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ABsTRACT—Dispersed spores belonging to 36 genera and 63 species, 9 of which are new, were
recovered from shale samples collected below Cycle “A” of the Pre-Verne cyclical formations
of the Early Pennsylvanian age Saginaw Group at Grand Ledge, Michigan. All of the major
plant groups known to have inhabited the coal swamps are represented. They are arranged
according to the system suggested by Bharadwaj & Venkatachala in 1968.

CONTENTS
Introduction . ... ... e e e 263
Systematic PalyMOIOZY ...ttt t ittt e e e e ettt 263
BT 1 e P PP 264
SPRENOPSIAA .+ ..ttt e e e r e, 271
0 o 3T A 272
CycadofiliCales .. ...ooiiiint it e e e e et et e e 274
Cordaitales or ?Coniferales ...................... e e e e et 278
Algal SPOTOMOTDN .. oot e e e e e e, 280
Palynological cOmPOSItIon ... ...ttt et i e e e e e e 280
ST E o0 41 2 280
ACKNOW A EIMeNtS . .ottt ittt e e e e e e e e 280
Literature Cited ... .....ouiin ittt ittt e e e e 280

INTRODUCTION

ARNOLD (1944) described a heterosporous cone,
Bowmanites delectus, which he later reassigned
to Nemejc’s genus Discinites (Arnold, 1949),
from the shale below the lower Lingula layer
in the quarry of the Grand Ledge Clay Products
Company at Grand Ledge, Michigan. This
shale lies immediately below Cycle “A” of the
Pre-Verne cyclical formation of the Saginaw
Group and is of Late Pottsville (Early Penn-
sylvanian) age.

The present report is concerned with the
dispersed spores recovered from the shale bear-
ing the fossilized cones, and enlarges somewhat
the picture of the vegetation of the region dur-
ing Pottsville times. While the shale upon mac-
eration failed to yield any spores that can be
positively identified with Discinites delectus,
four species of Calamospora, the dispersed spore

genus that embraces those of D. delectus, were
found. These are Calamospora perrugosa
(Loose) Schopf, Wilson, & Bentall, 1944, C.
microrugosa (Ibrahim) S. W. & B, C. brevi-
radiata Kosanke, and C. kartungiana (Loose)
S. W. & B. The two spore types of D. delectus
differ markedly in size. The microspores meas-
ure 75-90 micra in diameter, and the mega-
spores are 660—750 micra in diameter.

All specimens illustrated herein are cata-
logued and deposited in the Museum of Paleon-
tology, The University of Michigan.

SYSTEMATIC PALYNOLOGY

The fossils are arranged according to the
suggestions of Bharadwaj & Venkatachala
(1968). The artificial classification at present
used to classify dispersed Palaeozoic spores is
an effective method by which spores and pollen

263



264

are separated on external characters. This meth-
od no doubt is of great help in bringing order
to the great amount of data that has accumu-
lated in this field but suffers from a shortcoming
because of the arbitrary placement of several
taxa. Though we are dealing with organ genera,
an inquiry into the phylogenetic significance of
the morphological characters is of immediate
need. Bharadwaj & Venkatachala (1968) criti-
cally examined all available evidence from in
situ records and provide a workable scheme
based on morphology. The scheme put forward
by them is no doubt not exhaustive but at-
tempts to give the principle on which a phylo-
genetic classification can be constructed.

A study of dispersed as well as iz situ spores
of Lycopsida, Sphenopsida, and Pteropsida
shows distinct differentiations in spore mor-
phology. The lycopsid spores contain a central
inner body which is attached to the main cen-
tral body with three interradial cushions. These
can be clearly seen in Lycospora, Cirratrira-
dites, Crassispora, Densosporites, Cristatispor-
ites, and other spores attributed to this group.
The spores are also characterized by an equa-
torial or subequatorial exoexinous extension in
the form of a crassitudo, cingulum, zona, or
zonisaccus. The equatorial extensions meet the
need of effective dispersal.

Sphenopsid spores are simpler in construc-
tion, being either bilateral or circular, and pos-
sess an inner body loosely enveloped by an
outer cover. Vestispora, Velamisporites, Calamo-
spora, and others show this type of organization.

Pterospid spores are devoid of an inner body
and show an elaborate sculptural pattern on the
exoexine. Angular thickenings in the form of
auriculae are seen in Triquitrites Wilson & Coe
(1940).

Cycadofilicalean pollen grains are saccate or
asaccate. Specimens with ornamentation and
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two distinct parallel distal folds are found
among pollen grains of Potoniea, Codonotheca,
Waldenburgia, Psaliangium, Telangium, Ste-
phanospermum, Aulacotheca, Boulaya, Dolero-
theca, Goldenbergia, and Whittleseya. The dis-
persed spores of this group are exemplified by
Punctatisporites, Planisporites, Verrucosospor-
ites, Schopfipollenites, and Cymbospora. The
first three genera also encompass fern spores
but the cycadofilicalean prepollen can be dis-
tinguished by two parallel folds on the distal
face. Schopfipollenites, Cymbospora, and other
pollen also possess a distinct, but different, fold
pattern. Subsaccate pollen, as characterized by
Schulzospora, Wilsonites, Guthoerlisporites,
Florinites, Complexisporites, and Kosankei-
sporites, were also produced by Cycadofilicales
(Bharadwaj & Venkatachala, 1968).

Cordaitalean and coniferous pollen show a
girdling type of saccus exposing the proximal
as well as the distal faces of the spore body, in
contrast to the cycadofilicalean saccate pollen,
which are distally covered by the saccus leaving
only the proximal germinal area. The sulcus
differentiation seen in Complexisporites and Ko-
sankeisporites is not seen in these pollen.

The dispersed pollen recovered here are ar-
ranged according to the scheme outlined above.

LYCOPSIDA

Genus Lvcospora (Schopf, Wilson, & Bentall)
Potonié & Kremp, 1954
Type species. — Lycospora micropapillata
(Wilson & Coe, 1940) Schopf, Wilson, & Ben-
tall, 1944.

Lycospora puncTaTAa Kosanke, 1950
Pl 1, fig. 4

Holotype—XKosanke, 1950; pl. 10, fig. 3.
Description.—Roundly triangular spores, 35—

EXPLANATION OF PIATE 1
All figures X 500

Fics. 1, 2—Spinozonotriletes arnoldii n. sp.; Slide no. P/6, UMMP 57921,
3—Lycospora brevijuga Kosanke, 1950; Slide no. P/7, UMMP 57922.
4—Lycospora punctata Kosanke, 1950; Slide no. P/1, UMMP 57916.
5—Densosporites cf. D. annulatus (Loose) Schopf, Wilson, & Bentall, 1944; Slide no. P/4, UMMP

57919.

6, 11, 15—Spinozonotriletes michiganensis n. sp.; Slide no.P/1, UMMP 57916.
7—Spinozonotriletes cf. S. conspicuus Playford, 1963b; Slide no. P/8, UMMP 57923.
8—A piculatisporis sp.; Slide no. P/5, UMMP 57920.
9—Grandispora sp.; Slide no. P/7, UMMP 57922.
10—Cristatisporites sp.; Slide no. P/7, UMMP 57922.
12—Microreticulatisporites cf. M. concavus Butterworth & Williams, 1958; Slide no. P/2, UMMP 57917.
13—Leiotriletes subadnatoides Bhardwaj, 1957; Slide no. P/1, UMMP 57916.
14—Cristatisporites cf. C. indignabundus (Loose) Potonié & Kremp, 1954; Slide no. P/8, UMMP 57923.
16—Raistrickia sp.; Slide no. P/1, UMMP 57916.
17—Cirratriradites annulatus Kosanke & Brokaw, in Kosanke, 1950; Slide no. P/4, UMMP 57919.
18—Cirratriradites saturnii (Ibrahim) Schopf, Wilson, & Bentall, 1944; Slide no. P/4, UMMP 57919.
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40 p. Trilete mark distinct, raised and reaching
up to the equatorial cingulum. Cingulum up to
5 p wide, fimbriate.

Lycosprora BREVIJUGA Kosanke, 1950
PlL 1, fig. 3

Holotype—Kosanke, 1950, pl. 10, fig. 5.

Description—Roundly triangular spores, 30
p. Trilete mark distinct, raised, reaching the
narrow, up to 2 p-wide cingulum.

Comparison.—L. brevijuga is distinguished
by the presence of a narrow cingulum which is
often folded to appear like a crassitudo.

Genus CRISTATISPORITES (Potonié & Kremp,
1954)
Bharadwaj & Venkatachala, 1961

Type species—Cristatisporites indignabun-
dus (Loose) Potonié & Kremp, 1954, 1955.

CRISTATISPORITES cf. C. INDIGNABUNDUS
(Loose)
Potonié & Kremp, 1954
Pl 1, fig. 14

Description—Roundly triangular miospores,
76 y. Trilete mark distinct, rays almost reach-
ing up to the margins, raised, tecta and apex
high. Exine sculptured with irregular warts,
often anastomosing to simulate a reticulate
pattern, interspersed with grana.

Comparison—The spores compared here
with C. indignabundus differ from the latter in
possessing well-defined sculptural elements.
They anastomose to form a pseudoreticulate
pattern, while in the other the exine is smooth.

CRISTATISPORITES Sp.
Pl 1, fig. 10

Description—Roundly triangular, 70 .
Trilete mark present, not perceptible, proximal
exine ornamented with grana while the distal
has broad-based sharp-tipped spines. Cingulum
up to 10 u wide, dark and spinose.

Comparison—C. indignabundus has more
prominent spinous ornamentation. C. alpernii
Staplin & Jansonius has a well-defined cingu-
lum and thus not comparable.
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Genus DENsosPORITES (Berry)
Potonié & Kremp, 1954

Type species—Densosporites covensis Ber-
ry, 1937.

Remarks.—Densosporites is distinguished
from Cristatisporites by the absence of distin-
guishable sculptural elements on the cingulum
as well as the spore body. It is pertinent to re-
examine the type of Densosporites Berry, which
shows distinct sculptural elements for its orna-
mentation.

DENsosPORITES cf. D. aNNuLATUS (Loose)
emend. Schopf, Wilson, & Bentall, 1944
PL 1, fig. 5

Description—Roundly triangular, 23 ,
trilete mark not distinct, cingulum up to 8 p
wide, uniform, smooth. Exine smooth, infra-
punctate in the body region.

Comparison—D. annulatus is larger with a
distinct trilete mark and vacuolations in the
inner margin of the zone.

Genus SPIN0zZONOTRILETES Hacquebard, 1957

Type species.—Spinozonotriletes
Hacquebard, 1957.

uncatus

SPINOZONOTRILETES ARNOLDII N. SP.
PL 1, figs. 1, 2

Holotype—Pl. 1, fig. 1.

Description—Spores roundly triangular,
90-120 p. Trilete, Y-arms almost reaching the
equatorial margins, tecta 5-8 p high, with
folded flangelike lips. Exine differentiated into
a flangy, thin outer layer and a thick crassi-
tudinous inner layer which encloses a “meso-
sporoid” inner body. Distal exine and equator
covered with spines, 12 | long and up to 5 n
wide, with pointed, hooked or recurved tips;
the spine bases sometimes fuse. Exine between
spines granulose.

Comparison—S. conspicuus Playford has
broad spines for the ornamentation; S. tenwui-
spinus Hacquebard lacks the thin flange at the
equator. S. uncatus also lacks the flange and
has smaller spines for ornamentation. S. tuber-

EXPLANATION OF PLATE 2
All figures X 500

F16. 1—Endosporites ornatus Wilson & Coe, 1940; Slide no. P/7, UMMP 57922.
2—Endosporites globiformis (Ibrahim) Schopf, Wilson, & Bentall, 1944; Slide no. P/8, UMMP 57923.
3—Endosporites zonalis (Loose) Knox, 1950; Slide no. P/8, UMMP 57923.
4, 9—Cirratriradites sp.; Slide no. P/8, UMMP 57923.
5, 7, 11—Cirratriradites rugulatus n. sp.; Slide nos. P/4, P/6, P/8, UMMP 57919, 57921, 57923.
6, 10—Cirratriradites foveolatus n. sp.; Slides nos. P/4 and P/6, UMMP 57919 and 57921.
8—Velamisporites sp.; Slide no. P/6, UMMP 57921.
12—Cirratriradites dialetrus Venkatachala & Bharadwaj, 1964 ; Slide no. P/7, UMMP 57922.
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culatus Neves & Owens lacks the distinctive
trilete mark as found in S. arnoldii.

SPINOZONOTRILETES cf. S. coNspIicUUS
Playford, 1963b
PL 1, fig. 7

Holotype of S. conspicuus. — Playford,
1963b; pl. V, fig. 4.

Description—Roundly triangular, 80 p.
Trilete, tecta straight, distinct with minor lip
development, apex high, tecta almost reaching
the equatorial margins. Exine differentiated into
an outer thicker, sculptured zone and an inner
thinner area; ornamented with sharp up to 8
p-long conical spines distally and with inter-
spersed grana on the equator.

Comparison.—S. conspicuus has larger
spines and a coarsely punctate proximal face
in contrast to the specimen figured here.

SPINOZONOTRILETES MICHIGANENSIS n. Sp.
Pl 1, figs. 6, 11, 15

Holotype—Pl. 1, fig. 15.

Diagnosis—Roundly triangular with con-
vex sides and rounded angles, 50-80 . Trilete,
Y-mark distinct, reaching the margins. Apex
and vertex high, labra thick, flexuous up to 6 n
broad. Exine flangy at equator, with an inner
equatorial crassitudinous ridge (see illustrated
tetrad), ornamented distally with bulbous-
based, sharp-tipped, up to 8 p-long spines, spine
bases coalescing at the crassitudinous area and
thus contributing to the thick ridge at the equa-
tor, spines broader proximally and longer at
equator, punctate in between, distally punctate
spines. Plate 1, figure 6 illustrates the distal
view.

Comparison—S. uncatus Hacquebard lacks
the crassitudinous thickening as seen in the
species described here as well as the well-devel-
oped trilete mark. S. tenuispinus Playford has
distinct broad spines and does not possess the
thick tecta as seen in S. mickiganensis.

Genus Granpispora Hoffmeister, Staplin, &
Malloy, 1955

Type species—Grandispora spinosa Hoff-
meister, Staplin, & Malloy, 1955.
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GRANDISPORA Sp.
PL 1, fig. 9

Description—Circular, trilete mark present,
exine folded along the suture of the Y-mark,
104 y broad, ornamented with 2-3 n long and
up to 2 u wide sparsely spaced spines; exoexine
infragranulose, the central body area darker
than the outer exoexine, 86 p broad. The folds
are seen only in the exoexine.

Comparison and remarks. — G. echinata
Hacquebard is ornamented with larger spines,
and G. spinosa Hoffmeister, Staplin, & Malloy
has long conical spines with a broad base for
ornamentation. The spore is interpreted here as
possessing an inner body as in other lycopodian
spores.

Genus CIRRATRIRADITES Wilson & Coe, 1940

Type species. — Cirratriradites annulatus
Kosanke & Brokaw, in Kosanke, 1950.

CIRRATRIRADITES ANNULATUS Kosanke &
Brokaw, in Kosanke, 1950
Pl 1, fig. 17

Holotype—Kosanke, 1950; pl. 7, fig. 4.

CIRRATRIRADITES SATURNII (Ibrahim) Schopf,
Wilson, & Bentall, 1944
Pl 1, fig. 18
Holotype.—Ibrahim, iz Potonié, Ibrahim, &
Loose, 1932; pl. 15, fig. 14.

CIRRATRIRADITES DIALETRUS
Venkatachala & Bharadwaj, 1964
Pl 2, fig. 12

Holotype.—Venkatachala
1964; pl. 12, fig. 163.

& Bharadwaj,

CIRRATRIRADITES RUGULATUS 1. Sp.
PL 2, figs. 5, 7, 11

Holotype—Pl. 2, fig. 5.

Diagnosis—Roundly triangular, 60-80 p,
holotype 60 p. Zona at the angles rounded,
sides convex. Trilete mark distinct to indis-
tinct, reaching up to the margin and entering in-
to the zona, commissure reaching only up to the
body margin; spore body 44-54 u broad, zona
up to 18 p broad, continuous, dissected in the

EXPLANATION OF PLATE 3
All figures X 500

Fics. 1, 2—Endosporites magnus n. sp.; Slides nos. P/6 and P/7, UMMP 57921 and 57922.
3—Calamospora perrugosa (Loose) Schopf, Wilson, & Bentall, 1944; Slide no. P/7, UMMP 57922.
4—Calamospora hartungiana (Loose) Schopf, Wilson, & Bentall, 1944; Slide no. P/7, UMMP 57922.
5—Calamospora breviradiata Kosanke, 1950; Slide no. P/1, UMMP 57916.
6—Calamospora microrugosa (Ibrahim) Schopf, Wilson, & Bentall, 1944 ; Slide no. P/7, UMMP 57922.
7—Velamisporites rugosus Bharadwaj & Venkatachala, 1961; Slide no. P/5, UMMP 57920.
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form of vacuoles. Central body rugulate with
muri not forming meshes.

Comparison—The other species of Cirra-
triradites are ornamented with distinct foveo-
late pattern. The present species is distin-
guished by the rugulate ornamentation of the
body exine.

CIRRATRIRADITES FOVEOLATUS N. SP.
Pl. 2, figs. 6, 10

Holotype—Pl. 2, fig. 10.

Diagnosis—Roundly triangular, 60-80 u,
holotype 106 x 72 p, zonate. Trilete mark dis-
tinct, reaching up to the equator while the
commissure reaching only up to the body mar-
gin, central body foveolate, muri raised form-
ing up to 6 u broad, perfect foveola.

Comparison—C. annulatus, C. saturnii,
and other species have finer ornamentation of
the central body. C. foveolatus is distinguished
in possessing a broad, foveolate central body.

CIRRATRIRADITES Sp.
Pl 2, figs. 4,9

Description—Spores roundly triangular,
110-150 p. Y-mark distinct, flangy, apex and
vertex high, tecta reaching up to the margin,
suture restricted up to the body limits. Central
body roundly triangular with up to 15 u-wide
crassitudo, laevigate proximally and distally
verrucose.

Comparison. — The crassitudinous ridge
around the equator of the central body distin-
guishes these specimens. The earlier recorded
species of Cirratriradites do not have this thick-
ening.

Genus EnposproriTEs Wilson & Coe, 1940
Type species—Endosporites ornatus Wilson
& Coe, 1940.

EnposporITES ORNATUS Wilson & Coe, 1940
PL 2, fig. 1
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Holotype—Wilson & Coe, 1940; pl. 1, fig.
2.

ENDOsPORITES GLOBIFORMIS (Ibrahim) Schopf,
Wilson, & Bentall, 1944
Pl 2, fig. 2
Holotype—Ibrahim, in Potonié, Ibrahim, &
Loose, 1932; pl. 14, fig. 5.

EnposPoRrITES zONALIS (Loose) Knox, 1950
Pl 2, fig. 3

Holotype—Loose, 1934; pl. 7, fig. 5.

ENDOSPORITES MAGNUS . Sp.
Pl 3, figs. 1, 2

Holotype.—Pl. 3, fig. 1.

Diagnosis—Circular, 150-170 p, central
body of the spore 60-70 y, circular, Y-mark
distinct, rays not very clearly discernible, arcu-
ate ridge (limbus) almost along the equator
and distinct, saccus infragranulose to infraru-
gulate forming canaliculate ridges giving a
vermiform appearance.

Comparison.—Such large specimens of En-
dosporites have not been encountered in other
Carboniferous sediments so far studied.

SPHENOPSIDA

Genus CarLamospora Schopf, Wilson, &
Bentall, 1944

Type species. — Calamospora hartungiana
Schopf, Wilson, & Bentall, 1944.

CaraMosPORA PERRUGOSA (Loose) Schopf,
Wilson, & Bentall, 1944
Pl 3, fig. 3

Holotype.—Loose, 1934; pl. 7, fig. 13.

CALAMOSPORA MICRORUGOSA (Ibrahim) Schopf,
Wilson, & Bentall, 1944
Pl 3, fig. 6
Holotype—Ibrahim, in Potonié, Ibrahim, &
Loose, 1932; pl. 14, fig. 9.

EXPLANATION OF PLATE 4
All figures X 500

F16. 1—Vestispora vinculata (Ibrahim) Bhardwaj, 1957; Slide no. P/4, UMMP 57919.
2—Planisporites rarus Venkatachala & Bharadwaj, 1962 ; Slide no. P/6, UMMP 57921.
3—Cyclogranisporites aureus (Loose) Potonié & Kremp, 1955; Slide no. P/1, UMMP 57916.
4—Convolutispora cf. C. mellita Hoffmeister, Staplin, & Malloy, 1955; Slide no. P/4, UMMP 57919.

5, 7—Cadiospora arguta n. sp.; Slide no. P/1, UMMP 57916.

6—Knoxisporites triradiatus Hoffmeister, Staplin, & Malloy, 1955; Slide no. P/6, UMMP 57921.
8—Raistrickia crocea Kosanke, 1950; Slide no. P/6, UMMP 57921.
9—Verrucosisporites cerosus (Hoffmeister, Staplin, & Malloy) Butterworth & Williams, 1958; Slide no.

P/1, UMMP 57916.

10—Knoxisporites rotatus Hoffmeister, Staplin, & Malloy, 1955; Slide no. P/1, UMMP 57916.
11—Raistrickia solaria Wilson & Hoffmeister, 1956 ; Slide no. P/1, UMMP 57916.
12—Reticulatisporites ornatus Ibrahim, 1932; Slide no. P/2, UMMP 57917.
13—Punctatisporites viriosus Hacquebard, 1957; Slide no. P/5, UMMP 57920.
14—Diatomozonotriletes cf. D. trilinearis Playford, 1963a; Slide no. P/5, UMMP 57920.
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CALAMOSPORA BREVIRADIATA Kosanke, 1950
Pl 3, fig. 5

Remarks.—The spores illustrated here as
well as those by Bhardwaj (1957) and Venka-
tachala & Bharadwaj (1964) show a distinct
darker area conmtagionis in the proximal polar
region. This dark area gets shifted to a side in
several specimens studied. This fact suggests
that this may be due to a darker inner body.
Kosanke’s type specimens do not show such a
dark area; however, in his description he has
mentioned the area contagionis in the Y-mark
region. Small spores recovered from Discinites
delectus by Arnold (1944) resemble the speci-
mens described here. The specimen described
under C. perrugosa (pl. 3, fig. 3) may represent
the megaspores recovered from Discinites delec-
tus by Arnold (1944).

CALAMOSPORA HARTUNGIANA (Loose) Schopf,
Wilson, & Bentall, 1944
Pl 3, fig. 4

Holotype. — Schopf, Wilson, & Bentall,
1944; text-fig. 1.

General remarks on Calamospora—The
species of Calamospora hitherto described by
various authors fall into two distinct groups:

a) C. hartungiana (Loose) Schopf, Wilson,

& Bentall

C. breviradiata Kosanke

C. densa Bharadwaj & Venkatachala

C. perrugosa (Loose) Schopf, Wilson, &
Bentall

C. mutabilis (Loose) Schopf, Wilson, &
Bentall '

C. microrugosa (Ibrahim) Schopf, Wil-
son, & Bentall

C. minuta Bharadwaj

and other species

b) C. flexilis Kosanke

C. falkenbergensis Venkatachala & Bhar-
adwaj

C. straminea Wilson & Kosanke

C. pallidus (Loose) Schopf, Wilson, &
Bentall

and other species

The first group (a) typified by C. kartun-
giana as illustrated and described by Schopf,
Wilson, & Bentall (1944) is characterized by a
dark area in the proximal polar region near and
around the trilete mark, while the second group
(b) distinctly lacks an area contagionis and
has longer Y-mark. These two groups as such
show a distinct morphological differentiation
which appears to be of importance in considei-
ing the parent plants of these species.

Genus VELAMISPORITES Bharadwaj &
Venkatachala, 1961
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Type Species. — Velamisporites rugosus
Bharadwaj & Venkatachala, 1961.

VELAMISPORITES RUGOSUS Bharadwaj &
Venkatachala, 1961
Pl 3, fig. 7

VELAMISPORITES Sp.
Pl 2, fig. 8

Description—Circular, 80 y, trilete, Y-
mark obscured due to perisporal covering. Peri-
sporal coat granulose with wrinkled surface
giving a corrugated and pseudoreticulate ap-
pearance.

Comparison.—V elamisporites rugosus Bhar-
adwaj & Venkatachala is distinctly larger. V.
descretus Bharadwaj & Venkatachala is distin-
guished by a transparent perinous coat which
lacks the rugose folds present here.

Genus VESTISPORA (Wilson & Hoffmeister)
Wilson & Venkatachala, 1963a

Type species—Vestispora profunda Wilson
& Hoffmeister, 1956.

VESTISPORA VINCULATA (Ibrahim) Bhardwaj,
1957
Pl 4, fig. 1

Holotype.—TIbrahim, 1933; pl. 2, fig. 19.

PTEROPSIDA

Genus LETOTRILETES (Naumova) emend.
Potonié & Kremp, 1954

Type species—Leiotriletes sphaerotriangu-
lus (Loose) Potonié & Kremp, 1954.

LEIOTRILETES SUBADNATOIDES Bhardwaj, 1957
Pl 1, fig. 13

Holotype—Bhardwaj, 1957; pl. 22, fig. 6.

Remarks.—Specimens observed here show
distinct rounded corners and convex sides, with
long tapering rays of the Y-mark that almost
reach the equator. The gulate structure appear-
ing in some specimens (the one illustrated here
on pl. 1, fig. 13) is a characteristic fold that
normally develops when roundly triangular and
pyramidal spores obliquely flatten during slide
preparation.

Genus PuncrtaTisporiTES (Ibrahim, 1933)
emend. Potonié & Kremp, 1954

Type species—Punctatisporites punctatus
Ibrahim, 1933.

PuncraTIisporITES VirRIOsus Hacquebard, 1957
Pl 4, fig. 13

Holotype—Hacquebard, 1957; pl. 1, fig.
14.
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Genus Capiospora (Kosanke, 1950) emend.
Venkatachala & Bharadwaj, 1964

Tvpe species—Cadiospora magna Kosanke,
1950.

CADIOSPORA ARGUTA N. Sp.
Pl 4, figs. 5, 7

Holotype.—Pl. 4, fig. 5.

Description—Circular to roundly triangu-
lar 70-80 i, holotype 76 w. Y-rays equal, up to
¥4 the radius of the spore, labra thick, low,
tecta ends ending in a raised mond, spore exine
4-6 y thick, intrapunctate; contact area some-
times differentiated.

Comparison—C. aggera Venkatachala &
Bharadwaj, C. magna Kosanke, and C. abso-
luta Venkatachala & Bharadwaj (1964) are
ornate species with widely distributed irregular
monds for their ornamentation. C. laminata
Venkatachala & Bharadwaj is larger and shows
laminations in the exine. The three monds are
distinctive in both C. arguta and C. laminata.

Genus CYCLOGRANISPORITES Potonié & Kremp,
1954
Type species—Cyclogranisporites leopoldi
(Kremp, 1952) Potonié & Kremp, 1954.

CYCLOGRANISPORITES AUREUS (Loose)
Potonié & Kremp, 1955
Pl 4, fig. 3

Genus PLAN1IsPORITES (Knox) emend.
Potonié & Kremp, 1954

Type species—Planisporites granifer (Ibra-
him) Knox, 1950.

PLANISPORITES RARUS Venkatachala &
Bharadwaj, 1962
Pl 4, fig. 2

Holotype.—Bhardwaj, 1957; pl. 23, fig. 13.

Genus APICULATISPORIS Potonié & Kremp,
1956

Type species. — Apiculatisporis aculeatus
(Ibrahim) Potonié & Kremp, 1956.

APICULATISPORIS Sp.
Pl 1, fig. 8

Description.—Spore circular, 100 y, folded,
Y-mark present, imperceptible, ornamented by
bulbous sparsely spaced coni, 4-6 | long, sharp-
tipped, tips curving in the form of a hook in
several cases. Equatorial margin serrate due to
ornamentation.

Comparison—A. aculeatus and other species
described previously have distinct long coni for
ornamentation. Raistrickia abstrusa Playford
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(1963b) has a superficial resemblance to this
species, but differs in possessing a roundly tri-
angular shape, a distinct trilete mark, and small
but broader spines.

Genus RarsTrickia (Schopf, Wilson, & Bentall)
Potonié & Kremp, 1954, 1955

Type species.—Raistrickia grovensis Schopf,
in Schopf, Wilson, & Bentall, 1944,

Ra1sTrICKIA cCROCEA Kosanke, 1950
Pl 4, fig. 8

RarsTrICKIA SOLARIA Wilson & Hoffmeister,
1956
Pl 4, fig. 11

RAISTRICKIA sp.
Pl 1, fig. 16

Description—Circular, 40 p, Y-mark pres-
ent, covered over by bacula, bacula up to 8 n
long and 2 p wide with serrated tips, evenly
crowded on the surface of the spore.

Comparison—R. crinita Kosanke and R.
aculeolata Wilson & Kosanke, have sharp-tipped
spines for their ornamentation. R. solaria Wil-
son and Hoffmeister is larger but is closely
comparable in the distribution of bacula. R.
crocea Kosanke has broad, few spines for its
ornamentation.

Genus MICRORETICULATISPORITES (Knox)
Bhardwaj, 1955

Type species—Microreticulatisporites lacu-
nosus (Ibrahim) Knox, 1950.

MICRORETICULATISPORITES cf. M. CONCAVUS
Butterworth & Williams, 1958
Pl 1, fig. 12

Description—Triangular, 25-48 y, apices
broadly rounded, margins concave to slightly
convex. Y-mark up to 24 radius; exine thin,
microreticulate, muri up to 2 u wide with fine
meshes, lumina up to 2 .

Comparison—M. concavus is larger in
size with thick muri, so much so as to form a
roughened outline in equatorial flattening.

Genus VERRUCOSISPORITES (Ibrahim) Potonié
& Kremp, 1954

Type species—Verrucosisporites verrucosus
Ibrahim, 1933.

VERRUCOSISPORITES CEROSUS (Hoffmeister,
Staplin, & Malloy) Butterworth & Williams,
1958
Pl 4, fig. 9

Genus ConvoLuTispora Hoffmeister, Staplin,
& Malloy, 1955
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Type species—Convolutispora florida Hoff-
meister, Staplin, & Malloy, 1955.

ConvoruTtispora cf. C. MELLITA Hoffmeister,
Staplin, & Malloy, 1955
Pl 4, fig. 4

Description—Circular to roundly triangu-
lar, 70-80 u, Y-mark distinct, sometimes ob-
scured by the ornamentation. Exine up to 6 p
thick, ornamented with low anastomosing ridges
giving a convolute appearance, the ridges up to
6 u high, separated by canaliculate depressions.

Comparison.—Convolutispora mellita dif-
fers in possessing closer meshwork with high
ridges. The 8 specimens observed in this assem-
blage are smaller but otherwise closely compar-
able to those figured by Hoffmeister, Staplin, &
Malloy (1955).

Genus RETICULATISPORITES (Ibrahim)
Potonié & Kremp, 1954

Type species—Reticulatisporites reticula-
tus Tbrahim, 1933.

Remarks—In a review of the genera Knoxi-
sporites and Reticulatisporites, Neves (1961)
emended Reticulatisporites to include only cin-
gulate spores and distinguished them from Dic-
tyotriletes (Naumova) Potonié & Kremp. The
muri in Dictyotriletes are confined only to the
distal surface and are azonate as compared to
Reticulatisporites.

RETICULATISPORITES ORNATUS Ibrahim,
1932, 1933
Pl. 4, fig. 12

Genus KnoxisPoriTES (Potonié & Kremp)
emend. Neves, 1961

Type species—Knoxisporites hageni Po-
tonié & Kremp, 1954.

KNoxisporiTES ROTATUS Hoffmeister,
Staplin, & Malloy, 1955
Pl 4, fig. 10

KNOxISPORITES TRIRADIATUS Hoffmeister,
Staplin, & Malloy, 1955
Pl. 4, fig. 6
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Genus D1aToM0zONOTRILETES (Naumova)
emend. Playford, 1963a

Tvype species—Diatomozonotriletes saeto-
sus (Hacquebard & Barss, 1957) emend. Hughes
& Playford, 1961.

DIATOMOZONOTRILETES cf. D. TRILINEARIS
Playford, 1963a
Pl. 4, fig. 14

Description—Spore radial, trilete, subtri-
angular with slightly concave sides and rounded
apices. Y-mark distinct, labra thick, reaching
up to the equatorial margin. Corona composed
of up to 12 n long, pointed saetae.

Comparison and remarks—The specimen
figured here is the only one recovered, and is
not sufficiently well oriented for detailed study.
It is close to D. trilinearis Playford (1963a)
but is larger and is distinguished in possessing
interradial spines along the Y-mark.

CYCADOFILICALES

Genus SCHOPFIPOLLENITES Potonié & Kremp,
1954

Type species—Schopfipollenites ellipsoides
(Ibrahim) Potonié & Kremp, 1954; pl. 5, fig.
91.

SCHOPFIPOLLENITES Sp.

Remarks—A few poorly preserved frag-
ments were found but they are neither illus-
trated nor described here.

Genus ScHULZOsPORA Kosanke, 1950

Type species—Schulzospora rara Kosanke,
1950.

ScHULZOSPORA OCELLATA (Horst) emend.
Potonié & Kremp, 1956
Pl 5, fig. 5

Holotype—~—Horst, 1955; pl. 21, fig. 40.
SCHULZOSPORA MICHIGANENSIS n. SP.
Pl s, fig. 9; pl. 7, fig. 4

Holotype—Pl. 5, fig. 9

EXPLANATION OF PLATE §
All figures X 500

Fics. 1, 2—Candidispora marginate n. sp.; Slides nos. P/1 and P/3, UMMP 57916 and 57918.
3—Guthoerlisporites cf. G. densus Venkatachala & Bharadwaj; Slide no. P/7, UMMP 57922.
4—Vesicaspora sp; Slide no. P/8, UMMP 57923.
5—Schulzospora ocellata (Horst) Potonié & Kremp, 1956; Slide no. P/8, UMMP 57923.

6—Tasmanites sp; Slide no. P/6, UMMP 57921.

7—Alatisporites hoffmeisterii Morgan, 1955; Slide no. P/3, UMMP 57918,
8—Alatisporites punctatus Kosanke, 1950; Slide no.P/1, UMMP 57916.
9—Schulzospora michiganensis n. sp.; Slide no. P/7, UMMP 57922.
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Description—Broadly oval, 110-150 y, cen-
tral body ellipsoidal, bearing a faint trilete
mark. Saccus infrareticulate.

Comparison—S. ocellata has distinct cen-
tral body and a prominent trilete mark.

Genus WiLsoNITES (Kosanke, 1950) emend.
Kosanke, 1959

Type species—Wilsonites vesicatus Kosan-
ke, 1959.

WiLsoNITES VESICATUS (Kosanke, 1950)
Kosanke, 1959
Pl 6, fig. 6

Holotype—Kosanke, 1950; pl. 14, figs. 1-3.

WiLsoN1TES DELICATUS ( Kosanke)
Kosanke, 1959
Pl 6, fig. 5

Holotype—Kosanke, 1950; pl. 14, fig. 4.

Genus GUTHOERLISPORITES Bhardwaj, 1954

Type species—Guthoerlisporites magnificus
Bhardwaj, 1954, '

GUTHOERLISPORITES MAGNIFICUS
Bhardwaj, 1954
Pl 6, fig. 4

Holotype—Bhardwaj, 1954; pl. 2, fig. 12.

GUTHOERLISPORITES cf. G. DENSUS
Venkatachala & Bharadwaj, 1964
Pl 5, fig. 3

Holotype. — Venkatachala & Bharadwaj,
1964; pl. 16, fig. 229.

Description—Circular, 90-105 y, central
body distinct, without any folds, dense, Y-mark
distinct, arms going up to the equatorial mar-
gin of the central body, central body infrapunc-
tate, saccus finely infrareticulate.

Comparison—The central body in G. mag-
nificus has distinct peripheral folds. G. densus
has a dark central body. The specimens are
comparable to over-macerated specimens of G.
densus described by Venkatachala & Bharad-
waj (1964).
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GUTHOERLISPORITES GRANDIS N. Sp.
Pl 6, fig. 8; pl. 7, fig. 2
Holotype—Pl. 7, fig. 2.
Description—Circular, 120-160 p, holo-
type 150 p, central body distinct with folds,
60-85 1y, circular. Y-mark distinct, almost
reaching up to the margin, bladder infrareticu-
late.

Comparison—G. magnificus is smaller in
size. G. densus has dark central body without
any associated folds.

Genus KosaNKEISPORITES Bhardwaj, 1955

Type species. — Kosankeisporites elegans
(Kosanke) emend. Bhardwaj, 1955.

cf. KOSANKEISPORITES Sp.
PL 7, fig. 3

Description—Oval, 140 u, central body
faintly discernible, spindle oval, 90 x 70 y,
faint horizontal striations present, mud crack-
like marks distinct. Sulcus traversing the whole
length of the body.

Comparison and remarks.—The faint hori-
zontal striations on the central body allow the
specimens to be placed under Kosankeisporites.
Complexisporites Jizba differs in possessing a
distinct central rimlike area and prominent stri-
ations. Vesicaspora (Schemel) Wilson & Venka-
tachala and other saccate genera lack the stri-
ations on the central body.

Genus VEsicasPora (Schemel) emend. Wilson
& Venkatachala, 1963b

Type species.—Vesicaspora wilsonii Schemel,
1951.

VESICASPORA sp.
PL 3, fig. 4

Description—Pollen grains bilateral, oval
in polar view; 96 x 72 u, central body spindle
oval with a longer vertical axis and a broad
saccus-free sulcus running along the whole
length of the pollen, 6-8 p broad. Saccus equa-
torial, with bladder-free distal sulcus area, in-
frareticulate with distinct meshes.

EXPLANATION OF PLATE 6
All figures X 500

F16. 1—Florinites visendus (Ibrahim) Schopf, Wilson, & Bentall, 1944 ; Slide no. P/7, UMMP 57922.
2—TFlorinites similis Kosanke, 1950; Slide no. P/4, UMMP 57919.
3—Florinites antiguus Schopf, 1944; Slide no. P/3, UMMP 57918.
4—Guthoerlisporites magnificus Bhardwaj, 1954; Slide no. P/1, UMMP 57916.
5—Wilsonites delicatus (Kosanke) Kosanke, 1959; Slide no. P/8, UMMP 57923.
6—Wilsonites vesicatus (Kosanke) Kosanke, 1959; Slide no. P/7, UMMP 57922,

7—Latensina sp.; Slide no. P/3, UMMP 57918.

8—Guthoerlisporites grandis n. sp.; Slide no. P/7, UMMP 57922.

9—Remysporites sp.; Slide no. P/6, UMMP 57921.
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Comparison.—V . wilsonii is smaller and has
a smaller less well-defined sulcus. V. schau-
bergeri is large, and V. ovata from the Permian
of Australia is also distinguished by a larger
size.

Genus LATENSINA Luber, 1955

Type species—Latensina wuralensis Luber,
1955.

cf. LATENSINA sp.
Pl 6, fig. 7

Description—Circular to oval, 94 i, central
body circular, not discernible, saccus proxim-
ally equatorially attached and distally subequa-
torially attached to the central body, with the
result a distinct circular area along the body
margin is seen, saccus radially folded.

Comparison—Virkkipollenites and Plicati-
pollenites described from the Permian of India
have comparable morphology. Latensina is
known from the Upper Carboniferous sediments
of Saar-Lothringen Coalfield (Alpern, 1958;
Venkatachala & Bharadwaj, 1964). The sim-
ilarity between these genera is striking; how-
ever, according to rules of priority (Int. Bot.
Code. Art. 11), the correct name can be estab-
lished only when the type of Latensina is stud-
ied and compared with other genera.

Genus ParvEesicaspora Klaus, 1963

Type species. — Parvesicaspora splendens
(Leschik, 1956) emend. Klaus, 1963.

PARVESICASPORA SD.
Pl 7, figs. 1, 6

Description.—Bisaccate, haploxylonoid, 130
x 160 p, central body spindle oval, as long as
the pollen. Sulcus up to 14 p broad with fun-
neled tips.

Comparison.—P. splendens, the type spe-
cies, is larger and is from the Permian sediments.

Genus ALATISPORITES Ibrahim, 1933
Type species. — Alatisporites pustulatus
Ibrahim, iz Potonié, Ibrahim, & Loose, 1932.
ALATISPORITES INFLATUS Kosanke, 1950
Pl 7, fig. 5
Holotype.—Kosanke, 1950; pl. 4, fig. 2.
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ALATISPORITES PUNCTATUS Kosanke, 1950
Pl 5, fig. 8

Holotvpe.—XKosanke, 1950; pl. 4, fig. 4.

ALATISPORITES HOFFMEISTERII Morgan, 1955
PL 5, fig. 7

Holotype.—Morgan, 1955; pl. 2, fig. 1.

Genus REmMyspPoriTES Butterworth & Williams,
1958
Tvpe species. — Remysporites magnificus
(Horst) Butterworth & Williams, 1958.

REMYSPORITES sp.
Pl 6, fig. 9
Description—Circular, 125 p, central body
laevigate, outer cover punctate.
Comparison—R. magnificus is larger in
size.

CORDAITALES Or ?CONIFERALES

Genus FroriNiTEs Schopf, Wilson, & Bentall,
1944

Type species—Florinites antiquus Schopf,
in Schopf, Wilson, & Bentall, 1944.

FroriNiTES VISENDUS (Ibrahim) emend.
Schopf, Wilson, & Bentall, 1944
PL 6, fig. 1

Holotype—Ibrahim 1933; pl. 8, fig. 66.

FLoriNITES siMiLis Kosanke, 1950
Pl 6, fig. 2

Holotype—Kosanke, 1950; pl. 12, fig. 2.

FroriNITES ANTIQUUS Schopf, iz Schopf,
Wilson, & Bentall, 1944
Pl 6, fig. 3
Holotype. — Schopf, Wilson, & Bentall,
1944 ; text-fig. 4.

Genus CanpipisPora Venkatachala, 1963

Type species—Candidispora candida Ven-
katachala, 1963.

CANDIDISPORA MARGINATA N, Sp.
Pl 5, figs. 1, 2
Holotype—Pl. 5, fig. 2.
Description—Broadly oval, 150-170 u,
holotype 165 p, central body circular associated

EXPLANATION OF PLATE 7
All figures X 500

Fics. 1, 6—Parvesicaspora sp.; Slides nos. P/6 and P/7, UMMP 57921 and 57922,
2—Guthoerlisporites grandis n. sp.; Slide no. P/7, UMMP 57922.
3—cf. Kosankeisporites sp.; Slide no. P/2, UMMP 57917.
4—Schulzospora michiganensis n. sp.; Slide no. P/6, UMMP 57921,
5—Alatisporites inflatus Kosanke, 1950; Slide no. P/5, UMMP 57920.



POLLEN AND SPORES 279

PLATE 7



280

with peripheral folds running along the per-
iphery of the body. Y-mark distinct; two arms
long, forming an obtuse angle and often ap-
pearing like a monolete mark; the third arm
short. Saccus infrareticulate.

Comparison—C. candida and C. aequabilis
described by Venkatachala & Bharadwaj have
smaller well-defined central bodies.

ALGAL SPOROMORPH

Genus TasMaNITES Newton, 1875
TASMANITES Sp.
PL S, fig. 6
Description—Sphaeroid, 112 p. Pores not
uniformly distributed, margin uneven due to
pores.

PALYNOLOGICAL COMPOSITION

The spore flora is composed of 36 genera
and 63 species of dispersed spores of lycopods,
sphenopsids, and pteropsids, and pollen of cy-
cadofilicalian and gymnospermous affinities. It
is dominated by the saccate cycadofilicalian
and gymnospermous pollen. Florinites is the
dominant genus with a representation of over
50 per cent of the total assemblage. Wilsonites,
Candidispora, and Parvesicaspora constitute 5,
3 and 1 per cent each. Endosporites, a zonisac-
cate lycopod spore, is represented by 17 per
cent; and Cirratriradites and Lycospora, both
zonate spore genera, are 2 per cent each. The
only sphenopsid spore genus represented in the
counts (12 per cent) is Calamospora, and the
only fern spore is the schizeaceous spore Rai-
strickia (1 per cent).

It is of interest to note that in a random
count of 200 specimens only 9 genera of a total
of 36 were included. Most of the genera form-
ing the bulk of this assemblage are saccate
gymnospermous or cycadofilicalian pollen. The
lycopodian spores are also represented by zon-
ate types. The only other genera represented
are Calamospora (12 per cent) and Raistrickia
(1 per cent).

The major component of the spore flora is
contributed by wind-blown saccate pollen. The
calamarian spores (Calamospora) and the schi-
zeaceous spores (Raistrickia), possibly repre-
senting the local swamp element in the assem-
blage, occupy only a secondary position. The
present study is confined to shales only and, as
such, the assemblage recovered is not indigen-
ous to the swamp or areas around the deposi-
tional basin but represents material from the
surrounding regions brought into the de-
positional site along with the sediments during
deposition.

B. S. VENKATACHALA and S. K. SALUJHA

SUMMARY

Dispersed spores and pollen from the Early
Pennsylvanian Pre-Verne cyclical formations of
the Saginaw Group at Grand Ledge, Michigan,
are described and classified according to the
natural system. The taxa are referred to 36
genera and 63 species of which 9 species are
new. Quantitative study of the assemblage indi-
cates that the major component of the micro-
flora of the shale unit consists of wind-blown
saccate pollen, while spores of indigenous swamp
plants of calamarian and schizeaceous affinities
are secondary in percentage counts.

ACKNOWLEDGMENTS

The authors are grateful to Professor C. A.
Arnold of the Museum of Paleontology, The
University of Michigan, for providing the shales
for study, and to the Director, Birbal Sahni
Institute of Palaeobotany, Lucknow, India, for
laboratory and library facilities, where this
work was completed.

LITERATURE CITED

ALPERN, B., 1958, Essai de corrélation par la palynol-
ogie de couches de charbon Stéphanien recoupées
par quatre sondages dans la région de Lons-le-
Saunier (Jura): Revue de !'Industrie Minerale,
Special Number, p. 16-31.

Arnorp, C. A., 1944, A heterosporous species of Bow-
manites from the Michigan coal basin: Amer. Jour.
Botany, v. 31, no. 8, p. 466-469.

, 1949, Fossil flora of the Michigan coal basin:
Contrib. Mus. Paleontology Univ. Mich., v. 7, no.
9, p. 131-269.

Berry, W., 1937, Spores from the Pennington coal,
Rhea County, Tennessee: Amer. Midl. Naturalist,
v. 18, p. 155-160.

Buarowajy, D. C., 1954, Einige neue Sporengattungen
des Saarkarbons: N. Jahrb. Geol. Palaeont., Mh.
11, p. 512-525.

, 1955, The spore genera from the Upper Car-

boniferous coals of the Saar and their value in

stratigraphical studies: Palacobotanist, v. 4, p.

119-149.

, 1957, The palynological investigations of the
Saar coals: Palaeontographica, B, v. 101, p. 73—
125.

Buarapway, D. C., & VENKATACHALA, B. S., 1961,
Spore assemblage out of a Lower Carboniferous
shale from Spitzbergen: Palaeobotanist, v. 10, p.
18-47.

—& , 1968, Suggestions for a morphological
classification of Sporae dispersae: Rev. Palaeo-
botany & Palynol., v. 6, p. 41-59.

BUTTERWORTH, M. A., & Witrmams, R. W., 1958, The
small spore floras of coals in the Limestone Coal
Group and Upper Limestone Group of the Lower
Carboniferous of Scotland: Trans. Roy. Soc. Edin-
burgh, v. 63, pt. 2, p. 353-392.

HACQUEBARD, P. A., 1957, Plant spores in coal from the
Horton Group (Mississippian) of Nova Scotia:
Micropaleontology, v. 3, no. 4, p. 301-324.

& Barss, M. S., 1957, A Carboniferous spore

assemblage in coal from the South Nahanni River

area, Northwest Territories: Geol. Surv. Canada,

Bull. 40, p. 1-63.




POLLEN AND SPORES

HoFFMEISTER, W. S., StaPLIN, F. L., & Marroy, R. E,,
1955, Mississippian plant spores from the Hardins-
burg Formation of Illinois and Kentucky: Jour.
Paleontology, v. 29, no. 3, p. 372-399.

HogrsT, U., 1955, Die Sporae Dispersae des Namurs von
Westoberschlesien und Méhrisch-Ostrau: Palaeon-
tographica, B, v. 98, p. 137-236, pls. 17-25, 7
text-figs.

Hucaes, N. F., & Piavrorp, G., 1961, Palynological
reconnaissance of the Lower Carboniferous of
Spitsbergen: Micropaleontology, v. 7, no. 1, p.
27-44, 4 pls.

IsrarmM, A. C, 1932, Sporenformen aus den Flozen
Agir und Bismarck des Ruhrgebietes, in POTONIE,
IBraHIM, & Loose: N. Jahrb. f. Mineralogie, Beil.-
Bd. 67, Abt. B, p. 438-454, Stuttgart.

, 1933, Sporenformen des Aegirhorizonts des

Ruhr-Reviers: Diss. Tech. H. S., Berlin, p. 1-47.

Kraus, W., 1963, Sporen aus dem siidalpinen Perm:
Jahrb. Geol. Bundesanst. Austria, v. 106, no. 1,
p. 229-361.

Knox, E. M., 1950, The spores of Lycopodium, Phyl-
loglossum, Selaginella, and Isoetes and their value
in the study of microfossils of Palaeozoic age:
Tr;ms. Bot. Soc. Edinburgh, v. 35, pt. 3, p. 209-
357.

Kosanke, R. M., 1950, Pennsylvanian spores of Illinois
and their use in correlation: Bull. State Geol. Surv.
I, v. 74, p. 1-128.

, 1959, Wilsonites, a new name for Wilsonia Ko-

sanke, 1950: Jour. Paleontology, v. 33, no. 4, p.

700.

Loosk, F., 1934, Sporenformen aus dem Fl6z Bismarck
des Ruhrgebietes: Arb. Inst. Paliobotanik u. Pe-
trographic Brennsteine, v. 4, p. 127-164, pl. 7, 2
text-figs.

MoreaN, J. L., 1955, Spores of McAlester Coal: OkKla.
Geol. Surv., Circ. 36, p. 1-52.

Neves, R., 1961, Namurian plant spores from the
Southern Pennines, England: Palaeontology, v. 4,
pt. 2, p. 247-279.

PravForp, G., 1962, 1963a, Lower Carboniferous micro-

281

floras of Spitzbergen, pts. 1, 2: Palaeontology, v.

S, pts. 3, 4, p. 550-678.

, 1963b, Miospores from the Mississippian Hor-
ton Group, eastern Canada: Geol. Surv. Canada,
Bull. 107, 11 pls., 47 p.

PortoniE, R., & KreMP, G., 1954, Die Gattungen der
paldozoischen Sporae dispersae und ihre Strati-
graphie: Geol. Jahrb., vol. 69, p. 111-194.

& , 1955, 1956, Die Sporae Dispersae des
Ruhrkarbons usw. I: Palaeontographica, B, v. 98,
p. 1-136; II: Ibid., B, v. 99, p. 85-191; III: Ibid.,
B, v. 100, p. 65-121.

ScHEMEL, M. P., 1951, Small spores of the Mystic
Coal of Iowa: Amer. Midl. Naturalist, v. 46, no. 3,
p. 743-750, figs. 1-4, Notre Dame, Indiana.

ScHopF, J. M., Wmson, L. R.,, & BeNTALL, R., 1944,
An annotated synopsis of Paleozoic fossil spores and
the definition of generic groups: Ill. Geol. Surv.,
Rept. Inv. 91, p. 1-72.

StapLiN, F. L., & JansoNtUs, J., 1964, Elucidation of
some Paleozoic densospores: Palaeontographica, B,
v. 114, p. 95-117.

VENKATACHALA, B. S,, 1963, On some new spore genera
from the Upper Carboniferous coals of Loth-
ringen-Saar-Pfalz basin: Palaeobotanist, v. 11, nos.
1, 2, p. 38-42.

& Buarapway, D. C., 1964, Sporological studies
of the coal from the Falkenberg (Faulquemont)
colliery (Lorraine), France: Palaeobotanist, v. 11,
no. 3, p. 159-207.

Wison, L. R, & Cog, E. A, 1940, Descriptions of
some unassigned plant microfossils from the Des
Moines series of Iowa: Amer. Midl. Naturalist,
v. 23, p. 182-186.

Wison, L. R, & HorrMEIsTER, W. S., 1956, Plant
microfossils of the Croweburg coal: Okla. Geol.
Surv,, Circ., v. 32, p. 1-57.

WiLson, L. R.,, & VENKATACHALA, B. S., 1963a, An
emendation of Vestispora Wilson & Hoffmeister,
1956: Okla. Geol. Notes, v. 23, no. 4, p. 94-100.

& , 1963b, A morphologic study and

emendation of Vesicaspora Schemel, 1951: Ibid.,

v. 23, no. 6, p. 142-148.







