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ABSTRACT 
X preliminary investigation of land plant megaspores and other resistant plant parts 

from the plus 65-mesh maceration residues of coals and carbonaceous layers of upper 
Mississippian (Chester Series) and Pennsylvanian age indicates that plant megaspores 
are useful in correlation, especially on a local scale, and may in the future aid in de- 
lineating coal swamp heterosporous plant distribution. 

The study established that megaspore assemblages of Chester age are dominated by 
spinose lageniculate and fibrous-coated megaspores representing an arborescent lepido- 
dendrid-lepidocarp flora. Megaspores of the Case)-ville Group indicate a more diverse 
heterosporous flora, including both herbaceous and arborescent lycopsids. Spinose 
lageniculate, fibrous-coated, auriculatc, zonate, and deltoid-bladdered spores dominate 
the assemblages. The oldest occurrences of sigillarians and medullosans are represented by 
spinose aphanozonate and monolete spores, respectively. Sphenopsids also are represented. 

From the base of the Tradewater Group, to and including the Pope Creek Coal, the 
assemblages are distinguished by their great diversity of zonate megaspores, by abundant 
triangulate megaspores, and by the occurrence, apparently restricted, of one new genus. 
The upper part of the Tradewater Group is characterised by smooth lageniculate spores, 
abundant monolete medullosan spores, and by the lowest occurrence of spores with lateral 
bladders. 

The assemblages from the Sunmlum (No. 4) Coal to the top of the Carbondale Group 
are characterized by an abundance of sniooth aphanozonate spores of sigillarian alliance, 
but, except for  he absence of zonalc spores, are otherwise similar to those of the Trade- 
water Group. The assemblages of the RiIcLeansboro Group, not investigated extensively, 
appear to be characterized by heavy-apexed, smooth lageniculate-type spores, smooth 
aphanozonate spores, auriculate spores, monolete medullosan spores, both deltoid- and 
lateral-bladdered spores, and by the absence or extreme rarit) of the fibrous-coated spores 
and zonate spores. 

Zonation of megaspores from upper Mississippian and Pennsylvanian coals is pos- 
sible, based on the differentiation of lageniculate spores, restricted ranges of some spores, 
and, in some instances, marked variation in abundance. 

INTRODUCTION decreased in frequency as distance from the 

The spores described here are actually 
the resistant outer coats of the spores or 
propagative bodies of the game~ophgtic 
generation of certain types of land plants 
that were abundant in the floras of Mis- 
. . 

sisslppian and Pemnsylx-anian age. A great 
variety of spore types were produced in 
large numbers and widely dispersed, prin- 

old shoreline increased. As the plants 
changed or evolved, more or less parallel 
morphological changes took place in the 
spore coats. The study 01 fossil spores, and 
pollen in beds of younger age, is therefore 
of value in the correlation of coals and 
other sedimentary rocks as well as for pos- 
sible paleobotanical implications. 

Coals of h!hissiuuian and Pennsylvanian 
1.1 

cipally by wind and water. Eventually they age are composed largely of more or less 
were entombed in both continental and ma- chemically altered fossil remains of plants, 
rine sediments, although they were pro- such as the woody parts of stems and 
ducecl only by land plants. Such spores oc- branches, resins, waxes, cork, cuticle, and 
curred in greatest numbers closest to their spore coats. Although spore coats do not 
rite of production, and in marine sedimentc, make up the bulk of the coal, except in 
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such unusual deposits as the Williamston 
Spore Coal of Michigan, they are commonly 
abundant. Because of their small size, less 
than 15 to more than 10,000 p, vast num- 
bers can be studied easily in the laboratory 
when they are isolated from coal by one of 
the various maceration techniques. 

The complex problem of correlation of 
Pennsylvanian coals in Illinois has been 
greatly simplified by Kosanke's (1 950) in- 
vestigations of small spore occurrences. Be- 
cause all vascular plants produce small 
spores or their equivalents among plants of 
more advanced organization, such a study 
is of great value not only in the correlation 
of beds but also in the assessment of the 
total aspect of the flora existing during 
Pennsylvanian time. The megaspores, gen- 
erally the larger spores, are produced by 
only the heterosporous vascular plants and 
therefore yield information on only a seg- 
ment of the flora. However, the megaspore 
content of coal beds in European coal 
basins has been studied extensively for al- 
most thirty years and such studies have 
yielded valuable information on the corre- 
lation of coal beds and their relative age. 
Even in an area where the stratigraphic suc- 
cession is accurately known, the relative 
quantity and kinds of megaspores in dif- 
ferent coals have provided an accurate basis 
for comparing an unknown bed to known 
beds or correlating known beds across a 
fault zone (Dijkstra, 1946; 1949, fig. 1). 

Because fewer megaspores are produced 
and because they are generally much larger 
and heavier than the small spores, they 
probably were not dispersed as widely as 
isospores and microspores. An uneven dis- 
tribu tion of plants throughout a coa 1 
swamp might be masked by the wide dis- 
persal of small spores, but the large spores 
might be used in interpreting the geo- 
graphic distribution of the heterosporous 
plants. 

In  contrast to the intensive megaspore 
investigations carried on in Europe, very 
few such studies (Schopf, 1938; Cross, 1947; 
h o l d ,  1950) have been reported in the 
United States. This is especially true of 
megaspores of Mississippian age. 

The plant megaspore assemblages and 
some other plant remains in the plus 65- 
mesh maceration residues, mainly of coals, 
were investigated to determine their possi- 
ble significance in the correlation of coal 
beds and in the delineation of heterospor- 
ous plant distribution in the coal swamps 
that existed periodically and sometimes 
extensively over Illinois and surrounding 
states during upper Mississippian and Penn- 
sylvanian time. 

General knowledge of the evolution and 
ecology of the heterosporous plants and of 
the occurrence and re-occurrence of their 
spores in various coal beds allows compari- 
son of ~uccessions with those found in other 
coal basins in the world. A general com- 
parison such as this adds to our knowledge 
of the geographic distribution and evolu- 
tion of ancient floras, but it does not imply 
intercontinental correlation of coal beds. 
Such information has shown the successia 
in the coal basins of Poland, Czechoslo- 
vakia, France, Turkey, and in the Ruhr 
Basin to be generally similar (Dij ks tra, 
1949). 

The coals in Illinois have been inten- 
sively studied and their content of small 
spores has been noted in previous reports. 
The coarse residues oI the samples used i:: 
those investigations were available for study 
so that a comparison of the occurrences ol 
some megaspores with the occurrences of 
their botanically related microspores was 
possible. Aside irom the study by Horst 
(1955) on the coal beds ot' the Namurian A 

and B and Westphalian A in Poland, there 
is very little published information cover- 
ing both the large and small spore content 
of the same samples of coal. 

The investigation of upper Mississippian 
megaspores and their comparison with 
those of the lowermost Pennsylvanian were 
begun to determine whether megaspores 
could provide a ready differentiation for 
distinguishing Mississippian strata from 
the unconIormably overlying Pennsylvanian 
strata, a key that would be especially useful 
in studies of drill cuttings and cores and 
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when gross lithologic distinctions are not 
apparent. The results and possibilities pre- 
sented supplement the results of more ex- 
tensive investigations by other me thods. 

Schopf (1949, p. 51 1) pointed out that 
descriptive and taxonomic studies were 
likely to dominate pollen and spore re- 
search for many years, simply because the 
field to be explored is so enormous. In  ad- 
dition he stated, "It does not follow that 
significant economic results will invariably 
follow initial exploratory studies; however, 
the history of paleontology in general is a 
sufficient insurance that reasonable benefits 
will come from progress in this work." 

A large part of this report is devoted to 
the description, some of it very detailed, ol 
plant megaspores, plus some illustration 
and discussion of spores that are larger than 
conventional small spores and may be ei- 
ther megaspores or small spores, and of pre- 
pollen, cuticle, and seed membranes that 
occur in the macerations with the mega- 
spores. The  primary emphasis is on spores 
from the coals in the upper Mississippian 
Chester Series and in the Pennsylvanian 
Caseyville and Tradewater Groups, but 
those from some of the coals of the Carbon- 
dale and McLeansboro Groups are de- 
scribed in order to present a general over- 
all picture of plant megaspore distribution. 
Some material of late Mississippian and 
early Pennsylvanian age from areas outside 
Illinois also is included for comparative 
purposes. 

Many of the residues and slides examined 
had already been prepared in the labora- 
tories of the Illinois Geological Survey for 
other studies, and therefore no statistical 
approach to the relative abundance of meg- 
aspores from one coal to another, or even 
in segments in the same coal, could be 
valid. The  terms "rare," "present," "com- 
mon," and "abundant" used relative to 
megaspore abundance are necessarily sub- 
jective because some of the samples were 
not collected for statistical analysis as were 
those on which Dijkstra (1946, 1955c) has 
reported. 

This report, therefore, is a general and 
preliminary survey of the occurrence of 

megaspores in upper Mississippian and 
Pennsylvanian coals, preliminary in that 
the sampling of the individual coal beds 
was limited and the examination of spores 
from coals of the McLeansboro Group cur- 
sory. 

I am grateful to J. A. Simon, Head of the 
Coal Section of the Illinois State Geological 
Survey, for his interest in and encourage- 
ment of this investigation, and to Dr. John 
C. Frye, Chief of the Survey, for his sup- 
port. Dr. D. H. Swann collected some oi 
the Mississippian samples and provided 
guidance in the interpretation of the strati- 
graphic position of some of the previously 
collected samples. The  advice and guid- 
ance regarding the stratigraphy of Illinois 
coals given by Dr. R. M. Kosanke and his 
contributions to discussions on problems of 
taxonomy, nomenclature, and in terpre ta- 
tion of some of the results made this report 
possible. 

PREVIOUS INVESTIGATIONS 

Kosanke, whose investigations on the 
small spores of Pennsylvanian coals of Illi- 
nois (Kosanke, 1947, 1950, 1954) are well 
known, has given (1950, p. 7-8) a general 
history of spore studies from the first ob- 
servations of fossil plant spores by Witham 
in 1833 through the important contribu- 
tions, principally concerning small spores, 
of the mid-1940's. Many major findings on 
Carboniferous megaspores also were re- 
ported during the period beginning with 
the study by Bennie and Midston in 1886. 
Among the important studies done outside 
the United States are those of Zerndt 
(1930a, b, c, d; 1931; 1932a) b; 1934; 1937a, 

b; 1938a, b; 1940), Stach and Zerndt (1931), 
Kowalewska-Maslankjewiczowa (1 93?), Sa- 
habi (1936), Ibrahim (1933)) Loose (1934)) 
Wicher (1934a, b), Nowak and Zerndt 
(1936); from the United States are the stud- 
ies of Bartlett (1929) , Schopf (1936a, b; 
1938), and Schopf, Wilson, and Bentall 
(1 944). Bailey (1 936) briefly illustrated and 
described some megaspores. 
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lWany contributions to the study of small 
spores, megaspores, and spores in organic 
association in cones have been made since 
1944. Those particularly pertinent to the 
study of larger plant microfossils of Car- 
boniferous age outside the United States 
are studies by Dijkstra (1946; 1952a, b, c; 
1955a, b, c; 1957), Kalibova (1951), Pikrart 
1956, 1957), Potonii: (1954a, b), Potonii. 
and Kremp (1954, 1955, 1956), and Horst 
(1955). Recent cone studies by Chaloner 
(1951; 1952; 1953a, b, c; 1954a; 1958a), 

Dijkstra (1958), Remy and Remy (1956), 
and, in the United States, by Felix (1954), 
Hoskins and Abbott (1956), and Chalonet- 
11956a, 1958a) to mention a few, give much 
~aluable information as to the amount of 
natural variation in megaspores and their 
lzotmical alliances. 

Particularly pertinent studies on mega- 
spores and other plant fragments of upper 
Mississippian and/or Pennsylvanian age 
done in the United States are those by Cross 
(1 9-17), Arnold (1948, 1950), Schemel 
(1950a), Chaloner (1954b), and Guennel 
(1 954). Cross (1947) illustrated and briefly 
described megaspores found in coals of the 
Manawha Group (Pottsville Series), Alle- 
gheny Series, and Monongahela Series frorn 
the Pennsylvanian of: West Virginia and 
Kentucky. 

Arnold (1948) described several types of 
seed membranes found in the Pennsyl- 
vanian coals of the Michigan Basin and 
(1950) described and illustrated some of 
the megaspores found there. Schemel 
(1950a), in a report emphasizing small 
spores, described megaspores of two species 
from a Chester or Springer age coal of 
Utah. Chaloner (195413) described and 
illustrated megaspores of Kinderhook or 
Osage age and of early Chester age frorn 
Michigan, Pennsylvania, and Indiana. 
Guennel (1954) gave a detailed description 
sf spores of Triletes  t~ inngu la tu s  from the 
Block Coal of Indiana. 

The study of spores contained in coal 
macerations began at the Illinois State Geo- 
logical Survey in 1931, under the supervi- 
sion of G. H. Cady, with an investigation 
of plant remains in maceration residues 

from column samples of the Herrin (No. 6) 
Coal of the Carbondale Group. McCabe 
(1 93 1) illustrated some cuticle, vascular 
tissue, and spores from the Pope Creek and 
No. 5 Coals and (1933) reported his find- 
ings on the plant remains of the Herrin 
(No. 6) Coal in an unpublished doctoral 
dissertation at the University of Illinois. 
Henbest (1933) described some of the plant 
fragments of the Herrin (No. 6) Coal and 
(1935) described and illustrated a few meg- 
aspores of that coal. 

Schopf (1 936a, b) also illustratecl mega- 
spores oS the Herrin (No. 6) Coal and de- 
scribed them under binomial designations. 
In 1938 he presented the detailed results of 
these investigations on the large spores, in- 
cluding prepollen, found in maceration 
residues of the Herrin (No. 6) Coal from 
southern Illinois. 0 ther papers by Schopf 
(1941a, b; 1948), mainly on fructifications 
and seeds, presented aspects of the natural 
afKnities and variations of spores. In 1944, 
Schopf, Wilson, and Bentall discussed the 
generic groups of Paleozoic spores. Later 
Schspf (1949) commented further on the 
taxonomic identity of some spores and re- 
viewed some of the important spore studies. 

 most previously published work on Illi- 
nois coal megaspores emphasizes the mega- 
spores of individual commercially irnpor- 
tan[ coals. The present study provides a gen- 
eral framework within which investigations 
concentrated on one or several coals over a 
large area can be related and therefore as- 
sume greater significance. 

PREPARATION AND EXAMINATION 
OF SAMPLES 

The process of coal maceration, the free- 
ing of resistant plant parts from the rest of 
the coal, as used at the Illinois State Geo- 
logical Survey, is a modification (see Ko- 
sanke, 1950, p. 8-1 1) of the method first de- 
scribed by Franz Schulze in 1855. In gen- 
eral the process consists of two phases: the 
partial oxidation of coal with Schulze's zolu- 
tion (1 part aqueous solution of KCIO, to 
2 parts concentrated FINO,), follnwed Iy 
the solution of the salts of the humic acids 



by treatment with 10 percent KOH, and 
subsequent decantation. Some weathered 
coals require only the latter phases of the 
treatment, the oxidation phase having been 
completed by nature. 

Spores are isolated irom clays, shales, and 
sandstones with HCL and HF treatments. 
i 2 t1~r  si>ores may be picked from bedding 
planes of a sedimentary rock and merely 
cleaned with dilute HF. A summary of 
the various methods applicable to the iso- 
lation of organic matter from all kinds ol 
rocks, in all degrees of induration, has been 
published recently by Sittler (1955). 

The  65-mesh (the figure indicates the 
number of meshes to the inch) Tyler screen 
has mesh openings of about 210 p,. The 
residue passing through the 65-mesh screen 
generally is stained in safranin U and 
mounted under a cover slip with glycerine, 
diaphane, or balsam, and examined for 
small spore content. (A discussion ol vari- 
ous mounting media and their advantages 
and disadvantages is given by Christensen 
[1954].) The coarse, plus 65-mesh re?ic!ue 
may contain sporangial masses oi: small 
spores, megaspores, or large spores, spores 
rather small for "large" spores (200 to 
400 p), cuticle, seed membranes, waxy 
blebs, resin rodlets, fusinized wood and 
vascular fragments, and incompletely mac- 
erated coal fragments. Additional sieves 
may be lased to separate the coarse residue 
into various size lractions. The coarse resi- 
dues commonly are stored in alcohol and 
glycerine in wax-sealed bottles. 

A11 coarse residues used in this studv 
were examined immersed in water in a petri 
dish under a binocular microscope at mag- 
nifications of 6 X to 36 X . The large spores, 
some sporangial masses, cuticles, vascular 
tissues, and seed membranes I\-ere picked 
from the dish with a flattened needle. Sub- 
sequently the specimens were mounted dry 
on cardboard mounts or, as with the ma- 
jority of specimens, passed through alcohol 
to xylol and mounted in balsam on slides, 
the most permanent media for megaspore 
mounts. More than 1,000 balsam and dry 
mounts were examined. 

Descriptions and measurements are based 
largely on the examination of specimens 
mounted in balsam because the fine orna- 
men ta tlon details are adequately observed 
only by transmitted light. This phase of 
the work was done on a research micro- 
scope at magnifications ol l5OX to 500X. 
Photographs were taken on fine-grained 
film with both transmitted and reflected 
light. A red filter was used in photograph- 
ing some of the higbly ornamented thick- 
walled megaspores in order to show details 
oS the spore botly and its ornamentation. 

SPORE DEVELOPMENT AND 
hIORPHOLOGY 

The spores described and discussed in 
this report were largely, perhaps entirely, 
derived !rum vascular plants, the Tracheo- 
phyta. Many of the plants were large and 
ireehke and  are referred to as arborescent. 
Others grew close to the ground and arc 
called herbaceous. A11 vascular plants pro- 
duce spores of some kind and have an alter- 
nation of sporophyte and gametophyte gen- 
eration during their lile cycles. 

The mature plants, part of the spors- 
phyte generation, procluce spore mother 
cells, each oC which produces four unicellu- 
lar spores of the gametophyte generation. 
Some vascular plants are homosporous, pro- 
ducing spores that germinate into multi- 
cellular gametophytes, which in turn pro- 
duce both male and female gametes. Other 
plants are heterosporous and bear: 1) mega- 
spores that germinate into multicellular fe- 
male game tophytes that produce female 
gametes and 2) rnicrospores that germinate 
into mu1 ticellular male gametophytes that 
produce only male gametes. The  union 01 
temale and male gametes initiates the sporo- 
phyte generation oi the life cycle. 

Most spores are enclosed within a pro- 
tective coat that is resistant to chemical and 
physical attack. Because oS this, the spore 
coats or exines, relerred to generally as 
spores throughout this paper, commonly 
are well preserjed in coals and many kinds 
oT seclirnents. The gametophyte inside the 
spore coat is preserved only under excep- 
tional conditions. 
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Different plants produce spores of differ- 
ent sizes and shapes and, as plants evolved 
through time, the size, shape, and orna- 
mentation of the spores changed, although 
possibly not at the same rate as other ob- 
servable changes in the plants. Because ol' 
the great variety of spore types, their grad- 
ual change in appearance through geologic 
time, and the resistant nature of the spore 
coat, the spore assemblages found in any 
one sediment are likely to be different in 
composition from those found in older or 
younger beds. 

Also, because of possible geographic dif- 
ferences in the distribution of plants, the 
assemblages from the same bed may have a 
slightly different aspect from one area to 
another. Spores, especially microspores and 
isospores, are produced in great numbers, 
are small, and are widely dispersed by nat- 
ural agencies such as wind and water cur- 
rents. Although megaspores are generally 
larger, sometimes very large, and are pro- 
duced by only a segment of the floral popu- 
lation - the heterosporous plants - they, 
too, are sometimes widely dispersed. How- 
ever, their distribution is more likely to be 
restricted to an area close to their site of 
production. 

Because we have very little chance of de- 
termining whether a fossil spore performed 
a male or female function in the liEe cycle, 
unless cone studies have provided the 
knowledge, an arbitrary lower size limit of 
200 has been given for megaspores (Guen- 
nel, 1952). Dijkstra (1946, p. 21) also re- 
views the size problem. The size limit sug- 
gested follows from using the Tyler sieve, 
with a mesh opening of about 210 p, to sep- 
arate the fine from the coarse residue. 
Guennel further proposes the use of the 
term "miospore" for all spores or sporelike 
bodies less than 200 p in size. These could 
include isospores, microspores, small mega- 
spores, pollen, and prepollen. 

The spores of Spencerisporites are iso- 
Iated spores similar to those occurring in 
some of the cones of Spencerites, reported 
as eligulate and homosporous. Thus, on 
available evidence, the spores referred to 
Spencerisporites would be considered iso- 

spores. Renisporites spores, 1-a ther small in 
comparison with most megaspores, may be 
megaspores, isospores, or m i c r o s p o r e s. 
i34onoletes and ParasPorites are considered 
prepollen. However, most of the spores 
described here are megaspores of the ar- 
borescent and herbaceous lycopsids and 
lepidocarps. 

The larger spores show considerable dif- 
ferences in size. In Cystosporites three mem- 
bers of the original tetrad are abortive, 
much smaller than the fertile specimens, 
and sometimes much different in aspect. 

\> 

I - Tetrahedral 
h--, Tetrad 

TEXT FIG. 1 !above).--Orientation of radially sym- 
metrical spores. 
a. Spores in tetrad association. 
b. Proximal view of a single spore showing tri- 

lete suture and contacl areas. 
c. Lateral view of single spore. 

TEXT FIG. 2 (below).-Orientation of bilaterally 
symmetrical spores. 
a. Spores in tetrad association. 
b. Proximal view of single spore showing mono- 

lete suture and contact areas. 
c. 'Traiwerse lateral view of single spore. 
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Spores are characteristically either radi- 
ally (trilete suture, text fig. 1) or bilaterally 
(monole te suture, text fig. 2) symmetrical, 
the type of symmetry being controlled by 
the division of the spore mother cell. For 
descriptive purposes, spores are oriented 
with reference to their original position in 
the tetrad grouping (text figs. 1, 2; pl. 9, 
fig. 3). The  side of a spore toward, and in- 
cluding, the original areas of mutual con- 
tact in the tetrad is designated as proximal 
(side, surface, or hemisphere). The side of 
the spore external to, or away from, the cen- 
ter oT the tetrad is distal. The axis of a 
radially symmetrical spore passes through 
the center of the original tetrad. 

The apices of the four spores at the proxi- 
mal poles originally touched in the tetrad. 

Bilaterally symmetrical spores have one 
axis of symmetry through the long dimen- 
sion of the spore and another through the 
proximal surface of the spore and the cen- 
ter of the distal surface. The contact areas 
are the two or three surfaces of mutual con- 
tact in the original tetrad. 

The trilete suture (pl. 15, fig. 2)) or line 
ol: dehiscence, forms along three radiating 
lines; the trilete ray refers to one extension 
of the trilete suture or its expression as lips 
or as a fold. The monolete suture korms 
along a single line (pl. 15, fig. 5a). Some 
spores may possess very insignificant lips 
bordering the suture, others may have 
straplike lips (pl. 9, fig. 4a), and still others 
may have lips surmounted by an apical 
prominence (pl. 3, fig. 13). 

Those features influenced by the contact 
relationship of spores during growth in a 
tetrad are designated as haptotypic by 
Wodehouse (1935). The contact areas may 
be bounded by arcuate ridges, flanges, or 
ornamentation which may or may not ex- 
tend over the entire distal surface. Distal 
ornamentation, in reference to megaspores, 
is not generally strictly limited to the distal 
hemisphere, but extends distally from the 
arcuate ridges or con tact areas. Specifically 
inherited characters, such as distal orna- 
mentation, of which the type, shape, and 
size is relatively constant for any one spe- 

cies, are designated as emphytic by Wode- 
house (1935). 

Some spores (pl. 13, fig. 2; pl. 14, fig. 11) 
possess bladders or membranous air sacs 
which are attached to the spore coat. Still 
others possess a wrinkled inner membrane 
(pl. 9, fig. 8a, b; pl. 10, fig. 9) , sometimes 

variously ornamented, referred to as an en- 
dosporal membrane by Schopf (1938), the 
mesosporium of Dijkstra (1946) and Hpeg, 
Bose, and IVdanum (1955). Original spore 
shape may vary from sac-shaped, to spheri- 
cal, to distinctly oblate. The shape is usu- 
ally more or less distorted by compression, 
the manner of compression being deter- 
mined by both the original shape and the 
presence and kind of ornamentation. Thus, 
the compressional form is usually charac- 
teristic of a species, although other species 
may also show the same Iorm. 

In  descriptions of the Illinois megaspsres 
particular attention is given to differences 
in ornamentation noted on the lageniculate 
megaspores. This general type of mega- 
spore, showing some morphological varia- 
tions, is known from beds as old as upper- 
most Devonian, through the IVfississippian 
and Pennsylvanian, and into the Permian. 
Therefore, any slight variation in ornamen- 
tation may be helpful in differentiating 
these megaspores. In  contrast, those apicu- 
late and smooth aphanozona te megaspores, 
Triletes rnnnzillarius Bartlett (sensu Dijk- 
stra) and T. gla b ~ n t z ~ s  Zerndt (sensu Dijk- 
stra), and the spores of T. t~. iangulutus 
Zerndt (sensu Dijkstra) are the least em- 
phasized as to possible distinctions based on 
ornamentation because of practical limi ta- 
tions to the investigation. 

In  the smooth aphanozonate megaspores, 
possible distinctions would have to be based 
on thickness of spore coat, length of rays 
relative to spore diameter, or on the size 
ranges of the spore diameter. The actual 
size of a spore, or the range of a group of 
spores, may mean little relative to its botan- 
ical alliance. Bochenski (1936) illustrates 
the wide range in spore size in cones of 
Sigillariostrobus Czal-nockii (400 to 2700 ,L 
in one cone and 450 to 2900 p in another). 
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lp  9 0 0 , ~ ~  1100,~~ l3OOp 1500p. 1703p  
SPORE BODY DIAMETER-WET 

I I 

7OOp 9OOp l l0Op 1 3 0 0 , ~  1 5 0 0 ~  1700p 
SPORE BODY DIAMETER-WET 

l'l<xr FIG. 3.-Scatter diagrams showing the spore body dimensions of megaspores of Tri le les  smnosus 
Arnold, T .  rnnmillarius Bavtlett (sensu Dijkstra), and T. brasserli Stach and Zerndt, before and a f ~ e r  
drying. Line of best fit determined by eye. Shrinkage averages a little less than 20 percent. All speci- 
mens from the TVjllis Coal (maceration 62.5B), Gallatin County, Illinois. 

The smaller, immature spores are distin- 
guished by a thicker wall and a more tri- 
angular shape. Although actual s i ~ e  does 
not seem to be indicative for distinction, 
the relative proportion of one feature to 
another may be 2~ more satislactory basis 
lor distinction. 

Because many megaspores have been ob- 
served to shrink noticeably when mounted 
dry, a preliminary investigation on the 
amount of shrinkage was made on the 
s p e c  n l  three species: T ~ i l p f  P S  bmsserii, 

c 7 1 .  mmosus,  T .  nzarnillnrius. All these 
specimens were well preserved, those of T. 
brnsserti abundantly represented, in a sam- 
ple chosen from the lower part (maceration 
625B) of the Willis Coal that had been 
macerated in Schulze's solution in August 
of 1945 and stored in alcohol and glycerine 
until February 1956 when the specimens 
were transferred to water and various meas- 
uYunents were matie. Each specimen Jvaq 

transferred to a cardboard mount and al- 
lowed to dry. The  same measurements 
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were then taken again, unless, of course, the 
specimen had cracked on drying. The  maxi- 
mum diameter of each specimen, both wet 
and dry, is well shown on the scatter dia- 
grams that are given in text figure 3. The 
shrinkage observed ranges from less than 10 
percent to more than 35 percent and has a 
pronounced effect on the means of the max- 
imum diameters of the spores of the three 
species. In  contrast to this large amount of 
5hrinkage) some spores ( T .  mamilla? ius, 
sensu Dljkstra) from a Caseyville age coal 
(maceration 795) macerated in 1954 showed 
a consistent 5 percent shrinkage. 

Probably many factors contribute to the 
observed differences in size between wet and 
dry specimens. The preservation of the 
spores, the type of maceration method 
used, the length of time specimens are 
stored, and the kind 01 medium in which 
they are stored, all may affect total size 
when observed wet as opposed to the size 
when observed dry. The differences in di- 
mensions, if any, of a single specimen, trans- 
ferred first from water to alcohol, then to 
xylol, and then mounted in balsam have 
not been checked as yet. 

That  some shrinkage occurs, even when 
freshly macerated specimens are dried, can- 
not be denied. Extensive, laborious tests 
would habe to be r m  in order to cieternline 
the effect of different maceration processes 
and length of storage time on the observed 
differences in size. I t  is possible that some 
of the observed distinctions between spores 
described by different authors, from differ- 
ent coals or from different areas, may be 
resolved as only the effect 01 differential 
shrinkage rather than the result ol any bo- 
tanical distinctions in the plants producing 
these spores. In any event, this is but one 
facet to the study of lossil megaspores. The 
actual expectable differences possible with- 
in a cone or between cones ol the same 
plant will not be lully appreciated until 
many more cone studies have been reported 
upon. 

Probably the most expedient solution to 
the problem is to give measurements based 
on either dry or balsam-mounted speci- 
mens, indicating clearly which type is 

used. The descriptions of the spores of the 
different species are based on m v  observa- 

I 

tions of spores, principally from Illinois 
coals, and not on previously published de- 
scrip tions unless otherwise indicated, so that 
the descriptions and size measurements 
may differ somewhat from previously pub- 
lished ones. 

Nomenclature of fossil spores in this pa- 
per is that determined by the Jnternational 
Rules of Botanical Nomenclature. These 
rules are adhered to by most authors in 
order that the system ol reierence be under- 
stood internationally, and are simple, pr-(:- 
cise, and, above all, stable. The genera re- 
ferred to in the present paper are artificial 
in that they are based on spores of plants, 
in contrast to the criteria used to determine 
genera ol: modern plants, and may corre- 
spond generally to categories of familial, or 
higher, rank. As research continues, espe- 
cially that on fossil fructifications, these 
artificial groupings will become restricted 
to as small a natural category as is possible 
with fossil plants. Individual in terpre ta- 
tion oS the magnitude of differences th,, t 
tie termine species or varieties within a gen- 
eric group varies, as does [lie interpreta- 
tion of genera based on lossil spores. hi 
time the nomenclatrxre may expresi rhe 
taxonomic position of the plants more 
closely. 

DESCRIPTIONS OF MEGASPORES 
AND "LARGE" SPORES 

Genus TRILETES (Bennie and Kids ton) 
ex Zerndt, 1930 

T y p e  species: TKLLETES GLABRATUS Zerndt, 
l93Oc 

Megaspores referred to Tr i lc les  are radi- 
ally symmetrical, marked by a trilete suture 
on their proxirnal surfaces. The extreni tic(, 
of the trilete rays may be connected by arcu- 
ate ridges. Elaborate processes may be de- 
veloped at the outer edges of mutual coal- 
tact of the sister spores in the tetrad. Distal 
surfaces are smooth to ornamented; proxi- 
mal surfaces, if ornamented, are generally 
ornamented to a lesser degree than are dis- 
tal surfaces. Schopf ( I  938) pointed out that 
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no spores of well established species of Tri- 
leies are less than 300 p in size. Some 
spores, for example those oS T. superbus, 
are as much as 4100 p in over-all diameter. 

The genus is believed to represent a nat- 
ural grouping of heterosporous free-sporing 
lycopsids, somewhat equivalent to a sub- 
order in the normal classification. 

Potonii. and Kremp (1954, 1955, 1956) 
believed that Triletes is an invalid and ille- 
gi tima te generic designation and therefore 
redefined and re-emphasized some of Ibra- 
him's (1 93 3) generic names and established 
new genera to which they referred mega- 
spores. The confusion arose because of a 
mistaken but consistent attribution of the 
generic name Triletes to Reinsch. T1-iletes, 
implying relationship with the lycopods, 
was used by Bennie and Kidston in 1 886 in 
describing megaspores, although not in 
combination with specific epithets. E t was 
in the sense of Bennie and Kidston's usage, 
not Reinsch's, that Bartlett (1 929) and 
Zerndt (1930~) applied it in binomial com- 
bination to megaspores. In 1930 Zerndt re- 
ferred some of his specimens to those first 
described by Bennie and Kidston. Rennie 
and Kidston should be considered the effec- 
tive authors of Triletes which became vali- 
dated no later than 1930 by Zerndt's publi- 
cation. 

Laeuigatisporites (Ibrahim) Potonik and 
Kremp (1954) , therefore, is a later synonym 
of Triletes. The use or nonuse oS the ge- 
neric names adopted or initiated by Po- 
tonii. and Kremp is a taxonomic decision 
to be made at present by each individual, 
depending on his interpretation of the 
taxonomic  circumscription of Triletes. 
Such decisions also must be made at the 
species level. Dij kstra (1 946) has inter- 
preted some species as having a wide range 
of spore variation, an interpretation con- 
firmed in certain instances by cone studies, 
whereas other authors advocate a narrow 
circumscription about the holo type speci- 
men. The  individual acceptance ol: a broad 
or narrow circumscription can be expressed 
in the taxonomy by use of such a term as 
"sensu Dij kstra." If each author clearly 
states his intent and adequately describes 

and illustrates his material, future modifica- 
tion, which always comes with expanded 
knowledge, will be relatively simple. 

Schopf (1 938) proposed the following sec- 
tional divisions of Triletes based on com- 
parative spore morphology: Aphanozonati, 
Lagenicula (Bennie and Kidston), Auricu- 
lati, Triangulati. The spores referred to 
any one section are believed to be more 
closely related to one another than to spores 
referred to other sections. Such a classifica- 
tion attempts to indicate the phylogeny and 
natural plant relationships as closely as is 
possible on the basis of available evidence. 

Dijkstra (1946) proposed the use of the 
section Zonales (Bennie and Kidston) be- 
cause he believes that some of the zonate 
spores are not closely allied to those typi- 
cally referred to the section Triangulati. In 
addition, he proposed that the auriculate 
spores should be grouped with the aphano- 
zonate spores, rather than segregated in a 
separate section. 

In  the present paper, spores of Triletes 
are referred to the following sections: La- 
genicula, Aphanozonati, Auriculati, Zo- 
nales, and Triangulati. 

SECTIO LAGENICULA (Bennie and Kidston) 
Schopf, 1938 

Spores of the Lagenicula section of Tri- 
letes are generally medium-sized, more or 
less prolate originally, and typically later- 
ally compressed, possessing an apical prom- 
inence formed by the elongated and up- 
raised portions of the three contact iaces. 
Arcuate ridges are commonly developed, 
but extreme zonal appendages are lacking 
(Schopf, 1938). Spore coat is variable in 
thickness with a smooth to spinose surface. 
Spores of T. horridus and T. rugosus are 
typical of this section. Lagenicula te spores 
have been Sound in Lepidostro bus fructifi- 
cations (Chaloner, 195313; Felix, 1954) in 
association with Lycospora-type micro- 
spores, a lepidodendrid alliance. 

Potonii. (1954b) stated that the mega- 
spores 01 the Lepidodendraceae never bear 
"fimbriae ramiferes" as do those of the 
Bothrodendraceae (Triletes praetextus, for 
example). However, there is a tendency for 
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the spinose lageniculate spores found in 
earliest Chester and older rocks to bear dou- 
ble or even ramilying processes. The earliest 
such occurrence known from this study is 
that of megaspores of T. crassiaculeatus, 
each bearing only a few double-tipped 
spines. Spinose lageniculate-type mega- 
spores in older Mississippian deposits bear 
such spines in increasing number and de- 
gree of ramification. 

The coat of the spinose lageniculate 
spores appears more or less punctate. 
Wicher (1934a) in a description of Apicu- 
lati-sporites latihirsutus (Triletes horri- 
dus) noted that the surface is "sehr fein 
netxforming bis punktiert." The  coat some- 
times appears very finely meshed and, in 
this respect, is similar to the coat of some 
fertile and abortive spores of Cystosporites 
(especially C. verrucosus). 

Schopf (1938, p. 28) suggested that there 
appears to be a progressive simplification of 
the apical prominence during the Car- 
boniferous. This seems to be more or less 
true for the spinose spores of the section. 
Among the smooth forms, spores of Triletes 
levis (interpreted as T.  nudus by some) oc- 
cur in younger coal beds than do those of 
T. rugosus and possess more highly devel- 
oped apical prominences. Dij kstra (1 958) 
described some similar spores from Sigil- 
lariostrobus cf. major. The relationship 
of T. leuis with the section Lagenicula may 
be only apparent, however, because Lyro- 
spora, usually associated with lagenicula te 
spores, is absent from coal beds containing 
T. levis. I t  is probably unwise to segregate 
the lageniculate spores as a distinct genus 
until the relationship of spores of T. in- 
dianensis, T .  splendidus, T .  globosus, T. 
hirsutus, T .  praetextus, and T .  levis to the 
spores typical of the section is understood 
more clearly. 

The earliest occurrence of lageniculate 
megaspores bearing double or forked spines 
is in the older coals of the Chester Series. 
The  more commonly illustrated spinose 
lageniculate spores are usually characteris- 
tic of the Caseyville Group. Smooth lage- 
niculate spores first occur in the Rock 
Island (No. 1) and Murphysboro Coals, 

and are present in the younger coals of the 
Tradewater and Carbondale Groups. Those 
with a highly developed apical prominence 
appear to be restricted to coals of the Mc- 
Leansboro Group. In this study, smooth 
and spinose lageniculate spores have not 
been observed together in the same sample. 

TRILETES SUBPILOSUS (Ibrahim) Schopf, 
Wilson and Bentall, 1944 (sensu Dijkstra, 

1946) 
Plate 2, figures 1-5 

1933 Setosi-sporites sz~bpilosus Ibrahim, p. 27; pl. 
5; fig. 40. 

1944 Triletcs subpi1osu.s (Ibrahim) Schopf, Wil- 
son, and Bentall, p. 26. 

1946 Triletes subpilosus (Ibrahim) Dijkstra, p. 
46-47; pl. 11, figs. 116-128. 

1955 Lagenicula su bpilosa (Ibrahim) Potonik and 
ICremp, p. 120; pl. 4, fig. 21. 

Description.-Megaspores typical of spe- 
cies of medium size, more or less bottle- 
shaped, with distinct apical prominence, 
generally compressed obliquely; maximum 
equatorial diameter, measured perpendicu- 
lar to the spore axis, from 550 to 1270 EL, 

(mean 960 p lor 25 specimens). Apical 
prominence, measured from base of lips, 
generally between 100 and 175 in height, 
up to 300 p in width; lips thick, obscuring 
suture, rarely open. Contact areas and lips, 
especially area at base of lips, set with small 
spines (pl. 2, fig. 1) generally about 5 in 
diameter and 5 p in height. 

Distal spore coat set with scattered spines 
ranging from 56 to 128 p in maximum 
length* and 10 to 30 p in width basally. 
Spines more or less parallel-sided, usually 
straight to gently recurved, and fluted bas- 
ally, blunt to ball-tipped. Spines adjacent to 
contact areas are shorter, more delicate, and 
more crowded, but on some spores rather 
widely spaced. No subsidiary distal spines 
present. 

Spore coat punctate, 7 to 15 thick, as 
little as 4 p thick on contact areas, yellow 
to orange-brown by transmitted light. 

* Range in maximum length is the range of maxima obcerved 
on all epores, not the minimum-maximum range in length. 
This range of maxima is considered more meaningful because 
spores of peveral species may chow cnmparable minima in spine 
length. Therefore, in the species above, 56 p is the shortest 
maximum spine length ob-erved on any spo;e; 120 ,u, is the 
longest maximum lcngth observed. 
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Disczusion .-Megaspores typical of Tr i -  
letes su bpilosus are smaller, have shorter 
spines and a thinner spore coat than those 
of T. subpilosus forma major. The spines 
may be rather widely spaced, even around 
the contact areas and somewhat short and 
blunt ended (pl. 2, fig. 1) . The apical ex- 
pansion is of the same configuration as in 
T. s z ~  bpi1 osz~s forma major but some~vha t 
lower. In  contrast, spores of T. horridzls 
have unornamented, expanded, flaplike lips 
and possess distal subsidiary spines. 

The spores of Triletes subpilosus, includ- 
ing variants, exhibit a wide range in over- 
all diameter and spine length, both gener- 
ally decreasing lrom older to younger strata. 
The measured specimens, here referred to 
as spores typical of the species and de- 
scribed above, are irom three coals in the 
Caseyville Group. Those from the Battery 
Rock Coal range from 650 to 1030 p in 
equatorial diameter (mean 898 p for 8 
spores) and possess spines lrom 56 to 128 ,U 

in mamimum length. Those from an older 
coal (maceration 795) range from 555 to 
1110 p in equatorial diameter (mean 883 
for 10 spores) and possess spines from 66 to 
123 p in maximum length. Spine length is 
generally less than 100 p. These two assem- 
blages are very similar, but their mean di- 
ameters are somewhat greater than that 
originally cited by Dijkstra (1946, p. 46) 
for T .  sz~bpilosus. 

It is possible that the spores of Triletes 
subpilosus are more closely comparable 
with those oE T. subpilosus forma major, 
originally defined by Dijkstra (1952a, p. 
103) as ranging from 500 to 1300 (mean 
8GG for 50 spores) in total axial length. 
Also included here as typical of T. sub- 
pilosus are seven rather large spores from 
the oldest coal from a diamond drill core in 
Wabash County, Illinois (maceration 79S), 
in the Caseyville Group. These have an un- 
usually narrow range in equatorial diam- 
eter, 1010 to 1270 p (mean 1142 p), and pos- 
sess spines from 56 to 103 p in maximum 
length. Such a narrow size range is not 
normal; the discovery of a few smaller ex- 
amples, in addition to the few large ones 

that were found, would lower the mean con- 
siderably. Although the mean diameter 01 
these few spores is at least 100 greater than 
that of spores of T. subpilosz~s forma major 
lrom two older formations (Chester, mace- 
rations 143, 166), the latter have, with a sin- 
gle exception, longer spines. 

Spores of Triletes s z ~  bpilosus are present 
in the youngest coal of the Black Creek 
Group and are abundant in the overlying 
coals of the Mary Lee Group in the Warrior 
Basin, Alabama. They also are known from 
the Indiana French Lick Coal (maceration 
151) and irom the shale (maceration 163) 
above the Pinnick Coal of Indiana. 

Preuioz~sly Reported 0 c c u r r e n  ces.- 
Spores typical of the species occur in Upper 
Westphalian A and Westphalian B in the 
Netherlands (Dijkstra, 1946) , and in Upper 
Westphalian 15 to Middle Westphalian C in 
the Ruhr Basin (Potonii. and Kremp, 
1955). 

0cczlr~e~ace.-Megaspores of Tri le  tes sub - 
jhilosus are abundant and dominant in the 
Battery Rock Coal (maceration 587) and in 
a coal (maceration 795) of the Caseyville 
Group. They are common in an uranamed 
coal (maceration 797) and are rare in the 
"Makanda" Coal (maceration 142) and 
lowest unnamed coal in a diamond drill 
core from Wabash County (maceration 
79S), all of the Caseyville Group in Illinois. 

(Dijkstra) ex Chaloner, 1954- 

Plate 1, figures 1-9 

Triletes suhpilosus forma major Dijkstra, p. 
871 (nom. nud.). 
Triletes s u l ~ f ~ i l n s u s  (Ibrahim) fonna major 
Dijkstra ( I  952a), p. 103 (nom. nud.). 
Triletes subpilosz~s forma j~zajor Dijkstra, in 
Chaloner (1954b), p. 27; pl. 1, fig. 4 (not 
pl. I, figs. 5, 6). 

Description.-Megaspores of medium size, 
more or less bottle-shaped with distinct 
apical prominence, usually compressed 
obliquely; maximum equatorial diameter, 
measured perpendicular to spore axis, from 
465 to 1799 (mean 1195 for 74 speci- 
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mens). Apical prominence rather triangu- 
lar in lateral outline (pl. 1, figs. 6, 8)) from 
125 to 340 in height from base of lips, usu- 
ally less than 200 p. Lips ~ t t h e r  thick, ob- 
scuring suture, rarely open. Trilete rays 
equalling about one-third the radius of the 
spore body; contact areas occupying about 
two-fif ths the proximal hemisphere. Con- 
tact areas and lips, especially area at base of 
lips, generally heavily ornamented with 
small pointed spines 10 to 20 p in length 
and up to 10 in width. 

Closely spaced distal spines from 90 to 
340 p in maximum lengeh, 10 to 30 in 
width basally. Spines more or less parallel- 
sided, extending outward from a fluted, 
hollow-appearing base to a blunt, pointed, 
or ball- to cupshaped tip. Spines straight, 
sinuous, or gently rekxed; some appear 
ribbon-like (pl. 1, fig. 3), never forked. 
Spines generally more delicate, crowded, 
and about one-half the length of the distal 
spines at the margins of the contact area. 
No small subsidiary distal spines present. 

Spore coat puncta te or minutely meshed, 
7 to 20 p thick, thinnest in the contact areas, 
generally yellow to orange-brown by trans- 
mitted light. 

Discussion.-These spores are abundant 
in and characteristic ol Chester age rocks. 
The small gradual decreases in total size, 
spine length, and spore coat thickness from 
oldest Chester to youngest Chester age meg- 
aspores are not considered adequately de- 
lineated at this time for taxonomic separa- 
tion. The  spores of the four samples, upon 
which most of the measurements were 
made, seem to fall into two more 01- less dis- 
tinct groups within Triletes subpilosus 
Sorma major. Those from the Degonia 
(maceration 143) and Hardinsburg (mac- 
eration 166) Formations of Illinois have 
comparable mean diameters oS 1015 p (5 
spores) and 970 p (19 spores) with maxi- 
mum diameters 01 1270 p and 1240 p respec- 
tively. 

In  contrast, spores from a coal in the 
Hardinsburg Formation (maceration 8 10) 
and from a coal in Bethel (Mooretown) 
Forma tion (nlaceration 943) of Kentucky 
have comparable mean diameters of 13 15 p 

(19 spores) and 1295 (31 spores) with 
maximum diameters of 1695 and 1790 p. 
More than half of the spores from the coal 
in the Bethel (Mooretown) Formation pos- 
sess spines having a maximum length of 
more than 200 P; one spore has spines up to 
340 p in length. In  addition, spore coat 
thickness exceeds 15 to 16 p only in this 
older coal. 

All these spores have certain charactel 1s 
tic features in common, also shared by the 
younger megaspores typical of the species. 
These features are the rather stunted-ap- 
pearing apical prominence, at least less ex- 
panded than that on spores of Triletes hor- 
ridus; a usually heavy ornamentation of 
contact areas and lips; more or less par- 
allel-sided spines, blunt to ball-tipped and 
fluted basally; the absence ol: small subsid- 
iary distal spines. 

The spores of maceration.; 143 and 166 
are somewhat smaller than those described 
as Triletes subpilosus lorma major by Chal- 
oner (1954b) from the Beaver Bend Lime- 
stone of Indiana. They are approximately 
the same size as, but with a thinner spore 
coat than, those described as T. cf. T. sub- 
~ i l o s u s  lorma major by Dijkstra (1957) 
from the Namurian of Scotland. However, 
the spine length and spore coat thickness 
of the latter are comparable with those of 
spores from the older Chester formations. 
These older spores are probably identical 
to those Chaloner describes from the Bea- 
ver Bend Limestone but have more exten- 
sive size limits. The other megaspores, of 
probable Kinderhook age, that Chaloner 
describes as T. subpilosus forma major are 
not characteristic of this species. 

Spores of Triletes subpilosus forrna major 
in the lower part of the Chester bear some 
similarities to megaspores of T.  crassiacu- 
leatus with which they may occur. How- 
ever, spores of T .  subpilosus forma major 
are smaller, do not have the tall, expanded, 
apical prominence, lack subsidiary distal 
spines and forked spines, and have a thin- 
ner spore coat. 

Most of the spine tip features described 
by Bennie and Kidston (1886) are found on 
spores of Triletes subpilosus forma major. 
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An extreme development of the cup-shaped 
tip is shown by a small, probably immature 
spore (pl. 1, fig. 4). Some of the megaspores 
described by Horst (1955) as T. sztbfJiloszu 
may be similar to those of T. subpilosus 
Eorma major. 

1'7-ei;ial~sly Repo~ted 0cczrrrence.s.-Spores 
nf Triletes sztbpiloszrs forma major have 
' r i . reported from the Namurian A, B, 
,md C of Turkey by Dijkstra (1952b), from 
the Namurian of Scotland by Dijkstra 
( 1 '.357), from the Dinantian and Namurian 
(?) of Scotland by Chaloner (1954b), and 
lrom the lower part of the Chester Series 
of Indiana by Chaloner (1 954b). 

0 ccz~rrence.-Megaspores of Triletes sub- 
pilosz~s forma major are the dominant and 
characteristic megaspores of upper Missis- 
sippian coals. They are: 1) abundant in the 
coal in the Bethel (Mooretown) Formation 
(maceration 943) from Kentucky; 2) pres- 
ent in the coal in the Bethel (Mooretown) 
Formation of Indiana (macerations 834, 
832, 468) ; 3) abundant in the coal in the 
Hardinsburg Formation (maceration 8 10) 
of Kentucky; 4) present in the coal in the 
Hardinsburg Formation (maceration 166), 
in the coal in the Tar  Springs Formation 
of Scottsburg, Kentucky, and in the coal in 
the Vienna Formation (maceration 758) 
of Illinois; 5) abundant in the coal in the 
Vienna Formation of Illinois (macerations 
168, 764, 842, 765, 687A-B) and abundant 
LO present in the Degonia Formation 
(macerations 143, 200) . 

TRILETES HORRIDUS (Zerndt) Schopf, 
IVilson, and Bentall, 1944 (sensu Di j kstra, 

Plate 2, figures 6-12; plate 3, figure 1 

Lageniczda horrida Zerndt, p. 25-26, fig. 11; 
pl. 28, figs. 1-5. 
Triletes horridus (Zerndt) Schopf, Wilson, 
and Bentall, p. 22. 
Triletes horridus (Zerndt) Dijkstra, p. 45- 
46; pl. 12, figs. 129-136. (Dijkstra's synonvmy, 
excluding Lagenicula I var. major of Ben- 
nie and Kitfs~on, accepted.) 
Lagenicula horrida Zerndt, i n  Arnold, p. 81- 
82; pl. X, figs. 1-5. 
Lagenicula horrida Zemdt, i n  Potonii. and 
Kremp, p. 119-120; pl. 20, fig. 4. 

Description. - Megaspores of medium 
size, more or less bottle-shaped with ex- 
panded apical prominence, usually com- 
pressed laterally; maximum equatorial di- 
ameter, measured perpendicular to spore 
axis, from 555 to 1305 r. (mean 925 ,,, for 34 
specimens). Apical prominence well devel- 
oped, from 180 to 350 p in height from base 
of lip and up to 400 p in width; lips gener- 
ally open. Trilete rays one-third or less of 
the spore radius; contact areas occupying 
one-half or less of the proximal hemisphere. 
Contact areas and lips occasionally bearing 
a few tiny spines. 

Distal spore coat ornamented with widely 
spaced spines Lrom 50 to 160  in maximum 
length and from 15 to 60 p in width. Spines 
extending from rather expanded hollow-ap- 
pearing bases, tapering to a fine point, 
sometimes ball-tipped and recurved, shorter 
and more closely spaced at the margins of 
the contact areas. Small, acuminate subsid- 
iary spines, 5 to 30 p in length and 3 to 15 
in width, generally present among the 
longer distal spines. 

Spore coat punctate or minutely meshed, 
7 to 22 1, thick, generally thicker than 15 p, 
thinnest on contact areas, yellowish orange 
to reddish brown by transmitted light. 

Discussion.-A1 though these megaspores 
of Triletes horridzts have a larger size range 
than that given by Dijkstra (1916), the 
spores correspond in their general morphol- 
ogy, especially in the expanded, often open, 
flaplike lips. Practically all the megaspores 
of T. horridw seen during this study pos- 
sess, in addition to the large distal spines, 
small, pointed, subsidiary, distal spines. 
The  presence and abundance of these small 
excrescences generally is regarded as one of 
the most variable features of ornamentation 
of T. horridus megaspores. The subsidiary 
spines have been mentioned by Zerndt 
(1937a) and illustrated by Arnold (1950). 
Arnold noted their occurrence on about 80 
percent of the specimens he examined. 
Chaloner (1 953b) described the T. horri- 
dus-type of megaspore from Lepidostro bus 
dubiz~s and noted that megaspores of some 
cones have an abundance of subsidiary 
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spines, whereas megaspores of other cones 
of the same species were practically devoid 
of subsidiary spines. 

The Lrew Illinois megaspores devoid ol 
subsidiary spines all possessed rather thin 
(15 p) distal spines up to 61 p in length 
(pl. 2, fig. 7). These few spores seem to bear 
a similarity to those originally decribed by 
Zerndt (1 934) as Lageniczda kidstoni (in- 
cluded within Triletes subpilosus by Dijk- 
stra, 1946). 

The megaspores of Triletes horridus 
found in the Degonia Formation (pl. 2, 
fig. G), in older coals of the Caseyville 
Group, and in the Tarter Coal of the 
Tradewater Group (pl. 3, fig. 1) are typical 
of T. lzorridus spores as previously de- 
scribed in the literature. The  megaspores 
found in the "Makanda" Coals have gener- 
ally shorter spines (50 to 87 p) and a thin- 
ner (7 to 1 1 p) spore coat (for example, pl. 
2, figs. 9, 12). Their form and spine shape 
and distribution are very similar, however, 
lo those illustrated for T. horridz~s by 
Chaloner (195310, fig. 2, 2a) . 

Megaspores of Triletes horridus also oc- 
cur abundantly in the youngest coal of the 
Mary Lee Group and in the youngest coal 
of the Pratt Group in the Warrior Basin of 
Alabama. Those of the latter coal are typi- 
cal for the species; some of those in the 
Mary Lee Group possess distal spines oE two 
sizes, expanded basally and pointed, but 
their longest spines are only 20 p in length. 
In the length and distribution of spines and 
in the expanded type of apical develop- 
ment, these megaspores seem similar to that 
originally illustrated by Ibrahim (1933, 
pl. V, fig. 40) as Setosi-sporites subpilosus. 

Afinity.-Chaloner (195313) described 
these spores, in association with Lycospora- 
type microspores, from cones of Lepidostro- 
bus dzhizis. 

Preuiozisly Reported Occurrences.-Mega- 
spores oE Triletes horridus have been found 
in three coals of the Michigan Basin by Ar- 
nold (1950). They also have been reported 
from the Westphalian A-D from the Neth- 
erlands by Dijkstra (1952~) , from east 
Upper Silesia and Mahrisch-Ostrau by 
Horst (1955), and from the Upper West- 

phalian B of the Ruhr Basin by Potonib 
and Kremp (1955). T. horridus-type mega- 
spores are found in cones occurring in the 
Westphalian A-B from Scotland and Eng- 
land (Chaloner, 1953b). 

Occurrence.-Megaspores of Triletes hor- 
ridus are abundant in the Degonia Forma- 
tion (maceration 200) of upper Chester age 
and are present in varying degrees of abun- 
dance in some Caseyville coals (macerations 
795, 796, 798), in the "Makanda" Coals 
(macerations 905, 906, 907, 142) of the Ca- 
seyville Group, and in the Tarter Coal 
(maceration 914) of the Tradewater Group. 

TRILETES CRASSIACULEATUS (Zerndt) Schopf, 
Wilson, and Bentall, 1944 

Plate 3, figures 2 ,3  

1937 Lageniczda c~assiaculeata Zerndt (1937a), p. 
12-13, fig. 9. 

1944 Triletes c~assiaculeatus (Zerndt) Schopf, Wil- 
son, and Bentall, p. 21-22. 

1946 Triletes crassiac~deatus (Zerndt) Dijkstra, p. 
44-45. 

Descrip tion.-Megaspores large, typically 
bottle-shaped (pl. 3, fig. 2) with large ex- 
panded apex, generally laterally com- 
pressed; maximum diameter, measured per- 
pendicular to the spore axis, from 1370 to 
1795 p; total length reaching 2300 p. Tri- 
le te structures well developed; apical prom- 
inence, measured from base of lip and not 
from level of arcuate ridge, from 280 to 
565 p in height and 460 to 670 in width. 
Lips and contact areas generally unorna- 
mented, rarely bearing scattered, tiny 
spines. 

Distal surface bearing closely spaced 
spines of two sizes. Large distal spines ex- 
 ending 125 to 290 in maximum length 
la-om a fluted base 20 to 75 p wide (pl. 3, 
fig. 3), terminating in a sharp point or in a 
ball- to cup-shaped expansion surmounted 
on the slender neck. As many as three of 
four large distal spines may be forked at 
their tips. Large distal spines decrease in 
length by about one-half and are more 
closely spaced toward margins of contact 
areas. Subsidiary acuminate distal spines, 
up to 36 in length and 10 p in width, are 
scattered between the large distal spines. 
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Spore coat punctate or minutely meshed, 
granulose on lips, 25 to 30 thick, deep red- 
dish brown to orange-brown by transmitted 
light. Spines appearing light yellow and 
smooth. 

Discussion.-The above description is 
based on the few megaspores of this species, 
occurring with abundant megaspores of 
Triletes subpilosus forma major, found in 
the coal in the Bethel (Mooretown) Forma- 
tion (maceration 943) of Hardin County, 
Kentucky. Similar megaspores are domi- 
nant in the same coal (macerations 832, 
834) of Lawrence County, Indiana, but oc- 
cur in equal abundance with megaspores of 
T. subpilosus forma major in the same coal 
(maceration 468) of Washington County, 
Indiana. Megaspores of T. crassiaculea tus 
of these Indiana coals are identical to those 
in the coal from Kentucky, but range up to 
1860 in equatorial diameter and possess 
spines as long as 350 p. 

These Triletes c~assiaculea tus spores are 
similar in most respects to those originally 
described by Zerndt (1937a) except that the 
spines are generally not pointed but ball- 
tipped and the spore coat is thinner than 
the 48 p thickness given by Zerndt. They 
also are similar in over-all size, shape of 
apical prominence, and in the possession of 
spines of varying lengths, to those of Luge- 
nicula I var. major Bennie and Kidston 
(1886, figs, 20e, 20f, 20n) which occur abun- 
dantly at their locality 2, the basal beds of 
the Calciferous Sandstone Series in Scot- 
land. However, the spores from Illinois 
generally possess a more dense investiture 
of spines, and these spines may be Auted 
basally rather than expanded and bulbose. 
One spine on plate 3, figure 3, shows the 
extreme development of the fluted spine 
base. Some of the other spines on the same 
spore tend to be more bulbose basally and 
approach more closely the spine configura- 
tion considered typical of T. crassiaculea- 
tus. 

The spores from Kentucky and Indiana 
generally are comparable with those Tri- 
letes crassiaculea tzu-type megaspores found 
by Chaloner (1953b) in Lepidostrobzls nl- 

lan tonensis. Chaloner also noted the pres- 
ence of enlarged globular spine tips. 

The  presence of forked spines has not 
been noted in previous descriptions of typi- 
cal lageniculate megaspores. In  the posses- 
sion of forked spines, spores of Triletes 
crassiaczdeatus are similar to some of the 
extremely high apexed atypical lageniculate 
spores of early Mississippian age (compare 
with Chaloner, 1954b, pl. I, figs. 5, 6). 

A finity. - Triletes crassiaculeatus-type 
megaspores have been found in Lepiclostro- 
bus allan tonensis (Chaloner, 1953b), in sed- 
imentary association with Lepidodendron 
natlzorsti Midston. Dijkstra (1952b) re- 
ported the occurrence of this megaspore in 
close association with Lepidodendron acu- 
minntum. 

Preuiously Reported Occurrences.-Meg- 
aspores of Triletes crassiaculea tz~s have been 
reported from the "Randschicten" (Dinan- 
tian or Namurian A) of Upper Silesia by 
Zerndt (1937a), from the Namurian A 
(abundant occurrence) and B of Turkey by 

Dijkstra (1 95Zb), and from the Calciferous 
Sandstone Series (Dinantian) of Scotland 
by Chaloner (1953b). 

Occurrence.---During this investigation 
megaspores of Triletes crassiaculeatus were 
found only in a coal in the lower part of 
the Chester Series, in the Bethel (Moore- 
town) Formation (macerations 943, 832, 
834, 468) of Kentucky and Indiana. 

TRILETES RUGOSUS (Loose) Schopf, 1938 
(sensu ~ i jks t r a ,  ,1946) 

Plate 3, figures 4-9 

Sporonites rugosus Loose, in Potonii., Ibra- 
him, and Loose, p. 452; pl. 20, fig. 59. 
Laevignti-sporites rugosus (Loose) Ibrahim, 
p. 18-19; p!. 7, fig. 65. 
Punctati-sporites rugosus (Loose) Loose, p. 
146. 
Triletes (?) rugosus (Loose) Schopf, p. 29- 
30; pl. 5, fig. 6. 
Triletes tmnslucens Schopf, p. 28-29; pl. 1, 
fig. 12; pl. 5, figs. 3-5. 
Triletes rugoslls (Loose) Schopf, in Schopf, 
Wilson, and Bentall, p. 25. 
Triletes rugosus (Loose) Dijkstra, p. 47-48; 
pl. 9, figs. 83-99; pl. 10, figs. 100-114; pl. 11, 
fig. 115. 
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1950 Lagenicula rugosa (Loose) Arnold, p. 82-85; 
pl. XI, figs. 1-4; pl. XII, figs. 1-4. 

1955 Lagenoisporites rugosus (Loose) Potonik and 
Kremp, in Potonik and Kremp, p. 122; pl. 4, 
fig. 22. 

Discussion.-These megaspores generally 
are subround to oval in outline, depending 
on compressional orientation, and com- 
monly range between 400 and 1100 p in 
maximum diameter. Trile te structures gen- 
erally are prominent, characterized by an 
apical prominence formed by thickened ex- 
pansions of the contact laces. Arcuate ridges 
are commonly low but distinct; may be or- 
namen ted with scattered tubercles. Gener- 
ally the spore coat is granulose to punctate 
or rugose, ranging between 5 p and 20 p, in 
thickness. A folded inner membrane is 
commonly present. 

The spores illustrated on plate 3, figures 
4 to 9, show the range of variation that has 
been observed during this study. The spore 
shown in figure 4 has a thin coat (5 p,) and 
vaguely developed arcuate ridges. A smaller 
spore, shown by figure 6, has prominent lips 
and arcuate ridges. Another spore (not 
illustrated) of similar size, from the same 
sample, bears ornamentation similar to that 
shown by figure 5. The globular-tipped 
papillae are up to 31 p in length and gener- 
ally are concentrated in the equatorial re- 
gion. None was observed to reach the 
length of those reported by Chaloner 
(1953b) from cones of Lepidostrobus olry i. 

iVIany spores from different coal beds pos- 
sess the scattered smaller globules described 
by Arnold (1950), Chaloner (1953b), and 
Felix (1954). The spores shown in figures 
5 and 8 are characteristic of the Colchester 
(No. 2) Coal and have distinctly punctate 
coats. Others From the same coal bed are 
heavily rugose, and some bear a distal cov- 
ering of minute spines, more pointed than 
those shown in figure 7. 

Spores with papillae such as are shown in 
figure 7 are most conspicuous in the Rock 
Island (No. 1) Coal (macerations 528A, 
59936). Extreme rugosity of the spore coat 
is commonly seen on some of the spores in 
the Colchester (No. 2) Coal (especially in 
macerations 603, 826). Those described by 

Schopf (1938) as Triletes translucens f'rom 
the Herrin (No. 6) Coal have a slightly 
thicker coat than the majority of those from 
the older coals of the Carbondale and 
Tradewater Groups. 

I chose to describe these spores in the 
broader taxonomic sense because no con- 
spicuous morphological variations that 
have not been described as occurring nat- 
urally in the same cone were noted during 
the study. However, a concentrated study 
of these forms may prove that such varia- 
tions do exist. 1 do not in tend to imply dis- 
agreement with Schopf's (1 938) specific sep- 
aration of some of the forms. Specific sep- 
aration could easily be made on the basis of 
arbitrary size limits, presence or absence of 
papillae, size of papillae, and on the thick- 
ness of the spore coat, but separation does 
not seem warranted in view of present in- 
!ormation on the range nS variation among 
spores found in the same cone. ,4s Arnold 
(l950) pointed out, factors of preservation 

and differences in compressional orien ta- 
tion also may render specific separation dif- 
ficult. 

A6nity.-Both Chaloner (1 953b) and 
Felix (1954) described Triletes rugosus-type 
megaspores in association with Lycospora- 
type microspores from cones of Lepidostro- 
bus. Their findings support the suspected 
close relationship between the spinose and 
nonspinose lageniculate megaspores. As 
the botanical rela tionship of lagenicula te 
megaspores with Lycospora-type micro- 
spores is known from several cone studies, 
it is puzzling to note the abundance of T. 
rugosus in the Rock Island (No. 1) Coal (in 
particular maceration 599B) concurrent 
with the rarity of Lycospora (Kosanke, 
1950, p. 67). 

Previously Reported O ccurren  ces. - 
Spores of this type have been reported by 
Dijkstra (1946) to occur, in various coal 
basins of the worlcl, in the Namurian A-C 
and in the Westphalian A-E. Because of 
differing taxonomic circumscriptions of Tri- 
letes rugoszrs, occurrences of widely differ- 
ing age are cited in the literature. 

Occurrence.-Spores of Triletes rugosus 
first occur, in some places abundantly, in 
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the Rock Island (No. 1) and Murphysboro 
Coals of the Tradewater Group. They are 
rare to common in some of the younger 
coals of the Tradewater. In the Carbondale 
Group they are common to abundant in 
some samples of the Colchester (No. 2) 
Coal (macerations 611, 825, 826), in the 
Briar Hill (No. 5a) Coal (maceration 633), 
and in the Herrin (No. 6) Coal (after 
Schopf, 1938). Only one spore, question- 
ably referable to T. rugosus, was noted 
from the McLeansboro Group, that from 
the "Woodbury" Coal (maceration 703). 

SECTIO LAGENICULA 0) 
TRILETES LEVIS (Zerndt) Schopf, Wilson, 

and Bentall, 1944 

Plate 3, figures 10-14 

1937 Lagenicula levis Zerndt (1937b), p. 587-588; 
pl. 15, figs. 1-11. 

1944 Triletes Levis (Zerndt) Schopf, Wilson, and 
Bentall, p. 23. 

Descrip tion.-Megaspores trile te, typical- 
ly laterally compressed, are characterized by 
an expanded, high, more or less blunt api- 
cal prominence (pl. 3, figs. 11, 13). Later- 
ally compressed spores from 450 to 1300 p 
in total length, including apical promi- 
nence (mean 994 for 25 specimens). Spore 
body probably originally spheroidal, hav- 
ing at least one longitudinal or transverse 
fold when compressed, from 319 to 978 
in width and 300 to 927 p in length. Trilete 
rays strongly developed, extending nearly 
to margin of spore body in rare proximo- 
distal compressions. Lips up to 100 p in 
height, as measured from inner surface of 
spore coat, surmounted by a high apical 
prominence that is typically slightly con- 
stricted basally. Apical prominence from 
129 to 391 p in height, as measured from its 
basal constriction (mean 278 p for 23 speci- 
mens), 154 to 494 in width, generally 
slightly wider than high. Apex, measured 
from inner edge of arcuate ridge, from 217 
to 752 p in height or 51 to 62 percent of the 
total spore length. Contact area approxi- 
mately equal in area to proximal hemi- 
sphere of spore body. Arcuate ridges dis- 
tinct, most noticeable on smallest spores 

(pl. 3, fig. 10). Spore coat up to 97 p thick 
at juncture of arcuate ridge and trilete ray. 

Spore coat generally between 25 and 
35 thick (mean 27.5 p, range 15 to 41 
lor 26 specimens). Distal coat smooth or ru- 
gose to distinctly ornamented with small 
hemispherical tubercles that are 3 to 10 
in height and 3 to 13 in diameter. Inner 
folded membrane commonly present inside 
spore body (131. 3, fig. 12). Spores reddish 
brown, apical prominence darker than rest 
of spore by transmitted light but dark and 
glossy by reflected light. 

Discussion.-All of the above measure- 
ments were made on spores mounted in bal- 
sam. Most commonly the spore coat is 
smooth, the poorly preserved spores appear- 
ing rugose. However, in the "Watson" Coal 
(maceration 148), a few spores, otherwise 
typical of Triletes levis, possess regularly 
distributed small hemispherical tubercles 
the larger of which are near the distal pole 
whereas the smaller and more closely 
spaced are close to the arcuate ridges (pl. 
3, fig. 14) . 

Recently Dij kstra (1 958) described simi- 
lar spores with comparable ornamentation 
from the cone of Sig~llariostrobus cf. major 
(Germar) Zeiller that was found in the 
Lawrence Shale of Kansas. In  addition he 
men timed that Chaloner found iden tical 
isolated spores in this shale. Those few 
ornamented spores found in the "Watson" 
Coal are only slightly larger than those de- 
scribed by Dijkstra and are of approxi- 
mately the same age. 

Occurring in the "Watson" Coal with 
these spores are a few smooth-coated spores 
of Trlletes levis. Too few spores were ob- 
served to determine whether the ornamen- 
tation is a consistent character on spores of 
this type in the "Watson" Coal. Nonethe- 
less, the tubercles are not similar to those 
irregularly distributed globules, presumably 
of tapetal origin, described by Felix (1954, 
p. 359-360) and noted, during the course of 
this investigation, on some lageniculate 
spores and on some of the spores of Cysto- 
sporites. 

Spores of Triletes brnsiliensis Dijkstra 
(1 955a, 1956) also possess hemispherical tu- 
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bercles 5 to 30 p in diameter. Although the 
spores are similar in general appearance to 
spores of T. levis, they have a more robust 
development of the trilete rays and arcuate 
ridges. The apical prominence is distinctly 
pyramidal in shape. The spores also are 
younger, occurring in the Lower Permian 
coals of Brazil (Dijkstra, 1956). 

Although Dij kstra (1946) considered 
Triletes leuis (Zerndt) Schopf, Wilson, and 
Bentall as a later synonym of T.  nudus 
(Nowak and Zerndt) Schopf, these spores 

from the younger Pennsylvanian coals of 
Illinois are very similar to those originally 
described as Lagenicz~la levis by Zerndt 
(1937b, p. 587-588, pl. 15) from the West- 
phalian E (according to Dijkstra, 1946) of 
Bohemia and by Pikrart (1956) from the 
Middle Stephanian of France. 

The megaspores described here are re- 
ferred to Triletes leuis although they have 
a slightly thicker spore coat than those de- 
scribed by Zerndt. There is no information 
regarding the appearance of Zerndt's speci- 
mens under transmitted light. The general 
shape and dimensions of the Illinois spores 
apparently are identical to those illustrated 
by Zerndt (1937b, pl. 15). Especially typi- 
cal of the Illinois spores are the shapes illus- 
trated by Zerndt (193713, pl. 15, figs. 1, 6, 9) 
in which the apical prominence is blunt to 
rounded and rises abruptly from the lips. 
The spore illustrated by hTowali and Zerndt 
(1936, pl. I ,  fig. 6) and originally desig- 
nated as Lagenicula nuda appears to have 
a broader apical prominence, relative to 
spore size, which rises from the lips closer 
to the radial extremities, and a more oblate 
body form. At present the spores of T. leuis 
are known only from coal beds in the Mc- 
Leansboro Group, whereas spores more sim- 
ilar in appearance to those of T. nudus 
were noted in a thin coal bed (maceration 
455) from a sinkhole deposit of possible 
early Pennsylvanian age. 

Scliopf (1938, pl. 5, fig. 7) described some 
spores, of rare occurrence in the Herrin 
(No. 6) Coal of the Carbondale Group, that 
he questionably referred to Triletes 1211- 

dus. The illustrated spore has a rugose 
coat. The apical prominence is not dis- 

tinctly darker, by transmitted light, than 
the remainder of the spore. Schopf, Wilson, 
and Bentall (1944, p. 23) noted that this 
form is probably not referable to T. nudz~s 
although the shape is similar. Neither are 
these spores similar to those referred here 
to T. levis. However, on the distribution 
chart, the spores described by Schopf are 
noted under his original designation, Tri- 
letes (?) nudus. 

Cross (1947, p. 287, fig. 2; pl. 111, figs. 
100- 104; p. 305) described spores, desig- 
nated as Triletes nudus (Nowak arid 
Zerndt) Schopf, that appear identical to 
those described here as T. levis. Cross notes 
their occurrence only in the Waynesburg 
Coal of the Monongahela Series of the Ap- 
palachian Basin. Thus the Illinois and Ap- 
palachian Basin spores are similar in ap- 
pearance, although the spores Cross de- 
scribed are from a somewhat younger coal. 

Afinity .-Potonit? and Kremp (1955) 
noted that the alliance of the lageniculate 
spores is with the Lepidodendraceae. Lyro- 
spora-type microspores are known to be the 
microspores associated with many of the 
lagenicula te megaspores (Chaloner, 195310; 
Potonie, 1954a, b; Felix, 1954) and with 
those oT Cystosporites (Felix, 1954). How- 
ever, in the McLeansboro Group, abundant 
lageniculate spores occur (Triletes leuis), 
but they are not accompanied by Lycospora- 
type microspores (Kosanke, 1947, 1950). 
Therefore T. levis is referred questionably 
to the section Lagenicula. Recently similar 
spores have been discovered (Dij kstra, 
1958) in Sigillariostrobus. 

Occuw-ence.-These spores are rare in the 
"West Franklin" Coal (maceration 83 1 a) , 
Indiana, in the Macoupin Coal (macera- 
tion 561) of Bond County, in the "Divide" 
Coal (maceration 81 I), and in the Friends- 
ville Coal (macerations 135, 153, and 
490D). They occur abundantly in the 
Friendsville (?) Coal (maceration 136) from 
Wabash County, Illinois, in the "LaSalle" 
Coal (maceration 600), and in a coal (mac- 
eration 146) in the Merom Sandstone. Ap- 
parently they are less abundant in the 
''\\Tatson" Coal (maceration 148) and in 
the "Woodbury" Coal (maceration 703). 
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Tri letes  leuis is apparently restricted to 
coals of the McLeansboro Group in Illi- 
nois. 

TRILETKS IKDIANENSIS Chaloner, 1954 
Plate 6, figures 1-3 

1954 Tri le tes  indianensis Chaloner (1954b), p. 28; 
pl. 11, figs. 1, 2. 

Description. - Megaspores o r ig in  ally 
more or less spherical, having no preferred 
compressional orientation, ranging from 
820 to 1590 in equatorial diameter (mean 
1227 p lor 21 specimens). Apical promi- 
nence expanded-pyramidal (pl. 6, fig. 2) , 
some times slightly constricted basally, about 
165 to 285 p in height (mean 225 p for 13 
specimens) and 220 to 450 p (mean 324 p for 
1 8 specimens) in diame ter, generally Iarges t 
on the largest megaspores. Trilete rays dis- 
tinct, about 50 p in width, up to 60 to 65 p 
in height (including spore coat thickness), 
expressed as slight ridges on the bulbose 
apical prominence. Contact areas occupy- 
ing two-thirds to three-fourths of the proxi- 
mal hemisphere, usually ornamented with 
small spines less than 5 p, in height. Arcuate 
ridges usually not prominent, but up to 25 p 

in height. 

Distal spines more or less pointed to 
blunt ended, up to 20 p in length and basal 
width (pl. 6, fig. 3), commonly half as large, 
rather densely set, especially near the arcu- 
ate ridges. Spore coat granulose, 30 to 45 p 
thick with extremes ol 27 and 66 p, 20 
to 26 thick at the contact areas; deep red- 
dish brown by transmitted light, dark 
brown to black by reflected light. Frag- 
ments of an inner membrane usually ad- 
hering to inner cavity. Description as a 
whole based on 46 specimens studied prin- 
cipally by transmitted light. 

Discz~ssion.-Spores from the coal in the 
Bethel (Moore town) Formation are prob- 
ably identical with those originally de- 
scribed by Chaloner (195413, p. 28) from 
the Beaver Bend Limestone of Indiana; 
they have a slightly different size range, a 
generally thicker wall, and nearly always 
possess 111inu te processes on the contact 
areas. However, the distal processes of the 

two groups of spores are identical in size, 
shape, and distribution. The  coal in the 
Bethel (Moore town) Formation and the 
Beaver Bend Limestone are both early 
Chester in age. 

The  apical prominence is, as Chaloner 
stated, very thick walled and relatively 
opaque, but the apices on many of the 
spores from the coal in the Bethel (Moore- 
town) Formation could be studied by trans- 
mitted light. The three segments of the 
prominence, probably a hyper-developmen t 
of the lip at the proximal pole, show a fan- 
like grain radiating from the center of each 
apical segment. The segments are joinecl 
only along the outer edges, forming a hol- 
low central cavity which is enclosed at its 
base by an inner membrane (pl. 6, fig. 1). 
Therefore, the apical prominence is identi- 
cal in its morphology to that on spores of 
Tri letes  splendid us  (Zerndt) Schopf, Wil- 
son, and Bentall as originally described by 
Zerndt. He postulated that this upper, com- 
pletely enclosed cavity was not a micro- 
spore receptacle but rather served as a float 
mechanism aiding in the dispersal of the 
megaspores. 

The rays on the megaspores are com- 
monly open from the arcuate ridges to she 
base of the apical prominence, but in some 
specimens the apical prominence is also 
split open along the incipient suture lines. 

Spores of Tri letes  indianensis  have a gen- 
erally larger apical prominence than do 
spores of T. subt i l inodulatus (Nowak and 
Zerndt) Schopl, Wilson, and Bentall. Spores 
of both species are similar in that they re- 
semble those of T. splendidzts but are 
smaller and bear smaller spines. 

The following species seem to be related 
in that the spores have similar shapes, stout 
apical prominences, and comparably shaped 
distal processes: Tr i le tes  ind ian  ensis (early 
Chester) ; T. s u  bt i l inodz~la tus  (Dinantian, 
precise age unknotvn); and T .  splendidus 
(late Chester, Dinantian, Namurian A). 
Similar megaspores also occur in rocks of 
Kinderhook and earliest Osage age in Ohio. 

Because these megaspores are most close- 
ly comparable with those of Tri letes  sub-  
t i l inodulatus and T .  splendidzu,  which Po- 
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tonii. and Kremp (1955) interpret as borne 
by some arborescent lycopods (Lepidoden- 
draceae), they also may be related to the 
arborescent lycopods. Their alliance within 
the section Lagenicula is still in question 
because we have no information Srom cone 
studies as to their botanical affinity. 

Occurrence.-Spores of this species were 
found in the coal in the Bethel (IVoore- 
town) Formation (maceration 943), Hardin 
County, Kentucky. 

TRILETES SPLENDIDUS (Zerndt) Schopf, 
Wilson, and Ben tall, 1944 

Plate 5, figure 8 

Lagenicula splendida Zerndt !1937a), p. 13- 
14; pl. 18, figs. 1-4; pl. 19, figs. 1-5; pl. 20, 
figs. 1-4. 
Triletes s f~ lend ida  (Zerndt) Schopf, Wilson, 
and Bentall, p. 25. 
Triletes splendidus (Zerndt) Dijkstra, p. 50; 
pl. 16, figs. 173-175. 
Lagenicula splenclida Zerndt, i n  Potonii. and 
Kremp, p. 119. 

Description.-Megaspores originally more 
or less spherical, having no preferred com- 
pressional orientation, 1200 to 1540 in 
equatorial diarne ter (four complete speci- 
mens, dry mounts). Apical prominence ex- 
panded-pyramidal in shape, commonly 
slightly constricted basally, 205 to 275 
high and 255 to 340 p wide. Trilete rays 
distinct, up to 137 ,A in height including 
spore coat thickness, less distinct on apical 
prominence. Contact areas occupying a lit- 
tle over three-fourths the proximal hemi- 
sphere, some of them ornamented with 
small acuminate tubercles. Arcuate ridges 
not distinct, marked by the inception of ro- 
bus t distal ornamentation. Distal tubercles 
35 to '70 p long, 35 to 70 p in diameter at 
their large hemispherical bases. Outwards 
from the expanded bases, processes more 
slender, usually acuminate at tip. Spore 
coat 35 p thick (one specimen measured). 

Disczusion .--One very small individual 
found among the above specimens is 755 p 

in diameter, rounded triangular in outline, 
possesses prominent rays and an apical 
prominence 170 ,J in diameter. The distal 
surface is covered with spines about 25 p 

long and 25 p in diameter basally. Its small 
size and pronounced subtriangular shape 
clistinguish it from the larger megaspores 
of Triletes splendidus. Probably this spore 
represents an immature spore of the species 
conlparable with those mentioned by Dijk- 
stra (1957). 

These megaspores correspond closely to 
those originally described by Zerndt (1 937a, 
p. 13-14) from the lower part of the 
"couches marginales" (Dinantian?, Namu- 
rian A of Poland) and to the specimen illus- 
trated by Dijkstra (1952c, pl. 7, fig. 5), but 
have smaller tubercles than those from Scot- 
land described earlier by Dijkstra (1946, p. 
50). Dijkstra (1957) reports these spores 
as common throughout the Limestone Coal 
Group (Namurian) of Scotland. 

Triletes s$lendidus and T. indianensi.~ 
spores have the same type of body form, but 
those of the Eormer species are larger and 
bear lewer but more robust appendages. 

By including these megaspores in the 
genus Lageniculn, Potonik and Kremp 
(1955, p. 119) implied a relationship with 
the Lepidodendraceae. 

0cruwence.-These spores, not previous- 
ly reported from this country, were found 
in the Degonia Formation (maceration 
200) in the upper part of the Chester Se- 
ries, Pope County, Illinois. 

Spores characteristic of the Aphanozonati 
section of Triletes are large, rounded to 
oval in outline when compressed, more 
or less saucer-shaped originally (Schopf, 
1 941 b; Chaloner, 1953~). Trilete rays gen- 
erally are low, lacking the apical promi- 
nence that is characteristic of spores of the 
section Lagenicula. Arcuate ridges com- 
monly are present, but lack flange develop- 
ment or zonate appendages. Spore coat is 
as a rule thick and smooth to apiculate. 
Typical of this section are the spores of 
Triletes gla bratus and T. rnanzillarius of 
sigillarian affinity (Schopf, 1941 b; Chal- 
oner, 1953~). 

Apiculate aphanozonate rnegaspores are 
conspicuous in the older coal beds of both 
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the Caseyville and Tradewater Groups and 
are present in other coals of these groups. 
Smooth aphanozona te megaspores first oc- 
cur abundantly in the Summum (No. 4) 
Coal of the Carbondale Group and gener- 
ally are present in the younger coals of the 
Carbondale and McLeansboro Groups. As 
yet, no characteris tically aphanozonate 
spores are known from coals in the Chester 
Series. 

TRILETES GLABRATUS Zerndt, 1930 (sensu 
Dij kstra, 1946) 

Plate 6, figures 7-10 

1930 Triletes type I Kidston, Triletes glabratus 
Zerndt il930c), p. 43-45; p. 1, figs. 1-3. 

1946 Triletes glubratus Zerndt, i n  Dijkstra, p. 26- 
28; pl. 1, figs. 1-3, 5-8; pl. 4, fig. 35. 

Descrip tion.-Spores generally large, un- 
ornamented, round to oval in outline when 
mature, more sub triangular when imma- 
ture. Spores commonly proximo-distally 
compressed, originally saucer-shaped. Spore 
size ranging between 400 and 3000 p, com- 
monly between 1700 p and 2500 p. Trilete 
rays distinct, generally thin, equal in 
length to one-third to one-half the spore 
radius. Contact areas lighter in color (pl. 
6, figs. 8, 10) by both reflected and trans- 
mitted light, in some specimens bounded 
by low arcuate ridges. Haptotypic features 
generally strongly developed on immature 
spores (pl. 6, fig. 7). Spore coat 25 to 40 
or more thick, smooth, dull to bright black 
or dark brown by reflected light, deep red 
by transmitted light. 

Discussion.-A few poorly preserved 
spores of this species were found in the 
"Makanda" Coals. They range irom 1265 
to 2035 in diameter (six specimens meas- 
ured dry). The spore coat on one spore is 
41 thick. Well preserved spores, as illus- 
trated on plate 6, were found in the coals 
of the Carbondale and McLeansboro 
Groups. Immature spores (pl. 6, fig. 7) are 
rare. They were found only in the Sum- 
mum (No. 4) and Grape Creek (No. 6) 
Coals, together with many mature spores. 

Dijkstra's (1946) broad taxonomic cir- 
cumscrip tion of this species seems justified 
in view of the size variation of this type O F  

megaspore found by Bochenski (1936) in 
Sigillnriostro bus. According to Dijkstra 
(1 955a) these spores may occur throughout 
the Westphalian in various coal basins, but 
are restricted to a part of the Westphalian 
in some basins. This species is also re- 
corded from the Stephanian of Bohemia. 
Schopf (1938, p. 25-26) pointed out that 
because these spores are long-ranging strati- 
graphically, their chief value is as an eco- 
logic indicator for certain larger lycopods. 
The large size of these megaspores probably 
prohibits their distribution at any great 
distance from their point of origin. 

Occurrence.-A few apparently smooth 
spores of this species first occur in the "Ma- 
kanda" Coals (macerations 142, 906, 907) 
of the Caseyville Group. This species is 
not represented in the coals of the Trade- 
water Group. The spores occur again, com- 
monly, in the Summum (No. 4) Coal (mac- 
eration 463) of the Carbondale Group. 
They are present to abundant in the No. 
5 Coal (macerations 630, 583, and 879). 
They are, however, rare in the Briar Hill 
(No. 5a) Coal (maceration 633B), but 

abundant in the Grape Creek (No. 6) Coal 
(maceration 878). The most common meg- 
aspore in the Herrin (No. 6) Coal (Schopf, 
1938) is of this species. In  the McLeans- 
boro Group, these spores are abundant to 
present in the Indiana VII (?) (maceration 
939A), "LaSalle" (maceration 600), Friends- 
ville (maceration 135), "Merom" (macera- 
tion 146), "Divide" (maceration 8 1 l),  and 
"Woodbury" (maceration 703) Coals. This 
species is also known from the Danville 
(No. 7) and Macoupin Coals. 

TRILETES MAMILLARIUS Bartlett, 1929 
(sensu Dij kstra, 1946) 

Plate 7, figures 1-6; text figure 3 

1929 Triletes mnmillnrizls Bartlett, p. 21; pI. XIII, 
figs. 1, 2; pl. XIV; pl. XV, figs. 1, 2. 

1946 Triletes marnillarius Rartlett, i n  Dijkstra, p. 
28-31; pl. 2, figs. 9-12; pl. 3, figs. 13-15; pl. 8, 
fig. 78. 

Description.-Megaspores from the Wil- 
lis Coal, of medium to large size, round to 
oval in ou t h e ,  sub triangular when imma- 
ture (pl. 7, fig. 1) (abnormal or abortive ac- 
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cording to Chaloner [1953c]), originally 
saucer-shaped, generally proximo-distally 
compressed. Spore diameter ranging from 
935 to 2270 (mean 1600 for 37 wet or 
balsam-mounted specimens). Spore diam- 
eter of dry specimens (text fig. 3) from 625 
to 1520 p (mean 1155 for 11 specimens). 
Trilete rays generally low, ranging in length 
from one-third to two-thirds spore radius, 
sometimes possessing an apical expansion 
up to 93 p, in height. Suture may be open, 
generally throughout half its length. 

Contact areas ornamented by spines from 
2.5 to 25 p in diameter and from 2.5 to 28 p 
in height, smallest near apex. Distal spines 
with expanded bases and pointed tips, 
closely spaced, from 20 to 94 in diameter 
basally and Prom 31 to 130 in length. 
Spore coat from 21 to 36 thick on mature 
spores, from 36 to 62 on immature spores; 
coat brown to black by reflected light, deep 
reddish brown by transmitted light. 

Discussion.-The description given above 
is that of the megaspores from the Willis 
Coal because this species is most abundant- 
ly represented in this coal, with the excep- 
tion possibly of Herrin (No. 6) Coal. Those 
found in the Caseyville Group from the 
coals of the Wabash County cores (pl. 7, 
figs. 6a, 6b) range from 880 to 1965 ,U in 
diameter. Distal spines range from 15 to 
113 in diameter and from 25 to 100 ,U in 
length. All spores have spinose contact 
areas. Those of the Herrin (No. 6) Coal 
are generally about 1900 p in diameter or 
less and possess distal spines up to 15 p in 
height. Although spores referable to this 
species (s.1.) have been recognized lrom 
Caseyville, Tradewater, and Carbondale 
coals, only a few specimens from coals other 
than the Herrin (No. 6) Coal possess the 
extremely small apiculi described by Schopf 
(1938) for Triletes brevispiculz~s. 

Chaloner (1953~) described Triletes 
mamillarius-type megaspores from cones of 
Sigillariost~obz~s and noted a wide range of 
variation in spine development. However, 
he noted that no spines are as small as 
those described by Schopf (1938) for T. 
breuispiculus (included in T. nznnzil1ariu.s 
by Dijkstra, 1946) or as slender as those de- 

scribed by Arnold (1950) Tor T. fermi. The 
spore variation in two species substantiates 
the variety of types included in T. nznnzil- 
larizls by Dijkstra. 

According to Dijkstra (1955a) spores of 
this species occur in the Namurian A- 
Westphalian C in Poland, in the West- 
phallan A-D in Turkey, and up to the 
Westphalian D in Bohemia and in the Saar 
Basin. 

Occul-rence.-Spores of this species are 
present in the Jagger, Newcastle, Gillespie, 
America, and Pratt Coals of the Warrior 
Basin; they are particularly abundant in 
the Jagger and Pratt Coals. The species 
also is represented in the French Lick Coal 
(maceration 151) and in the shale (macer- 
ation 163) above the Pinnick Coal in Indi- 
ana. 

The  spores are common ;r: the older coals 
of the Caseyville Group (macerations '196, 
795, 798). In the Tradewater Gmup the) 
are present in the Babylon Coal (macera- 
tion 588); common to abundant in the 
Willis Coal (macerations 625, 631); rare in 
the Pope Creek (macerations 916, 602), 
Rock Island (No. 1) (macerations 929, 589), 
Murphysboro (macerations 9 15, 628B), un- 
named coal bed above DeMoven (macera- 
tion 35)) DeKoven (7) (maceration 621D) 
Coals, and in the lower coal from Gouse 
Lake (maceration 950A); common in the 
Wiley Coal (maceration 525B). 

In the Carbondale Group the spores are 
rare to present in the Colchester (No. 2) 
Coal (maceration 603C), Summum (No. 4) 
Coal (maceration 463), and Springfield 
(No. 5) (maceration 630) Coal. The  spores 
are moderately abundant in the Herrin 
(No. 6) Coal (Schopf, 1938). As vet, the 

species is not known to be represented in 
younger coals. 

SECTIO AURICULATI Schopf, 1938 

Spores of the Auriculati section of Tri- 
letes are of medium size, subtriangular to 
trilobate in outline. Trilete rays long, usu- 
ally extending to equator. Lobate expan- 
sions of spore coat sometimes developed at 
radial extremities. Interradially a flange or 
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arcuate ridge may be moderately to weakly 
developed. Spore coat thick, variously or- 
namented. 

Dijkstra (1955a) noted that some of the 
spores referred to this section have no ear- 
lobe-like processes, nor is the spore outline 
always subtriangular to trilobate. Conse- 
quently he grouped the auriculate spores 
with the aphanozonate spores. Chaloner 
(1953a, 1958b) described and figured auri- 
culate megaspores with weakly to moderate- 
ly developed "ears" from lycopod fructifica- 
tions. Evidence from the range of morpho- 
logical characters of the megaspores o i  
Polysjboria suggested to Chaloner (19581n, 
p. 204), that "Dijkstra's broad specific in- 
terpretation [of auriculate megaspores] 
may be more justified than the larger num- 
ber ol species recognized by Potonie and 
Kremp." The associated microspores are 
of the Endosporites-type, 

Auriculate megaspores are generally pres- 
ent in coal beds throughout the Pennsyl- 
vanian, as are microspores of Endosjborites. 
As yet, no auriculate megaspores are known 
from coals in the Chester Series. 

TR~LETES AURITUS Zerndt, 1930 (sensu 
Potonig and Kremp, 1956) 

Plate 7, figures 7-11 
1930 Triletes auritus I Zerndt (1930c), p. 46; pl. 

1, figs. 4,5. 
1955 Valvisisporites auritus (Zerndt) PotoniP and 

Kremp, pl. 6, figs. 38, 40, 41, 43. 
1950 Valvis is~ori tes  auritus (Zerndt) Potonik and 

Kremp, p. 94-95. 

Discussion.-Spores of this species range 
from about 700 to 1100 in size and are 
generally proximo - distally compressed, 
roundly deltoid in outline. The spores are 
characterized by bulbose projections, gen- 
erally well developed, at their radial ex- 
tremities (pl. 7, fig. 10). According to Po- 
ton2 and Kremp (1956), the "ears" are 
less than one-half the body radius in length, 
narrower in width, and are less wide than 
the equatorial distance remaining between 
the "ear" margins. The trilete rays are 
thin, high at the apex (pl. 7, fig. l l ) ,  but 
decrease abruptly in height and extend as 

low lips onto the "ears." Potonib and 
Mremp (1956) noted their occurrence in the 
Westphalian B and C of various coal basins. 

The maximum radial diameter, includ- 
ing one "ear," noted during this study, 
ranges from 650 to 1205 I-c. The "ears" may 
be more than 260 in length (as measured 
from inner surface of coat by transmitted 
light). There is apt to be a complete grada- 
tion in "ear" size within the same assem- 
blage. The  "ears" may be weakly developed 
on small specimens (pl. 7, fig. 7) to strongly 
developed on large specimens (pl. 7, fig. 9). 
The  spores commonly contain an inner 
membrane ornamented with papillae which 
are about half the diameter of those of Tri- 
letes brasserti (pl. 9, fig. 8b). The  spore 
coat ranges from 20 to 52 in thickness dis- 
tally, is thinnest on contact areas, thicker 
at the arcuate ridges. Although the lips are 
generally less than 100 p in height at the 
proximal pole, they may attain 176 in 
height. 

Occurrence.-No spores of this species 
were observed in the upper Mississippian 
coals or in the coals of the Black Creek, 
Mary Lee, and Pratt Groups of the Warrior 
Basin, Alabama. They are abundant in the 
Pinnick (maceration 150) and Cannelton 
(maceration 780) Goals of Indiana, but 

rare in another coal (maceration 779) in 
the Mansfield Formation (?) , Indiana. The 
spores are abundant in the Battery Rock 
Coal (maceration 733) of Kentucky and 
rare to abundant in the "Makanda" Coals 
(macerations 142, 905, 906, 907) of Illinois. 

Spores of this species occur in most 
Tradewater coals. They are present to com- 
mon in the Babylon (macerations 145A-B, 
523A), Willis (maceration 625A-B) , Tar- 
ter (maceration 604A), Pope Creek (mac- 
erations 91 6, 91 7) , Murphysboro (macera- 
tion 550), Bald Hill (maceration 520A), 
and DeKoven (?) (maceration 621D) Coals 
and in an unnamed coal (maceration 936) 
nine feet above the DeKoveii Coal. The 
spores are rare in Rock Island (No. 1) 
(macerations 528A, 599A, 559), an un- 

named coal just above the Stonefort 
(macerations 639, 554F), New Burnside 
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(maceration 938B), and Wiley (macera- 
tion 525A) Coals. In  the Tradewater 
Group as a whole, spores of this species 
seem to be most abundant in a few sam- 
ples of the Tarter (maceration 91 4) , Rock 
Island (No. 1) (maceration 929) and 
Murphysboro (?) (macerations 628A-B) 
Coals. 

In  the Carbondale Group the spores are 
abundant in one sample of the Colchester 
(No. 2) Coal (maceration 826) and pres- 
ent in another (maceration 603B). They 
are rare in the Indiana Coal IV (macera- 
tion 881) and Springfield (No. 5) Coal 
(maceration 630), but more common in 

another sample of the Harrisburg (No. 5) 
Coal (maceration 553) . 

In  the McLeansboro Group the spores 
are rare in Friendsville Coal (maceration 
490D), present in the "Merom" (macera- 
tion 146) and "Woodbury" (maceration 
703) Coals, and common in the "LaSalle" 
Coal (maceration 600). Some large spores 
with bulbose "ears," occurring in the 
McLeansboro Group, may be referable to 
Trile tes auritus var. grand is Zernd t. 

TRILETES AUGUSTAE (Loose) Schopf, 
Wilson, and Bentall, 1944 
(sensu Potonik and Kremp) 

Plate 7, figures 12, 13 

1934 Zonales-sporites augustae Loose, p. 150; pl. 
7, fig. 32. 

1944 Triletes nugustae (Loose) Schopf, Wilson, 
and Bentall, p. 20. 

Discussion.-These spores range, accorcl- 
ing to Potonii. and Kremp (1956), from 
900 to 1 100 p in diameter. Their equatorial 
outline is strongly rounded deltoid. The 
projecting, strongly developed trilete rays 
are ridge-like and give the spores a charac- 
teristic outline. PotoniP: and Kremp note 
that the coat may be densely covered with 
small depressions. The species is reported 
from the Upper Westphalian K-C  of the 
Ruhr Basin. 

These spores are here distinguished from 
those of Triletes azlritus (which in Dijk- 
stra's interpretation includes T. augustae) 
because there is no evidence that spores of 
both tvDes may be borne in the same cone. 

The  spores possess thick straight ridges 
from apex to spore margin, not thin ancl 
abruptly rising at the proximal pole as are 
those of Triletes auritus. The "ears" are 
the pointed radial extremities and are not 
bulbose. Small depressions in the coat, es- 
pecially noticeable on the proximal sur- 
face, may be present. Two extremes of ray 
development are illustrated on plate 7. On 
one very small specimen the rays are low 
(pl. 7, fig. 13) ; on a larger specimen the 
bases of the rays are thick but the lips ap- 
pear high and fluted. Most specimens are 
similar to those illustrated by Potoniit and 
Kremp (1 955, pl. 6, figs. 44-47) , for this 
species. The maximum size range noted is 
from 855 to 1250 p. The spores may be 
brown to black by reflected light. 

0ccurrer~ce.-In the Tradewater Group 
these spores are present in the Babylon 
Coal (macerations 588, 145B) ; abundant 
in the Pope Creek Coal (maceration 602) ; 
rare to common in the Rock Island (No. 1) 
Coal (macerations 626, 589, 627) and 
Murphysboro (maceration 549) Coal; com- 
mon to abundant in the New Burnside 
Coal (macerations 93SB-C) ; rare in the 
DeKoven (?) Coal (maceration 621D) . In 
the Carbondale Group these spores are 
common in the Colchester (No. 2) Coal 
(maceration 580)) Summum (No. 4) Coal 
(maceration 463), ancl Harrisburg (No. 5 )  
Coal (maceration 583). They are rare in 
the "LaSalle" Coal (maceration 600) of 
the McLeansboro Group. 

TRILETES APPENDICULATUS 

Maslankiewiczowa, 1932 
1932 Triletes appe~zclic2~7ntzls Maslankiewiczowa, 

p. 163, fig. 39. 
1946 Triletes u p ~ e n d i c u l a l ~ u  Maslankiewiczowa, 

i n  Dijkstra, p. 34; pl. 16, figs. 176, 177. 

Plate 7, figure 14 

Discussion.-The spores of Triletes ap- 
pendiczr lntus, according to Potonik and 
Kremp (1956), are about 800 to 900 in 
diameter. The auriculate projections or 
"ears" are longer than one-half the radius 
of the spore body and their basal width is 
more or less equal to the eauatorial dis- 
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tance between the outer margins of the 
"ears." Potonik and Kremp distinguish 
these spores from those of T. aziritus on 
the basis that the equatorial distance be- 
tween "ears" is shorter. The spores are dis- 
tinguished from those of T. trilobus on the 
basis that the equatorial distance between 
"ears" is longer. The distinctions between 
the three species may or may not have 
taxonomic significance. 

Potonik and Kremp (1956) report that 
Triletes appendiculatus can occur in the 
Westphalian A-D in various coal basins. 

The "ears" of the illustrated spore (pl. 
7, fig. 14) are up  to 410 p in width and 
250 in length. The "ears" are poorly pre- 
served and folded; originally they were 
probably longer. The  trilete rays are similar 
to those on spores of Triletes auritus in 
that they are thin, extend to the "ears," 
and possess an abruptly upraised portion 
at the apex. The  "ears" of another speci- 
men were up to 470 in width. The spores 
are rare and generally occur with spores of 
T. auritus. 

Occurrence.-This species is represented 
by a few spores found in the Tarter Coal 
(maceration 604A) and in the lower coal 
(maceration 950A) from Goose Lake, 
Illinois. 

Plate 7, figures 15-18 

Some of the other types of auriculate 
spores noted during this study are illus- 
trated in order to give an over-all picture 
of the variability between spores referred 
to the section Auriculati. 

The  spore shown on plate 7, figures 15a 
and 15b, is similar to those of Triletes au- 
gustae in general morphology but is much 
larger-1900 in maximum diameter. ,4n- 
other large auriculate spore (pl. 7, fig. 16) 
from the same sample has undulatory arcu- 
ate ridges and a distinct pattern of small 
depressions or pits on the contact areas. Of 
the two illustrated from coals of the 
McLeansboro Group, that shown on plate 
7, figure 17, might be referred, by some, to 
T. augustae. The other (pl. 7, fig. 18) has 
heavy rays, pitted contact areas, and undu- 
latory arcuate ridges. No spores resembling 

those of T. tziberculntus were noted during 
this study. 

SECTIO ZONALES (Bennie and Kidston) 
Dijkstra, 1946 

Spores in the Zonales section (Dijkstra, 
1946) are of average to large size and pos- 
sess an equatorial rim provided with an 
equatorial zone. Some of the spores possess 
zones or flanges consisting of anastomosing 
processes. The ornamentation, according to 
Dijkstra, is of perisporal origin. These 
spores are much larger than those of the 
section Triang~zlati. 

The  zonate megaspores occur in coal 
beds in the Caseyville and Tradewater 
Groups, but are most diversified and con- 
spicuous in the older coals in the Trade- 
water Group. None has yet been found in 
coals in the Chester Series or in coals in the 
Carbondale and hlcLeansboro Groups. 
However, Chaloner (1956a) describes a 
fructification containing zonate megaspores 
found in a shale above the Colchester (No. 
2) Coal of the Carbondale Groun. I 

TRILETES ROTATUS Bartlett, 1929 
Plate 8, figures 1, 2 

Triletes rotatus Bartlett, p. 21; pl. IX; pl. X, 
figs. 1,2; pls. XI, XII. 
Triletes rotatus Bartlett, i n  Zerndt (1937a), 
p. 8-10; text fig. 6; pls. 6-10. 
Triletes rotatus Bartlett, in Dijkstra, p. 42- 
43. 
~ o t a t i s ~ o r i t e s  rotatus (Rartlett) Potonie and 
Kremp, p. 163; pl. 15, fig. 65. 
Rotatisporites rotatus (Bartlett) Potonif2 and 
Kremp, in Horst, p. 189-190; pl. 18, figs. 10- 
11. 
Rotatisporites rotatus (Bartlett) Potonie and 
Kremp, in Potonii. and Kremp, p. 135; text 
fig. 59. 

Discussion.--Some spores of Triletes ro- 
tatus, many of which are fragmentary, are 
found in the coal beds of Illinois. In com- 
parison to those 01 T.  ramosus, they are 
smaller (720 to 31 3 in diameter) , have a 
thinner spore coat (20 to 30 distally, 12 
proximally) , and similar lip development. 
The  spores are characterized by an encir- 
cling flange consisting of a single row of 
straplike appendages (pl. 8, fig. 2) that ex- 
tend from the spore body, are somewhat 
proximal to the geometrical equator, and 
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anastomose towards their extremities to 
form a rimlike border. The outer edge of 
the rim is commonly ornamented with non- 
uniformly spaced thorn-shaped spines (pl. 
8, fig. 1) rather than with fingerlike projec- 
tions. On the basis of the rim ornamenta- 
tion, the spores may be referable to T. ro- 
tatus var. denticdata Zerndt. 

However, those spores found in the shale 
above the Pinnick Coal possessed fingerlike 
projections on the margin of the rim and 
are very similar, in the straplike appear- 
ance of the radiating processes, to those il- 
lustrated by Zerndt (1937a) and by Horst 
(1955). The straplike processes are appar- 
ently not as fully developed on the spores 
originally described by Bartlett. Bartlett's 
spores, like those described above, lack the 
distal ornamentation of, are smaller than, 
and possess a less copious appendage 
growth than the spores of Triletes ramosus. 
Bartlett's specimens were macerated from 
coal pebbles, of assumed early Pennsylva- 
nian age, found in the glacial drift of 
Michigan. 

Although it is assumed that the spores of 
Triletes rotatus and those of T .  ramosus 
are allied with the lycopsids, the spores 
have not yet been found in cones. 

Known occurrences of spores of Triletes 
rotatus are in the Dinantian and Namurian 
A and B in some European coal basins (Po- 
ton2 and Kremp, 1956). Dijkstra (1952b) 
noted their occurrence in the Namurian C 
of Turkey and in the Westphalian B of the 
Belgian Canlpine. Dijkstra (1957) also re- 
ported their common occurrence in the 
Limestone Coal Group (Namurian) of 
Scotland. 

Occurrence.-Spores of Triletes rointus 
are abundant in a Caseyville age coal (mac- 
eration 910) sampled in a gob pile of an 
abandoned mine in a fault block zone, 
Pope County, Illinois. A few specimens 
were noted in the shale (maceration 163) 
above the Pinnick Coal of Indiana. They 
also are present in a thin coal (maceration 
455) in deposits of possible early Pennsyl- 
vanian age found in a sinkhole deposit at 
Lincoln Quarry, Will County, Illinois. 

TRILETES RAMOSUS Arnold, 1950 
Plate 8, figures 3-6; text figure 3 

1950 Tri le tes  ramosus ilrnold, p. 72-74; pl. 111, fig. 
2; pl. IV, figs. 1, 2; pl. V, figs. 1-3. 

1936 Rotatisporites ramosus (Arnold) Potonie 
and Kremp, p. 134-135. 

Description. - Spores trilete, typically 
compressed proximo-distally or obliquely, 
characterized by an encircling flange of 
flattened cylindriform appendages. Spore 
body round to subtriangular, 705 to 1150 
in diameter (mean 975 for 36 specimens, 
more than half of which are greater than 
1000P). Trilete rays prominent, lips 
straight to sinuous, generally more than 
100 p in height at apex, up to 234 on one 
specimen. 

Contact surfaces generally smooth, some- 
times ornamented with small tubercles (pl. 
8, fig. 3a) . Fairly closely spaced appendages 
arising from the spore body slightly proxi- 
mal to the geometrical equator, extending 
outward from juncture with spore body as 
much as 575 p (pi. 8, figs. 4a, 5 ) ,  and fusing 
and anastomosing near their extremities 
to form a rimlike border from which 
fingerlike processes, up to 52 in length, 
project (pl. 8, figs. 4b, 6 ) .  Appendages be- 
coming shorter toward the distal pole, but 
generally present over the entire distal sur- 
face (pl. 8, fig. 3b) ; the shorter distal ap- 
pendages generally discrete and club- 
shaped, in some specimens branching or 
adjacent appendages joined. 

Spore coat ranging from 23 to 52 in 
thickness and, in one specimen, enclosing 
a folded inner membrane. Spore body dark 
reddish brown, appendages yellow by trans- 
mitted light; spore body dull brown, ap- 
pendages and upper margin of lips glossy 
dark brown to amber by reflected light. 

Discussion.--Some spores of this species 
were measured both wet and dry. Text fig- 
ure 3 illustrates the amount of shrinkage 
observed, averaging about 19 percent. All 
the measurements given above were made 
on wet specimens or on those mounted in 
balsam. Spore coat thickness is variable, 
even on an individual spore; the spore coat 
on one spore ranged from 26 to 52 and 
was thinnest in the area of the contact 
surfaces. 
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These spores are very similar to, and 
probably identical with, those originally 
described by Arnold (1950) . However, 
none is as large or as small as he described, 
nor were they ever found in such abun- 
dance as in the Williamston Coal, a spore 
coal. 

Dijkstra (1952b, p. 167) pointed out that 
the morphology of the spores of Triletes 
dentntzis Zerndt is apparently identical to 
that of T. ramosus Arnold, but said that 
the ". . . only difference between these two 
species is difference in age." T. dentatus, 
according to Dijkstra, is known from the 
Westphalian C (highest part) and D from 
Poland, Turkey, France, and the Nether- 
lands. In addition to those of the Williams- 
ton Coal, Arnold found a few spores of T .  
ranaosus in the shale below Cycle "A" at 
Grand Ledge and from the Big Chief No. 8 
mine at St. Charles, Michigan. 

The same comments that Dijkstra made 
in his distinction between spores of Triletes 
~ o l n t ~ t s  ancl T .  dentatus apply equally well 
in the distinction between those of T .  ro- 
tntus and T .  ranaosus. Compared to spores 
oS T. rotcilus, the T .  ~amoszis  spores are 
generally larger, possess distal appendages, 
and more numerous equatorial appendages. 
Altlzough it is possible that T .  ramosus may 
prove to be a later synonym 01 T. dentntzrs, 
the Illinois spores are referred to T .  ra- 
mosus because comparative material was 
available. The first really definitive clescrip- 
tion ancl adequate illustration of Zerndt's 
species was published by Dijkstra (1952b, 
p. 166, 167). The  only spore illustration 
that Zerndt presented for T .  dentatus was 
in Zerndt, 193217, pl. 1, fig. 5, designated 
at that time as type 24A. Later Zerndt 
(193Sa) noted that these are relerred to 
type 37, and (in Zerndt, 1938b) noted type 
37 as T .  dentatus Zerndt. 

The only apparent distinction between 
the Illinois spores and those described by 
Arnold and Dijkstra is that the Illinois 
spores may have higher lips, but at present 
this is not considerecl a basis for specific 
distinction. The Illinois spores also are 
similar, except for the sometimes greater 
development of fi ngerlike processes, to 
those of Triletes dentntus that Pikrart 

( I  957) describes as characteristic of the 
Upper Westphalian C of the Belgian 
Campine. 

Cross (1947, p. 287, fig. 2; pl. I, figs. 2, 3; 
pl. 111, figs. 84-86; p. 301) described spores 
designated as Triletes rotatus from the 
Powellton, Cedar Grove, Chilton, and Coal- 
burg Coals of the Kanawha Group from 
the Appalachian Basin. From his descrip- 
tion it appears that many ok the spores he 
noted are of the T .  rotatus type, but two 
specimens that he illustrated (Cross, 1947; 
121. I, Egs. 2, 3) are Lery similar to those 
Dijkstra (1952b; pl. 5, figs. 1, 2, 6) illus- 
trated and designated as T .  dentatus. 

Occurrence.-Spores of Triletes ram osus 
are most typically found in the older coals 
of the Tradewater Group, but are sporadic 
in distribution, and generally do not occur 
in great quantities. A Sew spores, along 
with some more typical of T. rotntzis, were 
found in the shale (maceration 163) above 
the Pinnick Coal in Indiana. They are 
abundant in the upper part of the Willis 
Coal (maceration 625R) and common in 
the lower part of the Willis Coal (macera- 
tion 625B) and in the Willis (?) Coal 
(maceration 631). They are rare in the 
Tarter Coal (maceration 901), rare to 
common in the Rock Island (No. 1) Coal 
(macerations 929 and 626, respectively) , 
and common in the upper part of the New 
Burnside Coal (maceration 938A) . Rare, 
badly preserved fragments, possibly refer- 
able to this species, were found in one ol 
the lower coals (~naceration 950A) from 
Goose Lake and in an unnamed coal (mac- 
eration 936) nine feet above the DeKoven 
Coal. 

TRILE'TES SUPERBUS Bartlett, 1929 

Plate 8, figures 7, 8; plate 9, figures 1, 2 

1929 Triletes superbus Bartlett, p. 20-21; pl. VII,  
figs. 1, 2; pl. VIII, figs. 1, 2. 

Descriflt ion .-Megaspores large, trile te, 
commonly compressecl in proximo-distal 
orientation, up to 4100 p in total diameter; 
spore body round to subtriangular in out- 
line, ranging from 1375 to 3260 in diame- 
ter (mean 1875 p for 14 specimens) . Trilete 
rays very prominent; lips up to 400 in 
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height, generally highest at apex and ex- 
tremities. Upper margin oS lips in some 
specimens ornamented with spine-like pro- 
jections, somewhat fluted and sinuous. 
Contact surfaces smooth to tuberculate. 
Small spines up to 30 p in length and 10 p 
in diameter may extend from tubercles (pl. 
s, fig. 7) . 

On well preserved specimens distal sur- 
face ornamented with processes 35 to 145 
in length, 10 to 15 p in minimum diameter, 
of maximum length immediately distal to 
distinctive marginal flange. Distal processes 
generally parallel-sided and rounded or 
blunt to distinctly club-shaped terminally. 
Flange elements arising from encircling 
rows of slender bases in a zone extending 
both proximal and distal to geometrical 
equator; processes anas tornosing outward 
forming an irregular ienestrate flange, 
probably thick, honeycomb-like, and deli- 
cate when uncompressed; flange 410 to 
1040 wide, widest opposite ends of trilete 
rays. Denuded spores possess tubercles in 
the flange attachment zone. Spore coat 41 
to 51 thick. T/Vell preserved specimens 
dull brown with glossy brown to amber 
ornamentation by reflected light. 

Discussio:z.-These megaspores seem to 
be identical to those originally described by 
Bartlett (1929) in regard to distal orna- 
mentation and flange development, but 
some specimens are smaller than the mini- 
mum size given by him. However, most 
fall within the size range given by later 
authors. One spore, 3260 in body diame- 
ter and 4100 p, in total diameter, is one of 
the largest recorded for the species. These 
spores also are similar to those clescribecl 
by Dijkstra (1955a) as Triletes bmsserti 
forma 1. His description of the configura- 
tion of the flange implies a much closer re- 
lationship to spores of T. supel-bus Bartlett 
than to those originally described as T. 
brasserti by Stach and Zernclt (1931) . On 
the other hand, his description of T. br-as- 
serti forma 2 is quite similar to that given 
here for spores refcrred to T. brusserti. 

Previously reported occurrences of these 
spores are in the Westphalian B-D of Eu- 
rope (Dijkstra, 1952b; Potonii: and Kremp, 
1956) . They were originally described by 
Bartlett from coal pebbles found in the 

glacial drilt near Ann Arbor, Michigan. 
Cross (1947, p. 287, fig. 2; p. 300; pl. 1, fig. 
h ;  pl. 111, figs. 62-65) reported their occur- 
rence in the T/lTinifrede and Coalburg Coals 
Srom the upper part of the Kanawha Group 
of the Appalachian Basin. Although Chal- 
oner's (1 956a) T. superbus-type mega- 
spores are from a cone compression pre- 
sumably from the lower part of the 
Carbondale Group above Colchester (No. 
2) Coal, spores of T.  sz~pe~bus are most 
common in coals of the Caseyville and 
lower Tradewater Groups. 

A6nity.-In compai-ison with the mega- 
spores of the T d e  tes super bus-type that 
Chaloner (1 956a) found in Sporangzostro- 
bus langfordi Chaloner, these Illinois 
spores are similar in most respects except 
that the lips have not been observed to be 
as high as 760 p. Sporangiostrobzis is as- 
sumed to have been borne by arborescent 
lycopods similar to Lepidodendron or Szgil- 
laria (Chaloner, 1956a) . 

Occurrence.-Spores of Triletes superbus 
are common in the "Makanda" Coals 
(macerations 906, 142). They are rare in 
the Pinnick Coal (maceration 150), but 
common to abundant in the shale (macera- 
tion 163) above the Pinnick Coal and in 
the Cannelton Coal (maceration 780) of 
Indiana. They are rare in a Caseyville age 
coal (maceration 910) of Illinois, and also 
are rare in the Jagger Coal of the Warrior 
Basin of Alabama. In both the "Makanda" 
Coals (maceration 906) and in the shale 
above the Pinnick Coal these spores occur 
in large masses and in tetrad association. 

In  the Tratlewater Group, they are com- 
mon in the "Sub-Babylon" Coal (macera- 
tion 144) and rare in the upper part (mac- 
eration 625A) of the Willis Coal and in 
the Rock Island (No. 1) Coal (maceration 
929) . Some poorly preserved specimens 
were found in one of the lower coals (mac- 
eration 950) from Goose Lake, Illinois. 

TRILETES BRASSERTI Stach and Zerndt, 1931 
Plate 9, figures 3-10; text figure 3 

1931 Triletes brasserti Stach and Zerndt. p. 1123; 
figs. 25-81. 

Description.-Spores of medium to large 
s i~e ,  trilete, showing no preferred compres- 
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sional orientation, up to 2 170 in total 
diameter. Spore body round to subtriangu- 
lar in outline, probably originally some- 
what spheroidal, ranging from 735 to 1600 p 
in diameter (mean 1230 for 64 specimens, 
89 percent of which measure more than 
1000 p) .  Trilete rays prominent, extending 
onto flange, sometimes to outer margin of 
flange, so that ray extremities may project 
as points beyond spore body on an other- 
wise denuded spore. 

Lips may be open, generally about 150 
in height at apex (range 67 to 250 p ) ,  de- 
creasing in height outward, but increasing 
to more than apex height near spore body 
margin. Lips straight to sinuous; upper 
edges membranous, fluted, ornamented 
with parallel-sided acuminate spines up to 
30 p in length and 15 p in diameter. Con- 
tact area as a rule smooth, especially on 
smaller spores, some times tuberculate (pl. 
9, fig. 4a), equalling in diameter 80 to 95 
percent of the spore body diameter. 

Base of encircling flange extending 
proximal to and slightly distal to geomet- 
rical equator so that proximal surface of 
flange sometimes broader than distal sur- 
face of flange, up  to 240 p in thickness (pl. 
9, fig. 5 ) .  Flange extending away from 
spore body from 62 to 568 p, generally wid- 
est opposite trilete rays. Flange appearing 
smooth and somewhat leathery, sometimes 
pleated or striate proximally (pl. 9, figs. 6, 
7 ) )  rarely, even minutely, fenestrate. Distal 
surface of flange appearing spongy or 
coarsely granular (pl. 9, fig. 4b). By trans- 
mitted light flange appearing beaded or 
set with barlike processes at margin, and 
appearing to consist of imbricated and 
fused rod-shaped processes distally (pl. 9, 
figs. 9, 10) . In  some specimens round proc- 
esses up to 30 p in diameter adjacent to 
distal surface of flange. Flange rather easily 
detached from spore body. Completely de- 
nuded specimens not tuberculate in zone 
of flange attachment, showing only slightly 
indented zone of attachment. 

Spore coat generally from 42 to 83 ,u 
thick, thickest at juncture of spore coat 
and flange, thinnest at contact areas. Spore 
coat on small specimen as little as 26 
thick. Inner membrane generally present. 

In  some specimens inner membrane orna- 
men tecl with hemispherical tubercles 6 to 
10 p in diameter, spaced about 25 apart 
(pl. 9, figs. 8a, 8b). Spore body deep red- 
dish brown, flange reddish orange to yellow 
by transmitted light. Spore body brown to 
black, upper surface of flange brown to 
black and glossy by reflected light. 

Discussio.rz.-Some smaller megaspores, 
for example, the one shown on plate 9, fig- 
ure 7, occur with the larger spores and 
might be interpreted as Triletes sub bras- 
serti Arnold. They are rare and associated 
only with numerous larger spores of T .  
brasserti, at least in the Illinois coals ex- 
amined. No distinct size limit is applicable 
because specimens of intermediate sizes 
also occur. At present the small spores are 
interpreted as immature spores of T .  bras- 
serti rather than as representing a distinct 
species. 

One of the larger specimens possessed a 
distal membrane about 18 thick extend- 
ing from the distal surface of the flange. 
The membrane is ornamented with irregu- 
larly shaped low tubercles so closely spaced 
as to effect a reticulate appearance. Similar 
distal coverings have been noted for some 
small spores of T r i k t e s  superbz~s from a 
coal from another area. 

In  the description I noted that these 
spores apparently had no preferred com- 
pressional orientation. This may be more 
apparent than real. Many spore tetrads of 
Triletes brasserti are present in some of the 
samples and, if the spores were compressed 
while in tetrad association, then dissociated 
during maceration, no compressional ori- 
entation would be apparent. 

Spores of this species were measured wet 
and then dry. The  scatter diagram given in 
text figure 3 indicates the amount of 
shrinkage, averaging about 19 percent. Not 
only does the spore body shrink on drying, 
but the width of the flange as well as the 
height of the lips decreased, either be- 
cause of shrinkage or because of slight crin- 
kling upon dessication. Unfortunately no 
measurements of spore coat thickness be- 
fore and after drying were possible. All the 
measurements given in the description are 
those of wet or balsam-mounted specimens. 
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In  contrast, the range of spore body diame- 
ter on the dry specimens is from 600 to 
1250 (mean 1000 p, for 46 specimens). 

The  dried specimens compare closely in 
dimensions with those given by Dijkstra 
(1955a) for spores of Triletes brasserti 
forma 2. His description (Dijkstra, 1955a, 
p. 334) of the flange of these spores is: 

Appendages of the zone in some (2) rows, 
strongly anastornosed. Separate shape of the 
appendages not clearly distinguishable. Border 
of the zone provided with bar-like processes, 
50 p in length. Periphery of the zone shows 
some openings, 10-30 ,U in diameter. Breadth 
of zone about 100-500 ,U (the mean being 
290 p). 

Although he does not mention the aspect 
of the distal side of the flange, Stach and 
Zerndt (193 1, p. 1 2 23) in their original de- 
scription of spores of Triletes brasserti de- 
scribe the flange as follows: 

Die Oberseiten der Aquatorleisten sind uneben, 
und zwar schwach wellenformig, die Unter- 
seiten ltornig. 

In contrast, Dijkstra (1955a, p. 333) de- 
scribes the flange development on spores 
that he designates as Triletes brasserti 
forma 1:  

Equatorial zone 225-350 ,U ([rarely] 650 ,u) broad, 
consisting of about eight rows of appendaqes. 
Appendages about 12 ,U broad, united into 
groups of 3-5 specimens. Between the append- 
ages a very thin transparent substance. Ap- 
pendages towards the periphery ramified with 
flat leaf-like processes. Between the processes 
openings 30-60 ,U in diameter. This part of the 
zone is 150-200 p broad. Arcuate ridges granu- 
lated, granules 40-50 ,U in  diameter (only visi- 
ble with specimens which have lost their zone). 

'This is an excellent typification of the 
flange on spores of Triletes superbus and, 
in my opinion, one of the few concrete dis- 
tinctions between the spores of T .  brasserti 
and T .  szlperbzu. Potonik and Kremp 
(1 956) similarly reemphasized the original 
interpretation r a t  he r  than accept the 
broad interpretation of T. bmsserti, as ap- 
plied subsequently to the original descrip- 
tion by Stach and Zerndt. Dijkstra (1955a) 
points out that the spores of T. nigroxo- 
nalis Stach and Zerndt (1931) should be 
referred to T. brasserti on the basis of a 
written communication from Zerndt in 
19-11. However, PotsniP: and Kremp (1956) 
have described these spores as a species of 

Yaluisisporites, to which they referred the 
auricula te megaspores. 

Dijkstra (1955a, p. 333) pointed out that 
Trileles rotatus, T. sz~perbus, T .  dentatus, 
and T .  brasserti have some features in com- 
mon and could be confused when one is 
dealing with poorly preserved specimens, 
and that in the past various "typef' have 
been united by Zerndt in his distribution 
charts so that it is impossible to know the 
exact stratigraphic distribution of these 
forms as given in the older literature. 
Potonit! and Kremp (1956) state that the 
spores of T. brasserti are known from the 
Upper Westphalian B to the Middle West- 
phalian C in the Ruhr Basin, from the 
Westphalian B-C in Holland, and from the 
Westphalian A-C in France. 

In  contrast similar spores are known 
from the Namurian R-C in Poland and 
Dinantian and Lower Namurian in Scot- 
land. Cross (1947, p. 287, fig. 2; pl. I, fig. 
22; pl. 111, figs. 66-77, 87-90; p. 300-301) 
reported spores of Triletes brasserti ques- 
tionably from the Lower War Eagle Coal, 
and from the Cedar Grove, Chilton, Wini- 
frede, and Coalburg Coals of the Kanawha 
Group of the Appalachian Basin. Arnold 
(1950) reported T .  brasserti from the up- 

per third of the coal of Cycle "E" and the 
Eaton Sandstone (Cycle "H") at Grand 
Ledge, and T. subbrasserti from the Eaton 
Sandstone, the coal of Cycle "ID" at Grand 
Ledge, and the Williamston Coal of 
Michigan. 

Af in i t y  .--Spores of Triletes brasserti are 
assumed to be allied with the lycopsids as 
are those of T .  superbus. 

Occurrence.-Spores of Triletes brasserti 
appear to be restricted to the Tarter, Willis, 
and Pope Creek Coals in the lower part 
of the Tradewater Group of Illinois. The 
species is abundantly represented in the 
Willis Coal (macerations 625A-B) from 
Gallatin County, in the Tarter Coal (mac- 
erations 604A, 901) from Fulton and War- 
ren Counties, and in the Pope Creek Coal 
(maceration 602) from Fulton County. 

SECTIO TRIANGULATI Schopf, 1938 

Spores in the Triangulati section of Tr i -  
letes are of medium size or smaller. Spore 
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body is round to oval in outline; flange, 
when present, is generally widest opposite 
trilete rays and, therefore, more or less tri- 
angular in outline. The trilete rays are 
long relative to spore body diameter. Spore 
surface is smooth to reticulate. Schopf 
(1938) noted that these spores are similar 
to those of herbaceous lycopods such as 
Selaginellites and Lycopodites and to those 
of modern heterosporous lycopods. 

Chaloner (1 954a) confirmed the gen- 
eral equivalence of ihe Triangulati and-the 
herbaceous lycopods in his description of 
Triletes triangzdatzts-type megaspores and 
Cirratriradites annu la tus-type microspores 
from Selaginelli tes suissei cones. Subse- 
quently Hoskins and Abbott (1956) iso- 
lated T. triangula tzw-type megaspores and 
C. annulatus-type microspores from S. cras- 
sicinctus. 

The stratigraphic occurrence and rela- 
tive abundance of triangulate megaspores 
approximately parallels that of microspores 
oC Cirl-at?-imdites as reported by Kosanke 
(1 947) . Triangulate megaspores are most 
abundant in the older coals of the Tracle- 
water Group. Although Cirratriradites ap- 
parently is not represented in coals of the 
Caseyville Group, triangulate spores are 
present. If those Mississippian small spores 
referred to Cirratrirad itcs by Hoffmeister, 
Staplin, and Malloy (1955) truly are allied 
within this genus, then triangulate mega- 
spores also should be present. As yet, none 
112s been found in coal beds in the Missis- 
sippian Chester Series. 

TRILEIES TRIANGULATUS Zerndt, 1 930 
(sensu Dijkstra, 1946) 

Plate 10, figures 1-10 

930 Triletes tr ia~gzrlatus I ,  TI, Zerndt (1930c), p. 
51-54; pl. '7, figs. 19-33. 

946 Triletes triangulatus Zerndt, i n  Dijkstra, p. 
52-54; pl. 4, figs. 24, 25, 27-31, 33, 34. 

Description .-Spores of medium size, tri- 
e te, generally compressed proximo-dis tally, 

from 410 to 1076 in total diameter (in- 
cluding flange) . Spore body round to very 
slightly rounded subtriangular in outline, 
originally somewhat oblate, from 395 to 
640 in diameter. Trilete rays distinct, ex- 
tending to margins of flange (pl. 10, fig. 

10) . Lips membranous and commonly pli- 
cate (pl. 10, fig. 7) ,  up to 100 in height. 
Suture extending only about half way from 
apex to body margin. Contact areas granu- 
lose to ornamented with irregular ridges 
radiating lrom apex (pl. 10, fig. 7) to re- 
ticulate (pl. 10, figs. 8, 10) . Flange extend- 
ing away from spore body 18 to 267 at 
corners, widest opposite rays causing over- 
all triangular outline of proximo-distally 
compressed spores.  F lange  appea r -  
ing pleated (pl. 10, fig. l o ) ,  to striate, to 
reticulate (pl. 10, fig. 6) , often bordered by 
a narrow lighter-appearing rim, as illus- 
trated by Schopf (1938, pl. 4, fig. 3) and 
Chaloner (1954a, figs. 2, 3 ) .  Distal orna- 
mentation consisting of a perisporal reticu- 
late network, varying considerably in mesh 
size ('1. 10, figs. lb, 2b, 3, 4b, 5) . 

Spore body coat granulose, from 10 to 
26 thick, enclosing a folded inner mem- 
brane, generally of triangular outline. 
Inner membrane characteristically orna- 
mented with small papillae (pl. 10, fig. 9) . 

Discussion.-These spores were described 
in detail by Schopf (1938) , Dijkstra 
(1946) , Guennel (1 954) , and Potonit5 and 
Kremp (1956). Potonik and Kremp (1956) 
distinguished several species (included 
within Dijkstra's circumscription of Tri- 
letes triangulatus) on the basis of total size 
and character of distal ornamentation. 
Both detailed biome tric analyses and cone 
studies are needed to substantiate such a 
subdivision if such speciation is to have tax- 
onomic meaning. Guennel (1 954) pointed 
out that the distal perisporal membrane is 
somewhat elastic and may cause reticula- 
tions to vary in size. 

According to Guennel (1954) the spore 
body, except for the contact areas, is cov- 
ered with a perisporal membrane that 
forms the distal reticulations, the flange, 
and the trilete rays. He did not note the 
presence ol proximal reticulations such as 
were clescribec~ by Schopf (1938) . In  the 
present investigation, spores with distinct 
proximal reticulations seemed to be most 
conspicuous in the Harrisburg (No. 5 ) ,  
Springfield (No. 5 ) ,  and Merrin (No. 6) 
Coals. In  general most variations of distal 
ornamentation are present in any one coal 
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containing abundant triangulate spores, 
except that the Rock Island (No. 1) Coal, 
in particular, seems to have a large pre- 
ponderance of spores with fine-meshed dis- 
tal reticulation. 

The size range given in the description 
above exceeds that given by most previously 
published descriptions. Most specimens are 
less than 900 in over-all diameter. The 
largest specimen observed, from the Indi- 
ana VII (?) Coal (maceration 939A). has 
a flange 267 wide at one radial extremity. 
This specimen is not comparable to those 
of Triletes laxomarginalis Zerndt (as de- 
scribed by Bhardwaj, 1955) , but has all the 
characteristic features of T .  triangulatus. 

Although many of these spores have 
papillate inner membranes, the ornamenta- 
tion does not seem to be present on all ex- 
ternally ornamented spores or on all cle- 
nuded spores. Perisporal ornamentation ef- 
fectively masks the internal ornamentation. 

Afinity.-The sanity of these spores is 
with the herbaceous lycopods, as discussed 
under the section Triangulati. 

Y~eviously Recoy.iErd Occurre~~ces.-Dijk- 
stra (1955a) noted that these spores occur 
in the Carbonilerous of all coal basins 
studiccl so lar, but that they are perhaps 
less abundant in the Stephanian. Guennel's 
(1954, fig. 3) chart, approximating the 
vertical and g ~ o g ~ a p h i c  distribution of this 
species, crnphasized the lack of megaspore 
studies done in this country. 

Occu?-~ence.-No triangulate spores were 
observed in upper Mississippian coals or in 
the coals OF the Black Creek, Mary Lee, and 
Pratt Groups of the Warrior Basin in Ala- 
bama. Although spores of this species are 
fairly common in the oldest Caseyville age 
coal in a Wabash County, Illinois, diamond 
drill core (maceration 798) , they are rare 
to absent in other coals of the Casevville 
Group. 

In  the Tradewater Group triangulate 
spores are abundant to common in some 
samples of the Babylon (maceration 588), 
Willis (maceration 625A-B) , Pope Creek 
(maceration 602) , Murphysboro (macera- 
tion 556)), Wiley (maceration 525A-B), 
Davis (maceration 518A-B) . and DeKoven 

(maceration 519A) Coals, and in an un- 
named coal above the DeKoven Coal. 

Although represented in most coals of 
the Carbondale Group, spores of this spe- 
cies are most abundant in the Summum 
(No. 4) Coal (maceration 463) and com- 
mon in the Colchester (No. 2) Coal (mac- 
eration 603B-C) and in the Herrin (No. 6) 
Coal (Schopf, 1938). In  the McLeansboro 
Group these spores are common in the In- 
diana VII (?) Coal (maceration 939A), 
present in the Friendsville (maceration 
135) and "Bogota" (maceration 133) 
Coals, rare in the Friendsville (?) (macera- 
tion 136) and in the Frienclsville (macera- 
tion 490-D) Coals. This species is also 
known lrom the Danville (No. 7) Coal. 

Although the species has a long strati- 
graphic range in the Illinois coal basin, it  
is best represented in coals of the Trade- 
water and Carbondale Groups. 

Megaspores of Triletes h irsu tus (Loose) 
Schopf, Wilson, and Bentall, and T. hir- 
sutus var. breuispinosa Zerndt, and those of 
T .  pl-aetextus Zerndt were referred to the 
sections Aphanozonati and Zonales, respec- 
tively, by Dijkstra (1946) . Schopf, Wilson, 
and Bentall (1944) had referred T.  hir- 
sutus questionably to the section Lageni- 
cula. Because they believed Triletes to be 
an illegitimate generic designation and 
because the above megaspores did not seem 
to be allied with Lepidodendraceae, as are 
the typically lageniculate spores, Potonik 
and Kremp (1954) accepted and amended 
the generic designation Set osispori tes of 
Setosisporites hirsutus (Loose) Ybrahirn. 
In  1955 Potoni6 and Mrernp also referred 
T.  praetextus Zertidt and T.  g1oboszi.s Ar- 
nold to Setosisporiies. 

Potonik (1954a, 1954b) stated that the 
megaspores of Setosisporites have been 
found in cones allied with the Bothroden- 
draceae. These megaspores are distinct 
from those typical of the Lepicloclenclraceae 
in that the conspicuous apical prominence 
rises, not from the ends of the rays as in 
most typical lageniculate spores, but near 
the apex of the sporcs. T11ns the area of the 
contact surfaces is much greater than that 
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of the apical prominence. Potonig also 
stated (1954b): 

Par contre [to the Bothroclendraceae], on sait 
que les Lepidodendraceae ne portent jamais de 
fimbriae ramifhes. 

As discussed in the general comments 
preceding the discussion of lageniculate 
megaspores, the morpllological distinction 
between the megaspores of the Lepidoden- 
draceae and Bothrodendraceae, based on 
apical development and spine configura- 
tion, although valid for megaspores of 
upper Mississippian and Pennsylvanian 
age, is apparently not applicable to mega- 
spores of lower Mississippian age. These 
older megaspores possess modified charac- 
teristics of the megaspores of both families. 

The  microspores of cones allied with the 
Bothrodendraceae are, as yet, unknown. In 
the present investigation, an intimate as- 
sociation of megaspores of the Triletes glo- 
bosus-type with the small spores of Denso- 
sporites was noted, particularly in the coal 
in the Hardinsburg Formation and the 
Reynoldsburg Coal. I t  would seem that 
these megaspores and small spores may be 
either botanically related or may have been 
borne by plants with similar ecological re- 
quirements. The  stratigraphic occurrence 
of Densosporites is compatible with either 
possibility. Densosporites (Kosanke, 1947, 
fig. 1) is represented abundantly in Casey- 
ville coals, present in coals of the lower part 
of the Tradewater, sporadic in occurrence 
in those of the upper part of the Trade- 
water, and apparently absent from younger 
coals. 

Paralleling the occurrences of Denso- 
sporites, the megaspores of the Triletes 
glo bosus-type are characteristic of and 
abundant in Caseyville coals, present spo- 
radically, at places in abundance, in Trade- 
water coals up to and including the Rock 
Island (No. 1) Coal, and apparentlv ab- 
sent in coals in the upper part of the Trade- 
water and in younger coals. That  Demo- 
sporites is abundant in the Mississippian 
Hardinsburg Formation is known from 
both the work of Hoffmeister, Staplin, 
and Malloy (1955) and from my own 
observations. 

In opposition to this relationship, either 
botanical or ecological, abundant spores of 
Densosporites occur in a Springer or Ches- 
ter coal described by Scheme1 (1950a) , but 
are not accompanied by spores of Triletes 
globosz~s or T. hirsutzls. In  addition, these 
megaspores also are apparently absent from 
the sample of Tarter Coal that contained 
sporangial masses of Densosporites. How- 
ever, recently Chaloner (1 958a) described 
microspores of the Densosporites-type and 
megaspores of the T. hirsutus-type from the 
cone of Selaginellites canon biensis Chalo- 
ner, presumably borne by a herbaceou5 
plant. 

Some measurements of selected previous- 
ly described megaspores and of the Triletes 
hirsutus-type and T. globoszss-type de- 
scribed here are presented in table 1. None 
of the spores described here is considered 
at present identical to any of those from 
European coals designated as T. lzirsutus 
(Loose) Schopf, Wilson, and Bentall. 
Rather they are considered to be most 
closely related to those of T. globoszw Ar- 
nold described from the Michigan Basin 
or given varietal status under T.  glo bosz~s. 
Consequently it seems advantageous to dis- 
tinguish them from European forms rather 
than to form conclusions, possibly unjusti- 
fied, regarding their affinity. Potonik and 
Kremp (1955) consider T. globosus as dis- 
tinct from Setosisporites hirsutus. 

I feel that the differences in ornarnenta- 
tion, some slight, between spores typical of 
Triletes globoszrs, T. globosus var. (A) , T. 
globosus var. (B) , T. globosus var. (C) , 
and T. cf. T.  hirsutus are botanically and 
stratigraphically significant. Two general 
statements regarding the Illinois T .  glo- 
bosus-type spores are possible: 1) many of 
the megaspores from coals in the upper 
part of the Caseyville are identical to those 
originally described by Arnold as T. glo- 
bosus; 2) no megaspores found, as yet, in 
Illinois coals appear to possess spines as 
long as or as ramose and antlerlike as were 
illustrated by PotoniC and Kremp (1955, p. 
123, fig. 37; pl. 4, figs. 25, 27, 29a, 29b) for 
Setosisporites h i ~ s u  tzts (Loose) Ibrahim. 

Although there may be some confusion 
between spores of Triletes globosus var. 
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TABLE 1.-COMPARATIVE DATA ON MEGASPORES OF THE Triletes hirsutus and T .  globosus TYPES. 
Original citation arranged approximately according to age-oldest a t  bottom. 

Triletes tenuispinosus . . . . . 498-660 
Zerndt, 1934 . . . . . . . (61 2) 

(Measurements in microns.) 

Sporitesiiirsutus . . . . . . 750-850 
Loose, 1932, in  Wicher, 1934a 

Apiculati-sporites hirsutus . . . . 700-890 
Loose, i n  Loose, 1934 

Sporoniteshirsutus . . . . . . 700-890 
Loose, 1932 

Setosi-sporites iiirsutus . . . . 530-620 
Loose, i n  Ibrahim, 1933 

*Trilctes globosus Arnold. . . . . 480-770 
var. (C) (675) 

Original citation 

*Triletes cf. T .  hirsutus . . . . . 565-636 
(Loose) Schopf, Wilson, and BentaY 

Spore 
body 

diameter 
(average) 

Ray length, 
ratio of 

length to 
spore 
radius 

(average) 

Triletes globosus . . . . . . . 390-570 
Arnold, 1950 (480) 

yjpm 
height 
range 

!average) 

*Triletes globosus Arnold. . . . . 390-640 
var. (B) (545) 

175-257 
2/3 

2/3 

213 

213 

nearly. to 
margin 

315 

- 

(1 80) 

213-3/4 

2/3-3/4 

Triletes tenuispinosus . . . . . as in var. I as in var. I as in var. I 
v. Brevispinosa (var. 11) Zerndt, 1937a (?) (?) (?) 

Triletes tenuisopinosus . . . . . 435-644 130-240 64-1 17 
v. breoispinosa (var. I) (520) (177) (1 13) 
Zerndt, 1937a 

Setosisporites iiirsutus . . . . . 450-975 - - 
var. brevispinosa (Zerndt), Potoni6 (700) 
and Kremp, i n  Horst 1955 

*Triletzs globosus Arnold var. (A) . . 330-630 3/4 80-130 
(515) 

- 

48-80 Sometimes 
branching? 
anas tomosing 

45-200 Single and 
branching 

45-80 Branching 

Spine 
length 

45-80 Branching 

Spine 
character 

35-50 Single and 
branching 

5-26 Tubercles 

37-87 Branching 

Coat 
thick. 
ness 

range 
(average) 

-- 
- 

20-60 

28-32 

- 

- 

26-42 

15-35 

35-50 Peg-like, shal- 
lowly cleft (1 7) 

21-61 Peg-like, shal- 
lowly cleft 13-28 

15-57 Catenula te, usually 
with flange less than 

16 

36-96 Often joined, as in 
dense1 y var. 
spaced (9 

6 Tubercles, (12) 
sometimes 
spinose 

to 30 Kurze "Haare" - 
(15) 

10-20 Catenulate, 10--15 
(flange with flange 
up to 30) 

--- 

*Described in text. 

(A) and abraded spores of T. globosus var. 
( B )  , no well preserved transitional forms 
are recognized. Spores typical of T .  globo- 
sus are distinct from the varietal forms, but 
there are transitional forms (pl. 5, fig. 6) 
with spines intermediate, with regard to 
depth of notching or degree of branching, 
between those described for T. globosus 
and those described for T .  cf. T.  hirsutus. 
Some of these transitional forms occur in 

the "Makanda" Coal (maceration 906) 
and in a shale (maceration 957) below the 
lowest coal at Goose Lake, Illinois, and in 
a coal (maceration 799) in the Mansfield 
(?) Formation in Owen County, Indiana. 

In  addition, some spores typical oE Tri- 
letes globosus occur with those of T. cf. T. 
hirsutus. Those of T .  g l o b o s ~ ~ s  var. ( C )  
are similar in body form but have a greater 
apical development, thicker spore coat, and 
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tubercles rather than spinose ornamenta- 
tion. The ornament does not seem to be a 
relict of spinose ornamentation caused by 
abrasion. In  general, among four of the five 
T. glo bosus-T. hiwu t7~s type of megaspores 
here distinguished there is, from older to 
younger rocks, a slight increase in spore 
coat thickness and there are changes from 
short to long catenulate spines, to short 
discrete shallowly cleft spines, to longer 
more ramose spines. Zerndt (1937a) noted 
somewhat similar changes, Srom older to 
younger specimens, on spores of this gen- 
eral type. 

Probably all of the megaspores, generall) 
poorly preserved, of the Triletes globoszis- 
type found in the Jefferson (rare), Middle 
Ream, Jagger, and P~ratt Coals of thc MTar- 
rior Basin, Alabama, can be referred to T .  
globosus var. (B) . This varietal form is 
typically clevelopcd and beau ti£ ully pre- 
served in the lowest coal in a diamond drill 
core from Wabash County (maceration 
798) and in the shale above the Pinnick 
Coal (maceration 163) in Indiana, but 
abraded and not as well preserved in the 
upper coals of the diamond drill cores from 
Wabash County (nlacerations 796, 797) 
and Battery Rock Coal (maceration 587). 
Characteristic of Caseyville coals is the 
abundance of typical T.  glo boszls spores or 
those oS T. globoszts var. (B) . 

In contrast to the above spores, those of 
T~ileles pl-aetextus seem to be restricted to 
the Battery Rock Goal in Illinois, to the 
shale above the Pinnick Coal in Indiana, 
and to the Pratt Coal in Alabama. HOW- 
ever, in the latter two areas no immediatelv 
overlying coals were examined. Although 
spores described here appear identical to 
those previously described from European 
coals, T. praetextzls in European coals is 
apparently much more abundant and has a 
more extended stratigraphic range. 

TRILETES GI~OBOSUS Arnold, 1950 
Plate 5, figures 1-6 

1950 Triletes globoszrs Arnold, p. 80-31; pl. IX, 
figs. 1-5. 

Descrip tion.-Megaspores typical of spe- 
cies trilete, ilsually compressed proximo- 

distally, more or less circular in outline 
(pl. 5, fig. I), from 385 to 640 p in diameter 
(mean 535 for 27 specimens). Trilete 
rays distinct, ranging in length lrom two- 
thirds to three-fourths the spore body ra- 
dius. Lips increasing in height abruptly 
near apex to Sorm an apical prominence 
(pl. 5, fig. 4) up to 75 in height. Contact 
areas, occasionally even lips, characterijletl 
by rather closely spaced acuminate spines 
up  to 5 p both in height mtl  diameter. 

Distal spines typically cliscre te, peglike 
(pl. 5, fig. 2), ranging from 26 to 61 in 

maximum length on diEerent spores, ter- 
minating in an expanded, slightly cleft (pl. 
5, fig. 2) or barbed (pl. 5, figs. 3, 5) tip. 

Distal spore coat ranging from 13 to 28 p, 
generally more than 20 in thickness, 
orange-brown to reddish brown by trans- 
mitted light. A folded inner membrane is 
inside the spore body of many specimens. 

Discussion.-These typical spores of Tri- 
letes glo bosus are differentiatcrl lrom the 
varietal forms described below in that they 
possess comparatively widely spaccd, dis- 
crete, peglike spines with characteristic 
terminal barbs. The  spine terminations are 
cleft to a depth of commonly less than 12 p, 

not deeply cleft nor anastomosing and 
branching as on spores typical of T.  hi?.- 
szl tus (Loose) Schopf, Wilson, and Bentall. 

These spores are very similar to those 
originally described by Arnold although 
none was observed to have an apex as high 
as 1 10 p. All but a few examples observed 
during this study have a characteristically 
apiculate contact area. Although Arnold 
did not note this contact area ornamenta- 
tion, distinguishable with difficulty in 
proximo-distal compressions, onc specimen 
that he illustrated (Arnold, 1950, pl. IX, 
fig. 1) appears to be similarly ornamented. 
The spores Arnold described were from the 
shale from the Big Chief No. 8 Mine at 
St. Charles, Michigan. 

Occz~rre~zcc.-Triletes globosus is abun- 
dantly represented in Caseyville coals of 
Illinois, especially in the Keynoldsburg 
Coal (maceration 618), the Battery Rock 
Coal (macerations 629, 908, 909), and the 
"Makanda" Coal (macerations 906, 907). 
;-\ few additional examples also are pres- 
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ent in the "Makanda" Coal (maceration 
142) in Illinois and in the Battery Rock 
Coal (maceration 733) in Kentucky. A few 
specimens occur with those of T.  cf. T.  
hirsutus in the Pope Creek Coal (mac- 
erations 916, 917) and Rock Island (No. 1) 
Coal (maceration 929) . 

Abundant spores, typical of Triletes glo- 
bosus, seem to be characteristic of the upper 
coals of the Caseyville in Illinois. 

TRILETES GLOBOSUS Arnold var. (A) 

Plate 4, figures 1-3 

Description.-Megaspores trilete, gener- 
ally compressed proximo-distally, ranging 
in diameter from 330 to 630 p (mean 515 
for 45 specimens), with the polar axis- 
not including the apical prominence- 
slightly shorter than the equatorial diame- 
ter. Length of trilete rays generally a little 
less than three-fourths the spore body ra- 
dius; lips up to 26 p in height near base of 
flaplike apical expansion. Lips increasing 
rather abruptly in height to 80 to 130 at 
apex (pl. 4, fig. l ) ,  forming an apical 
prominence up to 100 in width. Contact 
areas commonly smooth, some times orna- 
mented with indistinct, minute, sharply 
pointed spines up to 4 in length. 

Distal surfaces covered with closely 
spaced spines 10 to 20 p in length and 5 to 
10 in width (pl. 4, fig. 2) ; spines fused 
into a solid flange up  to 30 p in width at 
the arcuate ridges. Spines short and ir- 
regularly connected to one another near 
their bases or by spans extending from 
rather bulbose nodes on the spines above 
the level of the spore coat (pl. 4, fig. 3) .  
Spines terminating in fine sharp points ex- 
tending from the bulbose nodes. Spore 
coat 10 to 15 thick, reddish brown by 
transmitted light. 

Discussion.-The ornamentation on these 
spores, especially characteristic of mega- 
spores of lower Mississippian age, is pres- 
ent on the Trilctes globosus-type mega- 
spores in upper Mississippian and lower- 
most Pennsylvanian rocks. Because the 
ornament gives an irregularly reticulate ap- 
pearance to the spore coat, T refer to this 

general type of ornamentation as "catenu- 
late ornamentation." 

Spores of Triletes globosz~s var. (A) may 
be comparable with those designated origi- 
nally as T.  tenuispinosus var. breuispinosa, 
type 13a, variety I by Zerndt (1937a) , in 
general form, length of rays, and height of 
apical prominence. However, they lack the 
tuberose nodules and characteristic con- 
spicuous contact area folds described by 
Zerndt as radiating from the apex. The 
spore, mounted dry and photographed by 
reflected light (pl. 4-, fig. 1) , shows only 
vaguely defined radiating contact area 
folds; this specimen shows the maximum 
development of such folds noted on these 
Hardinsburg megaspores. Zernd t (1 937a) , 
in his descriptions, did not mention the 
presence of a narrow flange or connecting 
spans joining the spines. According to 
Dijkstra (195213) forma I (variety I of 
Zerndt and T. tenuispinosa var. brevi- 
spinosa Zerndt in Schopf, Wilson, and 
Bentall, 1944) of Zerndt's varietal form of 
the species is represented in the Narnurian 
A and B of Turkey, whereas forma I1 
(variety 11 of Zerndt and T. tenuz'spinosn 
var. secundus in Schopf, Wilson, and Bent- 
all) of Zerndt's varietal form is represented 
in the Namurian C. In  addition, Dijkstra 
(1957) noted that forma I occurred in 
every coal that he studied from the Lime- 
stone Coal Group of Scotl.and. 

Compared to the spores described by 
Horst (1955) as Setosisporites hirsutus var. 
brevispinosa (Zerndt) Fotonii: and Kremp, 
those of the coal in the Hardinsburg For- 
mation ;+re smaller. Horst stated that this 
variety is characteristic of the Rand Group, 
but those typical oE the species occur in 
younger beds. He noted the sporadic oc- 
currence 01 the varietal form in the Na- 
murian A, B, and B or 6, and in the West- 
phalian A, B, and 6 .  

The spores OF Triletes globosz~s var. (A) 
may be comparable, except for the less con- 
spicuous development of contact area 
ridges with those described by Bennie and 
Kidston (1886, p. 108) as T~ilctes 1V from 
the Calciferous Sandstone Series in Scot- 
land. Tri7ete.s IV is described thus: "Macro- 
spore very small C570-5 10 p], outer surface 
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feebly granulated. Triradiate ridge promi- 
nent, occupying about four-fifths of the 
upper surface, between the arms of which 
are radiating flexuous lines that usually ex- 
tend to the curved line that connects the 
arms of the central three-rayed star." 

Occurrence.-Triletes globosus var. (A) 
is abundantly represented in the coal in 
the Mississippian (lower Chester) Har- 
dinsburg Formation (maceration 81 0) , 
Kentucky, and present in the Waltersburg 
Formation, Randolph County, Illinois. 

TRILETES GLOBOSUS Arnold var. (B) 
Plate 4, figures 4-10 

Description.-Megaspores trilete, gener- 
ally proximo-distally compressed, ranging 
in diameter from 390 to 640 p (mean 545 
for 33 specimens) . Trilete rays increasing 
in height, a little less abruptly than on 
spores of Triletes globosz~s var. (A), up to 
100 , at apex and forming an apical promi- 
nence (pl. 4, fig. 4) about 100 , in width. 
Length of trilete rays between two-thirds 
and three-lourths the radius of the spore 
body. Contact areas covered with conspicu- 
ous small pointed spines up  to 5 in 
length. Spore body containing crumpled, 
apparently unornamented inner membrane. 

Distal coat covered by an irregular net- 
work of catenulate-type spines (pl. 4, figs. 
6, 8, 9 ) ,  rather bulbose near tips, terminat- 
ing abruptly in a sharp point. Spine length 
from 15 to 57 ,, generally more than 35 P; 
spines forming a rather solid flange, crenu- 
late only at margins (pl. 4, fig. 10) , up to 
56, in width. 

Spore coat commonly less than 16 , thick 
distally, several microns thinner at contact 
areas, orange to reddish brown by trans- 
mitted light. 

Discussion. - These spores differ from 
those oT Triletes globosus var. (A) in hav- 
ing a less abruptly formed apical promi- 
nence, slightly shorter rays relative to body 
size, longer spines, a more prominent de- 
velopment 01 the arcuate flange, and a more 
conspicuous development of spines on the 
contact area. 

Similar appearing spores, possessing gen- 
erally shorter spines, also occur abundantly 

in the upper coals of the Wabasl~ County 
core and in the French Lick and Pinnick 
Coals of Orange County, Indiana. The  dis- 
tal appendages of these spores are generally 
15 to 25 , long, principally discrete rather 
than joined, and pointed. A flange is de- 
veloped around the arcuate ridge. Some 
specimens are obviously abraded (pl. 4, fig. 
7) . It would seem that all these are more or 
less abraded specimens of Triletes globosus 
var. (B), the catenulate joinings and tips 
of distal spines having been removed. The  
spores range from 360 to 565 in diameter 
(mean 487 p) ; the apicd prominence is up 
to 72 , in height and the coat is 15 to 20 
thick. The  major difference be tween spores 
of T. globosus var. (B),  where typically 
developed in the lowest coal of the Wabash 
County cores, and those in the upper coals 
is that the latter have more discrete and 
pointed spines, possibly a preservational 
feature. Some of the abraded specimens are 
difficult to dis tinguish from the abraded 
specimens of T. globosus var. (A) . 

Spores of Triletes globosus var. (B) may 
be comparable to those described by Zerndt 
(1937a) as variety I1 of type 13a, T. tenui- 

s~inosus var. breuispinosa. Zerndt noted dis- 
tal appendages 36 to 96 p long that are so 
densely set that some adjacent spines are 
joined. However, he did not mention any 
flange development. One of the character- 
istic features of spores of type 13a is the 
ridges on the contact areas radiating from 
the apex. Megaspores of T. globosz~s var. 
(A) have a vaguely defined ridging, but 
those of T. globosus var. (B) are not 
ridged (pl. 4, fig. 5) . 

In his discussion of Triletes praetex tus, 
Cross (1947, p. 302) described spores, des- 
ignated as T. praetextus var. I, with a very 
narrow solid flange and noted that they re- 
semble T. hirslr tus except that they do not 
appear lageniculate. In  size and possession 
of a narrow solid flange they are compa- 
rable with T. hirszitus var. (B) . Cross 
noted their importance in coal beds of the 
Lower Kanawha, and in the Lower War 
Eagle and Eagle Coals as given on his 
figure 2. 

Occurrence.-Megaspores oE Triletes glo- 
bosus var. (B) are abundant in the early 
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Pennsylvanian coals from the Wabash 
County diamond drill cores (macerations 
798, 797, 796). They also have been found 
in the Battery Rock Coal (maceration 587) 
in Illinois, in the French Lick (maceration 
151) and Pinnick (maceration 150) Goals 
and in the shale (maceration 163) above 
the Pinnick Coal from Orange County, In- 
diana. They also are probably present in 
the Jefferson (rare), Middle Ream, Jag- 
ger, and Pratt Coals of the Warrior Basin 
in Alabama. These spores occur rarely with 
spores typical of T.  globosus in the Reyn- 
oldsburg Coal (maceration 61 8) . 

The general occurrence of Triletes glo- 
bosus var. (B) is therefore in the lower 
part oE the Caseyville Group in Illinois. 

TRILETES GLOBOSUS Arnold var. (C) 
Plate 4, figures 11, 12 

Description .-Megaspores trile te, having 
no preferred compressional orientation, 
probably originally oblate spheroidal, rang- 
ing in diameter from 480 to 770 (mean 
675 p for 20 specimens), polar axis-not 
including apical prominence-generally 5 
to 10 percent less than equatorial dimen- 
sion. Apical prominence from 1 15 to 165 p 

in height and up to twice as wide (pl. 4, 
fig. 11) . Length of trilete rays about three- 
fifths the spore radius. Diameter of contact 
areas from one-half to three-fourths that ol 
the proximal surface. Arcuate ridges gen- 
erally developed, about 20 p in width and 
15 LG in height. Contact areas generally 
smooth, in some specimens covered with 
tubercles similar to, but smaller than, those 
on the distal surface. 

Distal surface covered with tubercles (pl. 
4, fig. 12) , generally flattened-hemispheri- 
cal, rarely with pointed tips, up  to 5 to 26 p 
in length and 5 to 52 in diameter on any 
one spore. Some specimens have large tu- 
bercles interspersed among smaller tuber- 
cles. 

Spore coat 26 to 42 thick, deep reddish 
brown by transmitted light. 

Discussion,.-These spores are very simi- 
lar in body form and development of apical 
prominence to those of Triletes cf. T. hir- 
sutus and T. globosus, although the mean 

diameter is larger than the maximum di- 
ameter found on spores ol either species in 
this investigation. The apical prominence 
of spores of T. globoszis var. (C) is also 
generally higher and wider. The  greatest 
distinction is the tuberose distal ornamen- 
tation on spores of T. globosus var. (C) as 
opposed to spinose ornamentation. Their 
slightly larger body size, generally larger 
tubercle size, and thicker spore coat dis- 
tinguish them from the spores originally 
described by Zerndt (1937a) as T. tenui- 
spinosus var. brcvispin osa variety I. In addi- 
tion they do not have radiating folds on 
the contact area. Their body form and api- 
cal development, however, indicate a close 
relationship with spores of the T. glo bosus- 
tY Pe. 

Occurrence.-These megaspores are ap- 
parently restricted to the Willis Coal, being 
common in the upper part of the Willis 
Coal (maceration 625A) and present in the 
Willis (?) Coal (maceration 631) , Gallatin 
County, Illinois. 

TRILETES cS. T. HIRSUTUS (Loose) 
Schopl, Wilson, and Bentall, 1944 

Plate 5, figure 7 

Discussion.-Some megaspores, noted in 
Tradewater coals, bear longer, more deeply 
notched spines than those that occur on 
spores typical of Triletes globoszis. The lew 
measured specimens range from 565 to 
635 in diameter and possess an apical 
prominence up  to 65 p in height. The spore 
coat ranges from 15 to 35 thick. The con- 
tact areas are generally covered with tiny 
spines up to 7 p in length and 5 p in diame- 
ter. Distal spines are 37 to 87 long, bifur- 
cate or more deeply notched than spines on 
T.  globosus. Although these spores, of all 
the T. glo boszis-type spores, appear most 
similar to those of T. hirszitus, none has 
spines as long as 200 (reported by Wicher 
[1934a] and Dijkstra [1955a]) or is as 
ramose as those illustrated by Botonik and 
Kremp (1955, pl. 4, figs. 29a, 29b). 

Occurrence.--These spores were found 
in the Tarter (maceration 914) and Pope 
Creek (macerations 91 6, 91 7) Coals, NI er- 
cer County, and were found in abundance 
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in the Rock Island (No. I) Coal (macera- 
tion 929) , McDonough County, Illinois. 

TRILETES PR~ETEXTUS Zernclt, 1934 
Plate 5, figures 9, 10 

1934 l ' i iletes prnetexlus Zcrndt, p. 24, f ~ g .  10; p1. 
26, figs. 1-6; pl. 27, figs. 1-7. 

1044 Triletes praetextus Zerndt, in Schopf, Wil- 
son, and Bentall, p. 24. 

1946 Triletes praetextzcs Zerndt, in Dijkstra, p .  43- 
44; pl. 7, figs. 66, 67; pl. 8, figs. 68, 69. 

1955 Setosisporiles praetexlus (Zerndt) Potonii: 
and  Kremp, p. 124-125; pl. 5 ,  figs. 30-32. 

Description .-hdegaspores trilete, gener- 
ally compressecl obliquely; compressional 
forms circular to rounded subtriangular in 
body outline, probably originally splicl-oi- 
dal oblate i11 shape; spore body 11 60 and 
2 025 in diameter. Trilete rays strongly 
developed, two-thirds the radius of the 
spore body in length. Lip? increasing in 
height gradually, more rapidly near apex to 
form an apical prominence up to 170 in 
heighr. Spores in many specinsenr com- 
pressed so that strong lolds develop on the 
contact areas on each side of and parallel 
to each ray {pl. 5, fig. 9a) . Spores charac- 
terized by single and branching spines that 
are restricted to a zone (pl. 5, fig. 9b) ex- 
tencling from the arcuate ridges to a point 
slightly distal to the geometrical equator. 
Spines up to 170 p long, branching and sin- 
gle (pl. 5, fig. 10) . liemaintlcr ol spore coat 
appearing granulose, about 50 in thick- 
ness, black by reflected licg-13 t. 

Disczissio?i .-The few complete mega- 
spores and fragments I'rom the Battery 
Rock Coal, described above, are not well 
preserved, but as yet are the only spores of 
this species to be found in Illinois coals. 
Even though badly preserved, the branched 
type of spine, the spiuose equatorial Lone, 
and the strong development sf trilete rays 
are unmistakably identical to those features 
on previously described megaspores of Tyi-  
lctes praetextzls. 

Abundant megaspores of Triletes prae- 
textzis, also not well preserved, were found 
in the Pratt Coal from the Warrior Basin 
of Alabama. These range from 750 to 
1080 in diameter (mean 920 lor 13 spec- 
imens) ; their apical prominence ranges 
from 70 to 170 p in height. Only two (750 

and 755 in diameter) possess apical prom- 
inences less than 100 in height. The other 
spores are more tlian 1000 in diameter 
and possess apical prominences of about 
170 EL in height. 14Tlietlicr or not any of the 
smaller megaspores are comparable with 
those clescrnl~cd by Dijlcstra (1952a, 13. 103) 
as T. 131 Q O ~ P A  ~ Z L S  lorma ~tzinor is not known. 
These smaller Solms wcre found by Dijkstra 
only in the Nainurian A-C of Turkey, 
~lihereas the more typical large lorms were 
found in the Tniestphalian. 

Many Leautil'ully preserved spores of 
Trilctes $metcxiz~.~  were lound in the shale 
above the Pinnick Coal (maceration 163), 
Orange County, Indiana. These mega- 
spores, some still in tetraclic association, are 
generally obliquely compressed and range 
from 685 to 1200 in clianieter (mean 
1065 lh  for 19 specimens) . In the same 
tetrad sporcs differ from one another in 
diameter by as m ~ ~ c h  as 104 p. The smallest 
spore observed, probably immature, is 
strongly triangular, as are the immature 
spores ol T.r i l c t f ~  I I Z ~ I I Z I ~ ~ N ) ~ ~ ~ S  illustrated by 
Dijkstra (1946, pl. 3, figs. 14, 15) rather 
than circular in outline, but possess the 
characteristic high ( I  70,,) apical prom- 
inence. 

The range in apical prominence heigli~ 
on thcse spores is lrom 100 to 240 (mean 
190 p) . The ray length ranges from less 
than two-thirds to more than three-lourths 
of the body radius, whereas the diameter ol 
t11c contact area as a wlmle is about three- 
fourths that oC the spore body. The upper 
nrargins of the lips are membranous and 
frilled or notcl~cd to a depth of about 10 p. 
The rays are generally bordered on each 
side by scconclary folds ol the spore coat. 
The distinctive ornamentation is confined 
lo a zone extending distally lrom the junc- 
ture o[ the ray and the arcuate ridge about 
4 1 0  towards the distal pole, extending 
about hall as far distally inteuradidly. The 
spines are usually branched, 13 LO 46 wide 
b:~sally, and have a maximum length rang- 
ing from 140 lo 275 p. Distal to thc equa- 
torial spinose zone the spore coat is orna- 
mented with low (5 p) flattened-hemispher- 
ical tubcrcles about 15 p in diameter. These 
tubercles probably cause thc more or less 
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granulose to rugose appearance of the 
spores under reflected light. The spore coat 
is 56 to 72 a thick and reddish brown by 
transmitted light. By reflected light the 
spores are brown, the spines are glossy dark 
brown basally to more amber colored to- 
wards their extremities. An inner mem- 
brane, apparently unornamented, was seen 
in all spores mounted in balsam and in the 
broken dry spores. 

These spores were first described by Ben- 
nie and Kidston in 1886 as Triletes XIV. 
Zerndt (1934) described them in detail and 
referred them to Triletes praetextus (type 
21 of Zerndt [19311!. He noted the presence 
of the characteristic secondary folds on the 
contact area (1931, pl. 8, fig. 25; 1934, pl. 
26, fig. 4) .  Although Wicher (1934a) in 
his description of T. diff usofdosus-later 
synonym of T .  prae textus (Dijkstra [1946], 
Potonic! and Kremp [1955]f-did not men- 
tion the presence of the serrated upper mar- 
gin of the lips, his figure 23 on plate 8 
showed some indication of this feature. 
There is some question whether or not the 
spores, from Appalachian Basin coals, illus- 
trated by Cross (1947, pl. I, fig. 20; pl. 111, 
figs. 91-94) ancl designated as T .  pmetextzrs 
and T .  praetextus var. I are properly refer- 
able to this species. 

The gcneral occurrence of these spores, 
as reported by Dijkstra (1955a) , is in the 
TYestphalian B and C of most coal basins, 
although they also are present in the West- 
phalian A in Turkey, ancl even in the Na- 
murian of Poland. More detailed records 
of previously reported occurrences were 
given by Dijkstra (1946), Potonik and 
Kremp (1 955) , and Horst (1955) . 

Afinity.-These spores are, according to 
Potoni6 (1954a, 195413) , allied with the 
Hothrodendraceae. 

Occurrence. - Megaspores of Triletes 
p~netex tus are present but poorly preserved 
in the Battery Rock Coal (maceration 
587) , Hardin County, Illinois; common and 
beautifully preserved in the shale (macera- 
tion 163) above the Pinnick Coal, Orange 
County, Indiana; abundant but poorly pre- 
served in the Fratt Coal from the Warrior 
Basin in Alabama. A11 these coal beds are 
of early Pennsylvanian age. 

TRILETES ECHINOIDES Chaloner, 1954 
Plate 6, figures 4, 5 

1954 Triletes echinoides Chaloner (1954b), p. 28- 
29; pl. 11, figs. 3, 4. 

Description.-Megaspores large, origin- 
ally more or less spherical, up to 2.55 mm 
in equatorial diameter (three complete 
specimens measuring 1.76, 2.15, and 2.55 
mm) . Trilete rays highly developed (pl. 6, 
fig. 5b) ; lips fluted, up to 820 in height at 
proximal pole, decreasing in height some- 
what towards extremities of the rays. Con- 
tact areas in some specimens delimited by 
weakly developed arcuate ridges, in some 
specimens bearing tapering spines up  to 
480 in length (pl. 6, figs. 5a, 5b) . 

Distal spore coat bearing long tapering 
spines (pl. 6, fig. 4) up  to 1690 p in length 
and 340 in width, most commonly 700 to 
900 in length and 100 to 200 p in width. 
Spines fluted basally. Small spines variable 
in length and rvidth, up  to 100 p in length, 
occurring among the long distal spines. 

Discewsion.-Chal oner's (1 954b, p. 28-29) 
original description was based principally 
on fragmented specimens as is the one given 
above. Most of the specimens that I ob- 
served were either very poorly preserved 
and very much compressed or apparently 
fusinized. The high degree of compression 
probably accounts for the excessive maxi- 
mum diameter of the spines. These mega- 
spores, on the basis of both groups of meas- 
urements, have a diameter ranging from 
1.76 to 2.66 mm, an apex ranging from GOO 
to 820 p in height, and distal spines ranging 
up to 1630 ,A in length. Megaspores of this 
species are unique in their large size, highly 
developed lips, and long spines. 

They were first reported by Chaloner 
From the Beaver Bend Limestone of Indi- 
ana (early Chester) . The reported occur- 
rences are still restricted to beds ol upper 
Mississippian age in the Appalachian and 
Eastern Interior Coal Basins ol' the United 
States. 

The  botanical alliance ol these unusual 
megaspores is unknown. 

Occurrence. - R4egaspores were found 
mostly as fragments in the upper part of 
the Menard and Golconcla Formations in 
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the H. Forester No. 1 core, Perry County, 
Illinois, and in a plant bed believed to be 
near the base ol the Glen Dean Formation 
(maceration 888) at Big Stone Gap, Vir- 

ginia. Spine fragments, possibly of this spe- 
cies, were notecl in the coal in the Vienna 
Formation (nlaceration 687B) from John- 
son County, Illinois. No positively identi- 
fied fragments have yet been found in coals. 

TR~LETES EREGLIENSIS Dij kstra, 1952 
1952 Trileles eregliensis Dijkstra (1952a), p. 102- 

103; pl. VII, fig. 3. 
TRILETES cI'. T. EKEGLIENSIS 

Plate 6, figure 6 

Discussion.-The three spores found have 
equatorial dimensions of 940 p, 101 0 p, and 
1 130 p, respectively. They are matte brown 
by reflected light, opaque by transmitted 
light. Closely spaced, irregularly formed, 
distal papillae, up to 25 in length, give a 
dark brown to black appearance to the dis- 
tal coat. Although the ornamentation is 
very similar to that shown by Dijkstra, 
these three spores are smaller, have slightly 
higher lips, and more prominent arcuate 
ridges, especially at the juncture of the 
ridges with the trilete rays. The ridges are 
similar to a very thick, short flange, the 
distal surface of which appears free 01 orna- 
mentation. Two of the spores, although 
partially torn apart, are still in tetrad asso- 
ciation (pl. 6, fig. 6) .  Immature spores 
might be expected to have more prominent 
ridges than mature spores. 

Dijkstra originally described Triletes 
eregliensis-one complete spore and several 
broken ones-from the Westphalian D of 
Turkey. Pihart (1957) reports one small 
specimen (720 p) from the Upper West- 
phalian C of Belgium. 

Occurrence.-These spores were found in 
one sample of the Tarter Coal (maceration 
604A), Fulton County, Illinois. 

Genus TRILETES? 
TRILETKS? SATTURNIPUNCTATUS n. Sp. 

Plate 10, figure 11 

Description.-Spores are rather small for 
megaspores, originally somewhat oblate to 
disk-shaped, rounded triangular in equa- 

torial outline, ranging from 325 to 440 p 
in diameter (mean 400 p for 20 specimens) . 
Trile te suture is distinct, generally open; 
trilete rays extend rnore than two-thirds 
the spore radius, possessing no labial devel- 
opment. 

Spore coat is characterized by a robust 
equatorial rim up to 60 p thick, apparently 
consisting of two layers, a thin inner one 
about 4 to 5 p thick and a thick outer layer. 
Thickness of spore coat at equator equals 
as much as 10 to 16 percent of the total 
spore diameter; diameter of inner spore 
cavity (six specimens) equals 71 to 78 per- 
cent of the total diameter. In side view, 
the outer margin of equatorial rim is 
rounded, occasionally sharp on poorly pre- 
served spores. Spore coat thins to as little 
as 5 ,u thick near proximal pole, decreases 
gradually to 10 p thick at distal pole. Spore 
coat is rarely folded, except for apical cor- 
ners of contact areas. Worn specimens com- 
monly lack central proximal surf ace, some 
of them also lack central distal surface so 
that only the dark circular rim remains. 

Spore coat is minutely but distinctly 
punctate, dark redclish brown to yellow by 
transmitted light, glossy and dark brown 
by reflected light. 

Holotype.-Maceration 916 slide 5, Pope 
Creek Coal (lower 4 inches), Mercer Coun- 
ty, Illinois (pl. 10, fig. 11). 

Discussion,.-Except for size, spores of 
Triletes? suturnipz~nclntus are comparable 
with the smooth-rimmed spores of Denso- 
sfiorites and when seen in cross section 
would have a similar dumbbell shape. The  
outer surface of the spore coat is distinctly 
but densely ornamen tecl with tiny puncta. 
When observed at magnifications less than 
400X, the puncta seem to be oriented in 
convolute rows and cause the crinkled ap- 
pearance of the spore coat. Proximo-distal 
compressions are not always symmetrical in 
outline but may be irregularly rounded tri- 
angular or even compressed into an oval 
outline if the thin proximal and distal sur- 
laces are missing. 

These spores have a size range similar to 
those referred to Bentzisporites bentzii Po- 
tonik and Kremp (1954, p. 161, pl. 20, fig. 
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109; 1955, pl. 7, figs. 48, 50; 1956, p. 124) 
from the Upper Westphalian B and Lower 
Westphalian C of the Ruhr Basin. Potonik 
(1954a, p. 115) referred these spores to the 
Selaginellales-herbaceous lycopods. Al- 
though the spores of Triletes? saturnipunc- 
tatus apparently possess a much thicker de- 
velopment of the coat in the equatorial re- 
gion than do spores of B. bentrii, the rela- 
tionship of the two species may be closer 
than is now suspected. 

The  spores fall within the size range ol 
megaspores, but whether or not they func- 
tioned as megaspores is unknown. Their al- 
liance with the genus Triletes is also in 
question, as there is evidence neither for nor 
against a lycopodiaceous alliance. 

Occurrence. - Triletes? saturnipunctatus 
is common in the lower part, but rare in the 
upper part, of the Pope Creek Coal (macer- 
ations 916, 918) from Mercer County, Illi- 
nois, near the type locality of the Pope 
Creek Cyclothem. The spores have not 
been found yet in samples of Pope Creek 
Coal from other localities. 

TRILETES? CORYCILIS n. sp. 

Plate 11, figures 1-3 

Description .-Megaspores trile te, origin- 
ally spherical or slightly elongate and sac- 
like, generally laterally compressed and 
oval in outline, from 720 to 1350 p in total 
length (mean 1 100 for 10 specimens) and 
from 670 to 11 10 p in width (mean 840 p 

for 10 specimens) . Trilete suture well de- 
fined, generally open; con tact areas small 
in proportion to total spore size with slight- 
ly raised arcuate ridges. Trilete rays from 
110 to 270 in length; contact areas from 
150 to 310 in radial dimension. Contact 
surfaces darker and in some specimens 
thicker than distal spore coat, characterized 
by a centrally located quadrant-shaped scar 
75 to 120 in maximum dimension (pl. 1 1, 
fig. 3) .  The contact area in some speci- 
mens covered by what appears to be a tri- 
radiate "cap" (pl. l l ,  fig. 2) that extends 
outward from spore in a ragged membra- 
nous ridge at the arcuate ridge and along 
rays (pl. 11, fig. 2) . Contact area scars not 
as noticeable when cap is present. 

Spore coat about 5 to 10 thick, granu- 
lose to minutcly fibrous, in some specimens 
appearing much darker and rough-surfaced 
at the distal pole; coat in area of contact 
surface darker, about 8 to 10 p thick. 

Ho1otyfie.-Maceration 798 slide 10, low- 
est coal in a diamond drill core hom the 
Caseyville Group, Wabash County, Illinois 
(pl. 11, fig. 1) . 

Discuwion.-The dimensions given for 
the total length, and especially the width, 
are somewhat approximate because of the 
modified spore shape caused by extensive 
folding of the spore coat. 

The contact area cap is an unusual mor- 
phologic feature and at present its origin is 
not known. When it is present, the char- 
acteristic contact area scars generally are 
not noticeable. The caps could be the con- 
tact surfaces torn from the sister spores of a 
tetrad. 

In shape and in the possession of a some- 
times dark and rough distal area, the spores 
resemble those of Cystosporites. The coat, 
however, is not plainly fibrous, but can ap- 
pear minutely fibrous as does the coat of 
some spores of C. uerrucosus. No abortive 
or immature spores of Triletes? corycilis 
have been recognized. These spores also 
resemble some of the lageniculate spores in 
general body outline except that they do 
not have an expanded apical prominence. 
The shape is also similar to that of some 
seed membranes. Although some membra- 
nous cuticular material bearing cell wall im- 
pressions was seen adhering to some speci- 
mens, its organic connection could not be 
proved. These microfossils are distinctly 
trilete and must have originated in a tetra- 
hedral tetrad. I t  seems unlikely that these 
spores are merely the inner membrane of 
other larger spores. 

At present their lycopodiaceous nature is 
not proved and therefore their reference to 
the genus Triletes is in question. 

Occurrence. - Megaspores of Triletes? 
corycilis are common in and apparently re- 
stricted to the oldest Pennsylvanian coals in 
Illinois and Indiana, the lowest coal (mac- 
eration 798) from a diamond drill core in 
Wabash County, Illinois, and the French 
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kick Coal (maceration 151) , Orange Coun- 
ty, Indiana. 

Genus CYSTOSPORITES Schopf, 1938 

Type Species.-Cystosporites breretonen- 
sis Schopf, by his designation. 

Desc1-iption.-The fertile spores are large, 
some are up to more than 10 mm in length, 
oval or saclike in outline; abortive spores 
are smaller, circular to oval in outline. 
Spores of this genus are fundamentally 
radially symrne trical and trilete. Trilete 
structures are well developed, but incon- 
spicuous, on the fertile forms, because of 
their small size relative to spore size. The  
suture is distinct, and extends to well devel- 
oped arcuate ridges. Lips in many speci- 
mens are moderately developed and in some 
specimens are elongate at apex. A spongy- 
appearing apical cushion or tuft is present 
on both fertile and abortive spores of two 
species. Abortive spores have well devel- 
oped trilete structures but details of con- 
tact areas and sutures may be masked by 
folding or by the apical cushion. Ornamen- 
tation is variable. Spores of one species pos- 
sess spines; those of another have closely 
spaced, low, convex bumps. The  spore coat 
is characterizecl by a fibrous meshlike struc- 
ture, generally best developed in medial 
portions in fertile spores where the coat is 
thinnest. Abortive spores generally have a 
thick granulose-appearing coat. 

Afinity.-As lar as is known, this genus 
is inclusively correlative wi t11 the Lepido- 
carpaceae (Bochenski, 1936; Schopf, 1938, 
1941 a; Chaloner, 1952; Schopl, Wilson, and 
Bentall, 1944) . 

O ccurrence.-A1 though one species has a 
long stratigraphic range, represented both 
in the upper Mississippian and Pennsyl- 
vanian, most of the other presently recog- 
nized species appear to be restricted to the 
Pennsylvanian. Dij ks tra (1 957) recognized 
one species from the Lower Carboniferous 
of Egypt. 

CYSTOSPORITES BRERETONENSIS Schopf, 1 Cl38 
Plate 12, figures 9-11 

1936 Triletes cf. T .  giganteus Zerndt i n  Schopf 
(1936a), fig. 5 (holotype of species, by desig- 
nation of Schopf, 1938). 

1938 Cystosporites breretone,nsis Schopf (in part), 
Cystospri tes  breretonensis forma reticulatus 
Schopf, p. 40-42; pl. 1, fig. 11; pl. 7, fig. 4. 

Discussion.-Spores oT Cys2osporites bre- 
1-e tonensis apparently cannot be differenti. 
atecl from those of C. uariz~s on the basis of 
size, shape, or type of apical prominence, 
but only on the possession of low, convex 
bumps which cause an inverse reticulation 
on the outer surface of the spore coat. The 
holotype specimen is a large fertile spore 
showing both a spongiose apical cushion 
and an inverse reticulate coat in the apical 
region. Attached to the iertile spore are two 
abortive spores which also have a spongiose 
apical cushion and an inverse reticulate 
coat. The  specimens illustrated (pl. 12, 
figs. 9a, 9b, 9c) show the same features that 
the holotype shows. 

I t  is important to note that fertile forms 
of this species possess an apical cushion, as 
do the fertile forms of Cystosporites varius, 
and that whenever fertile and abortive spec- 
imens are still attached, both possess inverse 
reticulate coats. A1 though this ornamenta- 
tion is usually developed over the entire sur- 
face of the abortive spores, it is usually con- 
fined to the proximal half, or less, of the 
fertile spores. Spores of 6. varizu, with no 
apparent inverse reticulation, are apt to oc- 
cur with those ol  6. brerelonensis. They 
are not necessarily found together, nor do 
they necessarily occur in equal numbers 
when found together. 

In  macerations 588, 580, and 520, abor- 
tive spores are associated with strands of 
spongiose material, loosely connected to the 
spore body only at the radial extremities 
and encircling the spores at the position of 
the arcuate ridges. Some oT these spores do 
not have a well developed inverse reticula- 
tion. 

The spores of Cvstos~orites breretonensis 
are not easily distinguished from those of 
C. varius by reflected light. On spores that 
have an extremely well cleveloped inverse 
reticulation, as do some lrom Carbondale 
coals (pl. 12, fig. 11) , the surface ornamen- 
tation can be distinguished by reflected 
light under a binocular rnicroscope. The 
ornamentation is not internal but occurs on 
the outer spore coat surface, nor does it 
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seem to be intimately associated with the 
mesh structure of the fertile spores because 
the fibers of the coat run across the reticu- 
late pattern. Several previously published 
reflected light illustrations (Dij kstra, 1946, 
pl. 14, fig. 154; PotoniP and Kremp, 1955, 
pl. 10, fig. 85) of spores referred to C. varizrs 
appear to be inversely reticulate. 

If the spores were so badly preserved or 
obscured by adhering materials that posi- 
tive identification of Cystosporites brereto- 
nensis was uncertain, they have been re- 
ferred to C. varius. In  addition, the re- 
ported abundances are based on the com- 
parative abundance oE spores of the two 
species on balsam mounts which may or 
may not parallel the actual relative abun- 
dance. 

TWO things need to be clarified: 1) 
whether or not the type of Cystosporites 
uarizls possesses an inverse reticulate orna- 
mentation and 2) whether or not spores like 
those of C. uarius and C. breretonensis may 
occur in the same cone or in cones of the 
same species. 

0cczrrrencc.-Spores of this species are 
apparently absent from coals of the Casey- 
ville Group. They first occur in the Baby- 
lon Coal (maceration 588) and are rare to 
present in the Willis (maceration 625X- 
R) , Rock Island (No. 1) (macerations 626, 
528A, 599B) , hl[a~rphysboro (maceration 
550), New Burnside (maceration 938C), 
Bald Hill (mxceration 520A), an unnamed 
coal bed just above Stonefort (?) (macera- 
tion 554F), and Upper DeLong (?) (mac- 
eration 829) Coals of the Tradewater 
Group. They are abundant in one sample 
of the Rock Island (No. 1) Coal (macera- 
tion 528B). 

In  the Carbondale Group they are com- 
mon to present in some samples of the Col- 
chester (No. 2) Coal (macerations 580, 61 1, 
824, 825, 826), but rare in others (macera- 
tions 579A-B, 603B). They are rare in the 
Harrisburg (No. 5) (maceration 583) and 
Briar Hill (No. 5a) (maceration 633B) 
Coals, and present in the Herrin (No. 6) 
Coal (Schopf, 1938) . 

A few specimens were noted in the In- 
diana VII (?) Coal (maceration 939A . 

CYSTOSPORITES VARIUS (Wicher) 
Dij ks tra, 1946 

Plate 12, figures 5-8 

Sporites varius Wicher (1934a), p. 173-174; 
pl. 8, figs. 3, 4. 
Laevipt i -s fmri tes  varius Wicher (1934b), p. 
89-92; pl. 6, figs. 2-4, 6. 
Cystos;borites breretonensis forina abortivus 
Schopf, p. 40; pl. 1, fig. 10; pl. 8, fig. 4. 
Cystosporites giganteus forma varius (Wich- 
er) Schopf, Wilson, and Bentall, p. 42. 
Cystosporites varius (Wicher) Dijkstra, p. 58- 
59. 
(I differ with his interpretation of C. 
breretonensis as he has it in synonymy and 
text.) 

Dcscrip tion.-Fertile forms of Cystospo- 
rites uarius generally smaller than those of 
C. giganteus, ranging lrom about 1000 to 
4000P in length (Potonik and Kremp, 
1956), typically elongate but well rounded 
proximally and distally in lateral outline. 
Spores characterized by an apical tuft or 
granulose to spongy-appearing trilobate 
mass which is usually wider than high. 
Trilete suture and contact areas obscured, 
cxcept when apical tuft torn away (pl. 12, 
fig. 7) . Spore coat characteristically fibrous 
(pl. 12, fig. 8) and showing mesh structure. 
Abortive spores lrorn 350-1000 in length 
(PotoniP and Kremp, 1956), rounded sub- 
triangular (pl. 12, fig. 6) to round (pl. 12, 
fig. 5) or elongate oval in outline. Apical 
tuft present. Size of tuft or cushion not 
constant, relative to spore-size; those on 
abortive spores may be the same size as 
those on lertile spores. Spore coat thicker 
than on fertile spores, generally finely 
granulose. 

Disczrssion.-A number of spores, noted 
particularly in the Willis, Tarter, and older 
coals, ranged from 990 to 1300 in length. 
Larger spores, probably fertile, were more 
than 2000 in length. The distinction of 
fertile from abortive spores on size alone 
seems rather tenuous. 

Occurrence.-The first occurrence of 
these spores was noted in the "Makanda" 
Coals (macerations 142, 906, 907) of the 
Caseyville Group. They were abundant in 
one sample. 

In the Tradewater Group these spores 
are abundant to common in the "Sub- 
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Babylon" (maceration 144) , Babylon 
(macerations 145B, 588) and Willis (mac- 
eration 625A-13) Coals. They are rare to 
present in the Tarter (macerations 604A, 
901) and Pope Creek (macerations 602, 
916) Coals, lower coal (maceration 950A) 
from Goose Lake, Rock Island (No. 1) 
Coal (macerations 626, 589, 528A-B) , Mur- 
physboro (macerations 550,608), New Burn- 
side (maceration 938B), an unnamed coal 
just above the Stonefort (?) (maceration 
537Q), Wiley (maceration 525B), and De- 
Koven (maceration 519B, 621D) Coals, in 
the unnamed coal (maceration 936) nine 
feet above the DeKoven Coal, and in an 
unnamed coal above the DeKoven (macera- 
tion 35) . They are common in the Bald 
Hill Coal (maceration 520A) and abun- 
dant in the Rock Island (No. 1) (macera- 
tions 929, 599A-B) and New Burnside 
(maceration 938C) Coals. 

In  the Carbondale Group these spores 
are rare to abundant in the Colchester (No. 
2) Coal (macerations 579A-B-C, 580, 582, 
603B, 821, 825, 826). They are rare in the 
Indiana Coal IV (maceration 881), and in 
one sample of the Harrisburg (No. 5) Coal 
(maceration 583) . They are present in the 

Springfield (No. 5) Coal (maceration 630) 
and Herrin (No. 6) (Schopf, 1938) Coal 
and abundant in Briar Hill (No. 5a) Coal 
(maceration 633A) . 

No spores ol Cystosporites uarius have 
been noted in coal beds of the McLeans- 
boro Group. 

CYSTOSPORITES GIGANTEUS (Zerndt) 
Schopf, 1938 

Plate 11, figures 9, 10; plate 12, figures 1-4 

Triletes giganteus Zerndt (1930d), p. 71-79; 
pls. 9-11. 
Triletes giganteus Zerndt, in Zerndt, p. 13, 
fig. 2; pls. 1-5. 
Sporites giganteus (Zerndt) Wicher (1934a), 
p. 172-173; pl. 8, fig. 9. 
Laevigati-sporites giganteus (Zerndt) Wich- 
er (1934b), p. 88; pl. 6, figs. 1-5. 
Cystosporites breretonensis Schopf (in part), 
p. 40-42; pl. 2, fig. 1; pl. 3, fig. 4; pl. 8, figs. 
1, 2. 
Cystosporites giganteus (Zerndt) Schopf, 
1938, in Schopf, Wilson, and Bentall, p. 42. 
Cystosporites giganteus (Zerndt) Dijkstra, 
p. 56; pl. 12, figs. 137, 138; pl. 13, figs. 142- 
145. 

1955 Cystosporites giganteus (Zerndt) Schopf, i n  
Potonik and Kremp, pl. 10, figs. 76-79. 

1956 Cystosfiorites giganteus (Zerndt) Schopf, i n  
Potonik and Kremp, p. 150-152. 

Description. - Fertile forms generally 
large, up  to 11 mm in length, sac-shaped 
but variously folded and crumpled when 
compressed. Trilete structures distinct but 
small in relation to size of spore (pl. 11, 
fig. 9; pl. 12, fig. 2) . Arcuate ridges very 
distinct. Lips may be elongate at apex (pl. 
1 1, fig. 10) , but not of the massive cushion 
type. Spore coat characteristically fibrous 
(pl. 12, fig. 3) ,  usually thinnest and with 

best developed mesh structure medially 
(pl. 11, fig. 10) . Abortive spores ranging 
from 350 to 1000 in total dimension (Po- 
tonil! and Kremp, 1956) , usually round to 
oval in outline (pl. 12, fig. 1) . Trilete 
structures well developed, but thickness of 
coat and frequent radial folds mask details 
of contact areas and apex. Spore coat gen- 
erally thick and granulose. 

Discussion.-Both the fertile and abortive 
spores described by Chaloner (1954b) from 
the Mississippian of this country and the 
ones noted in the Mississippian and in 
some older Pennsylvanian coals in this 
study seem to possess a much more strongly 
developed apical prominence than do those 
in younger coals. The  largest fertile spore 
noted in the upper Mississippian is 6210 
in length; fertile spores in younger coals 
are generally larger. The distinction be- 
tween abortive and fertile isolated spores is 
difficult on the basis of size alone because 
there seems to be a continuous size grada- 
tion in some coals. One example (pl. 12, 
fig. 4), about 1725 in total length, is prob- 
ably 'a  fertile spore and has one abortive 
spore adhering to its coat and a distal ap- 
pendage or "stalk" such as was described by 
Bochenski (1936). Such spores, generally 
lacking distal appendages, can hardly be 
considered abortive, but may never have 
reached maturation. Complete fertile speci- 
mens are generally rare in any one macera- 
tion, probably because they were broken in 
transport, by induration, or in the macera- 
tion process. 

Occurrence.-The Cystos@wites gigan- 
teus spores are present in the coals in the 
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Bethel (Mooretown) Formation (macera- 
tion 943) and Hardinsburg (maceration 
810) Formation of Kentucky. They are rare 
in most samples of the coal in the Vienna 
Formation (macerations 687A, 758, 765) 
of Illinois, but abundant in one sample 
(maceration 168) . They are also present 
in the coal in the Tar  Springs Formation 
(maceration 760) of Illinois. A number of 
specimens were noted in the Upper Stony 
Gap Sandstone (maceration 91 1) of Ken- 
tucky. Therefore, although generally not 
abundant, spores of this species are com- 
monly present in upper Mississippian coals. 

The  spores are rare to present in the 
Lick Creek Coal of the Black Creek Group 
and in the Upper Ream, Blue Creek, and 
Newcastle Coals of the Mary Lee Group of 
the Warrior Basin, Alabama. 

The spores are rare to present in all coals 
of the Caseyville Group, except the Battery 
Rock Coal (maceration 733) from Ken- 
tucky. They are common in older Casey- 
ville coals (macerations 798, 796, 795, 908) . 

Spores are rare to present in coals of the 
Tradewater Group: "Sub-Babylon" (mac- 
eration 144), Babylon (maceration 523A), 
Pope Creek (maceration 602), Murphys- 
boro (macerations 550, 915, 628B), New 
Burnside (maceration 938A), an unnamed 
coal bed just above the Stonefort (macera- 
tion 639) , Wiley (maceration 525A-B) , 
Davis (maceration 6 18A) , DeKoven (mac- 
erations 61 9B, 621 D) , and in an unnamed 
coal bed above the DeKoven (maceration 
35) . 

In the Carbondale Group the spores are 
abundant in some samples of Colchester 
(No. 2) Goal (macerations 824, 825, 826), 
and rare to present in other samples (mac- 
erations 603B-C, 579B-C). The spores are 
rare in the Indiana Coal IV (maceration 
881), abundant in Briar Hill (No. 5a) 
Goal (maceration 633A), and present in 
Herrin (No. 6) Coal (Schopf, 1938). They 
are present in the Indiana VII (?) Coal 
(maceration 939A) , and rare fragments of 
uncertain identity occur in the "West 
Franklin" (maceration 81 3b) Coal. Both 
of these coals are in strata equivalent to the 
McLeansboro Group of Illinois. 

CY~TOSPORITES VERRUCOSUS Dij kstra, 1946 

Plate 11, figures 4-8 

1946 Cystosporites? verrucosus Dijkstra, p. 60-61; 
pl. 15, figs. 161-166. 

1955 Cystosporites verrucosus Dijkstra, in Dijkstra 
(1955c), p. 114-116; pl. A, figs. 1-7. 

Description.-Fertile megaspores saclike 
and more or less oval in outline, usually 
laterally compressed, from 1730 to 3260 
in length (four complete specimens meas- 
ured) . Apical prominence present, partly 
broken away on all specimens examined. 
Spore coat 7 to 21 thick, composed of 
fibers arranged in a meshlike structure with 
the pores or openings in some specimens so 
minute that they are observable only at 
high magnifications (pl. 11, fig. 7) ,  ar- 
ranged in folds radiating from the apical 
region and extending half or less the length 
ol: the spore (pl. I I, fig. 5) .  Spore coat set 
with small, bunt to sharply pointed spines 
25 to 85 in length and 20 to 40 p in diam- 
eter across the base which may be bulbose 
(pl. I I,  figs. 7, 8) . Spines most densely set 
in the apical region, widely spaced distally. 
Converging spinose folds defining the arcu- 
ate ridges, demarcating the distal surface 
from the smooth, frequently folded contact 
areas. Some complete fertile specimens 
possessing a distal appendage (pl. I 1, figs. 
4, 5),  composed of a more or less homo- 
geneous granular material, which is gener- 
ally readily separable from the megaspore 
body. 

Isolated abortive megaspores (pl. I I ,  fig. 
6) more or less spherical, tending to an 
oblate shape in lateral compressions, circu- 
lar in proximo-distal compressions, up to 

41 0 in length (excluding apical prorni- 
nence) and ranging from 320 to 51 5 in 
equatorial diameter. Apical prominence 
spatula-like in shape, up to 307 p in height. 
Apical prominence and contact areas more 
or less ~mornaamentecl. Spore coat densely 
fibrous to granulose, 15 p thick on one 
specimen, set with spines 20 to 40 p in 
length and 10 to 20 in diameter. Abortive 
spores still attached to fertile megaspores 
generally smaller, possessing a less spinose 
or nonspinose coat. 
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Discussion.-The above description of 
the fertile and abortive megaspores found 
in Illinois coals agrees remarkably well 
with that recently given by Dijkstra 
(1955~). His paper should be consulted for 
the listing of synonyms, discussion of the 
various aspects of spore morphology, and 
his reasons for interpreting this species as 
a species of Cystosporites. 

The granulater material adhering to the 
distal portion of the fertile megaspores is 
considered by Dij kstra (1 955c), Chaloner 
(1954a) , and Arnold (1 950) as analogous 
to the "wing-like appendage" or "stalk" de- 
scribed by Bochenski (1936) as attaching 
the fertile megaspore (Cyst osporites gigan- 
tezwtype) to the adaxial wall of the spo- 
rangium of Lepidostrobzts major. A similar 
mode of attachment was noted by Chaloner 
(1954a) in the sporangia of L. nzonospora. 
In this study I noted not only the common 
occurrence of this appendage on fertile 
spores of C. verrucosus but also its occur- 
rence on several specimens relerable to C. 
giganteus. 

The  spore coat of an individual fertile 
megaspore of Cyslosporites verrucosus may 
vary I'rom a dense fibrous mesh, having 
gross fibers and small interstices, to a granu- 
lose-appearing coat. The mesh is most 
dense or the coat most granulose in the api- 
cal region. Coats of the abortive spores ap- 
pear granulose. Coats with the very dense 
mesh structure (pl. 11, fig. S), bear a marked 
resemblance to the coats of' some lagenicu- 
late spores. 

Dijkstra (1955~) found, as I have, that 
the fertile spores of Cystosporites verru- 
cosus possess a fibrous coat, at least in the 
central region of the saclike spore body. 
This fibrous type of coat is a characteristic 
feature of the genus Cystosporites (Schopf, 
Wilson, and Bentall, 1944, p. 41) . In the 
originaI descriptions of Lagenicu la sacccr ta 
Arnold, 1950, and of the spores Lepidostro- 
bus monospora Chaloner, 1954, the spore 
coats were described as granular. However, 
as Dijkstra (1955~) pointed out, high mag- 
nification study by transmitted light is 
usually necessary to distinguish the fibrous 
nature of the spore coat ol C. verrwosus. 
In  Dijkstra's opinion the spores of Lepi- 

dostrobus braidwoodensis Arnold, 1938, 
and Lepidosirobzts nzonospora Chaloner 
1954, and Lngeniczda saccata Arnold, 1950, 
are all comparable to Cystosporites. 

Cystosporzies verrztcos?ls and C. verruro- 
sus-type spores have been reported (Dijk- 
stra, 1955c) from Belgium, Netherlands- 
Westphalian A, B; Great Britain - West- 
phalian B (Lepidostrobus monosporn) ; 
Spain - Westphalian A; U. S. A. (Michi- 
gan) - Westphalian A, B; U. S. A. (Illi- 
nois) - shale above Colchester (No. 2) Coal, 
lower Carbondale - Westphalian D? (E. 
bmidwoodensis) . 

The spores of this species are not very 
abundant in Illinois coals but their frag- 
ments are readily identifiable because of 
the  charac ter i s t ica l ly  fo lded,  dense-  
ly meshed spinose coat. 

Occurrence.-Spores of this species are 
rare in  the "Makanda" Coals (macerations 
905, 907), present in the Pope Creek Coal 
(maceration 91 6) , rare to common in the 
Golchester (No. 2) Coal (macerations 824, 
825, 826), and present in the Indiana Coal 
IV (maceration 881) . Thus, Cystosporites 
uerrucosus is represented by sporadic occur- 
rences in coals of the Caseyville, Trade- 
water, and Carbondale Groups. 

Genus SPENCERISPORITES Chaloner, 1951 
Type species.-Spencerisporites radiatus (Ibrahim) 

n. comb. [Spenrerisporites knrrz~uiskii (7erndt, 
1934, pl. XXXI,  fig. 3) Chaloner, 19511, by 
dcsignation of Chaloner, 1951, p. 862. 

Discussion.-The spores of Spencerispo- 
~ites, although small (generally 300 to 409 
p) for cL1arge" spores, have a distinctive as- 
pect. The  more or less spherical spore body 
is encircled at the equator by a bladder 
which is subtriangular or deltoid-shaped in 
proxirno-distal outline and possesses a mar- 
ginal frill or Aange. The spores commonly 
have strongly developed trilete rays and 
some are characteristically ornamented 
with radial striations on the contact areas. 

The correct generic designation for these 
spores, found isolated, is somewhat in 
question. Similar spores were first described 
from a lycopod cone designated as Lepido- 
stro bus by Williamson (1 879, 1894) which 
Scott (1898) later redescribed and desig- 
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nated as Spencerites. Similar but isolated 
spores were described by Kubart (1910) as 
S. membranacez~s, an incorrect generic des- 
ignation accorcling to the present Inter- 
national Code of Botanical Nomenclature. 

Ibrahim (1932) described spores which 
he designated as Sporonites radiatus, later 
designated as Zonales-sporites rad iatzu Ibra- 
him by Ibrahim (1933) and by Loose 
(1934) . Zerndt in 19% described similar 
spores as Triletes karczewskii. 

The spores of the two species are appar- 
ently identical. Horst (1955, p. 193) stated 
that Zernclt himself was of this opinion. 
Dijkstra (1955a, p. 343) stated, "As there 
exists no doubt that Microsporites kar- 
czewskii and Triletes radiatus (Ibrahim) 
Schopf, Wilson, and Bentall are identical, 
the name karczewskii must be changed into 
radiatus." 

Later Zerndt (1937b) described spores 
somewhat similar to, but distinguishable 
from, those of Ibrahim's Sporonites rad ia- 
tus from the Westphalian E of Bohemia 
and designated them as Triletes gracilis. 
Schopf, Wilson, and Bentall (1944) recog- 
nized three species which they felt were 
referable to three separate genera: T .  radi- 
atus (Ibrahim) Schopf, Wilson, and Ben- 
tall, Endosporites? karczewskii (Zerndt) 
Schopf, Wilson, and Bentall, and Cirratri- 
radites? gracil is (Zerndt) Schopf, Wilson, 
and Bentall. 

Dij kstra (1 946) recognized two species of 
Microsporites, used as a generic term but 
not diagnosed as such: M. karczewskii 
(Zerndt) Dijkstra, and M. gracilis (Zerndt) 
Dijkstra. The  author himself (Dij ksaa, 
1955a) later rejected the name Micro- 
sporitcs in favor of a questionable referral 
to Endosporites [E.? ~ a d i a t u s  (Ibrahim) 
Dijkstra] as Schopf, Wilson, and Bentall 
(1944) had done previously in E.? kar- 

czewskii. 
Because the author (Dijkstra, 1955~1, 

1957) has rejected Microsporites, it cannot 
be considered a valid generic designation 
(International Code, Article 33, see Lan- 
jouw), although Potonik and Kremp 
(1954, 1956) and Horst (1955) consider it 
as such. In  1951 Chaloner fully described 
the spores of Spencerites insignis Scott, and 

silnilar but isolated spores which B=haloner 
relerrecl to Spencerisporites karczewskii 
(Zerndt) CI-~aloner. Pstoni@ and Mrernp 
(1954, 1956) rejected this generic name on 
the basis of the priority of Microsporites 
Dijkstra (which Dijkstra has rejected, as 
noted above) and stated that although nei- 
ther Dij kstra (1 946) nor Chaloner (1 95 1) 
presented generic diagnoses, their in tent 
was the same and was clear from their spe- 
cific descriptions. Unlike Dij kstra, Chalo- 
ner (1951, p. 861-862) did present a clearly 
indicated generic diagnosis. Dijkstra 
(1955a, p. 343) rejected the name Spenceri- 

sporites on the basis of recommendations 
made at the 1951 Heerlen Congress. These 
recommendations have no standing as re- 
gards the In terna tional Code of Botanical 
Nomenclature and cannot be considered as 
a basis for rejecting the name Spencerispo- 
rites. 

Because, in my opinion, these spores are 
not closely related to Triletes, Endospor- 
ites, or Cirmtriradites, because all certainly 
should be referred to the same genus, and 
in view of the above comments, it seems 
that Spencerisporites Chaloner is the only 
correct generic designation. Chaloner (1 95 1, 
p. 862) designated Zerndt's (1934, pl. 
XXXI, fig. 3) specimen as the holotype of 
S. karczewskii which in turn is the type of 
Spencerisporites. Although Zerndt's speci- 
men can be regarded as the holotype, his 
specific epithet is a later synonym of Ibra- 
him" in Sporonites radiatus, so that the 
holotype is correctly referred to Spenceri- 
sporites radiatus (Ibrahirn) n. comb. 

Potonik and Kremp (1 956) recognized 
four species which are: A4icrosporite.s gra- 
cilis (Zerndt) Dijkstra, M .  karczewskii 
(Zerndt) Dijkstra, A4. (Spencerites) mem-  
branaceus (Kubart) n. comb., M .  radiatus 
(Ibrahim) Dijkstra (Potonik and Icremp 
[1956], not Dijkstra, are responsible for this 
combination). I have been able to recog- 
nize only two distinct forms of spores of 
Spencerisporites from Illinois coals. These 
are referred to S. cl. S. radiatus (Ibrahim) 
n. comb. and S. cf. S. gracilis (Zerndt) n. 
comb. Detailed descriptions of these spores 
are given in an effort to shed some light on 
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the morphological changes and intergrada- 
tions between spores of the two species with 
the passage of time. Although only 52 
measured specimens are reported below, 
many more observations and spot-check 
measurements were made during the 
course of this study. 

Diikstra (195510, p. 7 )  stated that Cross 
(1947) reported Triletes mdiatzu (Xbra- 
him) Schopf, Wilson, and Bentall in coals 
of the Appalachian Basin. From Cross' 
(1947, p. 301) description it is more likely 
that Cross was referring to T .  radiatus as 
described by Zerndt (1937a) (T .  ~ad iosus  
Schopf, Wilson, and Bentall) and not to 
T. radiatus (Ibrahim) Schopf, Wilson, and 
Bentall. Cross (1947, fig. 2, p. 287) did, 
however, report the occurrence of Cirratri- 
radites gracilis in the Cedar Grove, Chilton, 
Winifrede, and Coalburg Coals from the 
upper part of the Kanawha Group (Botts- 
ville Series) and from the No. 5 Block Coal 
from the lower part of the Allegheny Series. 
Schopf (1949) noted, in his cliscussion of 
bladdered spores ol this type, the occur- 
rence ol spores similar to those of C. (?) 
gracilis Schopf, Wilson, and Bentall in 
some upper Pennsylvanian coals in Illinois. 
He also questioned Dijkstra's (1946) sug- 
gestion that this species and Ibrahim's 
Sporonites radiatus are closely related. 

A1 though seemingly most abundant in 
older coals of the Caseyville Group of Illi- 
nois, some spores of Spencei-isporites occur 
sporadically in coals of the Tradewater, 
Carbondale, and Mckeansboro Groups. 
Those younger coals in which Spenceri- 
sporites is fairly commonly represented are 
the Willis Coal, DeKoven Coal, No. 5 Coal, 
and a few of the coals in the Mckeansboro 
Group. No spores of Spencerisporites were 
noted in the Warrior Basin coals examined 
or in coals of upper Mississippian age. 

SPENCERISPORITES RADIATUS (Xbrahim) 
n. comb. 

Sporonites radiatus Ibrahim, i n  Potonii., 
Ibrahim, and Loose, p. 449; pl. 16, fig.. 25. 
Zonnles-sporites radiatus (Ibrahirn) Ibrahim, 
p. 28-29; pl. 3, fig. 25. 
Triletes karcxewskii Zerndt, p. 27; pl. XXXI, 
fig. 3. 

Triletes radiatus (Ibrahim) Schopf, Wilson, 
and Bentall, p. 24. 
Endosporites (?) karczewskii (Zerndt) Schopf, 
Wilson, and Bentall, p. 45-46. 
Microsporites karczewskii (Zerndt) Dijkstra, 
p. 64, pl. 4, fig. 40. 
Spencerisporites knrczewskii (Zerndt) Chalo- 
ner, p. 862; figs. 1, 2, 6, '7. 
Endosporites (?) rndintus (Ibrahim) Dijkstra 
(1955a), p. 314-316, 342-343; pl. XLV, fig. 54. 
Microsporites radiatus (Ibrahim) Potonit2 
and Kremp, i n  Horst, p. 192-194; pl. 18, fig. 
15; pl. 119, fig. 16. 
Microsporites radiatus (Ibrahirn) Dijkstra, 
i n  PotoniC and Kremp, p. 157-158; pl. 20, figs. 
449, 450. 

SPENCERISPORITES cf. S. RADIATUS (Ibrahim) 

Plate 13, figures 1-6 

Description .-Spores trile te, commonly 
in proximo-distal compressions, character- 
ized by a more or less circular body cavity 
(in proximal view) which is encircled 
equa torially by an inflated bladder (pl. 13, 
fig. 2) . Bladder triangular to subtriangular 
in proximo-distal outline, more or less disk- 
shaped transversely, widest at opposite ends 
of trilete rays, and possessing a marginal 
flange. Total diameter of spores, including 
bladder and marginal flange, from 272 to 
412 (mean 354 for 27 specimens). On 
any one spore, one diameter, taken from 
corner to opposite midpoint ol interradial 
margin, seemingly longer than the other 
two diameters. Marginal flange from less 
than 15 to 40 wide at corners of bladder 
and less than 10 to 29 wide interradially. 
Total flange width, measured on both sides 
of specimen, averaging 10.5 percent of the 
total spore diameter. On several specimens, 
upper and lower surfaces of bladder at 
equatorial attachment area appear to be 
3 0 p  apart at the juncture of the trilete 
rays and bladder, but only 15 apart at the 
interradial margin. 

Trilete rays generally prominent. Lips 
thin, membranous, some times split apart 
(pl. 13, fig. 1) , straight to sinuous, up to 
36 in height, sometimes expressed as thin 
folds extending from the inner bladder 
margin to outer margin of flange (pl. 13, 
figs. 4, 5a). Each contact area invariably 
ornamented with distinct, fine, sometimes 
broken lines or striations radiating gener- 
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ally from a central area on the contact sur- 
face. Radial striations sometimes appearing 
as coarse gouges (pl. 13, fig. 3 ) ,  as opposed 
to more delicate sinuous striations as shown 
by figure 5b on plate 13. 

Distal side of spore body and, in some 
specimens, distal surface of bladder appear 
smooth. Proximal surface of bladder and 
marginal flange ornamented with vague in- 
tersecting or anastomosing fine folds. 

Spores golden to brownish yellow cen- 
trally, generally very light yellow at flange 
by transmitted light. 

Discz~ssion.-In most details of spore 
morphology these spores, although some- 
what larger, agree with those of Spenceri- 
sporites karcxewskii and of Spencerites in- 
signis as described by Chaloner (1951). On 
one specimen the distal spore body coat is 
twice as thick (4 p) as the thickness given 
by Chaloner. Measurements of the diame- 
ter of the spore body, or body cavity, are 
not given here because it is not measurable 
with accuracy on compressed specimens. 
The compressed specimens studied agree 
with Chaloner's interpretation that the 
marginal flange is a single membrane (al- 
though Potonik and Kremp [I9561 regarded 
it as two membranes) contiguous with the 
upper surface of the bladder. 

The  radial striations on each contact 
face do not all radiate from a common 
point in the center. More or less parallel 
lines extend nearly through the center of 
each contact face from the corners of the 
spore body. The lines, both towards the 
apex and towards the margin of the spore 
body, become more and more flexed near 
their midpoints (pl. 13, fig. 5b) . The gen- 
eral aspect is of slightly superimposed 
finger-prints on each contact area, and al- 
though on some specimens (pl. 13, fig. 3) 
the lines appear straight and as gouges, the 
pattern is more or less the same. These 
lines also appear to extend slightly onto 
the bladder but end at the base of the lips. 

Spores of two slightly different aspects 
are included in this species because inter- 
grading or transitional forms are numerous, 
and any distinction, at present, ~vould have 
to be based on arbitrary numerical values, 
for example, for width of the marginal 

flange. T5ose spores of the lowest coal in a 
diamond drill core in the Caseyville Group 
(pl. 13, fig. 3) in Wabash County, Illinois, 

generally have a narrow marginal flange 
that accounts for 10 percent or less of the 
total diameter, and some specimens possess 
a flange so narrow that it is barely notice- 
able. The intersecting lines on the bladder 
generally are vague. The  trilete rays in 
some specimens are expressed as folds on 
the bladder. They are similar to those illus- 
trated by Horst (1 955, pl. 1 8, fig. 15; pl. 19, 
fig. 16) from the Hruschau zone of the Na- 
murian A in the Mahrische-Ostrau region. 
Smaller but seemingly related spores re- 
ported by Dijkstra (1957) as Endosporites 
chalomri occur in the coal beds of the 
Limestone Coal Group of Scotland. In con- 
tradistinction, those found in the Reynolds- 
burg Coal appear to have a generally wider 
marginal flange accounting for up  to 18 
percent of the total diameter. A more con- 
spicuous ornamentation appears on the 
bladder, in some cases even apiculations, 
and the rays are more commonly expressed 
as folds on the bladder. 

The spores of this s~ecies are distinguish- 
able from those 01 §pencerisfiorites cf. §. 

gracilis by the presence of radial striations 
on the contact areas and by a generally 
narrower marginal flange. 

Previously reported occurrences of spores 
r:ferable to S$encer;slSorites rcrdiatus are 
given in Diikstra (1 946) and Potoni6 and 
Kremp (1956) . In general this species is 
represented in the Namurian A, B?, and 
C? and in the Westphalian A, B, C ,  and 
D?. 

Occurrence.-These spores are most 
abundant, even occurring in masses, in the 
lowest coal in a diamond drill core (macer- 
ation 798) of two Wabash County cores, 
but are rare in two of the upper coals (mac- 
erations 795, 797) of these two cores. They 
are rare in one sarn~le  of the Battery Rock 
Coal (maceration 587) , but are present in 
another sample (maceration 629) . They 
also are present in the "Makanda" Coals 
(macerations 905, 906) and very abundant 
in the Reynoldsburg Coal (maceration 
618). They are rare in the shale above the 
Pinnick Coal (maceration 163) and in tht. 
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Cannelton Coal (maceration 780) from In- 
diana. These spores, therelore, are a fairly 
common constituent in the maceration 
residues of coals in the Caseyville Group. 

A few specimens are found in the Tarter 
Coal (macerations 604A, 901, 914), in the 
Willis (?) Coal (maceration 631) , and in 
the lower part oC the TVillis Coal (macera- 
tion 625B) . Specimens are rarely present 
in one sample of the Rock Island (No. I )  
Coal (maceration 599A) . 

SPENCERISPORITES GRACTL~S (Zerncl t) 
n. comb. 

1937 Triletes gracilis Zerndt (1937b), p. 586-587; 
pl. 10, figs. 1-10. 

1944 Ciwalriradites (?) gracilis (Zerndt) Schopf, 
Wilson, and Bentall, p. 44. 

1946 Microsporites gracilis (Zerndt) Dijkstra, p. 
64-65. 

SPENCERISPORITES cf. S. GIWCILIS (Zerndt) 
Plate 13, figures '7-9 

Description.-Spores of Spencerisporites 
cf. S. gracilis similar to those of S. cf. S. r-a- 
diatzls in general body form, bladder de- 
velopment, and compressional orientation. 
Total diameter of spr,res, int lceclirg bladder 
and marginal flange, from 278 to 468 p 

(mean 378 for 25 specimens) . Marginal 
flange accounting for 10 to 28 percent 
(mean 19.4 percent) of the total diameter. 
Flange width from 25 to 65 at corners of 
bladder and from 15 to 65 p interradially. 
More than three-fourths of the spores have 
a flange width of more than 40 p. 

Trilete rays distinct, lips open in many 
specimens, membranous, in some speci- 
mens expressed as thin Folds on bladder 
(pl. 13, fig. 9) . Contact areas apparently 
not marked by radial striations, in some 
instances showing a n  anastomosing network 
of folds similar to those developed on dis- 
tal areas of central spore body. Bladder 
ornamented with vague anastomosing folds, 
in some specimens appearing radially 
pleated and finely apiculate. Marginal 
flange in some specimens almost smooth, 
pleated, or ornamented with vague inter- 
secting lines; flange generally crenulate or 
scalloped at outer margin and in some in- 
stances clearly demarcatcrl from the outer 
margin of the bladder (pl. 13, fig. 8) . 

Spore coat generally light yellow, central 
portion slightly darker by transmitted light. 

Disczsssion .-These spores are very simi- 
lar in appearance to those originally illus- 
tra ted and described by Zerndt (1937b, 11. 
586-587, pl. 12) as Triletes gracilis, especial- 
ly in the clevelopment ol a wide marginal 
flange ("cler ausserste Sporensaum" of 
Zerndt, 1937b, p. 587) . Zerndt refers to 
small ear-like flaps on the corners, about 
96 wide and 48 long. This feature is 
often cited as characteristic ol' these spores, 
but it is not clearly described or illustrated. 
Zerndt may have been referring to the 
lobe-like aspect of the outer margin of the 
bladder or the outer margin of the mar- 
ginal flange (as shown in his figure 8 on 
plate 12, at the upper righthand corner) . 
The spores described here may appear to 
have a lobe-like outline at the outer mar- 
gin of the marginal flange at two of three 
corners (pl. 13, fig. 9) , but this is caused 
by slight Folds along the margin. Because 
the position 01 the ear-like lobes is not at 
all clear from Zerndt's description or illus- 
trations, I cannot compare adequately these 
Illinois spores to those originally described 
as T. gracilis by Zerndt, and have, there- 
fore, referred to them as Spencerisporiles 
cl. S. gracilis. 

In  comparison to those of Spencerispor- 
ites cf. S. radiatus, these spores have a much 
lighter colored central area, thc proximal 
and distal surEaces of which usually bear 
anastomosing folds (pl. I 3, fig. 8) . The con- 
tact areas have no clearly defined radial 
striations and some even lack the anasto- 
mosing folds. The  marginal rim is, with 
few exceptions, much wider relative to 
total spore size and is not as highly orna- 
mented with anastomosing Colds as are 
spores of S. cf. S. ~adiat.rls (pl. 13, fig. 6 ) .  
The marginal flange may be smooth and 
may be scalloped at the edge. 

The change from the type of flange of 
early Pennsylvanian age (pl. 13, fig. 1) to 
the type of late Pennsylvanian age (pl. 13, 
fig. 9) is rather gradual and no definite de- 
lineation between spores of Spencerispor- 
ites cf. S. rndircizis and S. cf. S. gmcilis can 
be made on the basis of flange width alone. 
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However, none of the specimens here re- 
ferred to §. cf. S. gracilis possesses radially 
striated contact surfaces. Such surf aces are 
shown only by spores found in the Rock 
Island (No. 1) Coal and older coals 
whereas those with anastomosing folds 
rather than radial striations on the contact 
areas are found only in younger coals. 

The marginal flange on spores of the 
Iieynoldsburg Coal (maceration 61 8) ac- 
counts for 9 to 18 percent (mean 13.5 per- 
cent) of the total diameter; the same spores 
have well defined contact area striations. 
The marginal flange on spores from the 
DeKoven Coal (maceration 5 1 9A-B) ac- 
counts for 11 to 19 percent (mean 15.7 
percent) of the total diameter. None of 
these spores has contact area striations. On 
spores from some of the McLeansboro coals 
the marginal flange accounts for 10 to 28 
percent (mean 21 percent) of the total 
diameter. 

The spores to which these Illinois spores 
are compared were originally described by 
Zerndt (1937b) from the Westphalian E 
(Stephanirtn) of Bohemia. 

Occurrence.-This species is represented 
in the Wiley (maceration 525A), Davis 
(maceration 51833) , and DeKoven (macer- 
ation 519A-B) Coals from the upper part 
of the Tradewater Group. These spores are 
fairly common in the lower part of the De- 
Koven Coal. In the Carbondale Group the 
spores are rare in the Colchester (No. 2) 
Coal (maceration 580), rare to common in 
the No. 5 Coal (macerations 630, 879, re- 
spectively'j , and present in the Briar Hill 
(No. 5a) Coal (maceration 633A) . 

In the McLeansboro Group spores of 
this species are rare in a Friendsville Coal 
(maceration 490D) , in the "EaSalle" Goal 
(maceration GOO), and in a coal bed desig- 
nated as the "Divide" Goal (maceration 
811). In the Illinois State Geological Sur- 
vey maceration records, their presence has 
been noted in coal beds designated as "Bo- 
gota," "Newton," Shelbyville, and Trow- 
bridge, mainly from Efhgham, Faye tte, 
and Shelby Counties, Illinois. Many of 
these have been checked as to their identity 
with SpencerisPorites cF. S. gracilis. They 
are common to abundant and well pre- 

served in the "Bogota" Coal (maceration 
133), an upper McLeansboro coal in 
Illinois. 

Genus CALAMOSPORA Schopf, Wilson, 
and Bentall, 1944 

T y p e  species.-Calnmospora hnrtungiana Schopf, i n  
Schopf, Wilson, and Bentall, 1944, by their 
designation. 

Description .-Spores of Calanz ospora are 
trilete and radially symmetrical. Their 
original shape is more or less spherical, so 
that when compressed, they develop char- 
acteristic taper-point lolds of crescentic or 
lenticular outline. Spore size may range 
from 30 to several hundred microns. Horst 
(1955) extended the upper size limit to 

more than 1000 p. Trilete rays are generally 
short, less than one-hall the spore radius in 
length. Lips may be present. Contact areas 
may show some differentiation of the spore 
coat in surface texture or thickening. Spore 
coat thickness ranges from more than 15 
in spores larger than 500 in diameter to 
less than 2 p in those less than 100 ,L in di- 
ameter. The  coat is characteristically 
smooth and highly refractive. 

Disczmion.--Only the larger spores of 
Calamospora, undoubtedly mcgaspores, are 
described in this paper. The smaller mega- 
spores appear to have a long stratigraphic 
range, occurring throughout the Pennsyl- 
vanian in Illinois; the large megaspores 
(C. cf. C. sinuosa) seem to be restricted to 
older coal beds of the Tradewater Group. 

Afinity.-These spores are of sphenopsid 
alliance and may be borne by plants of the 
Sphenophyllales, Equisetales, and Nocgge- 
rathiales. Calanzospora is unique among 
taxa based on spores, in that isospores, mi- 
crospores, and megaspores are included 
within it. 

Occurrence.--Only one poorly preserved 
megaspore, questionably referable to Cala- 
mospora, was found in coals of upper Mis- 
sissippian age. Megaspores referred t o  C. 
laeuigala are present in many of the Penn- 
sylvanian coals; those referred to C. si7luo.m 
occur only in the older coals of the Trade- 
water Group. In  addition, a few specimens, 
indeterminable on the specific level, were 
found in the Rock Island (No. 1) Coal 
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(maceration 599B) and in the DeKoven 
(?) Coal (maceration 554D) . Cnla~nospom 
megaspores are also present in the Jagger, 
Blue Creek, and Newcastle Coals of the 
Mary Lee Group in the Warrior Basin of 
Alabama. 

CALAMOSPORA SINUOSA (Potonie and 
Kremp) ex Horst, 1955 

1955 Cnlamospora (Tri letes)  sinuo F(L (Horst, 1943, 
fig. 3) PotoniC and Kremp, p.  48 (nom. 
nudum). 

1955 Calamospora sinuosa (Horst) PotoniC and 
Kremp, i n  IIorst, p.  155-156; pl. 17, fig. 3 .  

Plate 13, figure 10 

Description. - Spores large, originally 
nearly spherical, developing many taper- 
point folds upon compression. Maximum 
diameter ranging Irom 6 10 to 1020 (mean 
804 for 17 measured specimens) . Trilete 
rays one-third to one-half the spore radius 
in length with lips up to 20 p in height. 
Trile te mark usually incorporated in to 
taper-point folds. Contact areas not differ- 
entiated by spore coat thickening or change 
in spore coat texture. Spore coat ranging 
from 6 to 13 in thickness, golden yellow 
to brownish yellow by transmitted light, 
glossy by reflected light. 

Discz~ssion.-These spores are of the 
same size as those described by Horst 
(1955) but may have slightly higher lips 
and apparently do not show the infra- 
granulate texture of the contact area de- 
scribed by him. Horst's (1 955) suggestion 
that the spores described as Spojitcs plirn- 
tus by Schopf (1938) could be referable to 
Calamosporn s in~~osa  is untenable. Similar 
megaspores are described by Arnold (1944) 
from a sphenophyllaceous fructification, 
Bownzanites delectus, found in a shale be- 
low Cycle "A" at Grand Ledge, Michigan. 
The larger spores range From 660 to 750 p, 
in maximum diameter and some of the 
abortive spores are one-third this size. 
Those illustrated by Arnold (1944, figs. 4, 
7) appear very similar to the one shown 
by figure 10 on plate 13. 

Horst (1 955) originally described this 
species from the Namurian A of Mahrisch- 
Ostrau and west Upper Silesia. 

Occurrence.-These spores are common 
to present in the Willis Coal (macerations 
625A-B, 631) and rare in the Tarter (mac- 
eration 604A) and Babylon (maceration 
523A) Cosls of the Tradewater Group. 

CALHMOSPORA LAEVIGATA (Ibrahim) 
Schopf, Wilson, and Bentall, 1944 

1933 Laevigati-sporites lamigatus Ibrahim, p. 17; 
pl. 6, fig. 46. 

1934 Laevigati-sporiles lamigatus Ibrahim, i n  
Loose, p. 146; pl. 7, fig. 36. 

1934 (Calamiti?)-sporites laevigatus Ibrahim, i n  
Wicher (1934a), p. 172. 

1944 Calamospora laevigatus (Ibrahim) Schopf, 
Wilson, and Bentall, p. 52. 

Plate 13, figure I I 

Description.-Spores originally more or 
less spherical, when compressed developing 
characteristic taper-point folds, maximum 
diameter ranging from 270 to 445 p (mean 
3,36 for 19 specimens). Trilete rays short, 
ranging in length from 15 to 30 percent of 
the spore radius. Labial development usu- 
ally not obvious. Contact areas sometimes 
appearing punctate (pl. 13, fig. 11) . Spore 
coat ranging from 2 to 10 in thickness, 
thicker and darker at contact areas, golden 
yellow by transmitted light. 

Disczrssion.-These spores, which may 
represent several different plants, at pres- 
ent seem to lack distinguishable features. 
They may not properly be referable to C. 
laevigata, because PotoniC and Kremp 
(1955) stated that there is no contact area 
differentia tion on spores of this species. 
The size range of the Illinois spores is iden- 
tical to that given by both Potonit? and 
Kremp (1 955) and by Horst (1955) . How- 
ever, the coat thickness of the Illinois 
spores ranges frotn less than to greater 
than the limits given by these authors. 

Horst (1955) recorded Calamospora 
laevigata from the Namurian A of the 
Mahrisch-Ostrau region and from the West- 
phalian A oI the west Upper Silesian re- 
gion. Potonik and Kremp (1955) recorded 
this species from the Upper Westphalian B 
of the Ruhr Basin. 

0cczrrrence.-These spores are present to 
rare in Gaseyville coals (macerations 795, 
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796, 797, 908). They also are present to 
rare in the following Tradewater coals: 
Babylon (maceration 588) , Tarter (macer- 
ation 901), Rock Island (No. 1) (macera- 
tion 929), Bald Hill (maceration 520A) 
and an unnamed coal above DeKoven 
(maceration 35) . In  the Carbondale Group 
they are generally present in the Colchester 
(No. 2) Coal (macerations 611, 579C, 
603B-C, 826, 582), in the Summum (No. 4) 
Coal (maceration 463), and in the Grape 
Creck (No. 6) Coal (maceration 878). 
Spores of this species are rare in the Indi- 
ana IV (maceration 881) and Springfield 
(No. 5) (maceration 630) Coals, but seem to 
be common in the Briar Hill (No. 5a) 
Coal (maceration 633A) . In  the McLeans- 
boro Group they are present in the Indiana 
VII (?) Coal (maceration 939A), the "Bo- 
gota" (maceration 133), and "Woodbury" 
(maceration 703) Coals; common in the 
Friendsville Coal (maceration 490D) ; 
abundant in the "LaSalle" (maceration 
600) ancl Friendsville (?) (maceration 
136) Coals. 

Plate 13, figure 12 

This spore is 185 in diameter, much 
smaller than the spores of Calamospora cf. 
C. laeuigata with which it occurs. The 
spore coat is extremely thick in relation to 
spore size, especially at the contact area. 
This single example was found in the "La- 
Salle" Coal (maceration 600) of the 
McLeansboro Group. 

Genus MONOLETES (Ibrahim) Schopf, 
Wilson, ancl Bentall, 1944 

T y p e  species.-Monoletes ouatus Schopf, by desig- 
nation of Schopf, Wilson, and Bentall, 1944. 

Description.-Prepollen of Monoletes 
appear bilateral and monolete a1 though 
they are asymmetrically bilateral in that 
the suture deviates from a straight line and 
exhibits a characteristic angular deflection 
medially. Occasionally what may be a short 
vestigial ray is observed at the point of de- 
flection. Schopf, Wilson, and Bentall 
(1944) noted that the prepollen may have 

originated in tetrahedral tetrads. Com- 
pressed specimens are nearly circular to 
rounded lenticular in outline, ranging 
from slightly more than 100 p to more than 
500 in length. The distal surface on ex- 
panded prepollen is oltcn marked by two 
longitudinal grooves separated by a well 
rounded umbo. Compressed examples usu- 
ally have longituclinal lolds parallel to the 
distal grooves. The coat is minutely granu- 
lose, up  to 18 p thick proximally and dis- 
tally, sometimes less than 5 thick at the 
base of the distal grooves. ,4n inner mem- 
brane is frequently present. More complete 
discussions of the morphology ol iMonoletes 
prepollen were given by Schopf (1938) , 
Schopf, Wilson, and Bentall (1944), and 
Schopf (1948) . 

Discussion.-Schopl, Wilson, and Ben- 
tall (1944) pointed out that the two recog- 
nized species, A4onoletes ovatus Schopf and 
Ad. ellipsoides (Ibrahim) Schopf, are wide- 
ly distributed and must still be regarded as 
rather generalizecl types. Prepollen of these 
two species were distinguished by Schopl 
(1938) on the basis of published descrip- 
tions and illustrations available at that 
time which indicated that M .  ellipsoides 
lacked distal grooves. I t  now appears, with 
the illustration of the type of M. ellipsoides 
by Potonik and Kremp (1956, pl. 22, fig. 
-178) that these spores also possess distal 
grooves. I t  would seem that morphological 
I'eatures ol prepollen of the two species 
overlap to a considerable degree. 

Potonik and Kremp (1 956) recognized 
Monoletes aureolus Schopf as a species ol 
Schopfipollenites, a synonym of Monoletes, 
but Schopf, Wilson, and Bentall (1944) 
referred this species to Zonalo-spar-ites 
Ibrahim. This prepollen is similar to that 
of Monoletes but appears to have a thin 
outer coat and thick inner coat. 

The  specimens illustrated on plate 14, 
figures 1 to 9, show some of the natural, 
compressional, and preserva tional varia- 
tions in aspect of isolated, compressecl 
Monoletes prepollen. At present there is 
no advantage to relerring these to either of 
the two widely cited species, although some 
could reaclily be referred to iW. ovatz~s 
Schopf. 
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Afinity.-These prepollen grains are 
pteridospermic and probably largely co- 
extensive with the Medullosaceae (Schopf, 
Wilson, and Bentall, 1944) . Some may lack 
distal grooves, as do those of Codonotheca 
(Schopf, 1948), but all seem to be charac- 
terized by a medially deflected suture. 

0ccz~rrence.-According to  Di j  ks t ra  
(1955a) , this prepollen is found in the 

Westphalian and Stephanian of European 
coal basins. 

Plate 14, figures 1-10 

Disczission. - Very few specimens of 
1Uonoletes were noted to lack the distal 
longitudinal folds as are typically shown 
by figures 6 ancl 9 on plate 14. Many speci- 
mens (pl. 14, fig. 8) from the 'West Frank- 
lin" Coal exhibit long thin folds of the 
coat, but these generally are variously dis- 
posed relative to the long axis. All ex- 
amples observed have a medially deflected 
suture and some appear to possess a third 
ray (pl. 14, figs. 5, 7, 9) . The third ray 
shown by figure 5 on plate 10 is 26 lu in 
length. One of the smallest prepollen, and 
also one of the oldest specimens, is 200 lu 
in length (pl. 14, fig. 1) ; one of the more 
robust specimens is more than 500 1u in 
length (pl. 14, fig. 6) . 

In  a few prepollen grains of many differ- 
ent samples of coal, the inner membrane is 
observed to be pulled away from the outer 
coat (pl. 14, figs. 1, 3, 4, 7) . In  any one 
prepollen mass where most specimens ap- 
pear "normal," one or two may have 
"shrunken" inner membranes. The speci- 
men illustrated by figure 7 on plate 14 is 
similar to those originally described as 
Mono7etes aureolus b y  Schopi (1938). Al- 
though the inner body of this specimen is 
very dark-the negative of this illustration 
required extensive dodging in order to 
show central detail-the inner coat is only 
6 thick, a few microns thicker than the 
inner coat of the holotype of M. aureolus. 
The outer coat, poorly preserved, appears 
very thin, but is actually about 20 1u thick 
around the margin. The holotype of Af. 
aw-eolus also appears to have an outer coat 

of similar thickness. Although the pre- 
pollen may represent a distinct species of 
Monoletes, it also is possible that it repre- 
sents "sports" of prepollen which, if nor- 
mally developed, might be referred to iM. 
ovatus. Such "sports" of Spencerisporites 
also possess much smaller and darker cen- 
tral bodies than do the majority of spores 
of Spencerisporites. 

iVonoletes prepollen often occurs in 
masses, as that shown in figure 10 on plate 
14, from the "Divide" Coal in which Mono- 
letes is abundantly represented. The pre- 
pollen is very glossy under reflected light. 

Occurrence.-Monoletes is not repre- 
sented in upper Mississippian coals. No 
prepollen was observed in the coals of the 
Black Creek, Mary Lee, or Pratt Groups 
from the Warrior Basin of Alabama, al- 
though resin rodlets, of medullosan origin 
and in many instances associated with 
Monoletes prepollen, were present in some 
of the coal beds of the Black Creek and 
Mary Lee Groups. 

iMonoletes is commonly represented in 
two coals (macerations 795, 910) and 
sparsely represented in other coals of the 
Caseyville Group. The  prepollen is first 
abundant in the Babylon Coal (maceration 
588). I t  is also abundant in one sample of 
the Rock Island (No. 1) Coal (maceration 
528B) and in two Tradewater coals (nlac- 
eration 950, 9518) from Goose Lake, 
Illinois. 

Monolc tes prepollen is generally present 
to common in most coals of the Tradewater 
Group ancl may be abundant in the Col- 
chester (No. Z ) ,  No. 5, Briar Hill (No. 
5a), and Herrin (No. 6) Coals of the Car- 
bondale Group. In  the McLeansboro 
Group, prepollen is common in the Indiana 
VII (?) Goal (maceration 939A) and the 
"T4Test Franklin" Coal (maceration 83 1) ; 
abundant in the Friendsville Coal (macera- 
tions 153, 135, and 490D) , the "Divide" 
Coal (maceration 81 1) ; present in the 
"LaSalle" Coal (maceration 600), the "Bo- 
gota" Coal (maceration 133), and the 
"Woodbury" Coal (maceration 703) ; rare 
in the Friendsville (?) Coal (maceration 
136). AIonoletes is also known from the 
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Danville (No. 7 ) ,  Macoupin, and Flanni- 
gan Coals. Very few samples of Tradewater 
or younger coals lack Mon,oletes prepollen. 

Genus PARA~PORITES Schopf, 1938 
T y p e  species.-Pa?~as$or.iles mnccnbei Schopf, 1938, 

by monotypy. 

Descr-iption.-These prepollen grains are 
characterized by opposite and distally dis- 
posed bladders, appearing bilateral1 y sym- 
metrical. Fundamentally they are radially 
symmetrical and possess a proximal trile te 
mark. Two of the rays, extending more or 
less towards the lateral bladders, may be 
well developed; the third ray is shorter 
than the other two and commonly indis- 
tinct. The over-all dimension as given by 
Schopf (1938) and Schopf, Wilson, and 
Bentall (1944) is as much as 300 p. The 
spore body is round to oval. The body wall 
is relatively thicker than the bladder mem- 
brane, which extends completely around 
the body but is expanded into bladders 
only laterally and may be rugose. 

Afinity.-The affinity of these prepollen 
grains is still in question. Schopf, Wilson, 
and Bentall (1944) stated that they may 
be allied to the pteridosperms, cordaita- 
leans, or conifers. 

Occurrence.-Previous records of the oc- 
currence 01 these microfossils show them 
restricted to coal beds of the upper Carbon- 
dale and lower McLeansboro Groups of 
Illinois (Schopf, Wilson, and Bentall, 
1944). Present information extends their 
stratigraphic range down to the Rock Is- 
land (No. 1) Coal of the Tradewater 
Group. This genus has not been reported 
in other coal basins. 

Plate 14, figures 11, 12 

Discussion.-Relatively few specimens 
were found in any one sample and there- 
fore there is no adequate basis either for 
referring them to the one described species 
or for making formal distinction on the 
specific level. The  total size, including 
bladders, ranges from 257 to 340 p. 

In general the specimens found in Trade- 
water coals seem to have slightly thicker 

bladder membranes and a more ovoid body 
outline (pl. 14, fig. 12) than do those illus- 
trated by Schopl: (11938) for Parasporites 
rnaccabei. The specimen shown in figure 11 
on plate 14 also has a more ovoid body 
outline and the bladders are disposed lat- 
crally and distally. The convolute rugose- 
appearing folds seem to be a result of the 
bladder membrane folded upon compres- 
sion rather than the expression ol: rugosity 
of the spore body coat. The medial deflec- 
tion of the suture is commonly obvious, but 
the third ray is generally not apparent. 
Wrinkled and poorly preserved specimens 
of Monoletes, as were noted in three differ- 
ent coal beds, are superficially similar in 
appearance and could easily be mistaken 
for Purasporites. 

Occurrence.-Parnsporiles is represented 
in the Rock Island (No. 1) (maceration 
589), Miiley (maceration 525A-B), Davis 
(maceration 5 1 8A) , De Koven (maceration 
519A) Coals, and an unnamed coal above 
the DeKoven (maceration 35), all of the 
Tradewater Group; in the Colchester (No. 
2) (macerations 579B-C, 582), No. 5 
(Schopf, 1938; Schopf, Wilson, and Bentall, 
1944) , Harrisburg (No. 5) (maceration 
879), and Herrin (No. 6) (Schopf, 1938; 
Schopf, Wilson, and Bentall, 1944) Coals of 
the Carbondale Group; and in the "Di- 
vide" (maceration 8 1 1) , Friendsville (mac- 
erations 135 and 490D) Coals of the 
McLeansboro Group. Parasporites is also 
known from the Danville (No. 7) Coal. 

The prepollen seems to be most common 
in an unnamed coal above the DeKoven, 
Colchester (No. 2 ) ,  Herrin (No. 6) , and 
the Friendsville Coals, although compared 
to Monoletes, Parasporites is represented 
by an insignificant number of prepollen. 

DESCRIPTIONS OF "SMALL" SPORES 

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

PUNCTATISPORITES OBESUS (Loose) 
Potonik and ICremp, 1955 

1932 Sfloronites obesus Loose, i n  Potonie, Ibra- 
him, and Loose, p. 451; pl. 19, fig. 49. 

1934 Laeviguti-sporites obesus Loose, p. 145. 
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1944 Calarnospora (?) obesus (Loose) Schopf, Wil- 
son, and Bentall, p. 52. 

1955 Punctatisporiles obesus (Loose) Potonie and 
Kremp, p. 43-44; pl. 11, fig. 124. 

Plate 15, figures 1, 2 

Description.--Small spores of Punctati- 
sporites cf. P. obesus are circular to round- 
ed subtriangular, generally proximo- 
distally compressed, range from 11 1 to 
151 in diameter. Trilete suture is distinct, 
commonly open; rays extend 26 to 35 
from proximal pole, equalling in length 
35 to 55 percent of the spore radius. Labial 
development is lacking. Spore coat is 3.8 
to 5 thick, outer surface smooth, some- 
times infrapunctate, brown to brownish 
yellow by transmitted light. 

Discussion.-The Punctatisporites spores 
are apparently identical to those originally 
described by Loose ( 1  932, p. 451) as 
Sporonites obesus, later described by Po- 
tonik and Kremp (1955, p. 43-44) as Punc- 
tatisporites obesus (Loose) . The maximum 
diameter of the lllinois spores is less than 
that given by Loose, but somewhat greater 
than that given by Potonie and Kremp. 
Ray length on the Illinois spores ranges 
between one-third of the spore radius (the 
measurement originally given by Loose) 
and a little more than one-half of the spore 
radius (the measurement given by Potonik 
and Kremp) . 

Horst (1955) described similar spores 
from the Namurian A and B and the West- 
phalian A. These generally are smaller and 
have a somewhat more variable coat thick- 
ness and longer rays than those typical of 
the species. 

Potonik and Kremp (1955) stated that 
the spores of Punctatisporites, as they in- 
terpret the genus, could be allied with the 
Psilopsida, Filicineae, and Cycadofilici- 
neae ? . 

Punctatisporites o besus occurs in the 
Middle and Upper Westphalian B in the 
Ruhr Basin (Potonik and Kremp, 1955). 

Occurrence.-Spores are common in the 
M7illis Coal (macerations 625A-B) from 
Gallatin County, and are present in the 

Tarter Coal (maceration 901) from War- 
ren County, Illinois. 

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

RETICULATISPORITES IRREGULARIS 

Kosanke, 1950 
1950 Reticdat ispori tes  irregularis Kosanke, p. 26; 

pi. 5, fig. 1. 

RETICULATISPORITES cf. R. IRREGULARIS 

Plate 15, figure 3 

Discussion. - The spore of Reticulati- 
sporites cf. R. irregularis is 158 in diame- 
ter, 32 larger than the maximum diameter 
given by Kosanke, and shows trilete rays, 
about 20 long, in a vaguely defined circu- 
lar area. The  species apparently is re- 
stricted in occurrence to the "Sub-Babylon" 
Coal. 

Occurrence.-This specimen was found 
in the "Sub-Babylon" Coal (maceration 
144), Fulton County, Illinois. 

Genus RENISPORITES, n. gen. 
T y p e  species.-Renisporites confossus (pl. 15, figs. 

4, 5), from the Willis and Tarter Coals in 
Illinois. 

Symmetry .-Spores of Ren isporites are 
bilateral, monolete. 

Shape.-Spores originally expanded bean- 
shaped, oval in plane of longitudinal sym- 
metry, more or less round in transverse 
plane. Compression is generally along lon- 
gitudinal axls, rarely in transverse plane. 

Size.-Greates t dimension is length, from 
126 to 217 p. 

Ornamentation.-Spore coat is smooth 
with scattered puncta or pores completely 
traversing the spore coat. There are gener- 
ally two subcircular areas of closely spaced 
puncta, oriented at the geometrical equator 
and in the median transverse plane, one on 
either side of the suture. 

Hap totypic features.-Suture is straight, 
monolete, some specimens have low, vague- 
ly defined, membranous lips, usually longer 
than half the length of the spore. Well de- 
fined arcuate thickenings are present, at 
least at ends of suture and in some speci- 
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mens extending completely around and 
close to the suture. 

Spore coat.-Coat ranges from 2.5 to 10 p 
in thickness, thickest around ends of su- 
ture, golden yellow to yellowish brown by 
transmitted light. 

Afinity.-Unknown. 
Disczission. - Spores of this genus are 

much larger than most of those referred at 
present to the genus Laevigatospori tes 
(Ibrahim) Schopf, Wilson, and Bentall. 
Spores of Renisporites have a much thicker 
spore coat and more clearly defined arcuate 
ridges. The  distinctive ornamentation, dis- 
crete puncta completely traversing the coat 
and groups of puncta, is unknown, at pres- 
ent, on the spores of Laevigatosporites or 
on any other plant spore. The  puncta are 
superficially similar to those found on the 
unrelated disseminules of Tasrnanites. 

The  spores of Renisporites cannot be 
considered, on the basis of present informa- 
tion, as of medullosan affinity because of 
their generally smaller size, lack of distal 
grooves, straight rather than medially de- 
flected suture, and punctate ornamentation. 
In  size they are comparable with, but 
slightly larger than, the spores of the 
medullosan Dolerotlzeca villosa Schopf 
(1948), but do not possess the distal 

grooves. Spores of Codonotheca do not pos- 
sess distal grooves (Schopf, 1948) , but do 
have the typical deflection in the suture. 

Because of the size of these spores, one 
would expect only a few to be found in the 
minus 65-mes5 residue upon which small 
spore studies are based; unless very com- 
mon, these spores would scarcely be notice- 
able in the plus 65-mesh residue, especially 
if the residues are examined dry. 

Renisporites is apparently represented 
only in the Willis and Tarter Coals of Illi- 
nois, but not in all samples of these two 
coal beds that were examined. The  correla- 
tion of the two coals has been confirmed om 
the basis of small spores (Kosanke, 1950). 

RENISPORITES CONFOSSUS n. Sp. 
Plate 15, figures 4, 5 ;  text figures 4, 5 

Descrip t ion.-Spores monole te, large for 
"small" spores, generally compressed par- 

LENGTH 

7 

BREADTH 

TEXT FIG. 4 (above).-Length-breadth measure- 
ments, groups in 10 p intervals, from 59 spores of 
Renisporiles confossus. Lined area represents 
holotype. 

TEXT FIG. 5 (below).-Length-breadth proportions of 
spores of Renisporites cotzfossus, based on meas- 
urements given in text figure 4. Lined area rep- 
resents holotype. 

allel to the long axis, but rarely folded, 
probably originally of a somewhat rotund 
bean-shape. Length ranging from 126 to 
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217 (mean 172.5 for 65 specimens) ; 
breadth from 113 to 179 p (mean 145 for 
59 specimens) ; length-breadth ratio (text 
fig. 5) averaging 1.19. Monolete suture dis- 
tinct, in some specimens open, averaging 57 
percent (range 44 to 86 percent) of the 
spore length, between extremes of 75 and 
15 1 p. Suture terminations usually masked, 
in proximo-dis tal compressions (pl. 15, fig. 
5a), by an arcuate thickening of the spore 
coat. Thickening most conspicuous around 
the ends of the sutures (pl. 15, fig. 4) ,  some- 
times extending as an elongate oval band 
completely around suture. Lips difficult to 
distinguish, membranous, up to 3.7 in 
height. 

Spore coat bearing characteristic and 
unique type of punctate ornamentation. 
Discrete puncta or pores, completely trav- 
ersing spore coat and appearing larger at 
outer surface of coat, scattered randomly 
over spore coat (pl. 15, fig. 5a), commonly 
10 to 20 p apart. Generally two fairly well 
defined subcircular areas of closely spaced 
punctae, also completely traversing spore 
coat (pl. 15, fig. 5b), occurring at the geo- 
metrical equator on either side of the su- 
ture, roughly in the median transverse 
pla.ne (pl. 15, fig. 5a) . Puncta group meas- 
uring 25 to 40 across, sometimes much 
larger. 

Spore coat highly translucent, golden yel- 
low to yellowish brown by transmitted 
light; coat from 2.5 to 10 p thick, thickest 
near terminations of suture (pl. 15, fig. 4) . 

Ho1otype.-Maceration 625B-f slide 2, 
lower part of the Willis Coal, Gallatin 
County, Illinois (pl. 15, figs. 5a, b) . 

Discussion.-The histogram presented in 
text figure 5 characterizes the shape of these 
spores. The  Few specimens that possess 
longitudinal folds are not included. There- 
fore, the slight skewness-more spores tend- 
ing beyond the mean towards the elongate 
rather than isodiame tric proportions-can- 
not be an expression of the tendency to 
form elongate folds as it is for spores of 
Monoletes ouatus (Schopf, 1938, fig. 2, p. 
44) . In  comparison to spores of M.  ouatus, 

these spores tend to be more isodiametric in 
shape. 

The  actual measurements of length and 
breadth are shown in text figure 4. Al- 
though 126 p is given in the text above as 
the minimum spore length observed, this is 
not indicated on the histogram (text fig. 4) 
because the breadth of this spore is not 
measurable. 

The spore coat has a high translucency, 
somewhat similar to that of the larger 
spores of Calamospora. I t  may appear 
thicker (pl. 15, fig. 5b) in the area of the 
puncta groups. The  puncta and suture do 
not show as clearly on unstained specimens 
as on the stained ones (compare figures 4 
and 5a on plate 15) . 

Although the groups of puncta are gen- 
erally two in number, one on either side 
of the suture, there is some variation in the 
number, position, and size of the groups. 
The holotype (pl. 15, figs. 5a, b) and the 
spore shown by figure 4 on plate 15 are typi- 
cal examples. On the latter spore one 
puncta group is in sharp focus whereas the 
other, on the opposite side of the spore, is 
out of focus, just above and to the right in 
the photograph. 

A few spores have scattered discrete 
puncta; one has three groups of puncta; 
another has two puncta groups covering at 
least half the spore coat area; the largest 
spore is completely covered with closely 
spaced puncta. Worn or poorly preserved 
spores merely have shredded holes in the 
coat at the position of the puncta groups. 
Those specimens that do not have puncta 
groups appear shallowly infrapunctate. It 
is possible that this ornamentation is initi- 
ated on the inner surface of the spore coat. 

Occurrence.-Renisporites confossus is 
abundantly represented in the lower part 
(maceration 625B) , but less abundantly in 
the upper part (maceration 625A) of the 
Willis Coal, Gallatin County, and in the 
Tarter Coal (maceration 901) , Warren 
County, Illinois. A poorly preserved spore, 
questionably referable to this species, was 
found in a coal in the Mansfield (?) Forrna- 
tion (maceration 779) in Indiana. 
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OTHER MICROFOSSILS OF THE, PLUS 
65-MESH RESIDUES 

Plant spores are not the only microfossils 
found in macerated coal residues. Other 
microfossils, such as fragments of cuticle 
that may bear the impressions of the orig- 
inal underlying epidermal cell structure, 
seed membranes, resin blebs and rodlets, 
sporangial masses of small spores, or woody 
fragments, are abundant constituents of 
some residues. 

Some papers that are specifically devoted 
to seed membranes (Arnold, 1948; Schemel, 
1950b) have been published in this coun- 
try. Harris (1 956) has recently emphasized 
the importance of the study of fossil cuticle. 
Brief mention is given below to some of the 
various types of plant and animal (?) mi- 
crofossils that were encountered during this 
study. 

Plate 15, figures 6, 7 

Two ovoid sporangial masses, enclosed in 
a thin membrane, were picked from the 
maceration residue of the Tarter Coal 
(maceration 604A) . The more or less com- 
plete specimen (pl. 15, fig. 6) is about 
4200 in over-all dimension. The  broken 
specimen, about 2900 in length, was dis- 
sected and found to contain a mass of spores 
similar to those of Densosporites lobatus 
Kosanke. These spores also were seen at 
the margins of the complete specimen. 
Somewhat smaller, but empty, sporangial 
sacs showing cell patterns similar to that 
illustrated by figure 7 on plate 15 were seen 
in prepared slides of the shale (maceration 
163) above the Pinnick Coal of Indiana. 

Abundant spores of Densosporites loba- 
tus were associated with the sacs, but their 
origin in the sacs is not demonstrable as 
it is with those from the Tarter Coal. Of 
course, many sporangial masses of other 
kinds of small spores, such as Schulzospora 
in the Mississippian and early Pennsyl- 
vanian, also were noted, but Densosporites 
masses are described here because the 
spores commonly are not found in masses 
and little was known of their affinity until 
the recent discovery of this type of spore in 

the lycopod cone Sclaginellites canon b iensis 
Chaloner (1958a) . 

Plate 15, figures 8-10; plate 16, figures 1, 2 

Seed membranes are present in many 
coals, but are especially abundant in the 
coal in the Ta r  Springs Formation, the 
"Sub-Babylon" Coal, and in one of the im- 
pure coals from a sinkhole deposit. Some 
of the seed membranes from the coal in the 
Tar  Springs Formation are extremely large 
(pl. 15, fig. 9) ,  and some have well pre- 
served apical caps (pl. 15, fig. 10) . Large 
seed membranes also are present in the coal 
in the Bethel (Mooretown) Formation. 
Although the one shown from the Willis 
Coal (pl. 16, fig. 1) is well preserved, the 
folds have obscured details of the apical 
pmtion. Membranes like that shown in 
figure 2 on plate 16 are fairly common in 
McLeansboro coals. 

One of the most conspicuous seed mem- 
branes is illustrated in figure 8 on plate 15. 
Many ol these membranes, very similar to 
those described as Spermatites reticulatus 
by Arnold (1948), occur throughout the 
Pennsylvanian. They were not noted in 
coals of upper Mississippian age or in those 
that were studied From the Warrior Basin. 
In the Caseyville Group they occur in the 
Wayside (maceration 609), Battery Rock 
(macerations 908, 909) , and Reynoldsburg 
(maceration 618) Coals and in an un- 
named coal (maceration 798). In  the 
Tradewater Group they occur in the Baby- 
lon (maceration 145A-B) , Willis (macera- 
tion 625A-B) , Pope Creek (maceration 
916) , Rock Island (No. 1) (macerations 
528B, 599B), New Burnside (maceration 
938C) , Murphysboro ( )  (maceration 
628B), Bald Hill (maceration 520A), and 
Wiley (maceration 525A-B) Coals. 

In  the Carbondale Group they occur in 
the Colchester (No. 2) (macerations 824, 
603C) and Briar Hill (No. 5a) (macera- 
tion 633A) Coals. In  the McLeansboro 
Group they occur, sometimes commonly, in 
the Indiana VII (?) (maceration 939A), 
"West Franklin" (maceration 83 1 A-B), 
"LaSalle" (maceration 600), Friendsville 
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(macerations 136, 153), "Merom" (macera- 
tion l46), "Watson" (maceration 148), "Di- 
vide" (maceration 81 1) , "Woodbury" 
(maceration 703), and "Bogota" (macera- 
tion 133) Coals. Out of twelve instances in 
which the coal was sampled in two or more 
portions, these seed membranes are present 
only, or are more abundant, in the lower 
samples of ten of the coals. 

Plate 16, figures 3-9 

At least half of the maceration residue of 
the Reynoldsburg Coal contains a distinc- 
tive type of cuticle (pl. 16, fig. 7) . The 
cuticles are especially reminiscent of the 
Lepidodendron cuticle illustrated by Bart- 
lett (1929, especially pls. XIX, XX, XXI) . 
He describes small cuticular crests, several 
of which may occur within a single cell out- 
line as in the case of the areolar dome cells 
(pl. 16, fig. 7) ,  and other crests up to thirty 
times as long as a single cell. Athough 
most abundant in the Reynoldsburg Coal 
(maceration 618) , this type of cuticle also 
has been seen in the lowest Caseyville coal 
in a diamond drill core (maceration 798), 
in "Makanda" (maceration 142), Rock Is- 
land (No. 1) (maceration 929), and Col- 
chester (No. 2) (maceration 603A) Coals. 
I t  also occurs in the Pinnick (maceration 
150) and Cannelton (maceration 780) 
Coals in Indiana. 

The cuticle illustrated in figure 4 on 
plate 16 shows an arrangement of stomata 
in parallel rows. This arrangement has 
been noted in cuticles from several samples 
of Murphysboro Coal. Cuticular fragments 
such as ar'e illustrated by figures 5 and 6 on 
plate 16 also occur in Tradewater Coals. 
The original cells were radially arranged 
around the circular openings, becoming 
more regularly six-sided away from the 
openings. 

Many macerations contain vascular frag- 
ments showing various types of structures 
(pl. 16, figs. 8, 9) . Medullary rays are illus- 
trated by figure 8 on plate 16. The pit 
mouths on this fragment are narrow, about 
10 in length, and crossed. 

Both resin rodlets and resin blebs are 
common in some coal beds, generally but 
not necessarily most abundant in those sam- 
ples containing abundant Monoletes pre- 
pollen. Resin blebs may be isodiametric to 
lenticular, but do not generally show the 
"stalk" illustrated in figure 3. Resin blebs 
are easily mistaken for Monole tes prepollen 
under low power binocular microscope. 

Plate 16, figures 10, l l  

Membranes that may be animal in origin 
occur in several coals, such as the coal in 
the Bethel (Mooretown) Formation, the 
Tarter, and the lowest Caseyville age coal 

TEXT FIG. 6.-Macerated coal samples examined for 
this report came from the counties shaded above. 



LOCATION OF SAMPLES 

in a diamond drill core from Wabash 
County, Illinois. The  membranes have 
nearly circular openings and are orna- 
mented with closely spaced pits or depres- 
sions. Small round thickenings are present 
on the example illustrated from the Tarter 
Coal (pl. 16, fig. 1 1) . 

The membranes illustrated in the pres- 
ent paper are similar to the "Cuticle Type 
B" of Wilson and Hoffmeister (2956, pl. V, 
figs. 1, 2) in that they have round openings 
and do not show any cellular structure, but 
are dissimilar in being thicker and distinct- 
ly ornamented with tiny depressions. Eisen- 
ack (1956) and Wills (1959) illustrate sim- 
ilar membranes or pellicles of, respectively, 
eurypterids and "scorpions." 

LOCATION OF SAMPLES 

Figure 6 indicates the counties in Illinois 
from which samples of coals and carbona- 
ceous layers have been collected and mac- 
erated. Geographic locations are listed by 
county and maceration number on table 2. 

Samples from other states, especially from 
coals of late Mississippian and early Penn- 
sylvanian age, also were examined. Their 
geographic locations are given in table 3. 
In  addition, outcrop samples of 15 coals 
from the Black Creek, Mary Lee, and Pratt 
Groups from the Warrior Basin, Walker 
County, Alabama, were examined. 

*Iacerationn 1 Til"b 1 
Number Coal 

I Location 

I Quarter Sec. T. R. 

561 

600 
579 A-C 

146 
830 

703 

878 
879 
880 
881 

621D 

148 

133 

554D 
554E 
535 
537Q 

554F 

Bond County 
Macoupin NW 

Bureau County 
"LaSalle'9 SE 
Colchester (No. 2) 

Clark County 
"Merom" 
Cohn NW 

Cumberland County 
"Woodbury" 

Edgar County 
Grape Creek (No. 6) 
No. 5 (u) 
No.. 5 (1) 
Ind~ana  IV 

Edwards County 
DeKoven (?) NW 

Effingham County 
"Watson" 

Fayette County 
"Bogota" 

Franklin County 
DeKoven SE 
Davis S E  
Davis SE 
Unnamed coal just above SE 

Stonefort (?I 
Unnamed coal just above SE 

Stone fort (?) 
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Maceration. 1 
Number Coal 

I Location 

I Quarter Sec. T .  R. 

ou 
ou 
ou 
OU 
ou 
ou 
ou 
OU 
OU 
ou 
ou 
OU 

ou 
ou 
SM 

ST 
ST 
ST  
ST  
ST 

T D  
T D  

MD 

SU 
SU 

MD 
MD 
ou 
ou 
ST? 
M D  
ou 
ou 
ou 
ou 
ou 

ou 

ou 

ST 
MD 
ou 
ou 
ou 

Fulton County 
Colchester (No. 2) N E  
Colchester (No. 2) 
Wiley N E  
Upper DeLong NE 
Rock Island (No. 1) 
Rock Island (No. 1) 
Pope Creek SE 
Tarter NW 
Babylon N E  
Babylon NW 
Babylon NW 
"Sub-Babylon" N E  

Gallatin County 
Briar Hill (No. 5a) SE SW SE 
Willis (?) South side of Eagle 
Willis N W  SE 

Grundy County 
Colchester (No. 2) 
Colchester (No. 2) SE SE 
Upper coal (Tradewater)' 
Lower coal ( T r a d e ~ a t e r ) ~  

N% 
N% 

Lower coal (Tradewater)' N% 

Hamilton County 
No. 2 (?) SW NE SW 
No. 2 (?) N E  NW N E  

Hardin County 
Battery Rock 

Henry County 
Rock Island (No. 1) N E  NW SE 
Rock Island (No. 1) N E  N E  

Jackson County 
Murphys boro 
Murphysboro 
Murphysboro SW 
Murphysboro 
Murphysboro 
"Makanda" NE 
"Makanda" NE 
"Makanda" N E  
"Makanda" (Battery Rock?) 
In upper part of Degonia Forma- 

tlon 
At top of Palestine Formation2 

Jefferson County 
"Divide" NW SW SW 

Jersey County 
Summum (No. 4) NW SW SE 

Johnson County 
New Burnside SW N E  N E  
Reynoldsburg SW 
Wayside SE NW NE 
In Vienna Formation 
In Vienna Formation 

c s?4 
W X  SE 

16 
16 
16 
19 
23 
23 
11 
19 
2 

14 
14 
2 

17 
Valley 

30 

12 
9 

11 
11 
11 

19 
15 

27 

3 
33 

3 6 
30 
2 1 
2 

22 
28 
2 8 
2 8 
29 
13 

16 

7 

16 

8 
32 
4 

12 
12 
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TABLE 2.-Continued 

Johnson County-Continued 
In Vienna Formation c% s% 
In Vienna Formation 
In Vienna Formation W% SE 
In Vienna Formation W s  SE 
In Tar Springs Formation W of C E s  SW 
In Hardinsburg Formation ("Glen N E  NW SE 

Maceration I\peb 1 
Number Coal 

Dean, lowerubed") 
In Hardinsburg Formation ("Glen N E  NW SE 

Dean, lower bed") 

Location 

Quarter Sec. T. R. 

Kankakee County 
Sinkhole deposit 
Sinkhole deposit 

LaSalle County 
Colchester (No. 2) NW N E  

McDonough County 
Rock Island (No. 1) SW SE SW 

Mercer County 
Pope Creek (u) N E  N E  SW 
Pope Creek (m) N E  N E  SW 
Pope Creek (1) N E  N E  SW 
Tarter N E  N E  SW 

Perry County 
Upper part of Menard Formation, SW SW NW 

756-75Rr3 
Upper part of GoIconda Formation, SW SW NW 

1053-106lr3 

Pope County 
Battery Rock (1) NW 
Battery Rock (u) NW 
Caseyville SW 
Battery Rock 
In Degonin Formation 

Randolph County 
Waltersburg Formation4 

Rock Island County 
Rock Island (No. 1) NW 

Salne County 
Unnamed coal nine feet above E% 

DeKoven 
Unnamed coal above DeKoven 
Davis 
Murphys boro (?) N E  

Sangamon County 
Springfield (No. 5 )  

Schuyler County 
Colchester (No. 2) (u) 
Colchester (No. 2) (1) 
Colchester (No. 2) (1) 
Upper DeLong (?) 
Middle DeLong (?) 
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Mncerat;ona 1 1 
Number Coal 

I Location 

I Quarter Sec. T. R. 

SU? 
SU? 
ou 
MD 
TD 
D D  
DD 
DD 
D D  

ou 

ou 

ou 
ou 
ou 
ou 
ou 

Wabash County 
Friendsville 
Friendsville 
Friendsville (?) 
Friendsville NW SW 
Harrisburg (No. 5) N E  SE 
In Caseyville Group SE NW 
In Caseyville Group SE NW 
In Caseyville Group NW/C 
In  Caseyville Group NW/C 

Warren County 
Tarter 

Will County 
Sinkhole deposit N E  

Williamson County 
DeKoven NW 
Unnamed coal just above Stonefort NW 
Stone fort NW 
Bald Hill NW 
Murphysboro (?) NW 

a. - not macerated c. 1. Doehler (1957) 
b. DD Diamond drill 2. Rexroad (1957, locality 15) 

TD Rotarydrill 3. Cooper (1942, p. 768) 
S U  Underground mine 4. Revroad (1957, locality 11, samples 3, 4) 
ST Strip mine 5. Weller, Henbest, and Dunbar (1942, p. 15, fig. 2 )  
MD Mine dump (1) lower, (m) middle, and (u) upper part of one bed 
OU Outcrop 

Lawrence 

Orange 

Owen 
Perry 
Posey 

Washington 

Bell 
Caldwell 
Cri ttenden 

Hardin 

Letcher 

Wise 

TABLE 3.-GEOGRAPHIC LOCATIONS I N  STATES OTHER THAN ILLINOIS 

Indiana 
In Bethel (Mooretown) Formation 
In Bethel (Mooretown! Formation 
In Bethel (Mooretown) Formation 
Shale above Pinnick 
Pinnick 
French Lick 
In Mansfield (?) Formation 
Cannelton 
"West Franklin" (below upper 

bench) 
VII (?) NW 
In Bethel (Mooretown) Formation 

State and 

C E line 
SE 
SE 

SE NW 
SW 
NW 

SW NW 
N E  

N E  SW 
N 

Kentucky 
In  Pennington Shale (20 B 70 : Carter grid) 
In Tar Springs Formation (5  G 21 : Carter grid) 
Battery Rock (C S3.i 5 L 19 : Carter grid) 
In Hardinsburg Formation (SW 1 J 18 : Carter grid) 
In Bethel (Mooretown) (1 1 P 41 : Carter grid) 

Formation 
Coaly streak in upper Stony Gap (4 H 83: Carter grid) 

S ndstone. 
Streak in upper Stony Gap SS. (4 H 83 : Carter grid) 

YE'- 
number 

Virginia 
Plant bed base (?) of Glen Dean (Big Stone Gap) 

Location 

Quarter Sec. T. R. 
Type Coal 
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SPORE DISTRIBUTION 

INTRODUCTION 

This discussion of the plus 65-mesh resi- 
dues of samples from coals and carbona- 
ceous layers is a supplement to a preceding 
report on small spores by Kosanke (1950), 
who studied the small spores from the mi- 
nus 65-mesh residues. Many of the macer- 
ated samples were used in both studies. The 
occurrences of spores noted in the plus 65- 
mesh residues are given for many of the 
formations in the Chester Series of the Mis- 
sissippian System and for many ol the coals 
in the Pennsylvanian System of Illinois. ,4 
few Pennsylvanian samples from Indiana 
and Alabama arc included. Those of upper 
Mississippian age were collected from lour 
states: Illinois, Indiana, Kentucky, and Vir- 
ginia. In general the samples had been col- 
lected and macerated long before the im- 
mediate project was undertaken. This re- 
port therefore represents a general survey 
of plus-residue material, with primary em- 
phasis on "large" spores, or megaspores, al- 
ready available in the Illinois State Geo- 
logical Survey collections. 

The spore distribution chart (test fig. 9) 
records the presence of 33 designated spe- 
cies assigned to six genera and the presence 
of spores of two other genera. Eleven spe- 
cies and varieties have restricted ranges; 
others have less restricted but important 
stratigraphic ranges. Only one species is 
represented throughout most of the section 
studied. 

In order to present a readable distribu- 
tion chart, when a coal was collected in two 
or more samples, the assemblages have been 
reported as a unit for the whole coal. Forms 
notably restricted to the bottom or top of 
a bed are discussed in the text. Because 
the assemblages of various samples of the 
same coal may differ considerably from 
place to place, only the assemblage from a 
coal (maceration number noted on text 
fig. 9) at one locality is reported. This 
sample is either one from a locality nearest 
the type section of the coal (or from the 
cyclothem in which the type section occurs) 
or one judged most representative of the 
whole bed. The assemblages of these sam- 

ples and of the others studied are discussed 
in the lollowing pages. 

Portions ol the distribution chart have 
been abstracted and adjusted to illustrate 
certain features or spore distribution. Text 
figure 7 illustrates the contrast between as- 
semblages of upper Mississippian and im- 
mediately overlying Pennsylvanian rocks. 
Text figure 8 represents the stratigraphic 
distribution of seven genera and that of the 
spores assigned to the sections of Triletes. 
These figures are a composite interpreta- 
tion, in contrast with text figure 9, and are 
necessarily generali7ed. 

Because the samples were not systemat- 
ically and unilormly taken lor the statistical 
analysis of megaspore content, the terms, 
"rare" (R), "present" (P), "common" (C), 
and "abundant" (A), are subjective and 
based on the number ol specimens ob- 
served. In general "rare" denotes less than 
three specimens noted, whereas "abundant" 
denotes the presence of a hundred car more 
specimens. When prepared slides only were 
available for study and the actual relative 
abundance was unknown, the term "pres- 
ent" is used unless the maceration records 
clearly indicate the relative abundance of 
the various spore types. The occurrences re- 
ported in text figure 9 have bcen handled 
in the same manner; Tor example, spores of 
Gystosporites uarius are "abundant" in the 
Rock Island (No. 1) Coal, but "rare" in 
the DeKoven Coal. 

Rough percentages of rela tiue abundance 
of spores of different species are given for 
some coals in the following cliscussion. 

CHESTER SERIES 

Previous investigations on upper Missis- 
sippian megaspores in the United States 
have been limited in extent, primarily be- 
cause of lack of coinmercial coals in rocks 
of this age. Altl~ough cyclic sedimernta- 
tion is evident: in the rocks of the Chester 
Series ol the Illinois Basin, Eormation of 
coal was limited to a few thin beds and car- 
bonaceous streaks. Rocks of the Chester 
Series underlie most oT the southern half of 
Illinois. The 1 6 alternating limestone-shale 
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REYNOLDSBURG X 

"MAKANDA" x 
BATTERY ROCK X 

X 

PINNICK (IND.) X 
X 

WAYSIDE X 
X 
X 

X 
FRENCH LICK (IND) X 

7 
1 KINKAID 
/ DEGONIA 

i MENARD 
WALTERSBURG 
VIENNA 

HARDINSBURG 
GOLCONDA 

YANKEETOWN 
RENAULT 

TEXT FIG. 7.-Generalized stratigraphic occurrence of spores of Triletes, Cystosporites, Spencerisporztes, 
Monoletes, and Diclymosporites. Coals or formations sampled are indicated by crossed lines (X). 
Chart illustrates the contrast between the asserublages found in upper Mississippian rocks and those 
found in the unconformably overlying Pennsylvanian rocks. 

and sandstone-shale formations average 
from about 30 to 150 feet thick (Workman, 
Swann, and Atherton, 1950) . Mississippian 
coals are rarely more than a few inches 
thick and less persistent than those known 
from Pennsylvanian strata (Wanless, 1947) . 

'The 26 samples of thin coals or carbona- 
ceous layers investigated are from Illinois, 
Indiana, Kentucky, and Virginia. Those 
from southern Illinois were collected from 
Jackson, Johnson, Perry, Pope, and Ran- 
dolph Counties. Although sample cover- 
age is by no means satisfactory, it is far 
more complete than that of previously pub- 
lished investigations. 

The samples containing the most abun- 
dant megaspores are those of the coal in the 
Bethel (Nlooretown) Formation from Ken- 
tucky and of the coal in the Vienna Forma- 
tion from Illinois. The assemblages of the 

samples are here discussed in ascending 
order of their stratigraphic position. 

Lower Chester Series 
No samples were examined from the 

three lower formations: the Aux Vases 
Sands tone, Renaul t Forma tion, and Yan- 
keetown Sandstone. The Paint Creek For- 
mation of the Chester outcrop area is repre- 
sented, in part, by the Bethel Sandstone in 
Illinois and by the Bethel (Mooretown) 
Sandstone in Indiana and Kentucky 
(Swann and Atherton, 1948). Five sam- 
ples of coals within the Bethel (Moore- 
town) Formation (reported on the distri- 
bution chart, text fig. 9, as Paint Creek) 
were examined. 

The following genera and species have 
been identified from a 4-inch coal in the 
Bethel (Mooretown) Formation (macera- 
tion 943) from Hardin County, Kentucky: 
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CASEYVILLE 
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CAL AMOSPORA 

ONOL ETES 

P A R A S P O R I  715.5 

TEXT FIG. 8.-Generalized stratigraphic occurrence of spores of seven genera and of spores of the five sec- 
tions of Triletes in upper Mississippian and Pennsylvanian rocks of Illinois and adjacent states. 

Triletes sz~bpi10su.r fonna major (A) 
T .  crassinculentus 
T .  indianensis 

(P) 

Cystosporites giganteus 
(C) 

Cnlamospo~a sp. 
(P) 
i K) 

Megaspores are so abundant in this sample 
that it could be considered a "spore coal." 
At least 75 percent of the large spores are 
those of T. subpilosus forma major. T .  in- 
dianensis accounts for 20 percent of this as- 
semblage, but is not represented in any of 
the other samples 01 the coal in the Bethel 
(Moore town) Formation. 

Triletes crassiaculeatus and T .  su bpilosus 
forma major also are represented in other 
samples of this same coal (macerations 468, 
832, and 834) from Washington and Law- 
rence Counties, Indiana. T .  crassiacu leatets 
is dominant in one (maceration 832) . Cys- 
tosporites giganteus also was represented in 
this maceration. 

In  contrast with the Kentucky sample, a 
2-inch coal (maceration 468) from Wash- 
ington County, Indiana, contained many 
spores similar to those found in Bensonites 
Jzuif ormis (Surange, 1952) , the fructifica- 
tion of Stazcropteris bur?~tislandica. One 
specimen also was found in maceration 832. 
Chaloner (1958~) described isolated spores, 
Didymosporites scotti Chaloner, from the 
Dinantian and Namurian ol: Ireland and 
from the Dinantian of Scotland and Eng- 
land. An additional sample of coal from 
the Bethel (Mooretown) Formation (mac- 
eration 836) was barren of megaspores. 

Middle Chester Series 
No samples were examined from the Gy- 

press Formation, but megaspores of Tr i -  
letes echinoides Chaloner were found in 
the uppermost beds of the overlying Gol- 
conda Formation. These had been picked 
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from bedding surfaces of the Forester No. 1 
core, drilled in Perry County, Illinois. This 
species was first reported by Chaloner 
(1954b) from the Beaver Bend Limestone 
of Indiana. 

The  following genera and species were 
identified from a coal (maceration 810) in 
the Hardinsburg Sands tone, Cri ttenden 
County, Kentucky: 

Triletes subpilosus forma major (A) 
T .  globosus var. (A) 
Cystosporites giganteus 

(C) 
(P) 

In  addition, many small spores, referable 
to Densospo~-ites, were noted adhering to 
the megaspores of T. globoszis var. ( A ) .  
This variety was restricted to this one sam- 
ple of the Hardinsburg and one from the 
Waltersburg Formation. Two additional 
samples (macerations 166 and 763) prob- 
ably from the Hardinsburg Formation, 
Johnson County, Illinois, contained cuticles 
and sporangial masses of small spores refer- 
able to Schulzospora. T .  subpilosus forma 
major was also represented in maceration 
166. 

The only Glen Dean sample is from a 
plant bed (maceration 888) at the base (?) 
of the Glen Dean Formation from Big 
Stone Gap, Wise County, Virginia. Only a 
few complete spores of Triletes echinoides 
and additional fragments were present in 
the coarse residue. 

Upper Chester Series 
One sample of a 6-inch coal (maceration 

206) from the Tar  Springs Sandstone, Cald- 
well County, Kentucky, contained only 
megaspores of Triletes su bpilssus forma 
nznjor. However, another sample from 6 
inches of a reported 2-foot coal (maceration 
760), probably from the Tar  Springs For- 
mation, contained no spinose lageniculate 
megaspores. This assemblage contained 
many large seed membranes, some abortive 
spores of Cystosporites giganteus, and one 
spore similar to those of Didymosporites. 

The following species were identified 
Iron the 4-inch coal (maceration 168) in 
the Vienna Formation, obtained from the 
Illinois Central Railroad cut, north of 
Grantsburg, Johnson County, Illinois: 

Triletes suhpilos?~s forina major (A) 
Cystospol-ites gignnteu c (A) 

In  addition some seed membranes were 
present. Five other samples of this coal 
(macerations 687A-B, 758, 764, 765, and 
842, probably all taken from this railroad 
cut) contain the same assemblage but with 
variations in relative abundance. Masses of 
spores of Schulzospora also were noted in 
macerations 764 and 842. The coal sample 
was macerated in two separate segments. 
The upper 2 inches of coal (maceration 
687A) contained abundant, well preserved 
megaspores, whereas the bottom portion 
(maceration 687B) contained only a few 
spores and cuticle. A spore coat fragment, 
possibly of T .  echinoides, was found in this 
latter sample. 

A few megaspores of Triletes globosus 
var. (A) were picked from samples of the 
overlying Waltersburg Formation, Ran- 
dolph County, Illinois, during conodont in- 
vestigations (Rexroad, 1957, locality I 1, 
samples 3, 4) . This variety is known only 
from the Hardinsburg and Wal tersburg 
Formations. 

Fragments of spores referred to Triletes 
echinoides were picked from bedding sur- 
faces in the upper part of the Menard For- 
mation during a study of the Forester No. I 
core, drilled in Berry County, Illinois. 

A 4-inch coal (maceration 952) at the 
top of the Palestine Sandstone, Jackson 
County, Illinois, did not yield any mega- 
spores. Samples were not available from 
the overlying Clore Formation. 

Two samples were obtained from car- 
bonaceous layers in the Degonia Sandstone 
of Illinois. The  sample (maceration 143) 
from 8 inches below the base of the Kin- 
kaid Formation, Jackson County, Illinois, 
contained abundant megaspores of Trile tes 
,su bpiloszu forma major, whereas the sam- 
ple (maceration 200) from Pope County 
contained abundant megaspores of T.  hor- 
ridus but very few of T. subpilosus forma 
major. In  addition the Pope County sam- 
ple yielded a few spores referable to T. 
splendidus, a species that had not been re- 
ported from the United States before and is 
known only from this one sample. 

Samples of the Kinkaid, the uppermost 
formation of the Chester Series, were not 
available so that the megaspores of at least 
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100 feet of rocks at the top of the Chester in 
Illinois are still unknown. This informa- 
tion, when available, could possibly change 
or soften the apparently abrupt distinction 
between uppermost Mississippian and low- 
ermost Pennsylvanian assemblages (text 
fig. 7) . 
Miscellaneous Samples of Chester Age 

Of two samples from two coaly streaks in 
the upper part of the Stony Gap Sandstone 
at Pounds Gap, Letcher County, Kentucky, 
one (maceration 91 1) contained numerous 
fertile and abortive spores of Cystosporites 
giganteus and a few megaspores of Triletes 
su bpilosus forma major, but the other 
(maceration 91 2) was barren of mega- 
spores. 

A sample from a coal (maceration 913) 
in shales of the Pennington Formation, 
Cumberlancl Gap, Bell County, Kentucky, 
was barren of megaspores. 

Summary 

Although megaspores may occur in great 
numbers in rocks of Chester age, very few 
types are represented. The assemblages as 
a whole are dominated by spinose lagenicu- 
late and fibrous-coated spores, representing, 
among the heterosporous plants, a domi- 
nant lepidocarp-lepidodendrid flora. 

Three genera identified from the Chester 
Series also are represented in Pennsylvanian 
coals; four other genera first occur in the 
Pennsylvanian (text fig. 8) . 

Spores of Didymosporites are known only 
from the lower part of the Chester Series. 
Within the genus Triletes four species are 
restricted to rocks of Chester age, whereas 
eight species are first represented in the 
Caseyville Group of Pennsylvanian age. 
Three other species are represented in both 
the Chester and Cascyville rocks, but varie- 
tal forms of only two can be distinguished 
(text fig. 7). Therefore, of 25 taxonomic 
entities that are distinguishable (text fig. 
7) ,  only two are common to upper Missis- 
sippian and Pennsylvanian rocks. 

In late Chester time a long period of sub- 
aerial erosion followed uplift and with- 

drawal 01 the sea. A second erosion cycle, 
initiated by a subsequent uplilt, resulted 
in the incision of deep channels in the pene- 
plain surface (Siever, 1951) so that in 
southern Illinois Pennsylvanian rocks rest 
on the eroded surfaces of rocks of upper 
Chester age, but northward they rest on 
successively older rocks as Far clown as the 
St. Peter Sandstone of Ordovician age. This 
unconformity is one of the most important 
within the Paleozoic era oT the east-central 
United States (Wanless, 1955) . 

The Pennsylvanian deposits in the East- 
ern Interior Coal Basin are noted lor their 
arrangement in repeated successions of rock 
types designated as cyclothems by Weller 
(1930) and MTanless and Weller (1932) . 

The rocks are principally shales and fine- 
grainecl sandstones with many beds of lime- 
stone, black shale, coal, and underclay. In  
Edwards County, Illinois, and in parts ol 
surrouncling counties (MTorkman, Swann, 
and Atherton, 1950; Wanless, 1955), the 
total thickness attains a maximum of about 
2500 feet. 

The Pennsylvanian succession has been 
divided into four groups, from oldest to 
youngest: Caseyville, Tradewater, Carbon- 
dale, h4cLeansboi-o. Cady (1 952) stated 
that there are 40 to 50 coals in this succes- 
sion. The coals that are more important 
cominercially are within a section that oc- 
cupies the upper 200 feet of the Tradewater 
Group, the Carbondale Group, and the 
lower 100 k e t  of the Nl[cLeansboro Group. 
Most of the Pennsylvanian samples used in 
this investigation were from coals, and, ex- 
cept for a Sew principally of Caseyville age, 
were From localities within Illinois. 

CASEYVILLE GROUP 

The rocks of the Caseyville Group, the 
oldest group of Pennsylvanian strata in 
Illinois, inclucle all those below the base ol 
the Grindstaff Sandstone. These rocks, up 
to 470 feet thick (Cady, 1952), are charac- 
terized by massive cross-bedded sandstones 
commonly containing quartz pebbles, by 
somewhat thin discontinuous coals, and by 
a paucity of limestone. The  coals are of 
only slight economic interest except in 
southeastern Jackson and northeastern 
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Johnson Counties in southern Illinois. The 
coals mined near Makanda in southern 
Jackson County ("Makanda" Coals in this 
report) and the Reynoldsburg Coal, at the 
top of the Caseyville Group, may be as 
much as 28 inches thick, which is regarded 
as minable in Illinois (Cady, 1952). The 
Battery Rock Coal has been mined in east- 
ern Hardin County. 

The  Caseyville is considered equivalent 
to the upper part, at least, of the Morrowan 
of the Midcontinent region (Wanless, 
1956), to the New River Group of the 
Pottsville Series of the Appalachian region 
(Wanless, 1955), and to the Westphalian A 
(Moore et al., 1944; Kremp, 1955) and Na- 

murian C of Europe (Moore et al., 1944) . 
In  terms of floral zones, as defined by 

Read (1947), the Caseyville Group con- 
tains plants of zone 2 (Zone of Mariopteris 
pottsuillea and Aneimites) and of zone 3 
(Zone of M .  pygmaea) . Plants of zone 2 are 
known from the "Wayside Member"; plants 
of zone 3 are known from the Drury Shale 
which overlies the Battery Rock Coal. Ko- 
sanke (1947) noted that the dominant gen- 
era, defined on the basis of small spores, of 
the Caseyville Group are Densoserit es and 
Lycospora. He noted (1950) the absence of 
three genera that are represented in the 
Tradewater Group: Alatisporites, Cirratri- 
rndites, Reinsclzosporu. 

The plus 65-mesh residues of 20 samples, 
five of which were from Kentucky and In- 
diana, were studied. Samples from south- 
ern Illinois were from Hardin, Jackson, 
Johnson, Pope, and Wabash Counties. In 
addition, three samples of coaly streaks or 
thin coals from sinkhole deposits of early 
Pennsylvanian age were obtained from 
Kankakee and Will Counties. One sample 
of coal from the Mansfield (7) Formation 
in Indiana also was included. 

Caseyville Coals 
A number of thin coals are known from 

within 60 feet above the base of the pre- 
Pennsylvanian unconlormity in diamond 
drill cores in Wabash County, just to the 
east of the deepest portion of the Illinois 
Basin. Two coals from each of two cores 
were examined for plus-residue content. 

The following genera and species were 
represented in a 9%-inch coal (maceration 
798) , about 13 feet above the unconformity 
at a depth of 1543 feet 10 inches in Forest 
Oil Company core, No. M021, NWX C 
sec. 3, T. 1 N., R. 12 W., Wabash County: 

Triletes globosus var. ( B )  (A) 
Spencerisporites cf. S. radiatus (A) 
T .  hol-ridus 
T .  rnamillarius 

(A) 

T .  triangulatus 
(C) 

Triletes ? corycilis n. sp. 
(C) 

Cystos~ori tes  giganteus 
('3 

T.  sub/dosus 
('7 

Monoletes 
(R) 
(R) 

The assemblage in the coarse residue of 
the French Lick Coal (maceration 151) , 
from the TWor tinger Whets tone quarry, 
Orange County, Indiana, bears a marked 
resemblance to the one described above. 
The French Lick Coal apparently lacks 
spores of T. horridus, T.  triangulatus, and 
illonoletes. However, T. ? corycilis is known 
only from these two coal beds. Wanless 
(1955) stated that the Indiana coal yields 
the oldest flora known in the Eastern In- 
terior Coal Basin and correlates with the 
lower Pottsville or Pocahontas Group of 
I\7es t Virginia. 

In the Forest Oil Company core a thin 
coal, 6 inches thick, occurs at a depth of 
1520 feet 1 inch, about 23 feet above the 
sample described above. A third coal (mac- 
eration 797) , 13 inches thick, occurs at a 
depth of 1506 feet 1 inch, about 37 feet 
above the lowest coal. 

The Eollowing genera and species were 
recognized from maceration 797: 

Triletes g l o b o ~ u ~  var. ( B )  
T .  subpilosus 

(A) 

T .  t r iangula tu~  
(C) 
(P) 

Spencerisf>orites cf. S .  radialus (R) 
Cystosporites giganteus 
Calamospora cf. C. laevigata 

(R) 
(W 

Spores of T. globosz~s var. (B) make up 
about 95 percent or large spore content of 
this residue. 

Two other thin coals occur in another 
Wabash County core at depths of 1487 feet 
6 inches and 1478 feet 3 inches, the latter 
being at least 33 feet above the base of the 
Pennsylvanian. The lower 5%-inch coal 
(maceration 796), from Forest Oil Com- 
pany core, No. K031, SEX NWX SEX sec. 
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9, T .  1 N., R. 12 W., contained representa- 
tives of the following genera and species: 

Triletes globosus var. (B )  
T .  horridus 

(-4) 

T .  nzamillarius 
Cystosporites giganteus 

(C) 

Calamospora cf. C. laevigata 
(C) 
(R) 

Large spores were extremely abundant in 
this residue; 95 percent of the spores are 
referable to T. globosus var. ( B )  . 

The following genera and species were 
represented in the upper 17-inch coal (mac- 
eration 795), from the Forest Oil Company 
core No. KO31 : 

Triletes subpilosus (4 
T .  mamillarius 
Cystosporites giganteus 

(C) 
(C) 

Monoletes (‘9 
T.  horridus (R) 
Spencerisporites cf. S .  radiatus (R) 
Calamospora cf. C. laevigata m) 

Spinose lageniculate spores constitute 90 
percent of this assemblage, which is mark- 
edly different from those assemblages of the 
other unnamed coals of these two cores in 
the abundance of spinose lageniculate 
spores and in the apparent absence of 
spores of T .  glo bosz~s var. (B) . 

At present the exact stratigraphic rela- 
tionship of the two coals from the two cores 
is not known. The lowest coal (maceration 
798) of core M021 is undoubtedly the old- 
est Pennsylvanian coal in the cores. The 
next three coals could be listed above in 
their proper stratigraphic order with nei- 
ther coal of core KO31 corresponding to the 
upper coal of core M021; however, it is pos- 
sible that the coal (maceration 796), of 
core KO31 may represent the unsampled 
middle 6-inch coal from core M021. 

Wayside Coal 
One sample of the Wayside Coal (mac- 

eration 609) from Johnson County, Illi- 
nois, yielded rather numerous small spores 
but they represented only a few species 
(Kosanke, 1950). Spores of Lycospora 

psezldoannulata averaged 70 to 75 percent 
of the total small spore content. The coarse 
residue contained only some seed mem- 
branes and a few abortive spores of Cysto- 
sporites giganteus. 

Battery Rock Coal 
The coarse residue 01 Battery Rock Coal 

contained many more large spores than did 
that of the Wayside Coal. A sample of the 
Batter): Rock Coal (maceration 587) , col- 
lected from the mine dumps at Battery 
Rock, about one mile from the type section 
of the Battcry Rock Cyclothem in Hardin 
County, Illinois, contained representatives 
of the following genera and species: 

Triletes subpilosus 
T .  praetextus 

(A) 

T.  globosus var. (13) 
(P) 

Cystosporites giganteus 
(P) 
(P) 

Spencerisporites cf. S. radiatus (R) 
In  addition the coarse residue yielded 

many spore masses containing small spores 
referable to Granulatisporites. Triletes 
praetextus apparently is restricted to this 
coal in Illinois. According to TAJanless 
(1955) the roof shale of this coal contains 
a flora that permits its correlation with the 
Sharon Coal 01 Ohio, Sewell Coal of West 
Virginia, Sewanee Coal of Tennessee, Mary 
Lee Coal 01 Alabama, and Baldwin Coal of 
Arkansas. 

Several other samples, identified as Bat- 
tery Rock Coal, also were examined. One 
sample (maceration 733), from an aban- 
doned shaft mine in Crittenden County, 
Kentucky, con taincd abundant spores ol 
Triletes auritus and a few spores typical of 
T. glo bosus. Another sample (maceration 
629) from an outcrop in Pope County, Illi- 
nois, contained abundant spores typical of 
T. globosus and some of Cystosporites gi- 
gantezrs and Spencerisporites cf. S. radiatus. 
Both assemblages differ from that listed 
above (maceration 587) in that they lack 
T. praclexlus and have spores typical of T. 
globoszrs rather than those typical of T .  glo- 
bosus var. (B) . One sample also contained 
abundant auricula te megaspores. 

X third coal, called Battery Rock (ma<- 
erations 908 and 909), cropping out in 
NEX SWl/q SEl/q sec. 31, T .  11 S., R. 5 E., 
Pope County, Illinois, contained an assem- 
blage almost iden tical in representation and 
abundance ratios to that of the Battery 
Kock sample (maceration 629) from the 
same county. In  addition a lew spores ol 
Calamospo~u cf. C. laevigaiu also were pres- 
en t. 
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Although Triletes pruetextz~s was found 
in only one sample of the Battery Rock 
Coal (maceration 587) from Illinois, the 
species also was represented in the shale 
(maceration 163) above the Pinnick Coal of- 
Indiana. 

?--. 
1 he following genera and species were 

identified from a sample of the Pinnick 
Coal (maceration 150) obtained from the 
Pinnick Quarry, Orange County, Indiana: 

Triletes auritus 
T .  globosus var. (B )  

(4 

Cyst osporites giganteus 
(P) 

T .  superbus 
(P) 
(R) 

Assuming that typical spores of Triletes 
g lo bosus, such as those occurring in two of 
the samples (macerations 629 and 733) re- 
ferred to the Battery Rock above, are from 
slightly younger coals, the abundant occur- 
rence of spores of T. auritis in the Pinnick 
Coal marks the lowest known occurrence of 
this species in the Eastern Interior Coal 
Basin. T. supe7,bus also is represented for 
the first time in the Pinnick Coal. 

The shale (maceration 163) above the 
Binnick Coal, from the old Braxton Quarry, 
Orange County, Indiana, contained the fol- 
lowing genera and species: 

Triletes globosus var. (B )  
T .  superbus 

(A) 

T .  subpilosus 
(C) 

T.  praetextus 
(C) 

T .  ~nnmil larius  
(C) 

T.  rotatus 
(P) 

T.  ramosus 
(P) 

Cystosjxwites giganteus 
(P> 
(R) 

Spencerisporites cf. S.  radiatus (K) 
Monoleles (R) 

Spores of Triletes globosu,~ var. (B) con- 
stituted about 90 percent of the assemblage. 
T. rotatus and T. ramosus are represented 
Lor the first time. All the species recognized 
in the Battery Rock Coal (maceration 587) 
also are represented in this shale. 

"Makanda" Coal 
The Makanda Sandstone was originally 

defined as extending from the top of the 
Drury Shale to the base of the Murphys- 
boro Coal. The term "Makanda" is used 
here in its restricted sense (Wanless, 1956) 
as the lower member exposed in Giant City 
State Park near Makanda, Tackson County, 
Illinois. The samples of "Makanda" coals 

(macerations 142, 905, 906, and 907) ex- 
amined for this report probably inilude 
the coal mentioned by Lamar (1925, p. 97) 
as a 2-foot coal occurring in the SWX SW?/, 
sec. 28, T .  10 S., R. 1 W., in southern Jack- 
son County. 

Three s&nples were taken from around 
a small. coal digging (NEX SW% SWX 
sec. 28, T .  10 S., R. 1 W.) in the Makanda 
Sandstone. The main coal was covered, but 
one sample of coal (maceration 905) found 
in the dump pile contained spores of the 
I'ollowing genera and species: 

Triletes Izorridzis 
T .  auritus 

(A) 
(A) 

Spencerisporites cf. S. radiatus (P) 
Cystosporites giganteus 
C. verrucosus 

(R) 

M onoletes 
(R) 
(R) 

About equal numbers of spores of T. auri- 
tus and T. horridus constituted 90 percent 

I 

of the large spore assemblage. This is the 
first representation of C. uerrzlcosus in the 
Pennsylvanian of Illinois. 

The following genera and species were 
identified from a sample (maceration 906) 
of foul- one-inch coal stringers above the 
main coal in the western digging: 

Triletes globosus 
T .  horridus 

(4 
T.  auritus 

(C) 

T.  superhus 
(C) 

T.  glabratus 
('7 
(P) 

Spencerisporites cf. S. radiatus (P) 
T.  triangulatus 
Cystosporit es giganteus 

(R) 
(K) 

C. varius 
Monoletes 

(R) 
(R) 

Triletes globoszu comprises 35 percent of 
the total large spore content and T.  auritus, 
T. Izorridzls, and T. superbus, each com- 
prise 20 percent of the toial large spore con- 
tent. This is the first representation of both 
T. gbabratus and Cystosporites uarius in the 
Pennsylvanian of Illinois. 

  he following genera and species were 
identified from the third sample (macera- 
tion 907) of coal taken from coal stringers 
above the eastern digging in the Makanda 
Sandstone: 

Triletes globosus 
Cystosporites varius 

(A) 

T .  auritus 
(A)  

T .  gla brat us  
m 

T.  horridus 
(R) 
(R) 
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T.  rotatus ? 
C. verrucosus 

(R) 
(R) 

Triletes globosus and Cystosporites varizls 
each account for about 45 percent of the 
total large spore content. T .  glabmtus is 
not represented again in the Pennsylvanian 
of Illinois until its occurrence, much higher 
stratigraphically, in the Carbondale Group. 

A coal (maceration 142), identified as 
"Makanda" (?) or Battery Rock (?) (SEX 
SE% sec. 29, T. 10 S., R. 1 W.), Jackson 
County, contained an assemblage very sim- 
ilar to that of the previously described 
maceration 906, but with slight difference 
in abundance ratios and the additional 
presence of a few spores of T.  subpiloszu. 

Reynoldsburg Coal 
Large spores were extremely abundant in 

the Reynoldsburg Coal (maceration 6 18) 
from Johnson County, but only a few gen- 
era and species were represented. Triletes 
globosus and Spencerisporites cf. S. radiatzls 
each represented more than 45 percent of 
the total large spore content. A few spores 
of T.  globosus var. (B) and Cystosporites 
giganteus also were present. In  addition, 
the coarse residue contains much cuticle 
similar to that illustrated by Bartlett 
(1 929). Kosanke (1950) reported that the 
small spore content of this coal is charac- 
terized by a dominance of Densosporites 
reynoldsburgensis. 

This is the uppermost occurrence of 
abundant spores of both Sfiencerisporites 
cf. S. radiatus and those typical of Triletes 
globosus. The assemblage is unlike any 
found in younger, overlying beds of Trade- 
water age. 

Miscellaneous Samples 
The coarse residue from a coal of Casey- 

ville age (maceration 910), sampled from a 
gob pile around the shalt of an abandoned 
mine in a fault block zone in Pope County, 
contained spores of the following genera 
and species: 

Triletes rolatus 
M onoletes 

(A) 

T .  triangulatus 
(A) 

T.  superbus 
(P) 
(R) 

This assemblage is unlike that of any other 
Caseyville age coal examined in that it con- 

tains abundant spores of both T .  rotatus 
and Monoletes. 

The following genera and species were 
identified from a Cananelton Coal (macera- 
tion 780) from Perry County, Indiana: 

Triletes superbus i A) 
T .  aurilus 
T .  triangulatus 

(A) 
(P) 

Spencerisporites cf. S. radiatns (R) 
Monoletes (R) 

Another sample from Indiana lrom a coal 
in the Mansfield (?) Sandstone (maceration 
779), Owen County, Indiana, contained 
spores of the following genera and species: 

Triletes rugosus (4 
T.  cf. T.  hirsutus 
T .  auritus 

(4 

Monoletes 
(R) 

Renisporites? n. gem 
(R) 
(R) 

I n  Illinois, T. rugosus is not known below 
the Murphysboro, Rock Island (No. I),  and 
New Burnside Coals of the Tradewater 
Group; Renisporites is restricted to the 
Tarter and Willis Coals; T .  cf. T. hirsutus 
is known only lrom the Tarter, Pope Creek, 
anti Rock Island (No. 1) Coals. 

Two samples (macerations 203 and 755) 
ol coaly streaks in sinkhole deposits from 
Lehigh Quarry in Kankakee County, Illi- 
nois, and one sample (maceration 455) from 
similar deposits in Lincoln Quarry in Will 
County, Illinois, were examined. All three 
samples contained aphanozona te spores sim- 
ilar to those of Triletes fulgens Zerndt. The 
sample lrom Will County also contained 
abundant seed membranes and at least one 
spore ol T.  rotalus. 

Outcrop samples from filteen coals of the 
Black Creek, Mary Lee, and Pratt Groups 
in the Warrior Basin, Walker County, Ala- 
bama, were compared. In  general, Triletes 
manzillariws, 7'. subfiilosus, and spores prob- 
ably referable to T.  globosus var. (B) are 
fairly common in some of these coals. Al- 
though resin rodle ts, usually associated 
with the Medulloseae, occur sporadically, 
medullosan spores (Monole  tes) were not 
seen. T.  praetextus is represented abun- 
dantly in the Pratt Coal. 

On the basis of a study of the small spores 
of these coals and those from well samples 
from the Warrior Basin of Mississippi, 
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Cropp (1956) concluded that the coals of 
the Black Creek, Mary Lee, and Bratt 
Groups are of the lower Pottsville. I t  is 
possible that they are older than the lower- 
most Pennsylvanian coals of Illinois. 

Summary 
Although large spores are very abundant 

in upper Mississippian rocks, only two gen- 
era, Cystosporites and Triletes, are well rep- 
resented. In contrast, even the lower coals 
in the Caseyville Group of the Pennsyl- 
vanian contain spores referable to five gen- 
era: Cystosporites, Triletes, Calamospora, 
Spencerisfiorites, and Monoletes (text fig. 
8). In  addition, spores definitely assignable 
to all five sections of Triletes are present in 
Caseyville coals; only those of the section 
Lagenicula, along with some unassigned to 
a section, occur in upper Mississippian 
rocks. Although absence of spores common 
to the Pennsylvanian should not be relied 
upon too heavily, as yet none of the medul- 
losan, sigillarian, triangulate, zonate, auric- 
date,  or deltoid-bladdered spores have been 
observed in Chester rocks. 

Caseyville megaspore assemblages indi- 
cate a more diverse heterosporous lycopsid 
flora. Triletes? corycilis seems to be re- 
stricted to the lowermost Caseyville coal in 
Illinois (maceration 798) and to the French 
Lick Coal of Indiana. T. praetextzcs seems 
to be restricted to the Battery Rock Coal of 
Illinois and to the shale above the Pinnick 
Coal of Indiana. T. globosus var. (B), T. 
subpilosus, and T. rotatus are restricted to 
the Caseydle Group. T. gbabratus, Cysto- 
spol-ites varius, and C. uerrucosus appear 
high in the Caseyville. 

In general, the assemblages of the French 
Lick Coal and those of the four unnamed 
coals from the Wabash County cores are 
similar in character and are distinguishable 
from those in younger coals of the group. 
The contrast between the spore assemblages 
oI the Chester and the Caseyville (text fig. 
7) is very striking in the Eastern Interior 
Coal Basin. 

TRADEWATER GROUP 

'The next higher major stratigraphic di- 
vision of Pennsylvanian rocks, known as the 

Tradewater Group, encompasses strata from 
the base of the Grindstaff Sandstone in 
southern Illinois upward to the base of the 
Palzo and Isabel Sandstones in southern 
and western Illinois respectively (Wanless, 
1956). The  Tradewater Group includes 
sandstones, shales, coals, and, in contrast to 
the Caseyville Group, several extensive ma- 
rine limes tones. 

Some of the coals, such as the Murpliys- 
boro, Rock Island (No. I), Davis, and De- 
Koven Coals, are commercially important 
(Cady, 1952). The maximum thicknesses 
of the group are 445 feet in southern Illi- 
nois, 100 feet in western Illinois, and possi- 
bly as much as 600 feet (subsurface) in cen- 
tral Illinois (Weller, 1945). The group is 
considered generally equivalent to the 
Krebs and lower Cabaniss Groups of the 
lower Desmoinesian Series of the Midconti- 
nent region (Wanless, 1956), the upper 
Pottsville (Kanawha Series) and lower Alle- 
gheny of the Appalachian region, and the 
Westphalian B and C of Europe (Moore et 
al., 1944; Kremp, 1955). 

In terms of floral zones, as defined by 
Read (1947)) the Tradewater Group con- 
tains plants from zone 4 (Zone of Canno- 
pl~yllites), from zone 5 (Zone of Newrof~ 
teris tenuifolia) and from the lower part of 
zone 6 (Zone of N. rarinervis). On the basis 
of small spore studies, Kosanke (1947, 1950) 
found the flora more diversified than that 
of the Caseyville Group. He stated that the 
dominant genus throughout the Trade- 
water is Laevigatosporites, which is replaced 
as dominant element by Lycospora in only 
one coal. The subdominant genera are 
Granulatisporites, Cirratriradites, Triqui- 
trites, and Lycospora. Alatisporites, Cirratri- 
mdites, Florinites, and possibly Reinscho- 
sjbora appear Lor the first time in the Penn- 
sylvanian of Illinois in the Tradewater 
Group. 

The large spore occurrences in coals of 
the Tradewater Group are based on a study 
of more than 60 samples from 16 counties 
in southern, western, and northern Illinois. 
Unfortunately, the coarse residues of sev- 
eral oS the samples that served in part as 
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the basis for the previously reported small 
spore assemblages (Kosanke, 1950, p. 63-73) 
were not available. 

"Sub-Babylon" Coal 
The "Sub-Babylon" Coal, the oldest 

Pennsylvanian coal in western Illinois, is 2 
to 3 inches thick, and lies unconformably 
above Mississippian strata and below the 
Babylon Coal. The following species were 
identified from the "Sub-Babylon" Coal 
(maceration 144) NE% NE% SEX sec. 2, 
T .  5 N., R. 1 E., Fulton County: 

Cystosporites garius 
Triletes sujterbus 

(A) 

T.  triangulatus 
(C) 
(R) 

C. gzganteus (R) 

In addition, many small spore masses, espe- 
cially those of Lycospora, are present. Also 
present is a spore larger than (158 p), but 
quite similar in shape and ornamentation 
to those described by Kosanke (1950) as 
Reticulattspori~es irregularis. These small 
spores are characteristic ol, and apparently 
restricted to, the "Sub-Babylon" Coal. All 
the megaspores noted in the "Sub-Babylon" 
Coal are known from older coals. However, 
common species of older coals such as T .  
. ~ u b ~ i l o s u s ,  T. glo bosus, and Spencerispor- 
ites cf. S .  radiatus are lacking. 

Babylon Coal 
The Babylon Coal, about 14 inches thick, 

is exposed along Spoon River, north of 
Babylon, in Fulton County, Illinois. Three 
samples were available from areas near the 
type section of the Babylon Cyclothem. The 
assemblage given below is from the Baby- 
lon Coal overlying the "Sub-Babylon" Coal 
just discussed. 

The following species were identified 
from maceration 145A-B: 

Cystosporites m r i u s  
Triletes auritus 

(P) 

T .  augustae 
(P) 

T.  triangulatus 
(P) 
(P) 

No relative abundance determinations were 
possible. T. nugustae is represented in the 
Pennsylvanian of Illinois for the first time. 

Another sample from the Babylon Coal 
(maceration 588) from Fulton County 
( N W g  NEX NEX sec. 14, T. 7 N., R. 1 
E.) lacked spores of Triletes auritus. The 

assemblage also dilf'ers Srom that given 
above in the occurrence ol abundant spores 
of Mol~ole tes  and a Sew ol T .  nzamillarius, 
Calanzosfiora cC. C .  laevigata, and Cysto- 
sporites breretonensis. This is the first oc- 
currence ol Cystos~orites spores with the 
reticulate pattern, althoug11 weakly devel- 
oped here, characteristic of C. breretonensis. 

The third sample of the Babylon Coal 
(maceration 52312-B) from Fulton County 
(NIVl/q NE$i NEX sec. 14, T .  7 N., R. 1 
E.) lacked spores ol both Triletes nzigustae 
and Cystosporites variz~s and also differed 
Irom that given for maceration 145A-B in 
occurrence ol Monoletes, C. giganleus, and 
Calanzospora cf. C.  sinuosa (spore fragment 
only). 

The most notable discrepancies between 
assemblages are those be tween macerations 
523A-B and 588, from samples taken within 
600 leet of each other. The only species 
common to the three samples of the Baby- 
lon Coal is Triletes iriangzdatus. The bo- 
tanically related small spores oT Cirmtrirn- 
dites appear for the first time in this coal 
and make up 10 percent of the total small 
spore content (Kosanke, 1950). 

Megaspores in the upper 6 inches of the 
Babylon Coal (macerations 145B and 
52311) are more abundant and represent a 
more varied flora. Triletes superbus is con- 
spicuously absent. The Babylon Coal can be 
readily distinguished lrom coals above and 
below on the basis of megaspores, as well as 
on the basis of small spores which have indi- 
cated (Kosanke, 1950) a vast change in the 
flora compared with that of the Caseyville 
coals. 

Willis and Tarter Coals 
The correlation (Moore et al., 1944) of 

the Willis Coal Srom Schneider's mine 
(NWX SEX sec. 30,T. 10S., R.9E.,  Galla- 
tin County, [southern] Illinois) with the 
Tarter Coal ( N W g  NWN SEX sec. 19, T. 
5 N., R. 2 E., Fulton County, [western] Illi- 
nois) is supported by the study of small 
spore assemblages (Kosanke, 1950). The 
Willis Coal, at the locality cited above, is 
near its type locality; the Tarter Coal cited 
above is in the area of the type section of 
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the Tarter Cyclo them. Unfortunately, only 
the coarse residue of the uppermost inch 
(maceration 604A) of the Tarter Coal at 
this locality is now available; that of the 
lower 12 inches below a 12-inch parting is 
missing. 

The following genera and species were 
identified from the Willis Coal (maceration 
625A-B). Relative abundance notations ol' 
coals sampled in two or more segments 
are listed subsequently in the following 
order: (top, lower) or (top, middle, lower) . 

Triletes triangulatus ( A h )  
Renisporites cotzfo.ssus n. sp. (A,A) 
T. brasserti (C,A) 
T .  ramosus 
T .  mamillarius 

(AJC) 

Cystosporites varius 
(AjC) 
(AJC) 

Spencerisporites cf. S. radiatus (A,P) 
Punctatisporites cf. P. obesus (P,C) 
Calamospora cf. C. sinuosa (C,P) 
T.  auritus 
T .  glo bosus var. (C) 

( C N  
w> -) 

Monoletes ( R N  
Cystosporites breretonensis ( -, P )  
T .  superbus @ J  - ) 

One other sample of the Willis (?) Coal 
(maceration 631) did not contain the great 
diversity ol spore types. T .  ramosus is dom- 
inant; T. mamil larius ,  T. globosus var. (C), 
Calamospora cf. C .  sinuosa, S .  cf. S. radia- 
tus, and T .  tr iangulatus also are repre- 
sen ted. 

For comparison, the following genera 
and  species were identified from the Tarter 
Coal (maceration 901), NE1/4 sec. 26, T. 9 
N., R. 1 W., Warren County, Illinois: 

Triletes brasserti 
Renisporites confossus n. sp. 

(A) 

T .  triangulatus 
(A) 

Punctatisporites cf. P. obesus 
(P) 

Molloletes 
(P) 

Calamospora cf. C. laevigata 
(P) 

T .  ramosus 
(P> 

Cystosporites varius 
(R) 
(R) 

Spencerisporites cf. S. radiatus (R) 

T ~ i l e t e s  brasserti is the dominant species, 
accounting for 90 percent of the mega- 
spores. T .  brasserti also was dominant in 
the uppermost inch of the Tarter Coal 
(maceration 604A) at another lacali ty. Spe- 
cies from maceration 604A n o t  represented 
in maceration 901 are T .  auri tus ,  T .  up-  

pendiculatus?, T .  cf. T .  eregliensis, and 
possibly Calamospora cf. C. sinuosa. 

However, one sample (maceration 9 14) 
ol: the Tarter Coal, 6 inches thick, from 
Mercer County, has a unique assemblage. 
Tr i le tes  auri tus  makes up 95 percent of the 
large spore assemblage; other genera and 
species represented are T .  cf. T. hirsutus, 
T. horridus, Spencerisporites cf. S .  radiatus, 
Cystosporites, and Monoletes .  The assem- 
blage is unlike those of the other samples 
of Tarter or Willis Coals, but in the dom- 
inance of T .  auri tus  and the occurrence of 
T .  cf. T. hirsutus is similar to the assem- 
blage of the overlying Pope Creek Coal 
from the same locality. 

The Willis Coal contains abundant and 
greatly diverse types of spores. The Tarter 
Coal, with the exception of the one sample 
from Mercer County, has a similar but less 
diversified assemblage, lacking some of the 
species typical of the Willis Coal, such as 
Tr i le tes  mamil larius  and T .  globosus var. 
(C) .  The two coals are characterized by an 
abundance of zonate megaspores. Those of 
T. brasserti even occur in tetrad arrange- 
ment in both coals. This species also is 
known from one sample of the Pope Creek 
Coal. Triangulate spores are abundant as 
in the Babylon Coal. Kmanke (1950) re- 
ported Cirratriradites as the subdominant 
genus of the Willis and Tarter Coals and 
that it was present in fair abundance in the 
Babylon Coal. This occurrence of Cirratri- 
m d i t e s  parallels the high incidence of tri- 
angulate megaspores. 

Both Renispori tes  confossus and Puncia-  
iisporites cf. P. obesus appear to be re- 
stricted to the Willis and Tarter Coals. T r i -  
letes g l o b o s z ~ ~  var. (C) is known only from 
the two samples of Willis Coal. Spenceri- 
sporites cf. S. radiatus is present or abun- 
dant for the first time since its abundant 
representation in the Reynoldsburg Coal of 
the Caseyville Group. Monoletes  or other 
evidence of medullosans, such as resin rod- 
lets, are not common. The assemblages of 
the Tarter and TVillis Coals are among the 
most distinctive of any of the Pennsylva- 
nian coals and are readily distinguishable 
from those of older and younger coals. 
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Pope Creek Coal 
Kosanke (1950) correlated the Delwood 

Coal in NW% NW% sec. 3, T. 11 S., R. 6 
E., Pope County, with the Pope Creek Coal 
(maceration 602) in SE% STY% SE% sec. 
1 1, T .  7 N., R. 1 E., Fulton County. Un- 
fortunately, the coarse residue of the Del- 
wood Coal is not now available for exam- 
ination. The coarse residues studied were 
from the Pope Creek Coal (5 inches thick) 
cited above and lrom the Pope Greek Coal 
(26 inches thick) from the type locality of 
the Pope Creek Cyclothem, NEl/q NEX 
SW% sec. 33, T. 14 N., R. 2 W., Mercer 
County, Illinois. 

The Pope Creek Coal of Mercer County 
was prepared and studied in three samples: 
a basal 4-inch block (maceration 916), a 
middle 12-inch block (maceration 91 7), and 
an upper 8-inch block (maceration 918). 
Because these samples are from an area 
close to the type locality of the cyclothem, 
the following list ol genera and species iden- 
tified from them will serve as the standard 
lor the Pope Creek large spore assemblage: 

Triletes auritus ( -, C,C) 
Triletes? saturnipunctatus n.sp. (P,-,C) 
Monoletes (P,R,P) 
T .  cf. T .  hirsutus ( -, P,P) 
Cystosporites varius ( - ,  -, P) 
C. verrzicosus ( -, -, P) 
T .  triangulatus ( -, p, - ) 
T .  rnarnillarius ( -, -, R) 

Both large and small spores are some- 
what less abundant in the Pope Creek Coal 
than in the Tarter and Willis Coals. The 
basal 4 inches of the Pope Creek Coal con- 
tains a much more varied assemblage than 
either the middle or upper portions. Tr i -  
letes auritz~s is dominant; T.? saturnipunc- 
tatus, T .  cf. T .  Izirszitus, and A4onoletes are 
subdominant. T.? sa turn ipunctatis appar- 
ently is restricted to the Pope Creek Coal. 

The Pope Creek Coal is distinguished 
from the underlying Tarter Coal (macera- 
tion 914) at the same locality by the pres- 
ence of Cystosporites verrzLcosus, Triletes 
triangzilatzis, and T.?  sntz~mip?rnctatzis. I t  is 
similar to the older coal in the continued 
dominance of T.  auritus and the common 
occurrence of spores of T .  cf. T. hirsutus. 

The Pope Creek Coal (maceration 602) 
from Fulton County, contains a different 
assemblage. The dominant element in this 
sample is Triletcs augustae; the subdomi- 
nant elements are T .  triangulatz~s and T.  
lirnsserti. In  addition Cystos$orites gigan- 
teus, C .  varius, and T .  rnanzillarizis are rep- 
resented. This assemblage is similar to that 
of the underlying Tarter Coal (maceration 
604A) in the common occurrence of spores 
of T. brcrsserti and T .  triangulatus, but dis- 
similar in the species of auriculate mega- 
spores. The Pope Creek Coal of Fulton 
County differs hom that ol Mercer County 
in that it contains abundant spores of T. 
augustae rather than T .  auritz~s, no Mono-  
letrs, Triletes? saiumipz~nctatz~s ,  T .  cf T.  
hirszrius, or C. verrucosus. T. brasserti is 
not represented in the Mercer County 
samples. 

Rock Island (No. 1) Coal 
The Rock Island (No. 1) Coal is an im- 

portant commercial coal in the Tradewater 
Group and is known definitely only in 
western Illinois. I t  is typically developed 
in Rock Island and Mercer Counties and is 
characterized by lenticular occurrence in 
narrow channel-shaped areas (Cady, 1952) . 

The large spore content from the coarse 
residues of six samples from Henry, Rock 
Island, McDonough, and Fulton Counties 
is not uniform in character. The following 
genera and species were identified from a 
14-inch coal (maceration 599A-B,-top of 
bed not represented), in Fulton County 
near the type section of the Seville 
Cyclothem: 

Cystosporites varius 
Triletes rugosus 
Monoletes 
C .  breretonensis 
T .  triangulalus 
T .  auritus 
Spencerisporites cf. S. radiatus 
Calamospora 

Lageniculate megaspores referable to 
Trileies rugoszls appear for the first time in 
the Pennsylvanian of Illinois. Another 
sample from the same area (maceration 
528A-B) contains the same variety of mega- 
spores but seems to have a higher propor- 
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tion of Cystosporites breretonensis than C. 
uarius. Monoletes spores and Cystosporites 
spores with apical tufts are dominant. 
Kosanke (1950) noted that Lycospora, im- 
portant in coals above and below the Rock 
Island (No. 1) Coal, is rare. In  contrast, 
botanically related megaspores of Cysto- 
sporites and T .  rugosus are common in 
this coal. 

A 6- to 8-inch coal (maceration 929) 
from McDonough County differs from the 
assemblage given above in the dominance 
of Triletes cf. T .  hirsutus and the sub- 
dominance of T. auritus. Spores of Cysto- 
sporites varius, T .  mamillarius, T .  su- 
perbus, T .  triangulatus, T .  mmosus,  and 
Calamospora cf. C. laevigata also are pres- 
ent in this sample. 

Triletes augustae is dominant in the 
Rock Island (No. 1) Coal from Pryce mine 
(maceration 6 2 7 ) ,  Rock lsland County; 
from Werner mine (maceration 589), 
Henry County; and co-dominant with T .  
ramoszls in the sample from Bugos White 
mine (maceration 626) , Henry County. T. 
augustae is not known from the other sam- 
ples of the Rock Island (No. 1) Coal. The  
only other sample that contained T .  ra- 
mosus is maceration 929 from McDonough 
County. 

In  the Werner mine sample (maceration 
589) one spore of Parasporites was found, 
representing the first occurrence of that 
genus in the Pennsylvanian of Illinois. 
None of these northern Illinois samples 
contains the smooth lageniculate spores 
found in the Fulton County samples; spores 
of Cystosporites and Monoletes range from 
rare to present. The lack of Lycospora 
(Kosanke, 1950) in the Rock Island (No. 
1) Coal from Henry and Rock Island 
Counties parallels the lack of lageniculate 
spores and the lack or extreme rarity of 
Cystosporites spores. The assemblages from 
the Rock Island (No. 1) Coal of northern 
Illinois compare relatively closely with 
that found in the coal at New Burnside 
(maceration 938) from Johnson County in 
southern Illinois. 

Murphysboro Coal 
The hlurphysboro Coal in southern Illi- 

nois is another commercially important 
coal in the Tradewater Group (Cady, 
1952). The coal ranges from 1 to 7% feet 
thick and tends to split into two benches 
toward the margins of the hlurphysboro 
area to the east and north (Cady, 1952). 
Its maximum thickness occurs only in Jack- 
son County. Its exact equivalent outside of 
Jackson and Williamson Counties is un- 
known. 

The following genera and species have 
been identified from a sample (maceration 
550) from the mine dump of the aban- 
doned Brinker mine near Oraville, Jackson 
County: 

Triletes triangulatus 
T .  rugosus 

(A) 

Cystosporites varius 
(C> 

C .  breretonensis 
(P) 

C. giganteus 
(P> 

T.  auritus 
(P) 

Monoletes 
(P) 
(R) 

The uppermost 12 inches (maceration 
608) of the IVIurphysboro Coal from south 
of Sato only rarely contains spores of Cysto- 
sporites uarizls and Triletes triangulatus. 
Spores of T.  augzrstae are common and a 
few specimens of Monoletes are present in 
maceration 549 from an abandoned slope 
mine south of Ava. Two samples of 
Murphysboro Coal (macerations 799 and 
800) were given only a cursory examina- 
tion; T .  triangzdatus and auriculate mega- 
spores were present. 

A coal (maceration 915) occurring under 
the sandstone in the spillway of Crab 
Orchard Lake dam, N W S  NWl/q sec. 30, 
T. 9 S., R. 1 E., Williamson County, has a 
spore content generally similar to that  of 
the Murphysboro Coal. In this coal Triletes 
rugosus and Monoletes are co-dominant; 
Cystosporites giganteus and T .  mamillarius 
are represented by only a few spores. The 
assemblage differs from that ol the 
Murphysboro in its lack of T .  trinngzdatus 
and tufted Cystosporites spores. 

A coal (maceration 62SA-B) below the 
Curlew Limestone (Weller, Henbest, and 
Dunbar, 1942, p. 15, fig. 2) , NE1/, SEX 
N W g  sec. 27, T. 10 S., R. 6 E., Saline 
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County, contains spores of the following 
genera and species: 

Triletes auritzis 
Monoletes 

( A 4  
G C )  

T .  rugosus ( - 9  A) 
Cystosporites giganteus ( -7 p) 
C. sp. (R, - ) 
T. triangulatus ( -7R) 
T.  manzillarius ( - J  R) 

This coal differs from that of the Murphys- 
boro in the dominance of T. auritus rather 
than T.  triangulatus and in the absence 
of tufted spores of Cystosporites. 

Cady (1952) suggested that a coal, 4 to 
5 feet thick, lying beIow the Curlew Sand- 
stone near New Burnside, Johnson County, 
may be the equivalent of the Murphysboro 
Coal. A sample (maceration 938A-C) from 
a coal 43 inches thick in a strip mine in 
that area contains spores of the following 
genera and species: 

Monoletes (A,P .P) 
Triletes augustae ( - ,  C,A) 
T.  triangulatus (R,P,P) 
Cystosporites varius ( -, R,A) 
T.  ramosus (G -, - ) 
T .  auritus ( R S ,  - ) 
C. heretonensis  ( -, -, P) 
C. giganteus (JL -, - ) 
T .  rugosus ( - , R , - )  

In  the presence of Triletes augustae and 
T .  ramosus and the rarity of T.  rugosus, 
the assemblage resembles those of the Rock 
Island (No. 1) Coal from northern Illi- 
nois. In the same respect maceration 938A- 
C differs from most of those from the Mur- 
physboro Coal, except for one or two in 
which T .  augustae is represented. This New 
Burnside sample is the only one in south- 
ern Illinois with spores of T.  ramosus at 
this general horizon. 

Bald Hill Coal 
The Bald Hill Coal may be as much as 

28 inches thick but it is not considered as 
important economically as the Rock Island 
(No. 1) , Murphysboro, or some of the over- 
lying coals of the Tradewater Group. I t  
has been suggested, Kosanke (1950) noted, 
that it is equivalent to the Upper DeLong 
Coal of western Illinois. 

The following genera and species were 
identified from the Bald Hill Coal (macer- 
ation 520A-B) near its type locality, NWl/, 

SEX sec. 25, T. 10 S., R. 4 E., Williamson 
County: 

Triletes auritus F 7  - ) 
Cystosporites varius (c, - ) 
C. breretonensis (p7 - > 
T. rugosus (Pj - > 
Monoletes P, - ) 
Calamospora cf. C. laeuigatu (R, - ) 

This assemblage differs from those of the 
Murphysboro Coal mainly in the lack of 
Triletes triangulatus, and it differs from the 
coal bed below the Curlew Limestone 
(maceration 628A-B) in that tufted Cysto- 

sporites spores are present. One sample of 
the lower bench of the Upper DeLong Coal 
(maceration 527B) from Fulton County 
was barren of megaspores. One sample of 
Middle DeLong Coal ( ?  (maceration 
828) from Schuyler County, contained 
only a few spores of T.  triangulatus and 
&Ionoletes. A sample of Upper DeLong (?) 
Coal (maceration 829) from the same lo- 
cality contained the same spores as the 
Middle DeLong (?) and a few spores of 
Cystosporites breretonensis. 

Stonefort Coal 
The StoneEort Coal lies above the Bald 

Hill Coal and below the Stonefort kime- 
stone. The coarse residue of this coal (mac- 
eration 640) near the type Stonefort Cyclo- 
them, Williamson County, yielded only a 
few spores of Monoletes and Triletes tri- 
an,gulatus. An unnamed coal (maceration 
639), just above the Stonefort Coal, near the 
same locality, yielded only a few spores of 
Cystosporites giganteus, T. auritus, T .  tri- 
angulatus, and more abundant spores of 
~Monoletes. The residue of this coal con- 
sisted almost en tirely of cu tide. 

One sample of a 12-inch coal (macera- 
tion 554F) , questionably the unnamed coal 
just above the Stonefort Coal, Franklin 
County, contained a few spores of Triletes 
auritus and Cyslosporites breretonensis. 
Another sample of an 11 -inch coal (macer- 
ation 537Q), also questionably the un- 
named coal just above the Stonefort Coal, 
contained only cuticle and spores of C. 
breretonensis. 

Davis and Wiley Coals 
The Davis Coal, generally of minable 

thickness in southeastern Wi l l i a~son  and. 
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southern Saline Counties, southeastern 
Illinois, lies above the Stonefort Limestone 
and from 15 to 40 feet below the DeKoven 
Coal. This coal has been correlated with 
the thin but persistent Wiley Coal of west- 
ern Illinois (Wanless, 1939; Kosanke, 1950; 
Wanless, 1955) . The Wiley Coal lies above 
the Seahorne Limestone and below the 
Greenbush Coal. 

The following genera and species were 
identified from the Davis Coal (maceration 
5 18A-B) , Saline County: 

Triletes triangulatus (A? - ) 
T .  rugosus ( P w  
Monoletes 
Cystosporites giganteus 

( P N  
(P, - ) 

Parasporit es (R, - ) 
Spencerisporites cf. S. gracilis ( -, R) 

Two other samples from Franklin Coun- 
ty, possibly of the Davis Coal, also were 
examined; one (maceration 535) contained 
no identifiable spores, and the other (mac- 
eration 554E) contained only a few frag- 
ments of cuticle, resin rodlets, and spores 
of Monoletes. 

The Wiley Coal (maceration 525A-B) , 
11 inches thick, Fulton County, has an as- 
semblage remarkably similar, with respect 
to the variety and relative abundance of 
spores, to that of the Davis Coal. However, 
in the Wiley Coal the spores are generally 
more abundant and, in addition, spores of 
Triletes mamillarius are common and T. 
auritus and Cystosporites varius are pres- 
ent. The two coals seem to be character- 
ized by the joint, but rare, occurrence of 
spores of Pamsporites and Spencerisporites 
cf. S. gracilis. 

DeKoven Coal 
The DeKoven Coal, 30 to 36 inches thick 

in Saline and Williamson Counties, over- 
lies the Davis Coal and is the highest 
named coal in the Tradewater Group of 
southeastern Illinois. In places it has been 
cut into or entirely cut out by the Palzo 
Sandstone, the basal unit of the Carbon- 
dale Group. The Greenbush Coal of west- 
ern Illinois has been correlated with the 
DeKoven Coal by Wanless (1939), a cor- 
relation corroborated by studies of small 
spores (Kosanke, 1950) . Wanless (1 955) 
stated that the Greenbush Coal of western 

Illinois is generally absent or represented 
bv onlv a thin film of carbonaceous 

J J 

material. 
The following genera and species were 

identified from the DeKoven Coal (macer- 
ation 5 19A-B) , Williamson County: 

Tri let  es tria?zgulatus 
Monoletes 

(CJ') 
(PJ"? 

Spencerisporites cf. S. gracilis (P,C) 
Parasporiies 
Cystosporites gigunteus 

( R m  
(-,  R) 

C. varius ( -9R) 

The DeKoven Coal generally is distin- 
guishable from the underlying Davis Coal 
by the lack of Triletes rugosus. T .  triangu- 
latus and A4onoletes seem to be dominant 
elements in both coals. 

A sample of the DeKoven (?) Coal (mac- 
eration 554-D) from a Franklin County core 
yielded only rare spores of Monoletes, Cala- 
mospora, and Tri le  tes rugosus. The  latter 
species is unknown from the DeKoven Coal 
(maceration 5 19A-B) from J4Wiamson 
County. 

A coal was found about 9 feet above the 
DeKoven Coal, E1/2 NEX NEX sec. 20, T. 
10 S., R. 5 E., Saline County. Two hundred 
feet to the west the coal was absent. The 
following genera and species have been 
identified from this unnamed coal (mac- 
eration 936) : 

Triletes rugosus 
T .  auritus 

(*> 

Monoletes 
(P) 

Cystosporites varius 
P) 

T .  ramosus ? 
(R) 
(R) 

T .  trinngulatzis, Parasporites, and Spenceri- 
sporites d. S .  gmcilis, found in the under- 
lying DeKoven Coal, are not represented. 
T. rugossls and T .  auritus are not known 
from the DeKoven Coal. 

A sample of an unnamed coal 12 inches 
thick (maceration 35) occurring above the 
DeKoven Coal in the NWG sec. 21, T. 10 
S., K. 5 E., Saline County, Illinois, contains 
an assemblage similar to that of the De- 
Koven Coal (with one exception) in re- 
spect to kinds of spores and to relative 
abundance of the different types. In  gen- 
eral, large spores seem to be more abundant 
in this unnamed coal, which, in contrast to 
the DeKoven Coal, contains some spores of 
Triletes mnmillnriz~s, Calanzospora cf. C.  
laevigata, and one questionabl J referred to 
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T .  rugoszts, but no spores of Spencerispo- 
rites cf. S. gracilis, which are fairly common 
in the DeKoven Coal. 

A pre-No. 2 coal (maceration 621D), 
penetrated by a rotary drill in Edwards 
County, has a large spore assemblage much 
more similar to that of maceration 936 
than to that of the DeKoven Goal. This 
coal does not contain any zonate spores, but 
contains the others listed for the unnamed 
coal (maceration 936) 9 feet above the De- 
Koven Coal. In  addition a few spores of 
Triletes marnillarius, Cystosporites gigan- 
tezts, and possibly one of T .  augztstae are 
present. 

MisceIIaneolas Coals 
Two of the lower coals from the Illinois 

Clay Products pit near Goose Lake, Grundy 
County, were examined. The  Golchester 
(No. 2) Coal mined in this area lies above 
these coals outside the vicinity of the pit. 

The lower of the two coals may be as 
much as 6% inches thick and is persistent 
but somewhat irregular in thickness, thin- 
ning to 1% inches within the area of the 
pit (Doehler, 1957) . The following genera 
and species were identified from this coal 
at its maximum thickness (maceration 
950A-B) : 

Monoletes 
Triletcs superbus 

(A,=') 

Cystosporites varius 
(PJ? 

( -j R) 
T .  nzamillarius ( - 7  R) 
T .  appendiculatus ? ( -fR) 
T. ramosus ( - 7  fp) 

The other sample (maceration 949) of this 
coal contains only one spore of Spenceri- 
sporites, unidentifiable as to species. Tr i -  
lctes nppendiculatzts? is known from only 
one other sample, the Tarter Coal (macera- 
tion 604A) . T. sztperbzw is known from the 
"Sub-Babylon" (maceration 144) , Willis 
(maceration 625A), and Rock Island (No. 
1) (maceration 929) Goals. 

The  upper of the two coals, about 3$A2 
inches thick, is not persistent. Maceration 
951 contained only abundant spores of 
~llonoletes.  

Summary 
The lower coals of the Tradewater 

Group, especially the 'Tarter and Willis 
Coals, are characterized by a wide variety 

of megaspores and a maximum develop- 
ment of some of the zonate spores, such as 
those of Triletes brasserti. In  addition 
Renisporites and Punctatisfiorites cf. P. 
obeszls seem to be restricted to these coals. 

With the exception of one sample of the 
Tarter Coal (maceration 914) , the coals 
of the Traclewater Group lack spinose 
lageniculate spores that are so common in 
the coals of the Caseyville Group. How- 
ever, the smooth, lageniculate megaspores 
are prominent in the Rock Island (No. I ) ,  
Murphysboro, and younger coals of the 
Tradewater Group. Parasporites and Spen- 
cerisporites cf. S. gracilis, although never 
abundantly represented, are conspicuous in 
several of the upper coal beds of the Trade- 
water Group. Tri le  tes gla bmtus,  repre- 
sented in the "Makanda" Coals of the 
Caseyville Group and generally conspicu- 
ous in the coals of the Carbondale Group, 
has not been recognized in Tradewater 
Coals. 

GARBONDALE GROUP 

The Carbondale Group, next higher 
stratigraphic division 01 the Pennsylvanian 
in Illinois, extends from the base of the 
Balzo Sandstone in southern Illinois and 
from the base of the Isabel Sandstone in 
western Illinois to the base of the Anvil 
Rock Sandstone. The  group, up to 400 feet 
thick (Cady, 1952), contains more promi- 
nent marine limestone than does the Trade- 
water Group and exhibits a more regular 
cyclic alternation of beds. Some of the coals 
are extensive; Colchester (No. 2), No. 5, 
and Herrin (No. 6) Coals are the commer- 
cially important coals of Illinois. The  
Summum (No. 4) Coal is less extensive 
and the Briar Hill (No. 5a) Coal is re- 
stricted essentially to southeastern Illinois 
(Kosanke, 1950) . 

The Garbondale Group is considered 
generally equivalent to the middle third 
of the Desmoinesian Series of the Mid- 
continent region, to the middle portion of 
the Allegheny Series of the Appalachian re- 
gion (Wanless, 1955) , and to the West- 
phalian D, at least in part, of Europe 
(Kremp, 1955). At least the upper part ol: 
the group contains the flora of zone 7 (Zone 
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of Neuropteris pcxuosa) of Read (1947). 
Bhardwaj (1957) considers the lower part 
of the Illinois Carbondale Group as the 
transition zone and Briar Hill (No. 5a) 
and Herrin (No. 6) Coal as roughly 
equivalent to seam 1 (Stolberg) of the Saar 
and to the Velener Schicten (Lower West- 
phalian D) of the Ruhr. 

Discussion of the large spore occurrences 
is based on a study of 24 samples from 
eleven Illinois counties. J. M. Schopf's ex- 
tensive report on the megaspores from Her- 
rin (No. 6) Coal is discussed below and 
incorporated into the spore distribution 
chart (text fig. 9) . Primary emphasis has 
been placed on the coals of the Caseyville 
and Tradewater Groups so that cliscussion 
of those coals in the Carbondale and 
McLeansboro Groups is held to a minimum. 

Colchester (No. 2) Coal 
Wanless (1955) stated that the Colches- 

ter (No. 2) Coal is the most ,extensive 
Pennsylvanian coal in the United States. 
Unlike most other coals in Illinois, it has 
its maximum development in the northern 
part of the basin. 

The small spore content of the Colches- 
ter (No. 2) Coal in northern, western, and 
southern Illinois is uniform; the floral ele- 
ments of the thinner coal in southern Illi- 
nois are in approximately the same relative 
abundance as in the thicker Colchester 
(No. 2) Coal from western and northern 
Illinois (Kosanke, 1950) . Samples of Col- 
chester (No. 2) Goal (and probable No. 2 
Coal) from nine localities were examined 
for large spore content. The variation in 
megaspore con tent be tween these coals is 
marked. 

The following genera and species were 
identified from the Colchester (No. 2) 
Coal (macerations 824, 825, and 826), 
more than 30 inches thick, outcropping in 
Mill Creek, Schuyler County: 

Cystosporites giganteus 
Monoletes 
C. uarius 
C breretonensis 
Triletes r q o s u s  
C. ~ e r r u r o s ' ~ ~ ~  
T .  auritus 
T .  trinngzilntus 
Cnlamosjboro c f .  C. Inevigata 

The sample from the bottom portion of 
the bed is dominated by spores of Triletes 
rzlgoszls, accounting for about 50 percent 
of the assemblage. Cystosporites spores 
clearly dominate in the middle sample of 
the bed. T .  auritus is dominant in and re- 
stricted to the upper 2 feet of the coal. T. 
triangulatus and Calanzos~ora cf. C. laevi- 
gata also appear to be restricted to the 
upper portion of the bed. The high inci- 
dence of spores of T. rugosus and Cysto- 
sporites parallels the reported dominance 
(Kosanke, 1950) of the botanically related 
small spores of Lycospora. 

Another outcrop sample of the Colches- 
ter (No. 2) Coal 19 inches thick (macera- 
tion 603A-C) , from Fulton County, con- 
tains all the genera 2nd species of macera- 
tions 824, 825, and 826, except Cyst osporites 
verrucosus. Triletes mamillarius is repre- 
sented by rare spores in the bottom 4 inches 
of the bed. In addition to a different 
megaspore distribution throughout the 
bed, Cystosporit~s seems to he less well 
represented. 

Another sample of the Colchester (No. 
2) Coal (maceration 899) from Fulton 
County only contains abundant spores of 
Monoletes and rare spores of Triletes 
triangulatus. 

Four samples of Coichester (No. 2) Coal 
from northern Illinois were examined. One 
(maceration 579A-C) from the Spring Val- 
ley No. 3 mine, Bureau County, had repre- 
sentatives of the genera and species given 
for macerations 824, 825, and 826 above, 
except Cystosporites verrucosus and Tr i -  
letes a uritus. In addition, Parasporitcjs is 
known from the lower two-thirds of the 
bed; however, as in macerations 824, 825, 
and 826, Cystosporites and Monoletes are 
dominan t . 

TWO samples from Grundy County ex- 
hibit extreme variations in large spore con- 
tent. One (maceration 61 1) contains spores 
of Triletes rugosus, Monoletes, Calamo- 
spora cf. C. laevigata, T. triangulatus, and 
Cystosporites breretonensis. T. rugosus is 
dominant; il.lonoletes is subdominant. The 
other sample from Grundy County (macer- 
ation 580) contains fairly abundant spores 
of Cystosporites. Monoletes is rare, in 
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marked contrast to the other samples of 
Colchester (No. 2) Coal. None of the spe- 
cies of Triletes in macerations 824-826 nor 
Calamospora is represented. In contrast to 
all other samples of the Colchester (No. 2) 
Coal, T .  augustae and Spencerisporites cf. 
S. gracilis are found in maceration 580. 

The fourth sample of this coal (macera- 
tion 567), from LaSalle County, contains 
no megaspores. 

Two samples, questionably of the Col- 
chester (No. 2) Coal, from rotary drill 
samples, Hamilton County, were examined. 
One (maceration 581), probably is a coal 
of Tradewater age, in that Triletes ramosus 
with adhering spores of Densospo~ites was 
identified. The other (maceration 582) 
contains some of the more common spores 
found in the Colchester (No. 2) Coal. 

All oi the genera and species represented 
in the Colchester (No. 2) Coal occur in 
some of the underlying coals of the Trade- 
water Group. A1 though the assemblages 
from different localities vary considerably, 
they appear to differ from those of the 
upper part of the Tradewater Group by 
1) a lower incidence of Parasporites and 
Spencerisporites, 2) greater relative abun- 
dance of' Cystosporites, and 3) fewer spores 
sf Trileies triun,gzilat~is. All the samples 
are distinguishable from the Summum 
(No. 4) Coal and the overlying coals of 
the Carbondale Group by the greater rela- 
tive abundance of Cystosporites and the ab- 
sence of T. glabratus (text fig. 9 )  . C. verru- 
cosus is represented in the Indiana Coal IV 
but is not known to occur in any younger 
coal. 

Indiana Coal IV 
The Indiana Coal IV is geographically 

restricted to an area centering in Greene 
County, Indiana (Mranless, 1955) . I t  is 
known to extend into parts of Edgar, Clark, 
Crawford, ancl Lawrence Counties of Illi- 
nois. This coal occurs between the Col- 
chester (No. 2) and the Summum (No. 4) 
Coals of Illinois. 

The Indiana Coal IV is split in a dia- 
mond drill core from Edgar County, Illi- 
nois. The thinner (8-inch) lower coal of 
the split (maceration 881) is dominated by 
spores of Triletes rugoszcs (80 percent) . 

Monoletes, Cystosporites varius, C.  gigan- 
tezis, and C.  verrucosus also were well rep- 
resented. The  assemblage from this coal is 
similar in content to that of several sam- 
ples of the Colchester (No. 2) and in the 
relative abundance of Cystosporites, T. ru- 
gosus, and Monoletes. In this core the In- 
diana Coal IV is distinct from the overly- 
ing No. 5 ancl Grape Creek (No. 6) Goals, 
which contain numerous spores of T. glab- 
7 ^ ~ 1 t 2 1 ~  but lack those of Cystosporites. 

S-urnmum (No. 4) Coal 
Summum (No. 4) Coal is extensive in 

southern Illinois, a1 though commonly only 
a few inches thick. Its equivalent, Indiana 
IVa, locally attains a thickness of from 1 to 
2 feet in Indiana. This coal, like the Rock 
Island (No. 1) Coal in western Illinois 
(Cady, 1952) , is lenticular. 

The following genera and species were 
identified from one sample of the Summum 
(No. 4) Coal (maceration 4-63?, Jersey 
County: 

Triletes triangulatus 
T .  glabratus 

(4 
T .  augustae 

(C) 

T .  mamillarius 
(C) 

Calamospora cf. C .  laevignla 
(?) 
m 

Monoletes (R) 

This assemblage is distinct from those of 
most samples of the Colchester (No. 2) , 
No. 5, Briar Elill (No. 5a), and Herrin 
(No. 6) Coals, in its lack 01 Cystosporites, 
Triletes rugosus, and the relative rarity of 
Monoletes. T .  glabratus is abundant for 
the first time in the Pennsylvanian of Illi- 
nois. The only previous occurrence was the 
few spores found in the "Makanda" Coals 
of the Caseyville Group. Although Lyco- 
spora is dominant among the small spores 
(Kosanke, 1950) , none of the megaspores 

known to be botanically related to Lyco- 
spora are present in this sample of the 
Summum (No. 4) Coal. 

No. 5 Coals 
The No. 5 Coal of Illinois, called Har- 

risburg (No. 5) in southern Illinois and 
Springfield (No. 5) in central, western, and 
northern Illinois, is second to Herrin (No. 
6) Coal in commercial importance in 
Illinois. 
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The following genera and species were 
identified from the Springfield (No. 5) 
Coal (maceration 630) , Sangamon County: 

Monoletes 
Triletes glabratus 

(4 
T .  triangulatus 

(P> 

Cystosporites 7~ar i .u~  
(P) 

T .  auritus 
(P) 

T.  rugosus 
(R) 

T.  mnmi1larizc.r 
(R) 
(R) 

d5'pencet-isporiles cf. S .  gmcilis (R) 
Calamosporn cf. C. lncvigata @I 

This sample and another (maceration 
583) from Wabash County differ from the 
Summum (No. 4) Coal in that T .  rugosus 
and Cystosporites are present. Three sam- 
ples of the No. 5 Coal contained fairly 
abundant spores of T .  glabratus. This spe- 
cies is also noted in two other samples of 
the No. 5 Coal (macerations 4226 and 
569D, not listed in table 2) .  

A diamond drill core sample of No. 5 
Coal (macerations 880 and 879) from Ed- 
gar County did not contain any spores of 
Cystosporites or Triletes rugoszis and was 
similar to the sample of Summum (No. 4) 
Goal in this respect. I t  did, however, con- 
tain fairly abundant spores of T .  glabratus 
and representatives of both Spencerisporites 
and Parasporites. 

Briar Hill (No. 5a) Coal 
Briar Hill (No. 5a) Goal is generally re- 

stricted to the southeastern part of the Illi- 
nois Basin and is rarely mined. 

The following genera and species were 
identified from the Briar Hill (No. 5a) 
Coal (maceration 633A-B) from the gen- 
eral area of its type section in Gallatin 
County, where i t  is 2 feet thick. 

Monoletes (A, A) 
Triletes rugos us (A, C )  
Cystosporites gigant eus (A, - ) 
C. varius (A - ) 
T .  triangulatus ip, p) 
Calamosj?orn cf. C. laevigata ( C ,  - ) 
Spencerisporiies cf. C. gracilis (P, - ) 
Cystos;borite~ breretonensis ( - ,  R) 
T .  glah-aiur ( - 9  R) 

This assemblage differs from those of 
the No. 5 Coal in the rarity of spores of 
Trilctes glab~.atus, and in the more abun- 
dant occurrence of spores of T .  rugosfis and 
Cystosporites. Only Calamosporu and T .  
rugosus have been identified from one other 

sample of Briar Hill (No. 5a) Coal (macer- 
ation 507A-B, not listed in table 2). 

Herrin (No. 6)  Coal 
The Herrin (No. 6) Goal is the princi- 

pal commercial coal of Illinois. I t  may at- 
tain a maximum thickness of 14 feet or 
more. The  extensive study by Schopf 
(1938) of the megaspores of this coal is 

well known. His results have been incor- 
porated into the distribution chart (text 
fig. 9 ) .  The dominant elements appear to 
be Triletes glabratus, T. rugosus, Mono- 
letes, T .  triangulatus, T .  mamillarius, and 
Cystosporites. 

A sample (maceration 878) of Grape 
Creek (No. 6) Coal from Edgar County 
contained very abundant spores of Triletes 
glabratus, but none of Cystosporites. 

Apparently Spencerisporites, found in 
two samples of the No. 5 Coal and in one 
of the Briar Hill (No. 5a) and one of the 
Colchester (No. 2) Coals, is not represented 
in the Herrin (No. 6) Coal. The larger 
spores of Calamospora, noted in several 
samples of the No. 2 Coal, the Summum 
(No. 4) Coal, and in one sample of both 
the No. 5 and No. 5a Coals, also are miss- 
ing. 

Parasporites is common for the first time 
since its occurrence in an unnamed coal 
above the DeKoven Coal of the Tradewater 
Group, a1 though scattered occurrences are 
noted in the No. 2 and No. 5 Coals. 

Summary 
The  coals of the Carbondale Group, 

above the Colchester (No. 2) Coal and the 
Indiana Coal IV, are distinguished from 
older coals by a fairly abundant occurrence 
of both the spinose and smooth aphanozo- 
nate megaspores. Spores of Triletes gla- 
bratus first occur in "Makancla" Coals of 
the Caseyville Group, are absent from coals 
of the 'Tradewater Group and from Col- 
chester (No. 2) Coal and Indiana Coal IVY 
but reoccur, at many places in great abun- 
dance, in the younger coals of the Carbon- 
dale Group. Spores typical of T. auritus 
are not as common in the Carbondale coals 
as they are in some of the Tradewater coals. 
Spores of the section Zonales of Triletes 
apparently are not represented in the Gar- 
bondale and younger coals. 
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MC LEANSBORO GROUP 

The McLeansboro Group is the upper- 
most group of the Pennsylvanian in Illi- 
nois. The base of the group is defined as 
the base of the Anvil Rock Sandstone. The  
group is more than 1200 feet thick and is 
composed predominantly of shales, silt- 
stones, and sandstones, with numerous ma- 
rine limestones and thin lenticular coals. 
Cady (1952) noted the presence of from 
22 to 27 coals or coal horizons within the 
group. Of these, the Jamestown, Danville 
(No. 7 ) ,  Friendsville, and Trowbridge 
Coals are of economic importance. 

The group is considered to correspond to 
the upper third of the Desmoinesian Series, 
the Missourian Series, and possibly to part 
of the Virgilian Series, all of the Midconti- 
nent region; to the upper Allegheny and 
Gonemaugh Series of the Appalachian 
Basin (Wanless, 1955) ; and possibly to part 
of the Westphalian D and Lower Stephan- 
ian of Europe (Mremp, 1955) . 

Kosanke (1 950) noted a major change in 
the flora shortly after the beginning of Mc- 
Leansboro deposition but prior to the depo- 
sition of the Trivoli (No. 8) Coal. No 
species of Lycospora is known from the 
Trivoli (No. 8) Coal nor from overlying 
coals. The change essentially conforms to 
the Desmoinesian-Missourian boundary of 
the Midcontinent region and agrees with a 
major faunal change discussed by Dunbar 
and Henbest (1942) . 

Only 14 samples of McLeansboro coals 
or coaly streaks, principally from six coun- 
ties in south-central Illinois, have been ex- 
amined. Most of the samples are from units 
overlying the Trivoli (No. 8) Coal, or in 
other words, occurring above the major 
floral change discussed by Kosanke (1950) . 
The sequence in which the units are listed 
on the distribution chart (text fig. 9) 
should be regarded as tentative because 
many stratigraphic problems in the Mc- 
Leansboro Group have not yet been re- 
solved. 

Each of the assemblages given on the dis- 
tribution chart represents a single sample 
from each unit given; therefore, discussion 
of these assemblages is unnecessary. In  acl- 
dition to the strata shown on the distribu- 

tion chart, a few slides from three other 
units were examined. Parasporites, Mono- 
letes, Triletes triangulatzls, and T .  glabm- 
tus are known from the Danville (No. 7) 
Coal. T .  glabratus, Monoletes, and auricu- 
late spores are known from the Macoupin 
Coal. Monoletes and auriculate spores also 
are known from the Flannigan Coal. Be- 
cause the total assemblages from these coals 
were not examined, they have not been 
given on the distribution chart. 

In  contrast to the occurrence of Triletes 
mamillarius in some of the coals of the 
Carbondale Group, the species is not repre- 
sented in the McLeansboro Group. Neither 
T. rugosus, except for one questionable 
specimen, nor Cystosporites is known from 
the Trivoli (No. 8) or younger coals. This 
parallels the absence of the small spores of 
L y c o s p o r a .  However, lageniculate-type 
spores, T .  levis, are very common in upper 
McLeansboro coals. 

In general, the upper McLeansboro coals 
-Trivoli (No. 8) and those above-seem 
to be characterized by the presence of 
common cuticles, seed membranes, the 
rather small large spores of Parasporites, 
Monoletes, Spencerisporites, and Calamo- 
spora; megaspores of Triletes glabratus and 
T .  levis and of the auriculate type; and by 
rather rare occurrences of the triangulate 
rnegaspores. 

UPPER MISSISSIPPIAN 

Published studies concerning plant mega- 
spores of Mississippian age from localities 
in North America are few (Chaloner, 
1954b, three samples at three localities; 
Schemel, 1950a, one sample). Even the 
small spore studies have been neglected, 
mainly for economic reasons, although not 
to as great an extent since oil companies 
have increased their interest in this phase 
of paleobotany (for example, Hoffmeister, 
Staplin, and Malloy, 1955) . More pub- 
lished studies, at least in part dealing with 
some of the older coals, are available from 
Europe (Dij kstra, 1 952b; Nowak and 
Zerndt, 1936; Zerndt, 1934, 1937a; Horst, 
1955; Potonii. and Kremp, 1955, 1956) be- 
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cause many of their older coals are of com- 
mercial importance. 

Schemel (1 950a) reported the occurrence 
of spores of Triletes ngninus (Zerndt) , 
Schopf, M7ilson, and Bentall and a single 
specimen referred to T. radiatus Zerndt 
(T.  radioszls Schopf, Wilson, and Bentall) 
from a coal of Chester or Springer age in 
Utah. Zerndt (1937a) originally described 
spores of these species and of T. splendidus 
(Zernd t) Schopf, Wilson, and Ben tall from 
the Dinantian and Namurian A of the Up- 
per Silesian Coal Basin of Poland. All 
three species have about the same strati- 
graphic range in this basin. Although a few 
spores of T.  splendidus were found in the 
uppermost Chester sample examined, nei- 
ther of the two species reported by Schemel 
(1 95Oa) was represented. 

Chaloner (1 954b) described megaspores 
of probable Osage or Kinderhook age and 
some from the Beaver Bend Limestone in 
the lower part of the Chester Series in Indi- 
ana. Spores reported from the Beaver Bend 
Limestone are those of Triletes su bpiloszls 
forma major, T .  indianensis, T .  echinoides, 
T .  paleocristatzls (Chaloner, 1956b) , and 
Cystosporites gigante~is. All except the 
latter two species of Triletes were repre- 
sented in the coal in the Bethel (Moore- 
town) Formation of Kentucky, and T. ech- 
inoides was noted, as occurring sporadi- 
cally, higher in the section. No specimens 
of T. fialcocristatzls were seen during this 
investigation. Only spores of T. indianen- 
sis seem to be restricted to the lower part 
of the Chester; Didynzosporites is appar- 
ently abundantly represented only in the 
lower part of the Chester; spores of both T. 
subpilosus forma major and C. giganteus 
occur, at some places abundantly, through- 
out the Chester, the latter species alone ex- 
tending up into Pennsylvanian rocks. 
Spores other than those described by Chal- 
oner also were found; several of them, or of 
closely related forms, occur in the lower- 
most Pennsylvanian coals of Illinois. 

Chaloner's interpretation of a lepido- 
dendrid-lepidocarp flora, based on mega- 
spores, is still applicable to the Chester as a 
whole. From what is known of cone studies, 
Chaloner's interpretation implies a great 

abundance of the small spores of Lycospora 
in the Chester Series and this is borne o-ut 
by the study of Hoffmeister, S t a p h ,  and 
Malloy (1955) on the Hardinsburg Forma- 
tion. 

PENNSYLVANIAN 

The spores reported by Arnold (1950) 
from the Michigan Basin, with the excep- 
tion of Triletes rugoszis, compare favorably 
with those found in coals from the Makan- 
da Sandstone of the Caseyville Group up to 
and in Pope Creek Coal of the Tradewater 
Group in Illinois. The species from Ar- 
nold's localities 9 and 1 I may occur in Illi- 
nois Caseyville coals; most, except T .  rugo- 
sz~s and possibly T .  ramoszis, from his lo- 
calities 1, 8, and 10, also are known from 
the "Makanda" Coals of Illinois. T. bras- 
serti, from Arnold's localities 4 and 6, is 
known in Illinois only from the Tarter, 
Willis, and Pope Creek Coals of the Trade- 
water Group. In general terms, therefore, 
the spores described from the Michigan 
Basin by Arnold (1950) are similar to those 
commonly found in coals of the upper part 
of the Caseyville Group and the lower part 
of the Tradewater Group. 

Bailey (1936), in a description of micro- 
fossils from the shales of the Cherokee For- 
mation and lower part of the Henrietta 
Forma tion of central Missouri, illustrated 
and discussed a few megaspores. His illus- 
trations imply that he found spores of Tr i -  
Eetes a m i t u s  and T.  mamillarius in a sink- 
hole or channel-fill deposit at the base of 
the Pennsylvanian section, spores of T. 
augzlstac from the Bevier (?) Coal, Cysto- 
spoj-ites? and weakly to strongly apiculate 
aphanozonate megaspores from the Tebo 
Coal. Abortive and small, apiculate aphan- 
ozona te megaspores are illustrated from the 
Mulky Coal. In  general, the stratigraphic 
occurrences of the spores that Bailey illus- 
trated are concordant with the occurrence 
of similar spores in the coals of the Illinois 
Basin. 

A discussion of Schopf's (1936a, 1936b, 
1938) extensive studies on the megaspores 
of the Herrin (No. 6) Coal of Illinois has 
been included in previous discussion of 
that coal. The  assemblage of that coal is 
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more or less typical of those assemblages in 
the upper coals of the Carbondale Group 
but differs in some respects and may prove 
to be distinguishable. 

The only previous comprehensive study 
of megaspore occurrences throughout the 
Pennsylvanian of North America is that by 
Cross (1947) on the spore floras of West 
Virginia and Kentucky. Using Cross' chart 
(1947, fig. 2, p. 287), showing spore distri- 

bu tion for West Virginia and Kentucky, 
some general comparisons can be made 
with the megaspore occurrences known 
from Illinois coals. 

Cross found smooth aphanozonate spores 
(in particular those of Triletes gla bratus, 
s. 1.) in the Lower War Eagle Coal and 
a few coals in the upper part of the Potts- 
ville Series, but they seem to occur with 
some regularity, from coal to coal, in and 
above the Upper Freeport Coal. These oc- 
currences parallel the marked abundance 
of these spores in the upper part of the Car- 
bondale Group and in the McLeansboro 
Group of Illinois. 

Spinose lageniculate spores apparently 
are found in some coals of the Pottsville 
Series but are not known to occur above the 
No. 5 Block Coal in the lower part of the 
Allegheny Series. In Illinois, distinctly 
spinose lageniculate spores are unknown 
above the Tarter Coal of the Tradewater 
Group. Smooth lageniculate spores of the 
Triletes rugosus (s. 1.) type occur with 
regularity in the upper coals ol the Potts- 
ville Series. This also may parallel their 
sudden occurrence in, and more or less 
common occurrence above, the coals of the 
upper part of the Tradewater Group. 
Spores similar to those described as T. levis 
and questionably referred in this report to 
the section Lagenicula were reported by 
Cross from the Waynesburg Coal in the up- 
per part of the Monongahela Series. Dijk- 

stra (1958) reported similar spores from 
the Lawrence Shale of Kansas. These 
spores are typical of the upper portion of 
the McLeansboro Group in Illinois. 

Zonate megaspores are not known with 
certainty above the No. 5 Block Coal; their 
most common occurrences appear to be re- 
stricted to the Pottsville Series. These 
spores are not known from Illinois coals 
above the top of the Tradewater Group. 

Triangulate and auriculate megaspores 
occur sporadically lrom the Cedar Grove 
Coal in the Pottsville Series throughout the 
Pennsylvanian of West Virginia and Ken- 
tucky. These megaspores also occur, more 
or less, throughout the Pennsylvanian of 
Illinois. 

Cross also noted the presence of spores 
of genera other than Triletes. He did not 
record the presence of Cystosporites above 
the Pittsburgh Coal at the base of the hlo- 
nongahela Series. The genus occurs through 
upper Mississippian and most oE the Penn- 
sylvanian of Illinois, but is not represented 
in the upper portion of the McLeansboro 
Group. Monoletes is reported only from 
the Buffalo Creek and Coalburg Coals oT 
the Pottsville Series although it is repre- 
sented in most of the coals in the Pennsyl- 
vanian of Illinois. Spores, probably of 
Spencerispo~ites, are noted as occurring up 
to the lower part of the Allegheny Series. 
The  genus is represented sporadically 
throughout the Illinois Pennsylvanian. 

More detailed comparisons and conclu- 
sions are left to the reader. These will nec- 
essarily vary depending on each individ- 
ual's opinion on the circumscription of the 
various taxa. As more studies on both small 
and large spores are completed, a clearer 
total picture of floral elements and their 
areal and stratigraphic distribution should 
emerge. 
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PLATE 1 

All specimens photographed with transmitted light. Color of filter, when 
used, indicated. 

Triletes subpiloszts forma major (Dijkstra) ex Chaloner . . . . . . . p. 18 

RE 

Characteristic lateral compression with lips partially torn. Total length 
1610 p. Maceration 943 slide 5, coal in the Bethel (Mooretown) Forma- 
tion, Hardin County, Kentucky. Red filter, same scale as figure 8, ( ~ 3 0 ) .  
Smaller spore with more delicate spines. Slightly oblique compression. 
Maceration 943 slide 6, coal in the Bethel (Mooretown) Formation, 
Hardin County, Kentucky. Red filter, same scale as figure 8, (x30). 
Same spore, detail of spines. Same scale as figures 4, 7b, (x150). 
Spore with strap-like (preservational?) spines. Slightly oblique com- 
pression. Maceration 943 slide 6, coal in  the Bethel (Mooretown) 
Formation, Hardin County, Kentucky. Red filter, same scale as figure 
8, (x30). 
Closely spaced spines of small immature spore. Spines about 154 p in  
length with cup-shaped terminations. Maceration 943 slide 9, coal in 
the Bethel (Mooretown) Formation, Hardin County, Kentucky. Scale 
indicated below figure, (X150). 
Broken spore. Spines up  to 124 p in length. Maceration 943 slide 12, 
coal in the Bethel (Mooretown) Formation, Hardin County, Kentncky. 
Red filter, same scale as figures 4, 7b, (~150).  
Partially broken spore. Lateral compression. Total length 1480 p. 
Spines sharper, more delicate, and more closely spaced towards apex. 
Maceration 81 0 slide 11, coal in the Hardinsburg For~nation, Critten- 
den County, Kentucky. Red filter, same scale as figure 8, (x30). 
Lateral compression. Total length 1385 p. Maceration 166 slide XXII 
(5.6.7), coal in Hardinsburg Formation, Johnson County, Illinois. Red 
filter, same scale as figure 8, ( ~ 3 0 ) .  
Same spore, detail of spines. Red filter, scale indicated above figure, 
(~150).  
Lateral compression. Total length 1170,~.  Maceration 687A slide 1, 
coal in the Vienna Formation, Johnson County, Illinois. Red filter, 
scale indicated below figure, (x30). 
Spines about 124 p in length. Maceration 200 slide 2, in Degonia For- 
mation, Pope County, Illinois. Red filter, same scale as figures 4, 7b. 
(X150). 







PLATE 2 

All specimens photographed with transmitted light. Color of filter, when 
used, indicated. 

Triletes subpilosus (Ibrahim) Schopf, Wilson, and Bentall (sensu Dijkstra) . p. 17 

FIGURE 
Proximo-distal compression. Diameter 840 p. Maceration 795 slide 6, 
coal in Caseyville Group, Wabash County, Illinois. Red filter, scale in- 
dicated below figure, ( ~ 4 0 ) .  
Lateral compression. Apical prominence and contact area spines 
characteristically developed. Maceration 795 slide 4, coal in Caseyville 
Group, Wabash County, Illinois. Red filter, same scale as figure 1, 
(x40). 
Lateral compression. Width 940 p. Maceration 795 slide RMM, coal in  
Casey~ille Group, Wabash County, Illinois. Red filter, same scale as 
figure 1, ( ~ 4 0 ) .  
Detail of stout spines. Maceration 587 slide 3, Battery Rock Coal, Har- 
din County, Illinois. Red filter, same scale as figure 5, (~150).  
More delicate spines. Maceration 797 slide 3, coal in Casevville Group, 
Wabash County, Illinois. Red filter, scale indicated below figure, 
(~150).  

Triletes horridus (Zerndt) Schopf, Wilson, and Rentall (sensu Dijkstra) . . p. 20 
Side view of large and subsidiary spines. Maceration 200 slide 3, in  
Uegonia Formation, Pope County, Illinois. Red filter, same scale as 
figure 5, (X150). 
Lateral compression with delicate spines. Total length 1045 p. Macera- 
tion 905 slide 2, "Makanda" Coal, Jackson County, Illinois. Red filter, 
same scale as figure 1, (~40) .  
Proximo-distal compression. Diameter 920 p. 1Maceration 905 slide 2, 
"Makanda" Coal, Jackson County, Illinois. Red filter, same scale as 
figure 1, (~40) .  
Characteristic lateral compression. Total length 1010 p. Maceration 905 
slide 2, "Rlakanda" Coal, Jackson County, Illinois. Red filter, same 
scale as figure I ,  (x40). 
Lateral compression. Smaller spore with more closely spaced spines, 
but with apical prominence of normal size. Total lctigth 865 p. 
Maceration 907 slide 6, "'Makanda" Coal, Jackson County, Illinois. 
Red filter, same scale as figure 1, (~40) .  
Detail of characteristically developed well preserved spines. Small 
subsidiary spines present. Maceration 796 slide 6, coal in Casevville 
Group, Wabash County, Illinois. Red filter, same scale as figure 5, 
(X150). 
Detail of slightly worn spines. Small subsidiary spines present. hlacera- 
tion 905 slide 2, "hlakanda" Coal, Jackson Coun~y, Illinois. Red filter, 
same scale as figure 5, (~150).  



PLATE 3 

Ail specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

Triletes horridus (Zerndt) Schopf, Wilson, and Bentall (sensu Dijkstra) . . p. 20 

1. Slightly oblique compression. Maceration 914 slide 2, Tarter Coal, 
Mercer County, Illinois. Reflected light, same scale as figure 12, ( ~ 4 0 ) .  

Triletes crnssiaculeatus (Zerndt) Schopf, Wilson, and Bentall . . . . . p. 21 
2. Lateral compression. Lips partially torn away. Total length 215.5 p. 

Maceration 943 slide 2, coal in the Bethel (Mooretown) Formation, 
Hardin County, Kentucky. Reflected light, scale indicated below figure, 
(X20). 

3. Spines up  to 258 p in length. Maceration 943 slide 9, coal in the Bethel 
(Mooretown) Formation, Hardin County, Kentucky. Red filter, scale 

indicated at  right of figure, (x150). 

Triletes rugosus (Loose) Schopf (sensu Dijkstra) . . . , . . . . . P. 2 
4. Slightly oblique compression. Greatest dimension 645 p. Spore coat 

thin. Maceration 599B slide 5, Rock Island (No. 1) Coal, Fulton 
County, Illinois. Same scale as figure 9, (~50) .  

5. Slightly oblique proximo-distal compression. Diameter 895 p. Macera- 
tion 825 slide 3, Colchester (No. 2) Coal, Schuyler County, Illinois. 
Red filler, same scale as figure 9, (~50) .  

6. Small example. Diameter 410 p. Maceration 599B slide 7, Rock Island 
(No. 1) Coal, Fulton County, Illinois. Scale indicated below figure, 
(X 1 00). 

7. Lateral compression. Spore coat ornamented with small spines. Creat- 
est dimension 950p. Maceration 599B slide 5, Rock Island (No. 1) 
Coal, Fulton County, Illinois. Red filter, same scale as figure 9, (x50). 

8. Lateral compression. Lips open. Arcuate ridges well defined. Total 
length 955 p. Maceration 825 slide 3, Colchester (No. 2) Coal, Schuyler 
County, Illinois. Red filter, same scale as figure 9, (~50) .  

9. Oblique compression. Lips open. Maceration 915 slide 3, Murphys- 
boro (?) Coal, Williamson County, Illinois. Scale indicated below 
figure, ( ~ 5 0 ) .  

Triletes leuis (Zerndt) Schopf, Wilson, and Bentall . . . . . . . . p. 24 
10. Lateral compression of small example with relatively thick arcuate 

ridges and prominent trilete rays. Total length 445 p. Maceration 600 
slide 8, "LaSalle" Coal, Bureau County, Illinois. Scale indicated at left 
of figure, (~80) .  

11. Typical lateral compression. Total length 710p. Maceration 703 slide 
1, "Woodbury" Coal, Cumberland County, Illinois. Reflected light, 
same scale as figure 12, (~40) .  

12. Lateral compression with inner membrane. Total length 1305 p. Mac- 
eration 136, Friendsville (?) Coal, Wabash County, Illinois. Red 
filter, scale indicated at  left of figure, (~40) .  

13. Lateral compression with characteristic outline. Contact areas rela- 
tively large. Apical prominence dense. Total length 1400 p. Maceration 
136, Friendsville (?) Coal, Wabash County, Illinois. Red filter, same 
scale as figure 12, (~40) .  

14. Lateral compression. Spore coat ornamented with small tubercles. Lips 
split apart midway between their extremities and apex. Total length 
11 75 p. hlacera tion 148, "Watson" Coal, Effingham County, Illinois. 
Red filter, same scale as figure 12, (x40). 







PLATE 4 

All specimens photogrzphed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

. . . . . . . . . . . . .  Triletes globosus Arnold var. (-4) p. 43 

FIGURE 
1. Proximo-distal compression. Radiating ridges vaguely developed on 

contact areas. Diameter 480p. Maceration 810 slide 12, coal in the 
Hardinsburg Formation, Crittenden County, Kentucky. Reflected 
light, scale indicated below figure, ( ~ 5 0 ) .  

2. Characteristic proximo-distal compression. Diameter 495 p. Macera- 
tion 810 slide 2, coal in the Hardinsburg Formation, Crittenden 
County, Kentucky. Red filter, same scale as figure 6, (X100). 

3. Maximum spine development observed. Spines up to 22 p in length. 
Maceration 810 slide 7, coal in  the Hardinsburg Formation, Critten- 
den County, Kentucky. Green filter, scale indicated below figure, 
(x150). 

. . . . . . . . . . . . .  Triletes globosus Arnold var. (B) p. 44 
4. Lateral half of spore showing spinose contact area and lips. Total 

length 420 p. Maceration 798 slide 133, lowest coal in diatnond drill 
core, Caseyville Group, TYabash County, Illinois. Red filter, same scale 
as figure 6, (~100) .  

5. Proximo-distal compression. Maximum dimension 570 p. Maceration 
798 slide 3, lowest coal in diamond drill core, Caseyville Group, Wa- 
bash County, Illinois. Reflected light, same scale as figure 1, (~50) .  

6. Proximo-distal compression. Characteristic development of distal 
ornamentation and flange. Maximum diameter 555 p. Maceration 798 
slide 11, lowest coal in diamond drill core, Caseyville Group, Wabash 
County, Illinois. Red filter, scale indicated below figure, (~100).  

7. Proximo-distal compression, apparently abraded. Maximum dimen- 
sion 470 p. Maceration 796 slide 7, coal in  Casejville Group, Wabash 
County, Illinois. Red filter, same scale as figure 6, (X100). 

8. Detail of spines. Maceration '798 slide ZRMR, lowest coal in diamond 
drill core, Caseyville Group, Wabash County, Illinois. Red filter, same 
scale as figure 3, (~150).  

9. Extreme development of distal ornamentation. Spines up  to 57 in  
length. Maceration 798 slide lRMK, lowest coal in diamond drill core, 
Caseyville Group, Wabash County, Illinois. Green filter, same scale as 
figure 3, (~150).  

10. Same spore. More or less solid flange, folded over in part, up  to 53 ,U 

in width. Green filter, same scale as figure 3, (~150) .  

. . . . . . . . . . . . .  Triletes globosus Arnold var. (C) p. 45 
11. Characteristic proximo-dis la1 compression. Maximum diameter 683 p. 

Maceration 631 slide 1, Willis (?) Coal, Gallatin County, Illinois. Re- 
flected light, same scale as figure 1, (~30 ) .  

12. Detail of ornamentation. Tubercles up to 23 p in  diameter. Macera- 
tion 625A,, slide 14, WTillis Coal, Gallatin County, Illinois. Red filter, 
same scale as figure 3, (~150) .  



PLATE 5 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

FIGURE 
1. Proximo-distal compression. Radiating ridges only vagueIy developed 

on contact areas. Diameter 545 p. Maceration 618 slide 2, Reynoldsburg 
Coal, Johnson County, Illinois. Reflected light, scale indicated below 
figure, (X50). 

2. Detail of rather stout spines. Maceration 909 slide 9, Battery Rock 
Coal, Pope County, Illinois. Red filter, same scale as figures 3, 5, 
(xi50). 

3. Detail of spines. Maceration 618 slide 6, Reynoldsburg Coal, Johnson 
County, Illinois. Red filter, scale indicated below figure, (x150). 

4. Fragment showing lips, torn apical prominence, and ornamentation 
of contact area and distal surface. Maceration 909 slide 5, Battery 
Rock Coal, Pope County, Illinois. Red filter, scale indicated below 
figure, (x 100). 

5. Deeply cleft spines up to 41 p in length. Maceration 906 slide 5, 
"Makanda" Coal, Jackson County, Illinois. Green filter, scale indicated 
above figure, (x150). 

6. Detail of ornamentation. Maceration 929 slide 6, Rock Island (No. 1) 
Coal, McDonough County, Illinois. Green filter, same scale as figures 
3, 5, (~150).  

Triletes cf. T.  hirsulus (Loose) Schopf, Wilson, and Bentall . p. 45 
7. Detail of characteristic ornamentation. Maceration 929 slide 6, Rock 

Island (No. 1) Coal, McDonough County, Illinois. Green filter, same 
scale as figures 3, 5, (~150).  

Triletes splendidus (Zerndt) Schopf, Wilson, and Bentall . p. 27 
8. Broken lateral compression showing pyramidal apical prominence and 

stout distal spines. Total dimension, including spines, 1370 p. Macera- 
tion 200 slide 1 XXV, in Degonia Formation, Pope County, Illinois. 
Reflected light, same scale as figures 9a, 9b, (GO). 

Triletes praetextus Zerndt . . . . . . . . . . . . . .  p. 46 

9a. Oblique compression showing prominent apical prominence and ridges 
parallel to the rays. Equatorial dimension I160 p. Maceration 587 
slide 1, Battery Kock Coal, Hardin County, Illinois. Reflected light, 
scale indicated below figure, (~30) .  

9b. Same spore. View of other side showing the restriction of ornamenta- 
tion to a zone around the equator. Reflected light, scale indicated 
above figure, ( ~ 3 0 ) .  

10. Detail of the equatorial ornamentation showing the characteristic 
branching of the spines. Maceration 587 slide 3, Battery Rock Coal, 
Hardin County, Illinois. Red filter, same scale as figures 3, 5, (~150).  







PLATE 6 

All specimens photographed with reflected light, unless otherwise indicated. 
Color of filter, when used, also indicated. 

. . . . . . . . . . . . . .  Triletes indianensis Chaloner p. 26 

FIGURE 

I .  Inner surface of one of three segments of apical prominence. Lip a1 
apex up to 226 p in height. Maceration 943 slide 12, coal in  the Bethel 
(Mooretown) Formation, Hardin County, Kentucky. Transmitted light. 
Red filter, same scale as figure 3, (~150).  

2. Proximo-distal compression showing pyramidal apical prominence. 
Diameter 1195 p. Maceration 943 slide 1, coal in the Bethel (hioore- 
town) Formation, Hardin County, Kentucky. Same scale as figure 4, 
(X30). 

3. Maximum development of spines observed. Spines up  to 20 p in length. 
Maceration 943 slide 14, coal in the Bethel (Mooretown) Formation, 
Hardin County, Kentucky. Transmitted light, red filter, scale indi- 
cated below figure, (~150).  

. . . . . . . . . . . . . . .  Triletes echinoides Chaloner p. 47 

4. Fragment of spore coat showing detail of spines. Length of straight 
spine 1595 p. Maceration 888 slide 3, carbonaceous layer near base (?) 
of Glen Dean Formation, Wise County, Virginia. Transmitted light, 
scale indicated below figure, ( ~ 3 0 ) .  

5a. Lateral compression of a poorly preserved example. Spines present 
on contact areas, buL longer and more closely spaced on distal sur- 
face. Total length including ornamentation 3560 p. Maceration 888 
slide 1, carbonaceous layer near base (?) of Glen Dean Formation, Wise 
County, TJirginia. Scale indicated below figure, (X15). 

5b. Same spore. View of other side showing height of lips and contact 
area spines. Same scale as figure 5a, (xl5). 

. . . . . . . . . . . . .  Triletes cf. T.  eregliensis Dijkstra p. 48 

6. Two spores still in tetrad association along one contact face. Equa- 
torial dimension, measured below arcuate ridge, of larger spore 1130 p. 
Maceration 604-4 slide 6, Tarter Coal, Fulton County, Illinois. Same 
scale as figure 8, ( ~ 2 0 ) .  

. . . . . . . . . . .  T ~ i l e t e s  glabratus Zerndt (sensu Dijkstra) p. 28 
Immature spore with subtriangular outline. Diameter 665 p. Macera- 
tion 463 slide 2, Summum (No. 4) Coal, Jersey County, Illinois. Same 
scale as figure 4, (~30) .  
Mature spore. Suture open. Diameter 2100 p. Maceration 583 slide 1, 
Harrisburg (No. 5) Coal, Wabash County, Illinois. Scale indicated 
below figure, ( ~ 2 0 ) .  
Large specimen with slightly parted low lips. Diameter 2200 p. Macera- 
tion 878 slide 1, Grape Greek (No. 6) Coal, Edgar County, Illinois. 
Same scale as figure 8, (X20). 
Proximo-distal compression. Suture open. Diameter 2345 p. Spore coat 
26-31 in thickness. Maceration 600 slide 4, "LaSalle" Coal, Bureau 
County, Illinois. Transmitted light. Red filter, same scale as figure 8, 
(X20). 



PLATE 7 

All specimens photographed with reflected light. 
Tri le les  nzamillarius Bartlett (sensu Dijkstra) . . . . . . . . . . p. 28 

FIG~JRE 
1 .  Immature spore with subtriangular outline. Diameter 820 p. Macera- 

tion 625A, slide 1, IVillis Coal, Gallatin County, Illinois. Same scale 
as figure 15a, (~20 ) .  

2. Sligh~ly larger spore with more rounded outline. Maceration 625A1 
slide 2, Willis Coal, Gallatin County, Illinois. Same scale as figure 
15a, ( ~ 2 0 ) .  

3. Still larger example with open trilete suture. Maceration 625A, slide 2, 
Willis Coal, Gallatin Councy, Illinois. Same scale as figure 15a, ( ~ 2 0 ) .  

4. One of largest examples. Maceration 625A, slide 2, TiVillis Coal, Galla- 
tin County, Illinois. Sanze scale as figure 15a, ( ~ 2 0 ) .  

5. Largest drv specimen observed in Willis Coal. Diameter 1540 /'. Mac- 
eration 625B slide 4, Willis Coal, Gallatin County, Illinois. Same scale 
as f i g ~ ~ r e  15a, ( ~ 2 0 ) .  

6a. Characteristic example showing small contact area spines and well de- 
veloped distal spines. Suture open. Maceration 795 slide 1, coal in 
Caseyville Group, Wabash County, Illinois. Same scale as figure 15a, 
(x20). 

6b. Same spore. Distal view. Same scale as figure 15a, ( ~ 2 0 ) .  
Tri le tes  auri lus  Zerndt (sensu PotoniC and Krempj . . . . . . . . p. 30 

7-9. Proximo-distal compressions illustrating the range i n  size and "ear" 
configuration of spores of the species from one coal. Total  diameter 
of spores 855 ,L, 955 p, and 1205 p, respectively. Maceration 733c slide 
1, Battery Rock Coal, Crittenden County, Kentucky. Same scale as 
figure 16, (X25). 

10. Proximo-distal compression. Maximum dimension 830 p. Maceration 
914 slide 1, Tarter  Coal, Mercer County, Illinois. Same scale as figure 
IG, (x25). 

11. Lateral coinpression showing highly developed "ears" and slight apical 
prominence. RlIaximuin dimension 11 10 p. Maceration 604A slide 2, 
Tarter  Coal, Fulton County, Illinois. Same scale as figure 16, (~2.5). 

Tri le les  augustae (Loose) Schopf, Wilson, and Bentall (sensu Potonik and Kre~np  p. 31 
12. Proximo-distally con~pressed spore with the highest lips observed for 

spores of this spccies. Maximum dimension 1095 p. Maceration 588 
slide 2, Babylon Coal, Fulton County, Illinois. Same scale as figure 
16, (x25). 

13. Small example with low, straight rays. Diarncter 925 p. MaceraLion 602 
slide 5, Pope Creek Coal. Fulton County, Illinois. Same scale as figure 
16, (x25). 

T r i l e t e ~  appendiculatz~s  ? RiIaslankiewiczowa . . . . . . . . . , p. 31 
14. Spore with one "ear" and portion of one interradial area broken awa). 

Width of largest ear 410 u. Maximum dimension 1120 p. Maceration 
9501% slide 1, coal in Tradewater Group, G r u n d ~  County, Illinois. Same 
scale as figure 16, (x25). 

Tri le tes  (Auriculati) spp. . . . . . . . . . . . . . . . p. 32 
15a. Spore with low ridge-like lips. Total  diameter 1 9 0 0 ~ .  Maceration .583 

slide 1, Harrisburg (No. 5) Coal, Wabash County, Illinois. Scale indi- 
cated below figure, ( ~ 2 0 ) .  

15b. Same spore. Distal view. Same scale as figure 15a, ( ~ 2 0 ) .  
16. Lateral coinpression with slightly undulatory arcuate ridges and pitted 

contact areas. Rlfaxirnuin dimension I795 p. Maceration 583 slide 1, 
Harrisburg (No. 5) Coal, IVabash County, Illinois. Scale indicated 
below figure, jx25). 

17. Proximo-distal compression. Diameter 1130p. Maceration 703 slide 1, 
"Woodbury" Coal, Cumberland County, Illinois. Same scale as figure 
16, (X25). 

18. Spore with undulatory arcuate ridges, pitted contact areas, and  straight 
rays. Diameter 1 3 0 0 ~ .  Macerztion 811 slide 1, "Divide" Coal, Jeffer- 
son County, Illinois. Same scale as figure 16, ( ~ 2 5 ) .  

C 116 1 







PLATE 8 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

. . . . . . . . . . . . . . . .  Triletes 1-olutzls Bartlett p. 32 

I .  Detail of flange showing shorl, thornlike projections on rim of flangc. 
Maceration 910 slide 2, coal in Caseyville Group, Popc County, Illinois. 
Iced filter, scale indicated below figure, (~100) .  

2. Broken proximo-distal compression. Maximum dimension 1465 p. 
Maceration 910 slide 2, coal in Cascyville Group, Pope County, Illi- 
nois. Red filter, scale indicated below figure, (~40) .  

. . . . . . . . . . . . . . . .  7') ileles m~riosus Arnold p. 33 

3a. Proximal view. Contact areas ornarnentcd with scattered tubercles. 
Total diameter 1590 p. Maceration 625A, slidc 2, Willis Coal, Gallatin 
County, Illinois. Reflected light, scale indicated below figure, ( ~ 2 0 ) .  

I Same spore. Ilistal view showing ornamentation over entire distal sur- 
face. Reflected light, scale indicated above figure, (X20). 

4a. Proximo-distal compression. Flange elements closely spaced. Maximum 
dimension 1600 p. Maceration 625A, slide 12, \\'illis Coal, Gallalin 
Co~lnty, Illinois. Red filter, same scale as figure 2, (X40). 

411. Same spolc. Detail of marginal projections of flange. Rctl filter, samc 
scale as figure 1, (X100). 

5 .  Oblique compression. Flange elements not as c lody  spaced as on spore 
shown in figure 4. Maximum dimension lGO0 p. Maceration 625A, slidc 
12, TVillis Coal, Gallatin County, Illinois. Red filter, same scale as 
figure 2, ( ~ 4 0 ) .  

G .  Detail of flange with longcr marginal projections. Projections up to 
103 ,U in  length. Maceration 626 slide 4, Rock Island (No. 1) Coal, 
Henry County, I1Iinois. Red filter, same scaIc as figure 1, (x100). 

7'1 ileles sufiel-btcs Bartlett . . . . . . . . . . . . . .  p. 34 

7. Rarc example of laterally compressed specimcn. Thin processes prcsenl 
on contact areas, apparently absent on distal surface. Maceration 
625A, slide 4, TVillis Coal, Gallatin Counly, Illinois. Reflected light, 
same scale as figures 3a, 3b, (x20). 

8. Distal view of 111-oxinlo-distal conlpression showing conlpletely orna- 
mented distal wrface. Most of flange broken away. Spore body di- 
ameter 1830,~. ;"c/la~eration 906 slide 1, "Makanda" Coal, Jack5011 
County, Illinois. Reflected light, same scale as f~gwcs Sa, 3b, (x20). 



PLATE 9 

All specimens photographed ~ v i t h  transmitted light, uillcss otherwise indi- 
cated. Color of filter, when used, also indicated. 

T?-i1ete.s superbus Bartlett . . . . . . . . . . . . . .  

FICURE 
I .  Fragincnt of flange 3 175 p i n  width. Maceration 906 slide 3, "Ma- 

kanda" Coal, Jitckson County, Illinois. Same scale as figure 2, ( ~ 4 0 ) .  
2. Typically fenestrate Range showing delicatc nature of some of thc 

flange elements. TSit11l-r 11 80 p. hlaccration 906KOH slide 3, "Ma- 
kanda" Coal, Jackson Counly, Illinois. Rcd filtcr, scale inclicatcd bclow 
figure, ( ~ 4 0 ) .  

. . . . . . . . . . . . .  7.7- i l~ tes  brcrsse~ti Stach and Zerntlt p. 35 

Tetrad. Maceration 604A slide 4, Tarter  Coal, Fulton County, Illinois. 
Reflected light, scalc indicated below figure, (x10). 
Characteristic pl-oximo-distal compression. Total  dianwtcr 17 10 p. 
Maceration 604A slidc 3, Tarter  Coal, Fulton C;ounty, Illinois. Ke- 
flcctcd light, same scale as fjgurc 5 ,  (X20). 
Same sporc. IJistal xicw showing granulose to spongy appearance of 
distal surface of flange. Reflected light, same scalc as Ggurc 5, ( ~ 2 0 ) .  
Latcral cornpression. Part of contact surface, flange, and distal coat 
toin away showing thickness of flange a t  its juncture with triletc rays. 
h4aceration 604A slide 3, Tarter Coal, Fulton Counly, Illinois. Rc- 
flected light, scale indicated bclow figure, (X20). 
Proximo-distal conlpression with pleated flange. Total  diameter 1795 p. 
Maceration 625R slidc 1 ,  Willis Coal, Gallatin County, Illinois. Rc- 
flected light, same scale as figure 5 ,  ( ~ 2 0 ) .  
Small example, immature (3). Mauimunl dimension 990 p. Maceration 
62513 slide 2, I~Yillis Coal, Gallatin County, Illinois. Reflected light, 
sarnc scale as figure 5, ( ~ 2 0 ) .  
Oblique compression of small cuainple with part of flange attached. 
Inner menibrane distinctly ornamented. Total  diainclcr 925 p. Macera- 
tion 625A, slide 19, IVillis Coal, Gallatin County, Illinois. Red filtcr, 
scale indicated below figure, ( ~ 5 0 ) .  
Samc spore. Detail of inner membrane. Red filter, scale indicated be- 
low figure, (~100) .  
Corner of flange torn from spore body. Distal margin of contact with 
spore body shows as dark medial band. TVidth a t  corncr 490 @. hlac- 
eration 625B slidc 7, TVillis Coal, Gallatin County, Illinois. Red filter, 
same scale as figure 811, (~100) .  
Detail of flange showing inlbricating platelike nature of the distal 
susfacc of the solid, nonfcnestrate flange. Maceration 625B slide 6, 
IVillis Coal, Callatin Count), Illinois. Red filter, same scale as figure 
8b, (x100). 







PLATE 10 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

Triletes triangulatus Zerndt (sensu Dijkstra) . . . . . . . . . , p. 38 

FIGURE 
la. 

lb.  

2a. 

2b. 

3. 

4a. 

4b. 

5. 

6. 

7. 

8. 

9. 

10. 

Proximo-distal compression showing coarse distal reticulation. Total 
diameter 740 ,u. RiIaceratjon 798 slide 12A, lowest coal in diamond drill 
core, Caseyville Group, Wabash County, Illinois. Red filter, same scale 
as figures 3, 4a, ( ~ 5 0 ) .  
Same spore. Detail of ornamentation. Red filter, same scale as figure 
2b, (~100) .  
Proximo-distal compression showing distal reticulation of a slightly 
different aspect. Total diameter 625 p. Maceration 798 slide 15, lowest 
coal in diamond drill core, Caseyville Group, Wabash County, Illi- 
nois. Red filter, same scale as figures 3, -la, ( ~ 5 0 ) .  
Same spore. Detail of ornamentation. Red filter, scale indicated below 
figure, (x100). 
Distal view showing fine reticulation. Maceration 588 slide 2, Babylon 
Coal, Fulton County, Illinois. Reflected light, scale indicated below 
figure, (x50). 
Proximal view. Maximum dimension 685 p. Maceration 604A slide 6, 
Tarter Coal, Fulton County, Illinois. Reflected light, scale indicated 
above figure, (X5O). 
Same spore. Distal view. Reflected light, same scale as figures 3, 4a, 
(X50). 

Dislal ornamentation in focus. Maximum dimension 595 ,u. Macera- 
tion 550 slide 2, hdurphysboro Coal, Jackson County, Illinois. Red 
filter, same scale as figures 3, la ,  ( ~ 5 0 ) .  
Proximo-distal compression showing reticulations on flange. Macera- 
tion 60315 slide 4, Colchester (No. 2) Goal, Fulton County, Illinois. 
Green filter, same scale as figures 3, 4a, (x50). 
Lateral compression showing lips, coarse distal reticulation, and ir- 
regularly deidoped proximal reticulation. Maximum dimension 810 p. 

hlaceration 603C slide 2, Colchester (No. 2) Coal, Fulton County, Illi- 
nois. Red filter, same scale as figures 3, i a ,  ( ~ 5 0 ) .  
Lateral compression showing fine proximal and coarse distal reticula- 
tions. Maceration 799B slide 1, Murphysboro Coal, Jackson County, 
Illinois. Rcd filter, same scale as figures 3, 4a, ( ~ 5 0 ) .  
Proximo-distal compression of denuded example. Inner membrane 
characteristically ornamented. Diameter 540 p. Maceration 603B slide 
4, Colchester (No. 2) Coal, Fulton County, Illinois. Red filter, scale 
indicated ahove figure, ( ~ 7 5 ) .  
Prosirnal ornamentation in focus. Total diameter 680 p. Maceration 
599B slide 7, Rock Island (No. 1) Coal, Fulton County, Illinois. Red 
filter, same scale as figures 3, 4a, (x50). 

Triletes ? saturnipunctatus n. sp. . . . . . . . . . . . . . p. 48 
11. Slightly oblique compression. Holotype. Diameter 433 p. Maceration 

916 slide 5, Pope Creek Coal, Mercer County, Illinois. Red filter, same 
scale as figure Zb, (~100) .  



PLATE 11 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

Triletes ? coqci l is  n. sp. . . . . . . . . . . . . . . p. 49 

FIGURE 
1. Lateral compression. Holotype. Suture slightly open. Length 1055 p. 

Maceration 798 slide 10, lowest coal in diamond drill core, Caseyville 
Group, Wahash County, Illinois. Red filter, same scale as figure 6, 
(x5 0). 

2. Lateral compression. Narrow frill shows at edges of one contact area. 
Length 11 10 p. Maceration 798 slide 10, lowest coal in diamond drill 
core, Caseyville Group, Wabash County, Illinois. Same scale as figure 
6, (x50). 

3a. Broken lateral compression. Two contact areas show central scar. 
Maximum dimension 1270 p. Maceration 798 slide 10, lowest coal in 
diamond drill core, Caseyville Group, Wabash County, Illinois. Same 
scale as figure 6, ( ~ 5 0 ) .  

3b, 3c. Same spore. Details of contact areas. Scale indicated below figure 3c, 
(~75) .  

Cystosfiorites vef-rucosus Dijkstra . . . . . . . . , . . . . p. 53 
4. Lateral compression of fertile spore with long distal appendage. Total 

length 3420 p. Maceration 825 slide 1, Colchester (No. 2) Coal, Schuyler 
County, Illinois. Reflected light, scale indicated to right of figure, 
( ~ 1 5 ) .  

5. Lateral compression of fertile spore. Ipical area characteristically 
pleated. Small portion of distal appendage still attached. Maximum 
dimension 253.5 p. Maceration 861 slide 1, Indiana Coal IV, Edgar 
County, Illinois. Reflected light, scale indicated to left of figure, 
( ~ 1 5 ) .  

6. Lateral compression of abortive spore. Part of spatulate apical promi- 
nence torn away. Total length 700 p. Maceration 916 slide 5, Pope 
Creek Coal, Mercer County, Illinois. Red filter, scale indicated below 
figure, ( ~ 5 0 ) .  

7. Detail of spinose spore coat from fertile spore. Fibrous meshlike char- 
acter of spore coat well developed. Maceration 916 slide 2, Pope Creek 
Coal, Mercer County, Illinois. Scale indicated below figure, (x150). 

8. Detail of spinose spore coat from fertile spore. Maceration 916 slide 2, 
Pope Creek Coal, Mercer County, Illinois. Scale indicated above figure, 
(~150).  

Cystosporites giganteus (Zerndt) Schopf . . . . . . . . . . . p. 52 

9. Oblique compression showing proximal view of relatively small con- 
tact area. Maximum dimension 2600 p. Maceration 825 slide 2, Col- 
chester (No. 2) Coal, Schuyler County, Illinois. Same scale as figures 
4, 5, (~13) .  

10. Lateral compression of fertile spore. Small abortive spore also present. 
Total length 6210 p. Maceration 943 slide 3, coal in the Bethel (hioore- 
town) Formation, Hardin County, Kentucky. Scale indicated below 
figure, (x 10). 







PLATE 12 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

Cystosporites giganteus (Zerndt) Schopf . . . . . . . . . . . p. 52 

FIGURE 
Abortive spore. Maximum dimension 720 p. Maceration 908 slide 2, 
Battery Rock Coal, Pope County, Illinois. Reflected light, scale indi- 
cated below figure, (~40) .  
Apical portion of fertile spore. Abortive spore also present. Maceration 
824 slide 2, Colchester (No. 2) Coal, Schuyler County, Illinois. Ke- 
flected light, same scale as figure 1, ( ~ 4 0 ) .  
Detail of spore coat from middle region of fertile spore. Maximum de- 
velopment of fibrous meshlike coat observed. Maceration 824 slide 3, 
Colchester (No. 2) Coal, Schuyler County, Illinois. Same scale as fig- 
ures 9b, 9c, (~150) .  
Lateral compression of small fertile spore with distal appendage. 
Maceration 523A slide I ,  Babylon Coal, Fulton County, Illinois. Re- 
flected light, scale indicated below figure, (X20). 

Cystospo~ ites varius (Wicher) Dijkstra . . . . . . . . . . . p. 51 
5. Lateral compression of larger abortive (?) spore. Total length 1180 p. 

Maceration 604A slide 1, Tarter Coal, Fulton County, Illinois. Re- 
flected light, scale indicated below figure, (x30). 

6. Proximo-distal compression of small abortive spore with prominent 
three-lobed apical cushion. Maximum dimension 530 p. Maceration 824 
slide 2, Colchester (No. 2) Coal, Schuyler County, Illinois. Reflected 
light, scale indicated below figure, (x50). 

7. Detail of apical region of large abortive (?) spore. Apical cushion torn 
away revealing opcn trilete suture. Maccration 625B slide 14, Willis 
Coal, Gallatin County, Illinois. Scale indicated bclow figure, (x100). 

8. Detail of spore coat from middle region of fertile spore. Fibrous struc- 
ture not as ~vell developed as is usual for these spores. Maceration 824 
slide 8, Colchestcr (No. 2) Coal, Schuyler County, Illinois. Same scale 
as figures 9b, 9c, (~150).  

Cystosporites breretonensis Schopf . . . . . . . . . . . . . p. 30 

Fertile and abortive spores, both possessing apical cushions and a re- 
ticulate-appearing pattern on the spore coat. Length of fertile spore 
3390 p. Maceration 611 slide 1, Colchester (No. 2) Coal, Grundy Coun- 
ty, Illinois. Scale indicated below figure, ( ~ 1 5 ) .  
Same specirncn. Detail of spore coat of fertile spore in apical region 
showing the reticulate-appearing pattern. Scale indicated below figure, 
(~150) .  

Same specimen. Detail of spore coat of abortive spore showing some- 
what coarser reticulate pattern. Scale indicated above figure, (xl50). 
Abortive spore showing granulose outline of apical cushion and reticu- 
late-appearing coat Total length 1030 p. Maceration 825 slide 3, Col- 
chester (No. 2) Coal, Schuyler County, Illinois. Red filter, same scale 
as figure 5, ( ~ 3 0 ) .  
Distal view of abortive spore. Closely spaced, low prominences cause 
the reticulate appearance of the coat. Maximum dimension 665 p. 
Maceration 583 slide 1, Harrisburg (No. 5) Coal, TVabash County, Illi- 
nois. Reffected light, same scale as figure 6, ( ~ 5 0 ) .  



PLATE 13 

All specimens photographed with transmitted light. Color of filter, when 
used, indicated. 

Spencerisparites cf. S. radiatus (Ibrahim) n. comb. . . . . , . . . p. 56 

FIGURE 
1. Spore with lips and contact areas split apart and partly folded. Total 

diameter 375 p. Maceration 798 slide 13, lowest coal in diamond drill 
core, Caseyville Group, Wabash County, Illinois. Green filter, same 
scale as figures 2, 5a, (~100).  

2. Spore with torn bladder showing upper and lower bladder membranes. 
Total diameter 365 p. Maceration 798 slide IRMK, lowest coal in dia- 
mond drill core, Caseyville Group, Wabash County, Illinois. Green 
filter, scale indicatrd below figure, (x100). 

3. Spore showing gouge-like appearance of radial striations and a narrow 
marginal flange. Total diameter 385 p. Maceration 798 slide 13, lowest 
coal in diamond drill core, Caseyville Group, Wabash County, Illinois. 
Green filter, same scale as figures 2, 5a, (~100).  

4. Spore showing high lips expressed as folds on upper surface of blad- 
der. Total diameter 345 p. Maceration 798 slide 13, lowest coal in  
diamond drill core, Caseyville Group, Wabash County, Illinois. Green 
filter, same scale as figures 2, 5a, (X100). 

3a. Spore with slightly wider marginal flange. Total diameter 314p, 
Maceration 618 slide 3, Reynoldsburg Coal, Johnson County, Illinois, 
Scale indicated above figure, (x100). 

5b. Same spore. Detail of spore body and radial striations. Green filter, 
same scale as figure 6, (x200). 

6. Detail of marginal flange. Maceration 618 slide 3, Reynoldsburg Coal, 
Johnson County, Illinois. Scale indicated below figure, (~200).  

Spencerispo~ites cf. S.  gracilis (Zerndt) n. comb. . . , . . . . . . p. 58 
7. Poorly preserved spore with wide marginal flange and reticulate- 

appearing central area. Maximum dimension 443 p. Maceration 5 19B 
slide 3, DeKoven Coal, Williamson County, Illinois. Green filter, same 
scale as figures 2, 5a, (X100). 

8. Small spore showing wide marginal flange and distinct reticulate- 
appearing folds in central area. Total diameter 315 p. Maceration 879 
slide 4, Harrisburg (No. 5) Coal, Edgar County, Illinois. Green filter, 
same scale as figures 2, 5a, (X100). 

9. Spore with wide marginal flange which appears lobe-like in outline a t  
two of the corners. Total diameter 388 p. Maceration 135, "Bogota" 
Coal, Fayette County, Illinois. Green filter, same scale as figures 2, 
5a, (x100). 

Calamospora cf. C .  sinuosa (Potonik and Kremp) ex Horst . . . . . . p. 60 

10. Folded proximo-distal compression. Diameter 700 p. Maceration 625A, 
slide 10, Willis Coal, Gallatin County, Illinois. Scale indicated below 
figure, (X75). 

Calamos~ora  cf. C .  l a e v i p t a  (Ibrahim) Schopf, Wilson, and Bentall . . . p. 60 

11. Oblique compression with relatively short suture and vaguely defined 
contact areas. Diameter 314 p. Maceration 600 slide 11, "LaSalle" Coal, 
Bureau County, Illinois. Scale indicated below figure, (~150).  

Calamospora sp. . . . . . . . . . . . . . . p. 61 

12. Oblique compression of small spore with relatively thick coat.. Thick- 
ening of spore coat in contact area showing at upper margin. Diameter 
185 p. Maceration 600 slide 11, "LaSalle" Coal, Bureau County, Illinois. 
Same scale as figure 11, (X150). 







PLATE 14 

All specimens photographed with transmitted light, unless otherwise indi- 
cated. Color of filter, when used, also indicated. 

Monoletes spp. . . . . . . . . . . .  p. 62 

Small proximo-distal compression showing distal folds and medially 
deflected suture. Inner coat detached from outer coat and folded a t  
each end. Total length 200p. Maceration 795 slide 11, coal in Casey- 
ville Group, W7abash County, Illinois. Green filter, same scale as fig- 
ures 8, 11, (~150).  
Proximo-distal compression showing distal folds and medially deflected 
suture. Length 353 p. Maceration 906KOH slide 6, "Makanda" Coal, 
Jackson County, Illinois. Same scale as figures 8, 11, (X150). 
Proximo-distal compression. Distal folds and medially deflected suture 
evident. Inner coat detached from outer coat and folded. Total length 
489 p. Maceration 915 slide 5, Murphysboro (?) Coal, Williamson 
County, Illinois. Red filter, same scale as figures 4, 7, (x100). 
Proximo-distal compression showing distal folds and medially deflected 
suture. Inner coat detached from outer coat and folded. Length 401 p. 
Maceration 599B slide 9, Rock Island (No. 1) Coal, Fulton County, 
Illinois. Red filter, scale indicated below figure, (~100).  
Proximo-distal compression showing vague outline of distal folds. 
Suture medially deflected with extremely short possible vestigial third 
ray. Length 298 fi. Maceration 899 slide 2, Colchester (No. 2) Coal, 
Fulton County, Illinois. Same scale as figures 8, 11, (~150).  
Well preserved proximo-distal compression showing distal folds and 
medially deflected suture. Length 515 p. Maceration 35 slide 3, un- 
named coal above DeKoven Coal, Saline County, Illinois. Same scale 
as figures 4, 7, (X100). 
Proximo-distal compression. Central body small with thick coat, 288 p 
in length. Short third ray 26 p in length. Maceration 35 slide 2, un- 
named coal above DeKoven Coal, Saline County, Illinois. Red filter, 
scale indicated above figure, (X100). 
Proximo-distal compression. Suture masked by thin folds. Length 
278 p. Maceration 600 slide 11, "LaSalle" Coal, Bureau County, Illi- 
nois. Green filter, scale indicated below figure, (X150). 
Proximo-distal compression of spore from spore mass showing distal 
folds and medially deflected suture. Very short third ray present. 
Length 355 p. Maceration 811 slide 9, "Divide" Coal, Jefferson County, 
Illinois. Same scale as figures 8, 11, (X150). 
Spore masses. Maceration 811 slide 2, "Divide" Coal, Jefferson County, 
Illinois. Reflected light, scale indicated below figure, (~15) .  

Parasporites spp. . . . . . . . . . . . . . .  p. 63 
11. Slightly oblique lateral compression showing position of bladders. 

Length of spore body 272 p. Maceration 490D slide 4, Friendsville Coal, 
Wabash County, Illinois. Scale indicated above figure, (~150).  

12. Proximo-distal compression showing medially deflected suture with 
very short third ray. Total length 309 p. Maceration 579C slide 5, Col- 
chester (No. 2) Coal, Bureau County, Illinois. Red filter, same scale as 
figures 8, 11, (~150).  



PLATE 15 

All specimens photographed with transmitted light. Color of filter, when 
used, indicated. 

Punctatisporitescf. P. obesus (Loose) PotoniCandKremp . p. 64 

1. Poorly preserved example. Suture open. Diameter 145 p. Maceration 
625Bf slide 4, Willis Coal, Gallatin County, Illinois. Safranin stained. 
Same scale as figure 3, (~300).  

2. Smaller example with more triangular outline. Diameter 112 p. Mac- 
eration 625Bf slide 5, Willis Coal, Gallatin County, Illinois. Safranin 
stained. Same scale as figure 3, (~300) .  

Reticulatisporites cf. R. irregularis Kosanke . . . . . . . . . .  P. 
3. Proximo-distal compression. Two rays of suture barely visible. Diam- 

eter 158 p. Maceration 144, "Sub-Babylon" Coal, Fulton County, Illi- 
nois. Green filter, scale indicated below figure, (~300).  

4. Lateral compression showing thickening of spore coat around suture. 
One lateral puncta group in focus. Length 169p. Maceration 625& 
slide 10, Willis Coal, Gallatin County, Illinois. Same scale as figure 3, 
(~300).  

5a. Proximo-distal compression. Holotype. Length 170 p. Maceration 
625Bf slide 2, Willis Coal, Gallatin County, Illinois. Safranin stained. 
Same scale as figure 3, (~300).  

5b. Same spore. Detail of lateral puncta group. Scale indicated below fig- 
ure, (~600).  

Sporangial masses of Densosporites . . . . . . . . . . . . .  p. 67 

6. Total length 4 2 0 0 ~ .  Maceration 604A slide 8, Tarter Coal, Fulton 
County, Illinois. Scale indicated below figure, (~10) .  

7. Cuticle from sporangial mass of Densosporites. Maceration 604.4 slide 
11, Tarter Coal, Fulton County, Illinois. Scale indicated below figure, 
(~150). 

Seed membranes . . . . . . . . . . . . .  p. 67 

8. Inner membrane enclosed in a thin membrane with coarse reticulate- 
appearing surface. Length 3435 p. Maceration 798 slide 7, lowest coal 
in diamond drill core, Caseyville Group, Wabash County, Illinois. 
Same scale as figure 9, (x15). 

9. Large membrane with thick coat. Length about 5345 p. Maceration 
760 slide 1, coal in T a r  Springs Formation, Johnson County, Illinois. 
Red filter, scale indicated below figure, (X15). 

10. Seed membrane with apical cap. Length 2 9 8 0 ~ .  Maceration 760 slide 
4, coal in Tar  Springs Formation, Johnson County, Illinois. Same scale 
as figure 9, (x15). 







PLATE 16 

All specimens photographed with tl.ansmitted light. Color of filter, when 
used, indicated. 

Seed membranes . . . . . . . . . . . . . .  p. 67 

FIGURE 
1. Seed membrane? Length 3455 p. Maceration 625B slide 15, Willis 

Coal, Gallatin County, Illinois. Scale indicated below figure, ( ~ 1 5 ) .  
2. Inner thick membrane enclosed in thin membrane, partially torn 

away from apical region. Length 2540 p. Maceration 811 slide 4, "Di- 
vide" Coal, Jefferson County, Illinois. Scale indicated below figure, 
(X15). 

Miscellaneous plant n~icrofossils from Illinois coals . . . . . . . .  p. 68 
Resin bleb with spinose "stalk." Total length 835 p. Maceration 
599B slide 4, Rock Island (No. 1) Coal, Fulton County, Illinois. Same 
scale as figure 4, ( ~ 5 0 ) .  
Cuticle showing arrangement of stomata in parallel rows. Maceration 
608 slide 2, Murphysboro Coal, Jackson County, Illinois. Red filter, 
scale indicated below figure, (x50). 
Pitted cuticle. Maceration 631 siide 3, Willis (?) Coal, Gallatin County, 
Illinois. Same scale as figure 9, ( ~ 4 0 ) .  
Cuticle. Openings up to 46 p in diameter. Maceration 918 slide I ,  Pope 
Creek Coal, Mercer County, Illinois. Red filler, same scale as figure 
9, (X40). 
Characteristic cuticle of the lbeynoldsburg Coal. Cuticle has dome cells 
with cuticular crests. Maceration 618 slide 5, Reynoldsburg Coal, 
Johnson County, Illinois. Scale indicated below figure, (X25). 
Wood fracgment with medullary rays. Pit mouths up to 10 p in length. 
Maceration 525B slide 6, Wiley Coal, Fulton County, Illinois. Same 
scale as figure 9, ( ~ 4 0 ) .  
Fusinized wood fragment. Maceration 906 slide 6, "Makanda" Coal, 
Jackson County, Illinois. Scale indicated to right of figure, (~40) .  

. . . . . . . . . . . . . .  Membranes of animal (?) origin p. 68 

10. More or less round openings up  to 66 p in diameter. Membrane as a 
whole ornamented with closely spaced depressions up  to 10 p in di- 
ameter. Maceration 798 slide 7, lowest coal in diamond drill core, 
Caseyville Group, Wabash Counly, Illinois. Same scale as figure 9, 
(x4O). 

11. Membrane similar in pattern to that shown above, but thinner and 
with smaller openings and depressions. Maceration 914 slide 7, Tarter 
Coal, Mercer County, Illinois. Same scale as figure 9, (x40). 
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