p—125p in diameter, originally
spherical to oblate; irregularly circular to subcircular in
marginal outline. Trilete rays may be obscure or pos-
sibly absent; when present are variable in development
and length in different species. Contact areas are
usually not differentiated. Spore coat is about 2p—4u
in minimum thickness, smooth to punctate; distinctive
ornamentation consists of a coarse, often irregular
reticulum which may extend proximally, even across
the trilete rays.

Discussion.—Schopf, Wilson, and Bentall (1944, p.
34) state that the spore coat appears oftentimes to con-
sist of two membranes. The outer one (perisporal?)
when present is thin and integrally involved in the
reticulum. The inner membrane (exosporal?) is
thicker, sometimes irregular and excentric in develop-
ment. Not all spores that have been referred to
Reticulatisporites appear to possess the outer mem-
brane. Those described in this paper lack an outer
membrane and have high interconnecting lamellae, or
muri, indistinguishable from the spore coat as a whole.

Affinity—Some spores of Bowmanites (see Hoskins
and Cross, 1943) possess enclosing perisporal mem-
branes folded to a distinct reticulate pattern. Thus the
suggestion arose that Reticulatisporites spores, in part
at least, might be allied to the Sphenophyllales.
Schopf, Wilson, and Bentall (1944, p. 35) state that, in
general, spores of this genus bear more resemblance to
some of the spores of the Hepaticae as illustrated by
Knox (1939) than to those of other groups of Paleozoic
age. Mamay (1954, p. 83, 84, pl. 21) has recently de-
scribed coarsely reticulate spores from Sclerocelyphus,
unfortunately, a genus of unknown affinity. The affini-
ties of Reticulatisporites, therefore, are mainly still in
question and it is more than possible that spores now
described as Reticulatisporites belong to more than one
plant order. Further discussion on this subject ap-
pears below in the various species descriptions.

Occurrence—Reticulate spores, not all referable to
Reticulatisporites in its present usage, are known from
beds of Late Devonian (Naumova [1953]; Hoffmeister,
Staplin, and Malloy [1955a]; this study) to Recent
age. Those described in this report are, with few ex-

ceptions, of Early Mississippian age.
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Reticulatisporites crassus n. sp.
Plate 14, figures 8, 9, 10, 10a; plate 22, figure 23

Diagnosis.—Spores trilete, coarsely reticulate, 94u—
147y in diameter including the highly developed muri;
body cavity ranges from 69u to 111p in diameter.
Original form somewhat oblate; lateral compressions
shorter axially than in transverse diameter. Proximo-
distal compressions more numerous than lateral or ob-
lique compressions. Spores generally appear irregu-
larly rounded to oval in outline.

Trilete rays distinet, often split apart (pl. 14, fig. 9;
pl. 22, fig. 23), 30p~48u long, extending to margin of
body cavity. Labial elaboration lacking; rays fre-
quently bordered by low muri. Contact areas not
delimited.

Reticulation consists of muri forming an irregular
ring slightly proximal to the geometrical equator, and
usually 5 to 7 muri radiating distally, forming a net-
work of 7 to 9 lacunae 21u-52u in breadth. A lacuna
may, on some spores, be almost bisected by an attenuate
murus. Attenuate muri usually extend proximally,
fully or partially (pl. 22, fig. 23), along each ray, and
sometimes intrude into interradial areas. Muri 5p~19x
high, enlarged at mural intersections; about 6u wide,
usually pressed into the spore wall so that width is dis-
torted. No perisporal layer is differentiated.

Spore coat ranges from a minimum of 2u-3.54 to
much thicker along muri. Surface smooth; coat yellow
to orange brown by transmitted light,

Holotype.—Plate 14, figure 8, from the lower part of
the Cuyahoga formation, locality 8, maceration 148,
slide 9.

Discussion.—The holotype specimen is fairly typical
of spores of the species; those shown on plate 14, figures
9, 10, 10a and plate 22, figure 23 possess extreme devel-
opment of muri though they are typical in size.

Low muri usually border the rays, a feature well
illustrated on plate 14, figure 8 (upper left). Partial
development of muri along the suture is illustrated on
plate 22, fioure 23. One of the trilete rays on this lat-
ter specimen continues as a split through one of the
muri. In addition, the proximal coat is partially split.

No consistent pattern of reticulation is evident. If
such a pattern were present, the extreme height of the
muri and their consequent folding upon compression
might make recognition difficult. Distal muri are not
consistent in relation to the position of the trilete suture,
like that shown by Potonié and Kremp (1954) on spores
of Knowisporites.

These spores, if the interpretation of them as repre-
senting Reticulatisporites is correct, extend the maxi-
mum size range of spores of the genus, about 20u. The

spores are unique among spores of the genus in possess-

DEVONIAN AND MISSISSIPPIAN ROCKS OF OHIO

ing remarkably high coarse muri which are apparently
not perisporal structures as is the reticulum of many
spores of the genus.

Spores of this species are generally comparable to
spores illustrated by Reinsch (1884, v. 1) on plate 48,
figure 271B (diagnosis 561) and especially figure 269C
(diagnosis 560), from the Blatterkohle and Stigma-
rienkohle (Lower Carboniferous) respectively. They
are also comparable in size and mural development to
those described by Naumova (1938, p. 27, pl. 3, figs. 4,
5) as Aptera amplecta from the Lower Carboniferous
of the Moscow basin. Luber and Waltz (1938, p. 12,
pl. 1, fig. 7) later redescribed these spores as Azonotri-
letes amplectus (Naumova). These spores are slightly
smaller, do not possess a distinctly reticulate pattern of
muri but do show muri bordering the trilete rays.
Probably these forms are related to Reticulatisporites
crassus but, considering Luber and Waltz’s description,
it seems doubtful that the two are conspecific.

Occurrence—These spores were found rarely in the
upper part of the Ohio shale at locality 10 and the
Chagrin shale at locality 6; more abundantly in the
Bedford shale at localities 1, 2, 6, and 8; and are present
in the Berea sandstone at localities 5 and 9, the lower
part of the Cuyahoga formation at locality 8 and the
Cuyahoga and Black Hand formations (undifferen-
tiated) at locality 7 (pl. 23).

Reticulatisporites? fimbriatus n. sp.
Plate 14, figures 1, la, 1b, 2, 2a, 3, 3a; plate 22, figure 21

Diagnosis—Spores trilete, prominently reticulate,
muri papillate, 694-1154 in diameter including reticu-
late ornamentation, 52u—80u in diameter excluding re-
ticulation. Original form somewhat oblate (pl. 14, fig.
2a); laterally compressed specimens shorter in axial
than transverse dimensions. Spores usually subcir-
cular in outline, showing no preferred orientation upon
compression: compressional folding of the spore coat
not common.

Trilete rays distinet (pl. 14, fig. 3a), 21u—28x long,
usually partly obscured by flattened muri in compres-
sions (pl. 14, fig. 1b). Labial elaboration absent; rays
bordered by muri, less delicately fringed than distal
muri (pl. 14, figs. 1b, 2a, 3a). Contact areas not
delimited.

Reticulation consists of extremely high muri, papil-
late fringed, that form a distinct rim slightly proximal
to the geometrical equator (pl. 14, fig. 2a), and muri
radiating distally to form a distal network of 7 to 9
large lacunae as much as 31u in breadth (pl. 14, fig. 1a;
pl. 22, fig. 21). Muri also usually extend along the
rays (pl. 14, upper margin, fig. 2a) and sometimes ex-
tend onto interradial surfaces. Muri 821y high and
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about 3p wide (tangential to surface), highest at mural
intersections. Muri incised deeply along the top to
about half their height, appear fringed; papillate seg-
ments 1.6u—3u in diameter (pl. 14, figs. 1, 2, 3; pl. 22,
fig. 21). Papillae blunt, clavate or slightly taper
pointed; often curved on compressed specimens (pl.
22, fig. 21). No perisporal layer is differentiated.

Spore coat ranges from a minimum of 2.1u to 3.1p
to much thicker along muri. Surface smooth; coat
yellow to orange and dark brown by transmitted
light.

Holotype.—Plate 14, figures 1, 1a, 1b and plate 22,
figure 21, from the Bedford shale, locality 1, maceration
40B, slide 16, collection 4-11-1-52.

Discussion.—The spores shown on plate 14, figures
1-3, are typical specimens; that in figure la shows rela-
tively few muri deeply dissected, that in figure 3a
shows more muri (and smaller lacunae) less deeply
fringed. The mural papillae on the spores found in the
Cuyahoga and Black Hand formations (undifferen-
tiated) are slightly coarser and more widely spaced
than is typical. Since the ornamentation on the spores
of R.? fimbriatus is so dissimilar from that of pre-
viously described spores of Reticulatisporites, this spe-
cies is referred only questionably to that genus.

Spores of Aptera spinosa (Naumova, 1938, p. 27, pl.
3, fig. 3) from the Lower Carboniferous of the Mos-
cow basin appear very similar in outline to those of
Reticulatisporites? fimbriatus. However, Luber and
Waltz (1938, p. 18, pl. 1, fig. 13), in describing the same
forms (as Azonotriletes spinosus (Naumova) Waltz),
made no mention of a basic reticulate pattern, nor does
their illustration show such a pattern.

Spores of Reticulatisporites muricatus Kosanke pos-
sess somewhat plicate and folded muri superficially
resembling those of B.? fimbriatus.

Occurrence—Spores typical of this species (that is,
R.? fimbriatus var. fimbriatus) ave quite common in the
Bedford shale at localities 1-3, 6, and 9, and the Berea
sandstone at locality 9; five specimens were found in
the Cuyahoga and Black Hand formations (undifferen-
tiated) at locality 7 (pl. 23).

Reticulatisporites— fimbriatus var. spathulatus n. var.
Plate 14, figures 4, 4a, 5 ; plate 22, figure 22

Diagnosis—Spores similar to those typical of the
species but with more variable ornamentation; 65u—
120p in maximum diameter, 52u-84u in diameter ex-
cluding reticulate ornamentation.

Trilete rays usually distinet, 21u-81p in length,
bordered only terminally by low muri (pl. 14, fig. 5).

Reticulate pattern of ornamentation similar but less

obvious than in the type variety, due to the extreme
dissection of muri and development of spatulate mural
processes. Muri more coarsely and deeply dissected
or fringed (pl. 14, figs. 4, 5; pl. 22, fig. 22), segments
variable, spatulate (especially pl. 14, fig. 5). Spatulate
segments coupled with fringed mural segments, as on
the type variety, are present on some specimens (pl.
14, figs. 4, 5; pl. 22, fig. 22). Spatulate mural proc-
esses up to 10u in basal breadth, often clavate or
partite terminally.

Holotype—Plate 14, figures 4, 4a, and plate 22, figure
22, from the Bedford suale, locality 1, maceration 40B,
slide 15, collection 4-11-1-52.

Discussion—Fragments of spore coat (in which
observation is not confused by double layers of orna-
mented spore coat) have been found to possess both
deep and more shallow types of incision in the same
mural network. This range of variation is character-
istic of R.? fimbriatus var. spathulatus. The specimen
shown on plate 14, figure 5, possesses the most extreme
development of broad-tipped partite processes yet
observed; fringed muri similar to those of the typical
variety of the speciés are also present on this specimen.
Emphasis is placed on the differences of ornamental
structure in distinguishing spores of 2. #fimbrictus var.
spathulatus from those typical of the species.

Spores of this variety seem morphologically similar
to some spores that have been assigned to Raistrickia
S.W. & B. The spatulate processes are similar in size,
flattened aspect, and in terminal shape, to the ribbonlike
projections possessed by spores of 2. crocea Konsanke.
As far as is known, low ridges connecting spines of
Raistrickia spores in a reticulum have not been de-
scribed. Possibility the resemblance noted here is
purely coincidental. On the other hand, it is possible
that Reticulatisporites? fimbriatus and R.? fimbriatus
var. spathulatus are both related to later plants of
Pennsylvanian age bearing more typical Reticulati-
sporites spores, and also ancestral to Raistrickiu. Some
Raistrickia-type spores are known from filicinean
(Schizaeaceous) sporangia (Radforth, 1938).

Spores of Reticulatisporites are known from Upper
Devonian and Mississippian rocks (Hoffmeister, Stap-
lin, and Malloy, 1955a; this study). The earliest
occurrence of typical Raistrickia spores in North
America is reported from the Hardinsburg sandstone
(Chester series) by Hoffmeister, Staplin, and Malloy
(1955b). At least the ages of known occurrences of
spores of the two genera do not contradict the possi-
bility of relationship.

Occurrence—Spores of Reticulatisporites? fimbria-
fus var. spathulatus are not common; they are present
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in the Bedford shale at localities 1 and 2 and the
Cleveland member of the-Ohio shale at locality 6 (pl.
23). At the latter locality the spores are not associated
with spores typical of the species. However, the
typical spores do occur in immediately younger
horizons at this locality.

Reticulatisporites? spp.
Plate 14, figures 6, 7

Discussion.—The two spores shown on plate 14,
figures 6 and 7, are fairly large (about 120u in
diameter), each possesses a wide equatorial rim
(mural?) which joins distal muri or thickened areas
in the coat. Neither spore possesses a definite reticulum
as do the others described here. Spores of Canthospora
n. gen. (p. 67), in comparison, may possess a central
distal thickening, but this does not diverge from the
equatorial rim.

Interpretation of the two spores (especially that
shown on pl. 14, fig. 6) is further hindered by poor
preservation.

Occurrence—Both specimens are from the Bedford
shale at locality 1.

Subdivision PTEROPSIDA
Class FILICINAE
Order FILICALES [in part]
Family UNCERTAIN

Genus PUNCTATISPORITES (Ibrahim) Schopf, Wilson, and Ben-
tall, 1944

Plate 17, figures 13, 15, 17, 19; plate 18, figures 16(?), 17(?),
18(7), 19(?) ; plate 22, figure 14

T'ype species—Punctatisporites punctatus (Ibrahim)
Ibrahim 1933 (p. 21), by designation of Ibrahim.

Description.—Spores trilete, from 25u—120p in di-
ameter, round to subtriangular in transverse outline,
showing no preferred compressional orientation. Tri-
lete rays usually distinct, variable in length and in
labial elaboration. Contact areas indefinite. Spore
coat variable in thickness, usually 2p—4u, with subdued
but various types of ornamentation (smooth, granulose,
minutely punctate or reticulate, and other types).

Discussion—Many species referred to the genus
Punctatisporites are suspected of having diverse
natural affinity. The genus has served as a receptacle
for some of the generalized spore types that may never
be precisely assigned. Potonié and Kremp (1954)
have recently segregated some kinds of spores with
distinetive ornamentation, and referred them to other
genera on the basis of their morphologic features.
Even when the genus is interpreted in this restricted
sense, Potonié (1954) considers Punctatisporites as gen-

erally allied to the Psilopsida and Pteropsida (Filicales
and Cycadofilicales?). This genus is chiefly a taxon
of convenience.

In this report, species based on spherical to nearly
spherical levigate spores are referred to Punctatispor-
ites. Ome species having spores of more distinctive
shape and ornamentation may eventually be assigned
to another genus. For the present, however, these
are questionably assigned to Punctatisporites. Some
species that might be raferred to Punctatisporites
by other workers are referred to Verrucosisporites
and to Anapiculatisporites in this paper. Because
distinctive features in Punctatisporites are obscure,
little emphasis has been placed here on problems of
speciation,

Occurrence—Various species of Punctatisporites are
found in rocks ranging in age from Devonian to Re-
cent (Hoffmeister, Staplin, and Malloy 1955b, p. 391).
Spores of the genus have been identified in Upper De-
vonian and Lower Mississippian rocks of Ohio and
some of them are assignable to a few forms described
below.

Punctatisporites cf. P. nitidus Hoffmeister, Staplin, and
Malloy, 1955

Plate 17, figure 17

Description—Spores trilete, 32u—41p in diameter,
circular in proximal outline, compressional folds com-
mon. Trilete suture distinct; rays about 13p-14p in
length, extending nearly to margin; suture margin
simple. Spore coat smooth, thick (2x) in relation to
spore size, orange brown by transmitted light.

Discussion—These spores are very similar to those
described by Hoffmeister, Staplin, and Malloy 1955b,
p. 393-394, pl. 36, fig. 4) as Punctatisporites nitidus, in
size, lack of ornamentation, coat thickness, and in the
development of a simple trilete suture. The above au-
thors state that the trilete rays are approximately two-
thirds the spore radius. On the spore shown on plate 17,
figure 17, the rays are a little longer, but this dif-
ference may not be significant. Those from the Logan
formation are more closely similar to P. nitidus.

Occurrence—~These spores are present in the Bedford
shale at Jocalities 1, 2, and 6 and in the Logan formation
at locality 7.

Punctatisporites sp. A
Plate 17, figures 13, 15

Description.—Spores trilete, 58u~T0u in diameter,
subcircular to subtriangular in outline. Trilete suture
distinct; rays about 24p—29u in length. Spore coat
3.6,—4.6, thick, smooth, dark yellow to orange brown by
transmitted light.
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Discussion.—The spore shown on plate 17, figure 13,
is folded and slightly distorted by compression. The
specimen shown on plate 17, figure 15, is poorly
preserved, seemingly corroded.

Occurrence—Three similar specimens have been
noted ; one in the Cleveland member of the Ohio shale
at locality 1, one in the Bedford shale at locality 2, one
in the Sunbury shale at locality 8.

Punctatisporites sp. B
Plate 17, figure 19; plate 22, figure 14

Description—Spores trilete, 49u-52u in diameter,
originally probably nearly spherical to oblate (pl. 17,
fig. 19), circular to rounded subtriangular in proximal
outline. Trilete rays simple and distinct, four-fifths
the spore radius in length. Spore coat smooth, 2u—3u
thick and of uniform thickness, dark yellow to yellow
brown by transmitted light.

Discussion.—These spores are similar to the smallest
spores of Punctatisporites? callosus Hoffmeister, Stap-
lin and Malloy (1955b, p. 392, pl. 89, fig. 7) but possess
longer trilete rays.

Occurrence.—These specimens are from the Bedford
shale at localities 2 and 6 and the Logan formation at
locality 7.

Punctatisporites? logani n. sp.

Plate 18, figures 17, 18, 19

Diagnosis—Spores trilete, 55u—84u in diameter, orig-
inally expanded distally and flattened proximally, sub-
triangular in outline (pl. 18, fig. 18), commonly
compressed in proximodistal orientation, rarely folded.

Trilete rays usually distinct, extending to the equa-
tor; lips membranous, as much as 3 in height at proxi-
mal pole (pl. 18, fig. 17).

Proximal surface usually smooth. Distal surface
bearing small apiculations 2.5u-3.1x in height, 2u—4u in
basal diameter, apiculi larger and more densely spaced
towards the distal pole (pl. 18, fig. 19). Each small
protuberance is more or less round in plan view, is
elevated 1 or 2 microns above the base, and is abruptly
terminated obtusely, coming to a point. Spore coat be-
low the level of apiculations, 1.2u-1.9, thick, slightly
thinner proximally, light to dark yellow by transmitted
light.

Holotype—Plate 18, figure 19, from the upper part
of the Logan formation, maceration 861, slide 2.

Discussion.—Although the proximal surface is usu-
ally smooth, the largest specimen examined possesses
proximal apiculi as much as 1.2p in height and about
0.5y In diameter without expanded bases. These are
similar to the terminal parts of the more characteristic
distal apiculi. The more robust and denser ornamen-

tation towards the distal pole gives some spores the ap-
pearance of possessing a central spore body, but no
evidence of a central body has been found.® The spores
have a characteristic beaded appearance when viewed
at low magnifications.

Where spores of this speeies are not fully compressed,
the corners are usually somewhat inclined toward the
proximal pole (pl. 18, figs. 17, 19), resulting in an out-
line of deceptively rounded appearance. They are Jess
spherical than the photographs suggest and these spores
are not to be considered typical of Punctatisporites.
They are, in fact, ornamented so distinctively that one
may anticipate the taxonomic segregation of this
species from more generalized forms usually assigned
to Punctatisporites. However, at the present time no
more definite relationship can be suggested than that
already indicated, and assignment to a new genus might
be premature.

Occurrence.—These spores are very abundant in the
Logan formation at locality 7 (pl. 23).

Punctatisporites? sp. C
Plate 18, figure 16

Description—Spores trilete, 57p and 74p in diameter,
probably originally spherical. Trilete rays distinct,
two-thirds the spore radius in length; suture margins
simple. Spore coat 1.6x and 2.9u thick; ornamented
distally and proximally, except for a small vaguely
defined contact area, with acuminate apiculations, 1.5u—
24 and 2.3 long, 1.54-2.3x and 2.5x in diameter, apic-
uli spaced 2p-3p and 3p—4p apart.

Discussion—Two specimens were found, similar in
morphologic features and proportions but of different
size. The range of dimensions given above includes
both specimens, the larger of which is illustrated (pl. 18,
fig. 16).

Occurrence—The smaller spore was found in the
Bedford shale at locality 2, the larger in the Berea
sandstone at locality 5.

Order FILICALES?
Family UNCERTAIN

Genus GRANULATISPORITES (Ibrahim, 1933) Schopf, Wilson,
and Bentall, 1944

Plate 22, figures 10, 11

Type species—Granulatisporites granwlatus Ibrahim,
1933 (p. 21), by designation of Ibrahim.

Description—Spores trilete, originally oblate, usu-
ally found in proximodistal compression, appearing
rounded triangular with concave to convex sides, in the

8 During a recent examination of the type material (maceration 361,
slide 2), a single torn specimen, 74z in overall diameter, revealted an
extremely membranous central body, 42x in diameter.
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transverse plane. The known size range is from about
25 to 85u in diameter (Iosanke, 1950).

Trilete rays usually distinet and long; lips, if pres-
ent, are generally not prominent. Contact areas very
rarely differentiated (known only in one species).

Spore coat generally less than 2u thick, ornamenta-
tion various— (levigate, granulose, punctate, verrucose,
spinose, setaceous, or reticulate).

Discussion—Schopf, Wilson, and Bentall (1944)
suggest a possible affinity with the Filicales but point
out that there will be difficulty in definitely correlating
the genus with any single suprageneric plant group.
In addition, Potonié and Kremp (1954) suggest a pos-
sible affinity with the Clycadofilicales. This genus, like
Punctatisporites, may principally represent a taxon of
convenience.

Ocourrence.—Spores of Granulatisporites are re-
ported from strata as young as early Permian (Po-
tonié and Kremp, 1954, p. 183) and as old as Late
Tournaisian (Osage in part). Spores of this genus
were found only in the upper part of the Cuyahoga and
Black Hand formations (undifferentiated) and in the
Logan formation in this study. These beds are proba-
bly generally correlative with those of Late Tournai-
sian age in Europe (Cross and Hoskins, 1952, fig. 2,
p.115).

Granulatisporites logani n. sp.
Plate 22, figures 10, 11

Diagnosis—Spores trilete, subtriangular in outline,
generally proximodistally compressed; ranging from
49 to T6p in diameter, commonly over 60u. Inter-
radial margins slightly concave to slightly convex;
margins at radial extremities broadly rounded.

Trilete suture distinet at apical pole, poorly defined
towards spore margin, generally extending to within
4p or 5p of margin in proximodistal compression ; suture
margins simple. Proximal pole enclosed by a small,
circular, and vaguely defined contact zone with a more
granulose surface, darker, but not thicker than remain-
der of spore coat (pl. 22, figs. 10,11).

Proximal surface smooth; distal surface sparsely
ornamented with blunt to pointed tubercular processes,
1.2p-5p in diameter and 1.5x—8u in length. Tubercles
smaller and some more closely set, adjacent to radial
extremities, Spore coat ranging in thickness on differ-
ent specimens from 1p-3p, thickest distally (pl. 22, fig.
10) ; deep yellow by transmitted light.

Holotype—Plate 22, figure 11, from the upper part
of the Cuyahoga and Black Hand formation (undif-
ferentiated), locality 7, maceration 363a, slide 4.

Discussion—The spore coat is generally not folded
in proximodistal compressions of these spores. How-
ever, the holotype specimen shows several short inter-
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radial marginal folds which accentuate the very slight
concavity of the margin.

Spores of this species are fairly large, compared to
those of other species of G'ranulatisporites. They com-
pare in size to those of G. concavus Kosanke, G. con-

verus Kosanke, G, deltoides (Ibrahim) S. W. & B., and

. grandis Kosanke. Spores of (. logani possess a
slight darkening at the apex which may be equivalent
to the clearly defined contact area of @. adnatus.

Ornamentation of spores of @. logani is distinct and
unlike that of other described species. These spores
are larger than and possess more robust and more widely
spaced conical tubercles than do spores of G. tubercula-
tus Hoffmeister, Staplin, and Malloy (1955b).

Occurrence—Spores of this species are common in
the upper part of the Cuyahoga and Black Hand for-
mations (undifferentiated) and in the Logan forma-
tion, locality 7 (pl. 23).

Genus VERRUCOSISPORITES (Ibrahim, 1933) Potonié and
Kremp, 1954

Plate 17, figure 23 (?): plate 18, figure 14; plate 19, figure 7

Ty pe species.—V errucosisporites verrucosus Ibrahim
1933 (p. 24), by designation of Ibrahim.

Description—Spores trilete, circular to subecircular
in equatorial outline. The spore coat is characterized
by densely set smooth broad-based warts which are
irregularly rounded to bean shaped and may be of
differing size (Potonié and Kremp, 1954, p. 137).

Spores of the type species of Verrucosisporites are
described by Ibrahim (1933, p. 25) as: more or less oval
to circular; coat with densely set tubercles 2u—4u long;
trilete suture two-thirds length of radius; dimensions
of type specimen 65.5uX77u. Ibrahim (1933, pl. 2,
fig. 17) clearly depicts the pattern of an inverse
reticulum.

Discussion—In Potonié and Kremp’s (1954, p. 143)
discussion of Microrveticulatisporites (Knox), the au-
thors mention that a negative reticulum (grooves ar-
ranged in a network produced by the dense spacing of
the irregular tubercles) is characteristic of Verrucos-
isporites and note that a negative (or inverse) reticulum
usually appears much more distinct than a positive
fine-meshed reticulum.

Potonié (1954, p. 122-123) questionably refers
spores of Verrucosisporites to the Filicales.

O ccurrence—~Spores of this genus are Late Tournai-
sian to early Permian in age in Europe. Hoffmeister,
Staplin, and Malloy (1955a) report that North Ameri-
can occurrences are Early Pennsylvanian to Permian
in age. From the present study, spores referable to
this genus are also found in beds of earliest Mississip-
pian age.
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Verrucosisporites depressus n. sp.
Plate 19, figure 7

Diagnosis—Spores trilete, lacking preferred com-
pressional orientation, appearing circular in marginal
outline, usually without compressional folds; range
from 5254 to 72 in maximum diameter. Trilete
suture distinct, 18u~28u in length (about two-thirds of
the radius) : suture margins simple. Contact areas in-
distinguishable. Spore coat 1.3u—2u thick, appears yel-
low by transmitted light. Ornamentation, present both
proximally and distally, consists of very low (0.6pu-1.2u4)
rounded warts, 2u~2.7u in diameter, densely spaced;
grooves of resulting inverse or negative reticulation less
than 1u wide.

Holotype—Plate 19, figure 7, from the basal part
of the Sunbury shale, locality 9, maceration 151-3,
slide 6, collection 2-5-3-53.

Discussion—On some specimens the tubercles, in side
view, are so low as to be nearly indistinguishable from
preservational irregularities of the spore coat surface.
However, the negative reticulum is quite obvious in
plan view and is characteristic for spores of this species.
One specimen, not included in the description, possesses
tubercles as much as 2.7u i height and 2.5p-5p in
diameter but is otherwise similar. These spores are
distinguishable from those of the type species by the
shorter tubercles.

Occurrence—Spores are rare, occurring in the Berea
sandstone and Sunbury shale at Iocality 9 and the Sun-
bury shale at locality 8 (pl.23).

9y

Verrucosisporites sp.

Plate 18, figure 14

Description.—Spore trilete, rounded triangular in
outline, 51x in diameter. Trilete rays distinct, nearly
194 long. Spore coat 2.4u thick, ornamented proxi-
mally and distally with closely spaced parallel sided
blunt to pointed tubercles, 3u~3.5u long and 2.7u-3.7Tu
in diameter.

Occurrence—Single specimen was found in the Bed-
for shale at locality 2.

Verrucosisporites? sp. A
Plate 17, figure 23

Description.—Spores trilete, subcircular to rounded
triangular in outline, about 45u in diameter, appearing
dark orange brown by transmitted light. Trilete rays
distinct, about 164 long on illustrated specimen. Spore
coat 2.7u-3.1x thick, ornamented with widely spaced
tubercles, circular in plan view with rounded ends.
Tubercles 3y—3.7u long, 6u—7p in diameter.

Discussion—These spores are similar to those of
Verrucosisporites triquetrus Ibrahim, 1933, but are
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more circular in shape and possess more widely spaced
tubercles. The spores are also similar to spores of
Lophozonotriletes as illustrated by Naumova (1953,
fig. 6).

The spore figured has 14 tubercles, some of which are
borne on the proximal surface. Because the tubercles
are more widely spaced than is usual for spores of this
genus, these spores are questionably referred to Verru-
cosisporites.

Occurrence—The two measured specimens were
found in the Bedford shale at locality 1.

Genus ANAPICULATISPORITES Potonié and Kremp, 1954
Plate 18, figures 15( ?),20(?) ; plate 22, figure 12( ?)

Type species—Anapiculatisporites isselburgensis
Potonié and Kremp, 1954 (p. 130), by their desig-
nation.

Description—Spores trilete, 50p—80x in diameter
(type species) ; originally expanded distally, pyramidal
proximally ; rounded triangular to circular in transverse
outline.” Trilete rays extend almost to the margin; lips
variously differentiated. Proximal surfaces smooth
“(as i Schopfites)”; distal surface provided with short
conate apiculi or spines which tend to be smaller and
more scattered approaching the proximal surface.

Discussion—These spores differ from those of
Schopfites in their original shape and in type of orna-
mentation. Potonié (1954, p. 122, 123) suggests a ques-
tionable affinity with the Filicales.

Occurrence—Spores of Anapiculatisporites have
previously been reported in beds ranging in age from
Late Westphalian A to Early Westphalian B. Thus,
the occurrences noted here are considerably older.

Anapiculatisporites? retusus n. sp.

Plate 18, figures 15, 20 ; plate 22, figure 12

Diagnosis—Spores trilete, 57u-90u in diameter,
originally expanded hemispherically distally and
pyramidal proximally; ecircular (pl. 18, fig. 15) to
rounded triangular (pl. 18, fig. 20) in proximal view
with no preferred compressional orientation. Trilete
rays distinet, about 22u-32u long; suture margins sim-
ple: spores often broken along suture line. Proximal
surface smooth, almost equal in area to the geometrical
proximal hemisphere, not delimited by arcuate ridges.
Distal surface with numerous basally elongate pointed
to blunt apiculi or tubercles, 1.3x—5.2; long and 1p—6p
wide, most densely set and largest at distal pole. Spore
coat thick, 1.6u—2.9u proximally, 2.5u—4u distally; dark
yellow by transmitted light.

Holotype—Plate 18, figure 15, from the Bedford
shale, locality 2, maceration 159, slide 12, collection
7-12-6-53-b.
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Discussion—Folding of the spore coat, mainly along
the proximal surface (pl. 22, fig. 12), is rather rare.
The shape and size of the distal processes is quite vari-
able on an individual specimen. Usually the processes
are smaller and more distinctly acuminate toward the
proximal surface; more distal tubercles may be joined
at their bases so that the protuberance as a whole ap-
pears notched.

These spores possess a completely smooth proximal
surface and lack arcuate ridges as do spores of Anapicu-
latisporites and Schopfites. The original shape is less
spherical and the size smaller than that of spores of the
latter genus, more like that of Anapiculatisporites
spores. The spore coat thickness is much the same as
on spores of Schopfites. The distal ornamentation
seems more acuminate and less densely distributed than
on spores of the latter genus but less consistently apicu-
late than on spores of Anapiculatisporites. 'The distri-
bution and size differentiation of processes from equator
to distal pole is similar to that on spores of both genera.
However, these Lower Mississippian spores lack labial
differentiation.

In view of the time interval between the occurrence
of this Lower Mississippian species and that of Schop-
fites and Anapiculatisporites, the relationship suggested
here may be questionable. In general the morphologic
character of the spores is more like that described for
Anapiculatisporites.

Occurrence—Spores present, not abundant, in the
Bedford shale at localities 1, 2, and 6, the Berea sand-
stone at locality 5, the Sunbury shale and lower part
of the Cuyahoga formation at locality 8, and the
Cuyahoga and Black Hand formations (undifferen-
tiated) atlocality 7 (pl.23).

Class GYMNOSPERMAE
Order CORDAITALES
Family PITYEACEAE

Genus CALLIXYLON Zalessky, 1911
Plate 19, figure 12

Type species—Callizylon trifilievi (Zalessky) Zales-
sky, 1911.

Description—Secondary wood of pycnoxylic type,
with fusiform tracheids and narrow rays; tracheids
with multiseriate bordered pits associated in groups on
the radial walls; pit groups separated from other pit
groups on the same tracheid by areas free of pits, and
alined with similar pit groups of adjacent tracheids in
the same radia] file.

Discussion—QOccurrence of the radial alinement of
the gymnospermous type of pit groups is regarded as
adequate evidence for the recognition of this genus.
No other examples that closely duplicate this phenom-
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enon are known to occur in plants living or fossil.
(See Kriusel and Weyland, 1937, p. 351-352; Arnold,
1947, p. 283; Hoskins and Cross, 1951, p. 685-686.)

Oceurrence—Although Callizylon has been tradi-
tionally regarded as an Upper Devonian plant, Hoskins
and Cross (1951) have also reported its occurrence in
the Kinderhook series of Illinois and the Lower Mis-
sissippian of Kentucky.

Callixylon sp.
Plate 19, figure 12

Description.—This identification is based on a frag-
ment of semifusinized secondary wood that shows the
radial walls of parts of two tracheids and a few ray
cells; bordered pits with crossed apertures are aggre-
gated into groups of 10 to 18 pits and the pit groups of
adjacent tracheids are in regular radial alinement.

Discussion.—Cross and Hoskins (1951) point out that
study of primary wood is desirable for specific dis-
crimination; it would also be desirable to have a more
ample specimen of secondary wood. However, it ap-
pears that a generic determination can be as well sup-
ported by the tiny fragment reported here as it could
be from a much larger specimen.

According to Arnold (1947), the Pityeaceae are
known in the Devonian and lower Carboniferous and
are classified under the Cordaitales on the basis of
structural resemblances of the woods. One species,
Callizylon newberryi, is one of the best known of all
black shale plant fossils, occurring in the Chattanooga
shale in Tennessee and Kentucky, the New Albany shale
in Kentucky, and the Ohio shale of Ohio and Kentucky.
This species seems not to be reliably identified in beds
younger than Late Devonian. The redescription of
Pitys brownit Read, found in the nodule zone of the
Falling Run member of the Sanderson formation of
Campbell (1946) near Junction City, Ky., as Callizylon
brownii (Read) Hoskins and Cross (1951) has the effect
of extending the range of the genus Callizylon into the
Lower Mississippian if the nodule zone is Mississippian
as it appears to be (Campbell, 1946). Cross and Hos-
kins (1951) also mention the discovery of Callizylon
specimens from the type area of the Kinderhook series
near Kinderhook, I11.

The fragment shown on plate 19, figure 12, can be
regarded as further evidence of the occurrence of
Callizylon in strata of Early Mississippian age. The
pit groups seem to closely resemble some of those of the
undescribed species of Callizylon illustrated by Hoskins
and Cross (1951, p. 707) from Crab Orchard, Ky.

Occurrence—Fragment found in upper part of the
Bedford shale, 6 feet below the Berea sandstone, at
locality 3.



SYSTEMATIC DESCRIPTIONS 65

Order and Family UNCERTAIN
Genus SPERMATITES Miner, 1935
Plate 21, figure 3

Type species—Spermatites elongatus Miner, 1935
(p- 597).

Description—Small hollow structures characteristic
of construction in seeds, varying in shape and size.

Discussion—The genus was established by Miner for
purposes of convenience in classifying seedlike struc-
tures obtained by maceration. Seminal integuments of
gymnosperms often have cuticular membranes and
other structures of significance that merit study. By
reference to this taxon, these results may be systemat-
ically reported. The forms treated here differ from
those described by Miner (19385) and by Arnold
(1948b), but they are evidently fossils of the same
general character.

Occurrence—Fossils referable to Spermatites prob-
ably indicate the presence of seed-bearing plants; they
should be common in post-Mississippian rocks. The
presence of seeds in the Devonian has not yet been con-
firmed. KEarly Mississippian occurrences, therefore,
assume special interest.

Spermatites sp.
Plate 21, figure 3

Description.—Cuticular envelope (integumental?)
about 2.2 mm long and 0.9 mm broad, almost elliptical
in outline in compression. Original symmetry uncer-
tain. Epidermal cell pattern more or less isodiametric
(about 20p—25u), polygonal, indistinet in part but ap-
parently uniform. Cell wall “muri” about 5.5x thick.
External (outer wall) membrane as much as 8y thick;
internal membranes indistinct or absent.

Discussion.—Two similar forms were found, one of
which is shown on plate 21, figure 3. The external
membrane, as illustrated, is less than 5p thick. It is
about 6p~8p thick on the other example.

These forms are similar in general aspect to those
Arnold (1948b) described as Spermatites reticulatus
from the Pennsylvanian of southern Michigan. The
specimens from Ohio differ in having smaller cells less
prominently defined and in the absence of a conical cap,
although this may at one time have been present.

A species is not named because more abundant and
better preserved material is likely to be found. The
present specimens may be harbingers of additional
knowledge about seminal evolution during Early
Mississippian time when this was a new manner of
dissemination.

Occurrence—The two similar specimens were found
in the basal part of the Bedford shale at locality 1 and

just below the Sagamore siltstone member of the Bed-
ford shale at locality 2. Similar but more poorly pre-
served specimens also are present in the Berea sand-
stone at locality 5.

Class, Order and Family UNCERTAIN

UNIDENTIFIED VASCULAR FRAGMENTS
Plate 19, figure 13

Discussion—During this investigation many samples
of both Late Devonian and Early Mississippian age
were noted to contain, in addition to spores, abundant
fragmental plant remains that show definable charac-
teristics but are as yet unidentifiable for want of study.
The most common of these consist of splinters of vas-
cular tissue preserved as fusain or semifusain. A con-
centrated study of these fragments might add valuable
information beyond that supplied by other microfossils.
The fragments are derived from vegetative rather than
reproductive phases of the life cycle of the plants repre-
sented and offer an additional source of information
about plant life of the period.

The fragment illustrated on plate 19, figure 13, shows
numerous bordered pits in parallel continuous series.
As such it affords a positive indication of the presence
of a fairly advanced type of plant, probably allied with-
in the Pteropsida.

Occurrence—This type of vascular tissue is a con-
spicuous and abundant element of the plant microfossil
assemblage in the Berea sandstone at locality 5.

Subdivision UNCERTAIN

Genus LAEVIGATOSPORITES (Ibrahim, 1933) Schopf, Wilson,
and Bentall, 1944

Plate 15, figures 1, 8, 8a, 9, 10

Type species—Laevigatosporites vulgaris (Ibrahim)
Ibrahim, 1933 (p. 39), by designation of Ibrahim.

Description—Spores monolete, bilateral, from 14—
150 in length, reniform to oval in lateral-longitudinal
view, cordate to round in lateral-transverse view and
somewhat elliptical in proximopolar view. Spore coat
generally 1p-3.5x thick (Kosanke, 1950), smooth to
variously ornamented.

Discussion—Schopf, Wilson, and Bentall point out
that the monolete bilateral spores could conceivably
pertain to at least three distinct contemporaneous
orders of Paleozoic plants, and they mention members
of the Calamitales and Filicales or Cycadofilicales.
Andrews and Mamay (1951) later showed that this
spore type also is represented in one species of
Bowmanites, a genus that is reliably referred to the
Sphenophyllales. The occurrence of monolete spores
in Psilotum, Isoetes (microspores) and various genera
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of ferns in the modern flora indicates that the monolete
tetrad has originated anew in many groups of plants
and is not, by itself, likely to be a reliable guide to
botanical affinity or age determination. However,
abundantly represented species, identified on the basis
of several correlated characters, are of value as ecologi-
cal indicators. In such instances the species may also
have a corresponding value in establishing stratigraphic
relationships. The genus represents a taxon of con-
venience, but forms that are abundant and appropriate
for specific determination in a given region should,
none the less, be interpretable with botanical con-
sistency.

Potonié and Kremp (1954) have separated several of
the monolete types of spores into different genera
which would ordinarily be referred to Laevigatospo-
rites in the sense of Schopf, Wilson, and Bentall. In
some instances this may prove advantageous, but it
does not seem as appropriate for classification of the
present material, and the genus is identified here in its
broader interpretation.

Occurrence—Spores of this genus are common in
Pennsylvanian and Permian rocks as well as in rocks
of Mesozoic and Cenozoic age. Berry (1937), Schemel
(1950), and Hoffmeister, Staplin, and Malloy (1955b)
report spores of Laevigatosporites from Mississippian
rocks 1n this country. The latter authors, however, note
that the absence or very rare occurrence of monolete
spores is characteristic of Mississippian rocks. In
another paper (1955a, p. 10) they also mention the
occurrence of spherical monolete spores, a monolete
megaspore, and a bean-shaped monolete spore in Upper
Devonian shales of (fanada. Some of these are prob-
ably referable to Laevigatosporites.

Smooth monolete spores were found in this investi-
gation in the Berea sandstone of Early Mississippian
age at locality 5 and in the Bedford shale at locality 1.
One ornamented example (pl. 15, fig. 8, 8a) was found
in the Bedford shale (pl. 23).
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Laevigatosporites spp.
Plate 15, figures 1, 8, 8a, 9, 10

Of the 6 specimens noted in the Berea sandstone, 3,
like the one shown on plate 15, figure 1, have spore
coats less than 2u thick. Two are somewhat oval and
the smallest. (464X464) is circular in outline. Of the
3 remaining, 2 are shown on plate 15, figures 9 and 10;
these are oval to nearly circular m outline and show
no preferred compressional plane. These spores are
smooth, bright yellow, and thick walled (3p-3.5u).
None of the six monolete spores possess lips. Mono-
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lete spores similar to those found in the Berea sand-
stone were also noted in the Bedford shale at locality 1.

The monolete spore, shown at different focal levels
by figures 8 and 8a on plate 15, is a highly ornamented
unique example from the Bedford shale.

Spores of Laevigatosporites are scarce in this ma-
terial, but it does not seem likely that they are con-
taminants. Their occurrence is mainly of interest in
supplementing the record of monolete spores of plants
in Early Mississippian time.

Genus GRANDISPORA Hoffmeister, Staplin, and Malloy, 1955
Plate 16, figure 12

Type species—Grandispora spinose by designation
of Hoffmeister, Staplin, and Malloy, 1955b (p. 388).

Description—Hoftmeister, Staplin, and Malloy
(1955b) deseribe spores of this genus as follows,
* * % Spores radial, trilete; central body enclosed by a bladder,
both subcircular; central body levigate(?); possible punctate
or granulose; bladder wall punctate to granulose, possibly
levigate, with prominent scattered spines; trilete rays weak,
simple, apparently extend to edge of central body; central
body wall only slightly thicker than the bladder wall,
translucent.

Discussion—The authors remark that the spinose
bladder distinguishes spores of this genus from Z'ndos-
porites. The affinity of these spores is apparently
unknown. Whether or not the possession of bladder
spines by these spores is evidence of origin unallied to
that of spores of Endosporites is in question.

Occurrence—Spores of the type species occur in the
Hardinsburg sandstone of Late Mississippian age.
Hoffmeister, Staplin, and Malloy (1955a) report the
occurrence of similar spores in the Upper Devonian of
western Canada. However, in a later correction of
this paper, Hoffmeister and Staplin (1955) note that
the genus is limited to the Upper Mississippian.

Grandispora sp.
Plate 16, figure 12

Description.—Spore, 88u in diameter, has trilete
central body, 56x in diameter, enclosed in a spinose
bladder not connected to spore body distally. Trilete
rays weak but appearing to extend as folds for a
short distance out onto bladder. Spere body coat 1.8y
thick, that of bladder somewhat thinner. Bladder
spinules about 2 in diameter and 3 in length.

Discussion.—This specimen, from the Chagrin shale,
locality 6, is somewhat smaller than spores of the type
species and has smaller bladder spinules. Otherwise,
details of spore morphology are quite similar.
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Genus CYRTOSPORA n. gen,

Plate 22, figures 18, 19, and 20

Type species—Cyrtospora clavigera n. sp. (cf. pl.
22, figs. 18, 19, 20) from Bedford shale at localities 1
and 6, the Berea sandstone at locality 5, the Sunbury
shale and the Cuyahoga and Black Hand formations
(undifferentiated) at locality 7, and the Cuyahoga
formation at locality 8.

Diagnosis—Spores trilete, asymmetrically subpro-
Iate, proximal end flattened, distal end extended, sub-
circular to subtriangular in transverse outline, about
40p—50p long and 30p—50p broad.

Trilete suture distinct, extending nearly to equator;
suture margms simple; contact surfaces smooth and not
defined equatorially.

Distal surface smooth, with a large irregular in-
tumescent or glebous mass and tubercles. Distal mass
consists of spore coat material as much as 27 thick
and 20p—45u broad, variously situated as an integral
part of the distal wall. Tubercles irregularly scat-
tered, short, truncated, mostly 3u—5u in height and
nearly as broad, some grown together basally on the
glebous area of the coat.

Proximal wall 15-2.5x thick near the pole; distal
wall thicker, becomes very thick and dense in tumid
areas. Spores red to brown and nearly opaque in
thickest parts by transmitted light.

Discussion—The distal thickening of these spores
is generally similar to the crescentic coat thickening
of spores of Zorispora securis Balme (1952). This
thickening is asymmetrically located in relation to the
monolete suture. Balme (1952) stated that thickening
probably took place after separation from the tetrad,
but it seems more probable that the distal spore coat
thickening of C'yrtospora, at least, was initiated within
the spore mother cell.

Spores of the Cyrtospora type have not been asso-
ciated with any fertile organs; so there is no evidence
of their botanical relationship. Since the spores are
so distinctive, eventual proof of their relationship to a
more or less distinctive type of land plants can be
expected.

Occurrence—Cyrtospora has only been identified in
rocks of Early Mississippian age in Ohio. They are
so abundant in these rocks that it may only be a matter
of time before they are reported elsewhere.

Cyrtospora clavigera n. Sp.
Plate 22, figures 18, 19, and 20

Diagnosis.—Spores trilete, originally asymmetrically
subprolate (distally extended), usually compressed ob-
liquely or laterally; ranging from 31u to 49 (usually
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more than 38x) in transverse diameter, from 42u-59u
in axial length including distal ornamentation (30
specimens measured). Haptotypic structures, orna-
mentation, and spore coat characteristics are as given
for the genus.

Holotype—Plate 22, figure 19, from well cuttings
of the Cuyahoga and Black Hand formations (undif-
ferentiated), locality 7, maceration 366, slide 3.

Discussion—The distal ornamentation is quite vari-
able. The tubercles are blunt or rounded, usually
slightly larger terminally, some terminations partite.
These protuberances are most densely concentrated on
the distal thickening. The glebous mass can be ac-
counted for, in part, by fusion of the bases of tuber-
cles. The specimen shown on plate 22, figure 20, al-
though abraded, shows the distal thickening as a rough
solid mass.

Occurrence—Spores of this species are abundant in
the Cuyahoga and Black Hand formations (undif-
ferentiated) at locality 7. A few specimens are also
present in the Bedford shale at localities 1 and 6,
the Berea sandstone at locality 5, the Sunbury shale
at locality 7, and in the lower part of the Cuyahoga
formation at locality 8 (pl. 23).

Genus CANTHOSPORA n. gen.

Plate 15, figures 2, 3, 4, 5, 6, 7, 7a, Tb; plate 19,
figure 2(?); text figures 8A, 8B, 94, 9B

Type species—Canthospora patula n. sp. (cf. figs.
8A 8B; pl. 15, figs. 4, 6) from the Bedford shale at
localities 1, 3, 6, 8, and 9 and the Berea sandstone at
locality 9.

Diagnosis—Spores trilete, with a prominent equa-
torial girdle, asymmetrically oblate lenticular, flattened
proximally, more expanded distally, circular to sub-
circular in transverse outline, usually compressed in
transverse plane, relatively large, 80u—175u in overall
diameter; body cavity 65p—~150p in diameter (usually
T0p—1254).

Trilete suture distinet, confined within the promi-
nent body cavity outline and usually extending for 24
to 34 of its radius; suture margins simple or slightly
elevated as thin lips; contact areas smooth, defined only
with reference to the rays.

Equatorial region thickened and extended into a
broad solid girdle or cingulum, with rounded margin,
slightly lobate, irregular, and a tendency to appear con-
centrically striated (fig: 8A, pl. 15, fig. 6). Proximal
internal margin of cingular rim usually defined clearly
within the outline of the body cavity; cingulum over-
laps cavity proximally more than distally.

Distal surface smooth, with small tubercles or a cen-
tral thickening (pl. 15, figs. 3, 7, 7a) on some spores.
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Proximal and distal coat 1.5p-8p thick; equatorial
girdle much thicker, as much as 40p, with inner and
outer layers differing slightly in density, outer layer
highly translucent in relation to its thickness; yellow
to red to brownish red by transmitted light.

Discussion—Extreme equatorial thickening in Can-
thospora invites comparsion with other trilete spores
that possess a cingulum, or a thickened equatorial
girdle. These are included in generic groups? listed
below :

1. Densosporites (Berry, 1937), emend. S. W. & B.
(1944), s. s. (smooth) (=Zonales-sporites [part]
Loose, 1934; = Anulatisporites Potonié and
Kremp, 1954)

2. “Spinose Densosporites,” cingulate spores that some
authors have segregated but to which, in that case,
the name “Densosporites” cannot be correctly ap-
plied. (See p.48.)

3. Murospora Somers, 1952 (= Simozonotriletes Po-
tonié and Kremp, 1954)

4. Knowisporites Potonié and Kremp, 1954

Spores of Canthospora would show a dumbbell shape,
like the other groups listed, when compressed and ob-
served in vertical section (cf. pl 1, fig. 9b, of Schopf,
Wilson, and Bentall, 1944). The equatorial girdle
tends to overlap the body cavity in Densosporites more
than in Canthospora and the girdle may also be flat-
tened and extended to simulate a flange, especially
among spinose types of Densosporites (ci. pl. 13, fig.
58), Anulatisporites of Potonié and Kremp, 1954).

Thus the Densosporites group, taken in a broad sense,
includes more extremes of girdle elaboration than is
known for Canthospora. The range in size is different,
however: Canthospora is considerably larger and is
subcircular rather than subtriangular; the distal side is
more expanded as evidenced by concentric folds; and
the spore coat is composed of layers of variably trans-
Iucent types of material. The principal and abundant
representation of Densosporites is in beds younger than
those containing Canthospora.

Murospora Somers is based on spores that are sub-
triangular and smaller, and thus readily distinguishable
from Canthospora. However, the general proportions
of the equatorial girdle are similar, and older species

TDates of references validating the names are given in the list. In
these groups some confusion has arisen because of duplication of names.
Thus, although Anulatisporites was mentioned in a footnote by Loose
in 1934, he did not validate or adopt the name. Likewise, Simozono-
triletes was used, but not validated, by Naumova in 1939. Apparently
no description or reference to type material was available until
Potonié and Kremp (1954) supplied them. They cite S. intortus as the
type species described by Ulrich Horst in his unpublished dissertation
(Horst, Technische Hochschule, Berlin, 1943). Question therefore re-
mains about this genus until its type species is effectively published.
A different name (Murospora) has been validly established for the same
group (Somers, 1952).

of the genus (Tournaisian), usually assigned to
Simozonotriletes, are larger, approaching the lower
range of spores assigned to Canthospora.

The annular murus found in spores of Knowisporites
Potonié and Kremp, may be compared with the equa-
torial girdle of Canthospora. The resemblance is
especially noteworthy in illustrations of Knowisporites
from beds of Chester age, given by Hoftmeister, Stap-
lin, and Malloy (1955a, 1955b). The distal muri serve
readily as a means of differentiation, but resemblance is
close enough to consider the possibilities of phyletic
relationship. In this connection the central distal
boss, shown on plate 15, figures 7, Ta, and 7b, is of
great interest because, although this is a unique speci-
men, it shows that a type of distal thickening, different
in kind but on occasion just as extreme as in Anowi-
sporites, was represented in Canthospora.

Spores of Archaeozonotriletes variabilis Naumova
(1953) possess a wide irregular equatorial girdle some-
what reminiscent of spores of Canthospora patuia.
However, the spores Naumova describes are smaller and
details necessary for critical comparison are lacking in
her descriptions.

At present, no evidence as to affinity can be suggested
for Canthospora. Tt is presumed to represent a group
of land plants belonging to one of the vascular crypto-
gams (Pteropsida [part], Sphenopsida or Lycopsida.)

Occurrence—Spores referred to this genus were
found in the upper part of the Ohio shale or Chagrin
shale, in the Bedford shale, in the Berea sandstone and
in the lower part of the Cuyahoga formation (pl. 23).
Spores of the genus, not referable to the two described
species, are also present in the Cuyahoga formation at
locality 8. They were not found in the Cuyahoga and
Black Hand formations (undifferentiated) or in the
overlying Logan formation at locality 7.

The most common oecurrence is in the Bedford shale,
but specimens are not abundant.

Canthospora patula n. sp.
Plate 15, figures 4, 6 ; text figures 8A, 8B

Diagnosis—Spores trilete, with prominent equatorial
girdle, oblate lenticular, flattened proximally, distally
more extended (fig. 8B), circular to subcircular in
transverse outline, 90u—175u in overall diameter; spore
cavity prominent, 65p—115x in diameter (16 specimens
measured).

Trilete rays straight, 25p~45y long, fading out radi-
ally just inside the inner line of the cingulum; lips
membranous, as much as 6.7x in height at pole and
declining radially; contact areas defined only with ref-
erence to the rays.

Equatorial girdle 11u—-39u thick (from edge of spore
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cavity), double layered, inner layer (endoexosporium ?)
slightly darker; outer layer of more variable thickness,
restricted to equatorial girdle (cf. fig. 8B). Spore coat
simple (single layer) in central proximal and distal
area, 2u-3u thick ; some irregularly thickened in central
distal area. Surface smooth, yellow to brown by trans-
mitted light, dark and glossy by reflected light.

Holotype—Plate 15, figure 6, from the Bedford
shale, locality 1, maceration 40C, slide 27, collection
4-11-1-52.

Discussion—The outer layer of the equatorial girdle
is somewhat variable and difficult to interpret in the
compressed specimens that are available. It appears
to represent a deposit of lower density material that
supplements the already prominent girdle thickening
of the spore coat. In some sectors of individual spores
the outer and inner layers seem to merge, although
elsewhere the boundary is distinctly marked by refrac-
tive lines. The inner line of the cingulum apparently
marks the proximal limit of this outer layer of mate-
rial as indicated in the reconstructed cross section (fig.
8B). The inner layer is usually more uniform in
thickness.

Evidence for this interpretation is chiefly to be
gained from torn or folded specimens, but these are not
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FIGURE 8.—A4, diagrammatic proximal view of a spore
of Canthospora patula n. sp. Dashed lines indicate
internal features. B, Diagrammatic axial section of
same spore. a, indicates overlap of rim, e indicates
margin of body cavity, b—b indicates band of dif-
ferent refraction caused by rounded margin of inner
spore coat layer, ¢ indicates outer margin of rim.
X 500.

abundant, relatively good preservation being the rule.
Folds generally involve the distal wall, follow a more
or less concentric pattern, and do not cross the rim.

These spores seem similar to the specimen illustrated
by Luber and Waltz (1938, pl. 5, fig. 57) as Azonotri-
letes indecorus Luber. The size given by Luber and
Waltz (1938, p. 23) as 150p—200u is slightly greater
than of most spores of Canthospora patula. The forms
may be closely related but critical details of morphol-
ogy are lacking in Luber’s description and no type
was designated by him. Spores of Azonotriletes inde-
corus are found in the Karaganda basin in deposits of
Viséan age.

Luber and Waltz (1938, p. 42) state that spores of
Lower Carboniferous coals of the Karaganda basin
differ greatly from those of other Lower Carboniferous
coals in the European part of the U.S.S.R. These dif-
ferences lead them to postulate the existence of a pecul-
iar provincial flora in the Karaganda region that differs
from the European and is characterized by strict
endemism. The discovery of a possibly closely related
American species is of considerable interest.

Occurrence—This species is present in the Bedford
shale at localities 1-3, 6, and 8, and in the Bedford shale
and Berea sandstone at locality 9. Although never
very abundant, the spores were found most frequently
at locality 1 (pl. 23).

Canthospora cracens n. sp.

Plate 15, figures 2, 3; text figures 9A, 9B

Diagnosis—Spores trilete, similar to spores of C.
patula in general form; girdle less prominent than on
spores of that species; spores more distorted by com-
pressional folding on that account. At least one broad
fold generally present (pl. 15, fig. 2). Spore cavity
prominent, 70p~145, (mostly 754—1254) in diameter;
spores 80p-170p in overall diameter (12 specimens
measured).

Trilete rays straight and distinct, usually 40u—60u
long or about 14-24 of the overall diameter, extending
nearly to inner cingulum margin. Suture margins
simple or very slightly elevated at the pole.

Equatorial girdle 6u-13u thick, double layered; in-
ner layer 3u—6u thick or about half as thick as in C.
patula, distinguished from outer layer by refractive
differences; outer marginal layer relatively uniform
(cf. fig. 9A, 9B).

Spore coat single layered in central proximal area,
1.5p-3p thick, similar distally except for an occasional
irregular central thickening (pl. 15, fig. 3). Surface
smooth; spores yellow to orange, equatorial region
darker by transmitted light.
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Holotype—Plate 15, figure 3, from the Bedford
shale, locality 1, maceration 40B, slide 13, collection
4-11-1-52.

Discussion.—Differences of shape and greater uni-
formity of the narrower equatorial girdle distinguish
C. cracens from the type species, although the two
species are generally similar in size. More common
folds are of assistance in interpreting the girdle in O.
cracens. Examples incompletely compressed because
of mineral fillings are of further assistance in under-
standing the equatorial structure which is diagram-

matically shown in reconstructed cross section in figure
9B.
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FIGURE 9.—A, Diagrammatic proximal view of a
spore of Canthospora cracens n. sp. Dashed
lines indicate internal and distal features. B,
Diagrammatic axial section of same spore; a
indicates margin of body cavity, e-b indicates
band of different refraction caused by rounded
margin of inner spore coat layer, ¢ indicates
outer margin of rim. X 500.

Occurrence—Spores of this species, never numeri-
cally abundant, were identified in the Chagrin shale
at localities 6 and 8; Cleveland member of Ohio shale
at locality 6; Bedford shale at localities 1 and 2; Berea
sandstone at locality 5; and in the lower part of the
Cuyahoga formation at locality 8 (pl. 23). The species
appears to be longer ranging than C. patula.

Canthospora spp.
Plate 15, figures 5, 7, 7a, 7b

The specimen shown on plate 15, figure 5, about
100 in diameter, is the only one known that is of this

DEVONIAN AND MISSISSIPPIAN ROCKS OF OHIO

type. Itsappearance is apparently due to unusual fold-
ing which causes the cingulum to seem deceptively
wide. Actually the cingulum is only 9 thick in op-
tical section, much the same as that in C. cracens.
Trilete rays are about 31y long, faint terminally, with
simple suture margins. The distal coat bears no thick-
ened area, but is ornamented with small tubercles ad-
jacent to the rim, like the spore shown on plate 15,
figure Ta.

Figures 7, Ta, and 7b on plate 15 represent another
unique specimen at different levels of focus. It has a
wide equatorial girdle somewhat similar to, but more
regular than, that of €. patule. The distal coat is
thin, folded parallel to the cingulum, and has an ex-
ceptionally large, almost bulbous, central distal thick-
ening. The distal surface bears small tubercles as
much as 4y in diameter. Trilete rays are distinct and
long (pl. 15, fig. Tb) with simple suture margins. If
it were not for the presence of the small distal tubercles,
this specimen would probably have been referred to
C. patula.

These examples seem distinctive in detail, but study
of more material will be required to evaluate them.

Canthospora? sp.
Plate 19, figure 2

This specimen shows the same kind of marginal
spore coat differentiation and thickening and is about
the same size as spores of Canthospora. However, the
equatorial girdle and spore cavity are subtriangular
and lips prominently developed. The distal spore coat
possesses several irregular thickenings. This is the
only specimen of the kind that has been observed and
more material is required for identification.

Genus CONVOLUTISPORA Hoffmeister, Staplin, and Malloy, 1955
Plate 17, figures 20, 21, 22, 24, 25, 26

Type species—Convolutispora floride Hoffmeister,
Staplin, and Malloy, 1955b (p. 384), by their desig-
nation.

Description—Hoffmeister, Staplin, and Malloy

(1955b, p. 384) describe spores of this genus as:
* * * padial, trilete; circular to subecircular, probable original
spherical shape indicated by lack of orientation preference;
ornamentation closely packed overlapping anastomosing ver-
miculate or obervermiculate ridge-like processes, often causing
a convoluted or coarsely reticulate-punctate appearance; trilete
rays short, usually simple, but may have distinct lips, often
obscured by the overlapping ridges: spore coat thick, lacking
conspicuous folding, translucent ; diameter 40-150 microns.

Discussion.—Spores assigned to this genus have
unusual ornamentation. The basic anastomosing pat-
tern of ridges is complicated further by nodes or tu-
bercles in forms described below. These often appear
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more distinctive than the underlying ridges that they
rest on. Spores of Convolutispora lack haptotypic fea-
tures other than the trilete suture and the suture lines
often are obscured by the heavy ornamentation. Prob-
ably the length of rays is specifically variable as well
as often obscure. The ornamentation is evidently al-
most entirely emphytic, deposited after breakdown of
the spore mother cell and separation of tetrads within
the sporangium.

Such spores are distinctive and far ranging, having
been recognized in Lower Carboniferous deposits in
Russia as well as in the Mississippian of the United
States. Under these circumstances it would seem
reasonable to expect they would be recognized within
sporangia of plants known as megafossils. Informa-
tion of this sort is needed to provide evidence of
botanical relationship. If fertile sporangia related to
Convolutispora ever are discovered, the spores still may
not bear a completely characteristic ornamentation.
The heavy mature ornamentation in Convolutispora
probably was completed just before sporangial
dehiscence and spores with an immature coat are more
likely to be found in fossil fructifications. For the
present, aflinity of Clonvolutispora is unknown, and it
is presumed to represent one of the terrestrial vascular
cryptogams.

Two species from Lower Carboniferous (Tourna-
isian) deposits in central Asia, described under the
name Azonotriletes by Luber and Waltz, have been
assigned to Convolutispora by Hoffmeister, Staplin,
and Malloy (1955b). The forms described below are
similar in age but specifically distinet from the Asiatic
species. Material described by Hoffmeister, Staplin,
and Malloy is from the Hardinsburg sandstone of
Chester age.

Occurrence—Wide spread, but nowhere present in
abundance. Characteristic of beds of Mississippian
age.

Convolutispora tuberosa n. sp.
Plate 17, figures 20, 21, and 22

Diagnosis—Spores trilete, originally subspherical,
compressions lacking preferred orientation, outline
subcircular, 65,1054 in diameter including ornamen-
tation.

Trilete rays obscured by ornamentation, some appear
irregular, nearly equal to spore radius in length.

Ornamentation prominent, uniformly developed, con-
sisting of numerous blunt tubercles or tuberculate
ridges, 5p—12p high, as much as 8u broad and 5u—22u
long, arranged in a somewhat linear, irregularly
anastomosing pattern.

Spore coat dense, 2p—3u thick, red to brown by trans-
mitted light.

Holotype.—Plate 17, figure 21, from the Bedford
shale, locality 1, maceration 162, slide 8, collection
17-12-6-53.

Discussion—Elongate tubercles may occur at points
where ornamental ridges merge. Lines of tubercles
extend parallel to the trilete suture and apparently do
not cross, but the ornamentation crowds the suture so
closely that critical observation may often be im-
possible.

The tubercular ornamentation is coarser on Convolu-
tispore tuberosa than it is on any specimens from the
Hardinsburg sandstone illustrated by Hoffmeister,
Staplin, and Malloy (1955b), although it seems to
follow the same basic pattern. C. tuberosa most closely
resembles C. florida (especially pl. 38, fig. 6, in Hoff-
meister, Staplin, and Malloy), the type species, but, in
addition to differences in ornamentation, it is con-
siderably larger.

Small specimens of C. tuberosa superficially resemble
Reticulatisporites crassus, but lines of ornamental
tubercles cover the surface of the former and open
reticula are lacking. Tubercles of O. tuberosa also dif-
fer greatly from the slight extensions formed by the
intersection of muri in Reticulatisporites.

Occurrence—Spores of this species are rare, but
present in the Bedford shale of localities 1 and 2 and
in the Sunbury shale and lower part of the Cuyahoga
formation at locality 8 (pl. 23).

Convolutispora sp. A
Plate 17, figures 24, 25

Description.—Spores trilete, originally subspherical,
compressions lacking preferred orientation, outline sub-
circular, 74u—90u in diameter.

Trilete rays straight, about two-thirds spore radius
in length, obscure on some spores.

Ornamentation prominemnt, uniformly developed,
consists of a partly anastomosing maze of sinuous ver-
rucose ridges; ranges from 3u to 7p high and about
4, wide; ridges lack orientation except for conformity
with sutures.

Spore coat dense (because of ornamentation), about
2u thick, usually brown by transmitted light.

Discussion.—The verrucose ridges diminish in width
outwards and verrucose prominences come to a rounded
moderately acute point (pl. 17, fig. 25). The ridges
do not cross the suture, but they are usually crowded
closely and parallel the suture lines. The proximal
pole is almost in the center of figure 24 on plate 17;
in figure 25 it is near the margin of the spore at the
lower right.

These forms, which occur infrequently in the Lower
Mississippian beds studied, most closely resemble spores
from the Hardinsburg sandstone described as C. mel-
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lita by Hoffmeister, Staplin, and Malloy (1955b).
The pattern of ornamentation seems a little sharper
and more prominent and it seems wiser to withhold
identification until more material is studied.

The texture of ornamentation appears definitely
coarser than that of either (. tuberculata (Waltz)
Hoffmeister, Staplin, and Malloy or €. variotubercu-
lata (Luber) Hoffmeister, Staplin, and Malloy, as pre-
sented in illustrations of Luber and Waltz in 1938,

Occurrence.—The specimens illustrated are from the
Bedford shale at locality 1 and the lower part of the
Cuyahoga formation at locality 8. Other spores of
this type have been observed in the Bedford shale at
locality 2 and the Sunbury shale at localities 8 and 9.
The spores are an apparently rare but consistent ele-
ment of the assemblages in the Bedford and Sunbury
shales and the lower part of the Cuyahoga formation.
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Convolutispora sp.
Plate 17, figure 26

Discussion—A single specimen that seems distinct
from any forms previously described is illustrated on
plate 17, figure 26. The ornamentation of broadly
tuberculate, partly anastomosing ridges is coarser than
that of described species of Convolutispora. The speci-
men is 120p in diameter. This seems relatively ex-
treme, and more material should be studied in order
to determine whether these characteristics are relatively
consistent or whether this individual merely represents
a sport.

Occurrence—This specimen is from the Bedford
shale at locality 2.

Genus RADFORTHIA n. gen.
Plate 16, figures 15, 15a ; plate 22, figure 17

Type species—Radforthia radiata n. sp. (cf. pl. 18,
figs. 15, 15a; pl. 22, fig. 17) from the Chagrin shale and
the upper part of the Ohio shale at localities 6 and 7,
the Cleveland member of the Ohio shale at locality 8,
the Bedford shale at localities 1, 6, and 7, the Sunbury
shale at locality 9, and the Logan formation at locality
1.

Diagnosis—Spores trilete, oblate lenticular, known
only from proximodistal compressions, subcircular to
subtriangular in transverse outline, 30u-95. in di-
ameter.

Trilete suture distinct, extended nearly to the equa-
tor; suture margins simple.

Proximal spore coat with distinct radiating grooves
and ridges, with corresponding minor variations in
thickness; surface otherwise granulose or smooth. Dis-
tal coat not ridged, surface smooth or granulose.

Spore coat as much as 4.2u thick as measured in opti-
cal section at the equator; probably somewhat thinner
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at the poles; mostly dense, reddish brown by trans-
mitted light ; corroded specimens lighter.

Discussion—These spores are very distinctive and
widely distributed and will evidently serve for use in
micropaleontologic studies. A valid name is needed to
refer to them. This new generic name is proposed in
honor of Norman W. Radforth, of McMaster Univer-
sity, in recognition of his contributions to paleobotany
and the study of plant microfossils.

The affinity of these spores is not known. Their
very characteristic form and appearance signifies that
a natural taxon is represented. It is now presumed to
belong among terrestrial vascular cryptogamic plants.

Occurrence—Radforthia is represented in the upper
part of the Ohio shale, the Chagrin shale and Cleve-
land member of the Ohio shale of Late Devonian age,
and in the Bedford and Sunbury shales and Logan
formation of Early Mississippian age in Ohio.

Radforthia radiata n. sp.
Plate 16, figures 15, 15a ; plate 22, figure 17

Diagnosis—Spores trilete, oblate lenticular, known
only from proximodistally compressed specimens, sub-
circular to subtriangular in outline, 35—92u in diameter
(9 specimens measured).

Trilete rays distinct, commissure often separated (pl.
22, fig. 17).

Proximal radiating grooves and ridges described for
the genus. Surfaces otherwise smooth.

Spore coat 0.9 (on corroded specimens) to 4.2p
thick; density by transmitted light proportional to
spore coat thickness.

Holotype—Plate 22, figure 17, from upper part of
Bedford shale, locality 6, maceration 438, slide 5.

Discussion.—A spore of similar type was illustrated
by Naumova (1953, pl. 22, fig. 111) and referred to by
her as Stenozonotriletes ornatissimus (nomen nudum—
no description). According to the position of the illus-
stration on her plate 22, this type of spore is of early
Middle Devonian age. The spore illustrated is about
47p in diameter, apparently thick walled with radiating
ribs and a dark central area. It may be conspecific
with the form named here.

These spores are also closely comparable with those
described as type E.; by Radforth and McGregor
(1954, p. 611; pl. 2, fig. 37), from the Battery Point
formation of Middle Devonian age, I’Anse-Brilliant,
Gaspé, Quebec. Spores of type E;; amounted to ap-
proximately 6 percent of the assemblage obtained
from the Battery Point formation and range from 38
to 45p in diameter, smaller than all but one (from the
Logan formation) of the specimens found during this
investigation.
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Hoffmeister, Staplin, and Malloy (1955a, pl. 8, fig.
7) illustrate a spore, 37u in diameter, from the “Stan-
ley formation, Oklahoma-Texas.” The spore is cir-
cular, trilete, and is said to possess numerous ribs on
the distal surface. According to Hoffmeister, Staplin,
and Malloy, it represents a new genus (“Radiaspora”)
of Stanley (earliest Pennsylvanian) age. If the radi-
ating ribs are distal and not proximal, the Stanley
forms must be distinct, but the illustrations bear a most
remarkable resemblance to the forms illustrated by
Naumova, by Radforth and McGregor, and in this
paper.

Occurrence—Spores rare; present in the Chagrin
shale and upper part of the Ohio shale at localities 6
and 7, the Cleveland member at locality 8, the Bedford
shale at localities 1, 6, and 7, the Sunbury shale at
locality 9, and the Logan formation at locality 7 (pl.
23).

UNIDENTIFIED SPORES

Spore type A
Plate 19, figure 5

Description—Spores trilete, 90u—95x in total dia-
meter, subtriangular in proximal view; outline undu-
lating. Trilete rays distinct, extending nearly to outer
margin of rim or flange; lips about 3x high towards
proximal pole. Proximal surface smooth. Cingulum
Tp~12u in width, margin sinuous; undulant ridges,
partly anastomosing, present on distal surface.

Discussion.—The undulant margin of the cingulum
is similar to that of the somewhat larger spores of
Mirisporites Potonié and Kremp (1954). However,
the thicker cingulum and irregularly anastomosing
dista] ridges are more like those on spores of Reticulati-
sporites crassus.

Occurrence—Two examples, poorly preserved, were
found in different samples of the Bedford shale at
locality 1.

Spore type B
Plate 19, figure 6

Description.—Spore trilete, 444 in diameter, triangu-
lar in outline with corners sharply defined. Trilete
rays highly developed with prominent lips. Spore coat
granulose, 2.9u thick.

Discussion.—In shape, size, and development of the
lips, this specimen is similar to that described from
the Hardinsburg sandstone by Hoffmeister, Staplin,
and Malloy (1955b, p. 398, pl. 39, fig. 8) as spore
type E.

Occurrence—The only specimen found is from the
Bedford shale at locality 1.

Spore type C
Plate 19, figure 8

Description.—Spores of this tetrad about 66u in axial
length, 97y—105x measured transversely, expanded dis-
tally and flattened proximally, yellowish orange by
transmitted light. Trilete rays obscure, apparently ex-
tending to inner margin of arcuate ridges. Contact
areas smooth(?), arcuate ridges prominent. Distal
spore coat about 3u thick, densely set with sharply
acuminate spines as much as 5.6 in length and about
3u in diameter basally.

Discussion—It has not been possible to relate this
tetrad to any of the spores in the assemblage. Addi-
tional spectmens were not noted so that the alliance of
these spores remains in doubt.

Ocourrence—Spores were found in the Bedford shale
at locality 1.

Spore type D
Plate 18, figure 13

Description—Spores trilete, 98u~103p in diameter
including ornamentation. Trilete rays distinct, about
four-fifths the spore radius in length. Proximal sur-
face somewhat rugose (preservation?) ; distal surface
ornamented with closely spaced wide-based blunt proc-
esses, 3u—9.4p In length and 3.5p—12.6x in width, usually
smaller and less densely set toward the proximal pole.
Spore coat apparently more than 2u thick, dark brown
by transmitted light.

Occurrence—A few spores were found in the Bed-
ford shale, locality 1, and in the Logan formation,
locality 7.

UNIDENTIFIED DERMAL AND SUBDERMAL STRUCTURES

Sclerenchymatous ‘“nests”
Plate 21, figures 4, 5, ba

Description—Central “nest” cellular; smaller speci-
mens planoconvex in form, subcircular, larger specimens
more uniform in thickness and less regular in outline,
0.3 to more than 2.0 mm in diameter, with a variable
usually narrow margin of attached cuticle. Open cell
lumens pitting convex (interior?) surfaces of “nests”,
circular to elliptical, 20p—58u in diameter; double walls
striate, 6u—8u thick; cells arranged in radial pattern;
planar (external?) surface smooth.

Attached cuticle relatively thick and uniform, visible
around nest in a broad to narrow zone, broken margins
angular, probably continuous over the planar central
surface but inconspicuous; epidermal cell pattern prom-
inent in the border, cells rectangular to isodiamet-
ric, 35u—88u broad, 53,-140x long, long axes sub-
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parallel. Stomata, hairs, and venation lacking from
the epidermis in area surrounding the central “nest.”

Cuticle yellow, central “nest” yellowish to reddish
brown, appearing resinous by transmitted light.

Discussion.—A description of this type of vegetative
tissue fragment is given because the fragments are a
persistent and characteristic plant microfossil in the
Bedford shale and Berea sandstone. Later studies may
indicate that a binary name may be needed to refer to
them.

Apparently these fossils are morphologically identi-
fiable as “nests” of subdermal sclerenchymatous cells
with an attached eqidermal cuticle. This interpreta-
tion was suggested by J. M. Schopf after the cuticle was
observed; before significance of the attached cuticle
was appreciated, the resinous appearance of the central
cell group had suggested comparison with waxy en-
velopes of certain colonial algae. Interpretation of
these objects as sclerenchymatous “nests” is still not
wholly satisfying. Larger and more complete speci-
mens are required to fully demonstrate the anatomic
inferences.

Most of the “nests” from the Berea sandstone are
evidently abraded and cuticle is virtually lacking, as in
plate 21, figure 4. The specimen from Bedford shale
shown in figures 5 and 5a, plate 21, is surrounded by an
unusually broad zone of cuticle that shows well the
pattern of epidermal cells. The long axes of epidermal
cells tend to be oriented in one direction (upper left to
lower right in fig. 5), probably signifying axial orienta-
tion of the plant. Other examples show similar cutic-
ular vestiges and fully demonstrate the organic rela-
tionship. The examples from which cuticle is almost
lacking are more characteristic of sandy facies.

O ccurrence—These microfossils are abundant in the
Berea sandstone at locality 5 and in the upper part of
the Bedford shale at locality 3. A few specimens were
observed in the Bedford shale at locality 1, the upper
part of the Bedford shale at locality 9, and the Cuya-
hoga and Black Hand formations (undifferentiated) at
locality 7 (pl. 23). None have been observed in beds
of Late Devonian age.

Kingdom UNCERTAIN
HYSTRICHOSPHAERIDS

Description—Problematic microfossils, cystlike,
globular, with bilateral, radial, or centric symmetry,
small (range from 4u to 200u, most 50u~100p in diam-
eter), with a thin wall of organic composition. Wall of
some microfossils perforated, laterally or terminally, by
a large circular or oval pore (pylome) for discharge of
protoplasmic contents. Wall resistant to hydrofluoric
acid and to oxidizing reagents; either yellow or brown

and translucent, or opaque, black and highly car-
bonaceous; smooth or variously ornamented by reticula-
tion, spines of varying complexity, tubes or fibrils.

Discussion.—A diversified assemblage of microfossils,
evidently planktonic and marine, may be included in
the hystrichosphaerids; the range of genera included in
the hystrichosphaerids, usually regarded as a family,
exceeds that of a family of normal relationship. In
view of the difficult problems involved in the classifica-
tion of marine plankton, some authors have suggested
that many algae, fungi, and protozoans should be as-
signed to a third organic kingdom, Protista. Others
point out that this disposition merely substitutes two
difficult boundary lines for the existing one. Further-
more, no accepted rules of nomenclature have been
established for the Protista. If the hytrichosphaerids
are placed within the animal kingdom, the family name
becomes Hystrichosphaeridae; if they are placed within
the plant kingdom, the appropriate name becomes
Hystrichosphaeridaceae. This distinction is withont
significance unless the relationship of the family is
determined. Recently, however, Eisenack (1954) has
emphasized the essential unity of the hystrichs, their
relation to peridineans, and has come to regard them
(1954, p. 88-89) as probably phytoplankton. On the
basis of less extensive study, both Bashnagel (1942) and
Fisher (1953) also consider them algae.

Affinities with Chrysophyta, Pyrrophyta, Eugleno-
phyta, or Chlorophyta seem possible among the seven
Divisions into which algae are now commonly classified.
Many of the forms in these Divisions are planktonic
and highly diversified. Resistant hypnospores (aplano-
spores), statospores, zygospores or cysts are evidently
capable of fossilization in many genera. These struc-
tures are noted for their diversity in ornamentation,
even from species to species within the same genus (cf.
Smith, 1938, p. 184-185). Many forms seem to have
had a long geologic history within a most stable en-
vironment. Many features suitable for use in taxo-
nomic differentiation do not seem important as aids to
phyletic survival. Evidently wall composition also
may vary and the relation of composition to geologic
preservation is uncertain. For example, cenobia of
Pediastrum, walls of which have long been regarded as
cellulosic, recently have been discovered to be well pre-
served in several occurrences in Tertiary beds (Wilson
and Hoffmeister, 1953; Cookson, 1953). It seems rea-
sonable to consider that many of the hystrichosphaerids
could be derived from planktonic algae and this may
aid in appreciation of the difficulties inherent in their
classification.

The “unity” of the hystrichosphaerids depends great-
ly on recognition of the pylome, a pore for liberation of



SYSTEMATIC DESCRIPTIONS 75

contents at maturity, which is apparently consistent in
stze and position on the body of the cyst. This feature
also serves importantly in relating the hystrichs and the
Dinophyceae. Unfortunately, it may be invisible or
absent in many individuals so that this structure is not
generally available for differentiation of species or
genera. The pylome was not observed in any speci-
mens during the present investigation and it is only
with reference to the excellent papers of Wetzel (1933),
Eisenack (1951, 1954), and others, that one may be
confident of its existence.

Under these circumstances the affiliation of some
groups, Zasmanites for example, remains in doubt.
Generic determination depends on secondary character-
istics that may not be functionally significant, although
inheritable. Homomorphy in simple structures is
highly probable and may even appear in structures that
are not as simple and which, in some instances at least,
have become functionally adapted. The forked spines
characteristic of some species of Hystrichosphaeridium
Deflandre, are one such example. Similar spines are
present on the zygospores of Straurastrium fulcigerum
Breb., one of the desmids (Chlorophyta; see Smith,
1938, p. 88). The possibility of true relationship here
is not disproved, although present day desmids seem re-
stricted to fresh water. However, among groups
known to be unrelated, bifurcate spines are also present.
on the megaspores of Dicrospora, on the tests of Chit-
inozoa, on the massulae of Azolla. Bifurcate spines
also are present on statoblasts of some modern fresh-
water Bryozoa.

The possible diversity of hystrich relationship and
difficulties of classification is emphasized by Deflandre
(1952), but he (1945, p. 24) feels these are, for the
moment at Jeast, of secondary importance, “le but étant,
surtout d’instaurer un classement commode, susceptible,
comme toujours, d’améliorations ultérieures.”

Ocourrence—Hystrichosphaerids have been found in
upper Precambrian to Recent rocks (dolomite, lime-
stone and marl, chert, phosphatic rock, shale, and fine-
grained sandstone) according to Wilson and Hoffmeis-
ter (1955). In Paleozoic rocks they are usually as-
sociated with marine animals and are most commonly
noted in conjunction with scolecodonts, conodonts, and
chitinozoans. Hystrichosphaerids also occur with fos-
sil plant spores and pollen but, according to Hoffmeis-
ter (Armstrong, 1953),% frequencies are inversely pro-
portional, the hystrichosphaerids become more
abundant as distance from shore increases. Erdtman
(1954) reports observations of dinoflagellate cysts and
other hystrichospheroid bodies in conjunction with ter-

8 See also U.S. patent No. 2,686,108 ; William S. Hoffmeister, assignor
to Standard Oil Development Co., Aug. 10, 1954.

restrial pollen in marine sediments off the southwestern
coast of Sweden. Wilson and Hoffmeister (1955) sug-
gest that modern forms are relatively ubiquitous and
that they occur in brackish and marine deposits, of
subtropical to arctic latitudes, which accumulated in
waters both shallow and deep.

Microfossils identified with species of Hystrichos-
phaeridium are present in the Upper Devonian and
Lower Mississippian rocks in Ohio. They are fairly
abundant in some samples. Specimens that seem re-
ferable to Micrhystridium are most abundant in the
lower part of the Chagrin shale. Lack of previous re-
ports must be attributed to the relatively small size of
the microfossils and the need for an appropriate tech-
nique in preparing them for observation. Evidently
these forms are widespread and further study is very
likely to result in an extension of their range.

Genus HYSTRICHOSPHAERIDIUM Deflandre, 1937
Plate 19, figures 1, 3, 3a; plate 22, figures 1, 2, 3,4, 5,6, 7, 9

Type species—Hystrichosphaeridium tubiferum
(Ehrenberg) Deflandre, 1934 (=Xanthidium tubi-
ferum Ehrenberg) Deflandre, 1937.

Description—Body spherical to polyhedral or elon-
gate, usually more than 30u in diameter; spinose ap-
pendages often present, some as long as 150, with elabo-
rated tips. Wall never segmented or composed of
plates; equatorial plates lacking.

Discussion—The genus is broadly interpreted in
keeping with the known variability of planktonic cysts.
Deflandre (1952) notes about 68 species of Hystricho-
sphaeridium described prior to 1952.

Occurrence—The type species is from Cretaceous
flints of the Paris Basin. Eisenack (1951) reports this
genus from material of Late Cambrian, Ordovician,
and Silurian age in the Baltic area. Klumpp (1953)
has described several species from Eocene borehole
samples in Holland, and Eisenack (1954) has described
exceptionally well-preserved material from the lower
Oligocene “Blue earth” associated with the famous am-
ber occurrences in Samlandes (East Prussia). Species
reported below are from beds of Devonian and Missis-
sippian age.

The genus is exceptionally long ranging, and species
must be relied on for any possible distinctions in age
determination.

Hystrichosphaeridium trispinosum Eisenack, 1938

Plate 22, figures 1, 2, 3, 4

Description.—Body flattened, subtriangular, 9u~33p
in radial diameter (commonly about 20p) exclusive of
spines, 25u-95u overall, with a spine at each angle.
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Spines simple, subequal, 7u—-35x long, hollow for about
half their length, tapering gently to a sharp point.
Wall smooth, may be slightly folded, about 0.54 thick,
bright yellow by transmitted light.

Discussion—M. C. White (1862, p. 386, figs. 1 and 2)
illustrates two very similar forms, included among
“various species of Xanthidia” of Middle Devonian
age. Bashnagel (1942, pl. 1, figs. 6 and 7) also illus-
trates similar forms of Middle Devonian age which he
refers to species of living autosporic fresh-water algae,
Tetriedron Kutzing of the Order Chlorococcales.
Fisher (1953, pl. 7, figs. 6, 8,9, 10) illustrates forms from
the Silurian Neahga shale of Sanford (1933, 1935) and
Maplewood shale of Chadwick (1918) which he refers
to Hystrichosphaeridium  geometricum  Deflandre
(1945). He notes that the microfossils apparently have
little relief and appear almost flat. From his descrip-
tion it appears that the microfossils he studied usually
have 1 long and 2 shorter spines. Those here referred
to H. trispinosum have spines of more uniform length.
Fisher’s specimens are comparable in size to the present
species and, except for the difference in spines men-
tioned above, appear more like H. trispinoswm than H.
geometricum. The latter is described by Deflandre as
having a thicker brown wall with dark thickened
“veins” extending from the tip of each spine, some
branching, and joining towards the center of the tri-
angular body. Specimens of H. trispinosum are simi-
lar in shape and proportion but possess a membranous
bright-yellow wall and lack “veins.”

Deunff (1954, fig. 2, p. 240) has identified H. tris-
pinosum from Middle Devonian (Upper Couvinian)
beds in Brittany. The specimen he illustrates shows 2
long spines and 1 much shorter, and the spines appear
solid almost to their base.

Only about half of the specimens from the Ohio and
Chagrin shales (pl. 22, fig. 1) fall within the size range
of the species (80p~100u for specimens measured from
spine tip to spine tip) as determined by Eisenack
(1938, p. 14 and 15; type, fig. 2). The smaller speci-
mens from Ohio are apparently identical with his in
other respects. There is a possibility that the material
from Ohio may represent a separate subspecies or a
varietal form.

The possibility was investigated that these micro-
fossils might be tetrahedral in form, like Z'etrdedron,
and possess a fourth spine. Although a fold in the wall
sometimes might be mistaken for an additional spine,
none of the many specimens studied ever showed a
fourth spine. Most convincing evidence that only
three spines are present is obtainable when specimens
are tilted almost on edge, as shown on plate 22. figure 2.

Small pyritic crystals and aggregates frequently oc-
cur inside the central body (plate 22, figs. 1, 3, and 4).
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Presumably, the pyrite was deposited prior to consoli-
dation of sediment. If this is true, it provides further
evidence that the original shape of the body was tri-
angular and flattened, similar to the fossil form now
shown.

Occurrence—Specimens of Hystrichosphaeridium
trispinosum. are present in the Olentangy shale, Huron
member of the Ohio shale and Chagrin shale at locality
8; the Ohio and Bedford shales at locality 7; from the
zone of foerstian remains to the top of the Bedford
shale at locality 6; and the Bedford shale at locality 9.
They occur abundantly in the Chagrin shale (pl. 23).

Hystrichosphaeridium cf. H. longispinosum (Eisenack) Eisenack,
1938

Plate 19, figures 3, 3a ; plate 22, figures 5, 6, 7

Description—Body oval to subspherical, multi-
spinose, elliptical to subcircular with arcuate folds when
compressed, 21p-33p in diameter. Spines variously
curved, of 2 orders: major spines (2), subopposite,
hollow and about 2.5u~6u broad basally, tapering gently
to a sharp point, 20p—32u long; minor spines (10-24)
distributed uniformly, solid and 1.8u~2.0p broad basally,
15p-27p long, tapering to a sharp point, with narrower
shafts than on major spines. Wall smooth, mem-
branous, about 1u thick, bright yellow by transmitted
light.

Discussion.—As indicated by the preceding descrip-
tion, the forms from Ohio are probably distinguishable
from the Silurian form of Z. longispinosum. There is
no question that subopposite major spines occur on the
specimens from Ohio, but it is not so clear whether
similar spines are absent from material described by
other authors. The spines are generally curved and
bent, and the differences in spine sizes are not spec-
tacular; so it is possible that the presence of the two
major spines has been overlooked. Their oriented
position lends significance to what might otherwise be
regarded as a normal variation feature.

A most extreme example is shown on plate 19, in
figures 3 and 3a, at different levels of focus. This
specimen is from the uppermost part of the Chagrin
shale, and the differences between the two types of
spines is readily observed. Less extreme examples are
illustrated on plate 22, in figures 5, 6, and 7. In each
example careful examination reveals two stronger major
spines in subopposite position. These are indicated by
arrows in each figure. Possibly the major spines may
define a polar, or axial, position.

The specimens from Ohio are slightly smaller, and
the numerous minor spines are shorter in relation to
body diameter than Silurian specimens described by
Eisenack (1931). Fisher (1958) also describes
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Silurian microfossils referred to H. longispinosum
which are 25u-34u in diameter with spines about 23u
long. His illustrations are generalized, and it is some-
what uncertain how closely his specimens correspond
to the Devonian material from Ohio. Apparently
spines of H. longispinosum, described by Fisher, are
more robust and consistent differences in size of spines
are not evident.

Occurrence—Scattered specimens were found in the
uppermost part of the Chagrin shale at locality 1, the
Chagrin shale at locality 8, and the Chagrin shale,
Cleveland member of the Ohio shale, and Bedford shale
at locality 6 (pl. 23).

Hystrichosphaeridium ohioensis n. sp.

Plate 19, figure 1; plate 22, figure 9

Diagnosis—Body spherical, subcircular and with
narrow arcuate folds when compressed, 32u—694, usually
greater than 45y, in diameter. Spines numerous (35—
50), subequal, slightly curved, 2u-3.5x broad basally,
tapering uniformly to a sharp point, 84—21u long.
Wall smooth, 14~1.8x thick, light yellow to bright yel-
low by transmitted light.

Holotype.~Plate 22, figure 9, from the Chagrin shale,
locality 6, maceration 419, slide 5.

Discussion.—These microfossils are quite similar to
those described from the Silurian rocks of the Baltic
area as Hystrichosphaeridium brevispinosum (Ovum
hispidum brevispinosum Eisenack, 1931, p. 111) but,
instead of having spines with rounded tips, those of the
Ohio shale have sharp, distinctly pointed, spines.
Neither Bashnagel (1942) nor Fisher (1953) report
similar forms. Apparently the species from Ohio is
distinct.

Occurrence.—Very common in the Ohio shale or its
equivalent at localities 6-8 and 10, the Bedford shale
at locality 2, and the Bedford shale and Berea sand-
stone at locality 9 (pl. 23).

Genus MICRHYSTRIDIUM Deflandre, 1937
Plate 22, figure 8

Type species—Micrhystridium inconspicuum (De-
flandre) Deflandre, 1937.

Description—Body globular or subpolyhedral, usu-
ally less than 20u in diameter, often spinose or orna-
mented ; ornamentation and appendages various. Wall
nonsegmented ; plates lacking.

Discussion—This genus includes planktonic cysti-
form fossils, virtually similar to those included in
Hystrichosphaeridium except for their smaller size.
Differences in size are chiefly useful as a basis for specific
differentiation. Micrhystridium may have merit

chiefly as a convenience in classification of very minute
material.

Occurrence—Apparently Micrhystridium has about
the same extensive distribution as Hystrichosphaeri-
dium although, because of its smaller size, it has been
less frequently reported. The type species and several
others are present in the Cretaceous flint of the Paris
Basin (Deflandre 1937). Deunff (1954) reports two
species from the Middle Devonian of Brittany. De-
flandre (1945) and Fisher (1953) report occurrences in
beds of Silurian age. This genus is represented in
Upper Devonian and Lower Mississippian rocks in
Ohio.

Micrhystridium sp. A
Plate 22, figure 8

Description—Body spherical, spinose, with narrow
arcuate folds when compressed, 14p—~19u in diameter.
Spines, 18-31, subequal and uniformly disposed, solid,
1.54-3p in width basally, tapering to a sharp point,
48y long, some slightly curved. Wall smooth, mem-
branous, about 0.5u thick, light yellow by transmitted
light.

Discussion.—These forms are a little larger than
those Deflandre (1945) referred to M. parinconspicuum
(body 144~194 versus 9u—13u) but smaller than the larg-
est of the American forms Fisher (1953) doubtfully
referred to the same species (8u~28.5x). The spines
may be a little more numerous on the specimens from
Ohio, but their proportions are relatively similar. The
greatest contrast derives from the fact that Deflandre’s
specimens were black and completely opaque. It is un-
certain what emphasis should be placed upon this fea-
ture, which may be only an effect of difference in
preservation. Fisher’s specimens from the basal Maple-
wood shale of Chadwick (1918) are apparently very
similar to this form found in younger beds in Ohio.

Occurence.—These microfossils were found in the
Ohio shale at locality 7 (rare), Huron member of Ohio
shale and Chagrin shale at locality 6 and 8, and the
lower part of the Berea sandstone at locality 9 (pl. 23).
They are most numerous at the base of the Chagrin
shale at locality 8.

DISSEMINULES OF UNKNOWN RELATIONSHIP

Most. noteworthy of fossils to be placed under this
most noncommittal heading is 7'asmanites, a group
abundantly represented in Upper Devonian and Lower
Mississippian rocks in the United States. These fos-
sils are sporelike in general form and in composition.
For many years these, and other fossils superficially re-
sembling them, were reported under the term “Sporan-
gites.” The confusion surrounding this name is
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discussed by Schopf, Wilson, and Bentall (1944) and
will not be repeated. More recently Schopf (1957) re-
views the important contributions of Kriusel (1941)
and Lang (1945) dealing with these problematic fossils
of marine association. Many of the references to
sporangite occurrences probably apply to fossils assign-
able to Tasmanites, and if this is understood, one may
better appreciate their general abundance. Neverthe-
less, these fossils are not present everywhere, even in
black shale where they have been most commonly ob-
served. Surprisingly, no systematic survey of the oc-
currence of T'asmanites in the Upper Devonian and
Lower Mississippian beds has previously been made.

The fossils identified by FEisenack (1938) as
Leiosphaera resemble some species of Tasmanites in
general aspects, and there is confusion about their rela-
tionship. If the two are regarded as the same, the
name 7asmanites, being older, must take precedence.
However, in spite of superficial similarity and mis-
identification of species on this account, two genera may
well be represented. Leiosphaera may have a little
smaller size range. Certainly some species are mark-
edly different in composition from Zasmanites (for
example, Leiosphaera retigera Deflandre) and, most
importantly, a pylome has been repeatedly mentioned
for Leiosphaera and evidently characterizes the type
specimen of the type species. The pylome has not been
observed in any of the thousands of Tasmanites speci-
mens seen during this study, nor has it been observed
by others who have had more extensive acquaintance
with T'asmanites material.

The optical properties of the disseminule wall are
relatively constant, and the composition of Tasmanites
isknown (Zetzsche and others, 1931). Schopf, Wilson,
and Bentall (1944, p. 17) presumed that the lack of
nitrogen and similarity in composition to spore coats of
higher plants was adequate basis for assigning 7as-
manites to the plant kingdom. This evidently is not
the case, because Timm (1950, p. 167) has shown that
nematode egg shells are composed of waxy substance,
similar to beeswax, that is not nitrogenous. ILess is
known of the composition of Leiosphaera, and the op-
tical properties differ sufficiently in that group so that
one is justified in presuming differences and variations
enter into the composition of the fossils.

Punctation, although variable, is prevalent in Z'as-
manites, but not certainly present in Leiosphaera
because in those instances where it has been reported,
there is reason to suspect that confusion with 7as-
manites is involved. Whereas Leiosphaera, by reason
of its plyome, may belong with the hystrichosphaerids,
the same cannot be said of Tasmanites. Leiosphaera
has not been identified in the course of this study, and

it seems necessary to keep Z'asmanites separate from
the hystrichs for reasons just stated.

As a result of uncertainty as to affinity, the function
of Tasmanites microfossils isunknown. Like hystrichs,
they may represent the cysts of planktonic organisms.
It is not entirely certain that they may not represent
egg membranes. Some may represent encysted cells,
and others may represent algal spores of a different
function. The only reasonable conclusion is that in one
fashion or another they served purposes of propagation
and dissemination.

Tasmanites, like the hystrichs, is characteristic of
marine associations. Spores of land plants may be
associated with them, but these are evidently forms
carried from their source. For example, in different
levels at locality 8, Tasmanites was most abundant in
the Chagrin shale when land-plant spores were scarce,
and vice versa. ZTasmanites is found in abundance
with other marine fossils, conodonts for example, but
the genus is never present in deposits such as coal beds
in which the environment was terrestrial. The Tas-
manite deposit in Tasmania, although correlated with
the Gretta coal measures in New South Wales,
Australia, is itself interlarded with brachiopods that
clearly demonstrate marine association.

If one may judge from the great abundance of 7'as-
manites in some marine deposits, the organisms repre-
sented must either be planktonic or nektonic in habit.
The common occurrence of Zasmanites in euxinic black
shales indicates this was an environment most favorable
for fossil preservation of disseminules and that the
active organisms were abundant in the vicinity. Signs
of former growth or germination are so rare among the
myriads of Tasmanites disseminules in the black shales
that one tends to regard the euxinic environment as a
death trap, rather than as a place favorable to normal
function. However, the euxinic trap must have been
adjacent to a prolific area of propagation. Aerated
waters of the epilimnion could very well constitute such
an area, but there is no indication as to the nature of
the prolific biota represented.

Although it might be presumed that the foerstians
would be more or less correlated in deposition with
Tasmanites, this is not the case. If anything, Tasma-
nites tends to be less abundant in the strata rich in
foerstian remains. The spores of foerstians, of course,
are entirely different from disseminules of Zasmanites
(see Kidston and Lang, 1924) and are not to be
confused.

Tasmanites is not restricted to black shales or to
visibly carbonaceous beds, although, owing to the resin-
ous or “rusty” appearance of disseminules as viewed in
abundant occurrence on hand specimens, the fossils may
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be most evident when they are in a dark matrix. Oc-
casionally they are concentrated in sinuous aggregations
reminiscent of worm casts. These occurrences are rare
and have never been found with any suggestion of an
enclosing egg sac. The sporelike disseminules occur
isolated and scattered through a variety of clastic sedi-
ments, but they usually appear in greatest profusion on
the bedding planes of thin-bedded silty and shaly rocks.

Disseminules of Zasmanites differ from spores of
vascular plants in anisotropism when viewed by polar-
ized light. Some extinction is visible in most fossil
spores, probably a result of molecular lineation that
may be augmented during fossil zation, but the effect is
most prominent in thick-walled disseminules of Zas-
manites. The effect is similar, but usually not quite so
prominent, as that reported by Schmidt (1937) for the
seemingly chitinous egg shell of Ascaris megalocephala.
Wall thickness and punctation become more evident
with use of polarized light, and mineral inclusions can
usually be differentiated more easily. The polarization
obtainable with polaroid disks is adequate for most pur-
poses, and much of the descriptive information given
below has been obtained in this manner. All features
are observable by normal methods of illumination with
the biological microscope, but use of polarized light ex-
pedites the study and improves the accuracy of measure-
ment of various features.

Four features can usually be expressed numerically
in description of the fossils. These include total dia-
meter, wall thickness, spacing of puncta, and dimen-
sions of puncta. Other features, such as the manner of
folding, color, and anisotropy, are at least indirectly
related to wall thickness versus diameter. Spacing of
puncta seems least consistent and possibly the least
satisfactory of the characters that may be numerically
expressed. In some specimens walls of disseminules
appear concentrically laminated, and this characteristic
also can be used for taxonomic purposes.

Genus TASMANITES (Newton, 1875) Schopf, Wilson, and
Bentall, 1944

Plate 20, figures 1, 2, 3, 4, 4a, 5, 6, 7, 8, 8a, 9; plate 21, figures 1.
la, 2; text figure 10

Type species—Tasmanites punctatus Newton, 1875
(by monotypy).

Description—Body spherical, symmetry centric, 25u
to more than 800u, usually 504—700y, in diameter, dis-
coidal and subecircular, sometimes with lunate or arcuate
folds or meridionally split, when compressed. Without
trace of haptotypic features or structural modification
for germinal exit; spines or appendages lacking. Sur-
face smooth or minutely rugose, usually punctate. Wall
2u~70p thick, uniform for each specimen, in some spec-

593123 O-62-8

DESCRIPTIONS 79

! imens concentrically layered. Wall, usually perforated
by puncta, thickness variable in different species.
Puncta variable, from numerous but often minute and
scattered, to rare or virtually absent. Puncta perfora-
tions or tubes commonly straight, uniform in diameter,
some flared at orifice or on the interior. Light yellow
to reddish brown by transmitted light, depending on
wall thickness; anisotropic by polarized light.

Discussion—Tasmanites disseminules do not show
any evidence of tetradic association. The wall may
split (pl. 20, fig. 7), apparently in relief of tension
resulting from compression. The degree and character
of folding are an expression of diameter, wall thick-
ness, and normal elasticity or plasticity of the material
composing these bodies. It is possible that the split
in some specimens, which is not located along any
visibly predetermined line, may be occasioned by
growth of the internal propagative body, but of this
there is no evidence. Mineral matter is irregularly
arranged inside the coat of some specimens, and
included air bubbles, or manner of folding, observed
at low magnification, may simulate haptotypic strue-
tures of spores of vascular cryptogamic plants. How-
ever, the purely incidental significance of these features
is nsually plainly evident, or at least highly probable,
when the specimens are critically examined.

When specimens of Zasmanites are observed by polar-
ized light (a method suggested to the writer by J. M.
Schopf), they show distinct undulatory extinction,
appearing much brighter, where not obscured by ex-
tinction shadows (pl. 20, fig. 4a; pl. 21, fig. 2), than
they do when observed by ordinary transmitted light.
Thicker walled specimens, when viewed by conver-
gent light and Bertrand lens, show a biaxial negative,
occasionally uniaxial negative interference figure.
Abraded specimens observed under crossed nicols often
show a crisscross pattern of dark lines. This optical
behavior is similar to that exhibited by the egg shells of
Ascaris, with which Schmidt (1937) showed that the
optical cross section through the egg wall exhibits a
negative spherite cross. This is a result of foliate
arrangement of submicroscopic rodlets in the wall. In
his chapter on the “Fine-structure of protoplasmic
derivatives,” Frey-Wyssling (1953) mentions Schmidt’s
results and also describes the optical properties of
chitin, cutin, and cellulose, all of which show varying
degrees of anisotropism when viewed under appro-
priate conditions. These methods provide evidence of
the physical makeup of the organic material, but they
do not directly indicate differences in chemical
composition.

Speciation is difficult in Tasmanites because dis-

seminules show relatively few distinctive characteristics.
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MAXIMUM DIAMETER, IN MICRONS
EXPLANATION

®-T. sommert n. sp.

@-T. stnuosus n. sp.

O- T. huronensis (this study)

®-T.sp. A

P- T. punctatus Newton (type species)

H-T. huronensis (Dawson) S. W. and B.

F16URE 10.—Diagram of diameter and wall dimensions of Tasmanites disseminules.

HOLOTYPES
¢ - T. chicagoensis Reinsch
a - T. avelinoi Sommer
h - T. hartti Sommer
r -T. roxol Sommer
s - T. salustianot Sommer
t - T tapajonensis Sommer

Dashed lines between identical symbols indicate that

the measurement of wall thickness of the specimen is somewhat uncertain within the indicated limits; a question mark beside a symbol

indicates uncertain identity.

Of the features available for use, overall diameter of
the disseminule and its wall thickness are most defi-
nitely determinable. These measurements can be
plotted for different individuals to provide a simple
basis for estimating the range of variation and correla-
tion of these biocharacters. Such a plotting is pre-
sented in figure 10 for species previously described, as
well as for new material now reported, since it serves
as a convenient basis for comparative discussion.?

The type species, Tasmanites punctatus, is described
by Newton (1875) from the Tasmanite deposit of Per-
mian age in Tasmania. He notes their punctate nature
and the concentrically laminated appearance of their
wall. The dimensions of specimens considered as of
7. punctatus and figured by Newton (1875, pl. 10, figs.
2,3,5,8,9), by Dawson (1886, fig. 10), and of one from

9 Other graphs were prepared, based on ratio of wall thickness to
diameter and on factors derived as a combined function of diameter,
wall thickness, and puncta spacing, according to the method suggested
by Burma (1948). None of these graphs seemed as easy to evaluate
for purposes of comparison as the simple plotting here adopted.

a Tasmanite specimen as measured by the author, are
indicated on figure 10 by the letter P.

The dimensions of the specimen indicated as 7.
chicagoensis (see Schopf, Wilson, and Bentall, 1944)
by Reinsch (1884, v. 2, p. 4, pl. 72a, fig. 76) are indicated
on figure 10 by the letter c.

The dimensions of specimens of 7. huronensis, as
illustrated by Dawson (1886, figs. 4, 5, 6), are indicated
on figure 10 by the letter H.

Dimensions of most of the holotypes of the species
described by Sommer (1953) are indicated on figure 10
as follows: 7. tapajonensis (t), 7. roxoi (r), T. avelinoi
(a), 7. hartti (h), 7. salustianoi (s). The illustra-
tions and descriptions of 7'. mouraté, T'. euzebioi, and 7.
derbyi are not conclusive enough to allow similar indi-
cation. Sommer’s study of Zasmanites from a sample
of Brazilian shale of Devonian age, correlated with the
Hamilton group, is the first recent study attempting
speciation within the genus.

New material described under this genus is indicated
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in figure 10 by solid circles (7. sinuosus n. sp.), crossed
circles (7. sp. A), open circles (7. huronensis), and
dotted circles (7'. sommeri n. sp.). This plotting of
dimensions suggests the extent of overlap in size of the
various forms and indicates a source of difficulty in
specific determination.

In addition to records of 7'asmanites from Tasmania,
Brazil, and the United States, the genus is evidently rep-
resented in the Lower Limestone Shales closely over-
lying the Upper Old Red Sandstone at Drybrook,
Forest of Dean, in Gloustershire, located to the east of
the South of Wales coal field. Wethered (1886) dis-
cusses the occurrence and presents illustrations both
from Newton’s paper and from original material, ob-
tained from Orton in Ohio, for comparison. Ap-
parently the Glouster material is from lowermost Lower
Carboniferous rocks.

Disseminules reminiscent of 7'asmanites are described
as Perisaccus by Naumova (1953). Her descriptions
are brief and the drawings, by which this work is il-
lustrated, do not seem sufficiently critical to serve as a
basis for independent judgment of relationship. Peri-
saccus might be allied with Leiosphaera, or it might
differ more than the general appearance of the drawings
would lead one to suspect. Nevertheless, it would be
strange if 7asmanites were entirely absent from the
Russian material of Late Devonian age. It should be
present there in beds of marine origin.

Schopf, Wilson, and Bentall (1944, p. 18) mentioned
the possible assignment of Sporangites alaskensis D.
White and S. arctica D. White (White, 1929) to Tas-
manites. Both species are probably of Early Cretaceous
age, although the former may possibly be older. Both
species were studied by White from thin sections, and
some uncertainty remained as to their characterization.

Some of the original sample of brown oil shale from
the Kivalina basin, from which White’s Sporangites
alaskensis had been described, was made available to
the writer through kindness of Taisia Stadnichenko, of
the Geological Survey. The Meade River material
(source of 8. arctica) was no longer available.

Macerations of the oil shale from the Kivalina River
area showed that the sporelike specimens are nearly all
of one kind and are indeed referable to 7'asmanites.
No “crests,” apparent or otherwise, are present; nor is
a pylome represented. The wall is characteristically
punctate and the concentric zonation, which White de-
scribes as an “envelope” and discusses in some detail,
is evident but not very prominent. The appearance of
“palisade cells” described by White is apparently only
a reflection of straight perforations (puncta) normally
traversing the wall.

This species should be added to the list of those re-
ferable to Tasmanites as T'. alaskensis (White) Win-
slow n. comb. This record of the genus is the youngest
that the writer has been able to confirm.

Occurrence—T asmanites is reported in the upper
Niagran (Middle Silurian) of northern Illinois by Low-
enstam (1948) who discusses the marine invertebrate
associations (1948, p. 77, 79, 84-85, 128, 138). Deter-
minations were confirmed by Kosanke. Very similar
forms occur in Gothlandian (Silurian) rocks of the
Baltic where they have been identified as Leiosphaera
by Eisenack (1938). Apparently the genus is widely
distributed in the Middle Devonian of Brazil. It is
often abundantly represented in Upper Devonian and
Lower Mississippian beds in North America. It has
been reported from the basal Lower Carboniferous in
England. The original indentification of 7'asmanites
was from beds regarded as Permian in age in northern
Tasmania. Its youngest known occurrence is in beds
of probable Early Cretaceous age in northwestern

Alagka.

Tasmanites huronensis (Dawson) Schopf, Wilson, and Bentall,
1944, emend. Winslow

Plate 21. figure 1, 1a; text figures 10, 11

Protosalvinia huronensis Dawson, 1886, p. 115, figures 4, 4a,
4b, 5, 6, 6a, Tb, 11, 12(?)

Description. — Disseminules spherical; 200u-450p,
commonly 250u-400p in diameter, discoidal and subcir-
cular, sometimes with 1 or 2 arcuate folds, as com-
pressed. Surface smooth to minutely rugose. Wall
124-85u (commonly 18u~23u) thick, punctate. Puncta
numerous, tubular, about 1y in diameter, straight, ra-
dially alined, often abruptly and shallowly flared on
the interior; interior pore spacing 15u~21u. Yellow to
orange by ordinary transmitted light; more brilliant
and strongly anisotropic, usually giving an interfer-
ence figure, by convergent polarized light; frequently
glistening or with resinous appearance by reflected
light.

Lectotype—Apparently no type has previously been
designated for this species. A nomenclatural type is
essential if the application of the name is to achieve
stability. A lectotype is herewith proposed with refer-
ence to the specimen illustrated by Dawson (1886, figs.
4, 4a, and 4b), which is reproduced here as figure 11.

Sporangites huronensis was first proposed by Dawson
(1871a) in the “American Journal of Science” (“Silli-
man’s Journal”), and the same article was reprinted
both in the “Annals and Magazine of Natural History”
(Dawson, 1871b) and in the “Canadian Naturalist”
(Dawson, 1871c) during the same year. The same



82 PLANT SPORES AND OTHER MICROFOSSILS FROM DEVONIAN AND MISSISSIPPIAN ROCKS OF OHIO

illustrations are reproduced in all three, and all illus-
trations are equally ambiguous, if not misleading.
Only a diameter can be established from these figures.
A summary of the description of 8. Auronensis was also
published in 1871 without any illustrations (Dawson,
1871d). In nome of these publications can the species

be said to be usefully or definitely characterized, and
if we were to rely exclusively on these publications, we
would have to conclude that the species is just as

(See

ambiguous as is the generic term “Sporangites.”
Schopf, Wilson, and Bentall, 1944, p. 12-15.)

Ficure 11.—Reproduction of original
illustration (Dawson, 1886, fig. 4,
facing p. 118) of lectotype specimen
of Tasmanites huronensis (Dawson)
8. W. & B. emend. Winslow. Parts of
the wall more highly magnified are 4a
and 4b. [The enlarged pores shown at
X 80 magnification in 4 strongly sug-
gest puncta that are fiared on the in-
terior ; these, however, are not shown
in the optical eross seetions in 4a and
4b.

Varying usage of the term “Sporangites” caused it to
be abandoned as an ambiguous name (nomen
ambiguum), but the specific name probably can be used
in combination with Zasmanites (as suggested by
Schopf, Wilson, and Bentall) if Dawson’s revised con-
cept of 1886 is adopted and if a specimen then illus-
trated is accepted as the type. Because a name has no
standing that cannot be related effectively with its
nomenclatural type, the priority of 7. huronensis
(Dn.) S. W. & B. emend. Winslow dates from 1886,
rather than 1871 when the name itself was first pro-
posed in a very ambiguous manner.

Subsequent validation of a nomen nudum is not a
recommendad nomenclatural procedure, but it is sanc-
tioned. Thus, it seems reasonable to extend the prac-
tice to include clarification of a name initially published
ambiguously, especially if by doing so a familiar desig-
nation can be stabilized in a manner consistent with
desirable common usage. If the procedure proposed
here is not adopted, the alternative would be to apply
the epithet “Auronensis” to all “small globular papillate
spore cases” in ancient rocks; but this alternative does
not seem, at the present time, to be constructive.

Discussion.—A critical part of the problem of identi-
fying species of Tasmanites concerns T. huronensis
because this is the species that has been most commonly
identified by Dawson and others on the basis of super-
ficial observation and analysis. Resinous specks visible
with a hand lens have often been labeled “Sporangites
huronensis” without any appreciation of the technical
meaning of the name. It would have been better in
many such instances to have simply labeled the speci-
mens as “spores(?)” or “sporangites.” The result of

indiscriminate labeling has been to confuse the results
of more critical work and to make it more difficult to
report effectively on new material. The generic name
became nearly meaningless long before it was dis-
carded, but in combination with 7'asmanites, the specific
designation is valid and useful if it is properly em-
ployed. Considerable attention has been devoted to the
identification and differentiation of 7. huronensis in
the present report.

Schopf, Wilson, and Bentall presented Dawson’s
most adequate description of 7. huronensis. 'The fore-
going emended description conforms to this usage in
general, but it also includes additional information that
is needed for discriminating use. The dimensions of
three of Dawson’s specimens, including the lectotype,
are indicated by the circles marked with H in figure 10,
and measurements of 30 other specimens assigned to
this species are shown by open circles in the same chart.

The characteristics of 7'. huronensis are not clear cut,
and there is a gradual overlap in size and other charac-
teristics with other species. In general, 7'. punctatus is
larger; the walls are evidently more definitely lami-
nated, although they include specimens having about
the same range of wall thickness. Dawson (1886,
p. 110) mentions indications of concentric layering in
“typical macrospores from the Erian shales” but gives
no indication of it in his description or illustrations of
Sporangites huronensis. 'The specimens assigned to the
species as reported here correspond remarkably well
with Dawson’s rather crudely drawn figures. Possibly
the wall of some specimens may be faintly laminated,
but, if so, this is not at all a prominent or consistent
feature. Together with size, it serves as a convenient
basis for distinguishing 7'. Auronensis from 7'. puwnc-
tatus. The differentiation of 7. euzebioi and 7.
huronensis, however, is not at all clear. The extent of
overlap of forms classed here as 7. sommeri n. sp. and
T. sinuosus n. sp., and others, will be discussed further
on in connection with their diagnoses. It seems evi-
dent that species of Tasmanites are frequently indis-
tinctly separated and must be regarded a little differ-
ently than those of genera in which specific differentia-
tion is more distinet.

Tasmanites huronensis appears to include a circle of
affiliation that is usable and identifiable in spite of in-
tergradation toward other forms. The more closely
specimens approximate that of the type material, the
more definite is the basis for determination. Near the
margins of circumseription indicated by the diagnoses,
specific determinations are less certain. This is scarcely
a new problem in taxonomy: the only unusual feature
is the copious numbers of specimens that make it pos-
sible to find some variant intergradational forms in al-
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most every direction. In spite of intervariation, there
is a very characteristic type of disseminule, features of
which tend to cluster around the Dawson type material
that is here regarded as authoritative. This serves as
a focal point within the intergrading assemblage for
identification of Tasmanites huronensis.

Occurrence—Microfossils of the 7. huronensis type
are present chiefly in the Olentangy shale and lower
part of the Ohio shale below the foerstian zone (pl. 23).
They occur in the Huron member of the Ohio shale,
which may be equivalent to the lower part of the Ohio
shale in areas where members are not differentiated.
A single specimen was found above the foerstian zone
at locality 6. Dawson’s original material is from the
Kettle Point beds at Kettle Point, Ontario, which is
regarded by Cooper and others (1942) as stratigraphi-
cally equivalent to the Olentangy shale and the lower
part of the Ohio shale. The general geologic setting of
the Kettle Point beds is discussed by Caley (1943, p.
63). A few abraded specimens, referred to 7'. huron-
ensis with question, were also present in the Cleveland
member of the Ohio shale at locality 1. Possibly these
rare examples may have been derived by reworking of
material from older beds.

T'. huronensis is one of the common types present in
glacial till and in Quaternary deposits derived from
till in the proximity of outcrops of Devonian and Lower
Mississippian rocks in the glaciated part of the Eastern
United States. Some of the specimens found in glacial
deposits, such as that shown on plate 21, figures 1 and
la, are very well preserved.

Tasmanites sinuosus n. sp.
Plate 20, figures 1, 2, 3; text figure 10

Diagnosis—Disseminules spherical; 50p~425u, com-
monly 150p—325p, in diameter (73 specimens measured ),
subcircular, larger specimens with intricate folds, when
compressed. Surface smooth to minutely rugose.
Wall 2p-13p (commonly 3u~10g) thick, punctate, not
laminated. Puncta numerous, tubular, straight, minute
but distinct, smaller than in 7'. huronensés, interior ter-
minations not flared; pore spacing (interior surface)
10p-15p. Light yellow, often brilliant, by ordinary
transmitted light; anisotropic, interference figure in-
distincet by convergent polarized light; commonly ap-
pearing lustrous and waxy by reflected light.

Holotype.—Plate 20, figure 1, from the basal part of
the Cleveland member of the Ohio shale, locality 1,
maceration 156, slide 1, collection 1-12-6-53.

Discussion—Asin T'. huronensis, T. sinuosus includes
an intergradational population which usually is rea-
sonably distinet and characteristic in appearance but,
in a given occurrence, nearly always includes some vari-

ants trending toward other species. When other
species of T'asmanites (for example, 7. huronensis or
7.sp. A) are represented in the same assemblage, inter-
gradational forms seem always present, and some
specimens may be almost impossible to definitely clas-
sify. When only 7. sinuosus is present, the range of
variation is not as great. It is principally these latter
occurrences that support the view that 7. sinuosus
should be specifically distinguished.

The wall thickness, versus diameter measurements
plotted in figure 10, indicate something of the range of
variation included here. The specimen selected as
holotype is a little smaller than the average for the
species and was chosen chiefly with regard to clarity
of detail. Specimens in the smaller size range are com-
monly less distorted by folding, but this seems inci-
dental. Wall thickness does not tend to increase
materially with size but seems to remain relatively uni-
form and characteristic. The specimen illustrated on
plate 20, figure 3, shows normal wall thickness, although
it is relatively larger. It remained uncompressed and
unfolded because the interior is filled with pyrite.

The two specimens represented by solid circles at the
extreme right in figure 10 are, for the present, excluded
from 7. sinuosus s. s., although they are similar in all
respects except for size. They were observed in as-
sociation with numerous characteristic examples of 7'.
sinuosus in the lower part of the Ohio shale at locality
8 (the Huron member of the Ohio shale) and at locality
10 at the base of the Olentangy shale, but no forms in
the intermediate size range were present in either place.
Further study may show either that they represent
another species or that 7'. sinuosus includes a number
of varieties characterized by differences in diameter.

It is very difficult to know how closely 7'. sinuosus is
related to 7. salustianoi Sommer (1953) whose nomen-
clatural type is located on figure 10 in the circle marked
s. Three specimens of 7. salustianoi range from 1604
to 210x in diameter. Since geographic separation is
great and Sommer’s material is older than that
described here, it seems best for the present to treat
them as distinct. Characteristics of the wall, in gen-
eral, serve to differentiate 7. sinuosus from other
species.

O courrence—Specimens of Tasmanites sinuosus were
found in the Columbus and Delaware limestones at
locality 7. These microfossils are generally present
throughout the Olentangy and Ohio shales and often
are abundantly represented in the lower part of the
Ohio shale below the foerstian zone and in the upper
part of the Ohio shale or Chagrin shale. Rare ex-
amples are present in the Bedford shale and lower part
of the Cuyahoga formation at various localities. It
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is more widely distributed and seems longer ranging
than any of the other forms of 7'asmanites distinguished
in this study (pl. 23).

Tasmanites sommeri n. sp.
Plate 20, figures 4, 4a, 9(?) ; plate 21, figure 2; text figures 10, 12

Diagnosis—Disseminules spherical; 320u-550p in
diameter (37 specimens measured), tumid, almost cir-
cular, not folded when compressed. Surface finely
rugose, pitted in some compressed specimens. Wall
80p—T0p thick, punctate, often laminated, laminae as
many as 10 or 12, thicker toward the outside and
thinner centrally. Puncta numerous, interior spacing
18u-35x (commonly about 27u), tubular, gradually
tapering from about 1p in diameter on the outside to
2p—5p wide internally, coarser than in 7. huronensis, but
usually not flared on the interior. Yellow to dark
orange by ordinary transmitted light; strongly aniso-
tropic, brilliant yellow to dark red, either uniaxial or
biaxial negative interference figure with Betrand lens
and convergent polarized light; dark red with dull
luster by reflected light.

Holotype.—Plate 20, figures 4, and 4a, from the lower
part of the Ohio shale, locality 7, maceration 378, slide 3.

Discussion.—The specimens assigned to 7'. sommers
represent another relatively distinctive type that can
usually be easily recognized because of its nonfolded
swollen appearance. This appearance and the pro-
nounced anisotropic effect (pl. 20, fig. 4a, and pl. 21, fig.
2) are directly related to the thickness of the wall.
Nevertheless, this species also shows intergradation
with 7. huronensis, and its dimensions may also over-
lap those of 7. punctatus; some specimens are so inter-
mediate that they are virtually indeterminable. Three
such specimens are represented by dotted circles with
question marks in the central part of figure 10. In most
specimens, however, the thickness of the wall serves as
an adequate basis for distinction.

Some question remains concerning the nature of the
wall laminations shown by many individuals assigned
to this species. Most of the specimens from localities 7
and 10 show definite wall lamination with structure
like that shown in figure 12. However, a number of
specimens from localities 6 and 8 did not show layering
distinetly, and it 1s virtually absent from the specimen
shown en plate 21, figure 2, although the wall here is
40y thick. Other dimensions and spacing of pores are
similar, regardless of the prominence of lamination ; so
it seems best to regard lamination as a character that
may be variable within rather broad limits. Where
present the inner laminae are thinner than those nearer
the outside, and in this respect 7'. sommeri seems to
differ from 7. punctatus where available illustrations,

at least, suggest no progressive laminal differentiation.
Lamination in walls of 7'asmanites deserves further
study because it may provide a clue to the mode of dep-
osition, function, and affinity of the disseminules.

Line

FIGURE 12.—Tasmanites sommeri n. sp.
tracing from photograph showing the con-

centric wall layering. Dark central cavity
is filled with pyrite. Specimen from: the
lower part of the Ohio shale, locality 10,
maceration 310, slide 6. X 250.

Wall thickness tends to increase directly with overall
diameter in 7. sommeri, as indicated by the spacing of
dotted circles in figure 10. The correlation is not exact,
yet it contrasts significantly with the relative uniform-
ity in wall thickness shown by 7'. sinuosus, T'. huronen-
sis, and 7. punctatus. In general, this appears to be
excellent evidence of at least specific separation, par-
ticularly since the dimensions were not plotted until
after specific assignments had been made. Neverthe-
less, such information is of little value for identification
of individual specimens in unknown new material.

In addition to the species mentioned above, 7. som-
meri apparently is distinguishable from thick-walled
forms described by Sommer (1943) as 7'. hartti and 7.
tapajonensis by its larger and more widely spaced pores,
and possibly by lamination of the wall. 7'. tapajonensis
appears similar to 7. kart¢i, but it includes a larger
range of sizes, and the punctations are said to consist
only of shallow depressions rather than deep pores that
perforate the wall. 7'. avelinoi is larger, shows greater
range in size, and more definite puncta than 7. hartt:
and 7. tapajonensis, but it also has a nonlaminated
wall. 7. rozoi is clearly distinguished by the flared
orifices of pores. Further comparison is difficult in the
absence of more complete information about some of the
Brazilian species. The dimensions of type specimens
of these species are located in relation to the specimens
of 7. sommert in figure 10.

O ccurrence—The principal occurrence of T. sommeri
seems to be restricted to the Olentangy shale and lower
part of the Ohio shale below the foerstian zone, at lo-
calities 6, 7, 8, and 10 (pl. 23).

Two thick-walled abraded specimens, one of which
shows faint concentric lamination (pl. 20, fig. 9), were
found in the Bedford shale at locality 2. These might
easily result from reworking of older sediments at the
time the Bedford was deposited.
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Tasmanites sp. A
Plate 20, figures 5, 6, 7(?) ; figure 10

Description.—Disseminules 173u-220x in diameter
(10 specimens measured), flattened but not folded when
compressed. Wall 14426y thick, usually more than
20x, punctate. Puncta numerous, minute but con-
spicuous; interior pore spacing about 23, (pl. 20, fig.
6). Light yellow to darker yellow centrally by ordi-
nary transmitted light; anisotropie, brilliant yellow to
orange by polarized light.

Discussion—Only 10 specimens have been found, and
it is not clear whether a species equivalent to others
that have been named is represented. These microfos-
sils are distinguished by their small size and relatively
thick walls (pl. 20, fig. 5). The diameter is generally
less than in 7. huronensis, but. the wall is comparable in
thickness. Thinner walled examples intergrade with
T. sinuwosus as indicated by location of the crossed
circles in figure 10. Specimens shown on plate 20,
figures 5 and 6, were picked directly from the matrix
and mounted without maceration. They are lighter in
color than those obtained by maceration from im-
mediately overlying beds.

Ocourrence—Specimens assigned to Tasmanites sp.
A were found in the Olentangy shale and the lower
part of the Ohio shale below the foerstian zone at lo-
cality 8 and in the upper part of the Olentangy shale
at locality 7 (pl. 23). A few specimens, apparently
similar but poorly preserved, were found in the Cleve-
land member of the Ohio shale and the Bedford shale
(redeposition ?).

Tasmanites sp.
Plate 20, figures 8, 8a

Description—Specimen 810x in diameter, wall 68u
thick, puncta numerous, interior pore spacing 43u. In-
terior surface minutely irregular, external surface
finely rugose. Dark reddish brown, nearly opaque, by
ordinary transmitted light ; anisotrophic, luminous yel-
low and red by polarized light; dull dark red by re-
flected light.

Discussion.—The single specimen illustrated is the
only one of this size that has been found. 7. avelinoi is
said to range to as much as 710u in diameter (Sommer,
1953), and some resemblance is also shown in the simi-
lar irregularity of interior surfaces. The puncta,
however, appear to be about 12y apart in the example
Sommer has illustrated. The chief interest in this
specimen is in demonstrating the large size that may be
attained by disseminules of 7asmanites.

Occurrence—The specimen was found in the basal
part of the Bedford shale, locality 1.
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PLATES 1-22




PLATE 1

Locality 1—Chagrin shale, Cleveland member of the Ohio shale, and Bedford shale, section along north bank of Chippewa Creek,
100 feet south of State Route 82, Brecksville Reservation, Cuyahoga County, Ohio. Lettered triangles indicate position of
samples macerated and studied in detail. Above the strata shown in this photograph is 36 feet of red and gray Bedford shale
overlain disconformably by about 30 feet of Berea sandstone. Photograph by J. D. Winslow, U.S. Geological Survey.

























































































































































