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ABSTRACT

43 miospore genera have becn referred to in this
treatise, out of \\}uch 15 genera are new tu science,
These have been diagnosed, described and com-
pared with morphographically comparable other
spure genecra. The following genera are new
Eupunctisporites gen. nov,, Microbaculispora gen.

nov., Micyofoveslatispora gen. nov. Ia.r.-‘mpom gen.
nov,, Gondisporites gen. nov,, De :rx,‘,hoH., ...... < gen.
nov., Striomonosaccdes  gen. nov,, Distriomong-

sacciles gen, nov., Verlicipolleniles gen. nov., Lahi-
riles gen. nov,, Hmr.? pollenites gen. nov,, Fm.rm—
pollenites gen. nov., Striapollenites gen. nov., Dis-
triafiles gen. nowv., a.nd Tumovipotlenites gen. nov.
Besides these Strialites, I..rr:m!.-'s;.narf!es, b'!r:';lfopodﬂ-
carpites and Sulcaiisporites have been emended.—
Some supra-generic taxa have also been created
such as Striasaceili, and Reclistriati.

From this study some new morphographic fea-
tures have come to light, ¢.g. the presence of 4 tri-
radiate muri on distal face of a triangular trilete
spore; sculptured and zonate saccus-like body in a
trilete spore; the occurrence of striated central
bodies in monosaceate forms; the proximal surface
of central bodies in disaccate grains bearing hori-
zontal striations also crossed with wvertical, con-
necting striations in many forms; occurrence of only
vertical striations on the proximal side of central
body in some saccate grains; occurrence of striations
on the proximal as well as distal faces of the central
body (1) in the same direction or (2) at right angles
to one another in saccate grains. It has also been
discovered that the proximal exine of central body
in saccate grains may be smooth or microverru-
cose with indistinct, intrapunctate or intramicro-
reticulate structure. Disaccate grains comparable
to some modern members of Podocarpaceae are
richly represented and non-saccate pollen grains
morphographically similar to those of some living
species of Ephedra and Welwitschia are also present
in the horizon.

INTRODUCTION

NDTIA 1s rich in coal deposits of Permian
I Age. These deposits occur in iselated

coal basins spread over the central-
eastern part of the country. In India, as
in other countries, the correlation of coal
seams has always been a problem and hence
there has been a pressing need for the sporo-
logical study of coal seams for stratigraphi-
cal purposes.
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For every sporological study, a detailed
morphographical study of the spore assem-
blage is the primary requisite. It is not
only necessary to circumscribe, adequately
describe and suitably illustrate the spore
types but also to refer them to a standard
classification giving appropriate names in
accordance with the rules of Botanical
Nomenclature., Such a procedure lends
standardization to the results which can be
utilized for comparison by others.  The only
works of such a standard we know of from
Lower Gondwana strata are by Balme and
Hennelly (1955, 1956a, 1956b) from Australia,
by Leschik (1959) from Karru-Sandstones
(Lower Permian), S. W. Africa and Piérart
(1959) from the coals of Luena (Katanga),
Belgian Congo. Potonié and Lele (1960)
have described the Sporae dispersae of
Talchir shales from South Rewa Gondwana
Basin, India, in detail. They have assigned
them to 13 spore genera.

During the last two decades a number of
investigations on Indian Lower Gondwana
sediments have been published. Sen (1944)
has given a preliminary account of micro-
palaeobotanical correlation of Satpukuria,
Ghusick, and associated seams [rom West
Raniganj Coalfield. Virkki (1945) has deserib-
ed a large number of spore types from Lower
Gondwana sediments of India and Australia.
Ghosh, Chandiok and Sen (1947) listed 8 spore
tvpes and their percentage in the only coal
seam from Chope coalfield, Bihar. Ghosh
and Sen (1948} investigated in detail the Sat-
pukuria, Ghusick and certain other associated
coal seams as there was a sharp controversy
regarding their correct correlation. They
recognized 52 spore types in theabove seams.
On the basis of the general spore types and
rare spore types, they attempted to correlate
the seams. They suggested Nega seam to be
separate, Lower Dhadka and Kushadanga
seams as one and the same and suspected Sat-
pukuria seam to be the same as Ghusick scam.
Trivedi (1950) has reported some megaspores
from Lower Gondwana of Singrauli Coalfield.
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Surange, Srivastava and Singh (1953) have
published the results of their investigation
on some Barakar coal seams of West Bokaro
Coalfield. Sen (1953) has studied some Kar-
harbari *seams from Giridih  Coalfield.
Surange and Lele (1957) have described some
microspores from Talchir Series. Datta
(1957) has also studicd miospores of Talchir
Series and Barakar Stage and attempted
correlation of coal seams. However, in
none of these works a satisfactory, classi-
fied treatment of the spore forms has been
persued.

Keeping in view the above facts, sporo-
logical investigation has been carried out on
the seams of the East Raniganj Coalfield,
India. The present work contains only the
results dealing with the morphography of
the miospore genera found in the coals of
Raniganj Stage.

GEOGRAPHY AND GEOLOGY OF
RANIGANJ COALFIELD

Raniganj Coalfield is one of the major coal
producing areas now being worked in India.
It has been geologically surveyed from time
to time by Blanford (1861), Simpson (1913),
Gee (1932), and Mehta (1956).  Useful infor-
mation about this coalfield 15 also available
from Fox (1931, 1934).

Raniganj Coalfield lies in Damodar valley,
at the border of the provinces of Bengal and
Bihar. The major portion of the field lies
east of Barakar river, in the western part of
the province of Bengal, though smaller areas
to the west of the Barakar river, south of the
Damodar river and north of Ajay river en-
croach into Bihar. Damodar river traverses
the southern area of the coalfield. The
northern boundary of the coalfield 15 very
irregular whereas the southern boundary is
much more regular. The total area of Rani-
ganj Coalficld is 619 square miles.

Raniganj Coalfield belongs to Lower Gond-
wana system. A complete succession of
the strata in this coalfield as given by Mehta
(lic.) is as follows:

Panchet Series

{ Ranigan] Stage

?Damuda Series f?&"ggne Shete
B

arakar Stage

Lower
Gondwanas

Talchir Series
Unconformity
Archaeans
According to Mehta (l.c.) in Raniganj Coal-
field the general dip of the strata is southerly,
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so that Talchirs are normally exposed along
the northern boundary and the successive
Lower Gondwana horizons are met with
from north to south.

Talchir Series, the lowest member of Lower
Gondwanas, consists of a boulder bed which
1s succeeded by shales and sandstones. The
boulder bed consists of an assorted mixture of
boulders, pebbles and clay. The shales are
greenish in colour and usually brealk up into
prismatic fragments,

The Barakar Stage covers an irregular tract
across the northern part of the coalfield. Tt
consists of a massive formation of sandstones,
grits and conglomerates with occasional beds
of shale. The sandstones are light grey in
colour and contain extensive carbonaccous
matter i the form of secams, streaks and
lenticles of coal.

The Ironstone Shale Stage is almostas thick
as the Barakars and intervenes between the
Barakar and Raniganj Stages. [t is entirely
barren of workable coal seams. The formu-
tion consists mostly of carbonaceous shale
with clay ironstone nodules,

The Raniganj Stage with which we are
concerned shows its maximum develop-
ment in the Raniganj Coalfield. It occupies
most of the area south of Iron shales in the
coalfield, and its outcrop in the area varies
in width from five to ten miles. It con-
sists of fine sandstones, shales and coal
seams, coarse grits being absent.  The sand-
stones are greyish and greenish in colour
Carbonaceous shales are limited. Coal seams
are extensively developed. The maximum
thickness of the Stage is 3400 ft.

Within the sediments of Damuda Series
there is no evidence of marine conditions. The
sediments are all of fresh water origin, laid
down in large open flood plains, inland lakes
or swamps, the inorganic material being
derived locally from the land masses which
adjoined these areas of deposition. The coal
seams appear to be allochthonus in origin
as no evidence of the existence of upright
trunks or roots in the seam-floor is available.
Ramgan] Stage comprises of large number of
coal seams. The succession of seams worked
out by me occurs in the eastern part of Rani-
gan] Coalfield (Map 1). In this part nine
major coal seams are recognized.

The Panchet Series which overlies Raniganj
Stage comprises greenish, buff and brownish
sandstones and shales in the lower part, and
greyish micaceous and felspathic sandstones
and shales in the upper part.
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Courtesy, Divectar, Geol. Survey of India),

Map 1 — Geological map of eastern part of Raniganj Coalfield showing localities [rom where samples have been collected.

(Geological details based on Mehta, 1956, PL. 5, Mem. G.8.1. Vol. 84, pt. 1
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MATERIAL AND METHODS

Coal samples were collected from a number
of collieries in East Raniganj coalfield
(Map 1, TaBLE 1). Samples were collected
from the exposed coal surfaces of the seams.
The coal surface was scraped and dug suffi-
ciently deep so as to expose clean, fresh
layer, in order to avoid contaminations
from wind-blown or water-swept particles.
The samples were taken along a 15 cm.
wide channel by chipping the coal to a depth
of 7 em. which gave about 1 kg. of coal
pieces per foot length of the channel. The
small pieces and dust were rejected and only
such pieces as were about 1 cm. in size were
taken. One foot or three feet samples were
taken. Samples were collected in thick
cloth bags and the data pertaining to each
sample were noted and enclosed in the bag.
The geological details of the succession
within the seam as well as the nature of the
fivor and roof were noted and the location
of sampling site plotted on a toposheet as
well as on the map of the coalfield (Map 1).
In the laboratory they were entered in the
fleld register.

To enable microfossils to separate from coal
matrix, 40 gm. of 2-5 mm. sized coal per
sample was taken for maceration. Coal sam-
ples were washed several times before putting
mn glass jars and were covered with nitric acid
(fuming). From day to day a small amount
of acid was further added. Complete mace-
ration took nearly a week. After the mace-
ration, the acid was decanted off and the
material was washed several times in water.
This was done by adding small quantities of
water at 5-10 minutes interval repeated!ly till
the jar was full. Subsequently the diluted
contents of each jar were gradually poured
out over a Miiller gauze (0°06) seive and
simultaneously washed by a thick spray of
water as the contents poured out. The seive
was then inverted over a large trough and the
residue was washed down by spray of water.
From this macerate 2-4 gm. of material was
taken in a small porcelain dish and cover-
ed with 10 per cent KOH solution, and kept
on water bath till the material started sim-
mering. After cooling the macerate, it was
washed free from alkali. The residue was
collected in two jars for the study of mio-
spores. As this material still contained
sandy particles, cuticles and other finely
divided organic matter, small portions
from one of the jars were taken in watch

glasses and gently shaken so as to cause
separation of the lighter organic constt-
tuents floating on the surface, from the
heavier particles of sand, etc., remaining at
the bottom. The spores, floating on the
surface, were drawn off by a pipette. By
repeating the process, a good concentration
of clean miospores was obtained to be
utilized for qualitative study. For quan-
titative assessment unconcentrated macerate
from the second jar was directly mounted.
In the case of each coal seam exactly similar
procedure was adopted. The glycerime jelly
mounts were made in the usual way using
Formalin to harden the jelly along the edges
and sealing it with Gold Secal thereafter.
The preparations for microscopic exami-
nation from each maceration bear the same
number as the maceration number. Usually,
6 glycerine jelly preparations from each of the
jars were studied to determine the spore
forms present and their quantity in each of
the East Ranigan] coals.

TAXONOMIC CONSIDERATIONS

The Sporae dispersae of Raniganj Stage
are represented adequately with trilete and
monolete miospores as well as non-saccate
and saccate pollengrains. In the systematics
of these spores and pollengrains the basic
approach has been morphographical, ie.
circumscription of the species and genera on
the basis of similarity in various characters
borne by the individuals. Some spores as
well as pollengrains have been referred to the
spore genera known from the northern floras
as these could not be morphographically
separated but others which exhibited an
association of qualitative characters hither-
to unknown have been described as new
genera. Wide stratigraphical disparity has
also been given weight as supplementary evi-
dence in separating the genera. In certain
cases, between closely allied yet separable,
homogeneous groups of species, the difference
in the tendencies of the manifestation of
characters has been accorded adequate
weight in generic separation.

To enable morphographic systematization
of a spore assemblage it i1s necessary firstly to
equitably differentiate between morphogra-
phical characters and thereafter to assess
their taxonomic value. This preliminary
step ensures easy systematization of an
assemblage. But to accomplish this a very
large number of well preserved specimens
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TABLE 1
SrL. NAME AND I NaME oF GEOLOGICAL ToTAL PorTron No. oF Mace-
No. NUMBER oF COLLIERY LOCATION THICKNESS SAMPLED SAMPLES RATION
COAL SEAM OF SEAM Nos.
1 Taltore (I) West Jamuria  Dip corner of ‘b’ -5 i 5 167 to 171
colliery rise of 2 west level
in rise east section
2 Poniati (II) Grimint colliery Pit 3 — about 2000 137" i i 14 216 to 229
from the shaft bot-
tom towards east
14th Gallery
3 ?Poniati (II) Poniati Mines Eastern end of the 1479 149" 15 142 to 157
quarry
4 Koithee (III)  Grimint colliery Pit 2 —about 100° 130" Top 9107 10 234 to 243
from the shaft bot-
tom towards west
in the gallery to
Pit No. 3
5 ?Koithee (IIT) Mondal's Sbhaik- Eastern end of the 924" 972%" 9 138 to 166
pur coll. quarry
6 Samla (IV) Samla-I{endra  Along the 14th east 15" 159* 16 1 to 16
coll. level between 10Lh
and 11th dips of
cast section of Pit
No. 2
7 Samla (IV) Samla coll 10th rise off 36" west 1672 15'2* 17  25to41, 191
level from  west to 195, 201
cross-cot in incline to 205
No.-3
8§ Rana Poriar- Grimint coll. Between 9th and ¥ T 7 172 to 178,
pur (V) 10th rise, 6th level 179 to 185
on the main haulage
road Pit No. 1
9 Dobrana North Chora 2nd level, mnear 163" 16°3” 16 257 to 272,
vy colliery barrier 400
10 Chora (?V) Samia  Dalur- About 230" to the 156" 156" 16 79 to 94
band east of Pit No. 6
11  Toposi-KKenda  New Kenda coll, From the shaft pillar 27 Bottom 20 48 to 53, 60
(VI) about 120 3.E. of 200" to 65, 71 to
Pit No. 2 78
12 Bonbahal Jote Dhemo About 4007, 5.5W. 14727 14727 15 329 to 3424,
(VII) coll. from the shaft, bot- 186 to 190,
tom of Pit No. 1 196 to 200
13 Jambad- Bankola coll. {a) Top section —in 35777 235" 10 273 to 282
Bowlah No. 2 level in No. 2
drift area. (b) Top
of bottom section in
No. 3 level (north).
(c) Bottom of bot-
tom section in 2nd
rise oft 17th level
14 Jambad- Jambad Kajora No. 4, north drift in 397" Bottom 12 295 to 306
Bowlah coll. the junction of No. ; Fa P
5, north level and
No. 1 west rise
15 Jambad- Sunkerpur coll.  16th rise, main west  37°8” Bottom 12 283 to 292
Bowlah level of Pit No, 5 331"
16 Upper Kajora Jaipuria Kajora Pit 2. —27th level 21’ Top 107 10 132to 141

(1X)

coll.

between 17th and
18th dip. N.E, sec-
tion
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need be studied. The present study has
been possible after an examination of over
10,000 good specimens out of which about
4000 were photographed, described and
compared.

In the systematic freatment of the mio-
spores and pollengrains of Raniganj Stage
the following morphographical characters
have heen considered.

Shape — Among the trilete spores, circular
as well as triangular forms with their inter-
grades are represented in this assemblage,
Some of the triangular trilete spores have a
significant tendency to flatten also in meri-
dional plane and assume a carrot-like shape
(Text-F16. 4B). The monolete spores are
elliptical or bilateral. Among the non-
saccate pollengrains bilateral form is com-
mon. The saccate pollengrains are circular
or bilateral. There are, however, a number
of intermediate conditions met with appa-
rently due to inconsistency in the develop-
ment of the saccus. Circular pollengrains
are usually monosaccate and bilateral ones
disaccate. However, many forms are found
which have a continuous saccus and vet a
bilateral shape or the saccus is discontinuous
only on one of the lateral sides accompanied
by a bilateral shape, or a number of extra
lobes developed elaborating a monosaccate
or a disaccate grain into a trisaccate oreven a
tetrasaccate one. In spite of the number of
lobes, if the bladder is continuous and the
notches not laterally placed, I have con-
sidered It a monosaccate condition and if
the grain is bilateral even if the bladder is
continuous I have supposed it to be a varia-
tion from disaccate condition.

The shape of central body is |- circular in
monosaccate grains and circular, vertical-
ly oval or horizontally oval in disaccate
grains,

Ornamentation — The exine of trilete spores
is cither laevigate, punctate, granulose, ver-
rucose, spinose, baculate or reticulate. The
bacula in the case of one group of spores are
uniform in size and equidistant all over and
in others they are of varying sizes and ir-
regularly distributed. Among the reticulate
spores, some referred to Reficulatisporites
and Lycopodiumsporites have high muri with
wide meshes but others have low muri with
small to wide meshes.  The monolete spores
have laevigate, granulose or verrucose orna-
mentation of the exine. In non-saccate
pollengrains the exine is non-structured or
structured, granu]ose to wverrucose orna-

mented or striated as well as with various
combinations of these.

In saccate pollengrains the central body
shows varicus types of ornamentation and
structure. Thus the proximal face of the
body, free from the saccus, is either smooth,
verrucose or baculate sculptured, and intra-
punctate or intramicroreticulate structured
with or without striations. Among the
striated exines some have horizontal stria-
tions only but others have vertical connecting
striations between the horizontal striations,
In some cases striations occur on both the
proximal as well as the distal, saccus-free
faces of the body which may either run
parallel to each other on the two faces or
those of one face may run at right angles to
those of the other,

The intrareticulate structure of sacci ap-
pears varied. In some cases the reticula-
tion is perfect, i.e. murl have no loose ends
but in others the reticulation is imperfect.
The size and shape of the meches as well as
the width of muri are variable. It has been
possible to distinguish rour.dish and longish
meshes as well as three sizes, lLe. small,
medium and large meshes in the sacei. In
some cases (PL. 16, Figs. 215, 216) T suspect
double intrarcticulation, i.e. larger meshes
within which finer reticulation exists.

Saccus, Shape and Atftachment — Saccus
may be sac-like, i.e. covering the body on
all sides but for a small area on one side or
it may be girdling the body eqguatorially.
The known examples of the first type are
Flovinites, Wilsonia, etc., and of the latter
Nuskotsporites. Both these conditions of
saccus shape are prevalent in the mono-
saccate pollengrains of Raniganj coals. In
disaccate grains the saccus may be hemi-
spherical (haploxylonoid, TexT-F1G. 2) or
more than hemispherical (diploxylonoid), i.e.
subspherical or even pitcher-like in surfac.
view (Text-FiGs. 1B, C & A). The attach-
ment of sacci in disaccate grains of Ranigan]
coals as far as observed by me is proximally
“-equatorial, often leaving a narrow to wide
gap between the bladders on lateral sides
and on the distal face of the body. All
disaccate pollengrains have so far shown
clear indication of distal inclination or
distally lobed condition of the bladders.
Distal lobing is also found in some mono-
saccate, circular as well as bilateral pollen-
grains as evident from the smaller area
enclosed by the distal zones of saccus attach-
ment as compared to the proximal area.
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TexT-F16. 1 — Mode of bladder attachment in TexT-FIG. 2 — Mode of bladder attachment in
diploxylonoid, disaccate pollengrains. haploxylonoid disaccate pollengrains.
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The distal zones of saccus attachment en-
close an area of the body wall where usunally
the exine 1s thin and smooth or sparsely sculp-
tured. This region is described as the distal
sulcus or channel. A number of kinds of dis-
tal channels have been recognized in the pol-
lengrains of Raniganj coals, Thus where the
zones of bladder attachment lie very close to
each other a narrow, furrow-like sulcus results
(TExT-FIGS. 1A, 9A), or asin some others the
zones of saccus attachment are very close to
each other laterally but widely separated in
the middle region resulting into a biconvex
(boat-shaped) sulcus (TExT-rigs. 1C, 2C, 11A)
and in the rest, the zones of saccus attach-
ment are equally separated laterally as well
asin the middle, resulting into straight edged
simple sulcus (TexT-rI6S. 13, 2B, 10A, 11B).
There has also been observed a group of pol-
lengrains where the distal zones of saccus
attachment are not sharply differentiated and
thus no definite sulcus is delimited {TEXT-
r16s. 2A, 12A). In such cases usually the
sacci are widely separated distally as well
as laterally.

Size Ratio Between Sacct and Body — In
disaccate, equatorially flattened pollengrains
the bladders are either larger in their vertical
height than the vertical height of the body
(TEXT-FI1G. 1) or smaller (TexT-r1G. 2). The
former condition is usunally associated with
diploxylonoid pollengrains and the latter
with haploxylonoid pellengrains. In di-
ploxylonoid grains the ratio in the height
of the bladder and the body may be as high
as33:19and aslowas 33: 32. In haploxyle-
noid grains this ratio may be as low as 15: 16
to as high as 15: 32.

Taxonomic Value of Various Characters —
In keeping with my earlier view (Bhardwaj,
1955) qualitative characters have been valued
for generic and supra-generic grouping of the
Sporae dispersae and the quantitative charac-
ters for specific delimitation. Especially in
the case of saccate grains the qualitative
characters are those such as relating to the
overall shape of the grain or the shape of
the body, the nature of ornamentation,
structure and the nature and arrangement
of striations on the body. The type of
distal attachment of sacct and the result-
ing shape of the sulcus, i.e. straight edged
(narrow or wide), biconvex or ill-defined sulei
and the shape of the sacci also are quali-
tative in nature and so is the perfect or
imperfect intrareticulation of the saccus
wall.
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Among the gualitative characters not all
have been accorded equal value. The pre-
sence or absence of striations on the central
body, their nature and arrangement, the
structure or sculpture of the body exine,
the nature of sulcus and the shape of sacci
have been given greater importance than
the saccus intrareticulation or shape of the
body. The presence or absence, or the
direction of striations in the disaccate pollen-
grains, has been used by me for the broader
grouping. The structurc or sculpture of
the body exine and the shape of the sulcus
or saccus arc the characters which in vari-
ous combinations have been wutilized to
circumscribe the spore genera. In disaccate
pollengrains the difficulty to resolve the
shape of the saccus or sulcus due to the
occasional irregular plane of flattening,
twisting during flattening and lateral com-
pression of the grains is easily circum-
vented by carefully resolving the zones
of saccus attachment. The perfect or im-
perfect intrareticulation in saccus wall has
not been utilized as an important qualitative
character because in flattened sacci where
the muri of one wall lie juxtaposed with
those of the other, L-O analysis does not help
to make out the true nature of reticulation.
Quantitative characters are many, e.g. the
overall size of the spore, size of the body in
saccate grains and the size of individual units
of ornamentation, number of striations on the
body, width of the sulcus and the width of
muri as well as the meshes in the saccus of
saccate grains. The overall size but for the
trilete and monolete spores seems to be
very widely variable in the saccate pollen-
grains. The size of the central body and
the number of striations on it in saccate
grains are variable within definable limits.
The size of sculptural elements varies within
definable limits in trilete and monolete
spores, The width of the sulcus varies
little but is rather a character difficult to
measure because it varies with the nature
of folding to which disaccate grains are
subject during flattening. Usually discre-
pancy may result in specimens which have
been laterally compressed, reducing the
width of the sulcus. The size of the meshes
in the saccus intrareticulation has been cate-
gorized into small, medium and large sized.

CLASSIFICATION

The classification of Sporae dispersae sug-
gested by Potonié & Kremp (1954, 1955-56)
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and subsequently elaborated by Potonié
(1956, 1958) forms the basis of arrangement
of the miospore genera from Raniganj Stage.
Under Triletes and Monoletes the spore
genera are included in their various series.
In Pollenites under Monosaccites, a new
series — Sirzasaccite has been instituted to
include striated, monosaccate pollengrains.
Under Disaccites, pollengrains have been
sub-divided on the basis of having horizontal
striated or npon-striated central body. In
addition to these a new group with pollen-
grains having vertical striations has also
been distinguished. Thus four series, viz.
Podocarpoiditi, Striatiti, Rectistriati and
Disacciatrileti include all the disaccate
spore genera described herc.

The morphographical system of supra-
generic arrangement followed here does not
imply phylogenetic grouping. Thus it
suffers from some misplacements of allied
spore genera, e.g. in the present paper
Microbaculispora and Microfoveolatispora,
which are obviously closely related, had to
be placed in two different series. The same

probably holds good for Euwpunctisporiies
and Cyclobaculisporites. But the biggest
advantage of this system is its simplicity
and convenience in treating the spore genera
in an orderly way.

However, 1t is being increasingly felt that
a phylogenetic arrangement of the morpho-
graphic suprageneric groups should be
evolved to replace this system. But such
a system for all Sporae dispersae is by no
means easy. The affinities of a large number
of spore genera of the Palacozoic and Meso-
zoic are either not known or only doubtfully
so and the phylogenetic value of identical
characters in different groups of plants is
frequently different.

In this paper while describing the saccate,
bilateral forms I have used the expressions
' laterally * or ‘lateral sides ' which refer to
the end region of the vertical axis or the
shorter axis of equatorially flattened speci-
mens in polar view, e.g. in bisaccate pollen-
grains the lateral region is that portiononthe
equator of the central body where the two
saccl tend to meet or approach each other.

CLASSIFIED LIST OF MIOSPORE GENERA

Super Division — Sporites H. Pot,
Division — Triletes (Reinsch) Pot. & Kr.

Sus-DrIvisioN

— Azonotriletes Luber

SERIES — Laevigati (B. & K.) Pot. & Kr.
1. Spore Genus Leiotviletes (Naum.) Pot. & Kr.
2 do Ewpunctisporites gen. nov.
3. do Punctatisporites (Ibr.) Pot. & Kr.
4. do Retusotriletes Naum.
SERIES — Apiculati (B, & K.) Pot. (1956)
5. Spore Genus Cyelogranisporites Pot. & Kr,
6 do Verrucosisporites (Ibr.) Pot. & Kr.
7 do Anapiculatisporites Pot. & Kr.
8. do Lophotriletes (Naum.) Pot. & Kr.
9. do Acanthotriletes (Naum.) Pot. & Kr.
10 do Microbaculispora gen. nov.,
11 do Cyclobaculisporites Bhard.

SERIES — Murornati Pot. & Kr.

12. Spore Genus

13. do
14. do
15 do

Microfoveolatispora gen. nov.
Indospora gen. nov.
Reticulatisporites (Ibr.) Pot. & Kr.
Lycopodiumsporites Thierg.

. Drvision — Zonales (B, & K.) Pot. (1956)
Sus-DivisioNn — Zonotriletes Waltz.
SERIES — Zonati Pot. & Kr,



16.
18.

19,

20),
21

22.

23.

24.
25.

26.
27,

28.
29.
30.
3
oz
33.
34,
35.

36.
37.

38.
40.
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Spore Genus
do

do

Spore Genus

Spore Genus
do

Spore Genus

Spore Genus

Spore Genus
do

Spore Genus
do

Spore Genus
do
do
do
do
do
do
do

Spore Genus
do

Spore Genus
do
do

Gravisporites Bhard.
Cirratrivadites Wils. & Coe
Gondisporites gen. nov.

Division — Monoletes Ibr,
Sus-Division — Azonomonoletes Luber
SERIES — Psilamonoleti V. D. Hamm

Latosporites Pot. & Kr.

SErIES — Ornati Pot. (1956)

Punctatosporites Thr,
Verrucososporites (Knox) Pot. & Kr.

Surer Division — Pollenites R. Pot.
Drivision — Saccites Lrdtm.
Sup-Drvision — Monosaccites Chitaley
SERIES — T'riletisaccites Lesch.

Nuskoisporites Pot. & KI.

SeEriEs — Aletesacciti Lesch.

Densipollenites gen. nov,

SERIES — Striasacciti ser. nov.

Striomonosacciles gen. nov.
Distriomonosaccites gen. nov.

Sugp-Division — Disaccites Cookson
SERIES — Podocarpoiditi Pot., Thoms. & Thierg.

Platysaccus Pot. & Kl
Cuneatisporites Lesch.

SERIES — Striatiti Pant

Striatites (Pant) emend.
Verticipollenites gen. nov.
Laherites gen. nov,
Haindipollenites gen. nov.
Lunatisporites (Lesch). emend.

Striatopodocarpites (Soritsch. & Sed) emend.

Kosanletsporites Bhard.
Faunipollenites gen. nov.

SERIES — Rectistriati ser. nov.

Striapollenites gen. nov.
Distriatites gen. nov.

SERrIES — Disacciatrileti (Lesch.) Pot. 1958

Vesicaspora Schemel
Sulcatisporites (Lesch.) emend.
Tumoripollenites gen. nov.

77
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Division — Polyplicatus Erdtm.

41. Spore Genus
42. do

Gnetaceaepollenites Thiergart
Welwitschiapites Bolchowitina

DivisioNn — Monocolpates Iverson & Troel-Smith
SeEr1ES — Intortes (Naum.) Potonié 1958.

43. Spore Genus

DESCRIPTION

SureRr DivisioN — Sporites H. Pot.
Division — Triletes (R.) Pot. & Kr.
Sup-Division — Azonotriletes Luber
SERIES — Laevigati (B. & K.)
Pot. & Kr.

Genus Leiotriletes (Naum.) Pot. & Kr.
Pl 1, Figs. 1-3

Genotype — Leiotriletes
{Loose) Pot. & Kr.

Remarks — Leiotriletes 1s deemed to in-
clude triangular, trilete spores having laevi-
gate, structureless exine.

Specimens illustrated in Pl 1, Figs. 1-3
are referred to this genus.

sphaerotriangulus

Genus Eupunctisporites gen. nov.
Pl 1, Figs. 47

Genotype — Eupunctisporites
Sp. nov.

Generic Diagnosis — Miospores circular to
subcircular, trilete mark distinct, labra thin,
vertex and apex low. Exine thick, distinctly
punctate (pitted).

Generic  Description — Miospores mostly
circular but sometimes subcircular due to
oblique flattening. No consistent plane of
flattening of the spore as apparent from
inconsistant position of the trilete mark
with reference to the equator of the flat-
tened spore. Trilete mark well-defined and
never reduced or vestigial, rays though slen-
der, of equal length and with abrupt ends.
Labra thin and level with the spore exine.
Vertex low. Exine fairly thick, the thick-
ness being clearly seen in optical section
along the margin of the flattened specimens.
Surface of the exine ornamented with pits
of various sizes and outline, usually small
and fairly evenly spaced. Spore outline
broken or smooth accordingly as the mar-
gin runs across a pit or the space between
the pits respectively.

poniatiensis

Vittatina Luber

Organization — From the inconsistent posi-
tion of trilete mark in flattened specimens
and the a=sociation of a -- circular shape it
is apparent that the spore must have been
spherical in original condition. This fact and
the other details described above lead me to
a reconstruction of the organization as illus-
trated in Text-figs. 3A, B.

Comparison — Punctatisporites (Ibr.) Pot.
& Kr. lacks puncta (pits) in their exine
sculpture. Cyclobaculisporites Bhard. agrees
in circular shape and disposition of trilete mark
but differs by having baculate sculpture.
Foveolatisporites Bhard. possesses closed reti-
culum for sculpture.

Text-r16. 3 — Organization of Eupunclisporiles
gen. nov. A, polar view. B, meridional section of
flattened and unilattencd spores.
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Eupunctisporites poniatiensis sp. nov.
(Pr. 1, Frcs. 4, 5).

Holotype — PI. 1, Fig. 4.

Locus Typicus — Poniati Seam, Poniati
Mine, East Raniganj Coalfield, India.

Diagnosts — 75-100 w, rays 33-39 u long,
exine 4-6 u thick in optical section, puncta
+ 1 p wide and separated from others by
2-3 p wide space.

Description — Normally circular, holotype
90 u in diameter with each ray 38 1 in length.
IExine brown in colour, without any folds,
usually 4 . thick in optical section and bear-
ing distinct, minute, roundish, elliptical or
irregularly shaped puncta usually clearly
separated from the adjacent ones.

PL. 1, Iigs. 6, 7 also are referable to
Ewpunctisporites.

Genus Punctatisporites (Ibr.) Pot. & Kr.
PL 1; Fig. 8

Genotype — Punctatisporites punctatus Thr.

Remarks — Trilete spores with roundish
outline and laevigate but structured exine
are usually included in Punctatisporites. It
is scantily represented in the coals of Rani-
ganj Stage, Pl. 1, Fig. 8 is referred to Punc-
latisporites.

Genus Retusotriletes Naum.
Pl 1, Figs. 9, 10

Remarks — The forms presented here
characterize themszlves by their small size
and the presence of usually distinguishable
curvatures of area contagionis. The latter
characteristic is normally absent in Cala-
mospora as well as Phyllothecotrileles Luber
but is present in Refusotriletes Naum., which
is also usually small in size, Balme &
Hennelly (1956b) described similarspores asa
species of Calamospora S. W. & B., which
is less tenable on morphographical grounds.
Retusotriletes is known also from the Upper
Devonian of Australia (BaLmEg, 1961).

PL 1, Figs. 9, 10 are recognized as Refu-
sotriletes  diversiformis (Balme & Henn.)
comb. nov,

SERIES Apiculati (BB. & K.) Pot. & Kr.
Genus Cyclogranisporites Pot. & Kr.
Pl. 1, Figs. 11-14
Genotvpe — Cyclogranisporites
(Kremp) Pot. & Kr.
Remarks — Cyclogranisporites  consists of
trilete, circular spores whose exine bears

leopoldii

closely spaced grana all over, The genus is
rather scantilv represented in the coals of
Raniganj Stage.
PL 1, Figs. 11-14 are referred to Cyclo-
granisporites.
Genus Verrucosisporites (Ibr.) Pot. & Kr.
Pl 1, Fig. 15
Genotype— Verrucosisporites verrucosus Ibr,
Remarks — Verrucosisporites differs from
Cyclogranisporiltes essentially in the nature of
its sculptural elements and their arrange-
ment.
PL 1, Fig. 15 is referred here
Genus Anapiculatisporites Pot. & Kr,
PL 1, FFigs. 16, 17

Genotvpe — Anapiculatis porites vsselburgen-
sis Pot. & Kr.
Remarks — The chief diagnostic character-

istics of Anapiculatisporiles are the triangu-
lar form in polar view and progressive reduc-
tion in the size of coni from equator towards
the proximal pole. DBalme and Hennelly
(1956b) have referred a number of species
to Acanthotriletes even if they answer to the
circumscription of Anapiculatisporites.

Following species is referred here to Anapi-
culatisporites —

Anapiculatisporites ericianus (Balme &
Henn. 1956b) comb. nov. — Pl 1, Figs.
16, 17.

Other species — Anapiculatisporiles denta-
tus (Balme & Henn. 1956b) comb. nov.

Genus Lophotriletes (Naum.) Pot. & Kr.
Pl 1, Figs. 18-21, 29, 30

Genotype — Lophotriletes
Pot. & Kr.

Reinarks — Coni, almost as high as broad at
the base and oceurring all over the exine of a
triangular, trilete spore are the diagnostic
features of Lophotriletes.

Lophotriletes is represented here by PL 1,
Figs. 18-21. The specimens in Pl 1, Figs.
29, 30 are referred here as cf. Lophotriletes,
because of the baculate ornamentation in
them, the like of which is not normal in
species of Lophotrileles.

gibbosus  (Ibr.)

Genus Acanthotriletes (Naum.) Pot. & Kr.
PL 1, Figs. 22-28, 31, 32

Grenoly pe — Acanthotriletes ciliatus (Knox)
Pot. & Kr.
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Remarks — The coni in Acanthotriletes are
usually spinae, twice as long as broad at the
base and usually pointed.

Acanthotriletes is represented here by Pl 1,
Figs. 22-24. The other specimens in Pl 1,
Figs. 25-28 and 31, 32 are referred as cf.
Acanthotrileles because the elements of exine
ornamentation are bacula instead of spinac
as prevalent in the species of Acanthotrileles
from Northern Hemisphere,

Genus Microbaculispora gen. nov.
Pl. 2, Figs. 33-35

Genolype — Microbaculispora gondwanensis
sp. nov,

Generic Diarnosis — Miospores triangular
with broadly rounded angles and outwardly
buldging convex sides in polar view; trilete
mark distinct, labra thin, vertex low but
usually appearing elevated due to secon-
dary folds accompanying the labra on flat-
tening. Exine thin, densely sculptured
with thin, uniformly spaced and even sized
bacula all over but for the inter-ray arca
proximally.

Gencric  Descriplion — Miospores  usually
flattened in equatorial plane (TEXT-FIG. 4A),
triangular, accompanied with large folds
along the rays. Occasionally spores fat-
tened in meridional plane, spindle-like with
broad proximal face and angular distal face
(TEXT-FIG. 4B). Y-mark well defined, rays
ending shortly before the equator although
nearer the equator the ray-ends imperceptible
unless accompanied by secondary folds er
the rays opened out. lLabra smooth and low,
the usually accompanying folds making them
appear elevated. Exine thin and structore-
less but having well-defined microbacniate
sculpture with the bacula slender, longish
and closely set leaving uniformly thin space
between the adjacent ones. Sculpture ab-
sent proximally in the inter-ray area.

Organization — From the invariable for-
mation of secondary folds accompanying the
rays in the species of Microbaculispora it ap-
pears that the spore wall along the rays is
more curved and elevated and to accommo-
date this curvature on flattening the spore
wall folds along the rays. In view of these
observations, the reconstruction of the genus
is suggested as given in Text-figs. 4A-D.

Comparison — Microbaculispora is closely
comparable to Acanthoirileles in respect of
its form and orgamzation, However, the

b"_“’.

Text-v1c, 4 — Organization of Microbaculispora

B, meridional view. C,

gen. nov. A, polar view.
D, meridional

meridional section along a, a’ in A.
section along b, b"in AL

sculpture in Microbaculispora is distinctly
microbaculate as compared to the sparsely
connate or spinose sculp ture in A canthotriletes.
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Considering the sculpture in the other
species, viz. Acanthofrileles villosa Balme &
Henn. (1956b), which will now be transterred
to Microbaculispora, it is apparent that the
specific differentiation in the genus is based
upon variation in the length of the bacula.

Species referable to Microbaculispora gen.
nov, —

1. Microbaculispora gondiwanensts sp. nov.
(Pr. 2, Frgs. 33-35).

Holotype — P1. 2, Fig. 33.

Locus Typicus — Samla Seam, Samla-
Kendra Colliery, Ifast Raniganj Coalfield,
India.

Diagnosis — 70-90 u, various axes usually
unequal, bacnla 1 u broad but 1:5-2 u long.

Descri ption — Holotype 82 x 86 x 94 u,
in polar view roundly triangular, with densc-
ly set bacula appearing in lower focus as
if forming a microreticulum. Bacula of
uniform length as well as width.

2. Microbaculispora villosa (Balme &
Henn,) comb. nov,

Syn. — Acanthotriletes villosus B. & H.
1956b.

Holotype — Balme & Hennelly, 1956b, P1. 3,
Fig. 38.

Diagnosis (emend.) — 68-98 1 (mean 83 u},
various axes usually unequal, bacula 1 u
broad but 3-4 p long.

Comparison — M. gondwanensis has short-
er bacula of a distinctive appearance.

Genus Cyclobaculisporites Bhard,
PL 2, Tigs. 36-42

Remarlks — Cyelobaculisporites has  been
described from the upper part of Upper Car-
boniferous of the Saar (Buarpwaj], 1955) and
Upper Carboniferous — Lower Permian of
Kaiping hasin in China (Imgruxp, 1952).
It is now also known to be richly repre-
sented in the Raniganj coals.

Cyelobaculisporites is represented here by
Pl. 2, Figs. 36 38 and Figs. 41, 42 as well as
Cyclobaculisporites trisecatus (Balme & Henn.
1956b) comb. nov. — PL 2, Figs. 39, 40.

SERIES Murornati Pot. & Kr.
Genus Microfoveolatispora gen. nov.
Pl. 2, Figs. 43-49; Pl 3, Figs. 50-53

. Genotype — Microfoveolatispora
jensis sp. nov.

Generic Diagnosis — Miospores triangular

with broadly rounded angles and convex sides

ranigan-

when flattened in polar view or spindle-like
with broad proximal face and angular distal
face in equatorial view. Trilete mark well
evident, labra thin, smooth, extending - up to
the equator, vertex low frequently appear-
ing elevated due to secondary folds along
the rays. Exine thin to mediumly thick,
translucent, microreticulate sculptured with
very thin to thick muri building a closed
reticulum enclosing small to big foveolae
all over, excepting the inter-ray area which
is laevigate.

Description — Like Microbaculispora, the
specimens of Microfoveolalispora flatten usu-
ally either in equatorial or meridional plane.
In polar view, the spores are triangular but
in equatorial view carrot-like shape is ac-
quired,

The rays of the Y-mark end shortly before
equator. Labra thin. Rays end impercep-
tiblv. Ray-vertex low, apex also low but
both appearing elevated due to secondary
folds which frequently accompany them,

Exine thin to mediumly thick and struc-
tureless but having well-defined microreticu-
late sculpture on distal face and around the
area contagionis. Muri enclosing - equally
broad foveolae in the meshes.

Organization — See Text-figs. 4A-D. But
for the seulpture of the exine, Microfoveo-
latispora agrees with Mierobaculispora in
organization.

Com parison—Microreliculatisporites {KKnox)
Bhard. is closely comparable to Micro-
foveolatispora in its equatorially flattened
shape as well as the sculpture to some extent
although in the latter genus the muri have a
tendency to bzcome verrucose or baculate.
But much more important distinction is what
appears as the longer pole-axis in the usually
meridionally flattened specimens of Micro-
foveolatispora as compared to Microrelicula-
tisporites. The similarity of organization be-
tween Microbaculispora and Microfoveolati-
spora is so great that one can easily question
the desirability of creating two separate
genera.  The main considerations prompting
me to do so have been the difference in the
sculpture as well as the difference in the
trends of variation exhibited by the species
in each of these genera. Thus, in Microbacu-
lispora as exemplified by M. gondwanensts
and M. willosa the size of the baculum
varies whereas in Microfoveolatispora the sizes
of the meshes and the muri are variable.
I could as well have put the species of the
latter genus within Microbaculispora after
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creating one separate section for these but
this would have resulted in taxonomic in-
consistency in specifying each while genera-
lizing for purposes of stratigraphy and floris-
tics. There can hardly be any doubt about
the close relationships of the parents of these
spore genera vet they were certainly not the
same,

Species referable to Microfoveolatispora
gen. nov. —

1. Microfoveolatispora trisina (Balme &
Henn.) comb. nov. (PrL. 3, Fics. 50-53).

Syn.— Granulatisporites trisinus B. & H.
(1956b, p. 244, PL. 1, FiGs. 5, 6).

Holotype — PL. 3, Fig. 50.

Diagnosis (emend.) — 90-110 ¢, muri nar-
row, less than 1 p wide, foveolae 1 p. across.

2. Microfoveolatispora directa (Balme &
Henn.) comb. nov. (PL. 2, FiGs. 45-47).

Syn.— Leiotriletes divectus B. & H. (1956b,
p. 244, PL. 1, IF16s. 1-4, 7, 8).

Holotype — Pl. 2, Fig. 47.

Diagnosis  (emend.) — 36-80 u,
faintly, minutely microfoveolate, thin.

Comparison — M. trisina 1s bigger and its
microfoveolation is more distinct than M.
directa.

3. Microfoveolatispora pseudoreticulata
(Balme & Henn.) comb. nov. (PL. 2, Fics.
43, 44).

Syn. — Verrucosisporites pseudoreliculatus
B. & H. (1956b., p. 250, Pr. 4, F1G. 42).

Holotype — Balme & Hennelly 1956h, PL
4, Fig. 42.

Diagnosis (emend.) — 80-115 @, muri 1-1:5
p wide, foveolae + 1:5 w across.

Comparison — Exine ornamentation is dis-
tinctly coarser than M. direcia as well as
M. trisina.

4.  Miucrofoveolatispora
nov. (PL. 2, Fics. 48, 49).

Holotype — PL. 2, Fig. 48.

Locus Typicus — Samla seam, Samla-
Kendra Colliery, East Ranigan] Coalfield,
India.

Diagnosts — 74-90 u, muri low, 2-3 v wide
and foveolae 2 . across.

Description — Holotype 80 p, roundly tri-
angular, rays 35-40 . long, appearing flex-
uose and elevated, thin, spore exine 1 . thick
bearing mur forming perfect reticulum.
Muri low, -+ 2 p wide and meshes 2 . across.
Muri and foveolae very finely granulose
sculptured.

Comparison — M. directa has very faint
and very small-sized reticulation, in M.
tristna muri as well as the foveolae are less

exine

raniganjensis sp.

than 1 p in width and in M. pseudoreticulata
muri and the foveolae are slightly more than
1 @ in width.

Genus Indospora gen. nov,

Pl 3, Figs. 54-60

Genotype — I'ndospora clara sp. nov,

Generic Diagnosis — Triangular miospores
with angles broadly rounded in polar view
but having a small, blunt projection and the
sides straight or slightly convex; trilete mark
distinct, rays ending well behind the equa-
tor at the angles, labra thin and smooth;
exine thin, verrucose or baculate and distally
having three high muri with smooth or
peaked wvertex one ecach arising from the
subequatorial region on the proximal face
and extending from the angles, over the equa-
tor, to meet in the distal polar region in a
plain, triradiate manner or forming one or
more circular to polygonal meshes.

Generie Descriplion — Specimens of I'ndos-
pora rather smallish, trilete, triangular spores,
the otherwise broadly rounded angles of the
spore usually acquiring an acute angled ap-
pearance due to the occurrence of a small,
blunt, rod-like projection extending out from
the middle of each angle. Trilete mark
discernible only with care as the lips of the
rays hair-thin and low but the rays usually
open, ending substantially behind the equa-
tor of the angles. Just beyond each ray-end
a murus arising and rapidly gaining in height
towards the equator and thence over the
margin extending on to the distal pole. Thus,
the marginal projection at the angles being
nothing else than the murus in sectional
view while crossing over from the proximal
side to the distal side. The three muri, one
each from the three angles, meeting either
in a simple triradiate fashion or forming
one to four or manv small, circular to poly-
gonal meshes in the distal, polar area.
Murus-apex smooth or peaked with bacula.
Normal spore exine thin and translucent,
structureless, usually not secondarily folded
and having small, sparse verrucae or bacula
of various sizes for ornamentation.

Reconstruction — See Text-figs. 5A-C. Pl
3, Figs. 54 and 55 clearly substantiate my
interpretation of the organization in Indo-
spora. In Pl 3, Fig. 54, Y-mark is widely
open and the distal muri are seen through its
opening. In PL 3, Fig. 55, Y-mark is closed,
rays being hair-thin and the distal muri are
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TEXxT-Fig, 5 — Organization of Indospora gen,
nov. A, B, polar views. C, meridional section
along a, a’ in B.

independent of it emphasizing that the two
are not one and the same.
Comparison — Among the Upper Palaeo-
zoic spore genera, Indospora possesses very
singular organization and can hardly be com-
pared satisfactorily with such genera as
Triquitrites Wils. & Coe, Tripartites Schemel
and Trilobates Somers which show special
features on or along their angles and the sides.
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The distul, triradiate muxi forming angular
projections are features in Indospora quite
unlike any of the above-named genera. The
only, apparently comparable, spore genus is
Biretisporites Delcourt & Sprumont (1955)
from the Wealdon of Belgium. In this case,
however, as interpreted by its authors, the
trilete-rays are strongly developed and the
rays seem to end in some forms as conical pro-
jection reminiscent of the condition in [ndo-
spora. In the light of now known organiza-
tion of Indospora it may be worthwhile to re-
examine the specimens of Biretisporites and
see if it is not that the supposed trilete-rays
are reallv on distal side and thus, are muri
whereas the trilete mark is borne on the
other side of them asis the condition in Indo-
spora. LLven then Indospora will continue to
be wvalid in view of the tendencies to deve-
lop mesh-work and baculate exine. Dictvo-
triletes (Naum.) Pot. & Kr., is comparable
to some extent.

Indospora clara sp. nov. (Pl 3, Figs. 54, 55)

Holotype — PL. 3, T'ig. 54.

Locus Typreus — Samla Seam, Samla-
Kendra Colliery, East Raniganj Coalfield,
India.

Diagnosis —49-64 p (excl. projections),
exine verrucose with bacula up to 6 p long;
distal muri peaked and forming none to
four polygonal meshes at the point of contact.

Description— Triangular, trilete miospores,
Y-rays ending shortly before the equator,
labra thin, vertex low, distally muri 4-10
high, peaked, joining in triradiate manner
forming none to four polygonal meshes around
the distal polar region. Exine thin, sparsely
verrucose with a few to many, 2-4 g long
bacula with truncate, smooth or dissected
heads, interspersed among the verrucae.

Pl 3, Ifigs. 55, 58-60 are also referable to
Indospora.

Genus Reticulatisporites (Ibr.) Pot, & Kr., 1954
Pl. 3, Fig. 64

Genotype — Reticulatisporites veticulatus [br.

Remarks — Reticulatisporites is only rarely
met with in the coals of Raniganj Stage.

PL 3, Fig. 64 is referred to Reticulatisporites.

Genus Lycopodiumsporites Thierg, 1938
Pl. 3, Figs. 62, 63

Genotype — Lycopodimnsporiles agathoecus
(R. Pot.) Thierg.
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Remarks — The proximal as well as the dis-
tal faces of the spores are equally, strongly
reticulate.

Pl 3, Figs. 62, 63 are referred to Lyco-
podiumsporiies.

DivisioNn — Zonales B, & K.
Pot. & Kr.
Sup-Division — Zonotriletes Waltz
SEriES — Cingulati Pot. & KL

Genus Gravisporites Bhard.
Pl 3, Fig. 61

Genolype — Gravisporiles sphacrus (Butt. &
Will.) Bhard.

Remarks — The crassitudinous equator and
elevated labra are the characteristic features
of Gravisporites besides the subcircular shape
and sparsely, variously ornamented exine.
In the coals of Raniganj Stage such spores
are very rare.

Pl. 3, Fig. 61 is referred to Gravisporites.

Genus Cirratriradites Wils. & Coe

Pl 3, Fig. 65

Genotype — Cirratrivadites  safuvni (Thr))
S.W. & B.

Remarks — One specimen (PL. 3, Fic. 65)
which answers to the ericumseription of Ciy-
ralrivadites has so far been found in the coals
of Raniganj Stage and is referred as cf.

Cirratrivadiles.
Genus Gondisporites gen, nov,
Pl 4, Figs. 66-71

Genotype — Gondisporites vaniganjensis sp.
nowv.

Generie Diagnosis -— Roundly triangular to
subcircular miospores with a denticulate, thin
zona or a ridge surrounding subequatorially
a large central body which contains a small
inner body. Trilete rays distinct, well deve-
loped and extending to the margin of the
zona or the ridge. Body exine uniformly
granulose as well as sparsely spinulate or
baculate.

Generic  Description — Subcircular spores
with the triangularity acquired due to the
angular points where the rays end. Ifre-
quently one or more of the angles curved
inwards due to flattening of the spore.  Tri-
lete mark mostly distinctly observable, the
rays being -+ 2 u broad nearer the apex and
continuing over the body to the zona or the

B

TeEXT-FI1G. 6 — Organization ol Gondisporites gen.

B, meridional section.

nov. A, polar view.

ridge. Zona thin, transparent and having
an irregularly toothed or denticulate edge.

Ridge 11-\1.m[1_- dense and bearing verrucae
or spinules. Zona or the ridge subequa-
torially  surrounding a  thin-walled body
whose exine is dmlb]\ sculptured, 1.e. with
granulose surface in tmapcmud with spinules
or tubercle-like bacula. Inside the body
usnally a smaller sac-like inner body present
whose wall ig mostly darker brown in colour
than the body-exine.

Reconstruction — A study of large number
of specimens flattened in various planes sug-
gests that the ridge or the zona is not attached
exactly in the middle between the proximal
and distal faces but slightly inwards on the
proximal side. The reconstruction of the
spore in various planes is given in Text-figs.
6A, B.

Comparison — The orgamization of Gon-
disportles compares very closely with Cir-
rafrivadites Wils. & Coe, so much so that
but for the occurrence of spinules and bacula
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on the bodv-exine in the former and their
absence in the latter the two could have
been merged together. Another comparable
genus is Endosporites which, however, dif-
fers by the absence of the external ornamen-
tation and the zona. Grandispora Hoffm.,
Staplin & Malloy lacks the zona and is also
geographically as well as stratigraphically
far removed. Hymenozonotriletes (Naum,)
Naum., as defined by Potonié (1958), appears
to be similar in organization to Gondisporites
but the latter lacks the finger-like processes
in the zona. Hymenozonolriletes 1s also
geographically as well as geologically far
removed from the specimens relerable to
Gondisporites.

Derivation of Name — Gond, an aboriginal
tribe in Peninsular India leading to the name
Gondwanaland.

Gondisporites vaniganjensis sp. nov.,
(Pr. 4, Fics. 66, 67).

Holotype — Pl. 4, Fig. 67.

Locus Typicus — Samla Seam, Samla-
Kendra Colliery, East Raniganj Coalfield,
India.

Diagnosis — 90-115 v, granulose, exine
sparsely ornamented with 2-3 p wide tuber-
culate bacula, zona membraneous, 6-8 p
wide.

Description — Holotype 106 x 110 1, tri-
angular with pointed apices but outwardly
bulging sides. Y-mark distinct, rays 2-4
broad, reaching the edge of the zona.
Body-exine thin, granulose all over with
sparsely interspersed bacula. Inside the
body an inner body detectable which is vari-
able in size. Zona membraneous, granulose
and the edge undulating to dentate.

Pl. 4, Figs. 68-71 are also referable to
Gondisporites.

Division — Monoletes Ibr.
SuB-D1visioN — Azonomonoletes Lu-
her
SERIES - Psilamonoleti V, D,
Hamm.

(Genus Latosporites Pot. & Kr.
Pl 4, Figs. 72-74; Pl. 5, Figs. 75, 76

Latosporites colliensis (Balme & Henn.
1956a) comb. nov. (Pr. 4, I'16s. 72, 73).

Syn. — Laevigatosporites  wulgaris  forma
colliensis Balme & Henn. (1956a, p. 55).

Holotype — Balme & Henn. 1956a, Pl 1,
Fig. 1.

%r'rzguasz’s (emend.) — Longitndinal axis
50-100 , holotype 75 w, monolete mark dis-
tinct, - 2/3 the long axis in length, ends not
bifurcated, labra thin; exine laevigate, thin,
frequently folded.

Remarks — The Anstralian specimens are
usually smaller than the Indian ones.

Other specimens referred here to Lafo-
sporites — Pl. 4, I'ig. 74; P1. 5, Figs. 75, 76,

SERIES — Ornati Pot.

Genus Punctatosporites Ibr.,
Pl 5, Figs. 77-79

Genotype — Punctalosporites minutus Ibr.
Pl 5, Figs. 77-79 are referred to Puncta-
tosporites

Genus Verrucososporites (Knox) Pot. & Kr.

Genotype— 1V errucososporites obscurus (o0s.)
Pot. & Kr.

PL 5, Figs. 80-83 are referred to Verruco-
sosporiles.

DivisioN — Saccites Erdtman
Sus-Division — Monosaccites  Chi-
taley
SERIES — Triletesacciti Lesch.

Genus Nuskoisporites Pot, & KL
Fl. 5, Fig. 95; PL 6, Figs. 96-98

Remarks — The spore forms referred here
as well as those assigned by Balme and
Hennelly (1956b) to Nuskoisporites are char-
acterized by proportionately lesser extent
of the bladder as compared to the dimensions
of the central body than is the case in the
genotype, N, dulhuntyi Pot. & Kl. (1954), or
N. klausi Grebe (1957) from the European
Upper Permian and the other nearly contem-
poraneous strata. Besides this, the central
body in the species from Gondwana coun-
tries is invariably thin-walled and the saccus
lacks the so characteristic limbus. In view
of the rather scanty representation of this
genus in the Raniganj coals it has not becn
possible to assess the value of these varia-
tions for closer systematic considerations.
Pollengrains closely similar in organization
to the Gondwana specimens referred here
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are found in some species of Dacrydium, e.g.
D. araucarioides, D. guillauminii and D.
falci-forme (ErDTMAN, 1957). However,
these living specimens lack the trilete mark
which is often seen, though feebly in the
fossil species, otherwise the resemblance is
striking.

Pl. 5, Fig. 95 and Pl 6, Figs. 96-98 are
referred to Nuskoisporites as cf. Nuskoispo-
rites in view of the differences explained
above.

SERIES — Aletesacciti Lesch,

Genus Densipollenites gen. nov.

Pl. 6, Figs. 99-104; PL. 7, Figs. 105, 106

Genolype — Densipollenites indicus sp. nov.

Generic Diagnosis — Circular, subcircular
or elliptical spores in flattened condition
usually with a number of folds in the saccus;
central body dark brown and dense to light
brown or ill-defined, circular or subcircular,
without monoradiate slit, Y-mark or stria-
tions, exine densely granular to smooth;
saccus finely intrareticulate on one side and
coarsely intrareticulate on the other.

Generic Description — Normally flattened
specimens are rare when these are subcircular
with a distinctly demarcated, dark to light
brown central body surrounded by a broad
saccus. Usually the specimens are irregu-
larly, i.e. obliquely or eccentrically flattened
with the central body shifted more to one
side and the saccus severally folded (PL. 6,
Fres. 99, 101). A bilateral shape has been
never seen.

Central body is circular, subcircular or
roundly triangular. Body exine is either
thick, dense and translucent or thin. In
some specimens the central body is almost in-
visible appearing as if the saccus is without
the central body. The central body lacks
any of the usual haptotypic marks or even
the striations. Saccus is finely intrareti-
culate on one side but coarsely intrareticulate
elsewhere. A wide zone along the equator
in flattened specimens appears denser as if
a limbus were present but the association
of similar density with extra-equatorial
fold (Pr. 6, Fic. 100) negativates such an
assumption. However, limboid edges are
characteristic.

Organization — A comparison of Pl 6,
Figs. 99-101, 103, 104 suggests that the cen-
tral body is attached to the saccus in a small
area only on one face (Text-ri16. 7B}, the

B

7 — Organization of Densipolicnites
B, meridional section,

TEXT-FIG.
gen. nov. A, polar view.

other being free from the saccus. It has
also been ascertained that the intrareticula-
tion in the saccus is much coarser on the lat-
ter — free from the body-face. Taking these
deductions into consideration, an organization
represented in Text-fig. 7 is suggested.
Comparison — The absence of any hapto-
typic features on the central body or on the
saccus distinguishes Densipollenites from
such monosaccate genera as Wilsonia,
Guthorlisporiles, Potonieisporites, Nuskoi-
sporites and the like. It differs from Flori-
nites in the tendency of having a scarcely
to sharply differentiated central body. The
development of limboid margin along
the equator or the folds is unknown in the
saccus of Florinites. Prima facie, the group
of species assigned here to Densipollenites
looks very different from Florinites which
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when considered with reference to the geo-
graphical disparity between Densipollenites
and the comparable monosaccate genera
from the Northern Hemisphere has led me to
suggest a new generic designation as Densi-
pollenites.

The diplotype of Succinctisporites (LESCH.,
1955), S. grandior presents a look similar to
Densipollenites, hence the type specimen was
examined through the courtesy of Dr.

Leschik. Itis a distinctly disaccate pollen-
grain and hence widely different from
Densipollenites.

Densipollenites indicus sp. nov.
(Pr. 6, Fics. 103, 104).

Holotype — PI. 6, Fig. 103.

Locus Typicus — Samla Sean, Samla
Colliery, East Raniganj Coalfield, India.

Dz‘rzgnosa's — Central body circular to sub-
circular, 40 to 76 u in longest diameter,
mostly transparent but for its margin in
flattened specimens.

Descriplion - -- Holotype + 122 p. with cen-
tral body subcircular, 42 . Miospores rang-
ing in size from 4 120 to 150 g, central body
40-54 p., overall shape subcircular. Saccus
variously folded and each fold assumes dense,
limbus-like appearace which is also always
evident along the equator of the flatten-
ed spore irrespective of the position of
the central body. The limbus-like appear-
ance of the equator in these grains is charac-
teristic and so is the bordered appearance
of an otherwise faintly discernible central
body.

Other specimens of Densipollenites — Pl 6,
Figs. 99-102; PI. 7, Figs. 105, 106.

Affinities — Pollengrains, similar in orga-
nization to Densipollenites, as far as [ am
aware, have not been describzd in site. Mor-
phographically Densipollenites lacks every
kind of haptotypic features known to be
borne on proximal face in comparable types
of pollengrains. It can, however, be assumed
that the central body in Densipolienites is dis-
tally attached -+ as is the case in Florinites.
It is probable that Densipollenites, like Flori-
nites, might also be the pollengrains of
Cordaitales which are known to have been
present in the Lower Gondwana flora,

SERIES — Striasacciti ser. nov.

Series  Diagnosis — Monosaccate pollen-
grains bearing longitudinal striations on the
central body.

Genus Striomonosaccites gen, nov.
Pl 7, Figs. 107-114

Genotype — Striomonosacciles ovatus sp. nov.

Generic Diagnosis — Monosaccate pollen-
grains of subcircular to circular overall
shape, ceniral body circular, thin-walled,
exine intramicroreticulate, free from the
saccus on distal side, bearing longitudinal,
simple or branched striations on one of the
two faces.

Generic Descriplion — Monosaccate pollen-
grains with saccus occasionally having a
notch. Central body usually thin-walled
and circular. Proximal (?) exine of the
central body intramicroreticulate and bear-
ing a number of parallel, longitudinal, occa-
sionally bifurcating striations. Distal (?)
face of the central body free from bladder
in a circular to subcircular area, exine without
striations, granulose and thinner than on the
proximal face. Saccus intrareticulate with
meshes small and close together.

Reconstruction — See Text-figs. 8A, B.

Comparison — So far no monosaccate genus
with striations on the central body has been
described. Nocggerthiopsidozonaletes Luber,

Sy

B

Organization of Striomonosacciles

TEXT-FIG. § — !
I3, meridional section.

gen. nov, A, polar view.
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as figured and described by Potonié (1958),
which seems to have similar shape as
Striomonosaccites, lacks striations on the
central body. Crustaesporites Lesch. (1956)
is trisaccate and has bands of thicken-
ed exine on the central body instead of
striations.

Affinities — In absence of anv valid evi-
dence regarding the phylogeny of such pollen-
grains as are inclnded in Sériomonosaccites it
is difficult to postulate much. However, one
specimen of Striomonosaccites (PL. 7, F16.113)
included here reminds one of 1ts resemblance
in organization to the pollengrains of the
living conifer Dacrvdium (ErpTMan, 1957,
Fics. 20, 22).

Striomonosaccites ovatus sp. nov. (Pr. 7,
Fics. 107-109).

Holotvpe — P1. 7, Figs. 107, 108,

Locus Typilcus — Poniati Seam, Poniati
Mine, East Raniganj Coalfield, India.

Diagnosis — Subcircular, 5-7 horizontal
striations on proximal face of central body,
saccus one-third body diameter, finely
intrareticulate.

Deseription — Holotype 110 > 100 u; cen-
tral body circular to subcircular, thin-walled,
proximal exine irregularly intramicroreti-
culate with 5-7 horizontal striations, distal
exine free from saccus in a circular area,
thin and granular. Saccus finely intrareti-
culate, meshes being up to 1 p broad and
closely placed. '

Other specimens referable to Sériomono-
saccites — PL. 7, Figs. 110-114.

Genus Distriomonosaccites gen. nov.
Pl 8, Figs. 115-118

Genolype — Distriomonosaccites votafits sp.
nov,

Generic Diagnosis ~— Monosaccate pollen-
grains of subcircular to circular overall
shape, central body circular, thin- or thick-
walled, free from the saccus on both sides,
bearing longitudinal, simple or branched
striations on bhoth faces.

Generie Description — Monosaceate pollen-
grains with a continuous saccus around the
thin- or thick-walled and circular central
body, Exine of the central body intra-
microreticulate structured or verrucose and
bearing a number of parallel, longitudinal,
occasionally bifurcating striations on both
faces. Distal face of the central body free
from saccus in a circular to subcircular area.

Saccus intrareticulate with meshes small
and close together.

Reconstruction — Sez Text-figs. 8A, B, for
general plan.

Comparison — So far no monosaccate genus
with striations on the both faces of the cen-
tral body has been described.  Striomongsac-
cites has striations only on the proximal face.
Nocggerthiopsidozonaletes Luber, as figured
and describad by Potonié (1958), which seems
to have similar shape as Striomonosaccites and
Distriomonosacciies, lacks striations on the
central baody.

Distriomonosaccites rolafus sp. nov.
(PL. 8, Fies. 115, 116)

Holotype — Pl 8, Figs. 115, 116.

Loeus Typicus — Poniati Seam, Poniati
Mine, East Raniganj Coalfield, India.

Diagnosis — Holotype 104 x 92 ., central
body 54 % 52 u with 7 striations on one side
and only 42 »x 42 u saccus-free face with
6 strintions on the other side, striations
running in the same direction on both faces.
Saccus 22-18 p wide.

Description — Almost cirenlar grains with
a wide, girdle-like saccus round a compara-
tively small, circular, central body. In the
holotype the striations are distinctly deve-
loped on both the free faces of the central
body. The saccus is finely intrareticulate,
the muri are thin and complete, the meshes
circular to ovaloid and closely spaced. No
limbus has been detected.,

Other specimen referable to Distriomono-
saccites — P §, Figs. 117, 118.

suB-Division — Disaccites Cookson

— Podocarpoiditi Pot., Thoms.
& Thierg,.

SERIES

Genus Platysaccus ( Naum.) Pot. & KIL
Pl. 13, Fig. 185

Genotype — Platysaccus papilionis Pot. &
Kl. 1954,

Remarks — An easily distinguishable di-
ploxylonoid spore genus showing a combi-
nation of subspherical sacei with central
body circular in polar view and devoid of
any Y-mark, monolete mark or striations on
proximal face. In this genus the distal
attachment of the sacci is full-length and
stradght (Texr-ric. 1B).

Pl 13, Fig. 185 is referred to Platysaceus.
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Genus Cuneatisporites Leschik, 1955

PL. 13, Fig. 185; 1. 20, IFigs. 262-264

Genotype — Cunealisporties radialis Lesch.

Remarfs — Potomié (1958, p. 67) remarks
about the difficulty of scparating Cuneati-
sporites Leschik from Plutysaccus. On the
basis of my study of the diplotype specimen
of Cuncatisporites it secms that the chief
differences  between  Cuncatisporites and
Platysaccus lie in the distinctly, vertically
oval shape of the bodv in the former and
circular body in the latter, intramicrorcti-
culate structure of body exine in the former
and microverrucose sculpture of the body
exine in the latter and convex, distal attach-
ment of the sacei in the former and straight
in the latter.  What has been mterpreted as
the germinal crack (Kezmspalte) by Leschik,
appears to be formed duc to folding of the
body wall within.

Specimens referred to Cuneatisporites —

Pl 13, Fig. 185; PL 20, Figs. 262-264.

SERIES -— Striatiti Pant
Genus Striatites Pant (1955) emend.

Pl 8, Figs. 119-121, 123, 124; ’1. 9, Figs. 125, 128;
Pl 10, Figs, 140, 147, 148; ’L. 11, Figs. 149, 151,
154, 156; PL 12, Figs. 166, 167; 1. 13, Tig. 179

Genotype — Striatites  scwardii  (Virkki)
Pant, 1955.

Remarks — The generic diagnosis given by
Pant (Le.) as well as the description of the
genotype given by Virkki (1937) are very
scanty in contrast with the amount of evi-
dence employed in this paper to diagnose
the gencra. Besides this, among the illus-
trations provided by Virkki (Le., I'16s. 1A-C
and Frgs. 2A-D) the spores of two different
organizations, by my standards, have becn
included. Pant (Lc.) has illustrated this
genus with haploxylonoid forms. The diag-
nosis of this genus given by Pant is very
wide permitting such a heterogeneous mem-
bership. In view of the revised basis of
taxonomy utilized by me for the systematics
of the disaccate pollengrains it has become
necessary to restrict this genus so as to make
it a homogeneous taxon.

Virkki (I ¢.) has not designated any of her
illustrations of the genotype as the diplo-
type hence the first illustration (Pr. 32,
Fies. 1A, 2A) is taken as the type.  Fig. 2C
of Virkki (l.c.) secms, in all probabilities of a

morphographical conjecture, to be the polar
view of a pollengrain  similar to this
type.

Unfortunately the original specimen of
the type figures has not been available to
me for examination, in spite of the best
efforts of the authorities of the Botany
Department, Lucknow University, wheic
Virkki's slides are supposcd to be located,
to search them out.  However, on the basis
of some specimens, similar to the type,
observed by me in Raniganj coals and coals
of New Castle Stage, N.5.W., available with
me and the description as well as figures of
Lueckisporites cancellatus Balme & Hennelly
(1955, pp. 92, 93, Pr. 2, F1gs. 11-15) abun-
dantly found in New Castle Stage of N.S.W.,
has enabled me to deduce a detailed generic
diagnosis for Strialites as follows:

Gencric  Diagnosis  (emend.) — Bilateral,
disaccate, pollengrains with vertim‘ll\f oval
to circular central body appcaring dense
and thick marginally having proximally
distinct, horizontal striations witli or with-
out faint to prominent vertical striations
between them and exine microverrucose,
Distally sacci inclined, the saccus-free area
variable in shape from wide to furrow-like
or almest circular, distal saccus attachment
full-length, straight or convex. Sacei hemi-
spherical.

Generic Description — Central body verti-
cally oval to circular being fusoid, rhomboid
or circular in shape and normally smaller in
height than the height of the sacci. Wall
of central body unequally thick and dense
as characteristically apparent along the
cquator in equatorially flattened specimens
or uniformly dense. FExine microverrucose
on the surface and structureless in optical
section along the cquator, proximally show-
ing in surface view a copious number of hori-
zontal striations with many to scarcely any
vertical, connecting striations. Distally the
zones of saccus attachment well demarcated
and extending with a straight to convex
edge from one lateral end to the other.
Distally body exine in between the zones of
saccus attachment thin and finely granulose.
In some cases the thin distal exine shows one
or more [olds, presumably due to lateral
compression  while being  flattened.  Sacci
more than hemispherical in polar view.

Sacens  intrareticulation imperfeet  but
fine.

Reconstruction — See Virkki, 1937, TFigs.
2A, C.
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Comparison — Striatopodocarpites has in-
tramicroreticulate structure of the exine
in the central body. Lueckisporites lacks
striations and so also other non-striated
spore  genera. IFimbriaesporites Leschik
(1959) has baculate, non-striated central
body.

In view of the apparent similarity be-
tween specimens of Stratites and the illus-
tration of the diplotype of Fimbriaesporites
(LescHik, 1959, FL. 4, Fic. 29) I examined
the diplotype specimen through the coopera-
tion of Prof. Dr. Krdusel and Dr. Leschik.
The specimen is disaccate, diploxylonoid,
ceniral body vertically oval, extne brown with
marginal  thickening, proxtmally bearing
roundish, squarish to polvgonal areas oui-
lined by faint, navrow grooves, exinc surface
densely and fincly microverrucose, cxine n
optical section appavently structurcless, distally
zone of saccus attachment convex, full-length,
laterally sacct coming close to cach other, saccus
ntrareticulation with medivni-sized, widely
spaced meshes,

Affinities — As far as known to me there is
no record of im sitee pollengrains of the same
structure and organization as Striafites from
the Palaeozoic or the Mesozoic strata.  The
most characteristic features of this genus are
the central body with striations on proximal
face and full-length straight to convex,
distal saccus attachment. The presence of
striations in general is a feature of pollen-
grains only of Upper Palacozoic age. Sub-
sequently, but for its meagre manifestation
during Triassic and rarely during Jurassic,
this character does not occur in saccate
pollengrains of younger ages. But for the
striations the pollengrains possessing similar
features have been profusely illustrated by
Bolkhovitina (1956) as species of Podocar pis.
A striking correspondence with some speci-
mens of Striatites, P1. 11, Figs. 150, 151; PL. 9,
Figs. 140, 147; PL. 11, Figs. 152, 153; PL 11,
Figs. 154, 156; is presented by the pollen-
grains of Podocarpus angustifolius var,
Wrightii, P. cortaceus, P. alpinus var. caes-
priosus (ErpTMAN, 1957, TFigs. 594, B, C)
and P. spicatus (ErprMan, 1943, Fic. 430)
respectively.

Striatites sewardir (Virkki) Pant — Pl. 12,
Figs. 166, 167.

Other specimens referable to Sériatiles —
Pl. 8, TFigs. 119-121, 123, 124; PL 9,
Figs. 125, 128; PL 10, Figs. 147, 148;
Pl 11, Figs. 149-151, 154, 156; Pl 13,
Fig. 179.

Genus Verticipolienites gen. nov.

Pl. 9, Figs. 126, 127, 129-136; PL 10, Figs.137-139,
143-146; PL 11, Figs. 158, 159; PL 12, Figs. 160,
162-165, 168-171, 173; Pl 13, Figs. 177,178,180, 186

secretus  Sp.

Genotype — Verticipollonites
nov.

Generic Diagnosis — Bilateral, pollengrains
with circular to vertically oval central body
proximally microverrucose ornamented and
having horizontal striations with or without
vertically connecting striations. Sacct late-
rally separated, distally inclined and attached
to the body on the distal side -+ closely to-
gether. Distal zones of saccus attachment
nearer the pole straight and restricted to an
area usually smaller than the vertical dia-
meter of the central body whence diverging
laterally, i.c. sacci pitcher-shaped with a
narrow to broad neck (TEXT-FIG. 1A).

Generic  Description — Pollengrains  dis-
tinctly bilateral with the central body
smaller than the vertical diameter of sacct.
Central body usually brown, exine thin or
thick, translucentand proximally, horizontal-
ly or criss-cross striated. Exine in between
the striations 1rregularly microverrucose.
Laterally sacci usually widely scparated.
Distally, nearer the pole, the sacci attached
to the body vertically, often in a length
smaller than the vertical diameter of the
body, distal zones of bladder attachment
lying close together, sometimes ill-defined
but mostly giving appearance of a narrow
furrow. Sacci 4 subcircular, in flattened
condition appearing as round-bottomed
pitcher with a short neck (TEXT-FIG. 1A).
Bladder exine intrareticulate.

Reconstruction — See TEXT-F1Gs. 9A, B.

Compariscn — The other validly described,
saccate genera are Podocarpidites (Cook-
son) Pot., Striatites, Fimbriaesporites Lesch.
and Platysaccus. Podocarpidiies (Cookson)
Pot. is a genus for Tertiary pollengrains and
it has laterally widely separated and full-
length, convex zones of saccus attachment.
The organization of Verticipolleniles is quite
unlike that of Podocarpidites. Platysaccus
lacks the proximal striations on the body
which are so characteristic of Verticipolleniics,
and Striatites has subspherical sacci as com-
pared to the pitcher-shaped sacci in Vertici
pollenites.  Iumbriaesporites lacks horizontal
striations on the central body.

Affinities — The pitcher-like saccus (TEXT-
FI1G. 1A) so characteristic of Vertipollenites as
far as known does not occur in any living,
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TExt-FiG. 9 — Organization of Verticipollenites
gen. nov., A, polar view, B, meridional section.

disaccate, coniferous pollengrains. The pol-
lengrains illustrated by Erdtman (1957,
FiGs. 58, 62) for Pinus thunbergii and Pseudo-
larix amabilis show as if the sacci are pitcher-
shaped which is really not the case.

Derivation of Name — L. verfex, meaning
“the head .

1. Verticipollenites secvelus sp. nov.

Holotype — Pl. 12, Fig. 160.

Locus Typicus — Poniati seam, Poniati
Mine, East Raniganj Coalfield, India.

Diagnosis — Central body circular to hori-
zontally oval, sometimes appearing thom-
boidal, with brown exine showing -~ 7 hori-
zontal striations with vertical connectives.
Distally the zones of saccus attachment
forming a very narrow furrow.

Description — Holotype 112 u long, cen-
tral body 5044 u.; grain bilateral, with
brown, horizontally oval or circular central
body and more than hemispherical sacel
Laterally sacci widely separated but distally
coming very close together and forming a
narrow, well-defined, slit-like sulcus.

2. Verticipollenites gibbosus sp. nov. (PrL. 12,
Fics. 173, 174).

Holotype — P1. 12, Fig. 174.

Locus Typicus — Samla  Seam, Samla
Colliery, East Raniganj Coalfield, India.

Diagnosis — Central body houizontally
oval and dense, smooth, brown, 5-7 hori-
zontal striations only. Distally the zones of
saccusattachment 4/5 full-length and straight
with a narrow furrow in between, saccus
intrareticulation fine.

Description — Holotype 102 u long, central
body 38 x44 u; grain bilateral usually di-
saccate with dark brown, horizontally oval,
central body having 5-7 horizontal striations,
exine surface faintly microverrucose. Late-
rally sacei widely removed but distally,
normally only 1 p wide channel between the
Saccl.

Comparison — V. secretus sp. nov. has
many vertical striations between the hori-
zontal striations and the zones of saccus
attachment on distal side are smaller In
height. Both these features do not occur
in V. gibbosus sp. nov.

3. Verticipollenites oblongus sp. nov.

Holotype — Pl. 13, Fig. 180.

Locus Typicus — Poniati Seam, Grimint
Colliery, East Raniganj Coalfield, India.

Diagnosis — Central body vertically oval,
10 horizontal striations with many vertically
connecting striativiis.  Distally sacei - 10 w
apart.

Description — Holotype 126 p long, central
body 6244 w, grain bilateral with dense
brown, vertically oval central body. ILate-
rally sacci widely separated but distally only
10 p. apart, the distal zones of saccus attach-
ment straight, 4/5 full-length.  Sacci meshes
medinm-sized.

Comparison — V. secretus has a distal slit-
like furrow and horizontally oval central body,
V. gtbbosus has a horizontally oval central
body bearing only horizontal striations and
a distal, narrow slit-like sulcus.

Other specimens referable to Verticipolle-
nites — PL. 9, Figs. 126, 127, 129-134; PL. 10,
Figs. 145, 146; PL. 11, Figs. 158, 159; Pl 12,
Tigs, 163-165, 168-171, 173, 175, 176; PL. 13,
Figs. 177, 178, 186.

Genus Lahirites gen. nov.

Pl 11, Figs. 152, 153; PL 12, Fig. 172; Pl 13, Figs.
181, 183, 188

Genotype— Lahirites raniganjensis sp. nov.

Generic  Diagnosis — Bilateral, pollen-
grains with circular to vertically oval, central
body usually bearing proximally a number
of horizontal striations, occasionally with
vertical, connecting striations also, the exine
in between being microverrucose or laevigate
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sculptured and intrapunctate structured.
Sacci distally inclined, zones of saccus attach-
ment straight to convex and full-length,
narrowlv to widely separated from each
other. Sacci subspherical.

Generic Description — Pollengraing almost
always bisaccate and bilateral. Central
body wvertically oval, rhomboid or almost
circular, margin uneven. Central body
bearing a number of horizontal, simple or
forked striations with none or few to many
vertical, connecting striations. In some
specimens proximal face comprised of round-
ish or squarish humps formed by the com-
partmentation due to strations. IExine
usually laevigate but in a few cases micro-
verrucose ornamentation also observed.
Exine invariably intrapunctate structured.
Intrapunctation may be finer but uniformly
developed all over or coarser and localized
along the crests of the interstriation ridges
in specimens without vertical striatiors or in
the central part of the humps In criss-cross
striated exines. Laterally sacci may lie
close together or be widely separated from
each other. Distally, zones of saccus attach-
ment straight to convex, extending full-
length with the space in between the two
zones narrow to wide. Sacci more than a
hemisphere, subspherical, i.e. without a neck.

Reconstruction — The  organization  of
Lahivites agrees in full with Striatites. See
Text-fig. 10

Comparison -— Striatifes differs in lacking
any obvious structure in the exine of the
central body and so also Verticipollenites
which in addition has a different form of
distal saccus attachment, therecof having
pitcher-like sacci.  S#riatopodocarpites has
intramicroreticulate structure in the body
exine.

Lahirites is named after Padma Shri
Dr. A. Lahiri, Director, Central Fuel Re-
search Institute of India, in grateful recog-
nition of his spirited support to this work.

Laluvites vaniganjensis sp. nov.

Holotype — P1. 12, Fig. 172.

Locus Typicus — Dobrana Seamn, North
Chora Colliery, East Raniganj Coalfield,
India.

Dragnosis — Central body circular, brown,
equatorial border indistinct, 9-horizontal
striations with many wvertical connecting
striations, the exine in between the stria-
tions intrapunctate. Laterally as well as
distally sacci markedly separated from each

Organization of Lahirites gen.
nov. A, polar view. B, structure of exine in
central body. C, meridional section,

TexTt-FI16. 10

other forming a wide, straight edged chan-
nel, saccl occasionally infolded, saccus intra-
reticulation consisting of medium sized
meshes.

Description — Holotype 114 p. long, central
body SO u wide, pollengrains distinctly bi-
lateral, diploxylonoid and disaccate, laterally
sacci separated from each other, saccus sub-
spherical, distally occasionally folded, in-
truding upon the wide, straight-edged sulcus.

Other specimens referred to Lahirites —
Pl 11, Figs. 152, 153; PL. 13, Figs. 181, 183,
188.

Genus Hindipollenites gen. nov.
Genotype — Hindipollenites indicus sp.
Nnov.

Generic Diagnosis — Bilateral pollengrains
with circular to wvertically oval central
body bearing proximally a number of hori-
zontal striations with or without wvertical,
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connecting  striations. Exine laevigate
or microverrucose, with intrapunctate
structure. Sacci distally inclined, distul at-
tachment more or less partial-length, usually
so closely approaching each other as to rc-
sult into a narrow, slit-like furrow. Saccus
pitcher-shaped.

Generic Description — Specimens observed
so [ar, always bilateral and disaccate, central
body usually dense, dark brown in colour,
fusoid, vertically oval or circular, mostly
without appreciably developed marginal
ridge, margin uneven. Number of hori-
zontal striations on proximal face of the
central body 8-10, wavy and with or without
vertical, conuecting striations.  Exine mostly
laevigate, intrapunctate structured — the
structure being uniform or locahzed along
the crests of ridges. Laterally and distally
sacci mostly close together, distal saccus
attachment partial length, a little less than
the vertical height of central body to as much
less as half that height, usually cnclosing a
narrow furrow appearing like a slit.  Saccus
pitcher-shaped with broad to narrow, short
neck.

Reconstruction — As  for
gen. nov. (TEXT-Fic. 9).

Comparison — Vertici pollenites lacks the
intrapunctate structure in the body-exine
proximally. Striatites lacks the pitcher-
shaped sacci besides the intrapunctate struc-
ture of body exine. Lahirifes lacks the
pitcher-shaped bladders. Striatopodocarpites
has subspherical sacci as well as intramicro-
reticulate structure unlike Hindipollenites.
Other known, wvalid, disaccate genera have
nonstriated central body.

Derivation of Name — Hind, i.e.

Verticipollenites

India.

Hindipollenites indicus sp. nov. (Pr. 10,
Fics. 141, 142).

Holotype — P1. 10, Fig. 141.

Locus Typicus — Samla Seam, Samla Col-
liery, East Ranigan] Coalfield, India.

Diagnosis — Central body subcircular,
dark brown, marginal ridge absent, proxi-
mally 7-10 simple or forked, wavy, horizon-
tal striations, vertical, connecting striations
few, ridge exine intrapunctate. Sacci late-
rally separated but distally coming close to-
gether leaving a narrow furrow, zones of
saccus attachment -+ # the height of central
body. Saccus intrareticulation with small-
sized roundish meshes.

Description — Holotype 124 p long, central
body 50p » 48 u. Pollengrains distinctly

bilateral, diploxylonoid and disaccate, sacens
height in holotype -| 1} times the height of
the body, well formed, pitcher-shaped with a
neck only 3 u high.

Other specimens referred to Hindipol-
lenites gen. nov., Pl 8, Fig. 122; PL 12,
Fig. 161; PL 13, Fig. 182.

Genus Lunatisporites ( Lesch., 1955) emend.

Pl, 14, Figs. 189-196, 199; P’l. 15, Iigs, 200-208;
Pl 16, Figs. 209-217; PL 17, Figs. 218, 219

Syn. — Taentaesporites Lesch. (pars.) 1955
Genotype — Lunalisporiles acuins Lesch.
Remarks — Through the kindness of Dr.
Leschik the diplotype of Lunalisporites was
examined by me and a number of other
specimens  belonging to that genus and
indistinguishable from Tacniaesporites kracu-
seli Lesch. the genotype of Tacuiaesporites
were also found in the same slide.  All these
specimens when considered together did not
present any significant difference and thus
have been taken together as belonging to
one genus, i.e. Lunatisporifes, it having been
instituted before Taeniaesporiles in the same
publication (Leschik 1955). The generic
diagnosis of Lunatisporiles given by Leschik
(l.c.) is very meagre and hence a revised
diagnosis is given as under:

Generic Diagnosis  (emend.) — Bilateral,
disaccate, pollengrains, central body sub-
cireular to oval, with proximal exine thick
to thin, intramicroreticulate, horizontally
segmented by grooves or striations conti-
puous with the adjacent ones nearer the
equator; distal exine also intramicroreticu-
late but thinner, body wall frequently folded
inwards in flattened specimens giving rise
to two, vertical, semi-lunar or arcuate folds.
Laterally sacci often coming together,
distally inclined and forming a biconvex
sulcus, zones of saccus attachment convex

Reconstruction — See Text-fig. 11A.

Lunatisporites fuscus sp. nov. (PL. 14,
Frcs. 189-192).

Holotype — PL. 14, Figs. 189, 190.

Locus Typicus — Poniati Seam, Poniati
Mine, ILast Ranigan] Coaltield, India.

Diagnosis — Widely vertically oval, well
differentiated central body with both ends
pointed, 5-7 horizontal striations, Laterally
sacci meeting together by narrow to wide
ledge, distally sulcus 16-20 p at its widest.

Description — Holotype 114 u long, cen-
tral body 56 x42 p; pollengrains bilateral,
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distinctly diploxylonoid and bisaccate.
Known size range of length 114 p-148 o
and biggest central body 78 x50. Central
body straw coloured, thin-walled bearing
5 simple horizontal striations in holotype but
up to 7 in other specimens. Laterally an
ingrowth or extension of one saccus meeting a
5 similar one from the opposite saccus —a
characteristic feature. Distally saccus-free-
zone forming a biconvex sulcus where body
exine thin and granulose nearer its margin
but laevigate in the centre. Sacci slightly
more than hemispherical, intrareticulation
small meshed.

Comparison — L. fuscus differs from the
genotype in a number of characters, the
chief diagnostic feature being its bigger size.

Other specimens referred to Lunalisporites
— PL. 14, Figs. 193-196, 199; Pl. 15, Figs.
200-208; Pl 16, Figs. 209-217; Pl. 17, Figs.
218, 219.

Genus Striatopodocarpites
(Soritsch. & Sedowa) emend.

Pl. 11, Figs. 155, 157; Pl 13, Fig. 187; PL. 14,
Figs. 197, 198; Pl 18, Figs. 235-237; PL 19,
Figs. 238, 242-245, 247, 248.

Genotype — Striatopodocar piles
(Leschik, 1956) Pot.

Remarks — The generic diagnosis of Siria-
topodocarpites given by Potonié (loc. cit.) on
the basis of original description of the geno-
type by Leschik (loc. ¢it.) is very meagre with
reference to present work and needs elabora-
tion. Hence, through the kind co-operation
of Prof. Dr. Kriusel and Dr. Leschik, T
examined the diplotype which is bisaccate
with a central body = circular, body wall
thickness uniform, equatorially folded appa-
rently on flattening and simulating as if the
body exine with a marginal ridge, 10, wavy,
horizontal striations with a few forked ones
on proximal face, exine coarsely intramicro-
reticulate, surface laevigate; distally zones
of saccus attachment straight and widely
separated laterally as well as near the pole;
saccus very coarsely intrareticulate with
big-sized meshes. Incorporating the obser-
vations on a large number of other forms
from Ranigan] coals and elsewhere it has
becoime apparent that the elaborated generic
diagnosis for Striatopodocarpiles should run
as follows : Poliengrains bisaccate and bilateral.
Bladders mostly more or less bigger in the height
than the height of the central body in flatiened
grains. Central body circular to wverlically
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Tex1-Fic. 11B — Organization of Sirialopodocar-
pites, polar view with straight-edged sulcus.

oval. Central body exine bearing a nwmber of
horizontal striations on proximal face with the
extne in between (he sivialions tntramicro-
reticulate, Dustally sacci inclined with the
zones of saccus attachment stvaight and full-
length leaving a wide to narrow saccus-free
avea. Sacci subspherical.

The diagnostic combination of characters
for Striatopodocarpites as proposed here are
a well-defined central body with intramicro-
reticulate structure of the exine and the
mode of distal attachment of the sacci
(Texr-F1G6. 11B). As compared to Siriafo-
podocarpites, Lueckisporites has bands
instead of striations on the exine of the body
proximally ; Strratiles, Verticipollenites, Lahi-
rites and Hindipollenites, all have nonintra-
microreticulate exine on the proximal {ace
of the central body. Verticipollenites and
Hindipollenites possess differently shaped
sacci in addition. Koesankeisporites has
smooth exine proximally on the body.

Affinities — Striatopodocayrpites, as the
name suggests, might be consisting of pol-
lengrains of Permian Podocarpaceae. Pl
11, Fig. 157 shows close resemblance to the
pollengrains of the living species Podocarpus
alpina (BarMe & HEeNNELLY, 1955, PL. 1,
Fics. 1-5).
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Specimens referred to Striatopodocarpiles
— PL. 11, Figs. 155, 157; PL 13, Fig. 187;
Pl 14, Figs. 197,198; Pl. 18, Figs. 235-237;
Pl 19, Figs. 238, 242-245, 247, 248.

Genus Kosankeisporites Bhard., 1955
Pl 19, Figs. 239-241, 246

Genolype — Kosankeisporites elegans (Kos,)
Bhard.

Remarks — This i1s a spore genus with
usually dense, smooth to verrucose body
exine without any apparent structure, The
distal attachment of bladder is convex to
straight with a defined sulcus.

Specimens referred to Lunatisporites —
PlL. 19, Figs. 239-241, 246.

Genus Faunipollenites gen. nov.
Pl 17, Figs. 220-228; Pl. 18, Figs. 229-234

Genotype — Faunipollenites varius sp. nov.

Generic Diagnosis — Disaccate, bilateral,
haploxylonoid pollengrains. Central body
outline ill-defined, proximally exine intra-
microreticulate and bearing a number of
horizontal, simple or forked striations, rarely
with wvertical, connecting striations also;
distally a uniformly wide to biconvex area
free from saccus, where the exine is thin and
sparsely granulose. Distal zones of saccus
attachment ill-defined.

Generie Description — Bilateral grains with
the bladders almost as much in height as the
central body. Bladders distally inclined and
laterally either separated from each other
widely or narrowly. Central body with ill-
defined outline and laterally having broad
ends. Body exine thin and proximally intra-
microreticulate with - 8-12 horizontal stria-
tions some of which may be forked. Distally
body free from the saccus in a biconvex or
uniformly broad, ill-defined channel, exine
faintly granulose. Sacci +- hemispherical,
coarsely intrareticulate.

Reconstruction — See Text-figs. 12 A, B.

Comparison — Striatopodocrapites com-
pares closely with Faunipollenifes but for the
fact that the central body in the former is
well-defined and it consists of mostly diploxy-
lonoid grains. Bolkovitina (1956) has refer-
red organizationally similar pollengrains but
lacking striations to Protopinus Bolkh., from
the Upper Mesozoic of U.S.S.R. Luna-
tisporites Lesch., possesses smooth to micro-
verrucose, indistinctly structured exine on
the proximal, saccus-free face.
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B

TexT-F1G. 12— Organization of Fauapollenites

gen. nov. A, polar view. B, meridional section.

Faunipollenites varius sp. nov.,

Holotype — P1. 18, Fig. 230.

Locus Typicus — Samla Seam, Samla-Ken-
dra Colliery, East Raniganj Coalfield, India.

Diagnosis — Central body apparently sub-
circular, 6-8 horizontal striations, distal chan-
nel wide, ill-defined. Sacci hemispherical.

Description — Holotype 106 p long with
central body 64 p high; bilateral bisaccate
grains. Central body apparently subcir-
cular, theoutline being hazy and apparent due
to the striations ends or the laterally bladder-
free margin. Striations normally simple, un-
forked. Distally sacciinclined but not much,
the zones of saccus attachment ill-defined.
Sacci hemispherical, coarsely intrareticulate.

Other specimens referable to Faunipol-
lenites — PL. 17, Figs. 220-228; Pl. 18, Figs.
229, 231-234.

SERIES — Rectistriati ser. nov.

Series Diagnosis — Bilateral pollengrains
with a central body bearing vertical striations
on proximal or distal, saccus-free regions.

Genus Striapollenites gen. nov.
Pl. 21, Figs. 273-275; PlL. 22, Figs. 276-280

Genotype — Striapollenites saccatus sp. nov.

Generic Diagnosts — Bilateral pollengrains
with a vertically oval to subcircular central
body bearing a number of obliquely vertical
striations proximally. Sacci distally in-
chined on the body leaving an ill-defined,
wide, saccus-free, distal area.
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Generic Descriplion — Grains usnally bi-
lateral, disaccate or imperfectly disaccate.
Central body vertically oval to subecircular.
Proximal, saccus-free cxine intramicroreti-
culate and Dbearing a number of vertical
striations running from one lateral side to
the other [requently in a slightly oblique
direction. Striations simple or forked.
Occasionally a few lhorizontal, connecting
striations may be apparent. Sacci hemi-
spherical and usually finely intrareticulate,
distally slightly inclined leaving a wide,
biconvex ill-defined channel between the
distal zones of saccus attachment.

Reconstruction — See Text-figs. 13A, B.

Coniparison — The occurrence of vertical
striations on the proximal face of central body
is a feature not described from any horizon
as far as known to me. The genus Stria-
pollenites suggests a trend distinetly difterent
from that of horizontally striated pollen-
grains if the former are taken to be elabo-
rated from the horizontally striated, non-
saccate pollengrains deseribed here under
Guetaceacpollenites,  bearing  two  parallel
folds which can be considered as the pre-
saccus manilestation,

The spores reflerable to Striapolleniles arc
not so abundant in coals of Raniganj Stage
as those grouped under other Series with the
result that a final evaluation of the range of
variation in the genus is not possible for the
present.

Striapollenites saccatus sp. nov. (PL. 21,
Fies. 273-275)

Holotype — PL. 21, Fig. 273.

Locus Typicus — Poniati Seam, Poniati
Mines, LEast Raniganj Coalfield, India.

Diagnosis — Disaccate, central body ver-
tically fusoid, - 6 vertical striations on
proximal face. Laterally sacci meeting
together on one side but widely separated on
the other. Distally zone of saccus attach-
ment ill-defined.

Description — Holotype 120 x 72 p., cen-
tral body 72 . ¢ 44 u,; grain distinctly bisac-
cate, central body longish vertically oval with
one end acute and the other widely truncate
as in a boat. Body outline distinet, proxi-
mally the exine bearing 5-6 vertical or verti-
cally oblique, deep striations. Distally sacci
distinetly inclined forming a boat-shaped
channel free from the sacens, zones of
distal saccus attachment ill-defined. Saccus
-+ hemispherical and finely intrareticulate.

B

Texr-re. 13
gen, nov., A, polar view,

Organization of Striapolleniles
B, mendional section.

Other specimens referved to Striapollenites
— Pl. 20, Figs. 276-280.

Genus Distriatites gen. nov.
Il 22, Iigs. 281-286

Genotype — Distriatiles bilalevis sp. nov.

Generiec Diagnosts — Bilateral, pollengraius
with a subcircular central body bearing a
number of horizontal striations proximally
and vertical striations distally in the saccus-
tree region. Saccl distally inclined on the
body leaving an ill-defined wide, saccus-
free, distal area.

Generte Descriplion — Grains usually bila-
teral, mono- to tetrasaccate. Central body
ovaloid or subcircular, thick- or thin-walled.
Proximally body exine bearing in some spe-
cies a number of horizontal striations and dis-
tally vertical striations, i.e. perpendicular to
those borne proximally. Body exine proxi-
mally as well as distally in the saccus-free
region fine to coarsely intramicroreticulate
between the striations. Sacci distally in-
clined leaving a wide channel or an area free
from the sacci, laterally widely separated.
Sacci finely intrareticulate.

Reconstruction — See  Text-figs. 13A, B
for an idea of general organization.

Comparison — The only spore genus sup-
posed to have comparable stoiations has been
Fuastigatisporites Leschik (1956) which as
subsequently examined by Potonié (1958,
p. 52) proved to be an observational mistake.
In reality, as far as known to me, no genus
similar to that circumscribed above, ie.
having horizontal and vertical striations on
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proximal and distal faces of the central body
tespectively, has been described. These spe-
cimens present a case of singular organiza-
tion as compared to the other conventionally
known ones.  Striapollenites differs from Dis-
Jdriatites by having striations on one face only.
Unlike Striapollenites. the organization in
Distriatites appears to be a direct variation
from the other horizontally striated disaccate
genera.

Distriatites bilatcris sp. nov. (PL. 22, 7168,
281-285)

Holotype — P1. 22, Figs. 281, 282.

Locus Typicus — Chora Seam, Samla Dalur-
band Collierv, East Raniganj Coalfield,
India.

Diagnosis — Bilateral, bisaccate with the
sacel sometimes having an additional lobe,
central body subcircular, larger than the sacci,
thick-walled, exine on both faces intramicro-
reticulate appearing distinctly microfoveo-
late and bearing - 7 horizontal striations
proximally and 7 vertical striations distally.

Description — Holotype 120 u long, central
body 68 x 64 u.; grain bilateral and bisaccate,
«central body subcircular, exine thick and
intrabaculate, proximal striations horizontal
and distal striations vertical. Sacci slightly
distally inclined leaving a very wide sacci-free
distal area of the body-exine. Sacci - hemi-
spherical, finely intrareticulate.

Other specimens. referable to Distriatites
— Pl. 22, Fig. 286.

SERIES — Disacciatrileti
(Lesch.) Pot., 1958

Genus Vesicaspora Schemel.
PL 20, Figs. 260, 261; 1. 21, Figs. 265-269

(renotype — Vesicaspora wilsomit Schemel.

Specimens assigned to esicaspora — Pl
20, Figs. 260, 261.

Comparable spores are referred by Balme
and Hennelly (1955, Pr. 6, Fics. 62-64) as
a species of Vestigisporites. Parvisacciles
Couper (1958) also seems to be organization-
ally similar to these specimens.

Other specimens closely approaching Vesi-
caspora — Pl. 21, I'igs. 265-269.

Genus Sulcatisporites (Lesch.) emend.
PL 19, Figs. 249-253; Pl 20, Figs. 254-259

Genolype — Sulcatisporites  inierpositus

Lesch., 1955.

Remarks — Jansonius (1961) has merged
Suleatisportfes into Alisporites Daugherty.
He also gives a detailed diagnosis for Ali-
sporites. However, a close study of the geno-
type figure of Alisporites suggests an orga-
nization different from that stipulated by
Jansonius (Le). As apparent to me the
generic ciagnosis of Alisporites should riun
as follows — ' Disaccate, hilateral pollen-
grains, central body vertically oval, outline
distinct, proximally exine lacvigate, strue-
tured, not bearing striations, Y-mark or a
monolete mark; distally sacci inclined, distal
rones of Dbladder attachment straight to
convex.

Organizationally the diplotype of Ali-
sporites approaches the polar view of pollen-
grams illustrated by Potonié (1958, PL. 8,
Fic. 75) for Pinuspollenites Raatz and Podo-
carpidites Cookson (Portonig 1958, Pr. 8§,
Frc. 85) but for the sacct being slightly
higger than the body in the latter genera.
The overall shape in the genotype of Sulcati-
sporites and also in some specimens referred
to it by me is almost circular which is very
characteristic in addition to the thinness of
the central body wall so much so as to be
hardly perceptible, in contrast to Alisporites.

In Swulcatisporites splendens Lesch. (1956)
and in Sulcatisporites (as Iloviniles) ovatus
(Balme & Henn.) comb. nov., the overall
shape is more oval than circular although in
all other characters these are unmistakably
referable to Sulcatisporites. 1t is thus appa-
rent that in its overall shape Sulcatisporites
exhibits the tendency to vary from oval to
circular form.

In mv opinion Swlcatisporites with its
diagnosis as emended and elaborated herc
should be easily identifiable as well distin-
guishable from Alisporites which is so differ-
cnt from it in a number of features.

Labtisporites Lesch. (1956) [rom LEurope
appears to be a wvariant of Sulcatisporiies.
Vesicaspora Schemel. from N. America has a
distinctly outlined central body and the
saccus 18 continuous round the body lateral-
ly. In view of the copions representation
of the specimens referable to Sulcatisporites
in the coals of Ranigan] Stage as well as in
Gondwana horizons of Australia (Balme &
Henn. 1955, Pr. 5, Fics. 46, 47, 49-52). I
have emended the genus Swuicatisporites
accordingly. In the diplotype, examined
by me through the kindness of Dr. Leschik,
the distal, biconvex structure referred by
Leschik (1955) as “ Spalt ', is really made up
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of  Swlcalispories
maricdional

14 — Organization
polar view. B,
sections of tattened and unflattened specimens.

TENT-FLG.
{Leschik) emend A\,

of two arcuate folds in the bodyv-exine with-
out anv split,

Generie Diagnosts (emend.) — Pollengraims
with an oval to circular overall shape in polar
view, Centralbody faintlv discernible, outline
not defined.  Distallv, the median vertical
region of the grain showing vertical folds fre-
quently. Sacci distally inclined and most-
v infolded in a characteristic way, saccus
exine medinmly coarse, intrareticnlate.

Reconstruction - See Text-figs, 144, B.

Specimens referred Lo Sulcalisporites — Pl
19, Figs. 249-253; Pl. 20, Figs. 254-259.

Genus Tumoripollenites gen. nov.
Pl 21, lgs. 270-272

Genotvpe
nov.

Generic 12iagnosis — Haploxylonoid, bisac-
cate, bilateral grains with circular to horizon-

Tumoripollenites  baculatus sp.

Texr-rig. 15
aen. nov.

= Organization of Tumoripollewites
A, polar view. B, meridional section.

tally oval central body having prioximally

tuberculate, thick exine. Saccic finely
intrareticulate and distally inclined,
Generic Description — The sacel are

usually smaller than the central body and
laterally widelv separated. Central body cir-
cular or horizontally oval, proximally thick-
walled bearing close and uniformly spaced
bacula with rounded or truncate heads appa-
rently arranged racially with the inner be-
cula smaller and the outer bigger. Ditals
exine of the central body thin and granulose.
Sacci hnely intrareticulate, and appear to
be attached distally for most of their extent.
Reconstruction — See Text-figs. 15A, T3,
Comparison — But for its haploxylonoid
organization and large bacula Twmori polle-
nites could as well have been merged with
Platysaccus. The bladders in Twmori polle-
nites suggest a tendency towards reduction in
size as in Phyllocladidites (Cookson) Couper.

Lnori pollenites baculatus sp. nov. (PL. 22,
Fri. 270)

Holotvpe — Pl 22, Fig. 270.

Diagnosis — Central body circular, bacula
up to 6 u and 4 u broad with rounded heads.
Distally wide, circular area free from sacci.

Description — Holotype 78 p. long, central
body circular, 40 1 in diameter; grains bi-
lateral, sacci smaller than the central body
in height, central body bearing bacula-like
tubercles with rounded heads and more in
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number nearer the equator but less as well
as smaller nearer the centre. Distally sacci
slightly inclined leaving most of the body
exine free from them. Distally body-exine
granulose. Bladders finely intrareticulate.

Other specimens referred to Twmoripolle-
nites — Pl. 22, Figs. 271, 272.

Division — Polyplicates Erdtm.
Genus Gnetaceaepollenites Thiergart, 1938

PL. 5, Figs. 84-87, 92

Genolype — Gnetaceacpollenites  ellipticus
Thierg.

Generic Diagnosis — See  Potoni¢, 1958,
p- 88.

Remarks — The specimens from Raniganj
coals referable to this genus agree in all essen-
tial characters of organization with the geno-
type and other species listed by Potonié (loc.
cit.). Quite like the genotype my specimens
show two arcuate folds running along the
longest axis of the pollengrains. The only
important difference between the genotvpe
and some of my specimens is that the latter
have characteristicallv intrapunctate exine
whereas the former seem to have had only
smooth exine. Considering the disparity in
the age of my specimens of Upper Permian
age with the others exclusively from Tertiary
horizons such a morphographical difference
may be plausible among members which are
otherwisc organizationally similar. However,
considering this important difference some of
my specimens are referred here as cf. Gneta-
ceacpollenites — PL. 5, Figs. 84-87.

Gnetaceaepollenites  sinwosus  (Bahme &
Henn.) comb. nov. (PL. 5, l'1c. 92.)

Syn.— Marsupipollenites sinuosus B, & H.
1956,

Holotype — Balme & Henn., 1956b, Pl. 2
Fig. 25.
Diagnosis (emend.) — Oval to fusiform,

characterized mostly by two longitudinal,
slightly crescentic folds extending almost the
full length of the grain and converging at
their extremities. Ixine about 2 u thick,
smooth and longitudinally, sparsely striated.
Striations running full height of the grains
and occassionally branched.

Comparison — Gnetaceaepollenites  ellip-
ticus 1s from Tertiary horizon and Ephe-
dripites mediolobatus Bolkhow., is a species
described from Northern Hemisphere as well
as from Cretaceous strata.

Genus Welwitschiapites Bolchowit,, 1953
Pl, 5, Figs. 88-91

Genotype — Welwilschiapites magniolobatus
Bolchowitina.

Generic Diagnosis — See Potonié,
p. 83.

Remarks — The specimens from Raniganj
coals referred here agree in most of the orga-
nizational details with the genotype. They
differ among themselves in the ornamenta-
tion of the exine. Some (PrL. 5, I'1s. 88-90)
have intrabaculate exine and PL 5, Fig. 91
has verrucose sculpture on the exine. None
of these specimens shows any sign of reduced
or vestigial sacci or even the slight protrusion
of the excexine at the two ends as is the
case in some Welwitsehiapites Bolchowitina.

Till Wilson's (1959) discovery from Mid.
Permian of northern hemisphere (now Jan-
soxius, 1961 also) and mine from the Rani-
ganj Stage in India the genus was not known
to be represented before the Cretaceous.
The inclusion of Permian forms in IWelwit-
schiapites is warranted on  grounds of
morphographical similarity.

Specimens referable to Welwitschiapites

Pl 5, Figs. 88-91.

1958,

Divistox — Monocolpates Iver-
sen & Troel-Smith

Sup-DivisioNn — Intortes (Naum.)
Potoni¢, 1938.

Genus Virtatina Luber, 1940

Pl 5, Figs, 93, 94

Remarks — Lower Gondwana spores refer-
able to Vittatina have been described by
Balme & Hennelly (1956b) under Marsupi-
pollenites, a new genus created by them. The
genotype of Marsupipollenites, M. triradiatus
B. & L. consists of oval to subeircular grains
bearing a trilete mark, the body wall verti-
cally folded very much like in Fntylissa and
exhibiting verrucose ornamentation of the
exine with a few horizontal striations (see
B. & H. 1956b, Pv. 2, Fi16. 31) and distinct-
ly striated exine together with a trilete
mark in a forma of the same species des-
cribed as M. triradiatus forma striatus.  Vit-
tatina, as far as known to me, has never
been described to show a trilete mark as
is the case in genotype of Marsupipollenitcs,
aithough the striated cxine, its generic char-
acter, occurs also in Marsupipollenites tri-
radiatus forma striatus. Vitlatina also shows
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vertical folding of the grain very similar to
that in M. friradiatus. It is apparent that
Vittatina is very close to Marsupipollenites,
Morphographically it is possible to recognize
both these genera, Marsupipolleniles bear-
ing a trilete mark and Vittatina without a
trilete mark.

Potonié (1958, p. 90) groups Villatina in
Polvplicate~ with Gnetlaceaepollenites, Ephe-
dripites, cie., but I have preferred to group
Vittatina as well as Marsupipollenites along
with Entvlisse in Monocolpates. The folding
over of the grains in Viltatina and Marsupi-
pollenites is in the same manner as in Enfv-
lissa and thus suggestive of nearness. In
these genera the folds always run perpendi-
cular to the striations whereas in Polyplicates
the folds lie parallel to the striations.

Following species of Vittatina are referred
here —

1. Vittatina scutata
comb. nov.

Svn. — Marswpipollenites scutatus B. & H,
19560b.

Holotype — Balme & Hennelly, 1956b, PL. 2,
Fig. 39

Diagnosis (emend.) — Longitudinally 43-
52 u. (mean 46 u), transversely 34-58 u (mean
48 1), circular or oval with one or two folds
directed inwards and partly overlapping.
Exine fairly thick, up to 4 u in optical section
in the region of folds, bearing transverse stria-
tions irregularly connected by =mall, vertical
striations thereby enclosing flattened verru-
cae, 1-3 u in diameter.

Comparison — Samotlowitz  (1953)  des-
cribes irregularly eriss-cross striated as well as
regularly, horizontally striated forms in V.
vitlifer Lub., and V. striata Lub. which are
slightly bigger and are described from the
Lower Permian of northern hemisphere,

2. Vittatina fasciolata (Balme & Henn.)
comb, nov.

Syn. — Marsupipollenites fasciolatus B. &
H. 1956h.

Holoty pe —
Pl 3, Iig. 42.

Diagnosis (emend.) — Oval to subecircular
with one or two folds at right angles to the
planeofstriations. [Exine transversely striat-
ed mostly without any vertical, connecting
striations.

Comparison — 17, scutata shows regularly
criss-cross striated exine resulting into ver-
rucose appearance and is slightly bigger in
size. V. wittifer and V. striata from Northern
Hemisphere are still bigger in size.

(Balme & Henn.)

Julme & Hennelly, 19560,
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DISCUSSION

Raniganj Stage is considered to be upper-
most Permian in age in India, the Panchet
Series which overlies it being held as of Trias-
sic age.  The miospore assemblage of Rani-
ganj Stage as cvidenced here is rich and
diversificd, represented by 18 trilete genera,
3 monolete genera, 19 genera of saccate pol-
lengrains and 3 genera of nonsaccate pollen-
grains. In its richness it ecasilyv compares
with any spore assemblage of the Upper
Carboniterous age such as that of the West-
phalian where nearly similar number of spore
genera usually constitute a spore assemb-
lage. Inthequalitativediversification, Rani-
ganj miospore assemblage with its prepon-
derating disaccate pollengrains manifests
cquitably its age where, comparing with
Carboniferous times, sced plants had become
richer and more diversified. In spite of this
the Cryptograms do not appear to have
lagged very much behind at least qualita-
tively.

Although most of the trilete and monolete
genera from Raniganj Stage are the same as
those in LEuropean Upper Carboniferous
strata, thev are quantitatively meagrely
represented and the new trilete genera such
as Eupunctisporites, Microbaculispora, Micro-
foveolatispora, Indospora and Gondisporiltes
as well as the richly represented cf. Acantho-
triletes (see also BaLye & HENNELLY, 1956b)
and Cyelobaculisporites lend this assemblage a
distinctive character. The saccate pollen-
grains which reallv constitute a very large
portion of this spore assemblage are to a
significant degree qualitatively different as
compared to those recorded from contempo-
rarv strata of Northern Hemisphere thus
again lending a distinctive character to it,
Thus, generally speaking, the miospore
assemblage  from  Raniganj Stage varies
markedly from that of contemporary strata
in Iurope.

The detailed taxonomic study of the dis-
persed miospores from Raniganj Stage has
revealed a number of distinctive spore orga-
nizations.

Among the trilete spores four new organ-
izations have been discerned.

Eupunctisporites gen. nov. has thick exine
marked with roundish to irregularly shaped,
averagely spaced pits. In flattened speci-
mens the margin appears smooth in places
but it is broken where it passes through the
pits lending there an appearance very much
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like Cyclobaculisporites. As compared to
Cyclobaculisporites this genus has the same
shape and has similar disposition of the trilete
mark. These correspondences suggest that
Eupunctisporites might be closely related to
Cyclobaculisporites.

Microbaculispora gen. nov., and Micro-
foveolatispora gen. nov., are organiz,ationally
very similar to each other as well as to dean-
thotriletes in possessing the ornamentation
progressively pronounced from proximal to
distal side. These genera might be represent-
ing three parallel tendencies emanating from
one or a number of closely related groups.

Indospora gen. nov. represents a morpho-
graphical set up which was difficult to resolve
but for careful microscopic examination.
The muri though ensuing from the proximal
side are mostly distal. Organizationally it
resembles some forms of Triguitrites on one
hand and Dictvotriletes on the other.

(Gondisporites gen. nov. represents slight
modification from the organizationally simi-
lar, genera Cirratrivadites and Endosporites
from the northern hemisphere combining
some characters of one with the remaining of
the other genus.

Among saccate pollengrains a number of
new morphographic features have been dis-
covered. These relate mostly to the charac-
ters exhibited by the central body itself or
how the saccus separates from it.

In Striomonosaccites gen. nov., and Distrio-
monosaccites gen. nov., the central body
bears striations on one of the faces or on
both faces respectively. These genera are
tvpically monosaccate,

Platysaccus and Cuneatisporites lack stria-
tions though have sculptured exine on
the central body. In Striatopodocarpites
the bady-exine on proximal face is horizontul-
ly striated and intramicroreticulate struc-
tured.

In Striatites, Verticipollenites gen. nov.,
Lahirites gen. nov., and Hindipollenites gen.
nov., the central body bears horizontal
striations with some species bearing vertical
connecting striations in between, the like of
which have never been described from else-
where. In extreme cases these wvertical
striations are ill-defined closely approaching
the conditions of simple, horizontally striated
grains, Taking this fact to be on one ex-
treme and the verrucose sculpture of Platy-
saccus and Cuneatisporites on the other leads
me to venture the suggestion that possibly
the striated exine is a successor to verrucose

exine. T'hat this relationship is more prob-
able is substantiated by the specimens of
Marsupf',f)oimu'tm illustrated by Balme and
Hennelly (1956a, PL. 2, F1Gs. 29-37) where,
in the case of M. is’amdmz‘m the verrucose
sculpture (PL. 2, Fies. 29, 30, 32-35) and
verruco-baculate sculpture (Pr. 2, Figs. 31,
36, 37) are cvident. In my opmien the
specimens possessing verruco-baculate sculp-
ture and thus considered only as a forma of
M. trivadiatus, should be raised to a specific
rank as M. striatus comb. nov., M. scutatus
(BaLMe & HENNELLY, 1956a, Fics. 38-41),
now transferred to Vittalina — a genus mor-
phographically close to Marsupipollenites
(cf. p. 100), shows the baculo-striated sculp-
ture, very similar to criss-cross striated
surface of the central body in some of the
disaccate genera, and in M. fasciolatus
(BaLme & HENNELLY 1956a, PL. 3, Fics.
42-45) a simple striated sculpture is seen.
The same relationship between verrucose
and striated ornamentations is also apparent
in the specimens of Welwilschiapites referred
to in this paper (p. 99). In view of these
observations I suppose that the condensation
of verrucae resulted into densely baculate
sculpture and gradual alignment of bacula

in -+ horizontal rows apparently led to
baculo-striated ornamentation wherefrom
gradual fusion of the adjacent bacula

resulted into criss-cross striated and thence
into simple, horizontally or vertically striat-
ed exines as depicted in Text-fig. 16. Thus,
the verrucose, baculate, and the criss-cross
striated exines of the central body in saccate
pollengrains seem to have been the inter-
mediate stages respectively in the evolution
of simple striated exines. The occurrence
of striations is the characteristic feature in
pollengrains mostly of Permian age. Such
grains really started appearing timidly in the
uppermost Carboniferous and disappeared
some time in the Mesozoic. The non-sculp-
tured, non-striated, structured exine of the
modern saccate pollengrains has existed
along side the striated ones. The structure
in the proximal exines of central bodies in
saccate pollengrains seems to have deve-
loped from - non-structured exines normal-
ly found in the saccate and non-saccate pol-
lengrains of Upper Carboniferous age. The
evolution seems to have been from non-
structured to intrapunctate and intramicro-
reticulate exine,

In Striapollenstes gen. nov., another new
tendency observed is the occurrence of
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VERRUCOSE BACULATE
TExT-FIG. 16 — Probable
vertical striations, ie. running perpendi-

cular to the long axis of the grain. In
some specimens, such striations occur on
the proximal face and in the others on the
distal face. In Distriatites gen. nov. stria-
tions occur on both faces of the central
body but those of one face are usually
oriented at right angles to those of the
other.

Among the non-saccate pollengrains the
recovery of specimens referred to Guelaceae-
pollenites and Welwitschiapites is of signi-
ficance. These specimens show remarkably
close resemblance to living species, mostly
those of Ephedra and Welwitschia, in organi-
zation. If morphographic resemblance can
be deemed to reflect phylogenetic nearness,
this find extends the fossil history of the
Gnetales to Permian as is also the opinion
of Wilson (1959).

Recently, Steeves and Barghoorn (1959)
have published a comprehensive account of
the pollengrains of Ephedra. They have re-
cognized four morphological types of pollen-
grains in the genus. From Raniganj coals,
some Guetaceaepollenites (PL. 5, Fics. 84, 85)
have unmistakable resemblance to the pollen
of Ephedra distachya (STEEVES & BARGHOORN
1959, Pi. 1, Fic. 3) and specimens of Wel-
witschiapites (PL. 5, Fics. 88-90) resemble E.
trifurca. The other specimens of Guelaceae-
pollenites illustrated by me here exbibit
organizational similarity with pollengrains
of Welwitschia in general.

The close morphographical nearness be-
tween the species of Guetaceaepollenites and
Welwitschrapites from the Upper Permian
of Raniganj with the Cretacecus and sub-
sequent fossil as well as living represen-
tatives of Guetales (Ephedra, Welwilschia)
extends the fossil history of Gnetales to the
late Palaeozoic. Some years baclk, Tchi-
gouriaeva (1954) suggested that the ancestral
form of Ephedra had evolved from the
striated disaccate pollengrains of Permo-
triassic. According to him, from the Per-
mian onwards the sacci in the disaccate,
striated  pollengrains  were progressively

STRIATED

CRIS5-CROSS STRIATED

derivation ol striated exines from wverrucose exines.

reduced during Triassic until probably by
Jurassic the sacci were either vestigial or
completely absent as is the case in the pollen-
grains of living Welwitschia and Ephedra.
However, the discovery of FKphedra-like,
nonsaccate pollengrains from the same strata
where striated, disaccate pollengrains abound,
raises the doubt if the latter could be direct
ancestors of ephedralean pollen. With this
discovery, even the mode of the morpho-
graphic evolution of ephedralean pollen as
suggested by Tchigouriaeva (loe. cit.) seems
questionable. In my opinion it is preferable
to avoid a positive statement on the question
of the origin of ephedralean pollen till we
know how the saccate and the nonsaccate,
striated pollengrains are related to each
other in still older miospore assemblages,

In the taxonomic treatment of disaccate
pollengrains considerable significance has
been attached by me to the sculpture and
structure of exine in the central bodies and
the mode of attachment of sacci with their
resultant shape. The varied types in thesc
characters occur also in the pollengrains of
living coniferous genera but associated in
a way different than what is found in the
Permian types. This, in my opinion, is duc
to the fact that the modern coniferous genera
are remnants of a one time much diversified
and dominant class now on wane and thus
are supposedly either groupings of elements
from different, originally independent, evo-
lutionary tendencies in which some characters
show agreement due to paralle] evolution or
exhibit a mixing up of originally, differently
associated characters on account of their
parallel passage through considerable period
of evalution, whereas the disaccate pollen-
grains of Ranigan] coals represent the young
and well defined, vigorously evolving gymno-
spermous plant groups. It is for this reason
that I have not gone utterly by what we find
in modern conifers and instead relied more
upon the constancy of the association of
characters as evident in the Permian mio-
spores which provide overwhelming ease in
classifying them.
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Another interesting find is the remarkable
organizational similarity of the species of
Striatites and Striatopodocarpries, with some
living species of Podocarpus. The members
of Verticipollenites, Lahivites and Hindi-
pollenites also, on the basis of their overall
similarity with Striatites and Striaiopodo-
carpites, appear to be similar to the pollen-
grains of Podocarpaceae. But the species of
the fossil genera possess striations on their
central bodies which the modern, podocarpa-
ceous pollengrains Jack.

However, besides the organizational simi-
larity anotlher fact which cannot be lost sight
of is that Podocarpaceae, as its fossil history
shows, is mainly a family of Southern
Hemisphere (Frorin, 1940,1 958) including
India and, according to Florin (1940), Podo-
carpus probably originated in the south in
early Mesozoic time because he has been able
to evidence the presence of podocarpaceous
fossil remains as far back as the Triassic age
in the southern continents. So far as I
know, Triassic was no period of great floral
amplification in southern continents. On
the contrary it was a period of lull alter the
maximum floral diversification of Upper
Permian as apparent from the comparison
of the flora of Ranigan] Stage and Panchet
Series from India. Thus, it is probable
that the roots of Podocarpaceae actually
date back to Raniganj Stage or even earlier
and the Podocarpaceae-like pollengrains
found there represent the carliest Podo-
carpaceae. But no podocarpaceous remains
have so far been recognized in the megaflora
of Raniganj Stage. This, however, may be
due firstly to the fact that what we know of
the megaflora of this Stage is far from com-
plete so that out of the many, narrow, lan-
ceolate leaves found in Glossopleris-assem-
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blage some might have belonged to the carly
podocarpaceous plants, vet on the basis of
superficial examination these are being
passed off as juvenile leaves of Glossopleris
or secondly that the earliest Podocarpaceae
were quite unlike the modern ones in some
respects.  The possibility that these podo-
carpaceous-like pollengrains had no relation
with Podocarpaccae, their likeness being
superficial, should also not be excluded.
There is apparently need for a study of
(rlossopieris megaflora in considerable detail
especially now, when we know from the
mioflora that it appears to have been much
more diversified than hitherto supposed.
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EXPLANATION OF PLATES

( All figures unless otherwise stated are 500 x )

Prate 1

1-3. Letotriletes, Ph. Nos. 154, 56/30, 109/14.

4, 5. Eupunclisporites poniatiensis gen. et sp. nov.,
Ph. Nos. 94/6 (Holotype), 133/14.

6, 7. Eupunclisporiles, Ph. Nos. 131/23, 94/10.

8. Puncilatispories, Ph, No, 6{24.

9, 10. Refusotriletes diversiformes (Balme & Henn.)
comb. nov., Ph. Nos. 79/11. 149.

11-14. Cyclogranisporites, Ph. Nos. 9/11, 135/22,
83/16. 77/34.

15. Verrucosisporites, Ph. No. 151.

16, 17. Anapiculatisporites ericianus (Balme &
Henn.) comb. nov., Ph. Nos. 109/16, 76/18.

18-21. Lophotriletes, Ph. Nos. 82/37, 61/5, 150,
121/35.

22-24. Acanthotriletes, Ph. Nos. 152, 135/18, 84/6.

25-28. Cf. Acanthotviletes, Ph, Nos. 14723, 109/21,
762, 16/13.

29, 30. Cf. Lophotrileles, Ph. Nos. 135/6, 139/14.

31, 32. Cf. Acanthotriletes, Ph. Nos, 72/5, 85/19.

PratE 2

33-35. Microbaculispora gondwanensis gen. et
sp. nov., Ph. Nos, 109/7 (Holotype), 123, 6/22.

36-38, 41-42. Cyclobaculisporites, Ph. Nos. 58/21,
134/2, 4/6, 14/34, 6/17.

39, 40. Cyclobaculisporites Irisecalus
Henn.) comb. nov., Ph. Nos. 146, §5/2.

43, 44, Micvofoveolatispora psendoreticulata
(Balme & Henn.) comb. nov., I’h, Nos. 89/22, 89/25.

45-47. Microfoveolatispora  divecta (Balme &
Henn.) comb. nov., Ph. Nos. 120, 121, 109/13.

48, 49. Microfoveolatispora vaniganjensis gen. et
sp. nov., Ph. Nos. 109/8 (Holotype), 109/9.

(Balme &

Prare 3

50-53. Microfoveolatispora  trisinae  (Balme &
Henn.) comb. nov,, Ph. Nos. 109/6, 109,3, 109/4,
141/12.

54, 56, 57. I'ndospora clava gen. et sp. nov., Ph.
Nos. 109/33 (Holotype), 109/32, 109/30.

55, 58-60. [Indospora, Ph. Nos. 152/17, 81/12,
180/7, 176/33.

61. Gravisporites, Ph. No. 6/9.

62, 63. Lyvcopodiumsporites, Ph. Nos, 10/27, 163/5.

64. Reticulatisporites, Ph. No. 110/3.

65. CI. Cerratrivadites, Ph, No. 110/4.

PLaTE 4

66, 67. Gondisporites vaniganjensis gen. et sp, nov,,
Ph. Nos, 155, 128 (Holotype).

68-71. Gondisporites, Ph. Nos. 5/11, 107/4, 62/34,
62/17.

72, 73. Lalosporites colliensis (Balme & Henn.)
comb, nov., Ph, Nos. 94/1, 10.

74. Lalosporiles, Ph. No. 85/27.

Prate §

75, 76. Latosporites, Ph. Nos. 83/9, 90/3.

77-79. Punctatosporites, Ph. Nos. 69/2,
147/17.

80-83. Verrucososporiles, Ph. Nos. 13519, 92/9,
108/15, 43/13, 110/6.

84-87. Cf. Guetaceaepollenites, Ph. Nos. 151/1,
151/3, 8/9, 148/4.

88-91. Welwilschiapites, Ph. Nos,
135/29, 151/44.

92. Guetaceaepolleniles sinuosus (Balme & Henn.)
comb. nov., Ph. No. 147/22.

93. Vittatina scutata (Balme & Henn.) comb. nov.,
Ph. No. 58/25.

94. Vittalina fasciolata (Balme & Henn.) comb.
nov., Ph. No. §3/7.

95. Cf. Nushoispaorites, Ph. No. 106/28.

147/16,

106, 110/7,

PLATE 6

96-98 Cf. Nuskoisporites, Ph. Nos. 126/20, 75/20,
147/10.
99-102. Densipolleniies, Ph. Nos. 143/5, 56/9, 115,
58/8.
103, 104. Densipollenites indicus gen. et sp. nov.,
Ph. Nos. 118/13 (Holotype), 118/15.

Prare 7

105-106B. Densipollenites, Ph. Nos. 147/6, 147/9,
147/7 (proximal), 147/8 (distal).

107-109. Striomonosaccifes ovalus gen. et sp. nov,,
Ph. Nos. 132/9, 8 (Holotype), 132/5.

110-114. Striomonosacettes, Ph. Nos. 108/8, 126/3,
48/20, 106/30, 131/1.

PrLaTe 8

115, 116. Dustriomonosaccites votatus gen. et. sp.
nov., Ph. Nos. 147/3, 147/2 (Holotype).

117, 118. Distriomonosacciles, Ph. Nos. i47/4, 5.

119-121. Striatites, 'h. Nos. 131/9, 8, 106,2.

122. Hindipollenites, Ph. No. 146/31.

123, 124. Striatites, Ph. Nos. 146/32, 131/14.

Pratz: 9

125. Striatites, Ph. No. 146/28.

126,127. Verticipollenites, Ph. Nos. 106/10, 11.

128. Striatifes, Ph. No. 108/6.

129-136. Verticipollenites, Ph. Nos. 118/23, 146/33,
131/12, 73/29, 4/4, 110, 107/25, 107/24.

Prate 10

137-139. Verticipollenites, Ph. Nos. 146/25, 119/4,
11724, 13.

140. Striatiles, Ph. No. §/1.

141, 142. Hindipollenifes, Ph. Nos. 117/38, 132/12.

143-146. Verticipollenites, Ph. Nos. 131/16, 131/15,
120/20, 21.

147, 148. Striatites, Ph. Nos. 106/23, 13/11.
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Prame 1]
149-151, 154, 158, Sedaries, Ph Neso 107035,
1089, 10, Iﬂﬂl‘} 10378,
152, 'I'ﬂ i ri.-'n:li'n’ea. Ph_ MNe= 14875, 146734
155, |59, bf”ﬂ!d_rmdrr:.zrf_hs' Ph.o Mos SRAT,
10754+,

135, 139, Ireticipotienites, Pho Nos D320, 8103

Prarc 12

160, Torfreofaflendog worciny @i, el sp)
Ph, No. (#4622 [[olutypcl,

161 Hexdipalisnetes, Fh. No, 111,

1G2-165. I-'rrﬁ-:ﬂp-d.‘r.ﬁ:n, FhoNnw, T2031. 13324,
418, 721

166, 167, Neviptiter, The Noa 1200101, 1174,

IR 171, 173, Fereegbodtenites, T, Nea. 133:21,

e,

22, 5714, b33, SR

F72. Lakinifes cramipompansiy et ol sp now.
PR, No. [46/24 (Holatype).

1Tk Verticthoilewites gikbnens sp, nov., Pl Nu,

10636 | Halaly e
175, 170, VeetfenpnTomiter, T, Mos, 49:35, 13128

Praze 13

177178, Velicepodlowates, Pl Was, 6724
133132 {=ava parily retonched).

1709, Stfatiter, Ph. No. 142712

180, Vertirdpodfonites pbliogas sp. mov., Fh X,
112:107 {Hulot v pel,

L. Ladosies. L. Nu, 14514,

ER2. Hemdipofiemies, Pl Nu, 61133,

E53. Podsrites, Ph. N0, 14020 (sbced pacty e
(T e |

184 Pladeswess, Phe Mo 13017,

185, Cunestreparizey Th, No. 85744,

186, Verfreefoifendties) T'h, No. 13222,

187, Sfarfofiodviurpiey, T Ko 129733,

EMY. Laddeites, P, X 14876,

MoaTe 14+

1849102, Lunadigporstes  fuzcuz. sp, ',
Now, 146713, 14 (Hotorepes, 817100 7:07.

Y LT .r.uuuh_f-«rfu'r._ Th, Nes S92, 63038,
738, §0aT.

197, |98 Sirafopodeaerpitzs, Phy +H 30,
325,

199, Luwepisporites, %, No. 778

UL,

N,

Muate 15

20-HR, Luwalsshoritns, T,
14600, 80, Fr2 6 6134, 106,22, 12525, 26

Nes |0872. 108712,
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Fraix 16

2217, Lonatésyorides, 1, Noso 12614, 10627,
107,21, 6206, 6510, 146,12, 125/1%. HH:33, 14222,

Thare 17

1R, 219 Lipaedirpesstes, Th, Neoso 706, 10
2Mk-2IN, .l'num;tmﬂn.a-s Ph, Nus. 14615, 4034,
T4G.10, 53028, 37:0%, 370 12820, 12818, 13124,

PraTte 18

13'!1' r-'fﬂ'nl&u."
Mo, 114 [Hokivy

224, 231-24 fu:.'-'ufl.nf{: fiffes; Ph. Mo 2305, 32017,
I28:35, 8324, LIS,

235,-237,  Neviatofedecaipioies, Pl Noso 5921,
B, 611011,

rrr\ i gL L AP nov., Bl

PraTe 19

23924246, Kosnudenporites, The Nes 112111
Gl 62 'l’-l 111.

238, 242 243, Saniadepoedocaviiics, Th, Noa. 120 2.
120029, G4

243, 344, H7-28. of. Steiafopoducarpiits, Th
Now: 1079, 11819, 1061%, 552.

24U-251 . Salcmiceporitas etk [ TIme & Fleon)
comils. mov., Ph Nes 118, 100412, H711,

252, 253. Sufveiispesiles, Ph Nad. 1256, 1254,

Prare 200

254-259, Suleatiipavites, P Nos 19, Ri35, 11,27,
92713. Jﬂliﬂ‘ TTA0,

Zﬁll, 20650, Fr,r;m;‘mm Th. Xrs 9247, 6110,
”E}Zﬁi. Cumeohiponides, Th, Nas 6304 7419,

Prave-20

ié; 260, Fesicaspara, Ph, Nos §3/22, 3024, GLJS,

T1E, B4
2. Twamcsipedlenites bavwdatus sp, nov., Pl Sa.

1S (Hnlotvrpel.
171, 272, Tumarpallpwiics, Pl Neh, 1R, 106126,

373 275, Sfeiapadienies sudcaloy gan, ot kp. mne,
Bl Now. 129721 (Holotupel, 13413, 129,2.
PraTi 22
Nos, 13243, 6434,

TN,

276-280. Niprapelpnliis,  Th,
10531, 126429, 1288,

8] 285, Frsteialiles Iaiptepis gen. ol ap. nov.,
Now 163 5 Halebepel, 14676, 7, 78/33.

286, Lhatrintites, 1. No. l-'lﬂfﬁ.
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