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ABSTRACT

Three ncw spe-;ies of Scutum, one species of
Cistclla and a new genus of one winged seed,
Ind'Jcarpus, are d'Jscribed in this paper. Scutum
saltnii has been found attached to a leaf with
venation of Gloss Jpt(;ris longicaulis type. Scutt"n
is interpreted as a gymnospermous female re
productive organ of some Glossopt(;ris species
consisting of a bilaterally symm~trical receptacle
bearing a large number of naked ovules, and covered
on one side by a protective scale-leaf with GIJssop
tcris type of venation. Both the scale-leaf and
the ovule b~aring receptacle arc carried on a com
mon pedicel which, in its turn, is attached to
the petiole of a GIJssopt(;ris leaf. DictyoptcYidium
is alw shown to be a fructifi~ation similar in
organization to Scutum, possessing a cylindri~al
ovule bearing head and a scale leaf covering one
side of the fructification. It is also suggested
that some Cistclla type of fructifications might
be the seedless receptacles of Scutum.

INTRODUCTION

IN1952 Plumstead described reproductiveorgans of six species of Glossopteris
and created two genera, viz. Scutum and

Lanceolatus, for their reception. Scutum is
described as a pedicellate bilaterally sym
metrical cupule which grows from the midrib
of a leaf of Glossopteris. The cupule may
be round, oval, lanceolate or ovate with a
raised central head and a flat surrounding
wing which is often fluted or striated. The
fertile half of the cupule is described as
containing a number of small oval sacs,
embedded in the central head. Later Plum
stead (1956) interpreted the cupule as a
bisexual flower, the fertile half containing
the seeds, and the protective half bearing
bract-like staminate organs which carried
pollen. The other genus Lanceolatus has
been found only on the leaves of Glossopteris
reti/era and, like Scutum, the fertile head
consists of a number of small oval sacs.
I t has neither a wing nor a pedicel and
the cushioned surface on which the sacs
grow is the leaf surface itself. The cupule
in Lanceolatus is described as fused with
the leaf.

Plumstead (1958a) described Ottokaria,
which was earlier reported by Zeiller (1902),
and placed Scutum, Lanceolatus and Ottokaria

under a new class Glossopteridae. In 1958b
she described three new fructifications under
the Glossopteridae, Hirsutum, Cistella and
Pluma. Scutum dutoitides was placed under
a new genus Hirsutum because its pollen
organs were like thin filaments, instead of
bract-like flat projections as in Scutum and
also the wing being much narrower in the
former. Cistella is described as an unwinged
fructification with certain features common
to both Scutum and Lanceolatus. In Cistella

the cupule is like a heart-shaped casket and
is wingless. It consists of two halves, the
female half with well developed oval sacs
and the protective half concave and made
up of harder tissue. Pluma is a fructifica
tion which grows from the petiole with a
characteristic curved droop and a pendulous
fringe, which is reminiscent of ostrich
feather.

Scutum has 9 species, Hirsutum 2, Lanceo
latus 3, Ottokaria 3, Cistella 2 and Pluma 2
(Plumstead, 1958).

Out of these six types of fructifications,
five have been recorded from India. Sen
(1955) recorded an ovulate organ from
Mohuda coal seam, which Plumstead later
(1958b) included under Lanceolatus com
munis. There is also another record of
poorly preserved Lanceolatus from the lower
Barakars of Pachwara coalfield, Bihar
(Chatterjee & Sen, 1963). Two impressions
(Varma, 1963) from Chintalpudi sandstones
were assigned to Scutum leslium and Hir
sutum dutoitides (Scutum dutoitides), but the
preservation is too poor even for correct
generic identification. Mukherjee et al.
(1966) described a fructification closely
resembling Scutum leslium attached to the
leaf of G. browniana. Maceration of the
central head yielded unwinged, bilateral,
monolete spores and seed-like bodies. They
also reported Scutum dutoitides attached to
a leaf of G. indica. Surange & Maheshwari
(1970) described Scutum and Cistella from
Orissa. Maheshwari (1965) described a new
species, Cistella indica, from the Raniganj
coalfield. Ottol~aria bengalensis was insti
tuted earlier by Zeiller (1902) from the
Karharbari beds, which, according to
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Mukherjee et al. (1966) is attached to the
leaf of Glossopteris indica.

The specimens described here were col
lected from a thick bed of hard, compact,
clayey shale, exposed at Hinjrida Ghati in
Dhenkanal district of Orissa.

DESCRIPTION

1. Indocarpus gen. novo

Surange & Maheshwari (1970) reported
several " ovule bearing scales", which they
assigned to Scutum type of fructification.
In our collection also a large number of
such seeds are present and for which a new
generic name, Indocarpus, is proposed here.

; '~'>"'. ',' " .~.
." "~.

Generic diagnosis - One winged seed;
stalk short, not always visible; nucellus
round at chalazal end, pointed or bifid
at the micropylar end; wing one, large, fiat,
extended on one side well beyond nucellar
end.

Type species - Indocarpus elongatus sp.
novo

H olotype- 35090.
Horizon - Raniganj Stage.
Locality - Handappa, Orissa, India.
PI. 2 and 4, Figs. 5, 14; Text-figs. 1, 2

illustrate the seeds described under this
genus. They are present in large numbers
in our collection. The seed has one, ex
panded, fiat wing, projected on one side

TEXT-FIG. 1 - Indocarptts elongatus gen. novo et sp. novo A group of one winged seeds lying
round of squashed axis. X 4.
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TEXT-FIG. 2 - One winged seed of Indocarpus
el-mgalus. Note tile short stalk and biftd micro
pylar end of the nucellus. X 7.

far beyond the micropylar end. The seed
including the wing measures 8-10 mm. in
length and 3-4 mm. in breadth (Text-fig. 2).
Towards the chalazal end, a few seeds show
a short stalk but in majority of them
no stalk is seen and the chalazal end looks
rounded. The nucellus measures 4 X 2 mm.
and occasionally a seed shows pointed or
bifid micropylar end (Text-fig. 2). The wing
can be regarded as an expansion of the
integument of the seed. It is narrow on
the sides, which almost closely encloses the
nucellus and then expands and extends far
beyond the nucellar end for about 3-4 mm.
or more. Free part of the wing is flat and
measures 4-6 mm. in length from the micro
pylar end and 3-5 mm. in breadth. PI. 4,
Fig. 14 shows a seed which has thick walled
nucellus and a long wing with longitudinal
markings. The asymmetrical expansion of
wing on one side makes the seed look like
an ovule-bearing ovuliferous scale. Earlier
Surange & Maheshwari (1970) interpreted
the wing as a scale and the inner ovate
body as an ovule or seed. The one-winged
seed, therefore, was described by them as a
ovule-bearing scale. They further assigned
these seeds to Scutum, suggesting that the
wing-like marginal expansion seen in Scutum
must have been caused by overlapping
of the free half of the "scales" (wing).
The seed is, however, too large to suggest
any relation with the comparatively smaller

specimens of Scutum present in the collec
tions from this localitv. But some South
African specimens of Scutum seem to possess
long and large seeds, giving a broad winged
appearance to fructifications. Such large
specimens of Scutum might have possessed
this type of seed, but at present there is
no such evidence.

However, there is also a strong possibility
that these seeds were borne on a stalked,
pad-like di::.c type of organ. Text-fig. 1;
PI. 2, Fig. 4 show a group of seeds lying
close together, as if they have been crushed
o.ut of a fructification. There is an impres
SIOnof a sqnashed object of irregular shape,
lying in the centre of the crowded seeds.
One or two seeds appear to have been
attached to it, but the attachment is not
clearly seen (Text-fig. 1).

The type of seed described here is not
comparable to any of the known seeds of
the Glossopteris flora and so it is placed
under a new name, Indocarpus elongatus gen.
et sp. novo

2. Scutum sahnii sp. novo

Diagnosis- Fructification attached to leaf
showing venation of Glossopteris longicaulis
type; fructification almost round, consisting
of seed bearing head or receptacle and a
veined scale leaf borne on common pedicel;
scale leaf with distinct midrib, dissolves
ha~f\Vayupwards int~ bifurcating, secondary
vems; secondary vems form meshes; seed
bearing head or receptacle convex, lense
shaped, bear ovules or seeds; wing-like rim
all round except at the base.

Holotype - 35093.
Horizon - Raniganj Stage.
Locality - Handappa, Orissa, India.
The fructification is attached to a leaf of

Glossopteris (PI. 1, Fig. 1; Text-fig. 3).
The leaf is incomplete, but the venation
indicates that it belongs to Glossopteris
lungicaulis type (Text-fig. 3). The leaf has
a long petiole measuring 3 em. in length
and 3 mm. in breadth. The petiole con
tinues into the lamina as a prominent
midrib, which in the basal region is as
broad as the petiole. The secondary veins
are prominent and form broad meshes,
lying almost at right angles to the midrib.
Each secondary vein arises at an acute angle
and bifurcates immediately close to midrib,
at the same time curving outwards almost
at right angles to it. Each bifurcation
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TEXT-FIG. 3 - Holotype of Scutum sahnii attached with a long pedicel to a leaf with Glassapteris

conspicita type of venation. On the right is shown the seed bearing receptacle and on the leaf is its
attached counterpart, the veined scale leaf. X 3.

again forks, one of the fork eithor joins the
adjoining vein or gives out a small cross
connection which meets the adjoining vein,
thus enclosing a mesh. Each secondary
vein forks three or four times during its
course up to the margin. The meshes near
the midrib are large and broad, becoming
slightly narrower towards the margin. Near
the base the meshes are smaller than those
in the middle region of the leaf. Each mesh
is diamond-shaped, hexagonal or pointed at
both ends, and is much longer than broad.
The meshes are straight and not arched.

The fructification is attached to the petiole
by a long stalk, 1·3 cm. in length and 2 mm.

in breadth (PI. 1, Figs. 1, 2). The stalk is
partly preserved and it is seen lying along
the side of the petiole and ultimately joining
with it (Text-fig. 3).

The fructification appears to be a bi
laterally symmetrical organ, almost round to
oval in shape and measures 2 X l·g cm.
(Text-fig. 3). The type specimen (PI. 2,
Fig. 2) and its counterpart (PI. 1, Fig. 1)
have left quite different impressions on the
rock. The counterpart (PI. 1, Fig. 1) is a
round to oval organ with a short stalk,
concave in the middle or saucer-shaped,
with 2 mm. wide wing-like rim all round,
except at the base, where it is broken by
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the stalk. Plumstead has described one half
of Scutum as veined. This organ is also
distinctly veined, with a thick midrib,
almost as wide as the stalk and, about
halfway upwards, dissolving into dichoto
mizing secondary veins. The midrib also
gives out lateral secondary veins, which
further bifurcate and anastomose, forming
meshes. This type of venation pattern is
similar to that of Glossopteris leaves or the
scale leaves, which are usually associat
ed with reproductive organs described by
Surange & Chandra (1973). In our opinion,
therefore, the so-called "veined half" of
Scutum should be regarded as foliar in
nature, equivalent to a scale-leaf, a spathe
or a protective foliar organ.

The other half, the so-called" fertile half",
is a stalked central head or a receptacle,

oval to round and convex, and with a
wing-like rim as broad as seen in the counter
part (PI. 2, Fig. 2). The central head shows
some oval impressions of what must have
been the seeds, and at some places irregular
cavities from which the seeds had been
torn off. That the central head can be
regarded as a receptacle or a swollen,
seed-bearing head is clear from comparison
with other species of Scutum (see PI. 3,
Figs. 6, 7, 8 & 9). The morphology of
Scutum is discussed in the latter part of
this paper.

PI. 4, Fig. 10 and Text-fig. 4 shows
another detached fructification which is
round and incomplete, preserved upside
down with the scale leaf or the spathe-like
foliar covering lying underneath the seed
bearing receptacle. A part of the scale leaf

TEXT-FIG. 4 - A seed bearing receptacle of Scutum sahnii. A part of the scale leaf lying bC'iow
the receptacle is seen on the right. X S.
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is seen coming out from below on the
right side, somewhat displaced and crushed,
forming a sort of wing-like rim (although in
complete) round the seed bearing receptacle.

Comparison- Plumstead (1958b) described
Pluma type of fructification on Glossopteris
longicaulis leaf. Our specimen does not
compare with Pluma or any of the species
described under Scutum so far. Scutum
leslium is also a round fructification, but
it has very wide "wing" as compared to
the" head". Scutum sahnii has a narrow
rim. Scutum thomasii has a 3 mm. wide
" wing", but the specimen is egg shaped.
Scutum draperium, which is borne on Glossop
teris conspicua (Plumstead, 1958b), is also
different from Scubtm sahnii in possessing
large oval head with narrow fluted wing.
Most of the South African species appear to
possess wider "wings" than the Indian
specimens described here. Our specimen is
also distinct from Scutum leslium and Scutum
dutoitides described by Mukherjee et al.
(1966) from India and Sczttum elongatum and
Scutum indicum described in this paper.

3. Scutum elongatum sp. novo

Diagnosis - Female reproductive organ;
scale-leaf or spathe-like covering veined;
seed or ovule bearing receptacle oval-elon
gate, almost twice as long as broad; marginal
seeds large, crowded, arranged in a row,
forming a definite rim; seed cushions or
seeds on central part of receptacle large,
almost round, with small round marking
in the centre.

Holotype - 35095.
Horizon - Raniganj Stage.
Locality - Handappa, Orissa, India.
PI. 4, Fig. 11 illustrates the type specimen

which is a cast. Its counterpart shows a
poorly and incompletely preserved scale-leaf
or a spathe-like covering, with an indication
of a midrib on it. Secondary venation is
not clearly pre"erved. There is, however,
no doubt that the counterpart is a veined
organ and it is not a negative impression
of the seed bearing head.

The fructification is elongately oval, mea
suring 2 cm. in length and 1·2 cm. in
breadth with a short stalk, about 2 mm.
in breadth. It is broadest in the middle,
tapering more rapidly towards the apex
than towards the base. The apex and base
are rounded; the apex may be somewhat
narrower than the base. The marginal

ovules or seeds are arranged in a row,
overlapping one another and forming a
definite "wing-like" rim all round, except
at the base, where the receptacle is attached
to the stalk. The position of each ovule or
seed is marked from the other on the rim
by cross markings. The wing-like rim is
2 mm. in breadth which is almost the size
of the seed. The marginal seed must have
been laterally compressed during preserva
tion and so they are seen here lying in a
row, forming a wing-like rim.

Text-fig. 5 shows an incomplete, obliquely
preserved specimen, with laterally com
pressed seeds on the margin, attached to
round cushions on the receptacle. The seeds
in the middle region were pressed vertically
downwards and so are seen preserved as
circular mounds, about 2 mm. in diameter,
and showing a central circular scar of the
micropylar end in the centre. The seed is
large and measures about 2·5-3 X 1 mm.

PI. 3, Fig. 9 illustrates another specimen
placed under this species. The fructification
is 2 cm. long and 1 cm. broad.

Comparison - Scutum elongatum differs
from S. sahnii and S. indicum in shape and
size. The seeds of S. elongatum are larger
than those of S. sahnii and shorter than
those of S. indica. Its scale leaf also has a
different type of venation. All the three
fructifications look quite distinct from one
another. S. elongatum does not also resemble
with any of the South African species of
Scutum described by Plumstead. The orga
nization of Scutum being the same, the
specific differences will naturally be found
in shape and size of the seed bearing
receptacle and the details of seed structure.
In impressions or casts, the details of seed
structure being not available, the specific
distinctions would necessarily be based on
the size, shape and other details of the
receptacle and the impressions of seeds.

4. Scutttm indicum sp. novo

Diagnosis- Fructification broad, flat, apex
as wide as base, slightly more long than
broad; seeds large, elongated.

Holotype - 35097.
Horizon - Raniganj Stage.
Locality - Handappa, Orissa, India.
PI. 3, Figs. 6, 7, 8 and Text-figs. 6, 7

show casts of fructifications described under
this specific name. In shape and size they
are different from those described above
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TEXT-FIG. 5 - An obliqucly compressed specimen of Scutum clungatum. :Marginal seeds are laterally
compressed and arc seen attached to round cushions. Cushions on the right side arc round with a
circular mark in the middlc.

under S. sahnii and S. elongatmn. The
stalked fructification in PI. 3, Fig. 8 is
2·3 em. long and 1·5 em. broad. The stalk
measures 4 mm. in length. The lateral
sides of the fructification are almost parallel
to each other, converging into a broad apex
and so the fructification looks broad and
flat. The marginal seeds are very large,
and laterally compressed, and are seen
arranged in a row round the margin, thereby
forming a broad wing-like rim. The counter
parts of all specimens described under this
species were lost while breaking the shales.
The seeds are large and measure 3-2·5
mm.xl·S mm.

The specimen illustrated in PI. 3, Fig. 7;
Text-fig. 6 is a well preserved cast of a

seed bearing receptacle in which large,
marginal, laterally compressed seeds are
clearly seen attached to round seed cushions
on the receptacle. The specimen is in
complete and measures 1·5 em. in length
and 1·5 em. in breadth; the central portion
in between the marginal seeds is narrow
and about 7 mm. broad. Towards the apex
in the middle are seen scars of circular
seed cushions, about 1 mm. in diameter.
Seeds in this region were perhaps knocked
off during preservation, or they were shed
in usual course. In the basal region,
some seeds are seen obliquely compressed.
Marginal seeds were compressed laterally
and so were flattened lengthwise. Some of
them are seen still attached to the seed
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TEXT-FIG. 6 - Holotype of Scutum illdicum sp. novo Note the later ..dly compressed marginal
seeds still attached to the cushions. X 8.

cushions (Text-fig. 6). The seed measures
4 X 2 mm. in size.

In PI. 3, Fig. 6 and Text-fig. 7 is shown
another specimen of seed bearing receptacle
with large, marginal seeds and narrow
central region with round scars of seed
cushions. This specimen was somewhat
obliquely compressed so that the marginal
seeds were pushed on to the central part
of the receptacle and the scale-leaf lying
below it appeared as a rim outside the
ovules on the left side. Some marginal
seeds on the right are half removed,
revealing underneath the impression of a
scale-leaf or a spathe-like foliar covedng.

The wing-like rim seen on the left upper side
is also a part of the same scale-leaf. The
fructification in this case is preserved with
the seed bearing head lying above the
scale leaf.

COinparison - Scutum indicum is distinct
from S. sahnii and S. elongalum in possessing
very large seeds and in shape and size of the
receptacle. It is also distinct from other spe
cies of Scutum described from South Africa.

5. Cistella ovala

Diagnosis - Fructification stalked, un
winged, oval; ovate head of receptaele with
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TEXT-FIG. 7 - A se<'d bearing receptacle of Scutum indicum. X 8.

round seed scars, spirally arranged; seed
cushion round with circular, raised impres
sion in centre.

Holotype - 35100.
Horizon - Raniganj Stage.
Locality - Handappa, Orissa, India.
PI. 4, Fig. 13 shows a small fructification

measuring 1·4 em. in length and 7 mm. in
breadth. It does not possess a wing-like
rim all round as in Scutum and, therefore,

this specimen IS placed under the genus
Cistella. The fructification has a small
stalk, about 2 mm. long and 1 mm. broad.
The ovate seed bearing receptacle is dotted
with large, spirally arranged, round scars
on which the seeds must have been attached.
Each scar is distinct, and although those
on the Iffiargin appear to be arranged in a
row one below the other, they do not form
a wing-like rim round the fructification.
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Each scar measures about 1 mm. in dia
meter and shows in its centre a round
raised impression which must be that of a
seed stalk. The counterpart of the specimen
shows faint impressions of the seed scars
and looks like a negative impression of the
specimen. It is not a scale leaf or a veined
foliar spathe-like organ, which is absent
here.

PI. 4, Fig. 12 shows another specimen of
Cistella. It has a long stalk, 1 em. long
and 4 mm. broad. The seed bearing head
or receptacle is elongated, almost cylind
rical with bluntly rounded apex and
measures 2 em. in length and 7 mm. in
breadth.

Text-fig. 8 shows an incomplete, oval re
ceptacle of Cistella studded with large round

TEXT-FIG. 8 - Receptacle of Cistella ovata studded with round seed cushions. Each seed cushion with
central circular marking. X 8.

- ...•

TEXT-FIG. 9 - A reconstruction of Scutum attached to a GlossfJpteris by a long pedicel. The scale
leaf is partially covering the naked ovule bearing head.
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seed scars. Each round scar shows a small,
prominent circular marking in the centre.

" Unwinged" Cistella, at least some of
them, appear to be Scut$tm minus the
seeds. Cistella perhaps represents a Scutum
receptacle, covered only with scars of seed
cushions, after all the seeds were shed off.
Seeds and the scale leaf in Scutmn were
dropped, leaving behind only seedless recep
tacle studded with seed scars. Such an
organ would leave negative impression on
the counterpart (not that of a scale leaf)
and that is what we found in specimens of
Cistella in our collection.

MORPHOLOGY OF SCUTUM,
CISTELL.4. AND DICTYOPTERIDIUM

Scutum

Scutum, according to Plumstead (1952,
1956, 1958b), is a bilaterally symmetrical,
two sided cupule, borne on its own
pedicel which is attached to the midrib
or the top of the petiole of a Glossopteris
leaf. The cupule may be round, oval or
lanceolate. The whole cupule splits into
two halves. Each half consists of a central
part or head and has fan-shaped venation
and a surrounding wing which is fluted,
striated or dentate. The adaxial half, called
the fertile half, bears on the inside a
number of small oval sacs embedded in the
tissue of the central head, whilst in the vast
majority of cases the opposite abaxial half
is empty and apparently only protective.
In some specimens, however, the abaxial
half, instead of being empty, bore varying
number of long, broad bracts or micro
sporophylls, extending well beyond the wing.
Clusters of pollen grains were found on
these bracts. Scutum (and also Lanceolattts)
is thus considered by Plumstead as a
bisexual organ having so many angiospermic
characteristics as to make these members
of the Glossopteris flora the Permian fore
runners of the Angiosperms.

From our observations on Indian material
of Scutum (some of which is preserved as
casts) we find that Scutum is undoubtedly
a bilaterally symmetrical, two sided organ
which, when split up, shows two quite
different surface features on its two halves.
One half shows a veined surface, the
venation is Glossopteris type, while the other
half shows a seed bearing head, surrounded
by a wing-like rim of varying breadth,

depending upon the species of Scutum.
Thus Scutum appears to be composed of
two separate entities (organs) which are
closely fitted on each other. Where the
two organs join would thus become a weak
zone and when the rock containing Scutum
is split, it breaks along this weak zone,
separating the two organs, one veined foliar
organ and the other seed bearing head.
This is how Scutum is generally found
in the rocks. When broken into two halves,
the two halves are not the negative and
positive impressions (as it should be if
two halves are parts of one organ) but two
impressions with separate surface features.
Scutum, therefore, appears to consist of
two separate organs and not one.

H is difficult to regard the veined half of
Scutum as part of one organ, the c1tpule,
as is done by Plumstead (1952). In our
opinion, it would be much better to regard
the veined half of Scutum for what it really
is, a spathe-like foliar organ or an
equivalent of a scale leaf, possessing normal
type of venation. The Glossopterid fructi
fications described earlier by us (Surange &
Chandra, 1973) have always been found as
sociated with scale leaves with distinct types
of venation and such innumerable detached
scale leaves are present in our collection.
Text-fig. 3 and PI. 1, Fig. 1 show the
veined half of Scutum sahnii with a distinct
midrib which dissolves into secondary veins
halfway upwards. It also gives out laterally
anastomosing secondary veins. If this organ
is found detached, there would be no
hesitation in calling it a scale leaf. We are,
therefore, inclined to regard the veined half
of Scutum as equivalent to a scale-leaf.
The scale-leaf in Sctdum performs perhaps a
protective function, as a spathe-like covering
to immature, naked ovules borne on a
receptacle. In other words, the ovule bear
ing receptacle is borne in the axil of the
scale-leaf and the scale leaf appears to be
closely fitted to the ovule bearing head.
Both the scale-leaf and the ovule bearing
head are carried on a common pedicel, and
these two are situated so close to each
other that, during preservation, the scale
leaf would fall over the fructification, almost
entirely covering it (Text-fig. 9). We can
well imagine that at the time of fertilization
the scale leaf either fell off or opened
sufficiently wide to allow wind borne winged
pollen grains to land on the mature ovules,
attached all round the naked receptacle.



T
E

X
T

-F
IG

10
-

A
re

co
ns

tr
uc

tio
n

of
Sc

ut
um

.
T

he
ve

in
ed

sc
al

e
le

af
is

sh
ow

n
co

m
pl

et
el

y
op

en
ed

up
.

M
ar

gi
na

l
se

ed
s

on
th

e
re

ce
pt

ac
le

ar
e

sh
ow

n
ar

ra
ng

ed
in

a
ro

w
(s

ee
T

ex
t-

fi
g.

11
)

an
d

th
ey

ha
ve

le
ft

a
w

in
g-

lik
e

im
pr

es
si

on
on

th
e

m
ar

gi
n

of
th

e
ve

in
ed

sc
al

e
le

af
.



14 THE PALAEOBOTANISi'

Text-fig. 9 shows a reconstruction of Scutum
with the scale leaf covering partly the seed
bearing head.

The other half of Scutum (the fertile half)
is the ovule studded central head or a
receptacle which is always found preserved
flat. There is, therefore, no doubt that
it is a bilateral organ, convex in the middle
and thin at the margin. In cross section
the receptacle would appear lense-shaped.
Text-fig. 11 shows a diagrammatic cross
section through an ovule bearing receptacle.
The receptacle is shown as convex in the
middle and thin at the margin, somewhat
like two watch glasses joined together.
Its surface is studded with small, hemi
spherical bulges on which the ovules are
attached. During preservation such a lense
shaped organ would always lie flat on the
ground and Scutum is generally found com
pressed on the rock in this condition.
During fossilization the ovules on the middle
convex region of the receptacle would get
compressed vertically downwards into a
round to oval swellings, whereas those on
the margin would get compressed laterally
or lengthwise (see arrows in Text-fig. 11).
Thus, laterally pressed marginal ovules
would become elongated, overlap and come
to lie in a row, leaving a rim or a wing-like
impressions on the margin of the fructi
fication. This would explain the "wing
like" rim of Scutum, which is nothing
but the laterally compressed marginal seeds
(Text-fig. 11). The width of the "wing"

1

or rim in Scutum species would depend
upon the size and structure of the seeds.
The larger the seed, broader would be the
" wing" or rim. The laterally compressed
seeds on the margin of the receptacle would
also leave their imprint on the veined
scale leaf which was lying over it during
preservation. Text-fig. 10 shows a recon
struction of Scutum in surface view. The
marginal ovules, because of the lense-shaped
receptacle (thick in the middle, thin at the
margin), would tend to lie in one row, thus
forming a wing-like rim. The scale-leaf in
Text-fig. 10 is shown completely open with
venation and the impression of a rim as wide
as the ovules on the receptacle.

If a specimen of Scutum splits from the
scale leaf side, the veined scale leaf appears
as a concave impression and the counterpart
as a convex ovule-bearing head. If Scutum
splits from the ovule bearing side, the two
parts show the positive and negative im
pressions of the ovule bearing head. The
ovules, therefore, must have been borne on
all sides of the receptacle. Scutum cannot
be regarded as a cupule with ovules borne
on one side and enclosed on the other by a
veined protective covering. Thus the ovule
bearing receptacle of Scutum can be com
pared with the ovule bearing receptacle of
Rajmahalia paradoxa (Bose, 1966) or that
of the ovule bearing cone axis of the
Pentoxyleae, Carnoconites.

The scale leaf and the ovule bearing head
are situated very close to each other and

TEXT-FIG. 11- A diagrammatic cross section through the receptacle of Scutum. It is lense
shaped with ovules attached on cusl:ions all round it.. The marginal seeds during fossilization would
be compressed lengthwise and those 11l the mIddle vertIcally downwards as shown by alTOws.
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both these are very near the surface of the
vegetative leaf in the axil of which they are
borne (Text-figs. 9, 10). The ovule bearing
head must have received protection from the
scale leaf on one side and the vegetative
leaf on the other. The protective function,
therefore, appears to have been shared by
both these foliar organs (vegetative leaf
and scale leaf) when Scutum fructification
was in young stage and when the protection
was required most. It is also likely that
the scale-leaf or the spathe-like foliar cover
ing might completely surround the seed
bearing head in the young developing stage.
As the ovule bearing head grew bigger in
size, the scale-leaf opened up and provided
a partial cover on one side. When the
fructification matured, the scale-leaf perhpas
fell off, exposing the ovules for fertilization.
Scuttfm, therefore, can be regarded as a
reproductive organ of Glossopteris which
is both functionally and structurally gymno
spermous.

We have not found any evidence of male
organs on the" veined half" (scale leaf) of
Scutum in our material. From Plumstead's
photographs, which are excellent (Plumstead,
1956, PI. 9, Figs. 3 & 4) it appears that
the so called " male bracts" are merely the
impressions of displaced, distorted and long
marginal seeds on the receptacle, which got
imprinted on the veined counterpart (see
Plumstead, 1956, Pl. 9, Figs. 3 & 4). The
evidence of pollen from maceration of scrap
pings of the surfaces of so-called male bracts
is untenable. Any scrappings from a shale
piece, at least from Indian Lower Gondwanas,
is likely to yield quite a number of spores
and pollen.

In our opinion, therefore, Scutum should
be regarded as a gymnospermous, female
reproductive organ (and not a bisexual
organ) of Glossopteris, consisting of a bi
laterally symmetricallense-shaped receptacle
bearing a large number of naked ovules
(without ovuliferous scales or megasporo
phylls) all round it. This ovule bearing
receptacle is borne in the axil of a scale
leaf, which, being protective in function, is
closely appressed to it in immature stage.
Both the ovule bearing receptacle and the
scale leaf are carried on a common pedicel
which, in its turn, is attached to the petiole
of a vegetative leaf. In other words, this
scale leaf-ovule bearing receptacle complex is
itself borne in the axil of a vegetative
leaf of Glossopteris. In mature stage, the

scale leaf opened out or fell off, exposing
the ovule'S for fertilization by wind borne
winged pollen grains.

Cistella

Cistella is also a female reproductive
organ of some Glossopteris species, possess
ing the same type of organization as
that of Scutum. In Cistella, however,
the receptacle appears to be more convex
and, in cross section, it would appear oval.
Small ovules are arranged all round the
receptacle in close spirals, so that the seeds
look as if arranged in longitudinal rows in
surface view. When such a fructification is
compressed or pressed fiat, during fossiliza
tion, there would be no wing-like rim.
Where the seeds are not preserved, the
unwinged Cistella could well be the impres
sion of a seedless receptacle of Scutum.
Seedless Scutum receptacle would only show
round seed scars on its surface as are seen
in many specimens of unwinged Cistella in
our collection.

Dictyopteridium

PI. 2, Fig. 3 shows the veined counter
part of a specimen which can be assigned
to Dictyopteridium sporiferum. The recep
tacle with seed scars (which is not figured
here) measures about l·g em. in length
and 4 mm. in breadth at the broadest
part and shows typical round to oval
markings of Dictyopteridium type on its
surface. The main interest of this specimen
lies in its counterpart (PI. 2, Fig. 3) which
shows unmistakable venation, together with
faint round impressions of seed scars. The
venation, although not very clearly im
printed on the counterpart, shows a midrib
giving out bifurcating secondary veins,
which dichotomize once or twice. It means
that, as in Scutum, this organ is also
scale-leaf or an equivalent foliar organ
covering one side of Dictyopteridium fructi
fication. Dictyopteridium sporiferum, there
fore, possesses an ovule bearing receptacle
borne in the axil of a scale leaf and
displays the same type of organization as
that of Scutum.

It furthermore confirms Maheshwari's
(1965) observation on Dictyopteridium spori

ferum when he saw the scars on one
surface only while the other surface showed
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net venation. The net venation he observed
must have been that of the scale leaf
present on the other side of the fructi
fication. He made a transfer preparation
of his compressed specimen which removed
the seed bearing receptacle revealing the
veined scale leaf lying below it. Our
previously described specimens of Dictyop
teridium sporiferum (Surange & Chandra,
1973) were either preserved from the other
side (not covered by the scale leaf) or the
scale leaf had fallen off. A thick ridge
round the specimens did suggest to us the
possibility of a spathe-like covering over the
reproductive organ but because of insufficient
evidence, it was not mentioned.

Dictyopteridium, therefore, can now be
interpreted as a female reproductive organ
consisting of a cylindrical receptacle or axis,
bearing, small, oval, ovules or seeds on
round cushions in close spirals. The whole
ovule bearing receptacle is naked in the
sense that there are no ovuliferous scales or
megasporophylls. The ovule bearing recep
tacle is borne in the axil of a scale leaf,
which, being protective, closely fits on one
side of the fructification.

This brings us to another genus 1so
dictyopteridium instituted by Rigby (1972)
for a specimen of Dictyopteridium sporiferum

described earlier by Walkom (1922) from
Australia. According to Rigby the specimen
bears tubercles (seed scars) on both surfaces.
So does Dictyopteridium sporiferum which,
as explained above, consists of a cylindrical
receptacle bearing ovules or seed all round it
in close spirals. Rigby's specimen might
have been a mature one, in which case the
scale leaf would have already been shed off,
so that he could not find any impression
of veined structure on the other side as
Maheshwari did in his less mature specimen.
His emphasis on the presence of a distinct
marginal wing in the Australian specimen
is untenable, which appears to be only an
act of preservation. From his photograph
(Rigby, 1972, Text-fig. F2) it does not look
like a structural feature. Even if a so-called
marginal wing is present in his specimen,
this look can be given to Dictyopteridium
sporiferum by seeds which are arranged
along the margin in a single row as des
cribed by us (Surange & Chandra, 1973).
A little lateral compression of marginal
seeds can enhance a wing-like impression in
Dictyopteridium. There is no justification
in creating a new genus for such specimens
and 1sodictyopteridium Rigby, therefore,
.should be merged with the earlier known
genus Dictyopteridium.
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EXPLANATION OF PLATES

PLATE 1

1. The veined scale leaf (counterpart) of holotype
(No. 35093) of Scutum sahnii sp. novo attached
with a long stalk (longitudinally split) to the leaf
showing Glossopteris venation. -Note the midrib
and the anastomosing secondary veins. X Ca.
3·5.

PLATE 2

2. Seed bearing receptacle of the holotyp(' (No.
35093) of Scutum salmii attached on a short stalk
and with a wing-like rim all round it. X Ca. 6.

3. Counterpart of a fructification of Dictyop
teridium sporiferum Feist. showing venation. X 4·5.

4. A group of winged seeds assigned to a new
genus Indocarpus. Holotype (No. 35090). X 3.

5. A wing('d seed assigned to Indocarpus elongatus.
X Ca. 6.

PLATE 3

6. Seed bearing head of Scutum indiculn sp. no\,.
Note the large, laterally compressed seeds, some
of them still attached to the seed cushions on
the central head. Wing-like rim outside the seeds
on the left is perhaps that of displaced scale leaf

lying underneath. The same is seen on the right,
where the seeds are half broken. X 6.

7. Holotype (No. 35097) of Scutum indicum sp.
novo showing the speed bearing receptacle. Late
l"ally compressed marginal seeds, which form a
wing-like rim round the fructification, are seen
attached to cushion-like outgrowth on the recep
tacle. Scars of round seed cushions are seen in
the apical region where seeds have been knocked
off. X 4.

8. Another seed bearing receptacle assigned
to Scutum indicum. X 4·5.

9. A seed bearing receptacle of Scutum elongatum
sp. novo X Ca. 5.

PLATE 4

10. A seed bearing receptacle of Scutum sahnii.
X Ca. 4.

11. Holotype (No. 35095) of Scutum elongatum
sp. novo The marginal seeds from a rim round
the fructification. X 4.

12. A specimen of CisteUa indica, showing a
stalked seed bearing receptacle. X Ca. 4·5.

13. Holotype (No. 35100) of CisteUa indica
sp. novo the receptacle show large round seed
scars. X 4.

14. One winged seed of Indocarpus elongatus. X 5.
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ABSTRACT

Remains of food plants from the bottom layers
of Neolithic horizon at Chirand near Patna, Bihar,
comprise lentil, barley, rice, Pisum arvense, etc.
These constitute the first record of Neolithic plant
economy from North India. The Neolithic plant
remains known from BUl'zahom in the Kashmir
Yalley are of weeds associated with cultivation.

From a series of C14 dates at this site, it appears
that the bottom layers are younger (405 B.C.
1570 B.C.) than the overlying layers (1675-1750
B.C.). If no discrepancies arc involved, the bottom
layers from which the plant remains have been
discovered may be dated around 3000-4000 B.C.

INTRODUCTION

THE material of soil samples andremains of food plants from the
archaeological site Chirand (Lat. 25°

45'N, Long. 84° 45'gE), District Saran, Bihar,
a site about 8 Km. east of Chapra and
situated near the confluence of Ghagra and
the Ganga, was kindly sent for investigation
by Prcfessor B. P. Sinha, Professor and
Head of the Department of Ancient Indian
History and Archaeology, Patna University,
Patna. The soil samples were found devoid
of pollen grains. The carbonized gr?ins of
cereals and legumes recovered from layer 17
of CRD-XI (Text-fig. 1) from the Neolithic
horizon extending from layer 12 to 17 are
described here. The layers 10-17 have been
radiocarbon dated and surprisingly the top
layers are older than the bottom layers
(d. Text-fig. 1). The discrepancy remains
unresolved. Dr. D. P. Agarwal of Tata
Iustt. of Fundamental Research, Bombay,
who has dated the samples (Agarwal, 1971)
considers involvement of subsidence (perso
nal communication) whereas Prof. Sinha
(personal communication) believes that the
bottom layers probably got contaminated
with water. The layers 10-13 are con
sistently dated to 1050 B.C., 1580 B.C.,
1675 B.C. and 1755 B.C. respectively and
layers 14-16 range in age from 405 B.C. to
1570 B.C. and layer 17 is dated to 605 B.C.
1370 B.C. The top one metre of deposit
comprising layers 10-13 from 6·5 m. to
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7·5 m. has been deposited in 705 years.
Presuming that the rate of deposition has
been ± uniform, the bottom 2·7 m. (from
7·5 m. to 10·3 m.) of deposit should have
been laid in about 1900 years thus dating
the sample from layer 17 to 1755+1900 B.C.
= 3655 B.C. The rate of deposition of these
sediments is variable as seen from the
consecutive dates in relation to depth
(0'4 m. = 530 years, 0·3 m. = 95 years,
0·3 m. = 70 years), the calculated age
could be either between 2000 and 3000 B.C. or
between 3000 and 4000 B.C. Narain (1970),
however, believes that the lowest layer might
be as old as C. 2500 B.C.

The samples collected during recent ex
cavations of the site conducted in February
1972 have net bf'en dated yet.

The plant remains described here are the
first records of cereals from the Neolithic of
North India. Records from the Neolithic
of Kashmir (Burzahom) are of weeds indi
cating indirectly the cultivation of wheat or
barley (Vishnu-Mittre, 1968, 1971).

DESCRIPTION OF PLANT REMAINS
CEREALS

WHEAT

PI. 1, Fig. 2

The single kernel of wheat IS short,
oblong, grooved and thick with the ends
broad and blunt. It measures 3·75 mm.
long, 2·75 mm. broad and 1·75 mm. thick.
The dorsal surface of the grain is domed,
and the groove is deep. In these characters
the grain of wheat approaches the grains of
Triticum sphaerococcum Perc. In its lesser
LIB, LIT, and higher BIL and TIL indices
it further compares with the indices of
grains of T. sphaerococcum as shown in
Table 1 below.

The differences may be due to carboniza
tion. The absence of transverse rippling
of the shell precludes the possibility of its
belonging to naked grains of barley.
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TEXT-FIG.1 - Stratigraphy of verti
cal section facing west. The cultural
sequence is shown on the right. Posi·
tion of pollen samples is indicated by
black dots. The C14 dates for the
layers dated are inserted. Archaeo
botanical materials described in this
paper were found in layer 17.
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TABLE 1- SHOWING THE VARIOUS INDICES OF MODERN AND CHIRAND WHEATS

(The dimensions of gnins of various species of Triticum are based upon hundred grains each. The com
parative discussion of statistical data of the modern species is discussed in Vishnu-Mittre, 1974)

LfT3LITB/LT/LT/B

T. aestivum

2·683·070·370·320·87
T. compactum

2·443·070·400·320·79
T. sphaerococc1lm

1·761-620·560·611·09
Chirand wheat

1-362·140·730·460·63

TABLE 4 - LIB X T INDICES OF C ULTI
VATED AND WILD SPECIES OF ORYZA
BASED UPON HUNDRED GRAINS EACH.
THE TABLE ALSO INCLUDES INDICES OF
CARBONIZED GRAINS FROM CHIRAND

TABLE 3 - DIMENSIONS OF CHIRAND
GRAINS OF RICE

L

BTL/BxT
index

Large' grains

5·002·251·251·85
5'25

2'501·251·67
Small grains

4·251'501·002·83
4'50

1·801·002·05

produced by the wild species and the
broader ones by the cultivated species.
There are no other external morphological
characters to distinguish the grains of indivi
dual species. The statistical evaluation of
the various dimensions and the calculation
of LIB X T indices of the wild and cultivated
species of Oryza in India (d. Vishnu-Mittre,
1971) has given reliable information to
distinguish various species as shown in
Table 4. The LIB xT indices of the carbo
nized grains are calculated and compared
with those of the modern species (Tables
3 and 4).

LIB X T index of the large carbonized
grains approaches that of O. sativa var.
spontanea and O. sativa (cultivated) and
that of the small grains is not different

BARLEY

PI. 1, Fig. 2

All the thirteen grains referred to barley
are very much worn out measuring about
4-5 X 2·25-3·25 X 1·50-2·25 mm. Most of
them are naked since the pales are absent
and the surface bears rippling marks. The
grains are evenly rounded in cross-section
apart from the ventral furrow which is
shallow and a soft longitudinal depression
on the dorsal side. Some grains show slight
deviation from the straight shape suggesting
that the spike was six-row and probably
of the nodding type, a Hordeum sp. In
three of the grains the surface is charac
terized by a faint longitudinal stripping
arising from the remains of the pales or
from the longitudinal surface cells of the
seed coat. The cross-section of these grains
is not angular. These might have belonged
to the hulled barley. The measurements of
six random grains are given below (Table 2).

TABLE 2 -" MEASUREMENT OF RANDOM
CHI~~ND GRAINS OF BARLEY

LBT

4·00

2·501·75
4·25

2·752·00
4·80

2·802·25
5·00

3·001·75
5·00

3'251'50
5·25

2·251'50

Average

4·172·801·70

RICE

PI. 1, Fig.

The kernels of rice, ten in number, are
all five-ribbed. Of these five are slender
and five broader. The examination of
kernels of wild and cultivated species of
Oryza reveals that slender grains are usually

Species of Oryza

Chirand large grains
Oryza sativa var. indica
O. sativa var. japonica
O. sativa var. spontanea Koenig
O. perC11nis Moench
O. 0fficinalis W aJ I.
O. ruftpogon Griffiths
Chirand slender grains

L/BXT
index

1'76
1·71
1·70
1'77, 1·79
2·20
2·36
2'64
2'45
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from that of the wild species O. perennis
and O. rufipogon. The differences could be
due to carbonization. These statistical
comparisons reveal that the carbonized
grains were derived from both the cultivated
and wild species of Oryza.

LEGUMES

The identification of leguminous seeds is
based upon the shape of the grain and the
position of the hilum scar. There is reduc
tion in dimensions of both the grains and of
hilum scar owing largely to carbonization and
being uninfluenced by repeated cultivation.

Pisum arvense L.

PI. 1, Fig. 4

The spherical seeds measuring about 2-4
mm. in size are compressed and provided
with an oblong hilum scar about 1xO·50
mm. There are smaller grains also, about
2 X 1-1,25 mm., which are perhaps the
abortive grains of Pisum arvense or of some
other legume.

Lathynts sativus L.

PI. 1, Fig. 4, top right

Three compressed and wedge shaped seeds
measuring 4·50 ~3·50·x3 mm. Hilum scar
is 1-1·5 xO·50-0·70 mm.

Lens culinaris Maedik

PI. 1, Fig. 3

There are eleven lenticular seeds with
keeled edge and measuring about 2·25-3 X
0·80-1·25 mm. Hilum scar is 1-1·5 X
0·25-0·50 mm. Compares with small sized
grains of Lens culinaris.

Other Legumes

PI. 1, Fig. 5

There are a few extremely small seeds
about 2 mm. in diameter. The spherical
and flattened among them measure about
2 X 1 mm. and compare with small lentil
grains; a rounded one about 2 X 2 mm. looks
like that of Pis~tm and one 2 X 1·25 mm.,
square to oblong seeds, seems to be that of
black gram (Phaseolus mungo). In view of
their extremely small size they may belong
to weeds rather than to cultivars. Hilum

scar is present in most of them and measures
about 1-1·5 xO·50 mm.

OTHER REMAINS
UNIDENTIFIED FRUIT

PI. 1. Fig. 7

Two halves of a fruit measuring about
12 m. long, 6·7 mm. broad and 2·50 m.
thick remain unidentified. They are oblong
with a wrinkled surface. Inside there is a
broad oval area surrounded by a tissue in
vertical alignment. A distinct micropylar
region is present. The rind outside seems
to be less than half a millimetre thick.

U~IDENTIFIED INSECT

PI. 1, Fig. 6

Mouth parts, the only preserved remall1S
are shown in Plate 1, Fig. 6.

CONCLUSION

The Neolithic plant economy at Chirand
consisted of barley, wheat, rice, lentil and
Pisum arvense. Some leguminous weeds
have also been recognized. The rice grains
belong to both the cultivated and wild
Oryza sativa, and probably also to O.
perennis and O. rufipogon. Wheat, barley
and Pisum arvense as identified belong
to the same species as recognized from the
Harappan and Chalcolithic sites in western
India. The records of lentil, wheat and
Pi sum at this site predate those from the
Chalcolithic of Navadatoli Maheshwar dated
to 1660 B.C. (Vishnu-Mittre, 1968, 1971).
The site Chirand is estimated to date from
C. 2500 B.C. and the evidence of wheat,
barley, lentil and PisU1n arvense is suggestive
of contemporaneity of Neolithic Chirand
with the Harappan cultures in western
India. Should the site prove earlier in age
to the Harappan cultures, it would be an
interesting though solitary example of the
diffusion of wheat, barley and lentil from
western Asia predating the Harappans.

Chirand is the first archaeological site in
India which has provided substantial details
of plant economy of the Neolithic period in
India. Among the other Neolithic sites
in the north of India, Burzahom (Kashmir
Valley) has yielded indirect evidence of
wheat or barley cultivation, and rice from
the eolithic of Orissa has been found to
belong to O. perennis (Vishnu-;\1ittre, 1971),
a wild progenitor of O. sativa.
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EXPLANATION OF PLATE

1. Carbonized grains of rice. The slender
grains are on the extreme left of the figure.

2. 'Wheat grain (Triticum sphaerococcum) on
the extreme right marked as ,"V. Barley grains
are seen on the left of the figure.

3. Lens culinaris Maed.

4. Pisum arvense L. A single seed of Lalhyrus
sativHs is seen on extreme right.

5. Other leguminous seeds
6. Mouth parts of an unidentified insect.
7. Two halves of an unidentified fruit.
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HEPATICAE IN THE SENONIAN OF SOUTH BOHEMIA

F. NEME}C & B. PACLTOvA
Charles University, Department of Paleontology, Praha

ABSTRACT

Hepatieoid dichotomizing thalli with very
narrow segments resembling some Riccia but
bearing very short stalked oval sporogons of the
Nololhylas type, containing spores, are described
from the Senonian fire clays of the locality Zliv-
Blana (near Ceske Budejovice in South-Bohemia,
Czechoslovakia) as N ololhylaciles fili/ormis gen.
et sp. novo In the same rocks, along with the im
pressions of these liverworts, two kinds of liverwort
spores were also found, one suggesting the spores
of Nololhylas or Phaeoceros, the second those of
Oxymilra. However, no Riccia spores have been
established. The first named type of spores was
also found within the sporogons of the above
mentioned thalli impressions.

DURING the last years a rather richmaterial of fossil plant remains,
macrofossils (F. N~mejc) as well as

microfossils (B. Pacltova) has been assembled
from the Senonian (Santonian) beds in the
Zliv-Blana area, west of Ceske Budejovice
in South-Bohemia. The attention of the
present authors was especially attracted by
several specimens of some very thin and
dichotomously divided liverwort thalli.
They were collected at a depth of about
2-3 m. beneath the surface in a 40-50 cm.
thick fossiliferous layer in the fire clays
of the industrially important large loam pit,
about Sm. deep, on the northern side
of the road leading from Munice to Zahaji,
west of Ceske Budejovice.

The liverwort thalli occur in a rather
thin layer of light greyish very fine-grained
fire clay also containing many impressions
of angiosperm leaves as well as various
smal seeds covered here and there with
remains of carbonized cuticles. But all the
liverwort thalli found here are mere impres
sions only. However, in several fertile
specimens, sporogons are exceptionally pre
served in a carbonized state, especially their
spores. Dispersed liverwort spores were
found not only in the layer containing
impressions of liverwort thalli, but also
elsewhere within other layers of the fire clay
bed exposed in the above-mentioned loam
pit (Pacltova, 1961).

All the liverwort thalli found here belong
to one type; they are dichotomously divided
five or six times at angles varying between
60° - rarely even more - and 30°. Their
individual segments are very narrow; the
basal ones measure hardly 0·8 mm. while
the distal ones 0·4 mm. only. They are
quite smooth without traces of any air
chambers. They mostly exhibit a distinct
midrib. Their tops are rounded. The whole
plantules are thus sparsely and very regular
ly branched and of semicircular outline
(12-16 mm. in diameter). In several rare
specimens small and very shortly stalked

. sporogons are visible. They are inserted
just at the point of dividing of the midrib.
They are oval in shape, about 450-500 [1
long and 430-450 [1 wide. By maceration
of the respective carbonized mass loosely
affixed on their imprints numerous spores
were obtained but no cuticles of the sporogon
walls. In several imprints of sporogons a
sign of a longitudinal slit in their wall
seems to be present. No indication of any
columella was established within them.
The obtained spores were present within the
sporogons joined together into tetrads. I"

close examination showed that the sporangIa
were oval in shape (length 450-500 [1,

width 430-450 [1). They were subjected to
maceration: transferred with a preparation
needle to the microscope slide, and a drop
of 5% KOH was added. This caused
gradual disintegration of the sporangium
into tetrads, some of which further dis
integrated into individual spores (see PI. 3,
Figs. 8-12). During further treatment with
H202, progressive dissolution of the outer
layer of the sporoderm-perine was observed;
this surrounds the exine and displays an
irregular (puckered) sculpture (PI. 3, Figs.
10, 11). The puckered layer dissolved first,
forming small heaps suggesting a "verrucate"
sculpture (PI. 3, Fig. 12). During further
chemical treatment the small heaps gradually
dissolved and disappeared. Under them a
further, chagrenate layer appeared which
slowly cracked forming irregular patterns
resembling mud cracks (PI. 4, Figs. 13, 14);
this layer also disappeared. Finally, the
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exine of the spore remained; its morpho
logical structure corresponded to that of
the spores found already earlier as dispersed
spores (Pacltova, 1961; PI. 3, Figs. 1-3).

The spores reacted in the same way
to the action of the acetic acid (CH3COOH).
During further maceration experiments, the
spores did not change. They reacted only
to further oxidation agents, e.g. KCI03,
changing their brown-yellow colour to a
light yellow.

Comparing our fossilli,"envort with variol.s
extant Hepaticae, we can obsen"e a rather
close similarity to some speties of the
genera R1'ccia and Antlzoceros growing under
extremely wet conditions, or in the genus
Riccia even floating on a water surface.
But the shape of the sporogons docs not
agree with any of these genera. The shape
of the sporogon and the features of the
spores found within it seem to agree mostly
with the genus Notothylas. The spores also
exhibit similarity to the genus Phaeoceros,
but in the latter the sporogons are whip-like,
elongated and provided inside with a typ;cal
columella as is the case with the genus
Anthoceros. Thus, the basic features of our
fossil liverwort seem to agree mostly with
the genus Notothylas. However, the present
authors have not found in the accessible
botanical papers on extant Hepaticae any
note whether some species of the genus
Notothylas under special conditions also
exhibit thalli with narrow filiform segments
as are those known in several species of the
genus Anthoceros or Riccia. The Notothylas
thalli are always described as bearing short
and rather broad segments (or lobes). And
as even in paleobotanical papers (Lundblad,
1954 and J. Oberhel, 1964) no hepaticoid
plants in a fossil state arc mentioned, which
could show such a curious combination of
features, the present authors have chosen
for the Senonian type under consideration
a special generic name, i.e. Notothylacites
gen. nov.; it is derived from the name
Notothylas to show the very close relation
to this genus. Future investigations may
sho"" whether this Senonian type is or is not
identical with some of the extant species of
Notothylas, representing an aberrant life
form only, due to special extremely wet
conditions. It is also not quite certain
whether all the sterile thalli belong to the
same genus, although they display the same
external morphological features and all were
collected at the same place.

SYSTEMATIC DESCRIPTION

HEPATICAE

Genus Notothylacites gen. novo

Type species- Notothylacites filiformis gen.
et sp. novo

Diagnosis - As for species.

Notothylacites filiformis sp. novo
Plates 1-4

Diagnosis - Thalli semicircular in outline
dichotomizing into a system of elongated
and ,"cry narrow laciniae showing a distinct
m:drib. Thallus laciniae dichotomizing at
an angle of 60°-30° narrowing slowly from
the base to their tops (0.8-0.4 mm.). The
whole plantules are semicircular about 12-16
mm. in diameter.

Very short, stalked sporogon capsules
(opening by a longitudinal slit (?) without a
distir.ct columella), oval, about 450-500 [1.

long and 430-450 [1. wide.
Spore trilete biconvex; amb convexly

triangular. Equatorial diameter (47) 52
(55) [1.. Laesurae straight ±25 [1. long,
extending to equator. Lips narrow, in
conspicuous. Both perine and exine were
observed. The perine probably consists of
two layers: the outer layer puckered, dis
solved during maceration; the second layer
very thin, chagrenate, which during macera
tion first irregularly cracks and also becomes
dissolved. Exine 1·5-2 [1., consists of thicker
granulate sexine (ectexine) and a smooth
nexine (endexine) - 2:1. Three or some
times more than three sm;:tll(1-2 [1.) pore-like
depressions on the exine can usually be
seen in the region between laesurae.

Derivation of name - With regard to the
similar recent genus Notothylas.

Horizon - Fossiliferous fire clay layers.
Lower Senonian (Santonian).

Locality - Zliv-Blana, South-Bohemian
basin, Czechoslovakia.

Deposition of type specimen - The holo
type and all the macrofossils and slides are
deposited in the collections of the Depart
ment of Palaeontology, Charles University,
Prague 2, Albertov 6.

Discussion - The morphological structure
of the above-mentioned spores resembles
that of the spores of the genus Notothylas
(Notothylaceae, Anthocerotales) described
partly by Erdtman (1965, p. 130) and
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figured by Dettmann (1933, PI. XXVII,
Figs. 12, 16). It is probable that the spores
figured, showing different "sculptures" in
the spores of one recent species, namely,
Notothylas breuteli Gottsche from Cuba, also
represent various maceration stages only.
A certain similarity can also be observed
in the spores of the genus Phaeoceros
(Anthoceratoceae, Anthocerotales) which are
distinguished especially by a thicker exine
and a more marked tetrad scar. From the
spores of the genus Riccia they substantially
differ, and, therefore, it cannot be taken
into consideration that the thallus of the
liverwort studied belongs to the genus
Riccia.

Spores similar to those dealt with in this
paper have been described by Dettmann
(1963) as dispersed spores. This author
assigns them with a certain reserve to the
artificial genus Foraminisporis Krutzsch.
This problem should be discussed in a
complex way, elsewhere. Pacltova (1961,
PI. 3, Figs. 1-3) has figured dispersed spores
from the same locality as that considered
in this paper (Zliv-Blana); they are morpho
logically conformable to the spores from the
sporangia described here. The spectrum of
spores was also investigated on a layer
in which liverwort impressions had been
found. In this case dispersed spores have
also been established, which agree with
those from the above-mentioned sporangia.
The state of preservation corresponds
to the state of the spores after macera
tion.

In addition to the spores considered here,
different liverwort spores have already earlier
been found at the locality Zliv-Blana.
They have been described by Pacltova
(1961, p. 87, PI. II, Figs. 1-4) under the
name Zlivisporis blanensis Pacltova. The

latter author determined their relationship
to the genus Oxymitra (Oxymitraceae, Mar
chantiales and H.icciales).

CONCLUSION

In the Lower Senonian (Santonian) fireclay
of the locality Zliv-l31ana (South-Bohemian
basin) one type of hepaticoid thalli and
two types of hepaticoid spores have been
established.

The described thallus impressions are
divided into narrow, dichotomizing lacinulae
like in some species of Riccia or Anthoceros
living under very wet conditions or floating
on a water surface. The sporogons and
spores bear features common in the genus
Notothylas. As no similar combination of
features has so far been known in any
hitherto described fo~sil hepaticoid type or
in any extant liverwort, a new name has
been applied to the newly found Senonian
type: Notothylacites fili/ormis sp. novo and,
accordingl~r, a new genus, i.e. Notothylacites
was described. This genus seems to be
closely related to the present Notothylas.
In addition, it has been recognized that the
studied microflora (spores and pollen grains)
of the respective Senonian fire clay beds
contains two types of hepaticoid spores:
one type identical to the spores found
within the sporogons of the described species
Notothylacites fili/ormis sp. novo and another
one, described as Zlivisporis blanensis Pacl
to\'a, which resembles the spores of the
genus Oxymitra (Oxymitraceae, Marchan
tiales and Riccialcs).

The spectrum of spores (see Pacltova,
1961) contains in addition to numerous
pollen grains abundant thalli of algae of the
genus Pediastrum, which fact points to the
swamp character of the sediment.
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EXPLANATION OF PLATES

PLATE 1

1. Notothylacites filifonnis gen. n. et sp. n.;
fertile thallus. Sporangium indicated by an arrow.
Holotype (x 5).

2. The sJ.me; natural size (1: 1).
3. Sporangium, positive impression (x 100).
4. Negative impression of sporangium (x 100).

v

Photographed by V. Silhanova.

PLATE 2

5. Sterile thallus of a liverwort (x 5).
6. The same. 1: 1.
7. Sterile thallus of a liverwort (x 5).
Both from the same locality and layer as Noto

thylacites filiformis sp. n.

Photographed by V. Silhanova

PLATE 3

Spores from the sporangium of Notothylacites
filiform is sp. n.

8. Part of a sporangium. Spores without perine.

9. A tetrad of spores with perine.
10. A spore with perine; distal view.
11. A spore with perine; proximal view.
12 .. \ spore with relics of perine after short

maceration with 5% H202•
All spores X 1000

:i\licrophotos by B. Pacltova

PLATE 4

Spores from the sporangium of Notothylacites
filiformis sp. n. Different stages of maceration.

13-14. Two layers of perine; overlie the exine;
the relics of the upper (puckered) layer are well
visible on the lower third of the spore; the second
layer chagrenate; in Fig. 1 the manner of its
cracking is visible.

15-16. The spores in which the exine is covered
with relics of perine forming irregular small heaps.
(Fig. 3 - polar view, Fig. 4- equatorial view).

17-18. Chagrenate spore without perine.
All spores X 1000.

Microphotos by B. Pacltova
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ORGANIC REMAINS FROM DHARWAR SEDIMENTS*

B. S. VENKATACHALA, L. L. BHANDARI, A. N. CHAUBE & III. S. RAWAT

Palynology Laboratory, Institute of Petroleum Exploration, Oil and Natural Gas Commission,
Dehra Dun

ABSTRACT

Microfossils are recovered from Dharwar-Shimoga
Schist belt of the Archaean complex of Mysore
State. The fossils are assigned to 13 genera and
21 species of microfossils grouped under Cyano
phyceae, Chlorophyceae and Sphaeromorphitae.
Unidentifiable organic plates perhaps of animal
origin are also recorded. A detailed comparison
with the available Precambrian records in the
literature is made. It is concluded that the
Dharwar microbiota is more advanced than the
Early Pre-cambrian and more primitive than the
Late Precambrian microbiota. Thus a Middle Pre
cambrian to Early Late Precambrian age is assigned.

INTRODUCTION

THE Archaean complex of South Indiaembraces geologic formations of
diverse types and is one of the most

important complex stratigraphic entities.
Being economically important, it has formed
the subject of study by numerous workers
for well over a hundred years, yet the
stratigraphic sequence, the inter-se relation
ship, in space and time, of the various
constituent units and their structural frame
work have been a subject of much specula
tion and protracted controversy.

The finding of an interesting assemblage
of microfossils from the Dharwar-Shimoga
schist belt by Venkatachala & Rawat was
reported in the O.N.G.C. Reporter (Anon.
1971). The present paper summarizes the
results of these studies.

SAMPLE LOCALITIES

A number of samples were collected from
Dharwar outcrops marked in Fig. 1 and
processed for their fossil contents; all of
them come from what is known as the
Dharwar-Shimoga band of Bruce Foote
(1888) or the West Central Group of Rama
Rao (1936).

GEOLOGY

The Dharwar sequence has been sub
divided by Rama Rao (1936) into a Lower

igneous division and the mainly sedimentary
Middle and Upper divisions. ,Nautiyal
(1967), On the other hand, has proposed a
different classification in which there is
a lower Dharwar meta~edimentary and
metavolcanic division and the mainly meta
sedimentary Middle and Upper Dharwar
divisions all of which, he contends, have
been thrust over the Archaeans.

The authors have not tried to go into the
relative merits of these and earlier strati
graphic classifications but rest content with
stating that their samples come from the
Dharwar without indicating the localities.
They would, however, like to point out
that the samples analysed are from two
different localities (near Dharwar city and
near Chikmagalur) but that these are
from the same Schist belt (hitherto generally
regarded as stratigraphic equivalents). The
samples belong to widely differing lithologic
types (viz., clays/shales of Dharwar area
and Schists of Chikmagalur area). This
could perhaps be due to the fact that
in a regional sense the metamorphism of the
Dharwar rocks increases south and southeast
within Mysore State, starting from the
type area around Dharwar City (Rama Rao,
1936; Pichamuthu, 1962). It seems to the
authors that the samples from the vicinity
of Dharwar city are younger than those
from the Chikmagalur area especially in view
of the fact that the Schist belt is the
remnant of a great anticlinorium plunging
NNW (Pichamuthu, 1962).

A long standing controversy centred round
whether the Dharwar Schists and some
of the associated rocks were crystalline
or sedimentary. Early workers like Bruce
Foote (1888)made the important observation
that the Dharwars were the remains of a
'great sedimentary series' and that these
were different from the surrounding and
possibly older gnessic formation. Later
systematic work by the Mysore Geological
Department during the first two decades
of the present century led its head, W. F.
Smeeth, and his coworkers (with few ex-

·Paper published with kind permission of the Additional Director, I.P.E., Oil & Natural Gas
Commission. Views expressed are of the authors and not necessarily of the organization.
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ceptions) to the view that Dharwar Schists
were the oldest formations in Mvsore and
that some of the apparently sedimentary
rock types were of non-sedimentary origin.
Still later, however, hv the middle 1930's
the official view of tIle .!.\fysore Geological

Deptt. veered (albeit haltingly) towards a
truly sedimentary origin for the conglo
merates, quartzites, shales and limestones
which form such a large part of the Dharwar
sequence. The sedimentary origin of the
greater part of the Dharwars came to be



VENKATACHALA et al.- ORGANIC REMAINS FROM DHARWAR SEDIMENTS 29

well established after the writings of Rama
Rao (1936) and Pichamuthu (1947).

It, therefore, follows that earlier an
obsession with the igneous/metamorphic
nature of the Dharwars and later perhaps
with their great antiquity did not constitute
an incentive to fossil hunters. This was
unfortunate, especially in view of some very
significant comments of Pichamuthu (1947)
concerning the occurrence in the Dharwars
of graphite schists, true limestones (asso
ciated with current bedded quartzites),
banded ferruginous quartzites - all pointing
towards possibility of life during the Dhar
war times - and lastly those concerning the
occurrence of algal structures (? Haplosiphon)
in some cherts of the Chitaldrug schist belt.
Gowda and Sreenivasa (1969) reported fossil
Acritarchs from the Guddadaranganahalli
Formation of the Chitaldrug Schist belt.

Crawford (1969) gives the radiometric ages
of some of the lavas in the Chitaldrug
Schist belt as 2345 ± 60 m.y. This is very
close to the age reported by Holmes (1955)
for a galena from the same area (2450
± 120 m.y.). No radiometric age from the
Dharwar-Shimoga schist belt has so far been
reported.

SYSTEMATIC DESCRIPTION OF FOSSILS

In the present study, 12 genera and 20
species of microfossils are recognized and
described. 2 genera and 14 species are
newly proposed. Detailed descriptive ana
lysis and differential diagnosis are given to
exemplify the new taxa.

Group - Acritarcha Evitt, 1963
Sub-group - Leiosphaeritae Eisenack, 1954

(Leiosphaeridae Eisenack, 1954)
(Sphaeromorphitae Downie, Evitt &

Sarjeant, 1963)

General Remarks - Downie & Sarjeant
(1963) in a critical review of the smooth
walled and ornate vesicles classed under
leiospheres, have expressed an opinion" that
Protoleiosphaeridi14m should be treated as a
synonym of Leiosphaeridia and rejected,
and that its species should be reattributed
to the later genus". Staplin et al. (1965)
in a subsequent study discuss this point
at length and retain Protoleiosphaeridium
sensu Timofeev (1959 & 1960). The genus
was validated by Timofeev (1960) by
designation of P. coglutinatum as the type

species. The vesicles referred to here to
Protoleiosphaeridium distinguish from Leio
sphaeridia in possessing a firm wall, smaller
size (up to 30 iLl and ornamentation.

The views expressed by Staplin et al.
(I.e.) to retain this genus is considered
practicable in the study of very ancient
leiospheres where additional characters are
not developed which can form a basis for
differentiation into different groups or
genera. Size is, thus the only criterion
which can help classify these fossils. The
authors are of the opinion that vesicle
ornamentation also should be used in generic
distinction. It will be worth the while to
re-examine the other genera proposed by
Timofeev (1959). Vavosphaeridium, Oryc
matosphaeridium, Lophosphaeridium and Tra
chysphaeridium may be useful groupings in
the study of Precambrian-Cambrian fossils.
A re-examination of types of all these genera
is necessary. As suggested by Downie &
Sarjeant (1963), the "other genera Zonos
phaeridium (thick walls), Trematosphaeridium
(Perforate test) and Symplassosphaeridium
(Clusters of vesicles) seem either to be
products of accidents of preservation or
to be quite different kinds of structure
from the typical leiospheres ..... ". In the
Dharwar sediments various types of pre
servations are present and all the above
genera can be recognized in one group of
fossil vesicles. The following groupings are
recognized in this study:

1. Vesicle smooth walled, faint or no
ornamentation, wall thickness 1-2 iL,

not firm, often folded, 18-60 iL: Leio
sphaeridia (Timofeev, 1959, 1960;
Eisenack, 1958); Downie & Sarjeant,
1963.

2. Vesicle smooth walled, ornamentation
scanty, wall up to 2 !L thick, firm,
not folded, less than 25 iL: Protoleio
sphaeridium (Timofeev, 1959, 1960).

3. Vesicle granulose, grana closely spaced,
wall up to 2 !L thick, firm, folds rare,
25-30 [L: Granomarginata (Naumova,
1961).

4. Vesicle conate, coni distinct, wall firm
up to 2 iL thick, 25 [L: Lophosphaeridium
(Timofeev, 1959).

Hizhnyakov and Shepeleva (1964) have
described comparable sphaeromorphs under
Asperatopsophaera, Leiopsophosphaera, Acan
thopsophosphaera and Brochopsophosphaera.
These genera have to be reexamined from
nomenclatural point of view and compared.
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with generic names already in use and
valid according to the International Code of
Botanical Nomenclature.

Leiosphaeridia (Eisenack, 1958) Downie &
Sarjeant, 1963

Syn. - Leiosphaeridium Timofeev, 1959
Leiosphaeridium Timofeev, 1959 ex

Staplin, 1961

Type species - Leiosphaeridia baltica Eise
nack, 1958.

Leiosphaeridia raoi sp. novo

PI. I, figs. I, 2

Holotype - PI. 1, fig. 2.
Type locality - Dharwar exposures near

Dharwar city.
Derivation of name - Named after Late

Prof. B. Rama Rao who pioneered the
idea of the sedimentary nature of the
Dharwars.

Description - Vesicles spherical, often
folded, 40-60 [1., without pylome, wall
smooth, firm, up to 2 [1. thick.

Comparison - L. baltica Eisenack (1958)
is from the Silurian rocks and has a faint
ornamentation. L. pellucida Salujha et al.
(1971) is smaller in size and according
to the authors is punctate. L. tenella
Salujha et al. (l.c.) is also small, up to 22 fL

and is granulose. The specimens recorded
here from the Dharwar sediments are smooth
spheres without any recognizable pylome.

Remarks - Specimen figured in PI. 1,
Fig. 1 is corroded and hence appears
granulose in the photograph; the areas
which are clear show the smooth exine.

Leiopsophosphaera spp. described by Hizh
nyakov and Shepeleva (1964) are closest in
comparison to the fossils recorded here.
Leiosphaeridia is a valid genus and widely
used and as such is used in this study.

Leiosphaeridia aglutinata sp. novo

PI. 1, figs. 3, 9, 10, 12,16 & 23

Holotype - PI. 1, fig. 3.
Description - Vesicle spheroidal, 35-45 [1.,

holotype 45 [1.. Wall thin, folded variously,
smooth.

Remarks - Granulose organic debris col
lects in and around the vesicles giving an
ornamented appearance. Similar agglutinated
fine organic debris perhaps mixed with

mineral particles are also found in several
vesicles attributed to this species as well as
in the filaments (PI. 2, figs. 42, 43 & 44)
described elsewhere in this report. It is
also observed in vesicles described as L.
dha~wariana (PI. 1, figs. 7, 8, 11 & 15).
It IS probable that ornamented vesicles
attributed to Granomarginata by several
authors may also belong to this group of
thin walled Leiosphaeridia.

Comparison - Leiosphaeridia pellucida
(Salujha et al., 1971) have a thicker vesicle
wall and according to the authors are
punctate. The punctation is also an artifact
and the vesicles are smooth walled. L.
tenella (Salujha et al., 1971) are smaller in
size. The other species recorded are all
characterized by thicker vesicle walls and
do not give a granulose appearance due to
agglutination of organic and mineral debris.

L. Raoi described in this study has a
thick firm wall and hence distinguished
from this species.

Leiosphaeridia dharwariana sp. novo

PI. I, figs. 7, 8, 11 & 15

Holotype - PI. 1, fig. 11.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Vesicle spherical, folded, 18

25 [1.; holotype 18 fL. Pylome not present,
wall less than 1[1. thick, often folded.

Remarks - Agglutinated organic debris in
the vesicles and surrounding them are
commonly seen (see also remarks of L.
aglutinata).

Comparison - Both L. Raoi and L. aght
tinata are larger in size. L. aglutinata is
comparable in the nature of the vesicle wall.

Protoleiosphaeridium Timofeev (1959) 1960

Type species - Protoleiosphaeridi1tm con
glutinat1/'m Timofeev, 1959.

Protoleiosphaeridium problematicum sp. novo

PI. 1, fig. 5 & 6

Holotype - PI. 1, fig. 6.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description- Vesicles spherical, ellipsoidal,

bean shaped or acquiring any other shape
due to fusion of two or more vesicles.
Each vesicle 15-30 fL; wall up to 2 [1. thick,
smooth or faintly granulose.
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Comparison 0- Remarks - Protoleiosphaeri
dium as designated by Timofeev (l.c.)
as well as those described by Staplin et al.
(l.c.) are spheroidal vesicles with smooth or
granulose ornamented walls. Combaz (1967)
in an extensive review and study of the
leiospheres has illustrated and described a
number of forms with two or more vesicles
joined together from the Lower Cambrian of
Australia, Wenlockien and Luc1lowien of
Libya. The Dharwar specimens are very
closely comparable to those figured by
Combaz (l.c.).

Acanthodiacrodium angustum (Downie)
Defl. & Defl.-Reg., 1962; Combaz, 1967
described by Combaz (l.c.) from the Tre
madocien of the Hassi-Messaoud in Africa
has a superficial resemblance to Protoleio
sphaeridium problematicum described here.
The genera included under Trachydiacrodidae,
a family proposed by Deflandre and Deflandre,
Rigaud (1962) are bipolar with ornamenta
tion restricted to the polar zones. Some
types of vesicles included under this group
may have a globular or ellipsoidal outline.
The comparison with these is also super
ficial.

Schopf (1968) and Schopf and Barghoorn
(1969) have illustrated and described a
number of chroococcalean algae which are
comparable to the Dharwar specimens des
cribed here. Sphaerophycus Schopf (l.c.) is
small, the unicells are only up to 3·6 fL

and the cells enclosed in a sheath. The
specimens illustrated by Schopf are dis
tinguishing and do not need any explanation.
Myxococcoides Schopf (1968) are reticulate,
unicells or colonies.

In view of the above discussion, it is
difficult to ascertain if the specimens figured
here are chroococcalean unicells which have
lost the sheath or sphaeromorphs belonging
to Protoleiosphaeridium comparable to the
ones described by Combaz (l.c.). The speci
men figured here as well as the others
studied from the Dharwars do not show any
sheath and as such are described under
Protoleiosphaeridium.

Protoleiosphaeridium sp.

PI. 1, figs. 4

Description - Vesicle folded, appear to be
spheroidal, 28 fL; wall firm less than
2 fL thick, smooth. Germinal aperture not
present.

Granomarginata Naumova, 1961

Type species- Granomarginata prima Nau
mova, 1961.

Granomarginata clara sp. novo

PI. 1, fig. 14

Holotype - PI. 1, fig. 14.
Type locality - 8 miles short of Dharwar.
Description - Vesicle spherical, 27 fL; wall

up to 2 fL thick, granulose, grana less than
1 [Jo wide and closely set, discernible in the
equatorial outline.

Comparison - Granomarginata clara is dis
tinguished by true grana as opposed to the
organic agglutination observed in many
species of Leiosphaeridia described here.
G. primitiva Salujha et al., is smaller in size.

J~ophosphaeridium Timofeev, 1959

Type species - Lophosphaeridium rarum
Timofeev, 1959.

Lophosphaeridium conatum sp. novo

PI. 2, figs. 36 & 40

Holotype - PI. 1, fig. 40.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Vesicle spherical, 10-12 [Jo,

holotype 10 fL, wall thick occasionally folded,
beset with sharp tipped up to 1 fL long coni.

Comparison - The specimens ascribed to
this genus by Salujha et al. (1971), show a
thicker wall and closely set ornamentation.

Lophosphaeridium sp.

PI. 2, fig. 30

Description - Vesicles spherical, 22 fL;

wall thick beset with sharp tipped coni,
coni less than 1 fL wide.

Comparison - This species differentiates
from the ones described by Salujha et al.
(l.c.) in a sparse ornamentation.

Rugocystis Gen.Nov.

Type species - Rugocystis velaris sp. novo
Description - Spherical vesicles or uni

cells, wall rugose, with branching, anasto
mosing or free muri, covered by an outer
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organic sheath. Sheath hyaline, smooth to
granulose.

Comparison - Globophycus (Schopf, 1968)
is much smaller in size and not as
prominently ornamented as the cells of
Rugocystis.

Rugocystis velaris sp. novo
PI. 2. figs. 24-27 & 37

Holotype - PI. 2, fig. 27.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Spheroidal unicells or

vesicles, 50-60 iL. Wall with distinct muri,
muri low, anastomosing or free, rarely
forming meshes, sheath hyaline membranous,
smooth-granulose.

Remarks - PI. 2, fig. 26 illustrates a
specimen which is partially broken, showing
the irregular muri. PI. 2, fig. 25 is a
overmacerated specimen showing coarse
surface structure and the hyaline sheath
partially attached to the body.

Trachysphaeridium Timofeev, 1959

Type species -Tracltysplzaeridi1t1n patellare
Timofeev, 1959.

Trachysphaeridi1tm decor1mz sp. novo

PI. 2. fig. 29

Holotype - PI. 2, fig. 29.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Vesicle spheroidal, 11 iL.

Wall up to 1 iL thick, granulose, grana
uniformly distributed, closely set forming a
network in lower foeii. Pylome present.

Comparison - Trachysphaeridi1inz sp. 2
illustrated by Combaz (1967) is closely
comparable.

Trachysphaeridium sp.
PI. 2, figs. 31 & 41

Descrip#on - Vesicles spherical, 15-18 iL,

thick walled, up to 2 iL thick, granulose,
grana closely set. Pylome circular up to
2 fL wide.

Comparison - T. decorum is smaller III
size and has a coarse ornamentation,

Sub-group - HerkomOl'phitae Downie ,Evitt
& Sarjeant, 1963

Concentrites gen nov

Type species - Concentrites muricat1ts sp,
novo

Description - Vesicles spheroidal, wall
thick, ornamented with concentric muri.

COllcentrites 11luricatlls sp. novo

Pi. 2, figs. 32 & 33

Holotype - PI. 2, fig. 33.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Spheroidal, 25-30 iL. Wall

up to 2 iL thick, ornamented with concentric
ridges and furrows.

Comparison & remarks - Chemotriletes
described by Naumova (1953) and other
specimen referred to this genus by Staplin
(1961) are comparable. As no trilete or
any other haplotypic mark is observable
on the specimens they are considered as algal
cysts.

Sub-group - Leiofusidae Eisenack, 1938
(Netromorphitae Downie, Evitt & Sarjeant,

1963).

Navifusa Combaz 1967

Type species - Navif1tsa navis (Eisenack,
1938) Combaz, 1967.

Navifusa p1trana sp. novo

PI. 1, fig. 22

Holotype - PI. 1, fig. 22.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Ellipsoidal, up to 70 fL long

and 20 iL broad, elongated, wall thin, faintly
granulose, grana fine, less than O· 5 iL broad,
aligned longitudinally giving a pseudo-striate
surface pattern in lower focii.

Comparison- Quisq1tilites Wilson & Urban
(1963) described from the Devonian of
Oklahoma, USA, are bean shaped, oval
with a hyaline wall and are larger in size.
The other species of N avif1tsa listed by
Combaz (l.c.) are not comparable. The
species described here distinguishes in posses
sing characteristic granulose ornamentation.



VEN1C\.TACH.\L.-\ el al.- ORGANIC REMAINS FRmI DHARWAR SEDIl\lENTS 33

ALGAE

CYA:\OPHYTA

Class - CYANOPHYCEAE
Order - CHROOCOCCALES

Family - CHlWOCOCCACEAENaegeli, 1849
Genus - MYXOCOCCOlDESSchopf, 1968

Type species- Myxococcoides minor Schopf,
1968.

Afyxococcoides indicus sp. novo

Pi. 1, figs. 17, 18 & 19

Holotype - PI. 1, fig. 17.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Ellipsoidal colonies contain

ing few to 40 cells may be more in larger
colonies, the number of cells depending
on the size of the colony. Cells, circular,
oblong or angular due to close approximation
of neighbouring cells, 7-10 fL wide, cell walls
thin. The colony enveloped by a sheath.
Sheath not ornamented appearing granulose
due to agglutination of organic mineral
debris.

Comparison -- M. minor Schopf (l.c.) is
closely comparable to the present species,
but differs in possessing a thicker sheath
as compared to the thin filmy sheath in
M. indiClts. M. reticltlata Schopf (1968) has
loosely arranged cells and punctate to reti
culate ornamentation. M. inornata Schopf
(1968) has larger cells measuring up to 18 fL.

Thus both these species arc not comparable.

Myxococcoides elongat$ts sp. novo

Pi. 2, figs. 3-1- & 39

Holotype - PI. 2, fig. 34. .
Type locality- Dharwar exposures, 8 mIles

short of Dharwar city.
Description- Cells spheroidal, or acquiring

derived shapes due to compression, aggre
gated in a linear filamentous fashion, 4-5
cells observed. Individual cells covered
in a granulose amorphous organic matrix,
agglutinated with organic debris.

Comparison- The specimens, figured a~d
included here show a filamentous habIt.
This may be due to chance approximation
of a number of cells. loll. inornata is
comparable in characters of the cell as well

as the organic cover but has larger individual
cells.

?Myxococcoides sp.

PI. 2, fig. 38

Description - 3 celled specimen, cells
spheroidal, 18-22 X 22-26 fL. Wall smooth.
Sheath thin and opaque.

Comparison - This fossil cannot be com
pared with Myxococcoides recorded by Schopf
(l.c.) as well as from Dharwars.

Palaeoanacystis Schopf, 1968

Type species - Palaeoanacystis vulgaris
Schopf, 1968.

Palaeoallacystis puratanuJn sp. novo

PI. 2, fig. 2S

Holotype - PI. 2, fig. 28.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Colonial, cells spheroidal to

elliptical angular or derived shapes due to
approximation of individual cells, 4-5 p.
6-8 p.. Cell wall less than 1 fL thick, smooth.
Individual sheaths not present, entire colony
of nearly 100-200 cells encompassed by
organic matrix.

Comparison - P. vulgaris lacks well pro
nounced organic sheath as in P. puratanum
described here.

Phylum - CHLOROPHYTA
Class - CHLOROPHYCEAE
Order - (?) CHLOROCOCCALES

Glenobotrydion Schopf, 1968

Type species - Glenobotrydion aenigmatis
Schopf, 1968.

d. Glenobotrydion sp. 1
PI. 1, fig. 20

Description - Cells spherical (spheroidal),
longish oval (ellipsoidal). Wall thick up to
1 p., in groups of 3-4 appearing pseuCIo
filamentous. Individual cells 15 p. broad
and up to 17 p. long. Sheath of organic
matrix not observed.
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Globophycus circularis sp. novo
PI. 1, fig. 13

Comparison - G. aenigmatis described by
Schopf (1968) is a colony of large number of
circular cells and is distinctly different.
Not many specimens have been studied/
recovered by us and as such are compared
with Glenobotrydion only.

d. Glenobotrydion sp. 2
PI. 1, fig. 21

Description- Spheroidal u.licell, 21X 19 p..
Wall thick, distinct, fairly ornamented.

Comparison - This specimen is compar
able to a single cell of G. sp. 1.

Globophycus Schopf, 1968

Type species - Globophycus
Schopf, 1968.

rugosum

Incertae Sedis

Algal filament type 1
PI. 2, figs. 42 & 43

Description - Filament cylindrical, 8-10 [J

in diameter, unbranched, non-septate
appearing granulose due to agglutination of
organic debris.

Comparison- Siphonophycus Schopf (1968)
has capitate apices. The specimens studied
by us are small, tubular filaments with a
hoisted apices.

Algal filament type 2

PI. 2, fig. 44

Description - Filamentous specimen,
broken; filament long, cylindrical, about
7-9 [L in diam., probably non-septate,
branched. Wall thin, ill-defined, about 0·5 [J-.

Holotype - PI. 1, fig. 13.
Type locality- Dharwar exposures, 8 miles

short of Dharwar city.
Description - Spheroidal, 25-30 p.. Wall

covered by sheath. Sheath folded closely
giving a pseudoreticulate appearance, agglu
tination of organic debris common.

Comparison - G. rugosum has a larger
sheath.

TRILETE SPORE

Spore Type

PI. 2, fig. 35

Occurrence - Dharwar exposures, 3t miles
from Dharwar city on the Halyal road.

Description -? spore roundly triangular,
13 p.. Wall up to 1 p. thick, apiculate,
apiculae closely spaced, rounded, less than
1 p. long and as wide. A faint trilete mark
observed, arms reaching 2/3 radius. V-rays
not open.

Remarks - The mark observed is very
faint and may represent only a tetragonal
compression mark. The specimen is distinct
and may represent a spore of a land plant.
The occurrence of a tetrad scar, though
not functional points out to their adherence
in tetrads, thus leaving a tetrad scar.
Only one specimen has so far been recorded.

Organic Plates

Type-1

PI. 2, fig. 45

Description - Fragmentary, elongated
plate with simple, alternately arranged,
circular to lenticular, perforations, 2-4 [J

in diam.

FOSSIL ASSEMBLAGE

The assemblage consists of a rich variety
of fossils grouped under cyanophyceae,
chlorophyceae and sphaeromorphitae. The
cyanophycean and chlorophycean algal
remains are mostly unicellular with a
well preserved sheath enclosing the unicell.
Several sphaeromorphs are present in the
assemblage, the most dominant of them are
those classed under Leiosphaeridia. Other
vesicles include Protoleiosphaeridium, Grano
marginata, Lophosphaeridium, Concentrites
and Trachysphaeridium. The sphaeromorphs
do not show any distinct characters on the
basis of which the forms can be classified.
Ornamentation and size are used in differen
tiating different genera. The cyanophycean
algal fossils are mostly unicellular or colonial
chroococcalean forms and no distinct fila
mentous form has been recovered. Palaeo-



VENI<:ATACHALA et al.- ORGANIC REMAINS FROM DHARWAR SEDI.MENTS 35

TABLE 1

Sample studied Lithology. locality &
other details

Al Greyish green Schist. 13 k.m.
from Chikmagalur on the Cbik
magalur-Kadur road.

A. Red ferruginous sandstone over-
(3 samples) lain by fissile. soft; red shale

8 miles short of Dharwar on
the Habli-Dharwar road.

A3 Buff. purple, reddish-brown and
(5 samples) white shale. at times sandy;

5.5 k.m. from Dharwar on
the Dharwar-Halyal road (a
quarry about 100 m. west of
the road).

A. Dark grey. fine-grained. hard
(4 samples) greywacke with dark grey

shales which weather buff on
surface; shales are fissile; 2
k.m. from Dharwar on Dhar
war Kalgatki road (near
building stone quarry).

anacystis, Myxococcoides are common in the
assemblage.

Glenobotrydion 0- Globophycus both genera
erected by Schopf (1968) and classed under
chlorophyceae (? Chlorocoaccales) are common
in the assemblage. The assemblage is mostly

characterized by these algal remains and
sphaeromorphs. The sphaeromorphs may
represent cysts or reproductive bodies of
fossil algae or may themselves be algal
bodies. No conclusion is drawn or differen
tiations made except on external morpho
logy.

A spore-like form is recovered from the
Dharwar sediments, exposed near Dharwar
city on the Halyal road. This triangular
fossil bears a faint triradiate mark. The
affinity or relationship of this fossil is not
known (see discussion in Syst. Palynology).

A number of organic plates (perhaps of
animal origin) are also found.

DISCUSSION

Early Precambrian microbiota recorded
from the Onverwacht Series (>3200 m.y.),
Fig Tree Formation (3200 m.y.) of
Swaziland system near Barberton, South
Africa (Engel et al., 1968; Barghoorn &
Schopf, 1966; Schopf & Barghoorn, 1966,
1967; Pflug 1966, 1967) and Soudan Iron
Formation (2800 m.y.) of Minnesota (Grun
ner, 1925; Clound & Licari, 1968) comprises
unicellular, spheroidal algal microfossils

TABLE 2-DISTRIBUTION OF FOSSILS IN THE DIFFERENT SAMPLES STUDIED

Fossil SAMPLE Nos.
~--------------~--A-I

A-2A-3A-4

Sphaeromorphitae LfJiosphaeridia
++++

ProtolfJiosphaeridium
++++

Granomarginata
++

Lophosphaeridium
++

Trachysphaeridium
++

Concentrites
+

Rugocystis
+

Navifusa
+

Cyanophyceae
(Chroococcales)PalafJocanacystis

+
Myxococcoides

+
Chlorophyceae

(Chlorococcales ?)Glenobotrydion
+

Globophycus
+

Spore type
+

Algal Filaments

++
Indeterminable

++++
organic matter
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(Archaeosphaeroids barbertonensis) similar to
modern blue green algae (Chroococcales),
globular bodies resembling cysts of flagel
lates, filamentous forms assigned to nosto
calean blue-green algae and organically
preserved bacterium-like rod-shaped micro
fossils (Eobacterium isolat~tm) of eubacterial
affinity along with larger remnants of
partially organized organic matter.

Early Precambrian biota as recorded
above are not comparable with Dharwar
assemblage. The Dharwar assemblage con
tains morphologically complex algal unicells
(Globophyc~ts, Glenobotrydion) of Chlorococ
cales and colonial forms (Palaeoanacystis,
Myxococcoides) of chroococcalean affinity.

The Gunflint (2000 m.y.) and Lower
Belcher (1700 m.y.) assemblages comprise
the best documented Middle Precambrian
microbiota. The microbiota is predominant
ly composed of filamentous and spheroidal
procaryotic microorganisms referable to
cyanophycean families (Chroococcaceae, Oscil
latoriaceae, Nostocaceae) and a variety of
chemosynthetic bacteria (Barghoorn & Tyler,
1963, 1965; Cloud, 1965; Cloud & Hagen,
1965; Schopf et al., 1965; Hofmann &
Jackson, 1969). The Dharwar assemblage
consists of a rich variety of fossils grouped
under Cyanophyceae, Chlorophyceae and
Sphaeromorphitae. The cyanophycean algal
fossils are mostly unicellular or colonial
chroococcalean forms and very few ill-defined
filamentous forms have been recorded.

Although the Middle Precambrian and
Dharwar assemblages are characterized by
the abundance of photosynthetic procaryotic
plants of cyanophycean affinity, the com
parison between well documented Middle
Precambrian and Dharwar biotas appears
to be difficult at this stage of our knowledge
of the Dharwar biota.

Structurally and organ~cally well-preserved
microorganisms have been discovered and
described in many Late Precambrian sedi
'mentary units of Central, Northern and
Southern Australia, Montana, Michigan,
South California, Poland and China. The
best preserved and diverse assemblage is
recorded from the Black Cherts of the
Bitter Spring Formation of Central Australia,
dated as approximately 1000 m.y. in age
(Barghoorn & Schopf, 1965; Schopf, 1968,
1970) and offers some comparison with the
Dharwar microfloral assemblage in having
the following common constituents. The
common constituent genera are: Palaeo-

anacystis, Myxococcoides (Chroococcaceae);
Glenobotrydion, Globophycus (Chlorococcales).

The Bitter Spring m;crobiota contains
well-presen'ed procaryotic filamentous
(Osclliatoriaceae, Nostocaceae and Rivulari
acea) blue-green alga, spheroidal green algae
(Caryosphaeroides) assigned to Chlorellaceae
and organic filaments probably related to
modern filamentous fungi (Eumycophyta ?).
The eucaryotic (Nucleate) nature of Dharwar
assemblage is evidenced by the presence of
Globophycus, Glenobotrydion, and a doubtful
trilete spore, also a significant feature of the
Bitter Spring microflora. The Dhm war
assemblage essentially lacks the filamentous
fossils typical of the Bitter Spring assem
blage, and thus indicates a major com
positional dissimilarity between the two
assemblages.

A comparison of the Dharwar assemblage
with the well-dated assemblages of Pre
cambrian sediments reveals that Dharwar
assemblage is more advanced than the Early
Precambrian microbiota, as the latter is
characterized by the procaryotic micro
organisms consisting of coccoid and fila
mentous blue-green algae and rod-shaped
bacteria and as such the two assemblages
are not comparable.

Comparing the fairly well known Late
Precambrian Bitter Spring microbiota with
the Dharwar assemblage, it becomes appa
rent that although the two have few common
genera viz., Myxococcoides, Palaeoanacystis of
Cyanophyceae, Globophycus, Glenobotrydion
of Chlorophyceae; their overall comparison
shows a clear distinction between the two.
The above common coccoid members exhibit
dissimilarity at the specific level. An
abundance of filamentous fossils referred to
the oscillatoriaceae, Nostocaceae and Fungi
(? Eumycophyta) in Late Precambrian
sediments is marked. Palaeolyngbya Bar
ghoorniana Schopf, Cephalophytarion grande
described by Schopf (l.c.) and other fossils
which exhibit evolved cyanophycean features
as rounded, attenuated or dilated terminal
cells, disc or barrel-shaped middle cells and
encompassing organic sheaths and organic
filaments (Eomycetopsis robusta, E. jilijormis)
closely comparable to modern filamentous
fungi (?) characterize the late Precambrian
microbiota. The Dharwar assemblage con
sists of unicellular and colonial algal remains
forming the major constituents of the flora.
This comparison affords to suggest that
the Dharwar assemblage is less evolved in
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complexity as compared to the Late Pre
cambrian microbiota.

Thus it is probable that Dharwar 1I[cro
biota is more advanced than the Early
Precambrian assemblage and more primitive
than the Late Precambrian one, ranging
between Middle Precambrian to Early late
Precambrian in age.

The presence of eucaryotic microfossils
Glenobotrydion, Globophycus, and a doubtful
trilete spore in the Dharwar assemblage
reveals that the eucaryotic microorganisms
of algal affinity were represented during the
Dharwar times. The available evidence
recorded up till now from the well-docu
mented Precambrian m:crobiota, suggests
that this higher level of biological organi
zation originated during the period between
1800 and 2200 m.y. ago (Schopf, 1967, 1968;
Cloud, 1968; Margulis, 1968). Thus the
age of the Dharwar m:crobiota according to
comparisons made as above is younger in
aspect than the approximate radiometric age
of 2400 m.y. (Pichamuthu, 1971).

Gowda and Sreenivasa (1969) have record
ed Dharwar fossils from the Gllddadaran
gayanhalli Formation (G.R. Formation) of

the Chitaldrug Schist Belt. The organic
fossils come flom an age group of 2000
1400 m.y. and referred to Sphaeromorphitac
and Netromorphitae of the Group Acritarcha
and cuticular remains to 5pol1giophy
ton, Krausel. An abundance of Sphaero
morphitae in G.R. Formation and Dharwar
assemblage de:ocril::edhere exh;bits a simi
larity between the two. Detailed comparison
between these two b:otas is not made
dt:e to poor prcsen"ation and lack of details
of the morphology of fossils of the G.R.
Formation.
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EXPLANA TION OF PLATES

(All photomicrographs magnifled- X 750, except PI. 1, Figs. 14, 15,16 & PI. 2, Figs. 7,13,17 which
are -X 1000)

PLATE 1

1, 2. Leiosphaeridia raci sp. novo (Slide No. A2/1).
3. Leiosphaeridia aglutinata sp. novo (Slide No.

A2/2).
4. Protoleiosphaeridium sp. [Slide No. A2(2)/2].
5, 6. Protoleiosphaeridimn problematicum sp. no.

(Slide No. A2/1).
7,8. Leiosphaeridia dharwariana sp. novo [Slide

No. A2/1. A2(2)/3).
9, 10. Leiosphaeridia aglutinata sp. novo [Slide

No. A2(1)/12, A2(1)/3].
11. Leiosphaeridia dharwariana sp. novo [Slide

No. A2(1)/8].
12. Leiosphaeridia aglutillata sp. novo [Slide No.

A2/2, AI/2).
13. Globophycus cireularis sp. novo [Slide No.

A2(1)/3].
14. Grallomarginata clara sp. novo [Slide :'\0. ,\2/2].
15. Leiosphaeridia dharwarialla sp. novo [Slide

No. A3(2)/l].
16. Leiosphaeridia aglutillata sp. novo [Slidc 1:\0.

A2(1)/8].
17, 18, 19. My.'t:Ococcoides indicus sp. novo [Slide

No. A2/1. A2(1)/8, A2(1)/6)
20. Cf. Glenobotrydion sp. 1 [Slide No. A2(1)/12).
21. Cf. GleJ!obotrydion sp. 2 [Slidc No. A2(1)/8).
22. Navifusa purana sp. novo [Slide No. A3(2)/1).
23. Leiosphaeridia aglutinata sp. novo [Slide No.

A2(1)/12).

PLATE 2

24-27. Rugocystis velaris Gen: et sp. novo [Slide
No. A2/1, A2(2)/3, A2(1)/4, A2/2).

28. Palaeoanacystis puratanum sp. novo [Slide
A2(1)/6].

29. Trachysphaeridium decorum sp. novo [Slide
A2(1) 13].

30. Lophosphaeridium sp. [Slide No. A2(1)/12).
31. Trachysphaeridium sp. [Slide No. A4(2)/l).
32, 33. Concentrites muricatus Gen. et. sp. novo

(Slide No. A2/1. A2/2).
34. Myxococcoides elongatus sp. novo [Slide No.

A2(1)/11).
35. Spore type-l [Slide No. A3(2)/1).
36. Lophosphaeridiurn conaturn sp. novo [Slide

No. A2(1)/8).
37. Rugocystis velaris Gen. et sp. novo [Slide No.

A2(1) 13].
38. ? Myxococcoides sp. [Slide No. A2(1)/6].
39. Myxococcoides elongatus sp. novo [Slide No.

A3(2)/l].
40. Lophosphaeridium conalttm sp. novo [Slide

No. A2(1)/12).
41. Trachysphaeridimn sp. (Slide No. A4/2).
42, 43. Algal filament type-1 [Slide No.

A2(1)/8).
44. Algal filament type-2 [Slide No. A2(1)/3).
45. Organic plate [Slide No. A2(1)/1O).
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A PROBLEMATICAL FOSSIL OF PSILOPHYTALEAN ASPECT
FROM THE UPPER PENNSYLVANIAN OF

EASTERN KANSAS

ROBERT W. BAXTER

Botany Department, University of Kansas, Lawrence, I(ansas, U.S.A.

ABSTRACT

Naked, regularly dichotomizing axes haye been
found in abundance as compressions in Upper
Pennsylvanian shales of north-eastern Kansas
associated with such typically Pennsylvanian plant
remains as Pecopteris jeminaejormis, Pecopteris
arborescens, N europteris scheuchzeri, Alethopteris
sp, Lepidophylloides sp. and Cordaites sp. Speci
mens up to 14 em. in length showing up to 5 very
regular dichotomies, all in one plane, present a
psilophytalean aspect which would unhesitatingly
be identified as aerial stems if found in Devonian
rocks. The specimens are assigned to the form
genus, Hostinella (Hostimella) as a new species,
H. pennsylvanica and reasons are discussed for
the probable survival of Devonian plants into
the Pennsylvanian Period.

INTRODUCTION

THE occasional occurrence of plantsresembling those of the Devonian
flora in strata of Middle and Upper

Pennsylvanian age indicates that some of
these more ancient genera may have sur
vived essentially unchanged into the later
geological period in the same way that such
"living fossils" as Equisetum, Selaginella
and Lycopodium seem to have persisted
from the Pennsylvanian to the present.
Then as now, however, they probably consti
tuted a very minor element in relation
to the more modern flora of the time and are
very seldom encountered in the fossil record.

Two Pennsylvanian coal ball genera which
have been suggested as possible Devonian
type plants are Microspermopteris (Baxter,
1949) based on its leafless, flattened branch
system and Stelastellara (Baxter, 1965)which,
while unassignable to any known group of
Pennsylvanian plants, shows in its stelar
structure striking similarities to the branch
and" rachis" of the Devonian Actinoxylon
(Matten, 1968) and Archeopteris (Carluccio
et al., 1966).

The present report deals with an assem
blage of compression specimens from the
Upper Pennsylvanian of eastern Kansas
which also seems more similar to some
of the Devonian psilophytalean genera than
it does to the Pennsylvanian flora.

GENERAL DESCRIPTION

Over one dozen specimens have been
found, those shown in Figs. 1 and 2 being
representative of the assemblage. The speci
men shown in Fig. 1 measures slightly over
9 cm. in length and shows four regular
dichotomies all lying in a single plane
so that the branching system is fan-shaped.
It measures 2·5 mm. in diameter near the
bottom, gradually tapering to less than
0·5 mm. at the top. The small size and
rapid taper of the axis in these upper
dichotomies probably indicates that this is a
terminal portion of the branching system.
The specimen is preserved as a carbonaceous
film on the shale with a thickened, dark
ridge running down the center of the axis,
possibly representing the remnants of the
central xylem strand. In the axil of one
of the upper dichotomies (Fig. I-a) the
axillary area aboye the dichotomizing central
strand has some resemblance to the" webb
ing" described by H0eg (1942)as occurring in
the branch angles of some of the Devonian
Hostinella (Hostimella) specimens. However,
nothing similar to the associated "axillary
buds" described by H0eg haye been found
in any of our specimens.

The specimen shown in Fig. 2 measures
13·5 cm. in length while only showing two
dichotomies. The large size of the axis,
which measures 4 mm. in diameter at the
base with only a gradual tapering to 2·5 mm.
at the upper end (along with the greater
length between dichotomies) suggests that
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it may represent a more basal part of the
plant than that shown in Fig. 1. Indeed,
since the 2·5 mm. upper diameler of this
specimen equals the ba5al diameter of the
fragment shown in Fig. 1, it is possible
that they represent nearly contiguous parts
of equivalent axes so that the total length
of the dichotomous branch system could be
estimated at at least 22 em.

While the preservation of the specimen in
Fig. 1 is in the form of a carbonaceous
compression, the more basal fragments, as
shown in Fig. 2, are freqt:ently preserved
as pyrite infiltrated casts which can be
readily removed from the rock surface.
Portions of the axis in Fig. 2 (and other
similar specimens) were taken out, and
polished and etched transverse and longi
tudinal sections prepared which were then
observed at magnifications up to 80X in
reflected light. While no cellular details
were preserved, the central part of the axis
was always occupied by an irregularly lobed
strand of nearly pure iron-pyrite which
characteristically, frequently seems to infil
trate the open xylem tissues in many coal
ball plants.

DISCUSSION

The primary question regarding nal{ed,
dichotomizing axes such as the specimens
just described, relates to whether they are
properly identified as stems or roots. while
they would probably be unhe'iitatingly
identified as aerial stems if found in Devo
nian rocks, their unexpected presence in
strata of Upper Pennsylvanian age will
undoubtedly influence some to insist that
they must represent dichotomously branched
root systems of some of the more typical
Pennsylvanian plants wh;ch are found in
association with them.

In the absence of more diagnostic
characters than are available to us there
seems no way to settle the question con
clusively, although the very regular dicho
tomies and undistorted, flattened fan-like
growth are characters which seem more
representative of aerial stems than they do
of roots. Certainly none of the typical
Pennsylvanian genera occurring in the same
shale, such as Pecopteris feminaeformis, P.
arborescens, Neuro pteris scheucltzer i, Aletho
pteris sp., Lepidophylloides sp. and Cordaites

sp. are known to have such flattened
spreading root systems.

Occasional swollen tips, suggestive of
terminal sporangia have been found asso
ciated with the dichotomot:S axes, but since
none were found attached it is unpr
ovable that they are part of the same
plant.

It is well known that our present flora
includes genera which seem to have survived
essentially unchanged from the Pennsyl
vanian Period to the present. Schlanker &
Leisman (1969) have described a Middle
Pennsyh'anian Selaginella fraiponti which
they consider almost indistinguishable from
the extant S. selaginoides while Lycopodites
is reported in the Devonian and Equisetites
in the Upfer Carboniferous (Banks et al.,
1967).

In view of the above, it seems not
unreasonable to a5sume that occasional
Devonian plants could have survived the
considerably shorter inten'al (and what were
probably less drastic climatic changes) from
the Devonian to the Pennsyh'anian.

Accordingly it is felt that the evidence
j llstifies provisionally placing these dicho
tomizing axes in the form genus, Hostinella
Barr. ex Stur 1882 emend. Potonie &

Bernard, 1904 as delimited by Banks (1967)
until the time that future collections
from this area may further clarify its
position.

H ostinella (H ostimella) pennsylvanica

sp. novo

PIs. 1 & 2

Diagnosis -Naked, regularly, dichotomiz
ing axes up to 22 cm, or more in tolal
length with all of the branches in a single
plane. Axes gradually tapering from a
basal diameter of 4 mm. to 0·5 mm. near
the apex.

Holotype - Specimen numbered No. 1449
in the University of Kansas paleobotanical
collections. Fig. 1.

Horizon- Severy shale, Wabaunsee group,
Virgilian stage, Upper Pennsylvanian of
Kansas, U.S.A.

Locality - Severy shale outcrop above
railroad tracks approximately 1/4 mile south
east of Valley Falls, Kansas.
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PAL YNOSTRATIGRAPHY OF THE SEDIMENTARY FORMATIONS
OF ASSAM: 3. BIOSTRATIGRAPHIC ZONATION OF THE CHERRA

FORMATION OF SOUTH SHILLONG PLATEAU*

S. C. D. SAH & S. K. DUTTAt

Birbal Sahni Institute of Palaeobotany, Lucknow

ABSTRACT

In the South Shil10ng Plateau, sediments of the
Cherra Formation rest on the eroded surface of
the Langpar Form::ttion (Danian) and are in turn
conformably overlain by the Lakadong Limestone
(Lower Eocene) member of the Sylhet Limestone
Formation. Based on the disposition of the
Cherra Sandstone in three altitudinal belts, each
characterized by a coal-seam, and on the distri
bution of commonly occurring palynological spe
cies, three biostratigraphic zones have been recog
nized in the Cherra Sequence.

The lower zone can be distinguished by the high
frequencies of Nympheoipollis erassimurus, Retialetes
em~ndatlls and Polypodiisporites mawkmaensis, to
gether with a few other forms restricted only to
this zone. The middle zone can be recognized
by the common occurrence of Corrugalisporiles
jormosus, Seslrosporites deltmanii, Foraminisporis
medius, Couperipollis rarispinosus, COltperipollis
wodehousei, etc., and low frequencies or ± absence
of Nymphaeoipollis erassimurus and Polypodiis
poriles mawkmaensis. The upper zone is distinct
in the absence of palynomorphs characteristic of
the lower and middle zones together with increased
frequencies of Foveosporiles paehyexinous, Poly
eolpiles speeiosus, Engelhardlioidites parvus, etc.

A distinct palynological change across the
Cherra/Lakadong boundary is apparent, which
can be fruitful1y used for demarcating this boun
dary.

INTRODUCTION

THE coal bearing Cherra Sandstoneand its directly associated sediments,
conglomerate shale, carbonaceous shale

and clay, form a sedimentary sequence,
best developed near Cherrapunji and hence
named as the Cherra Formation. During
the course of geological mapping it was felt
that the Cherra Formation was clearly
divisible into three subdivisions. This
feature became apparent by the development
of this lithostratigraphic unit in three
different altitudinal belts. The idea of

subdividing this formation was further
strengthened by the occurrence of three
coal-seams within this sandstone group. It
was noted that the Top-seam characterized
the upper belt, the Middle-seam distinguish
ed the middle belt, while the Bottom-seam
marked the basal belt. Moreover, these
seams are laterally traceable to a consider
able distance, sometimes up to as much as
16 km., and the same sequence is observable
throughout this lateral distance. However,
in the absence of key beds, the three distinct
zones remain lithologically indistinguishable.
Consequently, qualitative and quantitative
analyses of the palynological assemblage was
undertaken to find a more reliable basis for
demarcating the different stratigraphic levels
within the Cherra Formation.

The pollen analytical data from the
Cherra Formation were obtained by counting
200 specimens per sample. More than 200
samples from twenty-one escarp and gorge
sections were analysed and studied. The
complete thickness of the Cherra Formation
has not been observed in any single section.
Hence, a composite section has been com
piled from three ± complete and 18 smaller
sections. Similarly, a composite assemblage
has been obtained by calculating the mean
value of the palynological data from samples
representing the same stratigraphic levels
within the Cherra Formation. The resulting
diagram (distribution chart) gives an idea
of the frequencies of the significant spore/
pollen species. The diagram at a glance
clearly shows:

1. That the Cherra Formation is divisible
into three palynological zones.

2. That the Cherra Formation, from base
to the top, does not show any major
miofloral change. A major floral change

*The p~per w~s originally presented to the Eastern Himalayan Geology Symposium, held at
Shil1ong, Assam, in November 1967. The long delay and uncertainty in the publication of the
procedin~s of the above Symposium necessitated the revision of the paper in the light of recent
palynological studies on the area and its publication elsewhere.

t Applied Geology Dep:lrtment, Dibrugarh University (Assam).

42



SAH & DUTTA - PALY JOSTRATIGRAPHY OF SEDIMENTARY FORMATION OF ASSAM 43

was not expected because the forma
tion represents a comparatively short
time interval to bring about any major
evolutionary development.

3. A small but distinct miofloral change of
stratigraphic significance is apparent
between the assemblages of the Cherra
Formation and the overlying Lakadong
Sandstone.

4. Another important feature clearly ob
servable is the gradual decline of those
species which attained their maximum
development at the lower horizons.
On the other hand, species with low
frequency, in the lower horizons, show
progressive development towards the
upper horizons until they reach the
boundary with the overlying Lakadong
Sandstone.

5. Palynological zonation of the Cherra
composite section and the lateral persis
tence of the three cenozones provides
corroborative evidence for the sub
division of this formation on lithological
and structural grounds. Palynological
markers provide a more reliable basis
for the identification and correlation of
different stratigraphic levels within the
formation.

PALYNOSTRATIGRAPHY

The Cherra palynological assemblage is
rich in pteridophytic spores and angiosperm
pollen. Gymnospermous elements are ab
sent. A total of 103 form species have been
identified. Of these, some have a wide
range of distribution while others are
restricted to a small stratigraphic interval.
Similarly, their numerical representation
varies from very rare (1), rare (2-6), common
(6-15), abundant (16-30), to predominant
(above 30). The distribution of the palyno
logical taxa in both time and space and
their frequency differences have helped in
the selection of certain key species which are
of particular biostratigraphic significance in
zoning and correlating the Cherra Formation.
The following three palynological cenozones
have been recognized in the composite
section of the Cherra Formation:

NYMPHAEOIPOLLIS CRASSIMURUS
CENOZONE

Places of Occurrence- Cherrapunji, Maw
mluh, Mawsmai, Pynursla, Laitryngew,

Umsawmat, Sohrarim, Mawrap and Lyng
kyrdem.

Lithology - Fine to medium-grained sand·
ston-::s,often white, friable in nature, are the
dominant rock types of this cenozone.
Beside these, shale, carbonaceous shale and
coal are the other associated rock types.
The average thickness of the sediments
varies from 160-200 ft.

Lower Contact - The Cherra Formation is
separated from the underlying Langpar
Formation by a prominent band of conglo
merate. An erosional unconforniity between
the two has been observed at fall section
1023".

Upper Contact - The sandstone below the
carbonaceous shale band forming the floor
of the middle coal-seam constitutes the
roof of this cenozone.

Principal Miofloral Constituents - Nym
phaeoipollis crassimurus, Polyp odiisporites
mawllmaensis, Nymphaeacidites clarus, Poly
colpites ornatus, P. coollsonii, L alliapollis
matanmadhensis, Triorites inferius, T. com
munis, Talisiipites zoodehousei, Liliacidites
microreticulatus, Corrugatisporites formosus,
Sestrosporites dettmanii, Foraminisporis
medius, Tricolpites reticulatus, Trifossapolle
nites constatus, Dandotiaspora spp., Couperi
pollis brevispinosus, C. rarispinosus, Palmae
pollenites communis, P. eocenicus, Palaeo
santalaceaepites dinoflagellatus, Lycopodium
sporitespalaeocenicus, Retialites emendatus
and Cyathidites minor.

Zonal Markers -- Nymphaeoipollis crassi
murus, Retialetes emendatus, Polypodiisporites
mawllmaensis, Nymphaeacidites clarus, Poly
colpites ornatus, Lakiapollis matanomadhensis,
Triorites inferius, Talisiipites wodehousei and
Liliacidites microreticulatus.

Remarlls - The conglomerate bed at the
base of the Cherra Sequence together with
two closely placed coal partings provide a
lithological basis for delineating the Nym
phaeoipollis crassimurus Cenozone from the
underlying Langpar Formation. This zone
can also be readily distinguished from the
Langpar by high frequencies of Nymphaeoi
pollis crassimurus and Retialetes emendatus.
Ho,vever, there are also other species which
occur in low frequencies in the Langpar
Formation but have become common in the
Nymphaeoipollis crassimurus Cenozone. Two
species, Lycopodiumsporites palaeocenicus and
Dandotiaspora dilata have higher fre
quency value in Langpar Formation as
compared to Cherra Formation.



LAI(ADONG PALYNOLOGICAL ZONE

I!laces of Occurrence - Cherrapunji, SheIla,
Laltryngew, Lumshnong, Therriaghat, Maw
mluh, Thanjinag and Pynursla.

Lithology - The strata of this cenozone
comprise limestone, coal, carbonaceous shale
and sandstone. They range from 500 to
600 ft. in thickness and constitute the lower
part of the Sylhet Limestone Formation.

Lower Contact- Lakadong Limestone forms
the lower boundary of the Lakadong palyno
logical zone. It is underlain by a white
friable sandstone which forms the topmost
bed of the Cherra Formation.

Upper Contact - Lakadong Sandstone is
conformably overlain by the Umlatodoh
Limestone, which has yielded typical Laki
fossils like Nummulites, Alveolina, Disco
cyclina, Miliolidae, etc" and on this
eviden,ce dated as Lower-Middle Eocene in
age.

Lower Contact - The carbonaceous shale
forming the floor of the upper coal-seam
ma.rks the lower boundary of Tricolpites
rehculatus Ce~ozone. It rests conformably
over a maSSIVe sandstone stratum which
constitutes the topmost horizon of the
A raliaceoipollenites reticulatus Cenozone.

Upper Contact - The white friable sand
stone that occurs at the top of the Tri··
colpoites reticulat1tS Cenozone is conformablv
overlain by a marine limestone band which
is named as the Lakadong Limestone.

Principal Miofloral Constituents-Corm
gat~sporites formosus, Tricolpites reticulatus,
T:ifossapollenites constat-us, Polycolpites spe
cwsus, P. cooksonii, Engelhardtoidites parvus,
Coupel'ipollis. brevispinosus, C. rarispinosus,
Palmaepollemtes communis, P. eocenicus, Reti
ale~es. emenciat'us, Triporopollenites vimalii,
Tnorztes communis and Cyath£dites minor.

~onal Markers -' Tricolpites reticulatus,
T :ifos.s.apollenites C.01~stat'us,Triporopollenites
mmaln and Cyatlndttes minor.

RtJmar,ks - The upper zone of the Cherra
ForJ?ation .is. very poor in palynological
fossIls. A dIstInct floral decline is discernible
at this level which might be related to the
advent of arid climate during the closing
of the depositional phase of the Cherra
Formation. Adverse environmental condi
~ions are not only reflected by the poverty
In the plant community but is also indicated
by the development of a fairly thick
ferruginous sandstone.

THE P ALAEOBOT.\.NIST

ARALIACEOIPOLLENITES RETlCULATUS
CENOZONE

44

Places of OCC~trrence- Cherrapunji, Um
swamat, Sohrarim, Mawmluh, Mawsmai,
Pynursla and Bapung.

Lithology - Sandstones, shale, carbona
ceous shale and coal are the principal rock
types of Araliaceoipollenites reticulatus Ceno
zone. The average thickness of strata
~onstituting this stratigraphic interval is
In the order of 150-200 ft.

Lower Contact - Carbonaceous shale form
ing the floor of the middle coal-seam is the
basal boundary of this cenozone. It is
conformably underlain by a sandstone
member which forms the top of the underlying
Nymphaeoipollis crassimurus Cenozone.

Upper Contact - A sandstone bed which
overlies the middle coal-seam forms the
topmost member of Araliaceoipollenites ceno
zone.

Principal Mioflornl Constituents- Cornt
g~~isporites formosus, Sestrosporites dettma
nn, Foraminisporis medius, Araliaceoi
pollenites reticulatus, A. psilatus, Droseridites
t:a.rvus, Polycolpites speciosus, Engelhardto
~d~tes parvus, Couperipollis brevispinosus,
Lycopodiumsporites palaeocenicus, Retialetes
emen.datus, Palmaepollenites eocenicus, Poly
colpttes cool~sonii and Triorites communis.

Zonal Markers - Araliaceoipollenites reti
culatus, A. psilatus, Droseridites parvus,
Corrugatisporites formosus, Couperipollis
brevispinosus, Triorites communis and Retia
letes emendatus.

Remarks - A thick massive sandstone

~verlyi~g the middle coal-seam is the major
lIthologIcal marker of this cenozone. White
friable sandstone layers which constitute a
common feature of the underlying Nym
phaeoipollis crassimurus and the overlying
Tricolpites reticulatus Cenozones are not
met with in this stratigraphic interval.

TRICOLPITES RETICULATUS CENOZONE

Place of Occurrence - Cherrapunji, Lait
rynge~v, Sohrarium, Mawmluh, Lyngkyrdem,
KyndIar, Gumaghat, Langrin and Maw
svnram.
" Lithology - The principal lithofacies of

this interval comprise white friable sand
stones underlain by ferruginous sandstone,
coal and carbonaceous shale. The thickness
of this cenozone varies from place to place
but 200 ft. has been estimated as the average
thickness.
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CONCLUSION

Principal Miofloral Constituents - Retia
letes dttbius, Dandotiaspora spp., Couperipollis
brevispinosus, C. rarispinosus, Palmaepolle
nites communis, P. eocenic~ts, Polycolpites
cooksonii, Triorites communis and Cyathidites
minor and some microplanktons.

Zonal Markers - The dominance of Dan
dotiaspora complex and Retialetes dubius
together with high frequencies of Palmae
pollenites communis and Cyathidites minor
distinguishes this zone from the underlying
Tricolpites reticulatus Cenozone of the Cherra
Formation.

Remarks - The passage between the
Cherra Formation and the overlying Laka
dong Limestone is readily observable by a
distinct change in facies from arenaceous to
calcareous. This evidence has been used
to define the boundary between the two
formations as this change seems to be
related to the negative movements of the
basin of deposition during the Lakadong
times. The change in the composition of
the palynological assemblages across this
boundary conforms to the changes in the
depositional basin and hence considered
to be stratigraphically significant.

SAH & DUTTA - PALYNOSTRATIGRAPHY OF SEDIMENTARY FORMATlON OF ASSAM 47

change is significant and may be related
to the sinking of the basin which resulted
in the advent of the transgressive phase
at the close of the Cherra depositional cycle.

Study of a large number of stratigraphic
sections, representing almost the entire
outcrop area of the Cherra Formation, clearly
demonstrates the correlative value of the
three Cenozones established within the
Cherra Composite Section. The position of
the three cenozone boundaries in relation
to the three coal-seams is essentially the
same throughout the sections studied. This
indicates close correspondence between litho
logic and biostratigraphic boundaries.

Field indications supported by lithological
succession indicate that the Cherra Forma
tion of Shillong Plateau is equivalent to the
Tura Formation of Garo Hills. Cenozone
correlation of the Cherra Formation with the
Tura Formation (Sah & Singh, 1974) shows
close parallelism between the two. The
three Cherra Cenozones closely correspond
to the three lower cenozones of the Tura
Formation, i.e. Nymphaeoipollis crassimurus
Cenozone corresponding to Retialetes emen
datus, Araliaceoipollenites reticulatus Ceno
zone correlating with Dandotiaspora telonata
and Tricolpites reticulatus Cenozone compar
ing with Palmidites plicatus Cenozone of

The range and relative frequency of the Tura Formation. The relationship between
significant taxa shown in the range chart lithological and biostratigraphical boundaries
reveal that no sharp miofloral change occurs is essentially the same at both these places
at the LangparjCherra boundary while a which clearly establishes the correlative
significant change is discernible at the value of these zonal assemblages. Thus,
CherrajLakadong boundary. Although most palynology provides conclusive evidence that
of the spore-pollen species pass through the the Tura Formation of Garo Hills is the
LangparjCherra boundary without any westerly extension of the Cherra Formation
change in their assemblage composition, of Shillong Plateau.
there are some species which exhibit distinct The lateral persistence of these diagnostic
change in their relative abundance. These biota throughout the Garo, Khasi and
changes seem to be of stratigraphic signi- Jaintia Hills, the close correspondence in the
ficance. Palynological data from the Lang- lithological succession and the outcrop area
par Formation is at present meagre. Hence being restricted to the southern slopes
examination of some more stratigraphic indicate that all these basins were once
sections from the Langpar Formation is part of a long foredeep in front of the
desirable before these changes can be used as Assam autochthon and as such they may be
reliable indices for delineating the Langparj parts of the same sedimentary basin. The
Cherra boundary. heavy mineral assemblage is also more or less

The change in assemblage composition the same at both these basins indicating
across CherrajLakadong boundary is of that these areas received sediments from
sufficient stratigraphic significance and can the Pre-Cambrian crystalline mass of the
be used for delineating this boundary. This autochthon.
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PALYNOSTRATIGRAPHY OF THE SEDIMENTARY FORMATIONS
OF ASSAM, INDIA: 4. AGE OF THE LAITRYNGEW-MAWKMA
COAL-BEARING SANDSTONES AND THEIR RELATIONSHIP

WITH THE CHERRA FORMATION*

S. K. DUTTAt & s. C. D. SAH
Birbal Salmi Institute of Palaeobotany, Lucknow

ABSTRACT

The present paper deals with the age of the
coal-bearing sandstones of the Laitryngew-Mawkma
area and their relationship with the Cherra For
mation. Climatic condition and depositional
environment at the time of deposition have been
summarized. Since Medlicott first distinguished the
coal-bearing sandstones of Laitryngew-Mawkma
area, the age of these rock units have tacitly been
accepted as ••Lakadong Sandstone Stage"
(Lower-Middle Eocene). On the basis of strati.
graphical similarity they havc been equated with
the coal-bearing sandstone of Mawmluh (Lower
Cherrapunji; Longitude 91°42'30"E: Latitude
25°15'15"N). Recent palynological and palaconto
logical studies of the sedimentary formations of
the South Shillong Plateau have shown that these
coal-bearing sandstones may be slightly older than
what they were previously regarded. The results of
the heavy mineral studies also seem to conformto the
palynological dating.

Since these sandstones apparently seem to be
older than the Lakadong Sandstone, they may be
a continuation of the sedimentary succession
developed at Cherrapunji, and hence Palaeocene
in age. The fossils suggest prevalence of sub
tropical climate and a shallow, fresh-water or
lagoonal environment of deposition.

INTRODUCTION

INthe absence of lithological markers,the identification and correlation of
the Upper Cretaceous-Lower Palaeogene

rocks of the South Shillong Plateau have,
so far, been largely based on marine inver
tebrate fossils. The invertebrate fossils are
restricted to the Mahadeo, Langpar (Creta
ceous) and the Lakadong Limestone member
(Lower-Middle Eocene) of the Sylhet Lime
stone Formation. There is a thick develop
ment of non-marine sediments between
two limestone bands, the lower belonging
to the Langpar Formation (Danian) while
the upper limestone band forms the basal
member of the Sylhet Limestone Formation

(Lower-Middle Eocene). This non-marine
section consists primarily of sandstones,
intercalated with three coal-seams, shales
and clays. Considerable difficulties have
been encountered in the recognition and
lateral tracing of this succession even in
nearby sections. This is because of absence
of distinctive marker beds, absence of
palaeontologic fossils and the nature and
development of this succession at different
parts of the basin. The Cherra sequence,
best developed near Cherrapunji, could
not be reliably correlated with another
well-developed sequence at Therriaghat,
a few miles south-east of Cherrapunji.
Consequently two formation names were
erected for these local developments. The
sequence at Cherrapunji was named as
Cherra Formation while the other was
named as Therria Formation. From a
perusal of relevant literature it becomes
apparent that similar difficulties were
encountered in attempts to correlate, from
surface exposures, the coal-bearing SUCCES
sion of Laitryngew-Mawkma area. As a
result the age and stratigraphical position
of the Laitryngew-Mawkma sequence has
remained an open question. Correlation
based on palynological markers, however,
seems to provide a reliable basis for dating
this sedimentary sequence.

The first reference to the age of the
sandstones at Laitryngew and Mawkma
was made by Medlicott (1869) who first
recognized thEse stratigraphic units and
assigned a Nummulitic age (equivalent to
the Shylhet Limestone Formation).

Palmer (1923) indicated that these sand
stones were equivalent to the Cherra For
mation and placed them at the top of the
Cretaceous sequence.

*The paper was originally presented to the Eastern Himalayan Geology Symposium, held at
ShiIlong, Assam, in November 1967. The long delay and un~ertainty in the publication of the
proceedings of the above Symposium necessitated the revision of the paper in the light of recent
palynological studies on the area and its publication elsewhere.

t Applied Geology Department, Dibrugarh University.
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Ghosh (1940) mapped the area and on
lithological and structural grounds regarded
the Laitryngew-Mawkma coal-bearing sand
stones as equivalent to the Lakadong Stage
(Lower-Middle Eocene).

Evans (1932) suggested an Upper Eocene
age for these coal-bearing sandstones.

Based on the occurrence of an angular
unconformity between the underlying Lang
par Formation and the overlying Cherra
Formation, together with palaeontological
evidence, Dutta (Dutta et al., 1964) first
opined that the limestones occurring at
Laitryngew, Umstew and Mawkma belong
to the Langpar Formation and the coal
bearing sandstones that immediately overlie
these limestones formed the base of the
Tertiary sequence.

Later, in the same year Bagchi made a
comparative study of the invertebrate fossils
from the type area of Langpar with those
of the Laitryngew Limestone. He supported
Dutta and concluded that the Laitryngew
Limestone is a lateral continuation of
the one occurring at Langpar.

This paper presents the results of geo
logical and palynological studies of the
clastic sediments of the non-marine sand
stone group exposed at Laitryngew-Mawkma
area and their correlation with the Cherra
succession.

GENERAL GEOLOGY

The area in which the present geological
and palynological investigations have been
carried out forms the southern part of the
Shillong Plateau. It lies between Lat.
25°15'30" and 25°20'30"N: Long. 91°40'0" and
19°45'30"E and is covered by Survey of India
toposheet 78 0/11, in one-inch scale.

The general geology of the area has
been described in detail a number of times
(Ghosh, 1940; Biswas, 1962; D. G. M.
Bulletin 1964) and hence will not be dis
cussed in the present paper.

STRATIGRAPHY

The basement Archaean rocks and the
overlying Jurassic Sylhet traps are exposed
only at the gorges or river sections. Over
lying the traps are the Cretaceous conglo
merate and reddish to purplish sandstones,
forming the Mahadeo Formation. This
stratigraphic unit is succeeded by the
Langpar Formation which is characterized

by a massive fossiliferous limestone band
and a thin shale band at the top. The
Langpar section is overlain by a coal-bearing
sandstone sequence, which in turn is con
formably overlain by another fossiliferous
limestone, known as the Lakadong Lime
stone.

PALAEONTOLOGY

The Lakadong Limestone that imme
diately overlies the coal-bearing sandstones
is dated as Lower-Middle Eocene because
it contains the following fossils:

Nummulites thalicus, N. sindensis, Lock
hartia haimei, Miscellania miscella, M.
meandrina, Operculina d. canalifera, Alveo
lina, Orbitosiphon tibetica, Discocyclina rani
kotensis, Gypsina sp. and some calcareous
algae (Krishnan 1960, p. 518). According
to Wadia (1961, p. 340) "The Lakadong
beds contain foraminifers which indicate
a Ranikot age". Based on palaeontological
evidence R.ama Rao (1964, p. 18) also sug
gested an Upper Ranikot age for these beds.

Dutta et al. (1964, pp. 51-52) recorded
fossils like Cypraea sp., Solariella d. radia
tula Forb., Exogyra d. suborbiculata Lam.,
Cardium d. pilatum Stol., Plicatula sp.
from the underlying Langpar Limestones.
Of these, Solarietla d. radiatula Forb.
ranges from Cenomanian to Turonian; Exo
gyra d. suborbiculata Lam. is indicative
of Turonian to Senonian age, while Cardium
d. pilatum Stol. is a Danian form (Pascoe,
1959, pp. 1237, 1248 and 1258). These
genera have, so far, not been recorded from
any other horizon younger than the Upper
Cretaceous.

HEAVY MINERAL COMPOSITION

Heavy mineral analysis of the coal-bearing
sandstone shows that the sandstone is
characterized by zircon, rutile, magnetite,
hematite, ilmenite, apatite, tourmaline, garnet,
kyanite and sphene. The composition of
this suite is thus more or less identical to
that of the Cherra Formation.

PALYNOLOGICAL COMPOSITION

The coal-bearing sandstone unit of
Laitryngew-Mawkma area contains a rich
and varied flora. The assemblage is char
acterized by the abundance of angiospermic
pollen and pteridophytic spores while the
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-common

-dominant

-rare
-rare
-rare
-rare
-rare
-rare

-dominant
-dominant
-dominant
-dominant

limestone 'which on faunal evidence is
considered to be equivalent to the Langpar
Formation. This excludes the possibility
of the Laitryngew-Mawkma Sandstone unit
being Cretaceous in age. The other two
possibilities are whether this coal bearing
succession is equivalent to the Cherra
Formation or the Lakadong Sandstone
member of the Sylhet Limestone Formation.
Palynological cenozone correlation indicates
that the Laitryngew-Mawkma coal bearing
unit is more or less identical to the Cherra
coal bearing unit. Palynological markers
like Couperipollis, Retialetes dubius, together
with high frequencies of Dandotiaspora com
plex, Palmaepollenites communis, Cyathidites
minor, which characterize the Lakadong
sandstone interval are missing from the
Laitryngew Mawkma coal bearing unit.

On the other hand, the Lakadong assem
blage is characterized by the dominance of
Retialetes dubius, Dandotiaspora spp. and
a large number of monosulcate spinose
grains which in the Cherra assemblage are
either absent or very rare. All the domi
nant species of the Cherra assemblage are
absent in the Lakadong assemblage, hence
the coal bearing sandstone succession at
Laitryngew-Mawkma area does not corres
pond to the Lakadong Sandstone member
of the Sylhet Limestone Formation.

In view of the above comparisons it
becomes apparent that the Laitryngew
Mawkma coal bearing stratigraphic unit is
equivalent to the Cherra Formation. This
interval is, therefore, Paleocene in age.
The microfloral and lithological identity
together with close proximity of the Laitryn
gew-Mawkma Sandstone unit with the
Cherra Sandstone unit indicates that the
former might be the northern and north
western continuation of the latter.

CONDITIONS OF DEPOSITION

In 1940 Ghosh (p. 15) suggested that
Lower Eocene time was a period of oscil
lation of land and sea in the Khasi Hills
when marine conditions alternated with
those of estuarine and deltaic. The eco
logical environment of the palynological
taxa recovered from the Laitryngew
Mawkma Sandstone unit clearly indicates
that the sandstones were deposited under
continental conditions. As these sandstones
are underlain and overlain by marine lime
stones it is reasona e 0 ssume that they

-common
-common

-rare
-rare
-rare
-rare
-rare
-rare
-rare

gymnosperms are meagre1y represented.
The palynological fossils shall be described
elsewhere. The stratigraphically significant
palynological markers and their relative
abundance are given below.

1. Nymph~eoipollis
crass~murus

2. Polypodiisporites
mawkmaensis

3. Retialetes emendatus

4. Nymphaeacidites clarus
5. Polycolpites ornatlts
6. Lakiapollis

matanmadhensis

7. Lycopodiumsporites
palaeocenicus

8. Triorites inferius
9. Talisiipites wodehousei

10. Corrugatisporites formosus
11. Sestrosporites dettmanii
12. Foraminisporis medius
13. Araliaceoipollenites reticulatus
14. A. psilatus
15. Droseridites parvus
16. Monolites (LaeV1'gatospordes)

discordatus

17. Tricolpites crassireticulatus
18. Trifossapollenites constatus
19. Foveotriletes pachyexinous
20. Polycolpites speciosus
21. Engelhardtioidites parvus
22. Palaeosantalaceaepites

dinoflagellatus - rare
The most striking feature of the Laitryn

gew-Mawkma assemblage is the dominance
of three species, viz. Nymphaeoipollis crassi
murus, Retialetes and Polypodiisporites mawk
maensis. These species have approximately
the same relative abundance as in the
Nymphaeoipollis crassimurus Cenozone
(Lower Zone 1) of the Cherra Formation (Sah
& Dutta, 1973).

The distribution and frequency of the
other palynological taxa, e.g. Nymphaeaci
dites clarus, Polycolpites ornatus, Lakiapollis
matanmadhensis, Triorites inferius, Talisii
pites wodehousei, Corntgatisporites formosus,
Sestrosporites dettmanii, Lycopodiumsporites
palaeocenicus, Foraminisporis medius, Arali
aceoipollenites reticulatus, Tricolpites crassi
reticulatus, Trifossapollenites constatus, Fove
otriletes pachyexinous, Polycolpites specio
sus, etc., in the Laitryngew-Mawkma
assemblage, is also the same as in the
Cherra Formation.

The coal-bearing sandstone unit at ai-
tryngew-Mawkma area overlies a arine
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were deposited during the temporary with
drawal of the sea from the area. The
presence of pollen of Potamogeton, Nymphaea,
Lentibulariaceae, etc., indicates a fresh-water
aspect. This is also borne out by the
presence of a plant bearing bed at Laitryngew
from where a rich megaflora (palm leaves,
etc.) have been collected. The absence of
brackish-water or marine elements further
substantiates a fresh-water environment.
The presence of pollen grains referable to
the Palmae, Rhizophoraceae, Chenopodiaceae,
etc., indicate coastal aspect. The occurrence
of ripple-marks and current bedding in
these sediments suggest shallow water depo
sition. It is therefore reasonable to deduce
that these sandstones were laid down under
near-shore, fresh-water to estuarinal or
lagoonal conditions.

The palynological composition of the
Laitryngew-Mawkma assemblage further
indicates the prevalence of humid sub
tropical climate during the time of depo
sition of this stratigraphic interval.

CONCLUSION

The assembled data (palynological, palae
ontological and heavy mineral) clearly indi
cate that the stratigraphical position of
the Laitryngew-Mawkma sandstone unit
is younger than the Langpar Formation
(Danian) and older than the Lakadong
Limestone member of the Sylhet Limestone
Formation (Lower-Middle Eocene). This
coal bearing sandstone interval appears to
be the equivalent of the Cherra Formation.
The close lithological and microfloral identity
between the two clearly indicates that the
Laitryngew-Mawkma coal bearing sandstone
unit is the northern and north-western
continuation of the Cherra Formation and
hence Palaeocene in age.

The geological and palynological data
indicate that the place of deposition was a
shallow, fresh-water to estuarinal or lagoonal
environment and that humid sub-tropical
climate prevailed during the time of depo
sition.
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ON SOME CONIFER REMAINS FROM BANSA, SOUTH REWA
GONDWANA BASIN

SUKH-DE V & M. N. BOSE

BirbaJ Salmi Institute of PalacoLotany, Lucknow

ABSTRACT

Lf'afy twigs of Bl'acltyphyllllnL bal1.,arnsis n. s1'.,
B. eikaiosto11l1f1l! n. sp., B. s1t1'yall{f,1'a)'IIJlaii n. "I'.
and lvIarwaria latifulia (Ft'i~;tmantf'j) n. comb.
are describf'c1 here from the Lowcl Creta. eous of
Bansa, South RC\\'a Gondwana Basin. l\larwaria
is a new g('nus, based on the specimen originally
describ"d by Feistmantel (1882) as A ralfcarites
latifolius. Cone-scales of Aralfcarites jibr<Jsa n. sp.
and Araucarites macrJpterus Feistmantel h:1.\'e
also been described.

INTRODUCTION

FROMBansa, Madhya Pradesh, threespecies of Pagiophyllm1t have already
been described by us (Bose & Sukh

Dev, 1972). BrachYPhyllum bansaensis, B.
eil?aiostomum, B. suryanarayanaii, M arwaria
lati/olia, Araucarites fibrosa and A. macrop
terus Feistmantel are now described. Ex
cept A ratJcarites macropterus all the new
species are based on cuticular features.

DESCRIPTION

Genus Brachyphyllum Brongniart

Brachyphyllum bansaensis n. sp.
PI. 1, Figs. 1-3; Text-fig. L\-F

Diagnosis - Twigs irregularly branched.
Branches 3-4 mm. wide, straight or slightly
curved. Leaves spirally arranged, ovate,
typically measuring 4 X 2· 5 mm. (range
2-4x 1.5-2.5 mm.), slightly longer than the
rhomboidal leaf-base cushion, directed for
ward or sideways. Margin entire; occa
sionally with a microscopic frill in parts.
Apex acute. Lower side keeled.

Leaves amphistomatic. Cuticle about 6 (L

thick. Upper surface: stomata fewer as
compared to lower surface, present near
margins in single, short files, leaving a wide
central non-stomatic area. Each file con
sisting of 3-7 stomata. Stomata mostly
transversely orientated, some obliquely or
longitudinally placed. Guard cells sunken.
Subsidiary cells 4-6, mostly 4 or 5, slightly
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sunken; surface wall more cutinized than
epidermal cells and possessing a prominent
thin slit. Epidermal cells polygonal; lateral
and end walls moderately thick and almost
straight, at places slightly wavy; some cells
show a longitudinal or transverse slit.
Lower surface: epidermal cells mostly like
cells of upper side but with lateral and end
walls sometimes pitted or slightly undulate.
Epidermal cells between stomata and sto
matal files polygonal, a few rectangular,
more or less serially arranged. Stomata
present over entire surface, arranged in
single, short to long files, some irregularly
placed; separated by 2-3 (sometimes 5)
cells; longitudinally or transversely orien
tated, a few obliquely placed. Subsidiary
cells 4-6, mostly 4 or 5, slightly sunken;
surface wall more thickened than that of
the ordinary epidermal cells and showing a
prominent thin slit. Guard cells sunken,
thinly cutinized. Aperture narrow and slit
like. A few stomata with an incomplete
ring of encircling cells. Trichomes absent.
Hypodermis present on both surfaces.

Holotype - No. 29989 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - Marwar Ghat about! km. N.E.
of Bansa.

Horizon and Age - Jabalpur Series; Lower
Cretaceous.

Comparison and Discussion - The twigs
of Brachyphyllum bansaensis are somewhat
similar to the twigs of B. mamillare Brong
niart and B. scalbiensis Kendall (1947).
Both, like B. bansaensis, are amphistomatic.
But in B. mamillare stomata are occasionally
absent from the upper surface. The dis
tribution of stomata on the upper surface
is more regular in B. scalbiensis than in
B. bansaensis. In the former the stomata
are arranged in well-marked longitudinal
rows. In B. bansaensis the upper surface
is more reduced with a few stomata placed
in ill-defined files. In B. bansaensis the
stomata are mostly transversely or longi
tudinally orientated while in B. scalbiensis
they are irregularly orientated. From B.
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tropidimorphum Wesley (1956) B. bansaensis
can readily be distinguished by the distri
bution of the stomata which in the former
species occur over the entire upper sur
face.

Systematic Position - In the form of the
leaves and the stomatal distribution B.
bansaensis resembles somewhat Dacrydium
colensoi. However, in D. colensoi the leaves
appear more keeled, the stomata compa
ratively less crowded on the lower surface
and the subsidiary cells less cutinized to
wards their inner side. In Dacrydi1t11'tkirkii,
as in B. bansaensis, the stomata are fewer
on the upper surface but on the lower sur
face they occur densely in two broad margi
nal bands and unlike B. bansaensis are mostly
longitudinally placed. Though B. bansaensis
shows some resemblances with certain spe
cies of Dacrydium, its systematic position
is not yet certain and we prefer to keep it
under the form-genus Brachyphyllum.

Brachyphyllum eikaiostomum n. sp.
PI. 1, Figs. 4-7; PI. 2, Fig. 16; Text-fig. 2A,F

Diagnosis - Leafy twigs straight, stiff,
2-4·5 mm. wide. Leaves small, rhomboidal,
typically 2·5 X 4 mm., arranged spirally and
closely placed, appressed, not keeled and
projecting. Leaf-base slightly concealed by
adjacent leaves. Longer diagonal of leaf
transverse to stem. Attachment area rhom
boidal. Upper surface of leaf much reduced,
slightly convex. Leaf tip directed forward
and overlapping the basal portion of the
leaf in front. Margin with a microscopic
frill. Apex acute, obtuse or rounded.

Leaf amphistomatic. Lower cuticle 4 to
9 {J. thick in folds, upper slightly thinner.
Stomata irregularly distributed over entire
lower surface, excepting the apical and
sometimes the central portion, usually widely
spaced, never forming longitudinal rows, some
times 2 or 3 stomata occurring in contact.
Stomata on upper surface few. On both
surfaces stomata mostly obliquely, sometimes

+--

transversely or longitudinally orientated.
Stomatal apparatus oval or circular. Sub
sidiary cells slightly sunken, 4 to 7, mostly
5 or 4; inner surface wall less thickened
than epidermal cells, often showing one or
two slits. Polar and lateral subsidiary
cells not distinguishable. Outer anticlinal
wall of subsidiary cells slightly raised above
general level of the epidermis. Bottom
of stomatal pit oval. Guard cells slightly
sunken, with aperture and surface wall
thinly cutinized. Ring of encircling cells
not always complete.

Epidermal cells on both surfaces polygonal,
isodiametric, irregularly packed. Anticlinal
walls prominent, commonly interrupted by
pits or not clear, 1·5-5·5 {J. thick, straight,
sometimes undulate. Periclinal walls fre
quently marked with a longitudinal slit,
sometimes slit may be dividing. Marginal
frill one cell thick, 21-117 {J. broad; frill
cells usually narrower, their free ends round
ed or obtuse.

Holotype - No. 30030 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - Marwar Ghat about! km. N.E.
of Bansa.

Horizon and Age - Jabalpur Series; Lower
Cretaceous.

Comparison and Discussion - Brachyphyl
lum eikaiostomum looks like Brachyphyllum
rhombicum (Feistm.) Sahni (1928) described
from the same flora. From Marwar Ghat
we have another new species of Brachy
phyllum (not described in this paper) which
also resembles B. rhombicum in external
features. But unfortunately the cuticle of
the original specimens of B. rhombiwm is
unknown and therefore none of the Marwar
species can be identified with it.

B. expansum (Sternb.) var. indica Sahni
(1928) agrees with B. eikaiostomum in the
presence of stomata on both the surfaces
and in stomatal structure. In both the
stomata are irregularly distributed, but in
B. expansum var. indica the leaf tip is
microscopically thick and pointed and there

TEXT-FIG. 1 - Brachyphyllum bansaensis n. sp.: A, specimen no. 29989, X 5. B, lower cuticle,
showing orientation and distribution of stomata, slide no. 4428 (from specimen no. 29989), X 20.
C, upper cuticle, showing orientation and distribution of stomata, slide no. 4428 (from specimen
no. 29989), X 20. D, epidermal cells of UppEr cuticle, ~li(le no. 4428 (from specimen no. 29989),
X 250. E, stoma and epidermal cells, slide no. 4428 (from specimen no. 29989), X 500. F, reo
constructed transverse section of stoma of Fig. E along the line denoted by arrows.
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is no marginal flange. Moreover, the leaves
in this variety are smaller and elongate.
B. expansum var. indica appears to need
a new specific name because Kendall (1949)
has shown that B. expansum (Sternb.) Se
war~ with its papillate stomata is a different
specIes.

B. eikaiostomttm looks similar to several
other species of Brachyphyllum but in all
these the cuticular characters differ. B.
mamillare (Kendall, 1947) resembles B.
eikaiostom1tm in having an apical marginal
frill but its stomata are arranged in longi
tudinal rows. B. crucis Kendall (1949) has
a frilled margin near the apex and scattered
stomata towards the leaf-base, but these
stomata are papillate. B. expansum
(Sternb.) Seward (Kendall, 1949) has a
frilled margin and papillate stomata arranged
in longitudinal rows. B. kendallianum Wes
ley (1956) agrees with B. eikaiostomum in
its subsidiary cells but differs in having
the stomata placed in longitudinal rows
and in the absence of marginal frill. B.
appropinquatttm Wesley (1956) agrees in
its often scattered stomata but these have
papillate subsidiary cells; there is also no
marginal frill in this species.

Systematic Position - Brachyphyllum eika
iostomum shows some resemblances in its
gross features with Dacrydium biforme
(Hook.) Pilg., D. colensoi Hook. and Athro
taxis wpressoides Don. In all these the
leaves have a marginal flange. But while
in D. colensoi the stomata are irregularly
scattered in D. biforme and A. cupressoides
they are placed in bands though in the
latter species the stomata sometimes be
come scattered at the leaf-base. In D.
biforme the epidermal cells are pitted, but
the subsidiary cells are thickly cutinized.
The walls are not pitted in D. colensoi and
the subsidiary cells are more thickly cuti
nized in their outer portion than the inner.
In the other species of Dacrydium, viz.
D. cupressinum Sol., D. elatum (Roxb.)
Wall., D. intermedium Kirk and D. kirkii F.
MueH. the subsidiary cells are either sun
ken or at level with the general surface,
but, in contrast to B. eikaiosto11lum, the
inner portion of their subsidiary cells is
always at a higher level than the outer
portion.

In conclusion, while B. eikaiostomum
does have a few characters in common with
some species of Dacrydium, its systematic
position remains uncertain.

Brachyphyllmn suryanarayanaii n. sp.
Pi. 2, Figs. 11, 14, 18; Pl. 3, Fig. 25; Text-fig. 3A-H

Diagnosis - Main twig 5 mm. wide;
branches 2'5-4·0 mm. wide, arising irregu
larly at angle of 25-45°. Leaves persistent,
more or less rhomboidal, typically 4 X 2
mm., borne spirally. Most of lower surface
exposed but base concealed; upper surface
small, somewhat concave. Leaf rounded
in section, not keeled, with a rhomboidal
area of attachment. Leaf apex obtusely
pointed, projecting outwards and forwards
at an angle of about 45° to the stem. Mar
gin entire, occasionally with a microscopic
frill in parts.

Cuticle about 8-13 fL (in folds) thick;
upper cuticle slightly thinner than lower.
Stomata irregularly distributed on both
surfaces, not in rows, widely or closely
spaced, occasionally with subsidiary cells
in contact. Stomata longitudinally or obli
quely placed, a few transverse. Stomatal
apparatus oval or circular, typically 61X 49
fL. Guard cells deeply sunken, thinly cuti
nized.

Subsidiary cells 4-5, sometimes 6 or 7,
slightly sunken, as thickly cutinized as
epidermal cells and possessing a thin strip
placed parallel to their inner margin and
separating an inner from an outer thick
area. All subsidiary cells alike, polar ones
unspecialized. Subsidiary cells sharply
separated from encircling cells by a deep,
narrow groove. Surface of subsidiary cells
strongly convex showing faint radial stria
tions. Stomatal pit angular. Subsidiary
cells provided with a papilla overhanging
the stomatal pit; some or all papillae occa
sionally absent. Papillae 3-9 (-12) fL long,
with rounded ends, sometimes faintly striat
ed. Papillae sometimes crowded over sto
matal pit even concealing it. Encircling
cells similar to other epidermal cells, not
raised, their outer margins not forming a
definite ring.

Epidermal cells similar on both surfaces,
polygonal, often isodiametric, tending to
form longitudinal rows or irregularly packed.
Anticlinal walls very thick, 3-11 fL, straight.
Periclinal walls smooth or slightly mottled,
sometimes with fine striations and one or
more thin strips. Epidermal cells at leaf
base papillate.

Holotype - No. 30662 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - About! km. N.N.W. of Bansa.
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Horizon and Age- Jabalpur Series; Lower
Cretaceous.

Comparison and Discussion - Brachyphyl
lum suryanarayanaii agrees rather closely
in its stomata with B. expansum (Sternberg)
Seward (Kendall, 1949), B. appropinquatum
Wesley (1956) and B. praetermiss2l,mWesley
(1956). In all these species the stomatal
apparatus is rounded, the subsidiary cells
have strong papillae and are marked off
from the encircling cells by a deep groove.
But there are differences also. The leaves
of B. suryanarayanaii are rather more
divergent than the leaves in the other
species. B. expansum differs from the Bansa
species in its longitudinal rows of stomata,
a hypodermis and frilled margin, The
leaves of B. appropinquatum show very
little exposed upper surface; also the peri
clinal wall of the subsidiary cells is here
less cutinized than the epidermal cells and
they also lack thin strips. In B. praetermis
sum stomata are present only on the lower
surface. Moreover, in this species the anti
clinal walls of the epidermal cells are com
paratively thinner and both the subsidiary
and epidermal cells lack thin strips and
striations.

Systematic Position - Brachyphyllum sztr
yanarayanaii rather closely resembles in
its shoots and leaves Athrotaxis cupressoides
Don and Dacrydium colensoi Hook. It
also resembles Glyptostrobus Endl. but the
two are very different in cuticular structure.
A. cupressoides differs from B, suryanara
yanaii in having leaves with scarious and
toothed margin. But D. colensoi is like
B. suryanarayanaii in this respect. D.
colensoi also resembles in having a similar
type of stomatal distribution. In the papil
late basal cells of its leaves B. suryanara
yanaii is like A. wpressoides but not D.
colensoi.

In stomatal structure B. suryanarayanaii
is more like D, colensoi and a few other
species of Dacrydium than Athrotaxis. Both
B. suryanarayanaii and Dacrydium share

the feature of a deep groove round the
subsidiary cells while this is absent in
A throtaxis , Like B. suryanarayanaii D.
biforme has thin strips in the subsidiary
cells and some of the epidermal cells, though
in other species of Dacrydiztm such strips
are feeble or lacking.

In conclusion, B. suryanarayanaii shows
more features in common with Dacrydiztm
than with Athrotaxis, but clearly much
more evidence is needed before this species
can be placed in the Podocarpaceae.

G.enus Marwaria n. gen.

Diagnosis - Twigs bearing simple leaves.
Leaves sessile, spirally borne, narrowing
towards base and apex. Venation simple,
parallel. Leaves amphistomatic. Stomata
haplocheilic. Subsidiary cells 4-6, surface
wall thickened.

Type Species - Marwaria latifolia (Feist
mantel) Sukh-Dev & Bose.

M arwaria latifolia (Feistmantel) n. comb.
PI. 3, Figs, 19-24; Text-fig, 4A, B

1~82 - A1'aucarites (Araucaria) latifolius
Feistmantel, p. 45, PI. 2, Fig. 6.

1920 - Araucarites latifolius Feist.: Seward
& Sahni, p. 35, PI. 2, Fig, 27.

1928 - Araucarites latifolius Fst.: Sahni,
p. 31.

Diagnosis - Twigs bearing spirally ar
ranged leaves. Leaves typically 14 X 5 mm.
(available range 11-15 x3·5-5 mm.), elliptic
lanceolate; attached by a narrow base,
lower basal margin sometimes slightly de
current; apex pointed or bluntly rounded.
Veins simple, parallel, 0bscure towards
apex. Lamina apparently thick and cori
aceous.

Cuticle thick, of almost same thickness
on both sides. Leaves amphistomatic with
fewer stomata on upper surface. Stomata
on upper surface confined to leaf-base,
irregularly distributed, distant, sometimes
two stomata may be lying close. Epidermal

TEXT-FIG, 3 - Brachyphyllum suryanarayanai~ n, sp,: A, specimen no. 30662, X 5. B, lower
cuticle, ~lide no. 4431 (from specimen no, 30227), X 250, C, stoma and epidermal cells. Note the
deep groove on the left round the subsidiary cells, slide no, 4431 (from specimen no, 30227), X 800.
D, papillate cells in side view, slide nC'. 4434, X 250. E, basal papillate cells of lower surface,
slide no, 4434, X 250, F, G, two stomata in side view, slide no, 4431 (from specimen no. 30227),
X 800. H, orientation and distribution of stomata in 1 sq. mm. of the lower surface, slide
no. 4435 (from specimen no, 30227). •
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A

TEXT-FIG. 4 - lJfarwaJ'ia Tali/olia (Feistmantel)
n. comh.: .\, ~howing orientation and di'itribution
of stonnta in 1 sq. mm. of lo\\"er cuti"!!" olide no.
4+36 (from sp"c"imcn no. 30152). B, lo\\".r ('uti~le.
~Iid' no. +437 (from specinwn no. 30152). ~.< 250.

cells serially arranged, 22-66 X 15-35 fL,

rectangular, rarely polygonal, anticlinal walls
about 3 fL thick, almost straight and fairly
well marked, periclinal wall unspecialized.

Stomata on the lower surface placed
generally in single rows, distant, a few lying
outside rows, sunken, longitudinally orien
tated, sometimes slightly oblique, rarely
transverse. Subsidiary cells mostly 4 (2+2),
rarely 5, forming a ring, surface more cuti
nized than in epidermal cells. Stomatal
pit oval or circular. Guard cells thinly
cutinized, sunken. Aperture narrow, oval
or elliptic. Encircling cells like epidermal
cells. Epidermal cells outside stomatal rows
rectangular, squarish or polygonal, anti
clinal walls more or less straight, periclinal
wall smooth. Epidermal cells between sto
mata polygonal, broader than their length.
Trichomes absent.

Holotype - No. 5/386 of the Geological,
Survey of India, Calcutta. (Feistmantel
1882, PI. 2, Fig. 6; same here PI. 3, Fig.
20).

Locality -- Bansa.
Horizon and Age- Jabalpur Series; Lower

Cretaceous.
Comparison and Discussion - In gross fea

tures M arwaria lati/olia somewhat resembles
Araucaria crassi/olia C0rda described by
Krausel (1922) and A. toucasi Saporta
(1879). But the cuticle of A. crassi/olia
differs considerably from that of M. lati/olia.
In A. c1'assi/olia the stomata are mostly
transversely orientated, but in M. lati/olia
they are mostly longitudinally orientated.
In M. lati/olia there are mostly 4 subsidiary
cells, whereas in A. crassi/olia they are
mostly 6. The cuticular structure of A.
toucasi is not known. In external form the
leaves of Pagiophyllum peregrinum (?) (L. &
H.) described by Walkom (1919) from
?Briton Shaft may also be compared with
M. lati/olia. The leaves in P. peregrinum
(?) (L. & H.) are more distantly placed than
M. lat1folia. Among the fossil forms, Arau
cart"abalcombensis Selling (1950) from Bal
combe Bay, Australia, comes close to M.
lati/olia. In both the leaves are amphisto
matic, the stomatal rows ale quite distant
from one another and inside the rows sto
mata are longitudinally orientated. In A.
balcombensis the subsidiary cells are 4-6
in number, whereas in M. lati/olia they are
mostly 4, rarely 5. In both the stomatal
opening resembles in shape. However, the
leaves of A. balcombensis are larger and
have, unlike the leaves of M. lati/olia,
a large number of stomata on the upper
surface which are obliquely or transversely
placed.

Among the recent species of Araucaria,
M. lati/olia comes closest in general form
and size of leaf to A 1'aucaria biramulata
Buchholz and Araucaria muelleri Br. & Gr.
But the cuticle of A. biramulata is quite
different from that of M. lati/olia. The
stomata in A. biramulata are arranged on
both the surfaces of the leaf in close longi
tudinal rows, and the stomata are mostly
transversely orientated. Also the anticlinal
walls of the epidermal cells in this species
are pitted or sinuous. A. muelleri has also
mostly transversely orientated stomata but
the stomatal rows are here distant as in
M. lati/olia. The epidermal cells in A.
muelleri are markedly sinuous walled.
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Genus Aruucurites Pres!

Ara~tcarites fibrosa n. sp.
PI. 2, Figs. 12, 13, 15, 17; Text-fig. 5A-D

1877- Araucal'ites macruptems Feistmantcl
(tartim), p. 24-, PI. 8, Fig. 10.

1928 - Ara~tcarites macroptents Fst.: Sahni
(partim), p. 33, Pl. 6, Fig. 76.

Diagnosis - Detached cone-scales with a
single adaxially placed obovoid seed. Cone
scale broadly deltoid, narrowing proximally
and with a broad distal end, prolonged into
a short narrow tip. Base truncate. Cone
scale 2·8-6 X 2·6-4-·4- em.; seed 1'2-1·7 em.
long and a 5-0·9 em. broad. Veins promi
nent, numerous, almost parallel, branching
from two basal veins, which run parallel
on each side of the basal part of cone-scale.

Veins sometimes bifurcated. (Ligule doubt
ful.)

Cuticle of scale with stomata present
only on lower surface. Upper cuticle slightly
thinner than lower; cells rectangular or
squarish, sometimes polygonal, serially
arranged, anticlinal \valls straight, periclinal
wall unspecialized. On lower cuticle sto
mata abundant, irregularly distributed,
mostly transversely or 0bliquely placed,
rarely longitudinal. Stomatal apparatus
oval or circular. Subsidiary cells 4--6, mostly
5, rather more heavily cutinized than epi
dermal cells. Encircling cells not clearly
marked. Guard cells slightly sunken, form
ing a slit-like aperture. Epidermal cells
polygonal, rectangular or s(].uari"h, irregu
larly distributed, anticlinal walls straight,

B

,
,

, ,

TEXT-FIG. 5 - Arallcarites fibrosa n. sp. (.\-D); Arallcarites macr'lptCYilS Fc.:istmante] (E): A, sl'e~i
men no. 30585, X~. B, 10\\'er ruticle showing orientation and distribution of ~tomata in 1 sq.
mm., slide no. 4432 (from specimC'n no. 29992). C, stoma and epielennal C"1Js, slide no. +432 (from
specimC'1l no. 29992), X 500. D, upper cuticle, slide no. 4432 (from specimen no. 29992), X 250.
E, I1raucaritcs macropterus, specimen no. 30383, X 1.
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periclinal wall unspecialized. (Seed cnticle
not known.)

Holotype - No. 30377 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - About t km. N.N.W. of Bansa.
Horizon and Age - Jabalpur Series; Lower

Cretaceous.
Compart:son and Discussion - The present

specimens resemble Araucarites macropterus
sensu Feistmantel (1877, PI. 8, Fig. 10,
reproduced by Sahni, 1928, PI. 6, Fig. 76)
in shape and more or less in size. But
unlike Feistmantel's specimen the veins
in A. fibrosa join the two principle veins
which are running on two sides of the base
and also the seed of A. fibrosa is compa
ratively smaller in size. The cuticle of
A. fibrosa differs from that of Araucaria
cutchensis (Feistmantel) Pant & Srivastava
(1968) in having the stomata confined to
the lower side, irregularly distributed and
mostly transversely orientated. A. cut
chensis is amphistomatic, the stomata are
placed in rows and are commonly longi
tudinally orientated.

Araucarites macropterus Feistmantel
PI. I, Figs. 8-10; Text-fig. 5E

1877 - Araucarites macropterus Feistman
tel (partim), p. 24, PI. 8, Fig. 9.

1879 -- Araucarites macropterus Fstm.:
Feistmantel, p. 28, PI. 14, Figs. 13,
14; PI. 16, Fig. 11.

1882 - Araucarites macropterus Fstm.:
Feistmantel, p. 45, PI. 3, Fig. 18.

1920 - Araucarites macropterus Feist.:
Seward & Sahni, p. 34, PI. 6, Fig. 65.

1928 - Araucarites macropteris Fst.: Sahni
(partim), p. 33.

Emended Diagnosis - Cone-scale deltoid,
narrow towards base and broader, membra
naceous upwards, 1'8-3·5 X 1'6-3·4 em., bear
ing adaxially a small oval seed. Proximal
end of cone-scale truncate; distal end
rounded, sometimes with a small pointed
apex. (Ligule not observed.)

Holotype - Specimen no. 4/584 of the
Geological Survey of India, Calcutta (Feist
mantel, 1877, PI. 8, Fig. 9; same here PI. 1,
Fig. 10).

Locality - Holotype - Gollapalle, East
Coast Gondwana.

Horizon and Age - Holotype -- Rajmahal
Stage, U. Jurassic.

Discussion - Feistmantel (1877) insti
tuted Araucarites macropterus on some speci
mens of fossil cone-scales (PI. 8, Figs. 9-12)
from Gollapalle, East Coast. Under this
species he had included two or three different
species. Out of these, the one figured in
PI. 8, Fig. 9 (here reproduced in PI. 1,
Fig. 10) is similar to some of the specimens
collected from Bansa and nearby localities.
For all theSe we have adopted the name
Araucarites macropterus. Outside India
somewhat similar specimen has been figured
by Seward (1903, PI. 6, Fig. 6) from Cape
Colony as Araucarites rogersi.
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EXPLANATION OF PLATES

l'LATE 1

1. lJracltyphyllum bansacnsis n. sr. No. 29989,
hoiotnw, x 1.

2. B. bansaensis, lower (uticlf'. SI. No. 4428
(from specimen no. 29989), X 150.

3. B. brMsaensis, a stoma magnified. SI. :'{o.
4429 (from specimen no. 29989, X 500.

4. Brachyphyllum eikaiQstJmum n. sp. No. 30030,
holotypc, X 1.

5. B. eikaiostomum, No. 30033, X 1.
6. B. eikaioslomum. No. 35016, X 1.
7. B. eikaiostomum, a stoma magnified. SI. No.

4430 (from specimen no. 30269), X 500.
8. Araucariles macroplerus Feistmantel, No.

30438, X 1.
9. A. macroplerus, No. 35017, X 1.
10. A. macrcplerus, No. 4/584 (G.5.!., Calcutta),

holotypc, X 1.

PLATE 2

11. Brachyphyllnm suryanarayanaii n. sp.
No. 30662, holotype, X 1.

12. Araucariles fibrJsa n. sr. No. 30377,
holotype, X 1.

13. A. fibrosa, No. 30481, X 1.

14. Brachyphyllum suryanarayanaii, a stoma
magnified. 51. No. 4431 (from specimen no.
30227), X 500.

15. Araucarilcs fi/,rosa, a stoma magnified. SI.
No. 4432 (from specimen no. 29992), X 500.

16. Brachyphyllum eikaioslomum, lower cuticle.
SI. No. 4430 (from specimen no. 30269), X 150.

17. Araucarites fibrosa, lower cuticle. SI. No.
4432 (from sp£cimen no. 29992), X 150.

18. Brachyphyllum suryanarayanaii, lower cuticle.
S!. No. 4431 (from sperimf'n no. 30227), X 150.

PLATE 3

19. Nlarwaria lalifcZia (Feistmental) n. comb.
No. 30152, X 1.

20. lVI. latifolza, No. 5j386 (G.S.!., Calcutta),
holotype, xl.

21. M. latifulia, No. ]0683, X 1.
22. M. (alifolia, No. 35018, X 1.
23. M. lalifolia, lower cuticle. 51. No. 4433

(from sj)ecinH'n no. 30152), X 150.
24. M. lati/olia, a stoma magnified. SI. No. 4433

(from specimen no. 30152), X 500.
25. Brachyphyllum suryanarayanaii, two sto

mata magnified. SI. no. 4431 (from specimen no.
30227), X 500.



A REVISION OF THE LOWER GONDWANA SPHENOPTERIS
FROM INDIA

P. Ie MAITI1Y

Dirbal Sahni Institute of Palaeobotany, Lllcknow

ABSTRACT

OCCurrence of Sphenopteris Brongn. is long
known from the Lower Gondwana Formations of
India. Detailed morphological studies of these
fronds have revealed that they differ distinctly
from Sphenopteris and represent a new morpho
logical type. Hence, a new genus Neomariopteris
has been instituted to accommodate these fronds.

The previous records, Neomariopleris (Sphenop
teris) polymorpha (Feistm.) n. comb., N. (5.) hughesi
(Zeil!.) n. comb. and N. (5.) lobi/olia are redefined
and a new species Neomariopteris talchirensis is
instituted.

INTRODUCTION

FERN fronds from the Lower Gondwan as of India showing deep cut or
lobed habit of the pinna have been

described under Sphenopteris Brongniart.
Three species of Sphenopteris, viz. S. poly
morpha Feistmantel (1876, 1881), S. hughcsi
(Feistm.) Zeiller (1902) and S. lobi/alia
Morris (1845), are known from India. The
first nalfled two species are known from the
Barakar to the Raniganj Formations, where
as the third species is known only from the
Raniganj Formation.

In some recent collections well-preserved
remains of Sphenopteris have been collected
from a number of Lower Gondwana Coal
fields of India. The geological horizons of
these beds range from Barakar to Raniganj
Formations. A critical study of these fronds
suggests that the forms up till now described
under Sphenopteris are morphologically dis
tinct from typical forms of Sphenopteris
Brngn. and r~present entirely a new morpho
logical type. The same is discussed bere
with a revision of previous records from the
Lower Gondwanas of India and other
countries.

MATERIAL AND METHODS •

The observations presented in this paper
are based upon the examination of specimens
earlier described by Feistmantel (1876, 1881,
1882) and Zeiller (1902) preserved at the
Museum of the Geological Survey of India,

70

Calcutta, and the specimens described by
Srivastava (1954), Maheshwari & Gyan
Prakash (1965), Kar (1968), Maithy
(1969) and Kulkarni (1970) preserved at
the Birbal Sahni Institute of Palaeobotanv,
Lucknow. In addition to this 300 haIid
specimens collected from the Lower Gond
wana Formations of Raniganj Coalfield,
Jharia Coalfield, South Karanpura Coal
field, Auranga Coalfield, Daltonganj Coal
field, Ib-river Coalfield and Tattitola be s
(Rajmahal Hills) have been examined. The
specimens are commonly preserved in form
of impressions, however, in many cases a
carboniferous crust is preserved. A cellodion
pulls of plant substances often appears
brown and translucent under transmitted
light. Examination of pull under the micro
scope reveals various structural details.
Maceration of leaf substances by usual
Schulze's method results complete dissolu
tion of plant substance, however, in cases
one gets trace of cuticles.

DESCRIPTION

Neomariopteris gen. novo

Generic Diagnosis -- Imparipinnate fronds,
deeply divided, tripinnate or quadripinnate;
rachis winged, pinnules small to medium
size, shape variable, decurrent, attached to
rachis by broad base, apex variable (acute,
obtuse or broadly rounded), pinnule margin
entire, dentate, crenulate or undulated
(lobed); median vein of each pinnule usually
gives off simple or bifurcating nervules to
wards margin of pinnules (sphenopteroid
venation).

Genotype - N eomariopteris polymorpha
(Feistm.) n. comb.

Generic Description - The shape of the
complete frond is a isobilateral triangle,
because the petiole is continued as a central
shaft to the apex and bore its subdivisions
in pinnate manner (Text fig. IB). Near the
apical region the division of pinnule is not
complete and one can count the number of
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pinnules only by the emergence of mid
veins laterally from the pinnae rachis. The
decurrent nature of the pinnules is well
marked in all the species. The shape of
the pinnules and its apex is distinguishable
feature for the different species. Each
pinnule has one distinct midvein. The
midvein arises at ± 450, from the point,
where the lower margin of the pinnules joins
the pinnae rachis. The midvein gives lateral
nervules. The nervules passes to the margin
either simple or bifurcating. Course of
nervules may be straight or flexuosus.

Comparison--Brongniart (1828) instituted
Sphenopteris to accommodate fern fronds
with the following characters:

" The pinnules contracted at base and
often attached by short stalks, usually
small, oval or oblong in outline and lobed
or toothed or sometimes cut into narrow
acute or obtuse lobes. Midvein is straight
or flexuosus. The lateral veins depart at
acute angle and dichotomise a few times

and then pass either singly or in groups
to the tips or the 10bes of the pinnules."

The type species of Sphenopteris, viz. S.
adiantoides Schloth. (=S. elegal1s Brongniart,
in Sternberg, 1825) is a typical sphenop
teroid frond showing pinnules deeply lobed
with cueneate base. Pinnules are laterally
free, i.e. non-decurrent, though the forms
from the Lower Gondwana of India are
referred to Sphenopteris because of its vena
tion characters. However, the Lower
Gondwana forms differ from Sphenopteris
because the pinnules are attached to the
pinnae rachis by their broad bases and are
decurrent in nature. This feature has also
been marked by previous workers. Even
Zeiller (1902, p. 7) while describing Sphenop
teris hughesi has opined "Ces pinnules,
quelque peu arquees en faux, prennent
alors une grande ressemblance de forme
avec celles de certains Odontopteris du
terrain houiller, de l'Odontopteris minor

B
A

TEXT-FIG. 1 -A'-Branching pattern in Mariopteris Kidston. B. Br"llching pattern in Neornariop
leris gen. novo
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Brongniart, notamment, bien que la nerva
tion, totalement differente, ne permette pas
de les confondre". Dueto these morphological
peculiarities the Indian forms warrant their
separation from Sphenopteris.

In its decurrent nature of pinnules the
Lower Gondwana forms are comparable to
Alethopteris Sternberg, Alloiopteris H.
Potonie, and M ariopteris Zeiller. Alethop
teris Sternberg' differs from the Gondwana
form in possessing a distinct midvein in
the pinnules arising at right angle from
pinnae rachis and the lateral nervules are
also emerging oppositely from midvein at
+ 90°. These nervules are either simple

Or- branched into two. Alloiopteris is charac
terized by very small pinnules alternately
arranged, decurrent and more or less united
laterally, The veins entering the pinnule
branches two or three times and the veinlets
pass at a steep angle to the apex where they
terminate usually in three more or less
prominent teeth., Beside this the fertile
kaf ot Alloiopterzs (Corynopterts) is known.

The Lower Gondwana forms show a close
agreement both in t~e attachment. of t~e
pinl1ules and vcnatlOns to Marwpterts.
!Iowever, M ariopter.is has dimorphic pinnul~s,
l.e. basal, most pmnule on the postenor
side of pinnae is distinctly larger than the
other pinnules and is prominently bilobed.
This pinnule also receives two distinct mid
veins. Beside this the branching pattern in
both the fronds is different. In Mariopteris
fronds, the petiole are forked near the top
into equal branches, which has a second
dichotomy producing four branches int 0
two pairs (Text-fig. 1A)whereas in the present
specimens the petiole is continued as a central
shaft to the apex and bore its subdivisions
in pinnate manner (Text-fig. 1B).

MORPHOLOGtCAL CHARACTERS
FOR SPECIFIC DELIMITATION

The fronds of Neomariopteris show super
ficial resemblances to one another. But a
close and careful study of the morphological
details of the fronds recorded in our collec
tion shows that certain characters are
variable from one species to another species
and they can be well utilized for the identi
fication of species. The following characters
are recognized important for specific delimita
tion:

1. Nature of rachis: The main rachis may
be either broadly winged giving a robust

TEXT-FIG. 2 - AA complete pinnae of Mariop
teris showing dimorphic nature of pinnules.
B.A complete pinnae of Neomarioptcris.

appearance to frond or narrow winged
giving frail appearance to frond.

2. Outline of the pinnae: Ovate or lanceo
late or linear or obovate.

3. Angle of attachment of pinnae to the
rachis: Pinnae may be attached at right
angles to the rachis or at an angle of 45° or
less than 45°.

4. Shape of the pinnules: Oblong, lanceo
late, spathulate, ovate or obovate, etc.

5. Apex of the pinnules: It may be either
acute, obtuse or broadlv rounded.

6. Margin of the pirmules: It may be
entire, serrate, crenulate or undulated.

7. Attachment of pinnules to pinnae
rachis: Pinnules are either attached at right
angles to pinnae rachis or obliquely to rachis.

8. Shape of terminal pinnule: The termi
nal pinnule may be either broadly triangular
in shape or lanceolate shape or linear shape.

9. Course of midvein and lateral veins:
Veins may be either straight or flexuosus.

10. Number of nervules in one pinnule.

Neomariopteris polymorpha (Feistm.)
n. comb.

PI. 1, Figs. 1-4; Text-fig. 3A

Synonymy
1876 - Sphenopteris polymorpha Feistmantel,

p. 365, pI. XVI, figs. 5-7, pI. XVII,
figs. 1-3.



MAITHY - REVISION OF niE LOWER GONDWANA SPHENOPTERis FROM INDIA ,~

1881- Sphenopteris polymorpha Feistmantel,
p. 76-77, pIs. XVA, XVIA, XVIIIA,
fig. 3.

1905 - Sphenopteris polymorpha Arber,
Glossopteris flora, p. 131-133, text
fig. 31.

1966- Sphenopteris polymorpha Surange,
p. 66-67, figs. 36A-B.

Emended Diagnosis -- Fronds large, at
least tripinnate. Rachis broadly winged,
secondary rachis broad, emerge alternately
or sub opposite from primary rachis at an
angle of ± 90°. Pinnae ovate shape,
arranged alternately, attached to secondary
rachis at an angle of 70°-90°. Lateral
pinnules oblong shape, shows ± equal width
in the entire length, 4-10 mm. long and
2·5 mm. broad, i.e. the length to breadth
ratio of the pinnule is 2: 1; lateral pinnules
alternately arranged standing at right angles
or slightly obliquely to pinnae rachis,
decurrent, attached by broad base, lateral
fusion of two pinnules margin is ± t length
of the pinnules from the base, apex broadly
rounded; margin entire; the lower margin
of the pinnule shows strong curvature to
wards the apex, whereas the upper margin
is straight, terminal pinnules larger than
the adjacent pinnules, triangular in shape,
apex rounded. Median vein distinct,
emerges at 45° from the point where lower
margin of pinnule joins the pinnae rachis,
course straight, median vein gives fine
lateral nervules which dichotomises once
before reaching the margin. 12-14 nervules
are recorded in one pinnule.

Lectotype - 5165. Geological Survey of
India, Calcutta.

Locality - Raniganj Coalfield, Bengal.
Horizon - Raniganj Formation.
Specimen Figured - 35020/1386, 35021/

1386, Birbal Sahni Institute of Palaeo
botany, Lucknow.

Locality - Raniganj Coalfield, West
Bengal.

Horizon - Raniganj Formation.
Description - 25 specimens of this type

are in the collection. Beside this the type
specimens of Feistmantel (1876) preserved
at the Geological Survey of India have been
examined. The specimens figured in PI. 1,
Fig. 1 show the apical portion of frond.
Both the impressions are incomplete at the
apical portion. The pinnae near the apex
are not completely lobed. Pinnules show
distinct decurrent nature. Lateral pinnules
oblong shape with obtuse apex and attached

to pinnae rachis more or less at right
angle. The terminal pinnule (PI. 1, Fig. 3)
is asymmetrical, broadly triangular in shape,
bigger than the adjoining lateral pinnules.
The pinnule margin on the superior side is
larger drawn than the inferior side.

The specimen figured in PI. 1, Fig. 2
represents the middle or the lower portion
of frond. The rachis is broadly winged
3 mm broad. Pinnae are alternate or
subopposite arranged, ± at 90°. Pinnae
rachis is distinct, 1 mm. broad. Pinnae
rachis gradually diffuses into fine nervules
as it enters the basal region of terminal
pinnule. Lateral pinnules oblong shape,
decurrent at base (PI. 1, Fig. 4). Lateral
margin fusion of two pinnules is ± t length
of the pinnules. Apex of the pinnules
broadly obtuse

Comparison and Discussion - The speci
mens earlier described by Feistmantel (1876,
1881) under Sphenopteris polymorpha are now
transferred to the new genus because of the
decurrent nature of pinnules and sphenop
teroid venation.

Kulkarni (1970) described a specimen from
the Lower Nakari Seam (Barakar) of the
South Karanpura Coalfield under Sphenop
teris polymol'pha Feistm. On the basis of
her examined specimens she expressed the
opinion that both the species S. polymorplza
Feistm. and S. hughesi Zeiller (1902) are
identical, and proposed to merge the latter
species with the former species. According
to her the only distinction between the two
species is that the pinnules are unlobed in
S. polymorpha and lobed in S. huglzesi. She
had observed in her specimen that the
pinnules are unlobed (d. S. polymol'pha
type) at the apical portion of frond and
lobed at the posterior side (d. S. lzughesi).
The specimen of Kulkarni (l.c.) preserved
at the Birbal Sahni Institute of Palaeo
botany has been reexamined bv me. From
the examination of frond it appears to me
that Kulkarni (l.c.) has failed to understand
the variations present in complete fern
frond from apex towards base. The present
study does not support the view of Kulkarni
(l.c.) for the specific identification, rather
confirms with the original specific identifi
cation proposed by Feistmantel (1881),
Zeiller (1902) and Arber (1905). The present
study has brought to light a number of
distinguishable morphological characters
present in between the two species. The
same has been discussed on p. 76 and Table 1.
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TABLE 1 - SHOWING COMPARISON OF MORPHOLOGICAL CHARACTERS OF
SPECIES OF NEOMARIOPTERIS RECORDED IN THE PRESENT COLLECTION

Name of spccies

lIIort'wl 'g;cal cliar,7C'el'S
1. Nature of rachis

2. Pinnae outline

3. Angle of attacl1m( nt of
pinnae to rachis

4. Shape of pinnules
5. Apex of pinnu!es
6. Margin of pinnule s
7. ,\ngle f)f attachm{ nt of

pinnules to rinnae
rat:hls

8. Shape of te rminal
pinnule

9. Numlxr of nernIle s in
one l'innule

N. polymol'pha

P.roadly winged

± 90°

Oh'ong
Broadly rounded
Entire
At right angle

Iiroadly trian?"1ar

12-H

N. liugltesi

Xarrowly winged

Linear

± 45°

Lanccolnj('
A,ut"
Cr,"nuJatc
OIJlique

Lanceolat"

5-7

N. lvbifolia

XClrro\\"ly wingf'd

Linear-lance olate

± 45°

010\"at('
()I,tusc
Undll late d
OI,liqll(,

Linear

8-12

N. lalchircnsis

Mediumly
\vinged

Lanc{'o!ate
Ovate
± 70°

O\"ate
Acute'
Entire
At right apgle

Lanceolate

12·16

According to present study the specimens
of Kulkarni (l.e.) rccorded from South
Karanpura belongs to S. hughesi Zeiller.

In view of this confusion it will be of
utter importance to record here the pre
viously reported specimens which confirm
with the diagnosis of Ncomariopteris poly
morpha n. comb.

1876 Sphenopteris polymorpha Feistmantel,
p. 356, pI. 16, fig. 5-7, pI. 17.

1881 Sphenopteris polyrnorpha Feistmantel,
p. 76-77, pI. 15A, fig. 3, pI. 16A bis,
figs. 1-6.

1922 Sphenopteris polymorpha Walkom, pI.
5, figs. 26, 26A.

1958 Sphenopteris polymorpha Archangclsky,
fig. 25, 26.

The following are regarded distinct from
Neomariopteris polymorpha:

1902 ;;phenopteris polymorpha Arber, p. 12,
pI. 1, figs. 4-5.

1958 Sphenopteris polymorpha Archangelsky,
fig. 29.

1961 Sphenopteris polymorpha Lele, p. 71
72, pI. 1, fig. 5.

1969 Sphenopteris polymorpha Maithy, p.
266-267, pI. 1, fig. 4.

Neonzariopten's lmghesi (Zeiller) n. comb.

PI. 2, Figs. 7-11; Text-fig. 3D,C

Synonymy
1877 Die1?sonia d. eoneina Feistmantel, p.

198, figs. 10, 11.
1881 Dicl/sonia h1lghesi Feistmantc1, Palae

ont., p. 78, pI. 23A, figs. 1, 3, 12, 12a,
13.

1902 Sphenopteris (Dieksonia) hughesi Zeiller,
p. 6, figs. 1, 2, 2a, 2d.

1905 Sphenopteris hughesi Arber, p. 133
135, text-fig. 32.

1966 Sphenopteris h1tghesi Surange, p. 66
67, figs. 37A-B.

1970 Sphenopteris polymorpha Kulkarni, p.
208-211, pI. 1, text-fig. 1-4.

Emended Diagnosis - Fronds large, at
least tripinnate. Rachis extremely nanow,
1-2 mm, secondary rachis narrow emerge
alternately, subopposite or ± opposite from
primary rachis at an angle of 45°_60°.
Pinnae linear in shape, attached alternately
to the secondary rachis at an angle of 45°.
Lateral pinnules lanceolate shape, pinnules
show maximum width at their middle por
tion, 2-6 mm. long and 1-3 mm. broad,
the length to breadth ratio of the pinnules
is 2: ], pinnules arranged alternate, arising

TEXT-FIG. 3 - Pinnules enlarged to show shape and \'enations. A. Neomariopteris polymorpha
n. comb. B-C. Neomarioplel'is hughesi n. comb. D. Neorllm'iopleris lobifGlia n. comb. E. Neo
mariopteris lalchirensis sp. novo (_\11 specimens figured X 5).
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obliquely from the rachis, attached by their
broad base, pinnules near the base shows
lateral fusion, apex acute, margins crenulate,
both the lateral margins show equal curva
ture, terminal pinnule lanceolate, longer
than broad, apex acute, margin crenulate;
a gradual increase in size of the pinnules is
present from apex to base of the pinnae;
venation thin, median vein arises from the
point where the basal margin of pinnule
join, the pinnae rachis, median vein gives
fine lateral nervules, which show rare
dichotomy before reaching to the margin.
5-7 nervules are recorded in one pinnae.

Lectotype - 5207 Geological Survey of
India, Calcutta.

Locality - lharia Coalfield, Bihar.
Horizon - Raniganj Formltion.
Specimen Figured- 35022/1069, 35023/

1227, Birbal Sahni Institute of Palaeo
botany, Lucknow.

Locality - Churulia pit, East Raniganj
Coalfield, West BenaI.

Horizon - Barakar Formation.
Description - 100 hand specimens of this

type were examined. Beside this the type
specimens described by Feistmantel (1881)
and Zeiner (1902) were also examined.
The :.pecimen is a tripinnate frond. Pri
mary rachis thin measuring 1 mm. broad.
Secondary rachises emerge at an angle of
600 from primary rachis. They are arrang
ed alternate or subopposite. Secondary
rachis is also narrow (1 mm.) like primary
rachis. Pinnae linear shape, varying size,
smaller towards apex and bigger towards
proximal side. Pinnae attached to rachis
alternately at an angle of 450• Pinnae at
the very extreme apex of the frond is un
lobed. However, the subsequent pinnae
show graduallobing re'Sulting in the formation
of pinnules. Pinnules show a variation in
their shape. Pinnules near the apical portion
of frond small linear lanceolate shape with
slight crenulation of pinnule (PI. 2, Fig. 7).
The pinnules towards the posterior side are
lancealate-spathulate shape, comparatively
bigger in size and the margins of the pinnules
show pronounced crenulation (PI. 2, Fig. 8,
Text-fig. 4D). Veins fade out and arise at
the point where lower margins of the pinnule
join the pinnae rachis (PI. 2, Figs. 7, 8).
I t gives lateral nervules which dichotomise
rarely before rcaching the margin of the
pinnules.

Cuticle - Epidermal structure is seen in
tra'1slucent pulls of pinnules. Although

the preservation is not very good but under
the binocular two layers of epidermis are
marked. Stomatiferous and non-stomati
ferous surfaces. The stomatiferous surface
is thick (PI. 2, Fig. 10). Epidermal cells are
trapezoidal or polygonal in outline. Inter
vening cell walls thick, the stomata at
certain places is well marked. They are
haplocheilic with thickened lateral lamellae.
The subsidiary cells are like ordinary epi
dermal cells, and the polar subsidiary cells
are not different from the lateral ones
(PI. 2. Fig. 11, Text-fig. 4). Non-stomati
ferous surface is thin (PI. 2, Fig. 9). Cells
are polygonal in outline. Intervening cell
wall is thin.

Comparison and Discussion - Feistmantel
(1881) described these fronds under Dicksonia
concina Heer. The same was transferred by
Zeiller (1902) to a new species of Spheon
pteris, S. hughesi. Since the form shows
decurrent nature of pinnules, it is, therefore,
proposed to transfer them under the new
genus. Kulkarni (1970) considered this
species similar to N eomariopteris (Spheno
pteris) polymorpha. The present morpho
logical study of fronds shows that both the
species are different. N. polymorpha is a
robust form, because of strong wide rachis
with bigger oblong pinnules, attached to
rachis at ± 900, pinnule apex is obtuse with
entire margins. Contrary to this N. hughesi
is a weak form with a delicate narrow rachis.
The form has small linear pinnules, attached
to rachis obliquely, ± 450, pinnule apex is
acute with crenulate margins. Thus the
two forms are morphologically different,
hence it is proposed here to keep N. hughesi
as distinct from N. polymorpha.

It will not be out of place to list those
previous records which agree with the diag
nosis of N. hughesi. They are as follows:

1881 Dicksonia hughesi Feistmantel, p. 78,
pI. 23A, figs. 1, 3, 12, 12a, 13.

1882 D. hughesi Feistmantel, p. 28, pI. 12,
figs. 3, 3a, 3b.

1902 Sphenoptt-ris (Dicksonites) hughesi
Zeiller, p. 6, pI. 4, figs. 1, 2, 2a-2d.

1965 S. hughesi Maheshwari & Gyan
Prakash, p. 120, pI. 1, fig. 10.

1970 S. polymorpha Kulkarni, p. 208-211,
pI. 1, figs. 1-5, text-figs. 1-4.

The following are recorded as distinct
from N eomariopteris hughesi:

1968 Sphenopteris hughesi Kar, p. 245,
pI. 1, figs. 3, 4.
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Neomariopteris lobi/olia (Morris) n. comb.

PI. 2, Figs. 12-13; Text-fig. 3D

Synonymy
1845 Sphenopteris lobi/olia Morris in Streze-

lecki'" ew South Wales, p. 246,
pI. vii, figs. 3, 3a.

1847 Sphenopteris lobi/olia McCoy, p. 149.
1905 Sphenopteris lobi/olia Arber, p. 135-138,

pI. V, fig. 2, 3.
1954 Sphenopteris lobi/olia Srivastava, p.

70-71, pI. 1, figs. 1-3.
1966 Sphenopteris lobi/oila Surange, p. 68

69, fig. 38A, B.
1966 Sphenopteris lobi/olia Rigby, p. 128

129, pI. 33, fig. 32.
(For other Synonymy see Arber, 1905)

Emended Diagnosis - Frond" probably tri
pinnate, triangular in contour. Rachis ex
tremely narrow 1-2 mm. broad, winged.
Pinnae linear-Ianceolate shape, attached
alternate to subopposite to the rachis at
an angle of 45°. Lateral pinnules obovate
shape, pinnules show maximum width at
their middle portion, 3-8 mm. long and
2-4 mm. broad, pinnules arranged alternate,
standing obliquely to the rachis, attached
by their contracted base, pinnules at the
base are decurrent in nature; apex obtuse
with slight lobed margin, both the margins
show equal curvature, terminal pinnule
linear in shape, median vein of the pinnule
sinuate, supplying simple or bifurcating
branches to the margins. 8-12 nervules
are found in one pinnule.

Holotype - Morris 13,530 Mus. Geoi. Soc.
London.

Locality - New South Wales, Australia.
Horizon - Permo-Carboniferous.
Specimen Figured - 35024/1384, Birbal

Sahni Institute of Palaeobotany, Lucknow.
Locality - Mahavir Colliery, East Rani

ganj Coalfield.
Horizon - Ranigani Formation.
Description - The figured specimen is a

tripinnate frond. The extreme apical por
tion is not preserved. Pinnae are arranged
alternately towards the basal portion and
show a subopposite tendency towards
apical part. The pinnae near the terminal
portion are unlobed. The lobing increases
as we pass to the posterior side of frond
(PI. 2, Fig. 12). Pinnules are attached
obliquely (30° angle) to the pinnae rachis.
Pinnules obovate shape and closely placed.
Pinnules show lateral fusion of margins

near the base. Th" lateral fusion of pinnules
is about 1/5th length of the pinnule from
base. Median vein of pinnule arises from
the point where the lower margin of pinnules
joins the narrow pinnae rachis. Median
vein sinuate (PI. 2, Fig. 13) supplying simple
or bifurcating branches to margin. Bifur
cating branches are rare.

Comparison and Discussion - Due to the
decurrent nature of pinnules the fronds
earlier described under Sphenopteris lobi/olia
Morris are now transferred under the new
genus N eomariopteris.

N eomariopteris polymorpha differs from
N. lobi/olia in having broad and strong
rachis, oblong pinnules with entire margin
attached ± right angles to the pinnae rachis.
The present form shows a close comparison
to N. hughesi by the narrow rachis and
oblique attachment of pinnules. However,
N. hughesi differs by lanceolate shape of
pinnules with acute apex, attached to the
rachis by their broad base; whereas the
pinnules in N. lobi/alia are obovate with
obtuse apex and slightly contracted
base.

N eomariopteris falchirensis sp. novo

PI. 1, Figs. 5-6; Text-fig. 3E

Synonymy
1876 Sphenopteris polymorpha (partim)

Feistm., p. 356.
1881 Cyathea d. tchihatcheffi Feistmantel,

p. 75-77, pI. 16A, figs. 1-2 & 4.
1969 Sphenopteris polymorph a Maithy, p.

266-267, pI. 1, fig. 4. .
Diagnosis - Fronds tripinnate. Rachrs

broad 3 mm. wide, winged. Secondary
rachises broad emerge alternately or sub
opposite from primary rachis at a wide
angle, i.e. 70°. Pinnae lanceolate-ovate
shape, arranged alternately, attached to
the secondary rachis ± right angles. Lateral
pinnules 6-8 mm. long and 3-4 mm. broad,
ovate shape, decurrent, standing ± at right
angles to the pinnae rachis, attached by
their broad base. Lateral fusion is about
t length of the pinnule from the base; apex
acute, margin entire, lower margin of the
pinnule shows strong curvature from base
towards apex, whereas the upper margin is
± 90° (straight) from pinnae rachis. Termi
nal pinnule lanceolate with acute apex.
Venation distinct. Median vein somewhat
sinuous, dichotomises once before reaching
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to the margin. 12-16 nervu1cs are recorded
in one pinnule.

Lectotype - 5169, Geological Survey of
India, Calcutta (PI. 16A, Fig. 4).

Locality - Talchir Coalfield.
Horizon - Barakar Formation.
Figured Specimen - 33119/838, Birbal

Sahni Institute of Palaeobotany, Lucknow.
Locality - Junction of Lobjee and Sada

baha rivers, Daltonganj Coalfield.
Horizon - Barakar Formation.
Description - The present description is

based upon the specimens No. 5166 (Feistm.,
1881, PI. 16A, Fig. 1),5167 (PI. 16A, Fig. 27)
and 5169 (PI. 16A, Fig. 4) preserved at the
Geological Survey of India, Calcutta. The
best preserved specimen is 5169 which is a
tripinnate frond, whereas 5166 shows the
apical portion of frond and 5167 the middle
portion of frond.

The specimens figured here have earlier
been described by Maithy (1969) under
Sphenopteris polymorpha from the Barakar
beds of Daltonganj Coalfield. The portion
of the frond figured here shows that the
pinnae rachises are arranged alternately
at a distance of 0·5-0'8 em. Pinnae 0·5 em.
to 3 em. long. Pinnae lanceolate, pointed
towards apex. Pinnule small, 3-4 mm.
long and 1-2 mm. broad, ovate shape, acute
apex, attached to pinnae rachis by their
se ,sile wide base. Pinnules are decurrent in
nature. Margin of thp- pinTJules is entire.
Secondary veins emerge at acute angle,
dichotomous and flexuosus.

Comparison and Discussion - These speci
mens were first described by Feistmantel
(1876) under Sphenopteris polymorpha. Later
Feistmantel (1881, p. 75, 76) opined that
these specimens arc different from Sphenop
teris polymorpha and show a resemblance to
Cyathea tchihatcheffi. A reexamination of the
specimens of Feistmantel (l.c.) and Maithy
(1969) shows that they conform with the
generic diagnosis of the new genus proposed
here. The decurrent nature of the pinnules
at the base has also been marked by
Feistmantel (Feistm. l.c. p. 76). Hence the
forms described under Cyathea d. tchihat
cheffi and S. polymorpha Maithy (l.c.) from
Daltonganj Coalfield are now transferred
under a new species of Neomariopteris, N.
talchirensis.

The present form compares closely with
N eomariopteris poly morpha (Feistm.) n . comb.
due to its winged rachis, and the pinnules
being attached ± 90° to pinnae rachis.

However, N. talchirensis differs by the
ovate shape of pinnules with acute apex
and lanceolate shape of terminal pinnules.
N. hughesi n. comb. and N. lobi/olia n.
comb. differs in having narrow rachis,
pinnules attached obliquely to the rachis,
and in the different shape of the pinnule.

REMARKS ON SPHENOPTERIS ALATA
(BRONGNIART) STERNBERG AND OTHER

LOWER GONDWANA SPHENOPTERIS

The species discussed here are based only
on the basis of literature. No referable
specimens are available in our collections.

A good deal of nomenclatural confusion
exists about the species Sphenopteris alata
(Brngn.) Sternberg, because many of the
authors who have mentioned this fossil have
fallen into error in some form or the
other. The main cause of this is due to
the fact that Brongniart described and
figured in 1828, two ferns with the specific
title alata: (1) Pecopteris alata (p. 361, pI.
cxxvii) from New South Wales and
(2) Sphenopteris alata (p. 180, pI. xlviii,
fig. 4) from Germany. Sternberg (1820-38,
Pt. ii, pp. 59 & 131) transferred the form
described under P. alata to Sphenopteris.
Therefore, in his work two different forms
are described, one under (1) Sphenopteris
alata (Brngn.) and the other under (2) Sphe
nopteris alata Brongniart. However, the
German type (2) is now known as Sphenop
teris grandini (Goepp.) Schimper (1869,
Vol. 1, p. 404). Thus the only Sphenop
teris with the specific title alata is the
Australian form earlier described under
Pecopteris alata Brngn. Very little is known
about this form. The only specimens re
corded are of Brongniart (1828) obtained
from the coal mines on the Hawkesbury
river near port Jackson and the other speci
men reported by McCoy (1847) from New
Castle, New South \-Vales. Dutoit (1932)
reported a specimen from a locality north
west of Bergville, Natal (Lower Beaufort
beds). All these specimens show decurrent
nature of pinnules and conform with the
diagnosis of N eomariopteris. Since no refer- .
able material is in our collection, therefore,
it is proposed to keep it under Sphenopteris
till fresh material is collected or the type
forms are examined.

The same holds true also for Sphenop
teris hastata McCoy (1847), S. jlexuosa
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McCoy (l.c.), S. plumosa McCoy (l.c.) and
S. germanus McCoy (l.c.) which are based
upon fragmentary specimens. Arber (1905,
p. 135) has considered them synonymous
to S. lobi/alia Morris.
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EXPLANATION OF PLATES

PLATE 1

Neomariopteris polymorpha n. comb.

1. Apical portion of frond, X 1'5 (specimen no.
35020/1396, Raniganj Coalfield, Raniganj).

2. Portion from the middle region of frond,
X 1'5 (specimen no. 35021/1396, Raniganj Coal
field, Raniganj).

3. A pinnae enlarged to show the terminal
pinnule and lateral pinnules, X 3.

4. Pinnules enlarged to show venation and
decurrent nature of pinnules, X 5.

Neomariopteris talchirensis sp. novo

5. A portion of frond, X 1 (specimen no. 33119/
838, Daltonganj Coalfield, Barakar).

6. The same enlarged to show venation and
shape of pinnules. X 5.
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PLATE 2

Neomariopteris hughesi n. comb.

7. A portion of frond showing the arrangement
of pinnae and the decurrent nature of pinnules, x 5.
(specimen no. 35022/1069. Raniganj Coalfield).

8. Median portion of frond is enlarged to show
pinnules and venation, x 5 (specimen no. 35023/
1227. Raniganj Coalfield, Barakar).

9. Epidermal structure of non-stomatiferous
surface, X 250.

10. Epidermal structure of stomatiferous surface,
X 100.

11. A stomata and subsidiary cells enlarged
(S = stomata). X 500.

Neomariopteris lobifolia n. comb.

12. A portion of a frond showing arrangement
of pinnae, X 1'5 (specimen no. 35024/1384, Rani
ganj Coalfield. Raniganj).

13. Portions of pinnae enlarged to show the
nature of pinnules, X 5.
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PALAEOBOTANICAL EVIDENCES ON THE AGE OF THE
COAL-BEARING LOWER GONDWANA FORMATION IN

THE ]AYANTI COALFIELD, BIHAR

K. M. LELE & REHANA MAKADA (Mrs.)

Birbal Salmi Institute of Palaeobotany, Lucknow

ABSTRACT

The coal-bearing Lower Gondwana beds over
lying the Talchir Formation in the J ayanti Coal
field are investigated for their mega- and micro
floras. The megaflora, comprising 7 genera and
18 species (2 new), is characterized by Noeggerathiop
sis, Gangamopteris, Glossopteris and platyspermic
seeds and by the peculiar presence of Gondwani
dium. The mioflora (33 genera and 57 species) is
characterized by the dominance of trilete taxa
Punetatisporites and Callumispora together with the
monosaccates Plieatipollenites, Virkkipollenites,
Potonieisporites and Vestigispori/es. Other quanti
tatively significant genera are Parasaeeites, Cahenia
saeei/es, Vesieaspora, Cuneatisporites, Striatites,
Lttnatisporites, Faunipollenites and Gnetaeeaepolle
nites.

The mega- and miofloral composition of the assem
blages is analysed qualitatively and quantitatively
to assess their relative ages. The evidence, espe
cially of the megaflora, leaves no doubt that the
coal-bearing succession of the Jayanti basin belongs
to the Karharbari Formation and is likely to be of
Lower Karharbari age. Palynostratigraphic as
pects of the better known Karharbari miofloras are
compared and discussed in the light of the present
palaeobotanical evidence.

INTRODUCTION

INthe ]ayanti coal basin the TalchirFormation is overlain by the coal
bearing strata which have been

referred to the Barakar Stage or Karharbari
Stage by different workers. Puri (1953)
reported the occurrence of Karharbari
plants in this area. He recorded Goncl-

waniclium valiclum, Buriadia sewardii,
Phyllotheca sp., Cordaicarpus sp., Squama
forma integrima, Samaropsis raniganjensis
and Noeggerathiopsis hislopii. Niyogi and
Sanyal (1962) also mentioned the occurrence
of plants in the carbonaceous shales and
considered that the evidence supported a
Barakar age for the rocks. Lele and
Maithy (1966) again suggested a Karharbari
age for these rocks on the basis of mega
fossil evidence.

The present study was undertaken to
collect substantial palaeobotanical evi
dences, both mega- and microfossil, with
a view to resolve the controversy. It is
now concluded that the coal-bearing strata
belong to the Karharbari Formation.

MATERIAL AND METHODS

The material for micro- and megafossil
studies was collected from the following
places: (1) Misra village - Megafossils were
collected trom a section exposed in a
tributary of Patharjore Nala about one
turlong south of Misra village. The beds
show a general northern dip. Details of
the section are given below. Most of the
fossils were recovered from bed No. 5
(Sample No. DF2). Unfortunately due to
deep weathering of the rock, the plant
impressions are rather poorly preserved.

Beds

8. Grit with pebbly concentrations
7. Greyish sandy micaceous shale with

few plant fossils
6. Grit with stem impressions
5. Yellow micaceous muddy, sandy

shales
4. Carbonaceous shale slightly sandy
3. Grit
2. Micaceous shale
1. Grit

Thickness
in ft.

1t

1
1t

q.
12
t

81

Field
sample

No.

D17

DF2
DI8
D19

Remarks

Occasional plant fossils

Rich megaflora and
Miospores
Miospores
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Field observations indicate that the beds
a t Misra village are stra tigra phicall y closer
to the underlying Talchir Formation, the
latter being exposed south of Madankata
in the Patharjore Nala (Lele & Makada,
1972).

(2) Eanskupi Colliery A1'ea - Mega
fossils were collected from the outlying
carbonaceous shale dumps belonging to
the coal-bearing succession of the deserted
Banskupi Colliery (Sample No. DF3).
Some fossils were also collected from an
old dump near the terminus of the siding
branch line near Madankata railway
station (Sample No. DF4). Although the
stratigraphical location of the Bam:skupi
shales is unknown, it seems highly probable
that they are younger than the beds
at Misra village. The plants are carbonized
and have yielded cuticles.

For cuticular preparations from the
megafossils a thin film of cellulose acetate
in acetone was applied over a small part
of the carbonized crust and when it was
dry the pull was taken off. It was then
put into concentrated or dilute commercial
nitric acid with or without potassium
chlorate. Cuticles of Noeggerath1'opsis were
quite resistant and took 2-3 days for
macera tion. Glossopteris cuticles were
oxidized in less than 24 hours. Hydrogen
peroxide was also tried for maceration but
it took even a longer period for oxidation
of pulls. As crust turned brown on com
pletion of oxidation, the pieces were
thoroughly washed with water and then
treated with a few drops of 5 per cent pota
ssium hydroxide solution, washed with water
anci during these processes the two cuticular
layers became generally separate, or other
wise they were separated by dissecting
needles.

The cuticular pieces were stained in 10
per cent aqueous safranin. Permanent pre
parations were made in Canada balsam.

MEGAFOSSILS

The megafossil assemblage consists of
7 genera belonging to 18 species. Plants
marked with an asterisk are described here.

1. Paracalamites sp. (Loc. 1)
*2. Gondwanidium validum (Feistmantcl)

Gothan, 1927. (Loc. 1)
3. Gangamopteris cyclopteroides Feist-

mantel, 1876. (Loc. 2)

4. Gangamopteris sp. d. G. clarkeana
Feistmantel, 1890. (Loc. 1)

* 5. Gangamopteris sp. d. G. gondwanensis
Maithy, 1965c. (Loc. 12)

*6. Gangamopteris sp. (Loc. 2)
7. Glossopteris communis Feistmantel,

1876. (Loc. 2)
*8. Glossopteris sp. d. G. fibrosa Plant,

1958. (Loc. 2)
9. Glossopteris browniana Brongniart,

1828. (Loc. 2)
*10. Glossopte1'is jayantiensis sp. novo

(Loc. 2)
*11. Glossopteris sp. (Loc. 2)
12. N oeggerathiopsis hislopii (Bunbury)

Feistmantel, 1879. (Loc. 1 & 2)
*13. No('ggerathiopsis spathulata (Dana)

Maithy, 1965c. (Loc. 1)
*14. Noeggerathiopsis conspicua sp. novo

(Loc. 2)
* 15. N oeggerathiopsis bunburyana Pan t

& Verma, 1965. (Loc. 2)
* 16. Samarops1's feistmantelii Maithy, 1965b.

(Loc. 1)
*17. Sa11laropsis goraiensis Surange & Lele,

1957. (Loc. 1)
*18. Cordaicarpus zeilleri Maithy, 1965b.

(Loc. 1)
*19. Seale leaves: Types 1 & 2. (Loc. 1 & 2)
*20. Branched axes. (Loc. 1)

Genus-Gondwonidium Gothan, 1927

Type species - Gondwanidium validu11t
(Feistmantcl) Gothan, 1927.

Gondwanidium validum (Feistmantc1)
Gothan, 1927

PI. 1, Fig. 6

Description - The solitary specimen (and
counterpart) is an impression CJna buff grey
clayey shale. The incomplete specimen
measures 5 em. in length and 3'6 em. in
breadth. The rachis is strong and flat and
4 mm. in breadth. Pinnules are oval, 4
on either side, 2 em. long and 1·4 em. at
the broadest, with entire to slightly lobed
margin and bluntly rounded apex. They
are subopposite to alternate and attached
to the rachis obliquely along the whole
length of their base. The venation of the
pinnules is very obscure.

Comparison - This specimen compares
in gross morphological features with Gond
wanidium validum. Although the venation
details are not clearly seen, there are other
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detached pinnules in the collection which
show the lobing and venation characteristic
of G. validum.

Occurrence - Misra village (Loc. 1).

Genus- Gangamopteris McCoy, 1861

Type species - Gangamopteris angusti
folia McCoy, 1861.

Gangamopteris sp.

PI. 1, Fig. 7.

Descl'iption - This leaf impression repre
sents only the basal part. The incomplete
specimen measures 6·5 em. in length and
1·5 em. in breadth from the centre of the
lamina to the margin. The lamina strongly
tapers towards base but no petiole is
formed. The median part shows sub
parallel veins which anastomose here and
there. The meshes are polygonC'l, 4-5 times
longer than broad and nearly uniform in
size on the lamina.

Comparison - The specimen is not suffi
ciently complete and well-preserved for
definite identification. The venation is like
tha t of Gangamopteris karharoariensis
Maithy (1965c)

Occurrence - Banskupi Colliery area
(Loc. 2).

Gangamopteris sp. d. G. gondwanensis
Maithy, 1965c

PI. 1, Figs. 8-11

Description - Few incomplete specimens
ale referable to this species. Nothing is
known about the size and shape of the com
plete leaf. The median region d the leaves
is occupied by 1-5 subparallel veins which
give rise to lateral veins at acute angles.
The veins dichotomize and anastOl11o~e
to form elongate-polygonal meshes which
grad~ally become narrower towards the
malglll.

Cuticle - Only one ?pecimen (PI. 1, Fig.
8) has yielded cuticle. Only One surface
is stomatiferous which, by analogy with
existing land plants, is possibly the lower
cuticle (Sahni, 1923).

Upper Cuticle - This surface is non
stomatiferous and moderately thiclc Vein
and mesh areas are not marked. Cells are

usually four-sided, sometimes irregular,
mostly arran!!ed wd to end, lon!!er than
broad and measure 90-190x25-50 [L. The
la teral walls are straie ht, and end walls
generally oblique, 3-4 [L thick; surface walls
are unspecialized.

Lower Cuticle - This surface is stomati
ferous, comparatively thin and the vein
and mesh areas are not marked. Cell out
lines are indistinct, walls are straight. Out
line of epidermal cells are ill-preserved.

The stomata are haplrcheiiic, irregular
in distribution and orientation. The sub
sidiary cells (number not known) are
unspecialized. Guard cells are 37-70 [L long,
elliptical to brC'adly oval in shape and are
thickened towards inner Clndouter margin.
Stomatal opening is a linear-elliptical slit,
22-37 [L long and up to 5 [L broad in
the middle.

Comparison - The specimens of Maithy
as well as the present specimens compare
in vena tion with Gangamopteris cyclopteroides
Feistmantd (1876b). Epidermal features
of this species were studied by Maithy under
incident light. The present material, rE
covered by rrlaceration, is comparatively
better preserved and suggests general agree
ment with G. gondwancnsis, with the excep
tion that vein and mesh areas are not
distinct in our cuticles.

Occurrence - Banskupi Colliery area
(Loc. 2).

Genus- Glossopteris Sternberg, 1825

Type species - Glossopteris browniana
Brongniart, 1828.

Glossopteris sp. d. G. fibrosa Pant, 1958

Pl. 1, Fig. 12

Description - Some incomplete impres
sions show a strong midrib, running as a
groove up to the ± pointed apex (PI. 1,
Fig. 12). The secondary veins are 30-36
per em. near the margin and form elongate
narrow meshes. Inside the meshes slender,
thin interstitial veins are seen occasionally,
running ± parallel to the secondary veins.

Comparison - Interstitial veins have so
far been reported from Glossopteris fibrosa
Pant (1958) and Glossopteris sp. of Mahesh
wari (1956). The present specimens resem
ble rather closely one of the specimens of
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G.fibrosa (Pant, 1958, Fig. Ie) in the nature
and concentration ot the secondary veins
but differ in the nature of the apex. Also,
the cuticle of the present specimens is not
known for definite identification with G.

fibrosa.
Occurrence - Banskupi Colliery area

(Loc. 2).

Glossopteris jayantiensis sp. novo
Pl. L Figs. 13-16; Pi. 2. Figs. 17-19; Text

fig. 1.

Diagnosis - Leaf simple, midrib flat,
longitudinally striated; secondary veins arise
at very acute angles, obliquely passing
towards the margins; meshes narrow-elon
gate, uniformly broad throughout.

Cuticle hypostomatic, upper cuticle
non-stomatiferous. Cells rectangular to
elongate polygonal; cell walls straight and
unspecialized.

Lower cuticle stomatiferous; stomata
monocyclic, haplocheiIic, longitudinally

orien ta ted in irregular linear rows; guard
cells thin, slightly sunken; faintly thickened
at lateral and polar regions and also around
stomatal aperture; subsidiary cells 4-6,
unspecialized, not forming a ring around
stomata.

Description - This species is represented
by 3 incomplete specimens (PI. 1, Figs. 13,
14) all of which have yielded identical cuti
cles. The best cuticles are from the holo
type. The larger specimen (PI. 1, Fig. 13)
measures 7"8 em. in length and 2·7 em. in
width. The apex is acute to slightly
rounded. The midrib is flat and longitudi
nally striated. The secondary veins arise
from the midrib at very acute angles (5-15°)
dichotomize and anastomose, formir.g elon
gate narrow meshes of almost equal width.
The concentration of secondary veins near
the margin is 25-35 per em.

Upper Cuticle - This surface is non
stomatiferous and moderately thick. Vein
and mesh areas are not marked. The cells
are rectangular to elongate polygonal, much

A

TEXT-FIGURE 1. A-C. Glossopteris jayantiensis sp. novo

A. Line drawing of the upper cuticle from the holotype. X 105.
B. Line drawing of the lower cuticle from the holotype showing longitudinally distributed stc

nata. X 105.
C. Two stomata enlarged. Note the polar caps of the guard cells. X 625.
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longer than broad, measuring 60-150 X
25-42 [1-. The lateral walls are straight and
the end walls are truncate or oblique and
2·5 fl. thick. Surface walls are unspecia
lized.

Lower Cuticle - This surface is stomati
ferous, comparatively less thick with indis
tinctly marked vein and mesb areas. The
cells over the veins are longer and narrow
and arranged end to end. The cells in the
mesh areas are sometimes rectangular to
polygonal and arranged end to end. They
are 50-90x 18-30 fl. in size with straight
walls. The surface walls are unspecialized.

The stomatal apparatus is mono cyclic.
The stomata are haplocheilic and longitu
dinally orientated in 3-5 linear rows.
Stomatal frequency is 80-120 per sq. mm.
The guard cells are thin, slightly sunken,
± rectangular, with ± convex outer margin
and are 37-45 fl. long. The guard cells are
slightly thickened along the outer walls as
well as around the slit like stomatal aperture
which is 17-25 fl. long. Occasionally polar
caps are also seen on guards cells. Some
times the stomatal aperture is open. The
subsidiary cells usually do not form a ring
around the stomata, are 4-6 in number,
usually 5 (3 lateral and 2 polar) and practi
cally indistinguishable from other epidermal
cells. No papillae have been observed.

Comparison - Morphologically the vena
tion of the leaf is somewhat like Gloso
sopteris communis Feistmantel (1876a).
However, the cuticle of G. communis is
totally different from the present species
in being amphistoma tic with irregularly
orientated stomata. The present species
is characterized by the longitudinal orien
tation of the stomata in more or less linear
rows, a character which is known so far
only from G. indica Zeiller (1896) and G.
conspicua Srivastava (1957). However, in
G. indica the cells of the lower cuticle are
small and rectangular with very thick walls.
Details of stomatal apparatus arc not
known. In G. conspiClta the subsidiary
cells form a ring around the stomata and
are much smaller in size than other epi
dermal cells, and the gnani cells arc also
smaller in size (25 fl.). Besides, G. conspicua
is morphologically very distinct from G.
jayantiensis.

Holotype - Specimen No. 35008, PI. 1,
Fig. 13.

Type Locality - Banskupi Colliery area
(Loc. 2); Jayanti Coalfield, Bihar.

Horizon - Karharbari Formation, Lower
Gondwana.

Glossopteris sp.

PI. 2, Figs. 20-22; Text-fig. 2

Description - Incomplete leaf with well
preserved carbonized crust. The leaf is
linear in shape, but the apex and base are
not preserved. The midrib is 1·5 mm. broad
at the base and continues throughout the
preserved lEngth of the leaf lamina. The
secondary veins (PI. 2, Fig. 20) are very
close, 25-30 per cm., arise at acute angles.
The meshes are narrow-elongate and nearly
of equal size throughout.

Cuticle - The cuticle is hypostomatic.
Upper Cuticle - This surface is mode

rately thick and non-stomatiferous. The
cells are elongate, rectangular, polygonal
or trapezoid and usually arranged end to
end; measure 40-89 X 28-37 1-1.. The cell
walls are straight to undulated, about 3 fl.

thiclc The surface walls are unspecia
lized.

Lower Cuticle - This surface is thin at d
stomatiferous. The cuticle pieces are too
small to show vein and mesh areas. The
cells are elongate to polygonal, measure
58-78X 24-33 fl. in size. Some fragments
have more irregular cells with stomata,
they ITlay be the mesh regions; while frag
ments where cells are more elongated may
be the regions along the veins. Often the
walls of the few subsidiary cells as well as
of the cells in the neighbourhood may be
come sunken. The surface walls are un
specialized except that they show faint
granulation. The stomatal apparatus is
monocyclic. The stomata are haplocheilic
and irregularly distributed and orientated.
Subsidiary cells are 5-6 in number and
similar to other epidermal cells. Guard
cells are thin, sometimes their lateral walls
are thick and slightly cutinized, sunken,
30-37 IL long with thin hyaline polar caps.
Stomatal slit ± extends up to the cap. The
stomatal aperture is 18-25 IL long, slit walls
slightly thickenecl.

Comparison - In venation pattern the
present leaf compares with Glossopteris
zeilleri Pant & Gupta (1968) and G. angus
tifolia Brongniart (1828), but the apex is
not preserved in our specimen. The epider
mal features of the specimen compares with
G. zt:illeri inasmuch as the cells are
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B

TEXT-FIG RUE 2. A-D. Glossopteris sp.

A. Line drawing of the uppre cuticle from the leaf represented in PI. 2, Fig. 20. X 105.
B. Line drawing of the upper cuticle near the margin of the aboye leaf. X 105.
e-D. Enlarged line drawing of the lower cuticle fro III the above leaf showing stomata and

etraight to sinuous walled cells. X 265

non-papillate and sinuous. However, G.
zeilleri is distinct in that the papillae over
hang the stomatal pit. G. tenU1folia Pant
& Gupta (1968) differs in having papillate
sinuous cells. Our leaf is probably a dis
tinct species, but specimens are insufficient
for justifying a new name.

Occurrence - Banskupi Colliery area
(Loc. 2).

Genus-Noeggerathiopsis (Feistmantel)
Maithy, 1956d

Type species - N )eggcrathiopsis hislopii
(Bunbury) Feistmantel, 1879.

Remarks - In the light of the considerOl.ble
data on the epidermal structure of Noegge
l'athiopsis contributed by Lclc & Maithy
(1964a) and Pant & Verma (1965), the
definition of this genus has been elaborated
by Maithy (1965cl). It should, however,
be remembered tLat Noeggerathiopsis was
originally based on an impression occurring
in the much younger strata of Kamthi age.
The species with cuticular data and other
typical forms (in impression state) are, how
ever, morc characteristic of the older forma
tions of Talchir and Karharbari age.
Maithy (1965d) has marked out the impres-
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sion-species from the cuticular species
although his emended diagnosis of N oegge
rathiopsis includes the external and cuticular
characters.

Cuticular studies have already shown
that some significant external features such
as the leaf apex and venation may be
common to different species of N oggerathiopsis
based on epidermal characters. Similarly
we have now more information with regard
to the specialization trends in the stomatal
apparatus of Noeggerathiopsis. Of parti
cular interest in this connection is the
conspicuous occurrence of papillae on the
subsidiary cells which overhang the guard
cells. This specializa tion is at present
known in two species, viz. N. papillosa Pant

& Verma (1965) and N. conspicua sp. novo
described below.

Noeggerathiopsis conspicua sp. novo

PI, 2, Figs. 23-26; PI. 3, Fig. 28; Text-fig. 3, 3A

Diagnosis - Leaves simple, lanceolate
spathuJate, apex broadly rounded, lamina
gradually tapering forming a narrow base;
veins distinct, divergent, straight, 16-20
per em. in apical part.

Cuticle hypostomatic, cells of upper
cuticle arranged in linear rows, mostly end
to end, non-papillate, cell walls straight,
cad walls usually oblique; lower cuticle
with alternating stomatiferous and non-

TEXT-FIGURE 3. A-C. Noeggeralhiopsis conspiclta sp. novo

A. Line drawing of the upper cuticle from the leaf represented on Pl. 2, Fig. 24. X 105.
B. Line drawing of the lower cuticle from the above leaf showing longitudinally orientated

stomata. X 100.
C. Stomata from the lower cuticle enlarged to show thickened subsidiary cells with papillae.

X 625.
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stomatiferous zones, cells of non-o,tomati
ferous zone similar to upper cuticle, cells
of stomatiferous zone polygonal, stomata
haplocheilic, arranged in 2-6 longitudinal
rows stomata of adjacent rows usually
alternate, stomatal apparatus monocyclic,
subsidiary cells 4-7, 4 lateral subsidiary
cells differentially stained, lateral subsidiary
cells and very rarely polar subsidiary cells
show prominent dome-shaped papillae over
hanging guard cells.

Description - Five specimens have been
assigned to this species on the basis of simi
larity in the cuticular structure. The leaves
are lanceolate-spathulate in shape. One
of the syntypes (PI. 2, Fig. 23) is complete,
measuring 13·5 cm. in length and 2·8 cm.
in breadth at the widest part. The largest
leaf is 16·2 cm. long and 3 cm. broad. In
all the cases the apex is broadly round.
The leaf lamina gradually tapers to form
a narrow base which is, however, sessile.
About 4-6 veins enter the leaf base. The
veins are distinct and after 1 or 2 dichoto
mies pass out divergently but following a
straight course. The number of veins per
cm. at the broadest region is 16-20.

Cuticle - Both the syntypes have yielded
identical cuticles but the best information
is obtained from one of them (PI. 1, Fig.
24). The cuticle is hypostomatic. Mono
saccate pollen of Crucisaccites typ~ are often
found sticking to the cuticles.

Upper Cuticle - On this surface vein and
intervein areas can be distinguished. Cells
of the intervein areas are comparatively
broad than the cells on the veins.

The cells in general are arranged in linear
rows, mostly end to end. The lateral cell
walls are straight and end walls are usually
oblique. The cells are elongate, quadri
lateral or many sided, 95-205 fL long and
8-18 fL broad; the cell walls are about 2 !.l.

thick. Cells are non-papillate.
Lower Cuticle - This surface shows

alternating stomatiferous and non-stoma
tiferous zones. The cells of non-stomati
ferous zene are similar to the upper cuticle
in all the characters. The cells of the
stomatiferous zone are polygonal, 27-70
fL long and 18-30 fL broad. Stomatal
frequency varies from 140-200 per sq. mm.
The stomata are arranged in 2-6 longitudinal
rows. The stomata of a,djacent rows
usually tend to alternate with each other,
rarely they may be found lying opposite.
The stomatal apparatus is monocylic. The

stomata are haplocheilic, sorrounded by
4-7 subsidiary cells, frequcntly by 6 cclls,
of which 2 are pclar and 4 lateral. The
4 lateral subsidiary cells take a differential
staining, darker than the other cpidennl cells,
probably because of heavy cutinization. The
polar subsidiary cells are, however, of the
same thickness as that of the other epider
mal cells. The epidermal cells arc devoid
of any papillae. On the other hand, the
la teral subsidiary cells and very rarely the
polar subsidiary cells show pfOminent dome
ohaped papillae on their inner walls. These
papillae overhang the guard cells, though
they never completely close the stomatal
opening. The guard cells are hyaline, thin
and 17-37 fL long, in some cases a slit like
stomatal apcrture is visible.

Comparison - Morphologically the pre
sent leaves are similar to N. bunburyana
Pant & Verma (1965) but their epidermal
characters are very distinctive.

The cuticle of the present species is
characterized by the presence of closely
placed stomata with characteristically
thickened guard cells and the strong papillae
of the subsidiary Cells overhanging the
guard cells. In the c'ose distribution of
the stomata and tl1e highly cutinized sub
sidiary cells the present species compares
closely with N. bunburyana Pant & Verma
(l.c.), but differs in being hypostomatic,
in having non-papillate cells and in the
presence of prominent papillae of the sub
sidiary cells overhanging the guard cells.
The present species resembles N. papillosa
Pant & Verma (1965) in being hypostomatic
and in the presence of prominent papillae
on the subsidiary cells overhanging the
guard cells. However, in the case of N.
papillosa all the cells of the lower cuticle
show prominent papillae and the subsidiary
cells are otherwise unspecialized and irdis
tinguisl:able from the epidermal cells. On
the other hand, in N. conspicua sp. novo the
general epidermal cells of lower cuticle are
non-papillate but the subsidiary cells (parti
cularly tlle lateral ones) are highly cutinized
and have overhanging papillae. N. indica
Lele & Maithy (1964a) differs in having
dense papillae on epidermal cells.

Syntypes - Specimen No. 35011, PI. 2,
Fig. 23.
Specimen No. 35012, PI. 2,
Fig. 24.

Type Locality - Banskupi Colliery area
(Loc. 2); Jayanti Coalfield, Bihar.
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Horizon - Karharbari Formation, Lower
Gondwana.

Noeggerathiopsis bunburyana Pant &
Verma, 1965

PI. 2, Fig. 27; PI. 3, Figs. 29-31

Description - Few leaves have been
referred to this species. The figured aile
is complete though smallest in the collec
tion (3·6 em. in length and 1·7 em. in width).
I t has a well-preserved carbonized crust.
The apex is obtusely rounded. The base
is narrow and tapering. The veins are
distinct, divergent and dichotomizing, 16-28
per em. in the b;oadest part.

Upper Cuticle - Cells are ± rectangular
arranged in linear rows, 40-80 [L long and
5-10 [L broad, non-papillate. No stomata
are seen.

Lower Cuticle - shows alternating stoma
tiferous and r..on-stomatiferous zones. The
cells of the non-stomatiferous zone are
similar to th0se of the upper cuticle.
Stomata are arranged in 2-6 subsidiary cells,
heavily cutinized and non-papillate. The epi
dermal cells are also devoid of any papillae.

Comparison - The present specimens
may indicate the lower size range of Noegge
rathiopsis bunburyana which is not men
tioned by Pant and Verma (1965). The
cuticular structure of our specimens is almost
similar to that described for N oeg{!,erathiopsis
bunburyana, except for the differences that
stomata are not observed on the upper
surface and that the epidermal cells are
apparently non-papillate. In N. bunburyana
papillae are occasionally present.

Remarhs - There is some overlapping
of the characters between the two species
of N oeggerathiopsis, viz. N. indica Lele &
Maithy (1964a) and N. bunburyana Pant
& Verma (1965). However, in favourabJy
preserved material the two fOl'ms can be
distinguished from each other on the follow
ing grounds: N. indica has dense papillae
but their density varies, papillae are best
developed in non -stoma tiferous region,
moderately present in the stomatiferous
region and rudimentary papillae seen On
the subsidiary cells. In N. bunburyana
the papillae are occasionally present on
epidermal cells and absent on subsidiary
cells. Cuticular preparations from the basal
portion of leaf lacks papillae in N. bunmw
yana. From our present knowledge, there-

fore, it appears desirable to retain the two
species separately as also suggested by Pant
and Verma, 1965.

Occurrence - Banskupi Colliery area
(Loc 2).

SCALE LEAVES

Type 1: PI. 3, Fig. 32 - Some very small
leaves are tound in the present coJlection,
showing venation of Noeggerathiopsis-type.
The leaves are spathulate to oval, 1·7-2'3
em. long and 6-<) mm. broad. The apex
is obtuse to broadly rounded. A few veins
enter the base and then dichotomize once
or twice.

Squama forma integrima of Seward and
Sahni (1920, PI. 2, Fig. 17) differs from the
present scale leaves in shape and in having
acute to acuminate apex.

Occurrence - Misra village (Loc. 1).
Type 2: PI. 3, Fig. 33-Incomplete impres

sion of a scale ieaf with a br( ad base.
About 5 veins originate at the base and
after a few dichotomies pass straight to
the apical margin.

The specimen compares favourably with
squama forma integrima of Seward and Salmi
(1920, PI. 2. Fig. 17).

Occurrence - Banskupi Colliery area
(Loc. 2).

PLATYSPERMIC SEEDS

P1. 1, Figs. 1-3

Impressions of platyspermic seeds are
common on the shales of the Misra village
locality. In some examples a thin car
bonized crust is seen but it is not suitable
for cuticular preparations. Among the seeds
at least three well-known species could be
distinguished. These belong to the genera
Samaropsis and Cordaicarpus. The species
here recorded are:

1. Samaropsis goraiensis Surange & Lele;
PI. 1, Fig. 2

2. Samaropsis feistmantelii Maithy;
PI. 1, Fig. 1

3. Cordaicarpus zeilleri Maithy; PI. 1,
Fig. 3

OCC1trrence- Misra village (Lac. 1).

BRA TCHED AXES

PI. 1, Figs. 4, 5

Linear axes are often encountered in
various states of preservation on the sandy
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micaceous shale. They range in width
from nearly 1 to 5 mm. Their length
is unknown. Some of them taper at one
end. In some examples the axes may
appear to adse from a COmmon point (Fig.
5);. in others sparse b,anching is noticed
at intervals. In wider examples a median
dark line runs through the length (Fig. 4).
These remains possit ly include rootlets,
leaflets or lacerated ribbed stems. It is
difficult to assign them to any plant, al
though their close association with Para
calamites is noteworthy.

Occurrence - Misra village (Loc. 1).

MIOFLORA

The following 57 miospore species belong
ing to 33 genera have been recorded from
the Karharbari assemblage of jayanti Coal
field. Species marked with an asterisk
are described here:

1. Leiotriletes sphaerotriangultts (Loose)
Potonie & Kremp, 1954

2. L. psilatus Kar & Bose, 1967
*3. Psilalacinites indicus sp. novo

4. Calamospora exila Bharaclwaj &
Salujha, 1964

* 5. Punctatisporites plicatus (Tiwari &.

Navale 1967) comb. novo
6. P. reticulatus Pant & Srivastava,

1965
7. P. gretensis Balme & Hennelly, 1956b
8. Callumispora barallarensis Bharad

waj & Srivastava, 1969
9. Microfoveolatispora foveolata Tiwari,

1965

10. M. directa (Balme &. Hennelly)
Bharadwaj, 1962

* 11. I ndotriradites sp.
12. Tiwariasporis gondwanensis (Tiwari)

Maheshwari & Kar, 1967
13. Yirk1?ipollenites densus Lele, 1964
14. y. triangularis (Mehta) Lele, 1964
15. y. obscurus Lele, 1964
16. Plicatipollenties indicus Lele, 1964
17. P. gondwanensis (Balme & Hennelly)

Lele, 1964
18. P. diffusus Lele, 1964
19. P. trigonalis Lele, 1964
20. Rugasaccites ovatus Lele & Makacla

(1972)
21. Parasaccites ooscurus Tiwari, 1965
22. P. distinctus Tiwari, 1965
23. P. talchirensis Lele & Makada (1972)
24. Tuberisaccites lobatus Lele & Makada

(1972)

25. Caheniasacdtes jlavatus Bose & Kar,
1966

26. C. ovatus Bose & Kar, 1966
27. C. decorus Lele & Makada (1972)
28. Crucisaccites latisulcatus Lele &

Maithy, 1964b
29. yesicaspora sulcata Hart, 1960
30. y. obliqua Singh, 1964
31. yestigisporites novus Tiwari, 1965
32. y. diffusus Maithy, 1965a
33. Potonieisporites jayantiensis Lele &

Karim, 1971
34. P. neglectus Potonie & Le1e, 1961
35. P. lelei Maheshwari, 1967
36. P. elegans (Wilson & Kosanke) Wilson

& Venkatachala, 1964
37. P. barrelis Tiwari, 1965
38. P. triangulatus Tiwari, 1965

*39. Striomonosaccites sp.
40. CUnl;atisporites radialis Leschik, 1955
41. C. jlavatus Bose & Kar, 1966
42. Limitisporites diversus Lele & Karim,

1971
43. Sulcatisporites barallarensis Tiwari,

1965
44. Striatites tentulus Tiwari, 1965

*45. S. medius sp. novo
46. Lahirites rarus Bharadwaj & Salujha,

1964
47. Lunatisporites rhombicus Lele &

Makada (1972)
48. L. amplus (Balme & Hennelly)

Potonie, 1958
49. L. globosus Maithy, 1965a
50. Faunipollenites varius Bharadwaj,

1962
* 51. Yittatina d. Y. subsaccata Samoi

lovich, 1953
52. Gnetaceaepollenites diffusus sp. novo
53. Quadrisporites horridus Hennelly,

1953
* 54. Pilasporites ovatus sp. novo

55. Balmeela gigantea Bose & Maheshwari,
1968

* 56. Punctatasporites sp.
57. Greinervillites tmdulatus Bose & Kar,

1967.

Anteturma - Sporites H. Pot.; 1893
Turma - Triletes (Rein.) Pot. & Kr., 1954
Subturma - Azonotriletes Luber, 1935
Infraturma - Laevigati (Ben. & Kid.) Potonit~,

1956

Genus - Psilalacinites Kar, 1969

Type species - Pst'lalaeinites triangulus
Kar, 1969.
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Psilalacinites indicus sp. novo

PI. 3, Figs. 34-35

Diagnosis - Miospores triangular, 42-52
X 48-54 [.I. (average, 47 X 51 [.I.) in size; trilete
mark distinct, rays reaching equator; exine
laevigate.

Description - Miospores triangular, apices
bluntly rounded, inter apical margins
straight to convex; exine 2-5 [.I. thick, laevi
gate; trilete mark distinct, rays equal in
length, reaching equator; straight to sinuous,
labra raised, uniformly wide.

Comparison - The type species Psilala
cinites triangulus Kar (1969) differs in its
larger size and thinner exine.

Holotype - PI. 3, Fig. 35.
Type Locality - Misra village (Loc. 1),

]ayanti Coalfield, Bihar.
Horizon - Karharbari Formation.
Numoer of specimens st~~died: 16.

Genus - Punctatisporites Ibrahim, 1933

Type species - Punctatisporites punctatus
Ibrahim, 1933.

Punctatisporites plicatus (Tiwari & Navale)
comb. novo

PI. 3, Fig. 36

Synonym - Calamospora plicata, Tiwari
& Navale, 1967, PI. 1, Fig. 2 (Holotype).

Remarks - The present specimens resem
ble Calamospora plicata Tiwari & Navale
(1967) in having trilete rays more than 2/3
radius long with thick lips, and intramic[o
punctate exine with many pro mine 1t folds.
The present specimens are however, smaller
in size (64-85 [.I.) as compared with the
Brazilean specimens (96-102 [.I.).

The Brazilean specimens as well as the
present ones do not show area contagionis
which is a generic character of Calamospora
Schopf, Wilson & Bentall (1944). Besides
the trilete mark is also much longer than
known in Calamospora. As such the
species Calamospora plicata is being trans
felfed to Punctatisporites as P. plicatus
comb. novo The longer trilete mark and
folds are both consistEnt with H·e definition
of Punctatisporites. The spores are not
referred to Callumispora due to their thin
exine and lack of exinal differentia tion in
the trilete area.

Occurrence - MIsra village (Loc. 1).

Turma - Zonales (Bennie & Kidston) Potonie,
1956

Subturma - Zonotriletes Waltz, 1935
Infraturma - Cingulati Potonie & Klaus,

1954

Genus - Indotriradites Tiwari, 1964

Type species - Indotriradites lwrbaensis
Tiwari, 1964.

I ndotriradites sp.
PI. 3, Fig. 37

Description - Very few miospores, sub
triangular with cc nvex SIdes, apices slightly
pointed to rounded, 45-52 [J. in sIze; Cingu
lum seriate to dentatf, 2-4 [.I. wide, small
cO~lfluent coni seen on the cil~gulum; trilete
mark distinct, rays uniformly broad, enter
ing the cingulum, slightly wavy, labra thick,
vertex raised; centra I area proximally infra
punctate or laevigate, distally verrr~iculate
or with su;"lI coni ccnfluert at the base;
exine apparently double-layered.

Remarks - These spores are rdeiable to
Indotriradites on the basis of general resem
blance. The specific ident;fication is not
possible due to lack of specimens. Same
resemblance with Cristatisporites papillatus
(Pant & Srivastava) Tiwari & Navale
(1967) is suggested. In our opinion Cristati
sporites papillatus needs reallocation.

Occurrence - Misra village (Loc. 1).

Anteturma - Pollenites Potonie, 1931
Turma - Saccites Erdtman, 1947
Subturma - Monosaccites (Chitaley) Potonie

& Kremp, 1954
Infraturma - Striasacciti Bharadwaj, 1962

Genus - Striomonosaccites Bharadwaj, 1962

Type species - Striomonosaccites ovatus
Bharadwaj, 1962.

Striomonosaccites sp.
PI. 3, Fig. 38

Description -:- Single miospore, monosac
cate, but appears to be tetra saccate due
to notches, 110x 115 [J. in size; central body
oval, 37 X 67 [.I. in size, thick, exine in the
saccus free area intramicroreticulate; pro
ximally 7 unbranched horizontal striations;
saccus broad, width not uniform all round
due to notches, saccus reticulation coarse.
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Genus - Vittatina (Luber) Wilson, 1962

distinct, exine microverrucose, proximally
with 10-12 horizontal striations, rarely
branched, without any vertical partitions;
distal saccus attachment straight, distal
saccus free area narrow, slit like; sacci ±
hemispherical, intra reticulation fine.

Comparison - Present species 1esembles
in rhomboid shape of central body to
Striatites rhombicus Bharadwaj & Salujha
(1964) but the latter differs in having a
distinct marginal rim, vertical partitions
and C0nvex saccus attachment. S. karhar
bariensis Maithy (1965a) is much bigger
(140-170x80-110 fL) insize and shows thin
central body. Other species differ in shape
of the cmtral body.

Holotype - PI. 3, Fig. 39.
Type Locality - Banskupi Colliery area

(Loc. 2); Jayanti Coalfield, Bihar.
Horizon - Karharbari Formation.
Number of specimens studied: 21.

Comparison - This rather abnormal
specimen differs from all species of Strio
monosaccites Bharadwaj (1962) in having
a notched saccus.

Occurrence - Banskupi Colliery area
(Loc. 2).

Subturma - Disaccites Cookson, 1947
Infraturma - Striatiti Pant, 1950

Genus - Striatites (Pant) Bharadwaj, 1962

Type species - Striatites sewardi (Virkki)
Pant, 1954.

Striatites medius sp. novo

PI. 3, Figs. 39-40; Text-fig. 4

Diagnosis - Miospores, disaccate, 74-82
x44-54 fL (average, 76x49 fL) in size;
central body rhomboid, dense, 38-42 X 40-50
fL in size, proximally with 10-12 horiz(,ntal
striations, distal sulcus narrow, sacci fine
intramicroreticula te.

Description - Miospores ha ploxylonoid;
central body rhomboid to vertically oval,

Type species - Vittatina
Samoilovich, 1953,

subsaccata

TEXT-FIG. 4 - Striatites medius sp. novo drawing of the holotype showing dense and rhomboid
central body. ca. X 1750.



94 THE PALAEO BOTANIST

V£ttatina sp. d. V. suosaccata
Samoilovich, 1953

PI. 3. Fig. 41

Descri'Ption ---: Single miospore bilaterally
symmetncal, blsaccate folded. 57-61 [1. in
size; central body 57 [1. high, distinct. higger
than sacci, exine ±2 [1. thick, 15 horizontal
striations; exine in between striations in
tramicropunctate; sacci rudimentary, intra
reticula te.

Remarhs - The sacci in this specimen
are comparatively more wdl developed than
in the hdotype; {)ne of the sacci has over
turned on the body.

Occurrence - Misra village (Loc. 1).

Turrna - Plicates (Naumova) Potonie, 1960
Subturrna - Polyplicates Erdtrnan, 1953

Genus - Gnetaceaepollenltes Thiergart, 1938

usually 2. sometimes 4-5 arcuate folds along
longer axis; sometimes exine ruptured in
between folds simulating a colpus, split
only partial, not from end to end.

Comparison - The genotype Gmtaceae
pollenites ellipticus Thiergart (1938) from
Tertiary horizons differs from the present
species in having a laeviga te exine. The
spor~s s~udied by Bharadwaj (1962) from
Ral1lgan) Stage also exhibit characteristi
cally punctate exine. G. sinuosus (Balme
& Hennelly) Bharadwaj (1962) is smaller
in size with only two folds and has smooth
exine. G. grandis Maheshwari (1967) differs
in being much larger in size (78-101 X 100
210 !J.) and in having intrabaculate exine.

Syntypes - PI. 3, Figs. 42, 43
Type Locality-Misra village, Jayanti

Coalfield. Bihar.
Horizon - Karharbari Formation.
NumDtr of specimens studied: 30.

Type species - Gnetaceaepollenites ellip
ticus Thiergart. 1938.

Gnetaceaepollenites diffUS$tS sp. novo

PI. 3. Figs. 42-43. Text-fig. 5. A-B Genus - Pilasporltes (Balrne & Hennelly)
Tiwari & Navale. 1967

Type species-Pilasporites calculus Balme
& Hennelly, 1956a.

Turrna - Aletes Ibrahim, 1933
Subturrna - Azonaletes (Luber) Potonie &

Krernp, 1954
Infraturrna - Psilonapiti Erdtrnan, 1947

Pilasporites ovatus sp. novo
Pl. 3. Fig. 45; Text-fig. 6

Diagnosis - Miospores suboval, elliptical,
50-57 X 72-80 [1. (average, 54x76 [1.) in size;
exine thick (1·5-4 [1.). smooth, generally
splitting along longer axis.

Description - Miospores oval, elliptical to
suboval in shape; exine smooth, somewhat
faintly infrastructured, 1·5-4 [1. thick at the
equator, outline smooth, in most of the
specimens 1/2 or 3/4 of exine is split,
mostly along the longer axis.

Comparison - Pilasporites calculus Balme
& Hennelly (1956a) differs from the present
~pecies .in being. ± circular in shape and
111 havl.ng a thIcker exine (up to 8 [1.).

P. plurtgenus Balme & Hennelly (1956a) is
much smaller (12-36 [1.) in size.

Holotype - PI. 3, Fig. 45.
Type Locality - Misra village, Jayanti,

Coalfield, Bihar.
Horizon - Karharbari Formation.
Number of specimens studied: 13

BA

Diagnosis - Miospores ellipitical to
spindle-shaped, 90-116 X 23-48 [1. (average,
98 X 31 [1.) in size. usuall y with 2 rarely
4-5 arcua te folds along the longer axis; exine
granulose to punctate.

Description - Miospores elliptical to
spindle-shaped with pointed long drawn
ends, exine granulose to punctate with

TEXT-FIG. ~ A-B - Gnetaeeaepollenites diffusus
sp. novo drawmg of the syntypes. each showing two
arcuate folds along longer axis. X 360.
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TExT-FIG. 6 - Pilasporites ovatus sp. novo draw
ing of the holotype showing thick exine. X 900.

Genus - Punctatasporties Ibrahim, 1933

Type species - Punctatasporites sebulosus
Ibrahim, 1933

Punctatasporites sp.
PI. 3, Fig. 44

Description - Miospores subcircular, vari
ously irregularly folded; without any mark;
exine 1-2 V- thick, fine infra-micropuncta te;
extrema lineamenta uneven.

Remarhs - The specimens do not show
any tetrad mark. They are otherwise
closely comparable with Punctatisporites
plicatus (Tiwari & Navale) comb. nOvowhich
also occurs in the material.

DISCUSSION AND CONCLUSION

The fossil flora of the Karharbari Stag(
of Jayanti Coalfield comprises megafossils
and miospores. Megafossils are few in
number but the miospore assemblages are
rich both quantitatively and qualitatively.

MEGAFLORA- The plant megafossils re
covered from the two localities are repre
sented by Gondwanidium (1 species),
Gangamopteris (4 species), Glossopteris (5

species), Noeggerathiopsis (4 species), Sama
rupsis (2 species), Cordaicarpus (1 species)
and some indeterminate remains.

Gangamopteris and N oeggerathiopsis are
common to the floras from Misra village
and Banskupi Colliery area. However, in
the details of composition and incidence
of the various taxa, the two megafloras
indicate notable differences. The Misra
flora is rather imperfectly preserved to
permit a clear quantitative assessment.
However, the presence of Gondwanidium
and platyspermic seeds in this assemblage
is striking. Paracalamites, Gangamopteris,
and N oeggerathiopsis are modera tely re
presented. Glossopteris has not been
encountered. On the contrary, the Bans
kupi flora is more well preserved and
shows an abundance of Gangamopteris,
Glossopteris and N oeggerathiopsis. Para
calamites, Gondwanidium ar d platyspermic
seeds have not been found. On the whole,
the Banskupi flora appears more diversified
and younger in aspect than the Misra flora.
This may lend support to the possibility
that the Banskupi carbonaceous shales
are stratigraphically higher than the mica
ceous shales in the Misra section.

MIOFLORA- The miospore assemblage
consists of 57 species belonging to 33
genera. The quantitative distribution of
important miospore genera in various
samples is shown in Histogram 1and Table 1.
The percentage frequencies are based on
a count of 200 specimens.

Qualitative considerations

In the present paper the genera Callu
mispora and Punctatisporites are followed.
Callumispora is used in a somewhat restricted
sense for only those forms which show all
the features typified by the genoholotype.
Other specimens of Callumispora tend to
confuse and overlap with Punctatisporites.
For instance, Callumispora tenuis var. minor
can hardly be distinguished from Punctati
sporites as the forms are not appreciably
thick (2 V-), the exine is non-stratified and
the inter-ray area is only faintly differen
tiated. Similarly Punctatisporites reticu
latus Pant & Srivastava (1965) also shows
a wide range of variation in the exine, so
that its transfer to Callumispora as proposed
by Bharadwaj & Srivastava (1969) needs
further critical study.
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HISTOGRAM 1 - Quantitative distribution of important miospore genera in the Karharbari samples
of the J ayanti Coalfield.

Quantitative Analysis

Assemblage from Misra Village

The assemblage from Misra village shows
a more or less uniform distribution of
miospore taxa in the two samples (Table
1). Both the samples are characterized
by the dominance of the trilete genera
Punctatisporites and Callumispora. The

high percentage of aletes and the significant
proportion ot polyplicates (Gnetaceaepolle
nites) is also a noteworthy ieature of the
assemblage. Monosaccates are more con
spicuous in sample D19 as compared to
DI8. Among these the more significant
genera are Virkkipollenties, Plicatipollenites,
Potonieisporites, Vestigisporites and Para
saccites. The Disaccates are poorly repre
sented in both samples. Based on miospore
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TABLE I - PER CENT DISTRIBUTION OF MIOSPORE GENERA IN SAMPLES OF
KARHARBARI FORMATION OF JAYANTI COALFIELD

GENERA MISRA VILLAGEBANSKUPI COLLIERY, .-'----.AREA

D18
D19

I.

Leiott'iletes 1'S1·0
2.

Punctatispot'ites 35·031'5 19-5
3.

CallumispoYa 24·014·0 10·0
4.

Mict'ojoveolatispOt'a 1'5
S.

Tiwat'iaspot'is 0'5
6.

Latosporites 1·5
7.

Vit'kkipollenites 2·05·0 5·0
8.

Plicatipollenites 3·07·0 7'5
9.

Parasaccites 0'53'5 1'5
10.

Tubct'isaccites 0'5
I!.

Caheniasaccites 0'52'5
12.

Ct'ucisaccites 4·0
13.

Potonieisporites 0'56'5 6'5
14.

Vestigisporites 0·53'4 7'5
15.

VesicaspoYa 1'52·0 7·0
16.

Limitisporites 0'5
17.

Cuneatisporites 6'5
18.

Stt'iatites 3'5
19.

Lahit'ites 1·0
20.

Lunatispot'ites 0'50'5 3'5
2I.

Faunipollenites 1·00'5 5·0
22.

Gnetaceaepollenites 3·06·0
23.

P2tnctatasporites 21·012·0 4'5
24.

Greinervillites 0'5
25.

Pilasporites 2·0
26.

Balmeella 0'5
27.

Unidentified 1'S1·0

%
41·5

32·0
19·5

group distribution, the followingposition
is obtained in the Misra samples: Dominant

D18D19Average
Taxa

%%%
Triletes

5947·053·0
Subdominant Taxa Monosac-cates

8·028·418·2
Aletes

21·015·018·0
Polypli- cates

3·06·04·5
Rest Taxa Disaccates

1·51.51·5
Monoletes

0·50·3

Assemblage from Banskupi Area

The Banskupi assemblage also contains
a high proportion of the monosaccates and
the trilete genera Punctatisporites and
CaUumispora. However. there are some
significant differences from the previous
assemblages. Firstly. in the Banskupi as
semblage the trilete group has apparently
lost its dominating position to the mono
saccates. Secondly. the disaccates have

also risen to prominence. Thirdly, the
polyplicates are not represented. Based
on generic group distribution. the following
position is obtained for the Banskupi as
semblage:
Dominant Taxa

M onosaccates
Subdominant Taxa

Triletes
Disaccates

Rest Taxa
Aletes 4·5
M onoletes 1· 5

The above quantitative assessments indi
cate that the assemblage from Misra
village is distinguishable from that of the
Banskupi arEa in details. Both are. how
ever, closely linked with each other by the
characteristic abundance 01 Monosaccates
and Triletes (Punctatisporites and CaUumi
spora). Among the two assemblages the
Banskupi assembla~e is more diversified
and apparently younger as is also indicated
by the mega floristic evidence. It contains
a significant number of the following genera
which are absent from the Misra village
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assemblage; Mierofoveolatispora, Latospo
rites, Cahenisaeeites, Crueisaeeites, Cuneati
sporites, 5 triatites, Lahirites, Lunatisporites
and Faunipollenites. On the contrary.
Gnetaeeaepollenites (polypi cates) is restricted
to the Misra assemblage. From strati
graphical point of view, however, both the
assemblages are referable to the Karharbari
Formation on the basis of comparisons with
the known Karharbari miofloras.

AGE OF THE COAL-BEARING BEDS

The age of the coal-bearing beds in the
Jayanti Coalfield has remained controver
sial. Niyogi & Sanyal (1962) and Niyogi
(1964) con tinue to refer the beds to the
Barakar Formation, although Puri (1953)
suggested a Karharban age on plant fossIl
evider;ce. The findings of Lele and Maithy
(1966) also supported a Karharbari age for

the beds.
The present investigation has made it

possible to reconsider the problem both
from megafossil and mioflora 1 standpoints.

The plant fossils recovered from Misra
and Banskupi shales are essentially those

that clianiCterize the Karharbari Formation
in the type area (Giridih basin) and else
where. The abundance of the genera
N oeggerathiopsis and GangmwJpteris (often
yielding cuticular structure), along with
the significant occurrence of platyspennic
seeds and above all, the characteristic pre
sence of Gondwanidium provide unmistak
able proof in support of a Karharbari age.
The Karharbari age of- the Misra section
is particularly attested by the presence of
Gondwanidium. The Banskupi shales are
apparently younger than the Misra section.

Miofloristically also, the Jayanti assem
blages approach c!osest to the Karharbari
miofloras in their abundance and varie~y
of monosaccate taxa along with a significant
proportion of triletes and/or bisacca tes. The
presence of Crueisaeeites in the Jayanti
mioflora adds emphasis to its Karharbari
age. In contrast, the older miofloras of the
Talchir Formation are distinguishable by
the supreme dominance of the Monosacca tes
(especially Parasaeeites, Plieatipollenites) and
the sporadic presence of TriJetes and dis
accates (for Jayanti Coalfield vide H;isto
gram 2 & Tables 2 & 3). On the oth~r han'd,
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HISTOGRAM 2 - Comparative quantitative ditribution 'Ofimportant niiospore groups in the Talchir
(T) and Karharbari (K) Formations of the ]ayanti Coalfield. -". ,- -
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TABLE 2 - DISTRIBUTION OF SPECIES IN THE TALOHIR AND KARHARBARI
FORMATIONS OF THE JAYANTI COALFIELD

SL
No.

1.
2.
3.

4.
5.
6.
7.
8.
9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

SPECIES

Lciotriktcs sphaerotriangulus
" psilatus

Lciotri!ctcs sp.
Psilalacinitcs indicus sp. novo
Calamospora exila
Punctatisporites minu lus

ganjrensis
rcticulaius
gretensis

" plicalus comb. novo
Callumispora barakar0nsis
Hencll ysporitcs sp.
Granulatisporites granulatus

sp.

Plicatisporitcs distinctus gen.
Cyclogranisporitcs plicatus

" gondwancnsis
Verrucosisporitcs varius

sp.
Horriditriletcs novus

bulbosus
sp.

Laciniirilctcs budamensis
" minutus

Acanthotriletcs filiformis
Microfovcolatispora directa

fovcolata
Brevitrilctes unicus
Indotriradites sp.
J ayantispories pseudozonatus
] ayantisporites indicus

" conatus
Tiwariasporis gondwancnsis
Virkkipol1enitcs densus

ohssurus
triangularis

Plicatipollenitcs indicus
trigonal is
diffusus
gondwanensis
dcnsus
stigmatus
ma'Gulatus

Rugasaccitcs obscurus
orbiculatus

" ovatus
Parasaccites obscurus

diffusus
densus
pcrfectus
fimbriatus
takhircnsis
plicatus
distinctus

Paraslriopol1enites s~gmentus
indicus
sp.

Tuberisal;citcs varius
lobatus

" tuberculatus
Caheniasar.cites ovatus

dcnsus

TALCHIR

+

+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
++
+
+
+
+
+

KARHARBARI

+
+
+
+

+
+
+
+

+
+
+

+
+
+
+
+
+
+
+

+
+

+
+

+

+
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TABLE 2 - DISTRIBUTION OF SPECIES IN THE TALCHIR AND KARHARBARI
FORMATIONS OF THE JAYANTI COALFIELD - Contl1lued

SL
No.

SPECIES TALCHIR KARHARBARI

+
+

+

+

+

+

+

+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+

+

+
+
+
+
+
+
+
+

Cf.+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

Cf.+
+
+

Caheniasaccitcs distinctus
decorus

" fiavatus
Divarisaccus lelei

scorteus
" sp.

Crucisacci tes latisulcatus
Vestigisporites diffusus

novus
" nigratus

Potonieisporites neglcctus
densus
lelei
magnus
jayanticnsis
clegans
barrelis
triangulatus"

Cf. Rimospora
Striomonosaccites sp.
Cuneatisporites radialis

" fiavatus
Valiasaccites densus

indicus
Limitisporites diversus

elongatus
cf. monosaccoides
cf. congoensis
cf. hexagonalis

" cf. leschikii
Labiisporites granulatus

" densus
Gigantosporites indicus
Platysaccus papilionis
Alisporites opii
Illinites purus

notus
" sp.

Vesicaspora obliql1a
ovata
breckmanii
crassa

" sulcata
Sulcatisporites maximus

tcntulus
" barakarensis

Rhi7.0maspora singula
Strotersporites rhombicus

" sp.
Faunipollcnites various

goraiensis
" sp.

Circumstriatites talchirensis
obscurus

" ovatus
Striatites tentulus

medius
Lahirites singularis

,. rarus
Lunatisporites rhombicus

amplus
globosus

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
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TABLE 2 - DISTRIBUTION OF SPECIES IN THE TALCHIR AND KARHARBARI
FORMATIONS OF THE JAYANTI COALFIELD- Continued

SL
No.

125.
126.
127.
128.
129.
130.
131
132.
133.
134.
135.
136.

SPECIES

Crustaesporites sp.
Striasulcites sp.
Vittatina subsaccata
Ginkgocycadophytus novus
Gnetaceaepollenites diflusus
Quadrisporites horridus
Pilasporites calculus

" ovatus
Bahntela gigantea
Punctatasporites sp.
Greinervillites undulatus
Leiosphaeridia talchirensis

TALCHIR

+
+
+

+

+

KARHARBARI

Cf.+

+
+
+
+
+
+

TABLE 3 - AVERAGE PERCENTA,GE OF IMPORTANT MIOSPORE GENERA AND MAJOR
GROUPS IN THE· TALCH>IR AND KARHARBARI FORMATIONS OF THE JAYANTI
COALFIELD. Genera present, but not appearing in average, are shown by (+) sign;

genera absent are indicated by (-) sign

Triletes & aletes 1. Leiotriletes
2. Punctatisporites
3. Callumispora
4. Plicatisporites
5. Granulatisporites
6. Lacinitriletes
7. Verrucosisporitcs
8. Acanthotriletes
9. Apieulatisporis

10. Horriditriletes
11. Microbaculispora
12. Microfoveolatispora
13. Jayantisporites
14. Spore tetrad
15. Tiwariasporis
16. Latosporites

Monosaccates 17. Virkkipollenites
18. Plicatipollenites
19. Parasaccites
20. Parastriopollenites
21. Tuberisaccites
22. Caheniasaccites
23. Divarisaccus
24. Vesicaspora
25. Crucisaccites
26. Vestigisporites
27. Potonieisporites

Nonstriate Disaccates 28. Platysaccus
29. Valiasaccites
30. Limitisporites
31. Labiisporites
32. Giga.ntosporites
33. Illinites
34. Sulcatisporites
35. Cuneatisporites

MAJOR GROUPS SPORE GENERA TALCHIR-AVERAGE KARHARBARI-
OF SAMPLE D1-D16

AVERAGE OF MISRA
AND BANSKUPIASSEMBLAGES

-')

0'8,1·1
28·5 I

0·9

16:l
0·2

+++ 3'8+ _ 46·4

0·2 ++
0'5

1·0 0·4
O~ J0'5

10'1\

4'0,25'8
5·8

353[

1·8
1'6 4·4

0·2
1·1 89·0

1·028'4

0'71

1'6
3'5

+
1'4

5·9 J
6·2 J2'5
4'5

+, o~l
0'5 ,

2'81
0'4+r

3·9

2U

2·4

o~J
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TABLE 3 - contd.

MAJOR GROUPS SPORE GENERA TALCHIR-AVERAGE KARHARBARI-

OF SAMPLE D1-D16 AVERAGE OF MISRA
AND BANSKUPI

ASSEMBLAGES

1'2l0·3
1-51
- ~ 5·2

2~J
3·0 3·0

12'61
0·2

0'6J14'4

0·2

0·8

0~1
= ~ 1·3

'+J1'1

o~l
+ ~ 2·0

1'210·7
+J

44. Punctatasporitcs
45. Greincrvil1itcs
46. Pilasporites
47. Balmecla
48. Leiospheres
49. Unidentified

Alctcs, etc.

Polyplicates

Striate disaccatcs 36. Striatitcs
37. Lahiritcs
38. Lunatisporitcs
39. Striatopodocarpitcs
40. Faunipol1enitcs
41. Circumstriatites
42. Rhizomaspora

43. Gnetaceaepollcnitcs

the Barakar miofloras are characterized
by Lophotriletes, Retusotriletes (Hennelly
sporites), Indotriradites, Dentatispora, Micro
baculispora and Latosporites (sensu Bhara
dwaj, 1966)along with inc,-easingly diversified
disaccates. According to more recent
reappraisals, the Lower Barakar miofloras
are believed to be characterized by zonate
trilete spores and other genera like Brevi
triletes and Microbaculispora (Bharadwaj,
1969: 264). In tl1e North Karanpura basin,
the Barakar miofloras are generally charac
terized by striate disaccates, especially
Stroterosporites, Striatopiceites and Striatites
(Kar, 1972). It is thus clear that the
characteristic Barakar taxa are practically
missing from the Jayanti mioflora which
cannot, therefore, be referred to the Barakar
Formation. It is evident trom these com
parisons that the beds ne:u Misra and those
of Banskupi area in the coal-bearing
succession of the Jayanti Coalfield belong
to the Karharbari Formation.

PALYNOSTRATIGRAPHIC
COMP ARISONS

Beyond the type area of the Girjdih Coal
field (Maithy, 1965a), only few basins have
so far been investigated for the palyno
stratigraphy of the Karharbari Formation.
Among these are:

(i) Mohpani Coalfilcd, where a succes
sion ranging from the Talchir to the

Karharbari Formation has been
studied palynologiccdly (Bharadwaj
& Anand-Prakash, 1972).

(ii) South Karanpura Coalfield, Arl2"ada
sector, where the Arvada'S' coal
seam and associated shale as well
as some shales lying 70 ft. above the
Argada '5' seam have been palyno
logically referred tc thr Karharbari
Formation (Lele & Kulkarni, 1969;
Bharadwaj & Anand-Prakash,
1972a).

(iii) Korba Coalfield, where a 689 metres
deep sub-surface bore-core (No.NCKB
19) has been delimited into palyno
logical zones ranging from the Talchir
to the Karharbari Formation (Bhara
dwaj & Srivastwa, 1973).

(iv) North Karanpura Coalfield, where
the Lower Gondwanas, ranging from
the Talchir to the Raniganj Forma
tion, have been delirI1ited palyno
logically (Kar, 1972).

The above investigations have, no doubt,
given some glimpse of the miospore asso
ciations of the Karharbari Formation, but
much more remains to be don(' in order to
establish the palynological sequences across
the formation, and more specially along its
lower and upper limits. Notwithstanding
these difficulties, the available data indi
cates that in some areas the Karharbari
miofloras are characterized by the abun
dance of Sulcatisporites together with
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certain pteridophytic trilete taxa (e.g.
Brevitriletes, I ndotriradites, Lophe triletes,
Horriditriletes, Microbaculispora, etc). Such
miofloral as!:>ociatiollsare typically known
from the Argada 'S' coal and associated
shale and from the Assemblage lor e II in
the Mohpani Coalfield. However in the
Korba bore-core, the younger subzone in
Biozone I (Lower part of the Karharbari
Forma tion) shows dominance of Callumi
spora( average 28%) together with Parasac
cites (average 27%). Higher up, in the
Biozone II Parasaccites is dominant with
subdominant Sulcatisporites and in Biozone
III, Sulcatisporites attains a dominating
positioll together with a conspicuous repre
sentation of some striate disaccate taxa.
Bharadwaj & Srivastava (1973) refer the
younger subzone of Biozone I along with
the Biozones II and III to the Karharbari
Stage. Studies in the North Karanpura
Coalfield (Kar, 1972) indicate that the Lower
Karharbari Formation is marked by an
almost abrupt dominance (50%) of the
tri Ietes (especia11y, Punctatisporites jCallumi
spora, I ndotriradites and Lacinitriletes)
fcllowed by monosaccates (32%); in the
Upper Karharbari Formation monosaccates
become dominant (60%) followed by disac
cates (25%). Curiously enough, Sulcatis
porites does not find any recognition in tJ-.e
Karharbari miofloras of the North Karan
pura Coalfield. The Giridih mioflora (Maithy,
1965a) which is likely to be Lower Karhar
bari gives yet another picture. The assem
blage is dominated by monosaccates along
with a significant proportion of striate
disaccates and a recognizable presence of

Welwitschiapites. Trilete taxa arc conspi
cuously insignificant.

The above brief survey indicates that
the miofloral associations are not of the
same kind in the Lower Karharbari of diffe
rent basins. To this list, we may now add
the jayanti miofloral associations of Misra
village and Banskupi area which are also
very likely to be Lower Karharbari in posi
tion. A characteristic feature of the Ja yan ti
mioflora is the dominance of Callumisporaj
Punctatisporites together with monosaccates.
This aspect is evidently very close to the
miofloral compcsition of the Biozone I
(Younger subzone) in the Korba bore-core
as well as to that of the Lower Karharbari
in the North Karanpura Coalfield. How
ever, a noteworthy difference is that the
Korba assemblage also carries a significant
proprotion of other pteridophytic triletes
(14%) including Leiotriletes, Lophotriletes,
H orriditriletes and M icrobaculispora in parti
cular. These trilete elements are wanting
in the Jayanti mioflora. At any rate, the
available evidmces tend to indicate that
a Callumispora + Parasaccites dominant
association can be well identified in the
lower Karharbari Formation at least in the
coalfields of Korba, North Karanpura and
Jayanti. This miofloral association is suc
ceeded by a Parasaccites + Sulcatisporites
rich mioflora in the Korba bore-core.

~ote - While this paper \Vas in press Srivastava
(1973) has also recognized a Callumispora-Parasaccit
es rich assemblage in the basal Karharbari Forma
tion of the Giridih Coalfield (Type area). Thus a
Lower Karharbari age for the coal-bearing beds of
the Jayanti basin is now well established.
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EXPLANATION OF PLATES

(Figured specimens and type slides are preserved at the B. Sahni Institute of Palaeobotany Museum,
Lucknow)

linear leaf with
X Nat. size.
leaf in Fig. 20.

PLATE 1

1. Samaropsis jeistmantelii l\Iaithy. X 5.
2. Samaropsis goraiensis Surange & Lele. X 5.
3. Cordaicarpus zeilleri Maithy. X 5.
4-5. Branched axes. 35003. X Nat. size.
6. Gondwanidimn validttm (Feistm.) Gothan.

35004. X Nat. size. A part of the pinnate frond.
7. Gangamopteris sp. 35005. X Nat. size.
8. Gangamopteris sp. d. G. gondwanensis l\Iaithy.

35006. X Nat. size.
9. Upper cuticle from the leaf in Fig. 8. X 100

(Slide No. 4389).
10. Lower cuticle from the leaf in Fig. 8. X 100

(Slide No. 4390).
11. Stomata enlarged from the cuticle in Fig. 10.

X 500 (Slide No. 4390).
12. Glossopteris sp. cf. G. fibrosa Pant. 35007.

X Nat. size.
13-14. Glossopteris jayantiensis sp. novo Speci

mens showing different regions of leaf lamina.
35008, 35009. X Nat. size.

15. Leaf in Fig. 13 enlarged to show details of
venation. X 4.

16. Upper cuticle from the leaf in Fig. 13. X 100
(Slide No. 4391).

PLATE 2

17. Lowercutic1efrom the leaf in Fig. 13. X 100
(Slide No. 4392).

18-19. Stomata enlarged from the Lower cuticle
of specimen in PI. 1, Fig. 13, Slide Ko.
4392.

20. Glossopteris sp. showing
broken apex and base. 35010.

21. Upper cuticle from the
X 100 (Slide No. 4398).

22. Lower cuticle from the leaf in Fig. 20.
X 100 (Slide No. 4399).

23. Noeggeralhiopsis conspicua sp. novo complete
leaf showing both apical and basal portions. 35011.
X Nat. size.

24. Noeggerathiopsis conspicua sp. novo showing
apical part of the leaf 35012. X Nat. size.

25. Upper cuticle from the leaf in Fig. 24.
X 100 (Slide No. 4400).

26. Lower Cuticle from the leaf in Fig. 24.
X 100 (Slide No. 4401).

27. Noeggerathiopsis bunburyana Pant & Verma
showing an immature complete leaf. 35013 X
Nat. size.
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PLATE 3
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MICROFOSSILS (All X 500)

28. Noeggerathipsis cOtlspicua sp. novo stoma en
larged from the Lower cuticle of specimen in PI. 2,
Fig. 24 (Slide No. 4401).

29. Noeggerathiopsis bunburyana Pant & Verma
Upper cuticle from the leaf in Fig. 27. X 100
(Slide No. 4404).

30. Lower cuticle from the leafin Fig. 27. X 100
(Slide No. 4404).

31. Stomata enlarged from the Lower cuticle in
Fig. 30. X 100 (Slide No. 4404).

32. Scale leaves - Type 1, 35014.
33. Scale leaf - Type 2. 35015

34-35. Psilalacinites indicus sp. novo Slide Nos.
4380, 4381 (Holotype).

36. Callumispora plicata comb. novo Slide No.
4382.

37. Itldotriradites sp. Slide No. 4383.
38. Striomonosaccites sp. Slide No. 4384.
39-40. Striatites medius sp. novo Slide Nos. 4385,

4384 (Holotype).
41. Vittatina cf. V. subsaccata Samoilovich. Slide

No. 4382.
42-43. Gnetaceaepolletlites diffusus sp. novo Syn

types. Slide Nos. 4386, 4387.
44. Putlctatasporites sp. Slide No. 4386.
45. Pilasporites ovatus sp. novo Slide No. 4388

(Holotype).
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CHACASSOPTERIS - A FOSSIL INTERMEDIATE FORM

RUDOLF DABER

Museum of Natural History, Humboldt University, Berlin, G.D.R.

ABSTRACT

A reconstruction of Chacassopteris mongolica
from the Lower Carboniferous period is given.

The Chacassopteris leaf is discussed in its morpho
logical relations to A rchaeopteris, Coenopteridales,
Ginkgo and Polygala.

Chacassopteris is regarded as a Lower Carboni
ferous intermediate from (missing link) which
connects A rchaeopteris with the Ferns and Ginkgo
phytes and perhaps also with the Pteridosperms
and Angiosperms.

INTRODUCTION

NOBODYwill suppose that species onceexisted in nature which correspond
to our abstract conception of "the

Fern", " the Pteridosperm " or " the Angio
sperm ". Such a "Nullwertahne "1 (zero
value ancestor) would not have been viable
and would be an illusion created by our way
of thinking that is oriented to abstractions
and types. In the beginning of a period
which led to a new, unprecedented structure
there were intermediate forms, established
by fossil finds, which make it possible to
compare the structure of the old species and
classes with that of the later species and
classes, i.e. to homologize. These inter
mediate forms in biological history show
specializations of their period, their habitat
and their origin. They are valuable for us
because they exemplify the transition from
one structure to another, confirm assumed
homologies or make us look for homologies
that agree with their structures. The inter
mediate forms found in the history of the
earth and of life on earth were biological
systems in which the new element had
already materialized while the old element
was still present.2

Perhaps the actual intermediate forms are
difficult to determine because they were too
specialized in their way. The new element
is typical and thus convincing only when its

mosaic of characteristics has become simple
enough. So the intermediate forms re
ferred to by the scientists are probably
always the descendants of the real missing
links.

The finding of an intermediate form sup
plies essential facts for a determination in
the history of the earth and of life on earth:
The period of the transition from one
morphology to the next, from one form
being effective to another form being effec
tive and becoming even more effective is
recognized, and thereof the circumstances
which may have been essential conditions,
can be examined. It is important to know
whether an intermediate form had a wide
or a locally limited distribution and whether
its habitat flourished in the periods follow
ing or the whole interesting development
of a continent was irretrievably lost by a
transgression. Such considerations are
necessary in view of a synthetic theory of
evolution and thus, keep uS from over
estimating developments as that of Eur
american Petridosperms of the Carboniferous
which were far ahead of the general evolution.

Figure 1 shows in outline the geography
of a large part of the earth during the
Carboniferous age. In the Devonian and
Carboniferous periods Europe remained
directly in the zone of the equator, while
Siberia and Northeastern China lay in
changing latitudes: Their climate, which
had been cool to temperate in the Devonian
age, grew warmer. These Asiatic regions
served as the basis for the further develop
ment of the flora even in the Permian and
Triassic periods when in Europe, the rich
development of the flora in the Upper
Carboniferous had been replaced by a poor,
largely arid development of the flora.

Chacassopteris had a wide distribution on
the continent of Siberia in the upper Lower

1. Remane (1956, p. 238) used the term" Nullwertahne" (zero value ancestor) to point out the
limits of the assumption of a law of specialization and thus the limits of the assumption of an " adap
tive radiation".

Engels (Dialectics of Nature, Notes and Fragments) already disagreed with Darwin on this
assumption and referred to Hegel (§ 238, speculative method).

2. Mosaic nature of evolution, heterochrony in the development of the characteristics, hetero
bathism (various terms are used in the literature, d. Takhtajan 1959, p. 13).
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TEXT-FIG. 1 - Continents of the Lower Carboniferous age and their position in relation to the
equator. Distribution of Chacassopteris in Siberia (hatched).

Carboniferous (Vise). This permits the con
clusion that the intermediate morphology of
Chacassopteris is significant.

MORPHOLOGICAL COMPARISONS

There can be no doubt that in the Upper
Devonian age Archaeopteris played a part
in the biological history leading to the
Ferns and Pteridosperms (Beck 1960, 1962,
1965). Archaeopteris was distributed over
almost the whole of the earth, and only
40 million years after the first settlement
of psilophytes on the continents it was the
morphologically most advanced type of a
land plant.

The morphology of both the sterile
and the fertile leaf of Chacassopteris con
nects it with that of the Archaeopteris

pinnule. With the Archaeopteris pinnule as
well as with the Chacassopteris leaf the
telomes grow fan-shaped, symmetrically
" dachtibergipfelnd" (roof overtopping).
Chacassopteris has this "Dachtibergipfelung"
(roof overtopping) in a particularly primiti:re
and clear form. Contrary to Archaeoptens,
the sterile shoots of Chacassopteris still do not
show any" Pendeltibergipfelung" (oscillating
overtopping) (fern-frond structure). The
shoot of Chacassopteris appears to be

morphologically more primitive than the
frond of Archaeopteris which is characterized
by oscillating overtopping (Pendeltibergipfe
lung) with intermediate pinnules. Dicho
tomously branching sterile shoots of Chacas
sopteris, bearing the forking leaves, thus
resemble Cladoxylon scoparium KR. & W.

The fertile shoots of Chacassopteris show
an apparently primitive overtopping: Main
shoot and fertile lateral shoots along with
the intervening pinnules on the main shoot.

The fertile pinnules of Chacassopteris
greatly resemble the fertile pinnules of
Archaeopteris. It is clearly discernible that
the roof overtopped (dachtibergipfelnden)
and shortened lateral ends bear the sporangia,
while the two median ends, which incline
towards the symmetry plane, remain free
and sterile. While earlier figures of the
fertile Archaeopteris leaf Arnold (1939),
Andrews (1961), Zimmermann (1959) and
others showed it bordered with sporangia
on one side and ending in one sterile telome,
Beck (1962) (p. 374) was well advised to let
in his reconstruction the pinnules terminate
in two or more sterile telomes. The spo
rangia of Archaeopteris and Chacassopteris
can be equally interpreted as fertile roof
overtopping (dechtibergipfelnde) telomes
which may be formed on both halves (on
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TEXT-FIG. 2 - Reconstruction of Chacassopteris mongolica from finds in the Lower Carboniferou
(Tournai/Vise) layers of the People's Republic of Mongolia.

either half) of the pinnule. While in
Archaeopteris they are directed towards the
apex, in Chacassopteris they are curved
inwards towards the base. A pinnule of
Archaeopteris which was fertile on both sides
as an exception was figured by Ananiev
(1959) (table 18, fig. 3). The fertile pinnules
of Chacassopteris mongolica, however, scarcely
show the morphology of the sterile pinnules
which is restricted to symmetrical roof over
topping, instead, they are combined with a
small shoot, revealing a mixture of the
Chacassopteris pinnule with the tendency of
forming a small shoot.

The results of these comparisons of
the leaf of Chacassopteris with those of
Archaeopteris and ClarJoxylon_scoparium may
be summed up in the conclusion that the
principle of symmetrical roof overtopping
as it is evident in the Chacassopteris leaf
can be regarded as the basic pattern for the
leaf forms of the Pterophytes.

Chacassopteris belongs to the "transition
forms leading to 'typical' Cormophytes"
as Zimmermann (1969, p. 75) called them
in the sixth stage of plant life. But Chacas
sopteris is not a Middle Devonian plant as
one might be tempted to conclude from its
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TEXT-FIG.3 - Comparisons between Chacassopteris mongolica (parts 4, 5) and Archaeopteris (parts
1, 2) or Cladoxylon scoparium (part 3) (according to Andrews, Phillips, Radforth 1965, Weyland
1964, Daber 1972).

Part 1 Fertile Archaopteris pinnules with terminal, sterile forked tips.
Part 2 Archaeopteris pinnule fertile on both sides (according to Ananiev 1959).
Part 3 Cladoxylon scoparium pinnule with a tendency to roof-overtopping (Dachiibergipfelung)

(according to Weyland).
Part 4a Fertile leaf of Chacassopteris mongolica, schematized and explained in Part 4b.
Part 5a Sterile pinnule of Chafassopteris mongolica, schematized and explained in Part 5b.
Part 6a Sterile pinnule of Chacassopteris mongolica which differs by oscillated overtopping (pen-

delnde tJbergipfelung), schematized and explained in Part 6b. -
The usual sterile leaf of Chacassopteris mongolica (Part 5b) differs in the behaviour of the forkings

A from that of the forking B which are directed towards the base. With the fertile leaf the forkings
A remain sterile while the roof overtopping forkings B become fertile. Strictly speaking, the whole
fertile lateral shoot (the phyllophore and the fertile pinnules at it) is homologous to a sterile
pinnule and originated by the addition of a oscillated overtopping to the symmetrical roof over
topping. Juxtaposed are the two forms of pinnules (Parts 5a and 6a), juxtaposed are sterile leaf and
phyllophore, the fertile pinnule repeats the form of the sterile leaf, but modified.

morphological position between Cladoxylon
scoparium and Archaeopteris. Chacassopteris
lived for a long time-about 20 million years
after the period of Archaeopteris (= Upper
Devonian) and was a contemporary of the
Zygopterideae and the Pteridospermae.

Chacassopteris mongolica had microsporangia
and megasporangia, which suggests hetero
spory - a fact already proved for Archaeo
pteris.

Radczenko (1960, p. 45) already included
Chacassopteris among the Coenopteridales
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a
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B

b
TEXT-FIG.4 - Comparison between Chacassopteris mongolica (a) and Rhacophyton zygopteroides

(b) (according to Leclercq). The "aphlebiae" arising at the phyllophore and the forked frond
are compared with the sterile Chacassopteris leaf. The forkings B of the Chacassopteris leaf which
are directed towards the base correspond to the sterile or fertile "aphlebiae" of Rhacophyton.
The forkings A of Chacassopteris, which do not overtop, have been transformed into" fern fronds"
by (pendelnde Dbergipfelung) oscillated overtopping.

incertae sedis. The morphology of the
Chacassopteris leaf offers a possibility to
interpret the morphology of the Coeno
pteridales. If we take Leclercq's recon
struction (1950/51) as the basis for Rhaco
phyton, the shoot axes (T) of Rhacophyton
may be compared to the creeping and also
erect, irregularly branching and in the
fertile region also overtopping shoots of
Chacassopteris mongolica. The phyllophores
of Rhacophyton would be comparable to the
uniform, long shoots of Chacassopteris which
bear the fertile pinnules. The complex of
the V-shaped forked frond and its basal
sterile or fertile aphlebiae would in its
entirety correspond to the Chacassopteris
pinnule. The morphology of the frond of
Rhacophyton, developed by oscillating over
topping as with all the later Coenopteridales,
would be equivalent to the two inner
branched shoots (turned towards the sym
metry plane) of the Chacassopteris leaf
which do not show any tendency to over
topping. The aphlebiae of Rhacophyton
would correspond to the leaf tips of Chacas
sopteris that are turned towards the base
and originated by roof overtopping. These
" aphlebiae" which are often fertile in
Rhacophyton and other Coenopteridales of
later periods would thus be interpreted not
as independently developed organs but as
belonging to the complex of the forked

frond. Thi~ interpretation would modify
the exceptional position of those Coeno
pteridales that bear their sporangia not on
the leaf fronds but on these" aphlebiae ".

This comparison would result in the
following conclusion: Chacassopteris mongo
lica may be regarded as a model for an
intermediate form between Coenopteridales
(Lygopterideae) and Archaeopteris and Clado
xylon scoparium. Consequently, Chacasso
pteris mongolica would be understood as a
geographically very remote rc1ative of Sacco
pteris Stur (=Alloiopteris Potonie) which
had morphologically remained particularly
primitive. While in the more favourable
climate of Europe the evolution had ad
vanced to Saccopteris, the morphological
development in Siberia had remained in an
undifferentiated state, related closer to the
morphology of the psilophytes.

The publications of Andrews, Mamay and
Phillips suggest the idea of the Coenop
teridales as a Carboniferous group of
Ferns which may have evolved into the
modern leptosporangiate families of Ferns.
Takhtajan published a scheme of such a
phylogenetic tree in his manual "Founda
tions of Palaeontology" (1963, p. 539). In
any case, the variety of the developments
of the Coenopteridales in the Upper Carboni
ferous and Lower Permian periods is sur
prising. It seems that the original patterns
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1mm
TEXT-FIG. 5 - A symmetrically roof overtopping

" tag" at the petal of the flower of Polygala (here
P. oxyptera RCHB.) as an example of a Chacassop
teris-leaf-like rudiment in a highly differentiated
dicotyledonous Angiosperm of the present (accord
ing to Pawlowski).

of the modern developments of the Ferns
were at least experimented with already by
the Upper Carboniferous specie,:;. Thus it is
by no means incorrect to expect a recurrence
of the morphology of the Chacassopteris
leaf in much more highly developed plants
of later periods.

The fact that the leaf of recent species of
Platycerium corresponds in its outline and
its bifurcation to the leaf of Chacassopteris
illustrates the following prob!em: How can
the pinnate frond of leptosporangiate Ferns
be related to an originally branched, sym
metrically roof overtopping basic form?
The finds of Chacassopteris prove that the
pattern of this recent Platycerium leaf does
not result only from a prehistory on the
level of seaweed or psilophytes but can be
related to a morphology of Lower Carboni
ferous Ferns. In this connection also the
Lower Cretaceous Fern Weichselia may be
mentioned whose forked fronds have never
been convincingly explained.

The Ginkgo leaf, too, is comparable to the
Chacassopteris leaf, as Zimmermann (1959,
p. 407) stated. It shows the asymmetrical
roof overtopping in both halves of the leaf.
Ginkgo apparently developed an insecticid
instead of a reticulate venation, and thus

it was not at so great a disadvantage by
its archaic venation as Potonie (1906, 1912)
originally assumed. Consequently, the deve
lopment of the Ginkgophytes also started
from an actual Lower Carboniferous morpho
logical state, and it hardly makes sense to
seek the origin of the Ginkgophytes in
earlier periods.

If the assumptions are correct that the
pinnate leaf must have developed somehow
from the forked leaf and that accordingly
possibilities of a convincing homologization
must yet be found, then this problem gene
rally applies also to the morphology of the
Angiosperm leaf. As the Carboniferous
Pteridosperms had forked fronds, such a
question is justified.

In the approximately 500 species of the
recent genus Polygala we find in the region
of the flowers a so-called "tag" which so
far has been difficult to explain. This
" tag" shows the forking and the roof
overtopping which we know from Chacasso
pteris. Perhaps the" tag" of the Polygala
species is a rudiment or atavism and indi
cates an ancient morphology of the leaf on
which other chains of characteristics have
been superimposed.

In this connection it seems reasonable to
doubt the interpretation of Polygala as the
last (youngest) branch of the phylogenetic
tree of the Angiosperms. Considering that
the species of the genus Polygala are distri
buted over Europe, North America and
South America, Australia and Tasmania
and also that the related genus Securidaca
includes tropical trees and climbing lianas
and was even identified with a fossil samara
of the Eocene in the UAR (Egypt), these
geographical and geological facts make it
probable that the Polygaleae extend back
to the Lower Cretaceous.

The forked venation of the Angiosperm
herbs Kingdonia and Circaeaster, however,
can not be as clearly related to the sym
metrically roof overtopping leaf of Chacasso
pteris, even if some leaves of Circaeaster (e.g.
Foster 1961, p. 972, fig. 2) resemble this
basic pattern. The few specimens of leaves
of primitive Angiosperms that are available
for comparisons suggest that on the old
morphology of the leaves which was due to
symmetrical roof overtopping a dominant
oscillated overtopping was superimposed,
and that this produced the variety in the
morphology of the leaves which is now so
difficult to interpret.
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PLATE 1

EX PLANA TION OF PLATES

PLATE 2

1. Chacassopteris mongolica Daber, fertile, stem
phyllophore, divided leaflets with Sporangia 2[1.
(Peoples Republic of ~IongoIia, Aimak Bejanchon
gor, Zogt Chairman Uul; Tournai).

2. Chacassopteris mongolica, sterile leaflets 2[1.

3. Chacassoptcris mongolica, Phyllophore with
fertile leaflets, Sporangia single on apices curved
towards the base 4[1.

4. Chacassopteris mongolica, sterile leaflets 4[1.
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ABSTRACT

The present paper is a part of the paleopalynolo
gical investigation of coal bearing beds of Lower
Gondwana age occurring in the north-eastern
region of Maharashtra State. The paper deals
with the sporological analysis of two bore-core car
bonaceous shale samples geologically belonging to
the Barakar Series of the Damuda System of Lower
Gondwana group, collected from Dahegaon camp
area in Kamptee Coalfieldin Nagpur District. Both
core samples have predominance of trilete spore
genera such as Brevitriletes Bharadwaj & Srivastava
and Lophotriletes (Naum.) Pot. & Kr. Next in
abundance are the bisaccate grains such as Stria
tites (Pant) Bharadwaj and Suleatisporites Bharad
waj.

INTRODUCTION

DURING the last decade paleopalynological studies have been done on
various Lower Gondwana strata by

several workers (Bharadwaj, 1960, 1968;
Bharadwaj & Srivastava, 1969; Lele, 1963,
Lele & Maithy, 1963; Navale & Tiwari,
1966; Tiwari, 1967; Kar, 1967). They have
analysed coal samples palynologically from
the Talchirs, Raniganj, Karharbari and
other horizons from various collieries
situated mostly in the north-eastern region
and M.P. region of India.

A review of literature has indicated that
very little work has been done on the
palynological studies of coal bearing rocks
of Lower Gondwana occurring in Mahara
shtra State. Hence a research project was
undertaken by us to investigate pateobo
tanically the Lower Gondwana Strata
occurring in Maharashtra State. There are
four major coalfield areas in Maharashtra
State as listed below.

i. Kamptee Coalfield in Nagpur District.
ii. Umrer Coalfield in Nagpur District.

iii. Bokhar Coalfield in Nagpur District.

iv. Wardha V<>lleyCoalfield m Wardha
and Chandrapur District.

Presently, 10 coal mines are working
in this area and the coat deposits are of
second grade as compared to the lharia
grade and are of non-coking variety.

We have made extensive collections of
shales containing megafossils and other
shale and coal samples for microfossil
studies from various coalfields mentioned
above and started the palynological analysis
of SOlne of the samples (Agashe & Chitnis,
1969, 1971). Recently, N.C.D.C. Ltd. has
started drilling operations for prospecting
of coal in the Kamptee Coalfield in a place
called Dahegaon which is about 9 Km.
from Nagpur. The present paper is a pre
liminary report on the mioflora preserved
in two carbonaceous shale-core samples
collected from Dahegaon drilling camp area
through the kind courtesy of N.C.D.C. Ltd.
The results obtained so far are encouraging
and it is intended to intensify the palyno
logical studies of these coal bearmg beds
which will ultimately help in the demarca
tion of the suspected Karharbaris from
the overlying Barakars and other problems
of stra tigra phic correIa tion.

MATERIAL AND METHODS

The material used in the present investi
gation consisted of two fine-grained grey
coloured carbonaceous bore-core samples
which have been numbered as 54 and S5.
These samples were collected from the
freshly drilled bore-cores in N.C.D.C.'s,
Dahegaon drilling camp area in Kamptee
Coalfield which is about 9 Km. from
Nagpur. Sample S4 was taken from an
area about a kilometre from where S5 was
taken. Sample S5 was taken from a depth

·Contributed to the Palaeobotanical Conference, Birbal Sahni Institute of Palaeobotany Silver
Jubilee, December 1971.
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of 215 meters, whereas sample S4 W3.S taken
from a depth of 169 metres.

The maceration of the samples was
carried out as per the method described
by Bharadwaj (1960). About 50 gm. of
material was first subjected to treatment
with dilute hydrofluoric acid for few days
in order to get rid of siliceous matter. After
the hydrofluoric acid. treatment the material
was washed thoroughly with water and
later treated with commercial nitric acid
(40%) for 3-4 days. The macerate after
w3shing with water was subjected to treat
ment with 5% KOH for few minutes. Part
of this materia! was sieved through test
sieves No. 150 and No. 300 respectively.
The residue on the sieve No. 300 was
washed thoroughly in water. In order to
separate the lighter organic matter con
taining spores and pollen grains from
heavier matter such as sandy particles,
cuticles, etc., a small portion of the residue
was taken into a watch glass containing
water. The watch glass was shake!1 gently
and the lighter floating organic matter con
taining spores was drawn off by a pipette.
After' centrifuging the concentrated spore
residue was mounted on slides in glycerine
jelly. This material was used for quali
tative study. For quantitative study the
unsieved material was used. About 1000
counts per sample were taken for quanti
taive studies. For classification and iden
tification of the spores and pollen grains
mainly the work of Potonie (1956, 1958),
Potonie & Kremp (1954) and Bharadwaj
(1960) was referred.

OBSERVATIONS

Investigations carried on so far indicated
that both core samples are rich in various
types of well preserved spores and pollen
grains. The mioflora recovered fwm both
core samples S4 and S5 appeared to be
similar in floristic contents. However, the
perceiltage of individual spores in total
population differs markedly in both core
satnples. The various polospore types re
covered and identified so far from these
core'samples are listed below.

Punetatisporites (Ibr.) Pot. & Kr.
Leiotriletes (Naum.) Pot. & Kr.
Callwnispora Bhar::l.dwaj & Srivastava

, Lophotriletes (Naum.) Pot. & Kr.
Aeanthotriletes (Naum.) Pot. & Kr.
Erevitriletes Bharadwaj & Srivastava

M ierobaeulis pora Bharad waj
Mierojoveolatisp:Jra Bharadwaj
Gondisporites Bharadwaj
Latosporites Pot. & Kr.'
Laevigatosporites (Ibr.) Schopf, Wilson &.

Bentall
Pseudoretieulatispora Bharadwaj & Sri-

vastava
Virhkipollenites Lele
Plieatipollenites Lele
Nuskoisporites Pot. & Kr.
Crueisaeeites Lele & Maithy
Densipollenites Bharadwaj
Cahenisaeeites Bose & Kar
Iltinites (Kos.) Pc t. & Kr.
Striatites (Pant) Bharadwaj
Vertieipollenites Bharada waj
Faunipollenites Bharadwaj
L ~matisporites (Lesch) Bharad waj
Suleatisporites (Lesch) Bharadwaj
Gnetaeepollenites Thiergart
Tiwariaspora Maheshwari & Kar
Welwitsehiapites Bolchowit
Ginkgoeyeadophytus Sarnoilowitz
Some of tile most significant spore genera

are illustrated in Plate 1.

DISCUSSION

The palEopJlynological investigation of
the bore-core carbonaceous shale Sa:ITIpJES
has indicated the presence of rich assembl
age of microfossils particularly the spores
and pollen grains of various kinds. Micro
flora recovered from these samples is
composed of at least 29 different genera of
spores and pollen. Both of these samples,
i.e. S4 and S5, were studied qualitatively
and quantitatively.

The results obtained regarding the repre
sentation of different groups of polospores
in both samples are shown in Histogram
NO.1. It shows that the trilete group of
spores is dominant in both samples.
Striated bisaccate pollen grains form the
sutdominant group. Monosaccate, monolete,
polyplicate 'l.nd colpate grains are less com
mon. Sample S4 is characterized by 50%
triletes and 31% bisaccates in the tetal
population. Whereas sample S5 has 42%
triletes and 38% bisaccates in the total
population.

The detailed analysis of sample' S4
(Histogram No.2) has shown that among
the trilete spores, the genus Brevitriletes
representing 31·1% of the total population
is most dominant. Lophofrilefes andAean~

























































STUDIES ON PETROGRAPHY AND MIOFLORISTICS OF COALS
OF KARHARBARI AND BARAKAR STAGES FROM PARTS

OF NORTH KARANPURA COALFIELD, BIHAR
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Department of Geological Sciences, Jadavpur University, Caicutta-32

ABSTRACT

In the North Karanpura Coalfield, around
Bachra-Khalari two coal measures of lower
Gondwana age are exposed having diversified coal
characters. The coals show marked differences in
their physico-chemical and floral conditions of
deposition as revealed by detailed petrographic
and palynological studies. Based on palynological
findings, the status of the two coal measures
the lower measure belonging to upper Karharbari
Stage and the upper measure to lower Barakar
Stage - is ascertained. Miofloristic aspect of
distribution reveals a close affinity of the Karhar
bari Stage with the Barakar Stage. This is also
supported by geological evidences in the area and
suggests a gradual passage of one measure to the
other.

INTRODUCTION

THE area under study is a part ofNorth Karanpura Coalfield and is
situated at the southern fringe of it,

. bounded by the latitudes 23°3R' and 23°42'
30" North and longitudes 84°59'30" and
35°6'30" East and includes thirteen coal
scams of various thicknesses within the lower
Gondwana Group of rocks.

The area was investigated by many
workers like Jowett (1925), Banerjee (1958),
Ghosh (1958), Mukherjee et al. (1959), Mehta
et al. (1963) but attention was given mainly
on the eastern sector, i.e. in the Bachra area,
Pareek (1965) etc. and Western sector, i.e.
Khalari area was least emphasized. From
the field study, the following dissimilarities
of coal and coal bearing strata between the
eastern sector and the western sector are
discernible.

EASTERN SECTOR

Dip va-ries from 6°_10° towards N300W-
W200W.

Topography is highly undulating.
High grade fire clay associntion.
Roof rock-sandstone.
Seam thickness varie.:; great] y.

A ppbble bed is present at the base, and
another occasionally above the lower seams.
Structural disturbances considerable.
Two major coal seamS with average thick

ness of 4·5 metres.
Coal is dull, soft, massive or incipiently

banded.
Pyrite content high.
Spontaneous heating common.
Shale bands within coals are almost absent.
Vitrain bands arc rare, mostly found as

streaks.
A"h is brownish to buff in colour.
Matured coal with high heat value.

WESTERN SECTOR

Dip varies from 12°-15° towards S23°W.
Peneplaned country.
No fire clav.
Roof rock-shale .
Seam thickness more or less persistent.
No association of pebble bed with the coal

seams.
Structurally less disturbed.
Ten major coal seams with average thick

ness of 6·7 metres.
Coal is bright, harel, compact banded and

well cleaved.
Low pyrite content.
Spontaneous heating rare.
Numerous shale bands (2'3 cm to 7·6 cm)

are always present.
Persistent and numerous thick vitrain bands.
Ash is whitish to bluish grey.
Maturity less and low heat value.

The existence of two coal bearing horizons
(i.e. lower measure and upper measure) have
been assumEd on the basis of aforesaid
account, i.e. on the basis of diversified coal
characters, occasional presence of a pebble
bed between them (only in the eastern
sector, which marks the base of the upper
horizon) and rarely by the lithological
characters of the associated sediments. In
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GEOLOGY OF THE AREA

this work comparative studies on detailed
petrography and miofloral assemblages have
been made with a view to understand the
genetic history of the coals and paleo
geography of tht- area. An attempt has also
been made to determine and correlate the
stratigraphic position of the two meaSures.

The stratigraphic position of Damodar
Saphi seam could not be ascertained due to
lack of data but from other studies it seems
to be an independent seam (since its
structural attitude and other special coal
characters are different from those of the

western sector). All the seams dip 12°-15°

The lower measure occurring in the eastern
sector overlieS Talchir Formation with a
pebble bed at the base. Towards the north,
it grades into upper measure in the eastern
part of the area, extending ENE and SSW
with an inconsistent, thin pebble bed which
marks the base of the upper horizon. The
lower measure pinches out at the south
central part along with the underlying
Talchir Formation and in the western
sector, the upper meaSllre is seen to rest
on the Pre-cambrians along the southern
margin. The lower measure contains two
coal seams of variable thickness of which the
bottom seam (lower Bachra seam) varies
in thickness from 4·8-5·5 m and top seam
(upper Bachra seam) varies from 3,2
3·7 m and dip 6°_10° towards N300W to
N200W. The upper measure includes ten
major coal seams in the western sector and
one in the eastern sector, the order of
~equence and average thicknesses of these
(as revealed from drilling record) are as
follows:

MATERIALS AND METHODS

PHYSICAL CHARACTERS OF COALS

The lower measure coals are greyish black
in colour, very finely banded and dull in
appearance. Durain forms the major bulk
of the coal and fusain is ~ubdominantly
present.

The upper meausre coals are bnght,
coarsely bap.ded and hard and compact.
Vitrain and durain constitute the major
bulk ot which vitrain is present in higher
fraction.

Coal samples were collected from all
working sections of t.he inclines, and from the
places where coal is otherwise exposed.
By choosing a fresh surface, samples were
collected by channelling a seam profile
and block and pellet samples were prepared
for petrographic studies and representative
homogeneous coal matrix of 2·5 mm size
were taken for palynological studies. To
envisage the quantitative distribution of
the miospores, pillar samples were critically
studied. For separating the miospores, the
coal samples were treated with Schulze's
solution (HN03 and KCI03) in a jar in 1: 1
proportion, some nitric acid was added
after 24 hours. After 2 to 3 days when the
oxidation was complete, the supernated
solution was decanted off and the sample
was thoroughly washed with distilled water,
then the material waS treated with 10%
KOR solution for about 10 minutes. The
residues were then thoroughly washed with
distilled water to make them completely

towards S23°W and except.ing Damodar
Saphi seam which has a diF of 2°_3° towards
N65°W.

Out of all the mentioned seams, both the
seams of lower measure and Karkata II,
Karkata, Bisrampur, Bukbuka and Dakra
seamS of upper measure are economically
exploited. The Damodar ,earn is in its
development st<tge. Lithologically, the lower
measure is represented by a ba,al O1tho
quartzitic ~andstone unit with intercalation
of coal, sub arkosic sandstone, shale, fire clay
etc. and upper mea~ure is repre,ented by
coarse gritty, friable and white subarkosic
sandstone, carbonaceous shale, coal, siltstone
and medium to coar,e grained arkosic
sandstone.

Thickness

5·8 m
1·83 m
3·96 m
2·73 m

3'35 m to 4·25 m
6'7 m

19·5 m
7·62 m
2'13 m

17'3 m
Over 2'9 m

Karkata IV
Karkata III
Karkata II
Karkata I
Karkata
Bisrampur
Bukbuka
Dakra
Dhub
Damodar
Damodar-Saphi (?)

Seam
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TEXT-FIG. 1

free of alkali. This end product contained
mio~pores whose concentration was incre3sed
by series of centrifuge operations. The
glycerine soaked material was then mounted
in glycerine jelly and formaline was used
as hardener.

PETROGRAPHIC STUDIES

From the qualitative maceral study, it was
revealed that the lower measure coals show
fine bandings of vitrinites and (xinites
and thick lenses or bands of fusinites or
semifusinites (Plate 1; Figs. 1, 2 & 3);
whereas upper measure coals constitute
thick alternate bands of vitrinitic and
exinitic masses with lenses and thin bands
of semifusinites (Plate 1; Figs. 4, 5 & 6).
Telinite is not very well represented in
lower measure and different transitions in
fusinites are present (Plate 1, Fig. 2). These
coals include resin bodies which are mostly
carbonized although resin content is poor.
Different types of sclerotia are ,een to
occur in considerable proportion (Plate 1,
Fig. 3). Upper measure coals contain low
amount of sclerotia. Micrinite is sporadi
cally distributed in both the measures,

Cutinite is represented in both the measures
in low amount (Plate 1, Fig. 6). Visible
mineral matters are mostly a~sociatcd with
the exinitic masses or sometimes impreg
nated in the cell cavities of fusinites.
The lower measure shows higher mineral
concentration whereas it is disseminated in
the upper mea"ure. Pyrite is the dominant
mineral matter in lower measure coals and
clay is present in very high proportion
in the upper measure coals.

Quantitatively the general order of abun
dance of group macerals in lower measure
is inertinite (49'2-65'5 %), vitrinite (27'6
41'2%) and exinite (3-2-11'5%), and in
upper measure is vitrinite (45-9-63·1 %),
inertinite (23·2-43'1 %) and exinite (8'9
15'2%). The quantitative maceral studies
have been shown in the tables (Tables 1 & 2)
and are illustrated by Histograms (Text-fig,_
I & 2). From the maceral studv, the
concentration of inertinite group in" lower
measure is quite distinctive and pos~ibly
accounts for an aerobic condition of bacterial
attack during the formation of coal which
resulted in its concentration. This decay of
vegetable debris under the above-mentioned
condition provided a direct contact with the
atmosphere in. a dried up climate which
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GRAPHIC REPRESENTATION OF PETROGRAPHIC

COMPONENTS (GROUP MACERALS) OF THE SE AMS OF
UPPER MEASURE (BARAKAR) COALS.
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(Bukbuka Colli~

Korkofo

(Sukbuko Colli)
Blsrompur Korkoto W Tumono Domodor-Sophi

(KOr"oto Quarry) (W TumonQ-lnchnt) (W Tumono-QuOIty)

eo

Somple NO.3p Somple No.4p Somple No. 5p Somple No 8p Somple No. 9p Somple NO.17p

so

(Karkafo Colli I

DomodorOokro

(Ookro Colli)

8ukbuka( Top)
(Bukbuko Colli l

e;,rompul
(Karkoto Colli)

Korkofo

(korkoto Colli)

KorkofoII

.
IE~~~

40

u
c..
~ 20~

o
SEAM-

TEXT-FIG. 2

allowed a rapid loss of volatiles. On the
other hand, the condition of formation of
coals of upper measure was considerably wet
and water. being sol£ preservative promoted
an anaerobic condition which resulted in the
concentration of homogeneous collinite from
a colloidal stage.

The maceral study was further aided by
microlithotype analysis to get a better
understanding of the coal characters. From
the quantitative analyses, it was revealed
that in the lower measure coals c1arodurite
and in upper meaSure coals duroc1arite
predominates. This is also evident from
tri-component triangular diagram (Text-fig.
3). Vitrite is low in lower measures whereas
it is significantly high in upper measures.

Durite is high and c1arite is low in lower
meaSure and rever~e is true for the upper
measure. The variation is al~o marked
in the intra-formational ~eams. Vitrite de
creases in top seam o! lower measure
with increase of duroc1arite whereas upper
meaSure coals show increa~ing proportion of
vitrite in the upper seams. The results
have been tabulated (Tables 3 & 4) and
illustrated by pillar diagrams (Text-fig. 4).

From the studv of the reflectance, vi
trinite masses of all the samples also gave
some supporting idea about the maturity
and rank of the coal. Reflectances were,
measured in a MOP microscope fitted with
photovoltmeter and the scale was calibrated.
with respect to carboranclum and refledante
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MODAL COMPOSITION OF LOWER MEASURE (KARHARBARI)
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• (Group Macerals on visible mineral molter free basis)

.;' lJPPER MEASURE(BARAKAR)COALS, 0 LOWER MEASURE(KARHARBARI COALS.

TEXT-FIG. 3

values in comparison to the upper measure
coals suggesting a higher maturity of the
lower measure coals. Coal metamorphism
due to superincumbent pressure is also
observed in both the measures where the
values increase considerably from upper part
to the lower part of the formation. Some
variations having considerably high values
may be explained due to the effect of
local faulting which is very common in this
fidd. The samples from Bisujhapa Quarry
and Ray Colliery show considerably high
values which could be Explained by the
existence of a concealed fault running
NE-SW.

SYSTEMATIC PALYNOLOGY

The spore and pollen grains recovered
from the materials of both the measures
have been arranged as follows (accGrding to
Potoni6's 1956, 1958, 1960 classification) :

* = Restricted to lower measure
** = Restricted to upper measure

Anteturma - Spor£tes H. Potoni6, 1893
Turma - Triletes (Reinsch) Pot. &

Kremp, 1954
Subturma - Azonotriletes Luber, 1935
Infraturma - Laevigati (Bennie & Kidston)

Potoni6, 1956
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TABLE 1- MODAL ANALYSIS OF MACERAL COMPOSITION OF LOWER MEASURE (KARHARBARI) COALS
SAMPLE

SEAMLOCATIONVITRINITEEXINITEINERTINITEVISIBLE
No.

,"-
~ I "-.,~ __ .A- ., MINERAL

COLLI-
TELLI-TOTALSPORI-CUTI-TOTALFUSI-MICRI-TOTALMATTER

NITE
NITE NITENITE NITENITE

&
&

SEMI-
SCLEROTI-

FUSI-
NITE

NITE
BC3 el)

Up. BachraBachra Colliery30·43-634·06·81·28·037·23·540·717-3
(41'12)

(9-68)(49'20)
Bll Cl)

Ray (Top)Bisujhapa Colliery27·71·228·98·11·39·440·72-843·518·2
(Incline 1)

(35'3)(11'5)(53'2)>-l

Bl2 el)
Ray (Top)Bisujhapa Colliery22-82-625·46·21·98'142·21-643-822·7:r:

(Quarry 2)
(32'7)(10'5)(56'8)trl

RYl CLl
Ray (Top)Ray Colliery20·61'121·76·51·37·846'52-649·121·4"d

(Quarry 1)
(27-6)(9'9)(62'5)

:>-

t-<BCl el)
Lr. BachraBachra Colliery35·11·736·82·90'23·145·84·750'59-6:>-

(Up dip)
(40'72)(3-43)(55·85)trl

BC2 {j.l

Lr. BachraBachra Colliery31-40·632·02·60·32·950·54·955·49·70
to(Down dip) (35'43)(3'21)(61'36)0

CHl ell
Churi SeamChuri Colliery35·11-636·73·11·14·251·11·953·06·1>-l

(Incline 1)
N.E. of CH2 (39'09)(4-47)(56'49)

:>-

ZCH2 el)
Churi SeamChuri Colliery34·030'0734·102·71·34·054·21·255·46·5H

(Incline 3-
(36·48)(4'27)(59'25)

(f)

>-lnear local fault)MKl el)
Manki SeamManki Colliery34·61·936·54·30·95·245·23·148·310·0

(Lower)
(Quarry 3) (40'54)(5'78)(53-68)

MK2 el)
Manki SeamManki Colliery36·11·0237·123·70·13·844-16'4850·588·5

(Lower)
(Incline 4) (40'6)(4'1)(55'3)

MK3 (II)

Manki SeamManki Colliery50'1-50·11'30·92-220·66·226·820·9
(Lower)

(Incline 5) (63-41)(2'70)(33-9)
MK4 el)

Manki SeamManki Colliery30·32·132·43·61·24·844·76·150·812·0
(Upper)

(Quarry 3) (36'8)(5-41)(57-8)

*Figures within parentheses are on visible mineral-matter-free basis.
(1) = Section perpendicular to bedding.(II) = Section parallel to bedding.
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~TABLE 2-MODAL ANALYSIS OF MACERAL COMPONENTS OF UPPER MEASURE (BARAKAR) COALS

~
:::r:SAMPLE

SEAMLOCATIONVITRINITEEXINITEINERTINITEVISIBLEtIj

:;cNo.
./'--,r- .A--,r- .A

, MINERAL.......

COLLI-
TELLI-TOTALSPORI-CUTI-TOTALFUSI-SCLEROTI-TOTALMATTERtIj

tIjNITE
NITE NITENII:E NITENITE

&
& Ro

SEMI-

MICRI- Q
FUSI-

NITE :::r:

NITE

0
(J):::r:7

K, Bukbuka Colliery51·22·354·410·61·512-118·61·920·513-0I(62-2)
(14'2)(23'6)"03 K2 Karkata Colliery50·52-953-411-61'212-818'21-820·013-8tIj

(62'0)
(14-8)(23'2)...,

6
Karkata Bukbuka Colliery46-53·349-810-00·210-221·11·222·317-7:;c

0(60-6) (12-4)(27-0)Q4
Karkata Karkata Colliery50·02-852-810-50-110·622-80·923-712·8:;c

(60-6)
(12'2)(27-2):»

2
'0l_ TumangW_ Tumang Colliery50-02-152-19-10·69·721-91-923-814-4"0

:::r:(60'9)
(11'3)(27'8)~Karkata "r Tumang Colliery51·42-654-09·20-29-420-71·422·114·5

:»(Incline) (63-1)(11-1)(25'8)Z5 BisrampurKarkata Colliery47·91·749·68-60·89·423·14·827·913-1t:I
(57-1)

(10-8)(32'1)~8g BisrampurKarkata Colliery48-41·349·77·30·98·222·55-728-213-9•....

(Quarry)
(57-7)(9-5)(32'8)0

"Ij8 Bukbuka Bukbuka Colliery46·72·549·24·20-34-526·63-129·716-6r<
(59-0)

(5-4)(35-6)0
9

Dakra Dakra Colliery38·62·541·16·40·56-926·72·729·422-6:;c
•....(53-1) (8-9)(38-0)(J)
...,17 Damodar Pit 36'00·336-36·62·18·731-52·634·120·9•....

Seam (45-9)(11-0)(43-1)()
(J)16 Damodar- Pit 38-11·739-810·21·011·220-42·222·626-40Saphi Seam (54-1)(15-2)(30'7)"Ij

"Figures within parentheses are on visible mineral-matter-free basis.

()
0:»r<(J)

-
w<.n
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'1TABLE 3 - MODAL ANALYSIS OF MICROLITHOTYPES OF
LOWER MEASURE (KARHARBARI) COALS

SAMPLE No.

VITRITEFUSITEVITRINERTITEDURITECLARITEDURO-CLARO-DURITE
CLARITE

BC3

9·55·18·314·48·623·930'2
BJ2

6·96·13·616·211·925·130·2
BJ,

6·14·35·520·69·222·931·4
RY,

2·16·511-316·27·620·136·2
BCl

7·110·613-43·51·219·844·4
BC2

5·913·718·26·30·817·237·9
CHl

8·616·514·94·51-120·334·1
CH2

7·215·119·25·12·316·934·2
MKl

8·16·812·63·25,622·940·8
MR2

7·28·113·216·93·220·830·6
MR.

5·210'610·16·25·118·144·7

TABLE 4 - MODAL ANALYSIS OF MICROLITHOTYPES OF

UPPER MEASURE (BARAKAR) COALS
SAMPLE No.

VITRITEFUSITEVITRINERTITEDURITECLARITEDURO-CLARO-DURITE
CLARITE

7

20·23·14·75,624·528·813-1
3

19·81·23·06·326·230·912-6
6

13-93·56·811-622·932·19·2
4

16·72·85,610·325·130'09·5
2

11'23·16·910·427·930·89·7
1

14'31·74·612·725·930·610·2
5

9·994·45·211·320·631·716·9
8

13-25·94'110·519·930·116·3
8

10·510·52·19·616·128·922-3
9

13-69'14·910·318'230·713-2
17

8·911-610·213-16·223·926·1
16

21·98·316·33·914·126·29·3

Leiotriletes (Naum.) Pot. & Kr. 1954
Punctatisporites (1br.) Pot. & Kr. 1954
Retusotriletes Naum. 1953

1nfraturma - Apiculati (Benn. & Kids.) Pot.
1956

Sub-1nfraturma - Granulati Dyb. &
Jaeho. 1957

Cyclograni~porites Pot. & Kr. 1954

Sub-1nfraturma - Verrucati Dyb. &
Jaeho. 1957

Verrucosisporites (1br.) Pot. & Kr. 1954

Sub-1nfraturma - Hodati Dyb. & Jaeho.
1957

LophotrileteJ (Naum.) Pot. & Kr. 1954
Apicttlatisporites (1br.) Pot. & Kr. 1956

Sub-1nfraturma - Baculati Dyb. & Jaeho.
1957

Horriditriletes Bharad. & Salujha 1964
**Cyclobaculisporites Bharad. 1955

Sub- 1nfraturma - Varitrileti Venk. & K8r
1965

**Microbaculi~pora Bharad. 1962
* * M icrofoveolatispora Bharad. 1962

*Lacinitriletes Venk. & Kar 1965

Turma - Zonales (Benn. & Kids.) Pl t. 1956
Subturma- Zonotn'letes Waltz 1935

1nfraturma-Cingulati Pot. & Kr. 1954
**Dentatispora Tiwari 1964

1nfraturma - Zonati Pot. & Kr. 1954
* * I nditriradites liwari 1964

Turma - Monoletes 1br. 1933
Subturma - Azonomonolete~ Luber 1935

1nfwturma-Psilamonoleti Hamm. 1955
**Latosporites Pot. & Kr. 1954

1nfraturma - Ornati Pot. 1956
** Punctatosporites 1br. 1933

Anteturma - Pollenites Pot. 1931
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TABLE 5 - SUMMARY OF REFLECTANCE STUDY OF COALS

SL. No.

2

3

4

5

6

7

8

9

10
11
12

13

14

15

16

17

18

19

20

21

22

SAMPLE No. LOCATIONREFLECTANCEREFLECTANCE
IN AIR

IN OIL

7

K11 Seam 7·6700·778
(Bukbuka Colliery) 3

K11 Seam 7·9120·821
(Karkata Colliery) 6

Karkata Seam 7·9880·771
(Bukbuka Colliery) 4

Karkata Seam 7·6550·840
(Karkata Colliery) 2

"Vest Tumang Seam 7·9710·794
(Bisrampur-W. Tumang

Quarry)
Karkata Seam

7·9920·829
(West Tumang Colliery) 5

Bisrampur Seam 7·7630·854
(Karkata Colliery) 8

Bukbuka Seam 7·9380·873
(Bukbuka Colliery) 9

Dakra Seam 7·9530·897
(Dakra Colliery) 17

Damodar-Saphi Seam 7·1260·719
16

Damodar Seam 7·9310·837
BC.

Upper Baehra Seam 8·4650·972
(Baehra Colliery) Bll

Ray (Top) Seam 8·0180·913
(Bisujhapa Colliery - Incline) BJ.

Ray (Top) Seam 8·3211·061
(Bisujhapa Colliery - Quarry) RYl

Ray (Top) Seam 8·2260·987
(Ray Colliery - Quarry) Bel

Lower Baehra Seam 9·3321·279
(Baehra Colliery - Down dip) BC.

Lower Baehra Seam 9·1371-183
(Baehra Colliery - Up dip) CHl

Churi Seam 8·9351·168
(Churi Colliery - Incline 1) CH.

Churi Seam 9·2161·220
(Churi Colliery - Incline 3) MKl

Manki (Lower) Seam 9·1531·019
(Manki Colliery) MK.

1\1anki (Lower) Seam 9·9371·230
(Manki Colliery) 1\1K4

Manki (Upper) Seam 9·7161·129
(Manki Colliery)

Turma -- Saccites Erdtm. 1947
Subturma - Monosaccites (Chit.) Pot. &

Kr. 1954
Infraturma --- 1\1onosaceiretieuloidi Tiwari

1964
*Potonieisporites Bharad. 1962

Infraturma - A mphisacciti Lclc 1963
Para saccites Bharad. & Tiwari 1964
*Crucisaccites Lele & Maithy 1964

Infraturma -- A pertaeorpiti Lele 1964
Plieatipollenites Lele 1964
Virkkipollenite~ Lele 1964

**Divarisaeeus Venk. & Kar 1965

Subturma -- Disaceiti Cookson 1947
Infraturma - Striateticuloiditi Tiwari 1964

Rhizomaspora Wil~on 1962
**Prim-uspollenites Tiwari 1964

Infraturma - Striatiti Pant 1954
Striatites (pant) Bharad. 1962
F auntpollenites Bharad. 1962

**Vertieipollenites Bharad. 1962

Infraturma - Disaeeiatrileti (Lesch) Pot.
1958

* Vesieaspora Schemel 1951
**Suleatisporites (Lesch) Bharad. 1962
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MICRO LITHOTYPE COMPOSITION Of

LOWER MEASURE (KARHARBARIl AND UPPER MEASURE (BARAKAR) COAL!.
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TABLE 6 - DISTRIBUTION OF DIFFERENT MIOSPORES IN THE
SEAMS OF LOWER MEASURE (KARHARBARI) OF THE PRESENT AREA AND THAT OF

KARHARBARI FORMATION OF GIRIDIH COALFIELD

SPORE GENERA LOWERCHURlMANKIMANKIRAY (Top)UPPERGIRIDIH

SEAM AND

BACHRA(CHURl(LOWER(UPPER(BISU]HAPABACHRACOALFIELD

LOCATION
(BACHRACOLLIERY)MANKIMANKICOLLIERY)(BACHRA(MAITHY.

COLLIERY)
COLLIERY)COLLIERY) COLLIERY)1965)

Punctatisporites

18·017·218'317·610·212·50·3

Apiculatisporites

6·26·55·84·88·38'0

Lophotriletes

9·58·97·68·94·35·20·3
Horriditriletes

4·85·06·44·54·17'50·3
Parasaccites

6·57·26·46·111'910·024-1
Virkkipollenites

18'219·918·118·314·316·50·6

Plicatipollenites

10·59'611·39·211·112-516'6

Faunipollenites

5'55·15,65-63·94·014·8
Striatites

1·52·72·01·10·71·015·4

V estigispori tes

3·52·64·22·81·52·5
Others

15·815'314·321·129'625·327-6

Infraturma - Disaccimonoleti Pot. & Kr.
1954

Vestigisporites Lele & Maithy 1964

Subturma - M onocolpates Ivers. & Troels
Smith 1950

Turma -Plicates (Naum.) Pot. 1960
Subturma - Polyplicates Erdtm. 1952

Welwitschiapites Bolch. 1953

Infraturma - Intortes (Naum.) Pot. 1958
** V ittatina (Luber.) Wilson 1962
**Ginkgocycadophytus Samoilowitz 1953
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TABLE 7 - FREQUENCY DISTRIBUTION OF DIFFERENT SPORE GENERA IN THE BARAKAR COAL SEAMS UNDER STUDY
d

:::::

SPORE GENERA

::c:

COAL SEAMS (WITH NAMES OF MINES)
tIj

I

_A._----.::0

......•
KARKATAW.TUMANG KIIKARKATABISRAMPURKARKATAKIIBUKBUKADAKRADAMODAR DAMODARtIj

(W.TUMANG)(BISRAM-(KARKATA)(KARKATA)(KARKATA)(BUKBUKA)(BuKBUKA)(BUKBUKA)(DAKRA)
(PIT)(PIT)tIj

PUR)
f<o

1. Leiotriletes

3·53·04·84·03·53·23·03·52-83·03-8CJ

::c:2. Retusotriletes 0·81·00·50·5-0·80·51·01·01·20·50
3. Punctatisporites

1·21·00·80·50·81·01·51·22·01·51·8(J)

4. Verrucosisporites
0·5-0'5 0·81·00·8-0·5--::c:- 5. Horriditriletes 6·58·07'58·87·27·56·86·56·06·24·81

6. Apiculatisporites
4·56'24'25·55'05·24·84·25·04·63·5'"d

7. Lophotriletes
3'24·04-84·54·04·83·54·04·52·83-8tIi

>-l8. Cyclogranisporites
2·82'01·82·02·01·81·52·01·82·22·8::0

9. Cyclobaculisporites
3·02·53·22·52·53·02·81·21·53·22·50

10. Microbaculispora
4·54·03·53·03·53·24·04·03·53·42·5CJ

::011. Microfoveolatispora
7·86·26·06·06·57·06·86·56·03-64·8;.-12. Indotriradites
1·21·51·01·20·80·51·00·80·51-61-8'1j

13. Dentatispora
0·80·5-0·81·00·81·00·50·5--::c:

14. Latosporites
2·53·04·54·03·23·02·83·02·52·42-6Kj

15. Punctatosporites

2·01·82·01·51·81·52·01·81·53·02·8;.-

16. Plicatipollenites
5·04·86·05·04·54·05·04·86·53-64-8Z

17. Virkkipollenites
4·24·06·54·56·54·04·55·06·04-85·4Ij

18. Divarisaccus

1·81·50·71·2-1·01·01·50·81·20·2~
19. Parasaccites

1·01-82·00·81·0 1·51-82·01·62-8
•.....

2·0 0
20. Rhizomaspora

2·03·01'02·22·52·82·02·32·81·82·4"Ij

21. Primuspollenites
1·51·2 0·80·8 1·0-0·81·20·8t""- - 0

22. Striatites 12-010·510·011·210·58·99·68·58·011·210·8::0

23. Verticipollenites
3·52·01·51·81·21·51-81-62·61·411·2•.....

(J)
24. Faunipollenites

6·58·08·59·510·011·210·510·010·514·214·8>-l
•.....25. Schizopollis 2·42·01-52·52·02-82·51-81·51·81-6()

26. Vittatina
1-60·80·5 2·11-00·80·51·00·50·8(J)-

27. Ginkgocycadophytus
0·5-0·20·4-0·80·51·01-00·81·20

28. Welwitschiapites
1·21·0 0·80·8 1·01·51·50·80·8"Ij-- -

29. Sulcatisporites 12·014·013-012·511·512·513-013·513-515·214·2()030. Vestigisporites
-0·73·52·04·03·22·56·03·5--;.-

t""(J)

-
w'C
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Infraturma - M onoptyches (Naum.) Pot.
1958

Incertae Sedis **Schizopollis Venk. & Kar
1964

The spore and pollen grains of both the
measures have been illustrated by photo
graphs (Plates 2-5).

DISTRIBUTION OF MIOSPORES
AND STRATIGRAPHIC

EVALUATION

Lower Measure - From the stated types
taxonomically described above, only 20
miospore genera are present in this measure;
out of them 9 genera are triletes, 5 genera
are monosaccates, 3 genera are non-striated
disaccates, 2 genera are striated disaccates, 1

genus is plicate and monolete each. Alete
and monocolpate grains are totally absen t.
A detailed sporological study of the coal
seams of this measure irldicates a diver
sified assemblage with some characteristic
dominance of triletes and monosaccate
grains (Table 6). The miospores show a
close resemblance with that of Karharbari
Stage by the common presence of Punctati
sporites, Cyclogranisporites, V irkkipollenites,
Plicatipollenites, Parasaccites, Crusisaccites,
Potonieisporites, Vestigisporites, Rhizoma
spora, Vesicaspora, F aunipollenites and Wel
witschiapites.

The dominant presence of monosaccate"
accompanied by Punctatisporites clearly sug
gests a Karharbari age. The presence of the
genera Lophotriletes, Lacinitriletes, Retusotri
Ietes, Rhizomaspora and Vesicaspora indicate
an affinity of the assemblage with the

TABLE 8 - COMPARATIVE DISTRIBUTION PATTERN OF
DIFFERENT

SPOREGENERA INTHE PRESENT AREA ANDTHATOF
OTHER BARAKAR FORMATIONS OF INDIA

SPORE GENERA

KORBACHIRIMIRI\iIIESTBOKAROSOUTHPRESENTAREA
(BHARADWAJ)

(BHARADWAJ)(BHARADWAJ)KARANPURA(N. KARANPURA1966
19661966COALFIELDCOALFIELD)

(BHARADWAJ)
(MUKHERJEE&

1966
GHOSH)

1971
1.

Leiotriletes H1'07·26·03·4
2.

Retusotriletes 3·96·8 0·30·7
3.

Punctatisporites 5·52·8 0·61·2
4.

Verrucosisporites 0·22·6 0·80·45
5.

Horriditriletes 2·51·59·19·97-1
6. Apiculatisporites

4·21·90·44·9
7. Lophotriletes

3·710·36·55·04·1
8. Cyclogranisporites

0·24·23·30·11-9
9. Cyclobaculisporites

0·13·55·017·42·4
10. Microbaculispora

4-913-70·35·53-6
11. Microfoveolatispora

1·90·52·00·66'4
12. Indotriradites

23·36·80·71·50·94
13. Dentatispora

18·70·20·12·50'65
14. Latosporites

0·13·6 1·93-1
15. Punctatosporites

0·70·61·7
16. Plicatipollenites

1·61·8 4·8
17. Virkkipollenites

0·20·7 0·14'9
18. Diverisaccus 0·9819. Parasaccites

3·02·4 1·21·5
20. Rhizomaspora

0·60·83·51·02'8
21. Primuspollenites

0·31·00·10'67
22. Striatites

3·31·29·010·39·9
23. Verticipollenites

0·31·7
24. Faunipollenites

7·03·421'012'39·4
25. Schizopollis

2·1
26. Vittatina

0·20·6 0·30'68
27. Ginkgocycadophytus

0·92·20·1 0·55
28. vVelwitschiapites

0·60·4 0·86
29. Sulcatisporites

4·410'018·014-913-92
30. Vestigisporites

2·8
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Barakar Stage. The total absence of Quadri
sporites and Stellapollenites (which strictly
belong to Talchir Stage) indicates its remote
connection with the Talchir Stage.

Thus from the above comparison and
distribution pattern of the spores of the
two coal seams (Table 6) along with that
of Karharbari Stage of Giridih Coalfield
(Maithy, 1965) suggest its assignment to
Upper Karharbari Sage.

Upper Measure-The coals of this measure
reveal 30 mlOspore genera out of which
13 genera belong to triletes, 2 genera belong
to monoletes, 4 genera belong to mono
saccates, 5 genera belong to striated di
saccates, 4 genera belong to monostriated
disaccates, 1 genus each to monocolpate
and plicates.

From the foregoing account of the distri-
bution pattern (Table 7) of the various
spore genera, it appears that the trilete
types along with disaccates and few mono
saccates form the bulk o( the assemblage.
The index association of Sulcatisporites,
I ndotri7'adites, Lophotriletes, M icrobaculi
spora, Latosporites, Faunipollenites and Retu
sotriletes suggests the assignment of this
measure to Barakar Stage (Bharadwaj, 1966)
and relatively high percentage of mono
saccate pollen grams indicates its close
relation with the underlying Karharbari
Stage. Hence from the present analysis
and comparative study of the distribution
pattern of the present area and other
Barakar stages of India (Table 8) this
measure can be placed within Lower Barakar
Slage.

MIOFLORISTICS

From the present stage of knowledge
about the affinity of the miospore genera,
a close relation between the stated stages is
apparent. The Gangamopterids and Glossop
terids assemblages suggest a close associa
tion of the two stages with distinct variation.
Cycadoginkgopsids are low in representation
but percentage is little higher in Barakar
Stage. Cryptogams are lower in proportion
in Karharbaris than Barakar and gymno
sperms are higher m Karharbaris. The
floral characteristics of the two stages are
clear from the table (Table 9), which have
been deduced from the present knowledge
of the affinity of the 'sporae dispersae'

o ~
N
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with the palaeobotanical entities (Bharadwaj,
1964).

A richer vegetation during Barakar time
is clearly indicat~d by rich coal deposits
(11 coal seams with thickness ranging 3 m
to 20 metres) of the upper measure than the
lower measure (Karharbari) which contains
only 2 coal seams of 0·4 m to 7·8 metre
thickness. This is also supported by the am
ount and types of spores between the stages.

The present study reveals that the two
measures do not have very wide floral
differences in the case of generalized data
given by Bharadwaj (1964) and rather a
strong floral affinity is apparent (Table 9).
The geological features like continuity in
sedimentation, lithological similarities etc.
of the two stages under consideration also
suggest a gradual passage of Karharbari
Stage to Barakar Stage in the area.
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EXPLANATION OF PLATES

[Photo-micrograph of lower measure (J(arharbari) and upper measure (Barakar) coals. (magnification:
X 400)]

PLATE 1

1. Typical lower measure coal showing thinly
banded nature of the different components.

2. Lower measure coal showing different types
of fusinitic cell structures.

3. Several types of sc!erotinites in lower mea
sure coals.

4. A representative of upper measure coal show
ing thickly banded nature.

5. A thick band of exinite showing impregnation
of spores and cuticles in vitrinitic groundmass.

6. Upper measure coal showing banding of vitri
nite and cutinite.

PLATE 2

7. Punctatisporites gretensis (Magnification: X 400)
Sa. b. Punctatisporites mukherjii sp. novo (Magni

fication: x 400)
9. Retusotriletes diversiformis (Magnification:

X 400)
10. Apiculatisporites levis (Magnification:

X 400)
11. Cyclogranisporites sp. (Magnification: X 400)
12. Vir!lllipollenites triangularis (Magnification:

X 400)
13. Vir!lllipollenites obscurl£s (Magnification:

X 400)
14. Plicatipollenites indicus (:\Iagnification:

X 400)
15. Vesicaspora sp. (:'vlagnification: X 400)
16. Potonieisporites neglectus (l\Iagnification:

X 400)
17. Rhizomaspora reticulata sp. novo (Magni

fication: X 400)
18. Vestigisp~rites diffusus (Magnification:

X 400)

19. Faunipollenites goraiensis (Magnification:
X 400)

20. Lacinitriletes sp. (Magnification: X 400)

PLATE 4

21. Leiotriletes sp. (Magnification: X 400)
22. Retusotriletes sp.
23. Punctatisporites sp.
24. Verrucosisporites sp.
25. H orriditriletes sp.
26. Apiculatisporites sp.
27. Lophotriletes sp.
28. Cyclogranisporites sp.
29. Cyclobaculisporites sp.
30. lYIicrobaculispora sp.
31. Microfoveolatisporites sp. (Magnification:

X 400)
32. Dentatispora sp.
33. Indotriradites sp.
34. Latosporites sp.
35. Plicatipolle12ites sp.
36. Virkkipollenites sp.

PLATE 5

37. Divarisaccus sp. (Magnification: X 400)
38. Parasaccites sp.
39. Rhizomaspora sp.
40. Striatites sp.
41. Verticipollenites sp.
42. Faunipollenites sp.
43. Schizopollis sp.
44. Vittatina sp.
45. Sulcatisporites sp.
46. Vestigisporites sp.
47. Welwitschiapites sp.
48. Primuspollenites sp.
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ABSTRACT

The paper discusses the results of pollen ana
lytical investigations of Late-Quaternary deposits
from Khajiar Lake in Himachal Pradesh.

At about 2000 B.C. the vegetational history
begins with the predominance of oak woods.
The oak woods along with some associated ele
ments remain dominant throughou t the pollen
sequence except for a temporary decline which
corresponds to the rise in elm and walnut and
dated to 150 A.D. This change is perhaps sug
gestive of deforestation. Oak woods again declined
at about 700 A.D. and were replaced by deodar.
This change in vegetation is attributed to the
biotic factor.

INTRODUCTION

THE lake at Khajiar (76°4'E, 32°32"N)almost circular in outline and about
60 metres in diameter, is situated

in the Ravi Basin of outer Himalayas,
about 13 km north-east of Dalhousie on
way to Chamba (Fig. 1). Lying at an
altitude of about 1,950 metres A.S.L., it
occurs in the centre of an open meadow,
within the closed Deodar-mixed forest.

A small' floating island' (Fig. 2) oval in
outline, measuring about 15 and 10 metres
in length and breadth with a thickness
varying from 1·5 to c.2 metres and
overgrown with Phragmites communis, occurs
in the lake. The' floating island' glides
over the lake surface due to wind action,
with Phragmites acting as sails, and is
held sacred by the local inhabitants.

The lake has a surrounding wide marshy
zone which is followed by a meadow,
measuring about 2·5 km in its periphery,
beyond which stands the surrounding mixed
Deodar forest (Figs. 3 and 4). A short
account of the ecology of the Khajiar Lake
was first published by Sahni (1927). Our
observations of modern vegetation are given
below:

(i) The submerged and floating vegeta
tion - Leafy aquatics, seen growing in the
lake, are Potamogeton natans, Callitriche

stagnalis, Spirodela polyrhiza, Utricularia
flexuosa, Myriophyllum spicatum etc. The
centre of the lake is apparently devoid of
any vegetation.

(ii) Phragmites communis Community
A gregarious growth of Phragmites commu
nis, which is constantly maintained by the
active regeneration from old rootstocks is
seen covering the whole of the 'floating
island'. The reed is restricted to the
, island' only and is not seen elsewhere
in the area within several miles. The other
few plants seen growing on the 'island',
are Acorus calamus, Polygonum aviculare,
Ranunculus dijJusus, Rubus niveus, Ludwigia
adscendens and M enyanthes trifoliata.

(Hi) Vegetation of inner marshy zone
In the ma rshy area surrounding the open
water, Acorus calamus is the most dominant
plant. Its other common associates are:
Scirpus mucronatus, Carex spp., Alisma
plantago, Bidens cernua, B. tripartita and
some other aquatics, such as Lud'wigia
adscendens, Potamogeton natans, Myrio
phyllum spicatum, Callitriche stagnalis, Spiro
dela polyrhiza, Utricularia flexuosa, and
Mars ilea sp. In this zone are seen a few
annuals, namely Primula denticulata (very
common), Lycopus europaeus, Prunella vul
garis, Verbena ofJicinalis, Erigeron cana
densis, Conyza aegyptiaca, and Arundo donax.

(iv) Vegetation of outer transitional
zone - In this region Polygonum aviculare,
a small procumbent annual, is the most
dominant species, and the other abundant
annuals are Limnophylla indica, Elatine tri
andra and Eleocharis chaetaria. Besides
these elements, other species frequently seen
in this habitat are Nasturtium pal'ustre,
Mazus laponicus, M. surculosus, Trifolium
repens, B idens tripartita, B. cemua, A naphalis
busua, A. adnata, Callitriches tagnalis, Ranun
culus dijJusus, Prunella vulgaris, Potentilla
kleniana, Erigeron canadensis, Conyza aegyp
tiaca chinensis, and a few sedges and grasses,

*Present address: Research School of Pacific Studies, The Australian National University,
Canbera, Australia.
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TEXT-FIG. 1 - Close up of the Khajiar lake.

such as Cyperus globosus, Polypogon fugax,
Poa annua, and Echinocloa crusgalli. Also
sometimes small patches of Riccia sp. and
mosses (Fotia and Webera) are seen occupy
ing this zone.

(v) Meadow - The chief meadow forming
grass is Bothrochloa pertusa. Other plants
met with are Taraxacum ofJicinalis, Plantago
lanceolata, Potentilla ldeniana, P. nepalensis,
Cnicus argyracanthus, Trifolium repens, Nas
turtium palustre, l\lazus japonicus, M. sur
culosus, Achillea millefolium, Veronica sp.,
Gentiana pedicellata, Prunmlla vulgaris, etc.

Bordering the above meadow occur thick
Cedrus deodara forests (Fig. 5), mixed with
some broad-leaved elements. The wood
lands surrounding the meadow between
1,800 and 2,000 m A.S.L. elevation consti
tute the Khajiar Demarcated Protected
Forest (D.P.F.C.I.) (Fig. 4). The net area
of this forest is 190 acres. It comprises of
thick and almost pure forests of Cedrus
deodara, having a slight admixture of Abies

in depressions, and some oaks along the
western boundary. Also a thirty years old
Cedrus plantation, c. 35 acres is seen in the
south-east of the Khajiar meadow.

To the north and west of the D.P.F.C.I.
is the D.P.F.C. II with a net area of c. 107
acres situated at about 1,800 to 1,900 m
elevation. It is mainly constituted of Cedrus
deodara (80%), mixed with Quercus incana 
the second dominant element, and scattered
trees of A bies and Picea. Numerous small
blanks indicating the sites of past fellings
and now covered with shrubs (Viburnum,
Tndigofera, 5arcococca, 5piraea, Rosa, 5ym
plocos, etc.) are found throughout the
forest.

Towards the east-north-east of D.P.F.C. I.
is the Kangar Rakh D.P.F., situated at
about 1,300 to 1,800 m elevation. It is
comprised of mainly oak and other broad
leaved elements, such as Rhododendron arbo
rel~m, Celtis australis, Carpinus, Juglans
regia, Ulmus wallichiana, Pyrus, Populus
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TEXT-FIG. 2 - The • floating island' of Phragmites communis in the Khajiar lake.
~:

TEXT-FIG. 3 - A panoramic view of the Khajiar lake and its surroundings.

ciliata, Acer, Rhus, Rosa, Colebrookia, Ephe
dra, Berberis, etc. Pinus roxburghii often
growing in pure formation, occupies the
lower elevations of this forest. Scattered
trees of other conifers, such as Cedr'us,
Picea and Abies are met with in the upper
elevations.

Towards the south-west of the Khajiar
D.P.F. C. 1. (Fig. 4) is situated the Khajrot
D.P.F. at an elevation varying from 1,900
to 2,300 m with an area of c. 1,000 acres.
This forest comprises of chiefly Picea and
Abies (40% each), followed by Cedrus (10%)
and scattered oak.
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TEXT-FIG, 4 -- Diagrammatic explanation of the panoramic view of the Khajiar lake and its
surroundings as given in Fig. 3.

To the east of Khajrot forest lies the
Jhurhu D.P.F. more or less at the same
elevation, i.e. 1,900 to 2,200 m covering an
area of c. 192 acres. This forest mainly
comprises of A bies and Picea occurring to the
extent of about 450/0 each.

Since the above two forests have more or
less identical aspects and are situated in the
same range of elevation, the forest com
position is almost the same. The occasional
broad-leaved elements met with are
Aesculus indica, Juglans regia, Betula alnoi
des, Acer, Ulmus, Populus, !lex, Rhododen
dron arboreum, Skimmia laureola, Viburnum,
Mahonia, Sarcococca" Berberis, etc.

To the north-east of the Khajiar meadow
is situated the Khajiar Undemarcated Forest
(U.F.) between 1,200 and 1,800 m elevation
covering an area of c.124 acres. This
forest covers the north-eastern slopes which
grade steeply towards the river Ravi. The
forest is open to frequent human inter
ference, and a good part- of the area has
been brought under terrace cultivation.
The main crops grown in the area are-

wheat, barley, rice, maize, Panicum milia
ceum, Setaria italica, Sorghum vulgare, Phase
olus mungo, P. radiatus and potato, apart
from occasional cultivation of Fagopyrum
emarginatum, F. esculentum, Amaranthus
caudatus, Sesamum indicum, Dolichos uni
florus, Lens culinaris, tobacco, etc.

METHODS

Stratigraphy was built up with the help
of Hiller peat borer with 50 cm long
chamber and samples collected at an interval
of 10 cm each. Approx.imately 2 gm of
material was taken in each case and boiled
in 10% potassium hydroxide solution for
5-7 minutes. The material was then sieved
through a mesh to remove the coarse debris.
The residue was washed thoroughly to
remove alkali and other megascopic remains.
The filtrate was centrifuged and then sub
jected to acetolysis. In the case of clayey
samples, the filtrate was treated with
40% hydrofluoric acid for 8-10 days. The
material was then washed with dilute hydro-



148

,
I
I·

THE PALAEOBOTANIST

TEXT-FIG. 5 - A view of the Cedrus forest surrounding the Khajiar meadow.

chloric acid (1: 2) after decanting off the
hydrofluoric acid. Thereafter it was treated
with 5 C.c. of glacial acetic acid in order
to dehydrate the material. Acetolysis was
then done by following the technique of
Erdtman (1943), and the slides were pre
pared in 50% glycerine.

Pollen sum is based upon about 200
arboreal pollen grains. The percentages
were calculated in terms of this sum.
Arboreal and non-arboreal pollen diagrams
have been constructed each of which is
drawn separately. In addition, a total
pollen diagram showing both arboreal and
non-arboreal elements has also been con
structed, calculating the percentage fre
quencies in terms of total land plant pollen
excluding Ferns and Bryophytes. Percent
ages up to 0'5% are indicated by a plus(+)
sign. The percentage frequencies of ex
tremely sporadic elements met with are
given at the right hand side of each ,AP
and NAP diagram. In 1he case of the
total AP/NAP diagram, the percentages are

shown in the middle, as well as, to the
right-hand side of the diagram.

STRATIGRAPHY

The stratigraphy of the lake has been
studied by digging bore-holes alcng a line
running NE-SW of the lake (Fig. 6). The
maximum depth reached is nine metres,
without touching the base. The basin is
iull of Phragmites-peat, intercalated with '
layers of coarse and fine organic detritus,
a limnic deposit with abundant Botryococcus
colonies. The Phragmites-peat is interrupted
by a bed of clay, running ± horizontally
all through it. .

A coane organic detritus about one metre
or so overlies the Phragmites-peat. The
clay filling the meadow, along the shores
of the lake appears to have been derived
both from the hill wash, and fwm the
boulder clay. Charcoal remains together
with wood fcagments, were encountered at
various levels in the bore-holes. In view
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KHAJIAR (HIMACHAL- PRADESH)

PHRAG~;T[5 
FtAT

FINE ORG.MtIC
DETnITUO

COAR~E OR,'~I'HC
O~HUTU8

HORIION!t.L SCAlf.

6' !"ilA,"'~MZ:TRts

~ CLAY

STRATlGRt,PHIC Sy~eOLS

VERTICl.L SCAL.£

EXA(i,CIERAT~" X ,

~ ' , lb.' • • •• b." • >1>•• 'N"M.TRE'

TEXT-FIG,6 - Stratigraphical section of the lake deposit at Khajiar. The sampling was carried
out from point 15, in the section,

of the abundance of Phragmites-peat in the
lake basin, it is certain that Phragmites
communis, now confined solely to the
'floating island' once occupied the lake
margins, The bore-core 15 (nos. 6-12
through tIlE' meadow not included in thL
stratigraphical section) was selected for final
sampling. The stratigraphical details of
which are as follows:

leaves
leaf

ems

0-112
112-135

135-150

Open water.
Coarse organic detritus. Seeds

of Carex common.
Brown coarse organic detritus

with Carex seeds & some nodes
of Phragmites.

150-188

188-208

208-220

220-250

250-260

260-300

Brown coarse organic detritus,
with Carex seeds. !\foss shoots
abundant.

Brown coarse organic detritus
with a few seeds of Cheno
podium, Scirp~ts and Canx.
Mo,ss fragm(}[]ts abundant.

Coarse organic de1ritus, with
lesser proportion of moss
shoots and Carex seeds.

Brown coarse Olganic detritus,
with Phragmiles remains.
Moss leaves abundant.

Phragmites-peat. Moss
abl,ndant, Phragnites
fragments present.

Brown Phragmites-peat. Moss
leaves abundant.
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ZONATION

VEGETATIONAL DEVELOPMENT

At present, there is no common system (If
zonation for zoning the Late-Quaternary
pollen diagrams in India. Despite the fact

Moss shoots
with a few
and Lycopus

, Stage a' (900-810 cm)- The lower limit
of' Stage a' cannot be fixed as the stratigra
phical sequence is incomplete. The vegeta
tion as judged from the combined 'tree and
shrub' pollen ratios on the whole, pre~ents
the picture of a closed forest. The tree
vegetation is dominated by high values of
Querc·us (80%). Pinus roxburghii pollen
which occurs to the extent of 10-20%,
appears to have come from comparatively
lower slopes. The conifers, which form more
or less continuous but short curves are
Pinus wallichiana, Cedrus deodara, Taxus bac
cata and Larix. Broad leaved elements, such
as Alnus, Carpinus, Fraxinus, Ulm"us and
Viburmtm also form short but continuous
curveS. Other tree and shrub pollen grains

that pollen-analytical studies of Late
Quaternary deposits in northwest Himalayas
have been underway since the late fifties
(Singh, 1960, 62, 63; Sharma, 1964; Vishnu
Mittre & Sharma, 1966; Gupta, 1966; and
Vishnu-Mittre et al., 1967), no attempt has
so far been made to evolve a uniform
system of zonation based on either regional
parallelism, or ab301ute chronology by meanS
of C-14 dating of successive levels in the
pollen profiles. This has been due partly
to the paucity of the pollen data available,
and partly to the rather late introduction of
technique of C-14 dating in the country.

In north western Himalayas the Pollen
analytical studies have so far been carried
out in the temperate areas of the State of
Jammu and Kashmir- centred on the
Kashmir valley, and the subtropical areas
in the district of Nainital.

In the present studies on Himachal
Pradesh, the evidence of C-14 datings of the
pollen profile has provided an absolute
basis for the comideration of the pollen
sequence in its proper chronological order.
But, as there is only one more C-14 dated
profile, so far, available from north-western
Himalayas (Sharma & Singh, 1973) it is pre
mature to evolve a common system of
zonation for Himachal Pradeoh, leave <'.lone
north-western Himalayas, as a whole.
Hence, the vegetational sequence as de
duced from the Khajiar pollen profile is
independent of any other profile from
we,tern Himalayas and is divided into five
stages, namely a, b, c, d, & e.

POLLEN DIAGRAMS

(Figs. 7, 8 & 9)

Brown Phragmites-peat with
moss leaves, Phragmites leaf
fragments present.

Brown Phragmites-peat with a
few Phragmites nodes', leaf
fragments, and GneCarex seed.
Moss leaves abundan", with a
few moss shocts and wood
fragments.

Same as above but Carex seed
ab,ent.

Grey ~lay, with a few plant
remalll~. Moss leaves rarely
seen.

Same as above, but becoming
slightly organic t0wards the
bottom.

Phragmites-peat. Mas::> shoots
and Phragmites node3 pre3ent.
Scirpus and Carex .seeds abun
dant.

Same as a bove, but with some
clay.

Phragmites-peat.
pre3ent along
Scirpus, Carex
sefds.

Same, with some wood frag"
ments at 652 em.

Coarse, compact Phragmites
pfat. Moss leave3 and shoots
present. Scirpus and Carex
seeds also sun along with a
few Phragmites nodes.

Same as above.
Coar3e, compact Phragmites

peat. A few seeds of Scirpus,
Care.r; and Potamogeton, to
gether with a few Phragmites
nodes. Moss leaves and shoots
also present.

Dark-brown fine orgelnic detritus.
Moss leaves abundant.

Same as above, but becoming
more humified towards the
bottom.

Dark brownish-grey, fine organic
detritu,;. Moss lea yes present.

300-350

400-452

452-535

350-400

553-600

535-553

600-627

627-650

650-675

675-700

700-750
750-794

850-900

900-?

794-800

800-850
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found in low frequencie.;; are those of Picea
smithiana, Cupressus, Coryltts colurna, Betula
alnoides, Aesculus indica, Rhododendron, Be
tula utilis, Populus ciliata(?) and Celtis aus
tralis. Single grains of Skimmia 'aureola and
!lex dipyrena are also met with in this stage.

Non-arboreal plants are comparatively
poorly represented and chiefly consist of
Gramineae, Cyperaceae, Artemisia and Cheno
Amarant type, whose value, reach up to
20%,15%,7%and3%respectively. Cerea
lia type pollen grain.;; are seen almost from
the beginning of the pollen sequence in low
numbers and they even form a continuous
curve in the lower half of 'Stage a'.
Other non-arboreal elements repreoented
sporadically, and rarely forming disconti
nuous curve;, are Comp)sitae (Tubuliflorae),
Cannabis sativa, Caryophyllaceae, Umbelli
feme and Primulaceae. The pollen of Im
patiens, Boraginaceae, Labiatae, Polygonum
type, Ammannia and Leguminosae occurs
sporadically up to 0·5%.

The aquatic vegetation is largely repre
sented by colonies of Botryococcus "dlose
curve shows an a<;cending trend, attaining
its maximum value of ahout 85% in the
middle of the stage. It, however, shows a
sudden decline immediately after reaching
its maximum and is later met with in low
frequencies. Amongst the other aquatics,
Potamogeton forms a low, but an almost
continuous curve. The pollen of Typha
angustata occurs rather sporadically. Nym
phaea occurs as a single grain and the
colonies of Pediastrum are met with sporadi
cally in the middle of the stage.

Fern spores (both monolete and trilete)
are present in low frequencies.

A number of tree and shrub elements,
such as Abies, Pinus wallichiana, Cedrus,
Larix, Taxus, Quercus, Carpinus, Ulmus,
Aesculus and Viburnum show sudden decline
at varying intervals throughout. The inter
relationship between the fall in the curves
of Quercu>, Taxus, Ulmus, Carp1'n1~S and
Viburnum on one hand, and the rise in the
curves of Cyperaceae, Gramineae, Cerealia
type and Cannabis in the lowcr half of the
stage on the oth(;[, is particularly note
worthy, and may be well diagnostic of a
small scale clearance in the otherwise closed
forest. The curves for all the above non
arboreal elements fall together with the
recovery of the oak curve in the second half
of the stage, indicating a regeneration of
the oak forest. The 'Stage a' ends at

810 cm, where the curve for Abies falls
and that of Cupressus rises.

'Stage b' (810-560 cm)- It is divisible
into two sub-stages' bI' and' b2'.

'Stage bI' (810-560 cm)- It is divisible
with the rise of the Cupressus curve,
accompanied by a general fall in the 'tree
and shrub' pollen ratios. The oak curve
shows a sudden decline. Both Carpinus
and Fraximus mark a slight increa"e in
their values. Tax'us and Corylus, are not
represented in this sub-stage. The curve
for Larix becomes sporadic. Other tree and
shrub elements present in low frequencies
are Abies, Pinus wallichiana, Picea smithiana,
Cedrus d.:odara, Betula utilis, Alnus, Betula
alnoides, Ulmus, Aescttlus indica, Viburnum,
Skimmia laureola and Celtis australis. S ray
pollen of Juniperus, Juglans regia, Coriaria
and Salix, is also mtt with in this sub-stage.
The curve for Pinus roxburghii, however,
maintains more or less similar values as in
the prcvious stage with slight fluctuations.

Non-arboral elements show a considerable
increa <;ein this sub-stC'.ge. The curve for
Cyperaceae reaches up to 70%, but soon
declines afterwards. The values of Grami
neae reach to about 20%. There is very
slight increase in the values of Artemisia
and the Cheno-Amaran1h type maintains an
almost low continuous curve. Cannabis
sativa begins a fresh curve and its values
rise in the lower half of the sub-stage.
Other non-arboreal elements represented
either in short curves, or in a sporadic
form, are Compositae (Tubuliflorae), Cerealia
type, Thalictrum, Cruciferae, Caryophylla
ceae, Rosaceae, Urnbelliferae and Primula
ceae. The pollen of Labiatae and Poly
gonum type, is also seen in this sub-stage.

Aquatic vegetation chiefly comprises of
high value.;; of Botryococcus colonies (33%),
Potamogeton (8%) and of very low fre
quencies of Nymphaea pollen. The values
of Cyperaceae, Botryococcus and Potamogeton,
rise together at the heginning of the sub
stage, later on, they all decline.

Fern spores (both mono1etc and trilete)
are represented in low values.

'Sub-stage b2' (730-560 cm)- The 'sub
stage b ' comes to an end at 730 cm and
, Sub-stage bz' starts, where the Cupressus
curve falls and those of Abies and Cedrus
deodara rise. The curve for Abies declines
in the later half of the stage. Pinus
wallichiana forms a fresh, but discontinuous
curve. The curves for Carpinus and Fraxinus
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fall but the curve for Carpinus rise once
again in the later half. The oak curve,
but for the two isolated fluctuations, on the
whole, tends to decline. Other tree and
shrub pollen represented in low values
are Picea smithiana, Larix, Betula utilis,

Cupressus, Alnus, Betula alnoides, Buxus,
Ulmus, Aesculus indica, Viburnum, Celtis,
au,stralis, Populus ciliata, Coriaria and Salix.
The pollen of Jum:perus, Ephedra, Corylus
olurna, S kimmia laureola, Juglans regia,
Symplocos and Rhododendron occurs sporacli
cally. Single grain of Acer is also met with
in this sub-stage. The curve for Pinus
roxburghii, however, maintainJ almost similm
frequencies as in the' Sub-stagc lh' with
some fluctuations.

The non-arboreal vegetation mainly com
prises of Cyperaceae, Gramineae and Arte
misia, whose values reach up to 60%, 26%
and 6% re3pectively. Umbelliferae and
Cheno-Amaranth type form fre h curves
in the second half of the sub-stage. Other
non-arboreal elements, pre~ent either in
short curves or sporadically, are Compositae
(Tubuliflorae) Cerealic>.type, Cannabis sativa,
Cruciferae, Rosaceae, Umbelliferae and Pri
mulaceae. Stray pollen of Thalictrum, Im
patiens, Boraginaceae. Justicia simplex and
Polygonum type is also met with. A few
pollen grains of Plantago lanceolata are ,een
for the fint timc in this sub-stage. At
600 cm, Primulaceae and Tubuliflorae attain
exceptionally high frequenciej reaching up to
1250 and 110% respectivcly, apparently as a
result of the local occurrence.

Aquatic vegetation is repre~ented by low
frequencies of Potamogeton, and the sporadIC
occurrenc~ of Pediastrum colonie:".

The curve for Fern spores (monolete),
show3 a considerable increa~e with its values
reaching up to 40%. It, howeVEr, declines
in the second half of the sub-stage. Other
type of Fern spores (trilete) continue to
occur in low values.

The fall in the curves of Abies and
Quercus at the beginning. of . 'Stage b',
together with a ge!1eral fI:-e. In t~e non
arboreal pollen ratlO~, e~peClally In con
junction with the flse 1n the values of
Cyperaceae, Gramineae; Cheno-Amaranth
type and Cann.ab~s, .and. a little latcr of
Cerealia type, IS lndlcatlve of small scale
clearance. In both the sub-stages the suc
cessive rise and fall in the oak curvc
corresponds respectively w:'th the fall and
rise in the Cyperaceae curve.

, Stage c' (560-460 cm)- The' Sub-stage
b2' is brought to an end at 560 cm and
, Stage c' begins where the Quercus curve
registers a sudden fall and Ulmus, Juglans
and Corylus start fresh curves. The latter
broad leaved three species reach their
respective maximum at 38%, 8% and 6%
in this stage. The Cedrtts deodara curve
abruptly ends. The curve for Carpinus
becomes sporadic. The values for Abies
show a rise from the middle of the stage
and the curve for P1:nus wallichiana tends to
fluctuate throughout the stage. There is a
slight increase in the curve for Pinus
roxburghii. Other tree and shrub elements
present in low frequencies are Picea smithi
ana, Betula utilis, Alnus, Betula alnoides,
Buxus, Aesculus indica and Viburnum, to
gether with very low frequencies of Cup
ressus, Fraxinus, Skimmia laureola, Coriaria,
Symplocos, Rhododendron and Mimosoideae
(polyad). The pollen of Taxus baccata and
!lex dipyrena, which remains unrepresented
in 'Stage b' is met with sporadically in
this stage.

There is a sudden rise in the frequencies
of a number of non-arboreal elements,
such as Artemisia, Plantago lanceolata and
Chena-Amaranth type at the beginning of
the stage, accompanying the fall in the
Quercus and Cedrus curves. A little later
Cerealia type, Compositae (Tubuliflorae),
and Gramineae, also mark an increase in
their values. Cruciferae, Caryophyllaceae,
Umbelliferae and Polygonum type of pollen
grains are either sporadic or are present
in the form of discontinuous curves. Stray
pollen of Cannabis sativa, Urtica dioica,
Ammannia, Impatiens, Primulaceae, Strobi
lan,thes, Justicia simplex and Labiatae, are
also met with in this stage. While the
curve for Plantago continues more or less
uniformly throughout this stage, the curves
for Gramineae, Compo"itat (Tubuliflorae),
Artemisia and Cerealia type fall in the later
half of ' Stage c ' together with the recovery
of the oak curve.

The aquatic vegetatiol1 is represented by
low values of Potamogeton and Typha,
together with stray occurrence of Botryo
coccus colonies and Nymphaea pollen.

The curve for Fern spores (both monolete
and trilete) show an increasing trend in this
stage.

The transitory increase in all the non
arboreal elements in conjunction with the
fall in the values of oak and Cedrus,
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accompanied by a stratigraphical change
from Phragmites-peat to clay at the begin
ning of ' Stage c' is perhaps indicative. of
a large scale clearance of tree vegetatIOn
in this stage. The fall in the tree vegetati~n
accompanied by an increase in the Cerealla
type curve, shows that the clearance was
perhaps carried out with the idea of short
term agriculture. Further, in view of the
fact that the oak values started rising
once again in the second half of ' Stage c '
accompanied by fall in the curves for
Gramineae, Tubuliflorae, Artemisia and
Cerealia type, it is evident that the forest
closed once again. Thus, a ' landnam ' type
of agriculture (Iversen, 1949) appears to
have been practised at Khajiar in • Stage c'
which entailed the cutting down of the
forest as a first step. This was perhaps
followed by a period of agriculture and later
by the abandonment of the site, so that
the forest started regenerating once again.
The deposition of the clay during this stage
perhaps resulted from the above clearance
of forests in and around the Khajiar
meadow, and the clay deposition ceased
as soon as the oak forest was re-established
in early 'Stage d'. The lower border of
• Stage c' is C-14 dated around the first
century A.D. from the two C-14 dates
1800±55 B.P. (W1S-416) and 1830±50
B.P. (W1S-428) taken from the" stages blc
boundary.

, Stage d' (460-220 cm)- The' Stage c'
comes to an end at 460 cm, with the fall
in the curves for Ulmus and Corylus, and
'Stage d' begins with a consistent rise
in the values of Quercus, which reach up to
about 75% in this stage. Abies maintains
more or less similar values as in earlier
stage with slight fluctuations. There is
slight increase in the values of Pinus walli
chiana as compared to the earlier stages.
The curve for Pinus roxburghii does not
show any change, except that its values
show a slight decline at the beginning
of the stage. Cedrus and Carpinus start
fresh curves. Their curves, together with
that of Betula alnoides show a consistent
rise, and while the curves for Carpinus and
Betula alnoides show a temporary decline
in middle of the stage, the curve for Cedrus
continues unbroken. Both Alnus and Cory
Ius, show a transitory rise in the lower
half of this stage. Other tree and shrub
elements present either in the form of
low discontinuous curves, or met with rather

sporadically, are Picea smithiana, Larix,
Betula utlis, Cttpressus, Ephedra, Buxus,
Ulmus, Aesculus indica, Viburnum, Celtis
australis, Popoulus ciliata (?), Symplocos and
Rhododendron. Of these, the values of Picea
show a marked increase, as compared to the
earlier stages. Stray pollen of Juniperus,
!lex dipyrena, Juglans regia and Mimosoideae
(polyad) is also met with.

The non-arboreal pollen ratio fall in this
stage. There is a sudden decline in the fre
quencies of Plantago lanceolata at the stages
cjd boundary. As the fall in the curve for
P. lanceolata is on the whole, accompanied
by the rise in the values of tree vegetation,
it is apparent that its decline resulted
from the closing in the forest, following
the 'landnam' phase of ' Stage c'. The
curve for Cheno-Amaranth type, is seen
almost continuously up to the middle of the
stage, after which it becomes discontinuous.
The values of Cyperaceae and Gramineae
tend to increase at the beginning of the
stage, but later show a rather fluctuating
trend. Artemisia maintains more or less
similar values throughout the stage with
slight fluctuations. Other non-arboreal
elements present in low frequencies are
Compositae (Tubuliflorae), Cerealia type,
Cannabis, Cruciferae, Caryophyllaceae, Um
belliferae, Primulaceae and Boraginaceae.
Stray pollen of Thalictrum, Impatiens, Rosa
ceae, Strobilanthes, Justicia simplex, Labiatae
and Polygonum type, is also met with
in this stage.

The aquatic vegetation is mainly repre
sented by Pediastrum colonies, whose curve
is seen in the upper half of the stage,
with the values reaching up to 75%.
Potamogeton forms a continuous curve in the
beginning, becoming discontinuous later on.
The pollen of Typha angustata and colonies
of Botryococcus, are seen in low values.
A few grains of Nymphaea are seen at the
250 cm level.

The curve of Fern spores (monolete)
shows a fluctuating trend, with frequencies
reaching up to 110%. The other type of
Fern spores (trilete) decline in this stage.

'Stage e' (220-120 cm)- The' Stage d '
is brought to an end at 220 cm, where
there is a consistent fall in the curve for
Quercus, and 'Stage e' begins with the
sudden rise in the frequencies of Cedrus
whose values ascend gradually,. and reach
up to nearly 40% at the top end of the
stage. There is a slight increase in the



158 THE PALAEO BOTANIST

curve for Picea and Abies. The former
increases in the first half while the curve
for Abies is seen to rise in the later half.
Cupressus forms a short curve in the
beginning, while Ephedra a little later.
Pinus wallichiana, Pinus roxburghii, Betula
alnoides and Carpinus, maintain pollen
values more or less similar to ' Stage d'.
The pollen of Fraxinus, which is not
represented in 'Stage d' is seen in low
values in this stage. Other tree and shrub
elements present in low frequencies arc
Larix, Betula utt:lis, Viburnum, Juglans,
Celtis, Populus ciliata (?), Symplocos and
Rhododendron. Stray pollen grains of Buxus,
Aesculus indica, flex, Coriaria, Mimosoideae
(polyad), Lonicera, Grewia and Rhus are
also seen in this stage.

Amongst the non-arboreal clements, Plan
tago lanceolata shows a progressive rise, and
its values reach up to 15%. The CUf\'e
for Cerealia type also becom~s continuous.
The pollen of Cheno-Amaranth type and
Caryophyllaceae forms a continuous curve
in the upper half of the stage. The
curves for Gramineae, Cyperaceae and Arte
misia maintain more or less similar values
as in 'Stage d' with slight fluctuations.
Other non-arboreal clements present in low
frequencies are Compositae (Tubuliflorae),
Umbelliferae and Polygonum type, together
with stray pollen of Impatiens, Rosaceae,
Strobilanthes and Rumex.

The aquatic component is represented
by the transitory occurrence of colonies of
Pediastrum and Botryococcus in the lower
half of the stage. Botryococcus, however,
forms a curve once again in the upper
half, together with Potamogeton. Its values
reach up to 15%. Nymphaea pollen is seen
at low value at the top end of the "tage.

Fern spores (both monolete and trilete)
are poorly represented.

The rise in the curve for Plantago lanceo
lata, Cerealia type, Umbelliferae, Cheno
Amaranth type, accompanying the fall of the
Quercus curve, is indicative of clearance,
for perhaps agriculture in the vicinity of
Khajiar. The spectacular increase in the
Cedrus curve in 'Stage e' may be mainly
due to the large scale replacement of
Quercus by Cedrus around Khajiar as a
result of selective feeling of oak and the
artificial plantations of Cedrus carried out
during the last several decades. A level
just below the lower border of ' Stage e ' has
been C-14 dated at 1250±60 B.C.(WIS-418).

DISCUSSION AND CONCLUSIONS

STRATIGRAPHY AND THE AGE OF THE
LAKE DEPOSIT

The present studies have brought out the
vegetational history of the later part of
the Post-glacial period only, for the lake
sediment at Khajiar could not be investi
gated beyond the depth of nine metres
which though is the maximum depth hitherto
penetrated for the Late-Quaternary sedi
ments in India by means of a Hiller peat
borer. Further penetration was not possible
due to the limited capacity of the boring
equipment available. But it is envisaged
that in future it will be possible to penetrate
the sediment to a deeper extent and
thus, bring to light the remaining part of
the Post-glacial history of vegetation and
clim'l.te.

The deepest sedim~nt reached at nine
metres is comprised of fine organic detritus
(Fig. 6). The lake basin deepens abruptly
in the north-eastern part of the section.
The lake deposits are largely organic in
nature derived through a norm1.1hydrosere
succession. The lake bottom was not reach
ed except at the lake margins where the
organic sediments lie directly over a derived
clayey material. The profile obtained from
point 15 in the section is incomplete as a
part of the organic deposit at the base
remains inaccessible. The three C-14 dates
- 1800± 55 B.C.· (WIS-416), 1830± 50 B.P.
(WIS-428) and 1250± 60 B.P. (WIS-418),
first two from about the middle and third
from the upper part of the profile investi
gated, may not extend 4000 years B.P.
It is quite obvious that deposits of still
older age lie at the depths below the levels
reached under the present investigations.

VEGETATIONAL HISTORY

With the available C-14 datings, and
from the foregoing account of lake deposit
investigated at Khajiar, the vegetational
history seems to represent the later part
of the Post-glacial period.

'Stage a' - The picture of vegetation
at the beginning of ' Stage a' is seen in a
fully developed state rather than as one
emerging as a result of some climatic change.
The stratigraphical continuity of fine organic
detritus below 'Stage a' deposit, without
any apparent change in the nature of
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sediments, preclude the possibility of any
climatic change at the beginning of the
pollen sequence. The vegetational history
begins with a closed forest, in which
Quercus appears to have been preponderant.
The pollen of Pinus roxburghii, which is
represented by a prominent curve, appears
to have come from comparatively lower
slopes as it is seen in the present-day
surface samples from this site (Sharma,
1973). Other trees and shrubs are lowly
represented. The overall dominance of
Q1terCUsis in great contrast to the present
day conditions at Khajiar, in which Cedrus
dominates the landscape, together with
other conifers, such as Abies and Picea.
Almost pure Quercus forests are now, seen
occupying the lower slopes below Khajiar.
Quercus occurs regularly at higher elevations,
together with Abies and Picea forests but
mostly in small numbers. The overall
preponderance of Quercus may, thus, be
indicative of relatively warmer conditions
than that of the present-day, in this stage.
To this extent the purely broad-leaved
character of the forests compares closely
with mid-post-glacial part of the Tosh
maidan pollen sequence from Kashmir,
which is taken to represent the Post-glacial
'Climatic optimum' in the area (Singh,
1963). The C-14 datings from Khajiar, in
fact, do suggest that the history of ' Stage a '
may extend only up to about 4000 B.P.
and may, therefore, represent the later part
of the 'Post-glacial Climatic Optimum'.

The presence of Larix pollen up to 5%,
in this stage, suggests that Larix was
perhaps present, in Himachal Pradesh, in
the past, as opposed to its present-day
absence in the western Himalayas. Sub
fossil pollen grains, tentatively identified as
those of Larix, are also recorded from
Post-glacial vegetational sequence from
Toshmaidan, indicating the extension of
this species westwards up to Kashmir,
during the later half of the Post-glacial
period (Singh, 1960).

The occurrence of Cerealia type of pollen
together with that of Cannabis, from the
beginning of the pollen sequence, in low
frequencies, suggests that cereal cultivation
was perhaps prevalent in the area. The
history of cere;j.l agriculture in Himachal
Pradesh, is almost unknown. In the plains
of N.W. India, however, cereal cultivation
is definitely known to have been practised
since the Harappan times (2,500 B.C.).

That the practice of cereal cultivation at
Khajiar is accompanied by small scale
clearance is shown by the small decline
in the curves for Quercus, Tax'us, Ulmus,
Carpinus and Viburnum together with a
corresponding rise in the curves for Cypera
ceae, Gramineae, Cerealia type and Cannabis,
in the lower half of the stage. The curves
for all the above non-tree elements, however,
fall with the recovery of the oak curve
in the second half of the stage, indicating
that the forest closed once again.

Locally, Botryococcus colonies appear to
have been preponderant in the lake waters,
and aquatics, such as Potamogeton, Nym
phaea and Typha angustata perhaps grew
at the site. Pediastrum colonies are repre
sented only in the middle of the stage.

, Stage b '- This stage is marked by the
establishment of a mixed oak-conifer forest.
Quercus occurs together with Cupressus
to start with, and is later joined by Cedrus
and Abies. In' Sub-stage bl', there is a
progressive rise in the Cupressus curve,
together with a slight increase in the curves
for Fraxinus and Carpinus. Later, in ' Sub
stage b' Cupressus declines, accompanied
by a general rise in the curves for Cedrus
and Abies. The oak curve tends to decline
as a whole in this stage. The tendency
towards the establishment of a mixed
oak-conifer forest in 'Stage b', maybe
indicative of perhaps a slight change in
the environment towards colder conditions
favouring the growth of conifers. All the
above coniferous elements, i.e. Cupressus,
Cedrus and Abies grow in association with
each other at altitude above 1800-2100 m
(6,000'-7,000') with Abies occupying highest
position.

There is no evidence of any large scale
cutting of forests but there is clear possibility
that small scale cutting of trees continued
throughout this stage.

'Stage c' - This stage is characterized
by the rise in the frequencies of Ulmus,
Corylus and Juglans, 'accompanied by a
sudden fall in the curves for Quercus and
Cedrus. The curve for Carpinus becomes
discontinuous. The sudden fall in the fre
quencies of Cedrus, Quercus and Carpinus,
appears to be associated with the felling of
these elements as their decline is accom
panied by a corresponding rise in the
frequencies of Artemisia, Plantago, Cheno
Amaranth type and Ferns, followed by those
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of Gramineae, Compositae and Cerealia type,
indicating the opening of the forest, for
perhaps short-term agriculture. The clearing
of the forest, also appears to have resulted
in bringing about soil instability over moun
tain slopes, leading to the deposition of
clay in this stage. The clearing was in all
probability, affected in the present-day
meadow surrounding the Khajiar lake.
From the two C-14 dates-1800+55 B.P.
(WIS-416) and 1830+50 (WIS-428)available
from the stages blc boundary, the date or
this clearance can be placed around the
first century A.D. This period was marked
by the expansion of Buddhism in India, and
Buddhist places of worship were founded in
many parts of the country. But, whether
the clearance of the forest at Khajiar in
, Stage G' was in any way associated with
this phenomenon cannot be ascertained.
Elsewhere, in the Himalayas, Buddhist have
established several centres, mostly around
natural lakes, which are invariably held in
high esteem.

The rise in Ulmus and Juglans frequen
cies, is of a temporary nature, and it may
have been induced as a result of some
local plantations at the site. The increase
in the relative frequencies of Corylus, an
element of open, dry, sunny habitats,
on the other hand, appears to be natural,
and may have resulted from the opening
of the forest in this stage. Oak values
start rising once again in the second half
of the 'Stage c' accompanied by a fall
in the frequencies of non-arboreal elements,
indicating that the forest closed after
wards.

'Stage d'- This stage is characterized
by the re-establishment of the mixed oak
conifer forest which is marked by the
consistent increase in the values of Quercus
and the slight rise in the values of Abies,
Pinus wallichiana, Cedms, Carpinus and
Betula alnoides. The deposition of clay
ceases with the regeneration of the forests,
and it appears that the soil is stabilized
once again in early • Stage d'. Alnus and
Corylus show a transitory rise in the lower
half of the stage, but decline afterwards.
All the non-arboreal elements, whose fre
quencies rise as a result of forest clearance in
, Stage c ' decline in ' Stage d '. The curve
for Cyperaceae, which shows a transitory
rise at the beginning of the stage, falls
afterwards. However, it r,ses once again,
towards the top end of the stage.

'Stage e' - This stage is characterized
by a sudden rise in the frequencies of
Cedrus, accompanied by an equally signi
ficant fall in the Quercus pollen curve.
There is little evidence of the destruction
of the oak forest through felling, as there is
little change in the curve for AP/NAP
ratios, prior to the establishment of the
Cedrus forest. Thus, the possibility of large
scale clearance followed by Cedrus planta
tion, as being the prim"-ry cau~e can be
eliminated. In the ab,ence of any large
scale forest clearance, however, the question
is raised as to how the Cedms forest had
come to replace the ancient Quercus forest
which is seen to have betn so well estab
lished in the area, since the mid-past-glacial
times. That the change had come as a
result of some alteration in the climate
is ruled out, as other coniferous elements,
fail to respond in the same manner as
Cedrus. The answer in all probability lies
in the selective feeling of oak over a long
period (a practice still prevalent in the
area) which appears to have given an edge
to the growth of Cedrus in the area. It
would be interesting to note that in the
otherwise demarcated forest, oak trees are
still allowed to be felled for firewood by the
forest department, as a result of which,
stumps of oak trees can be seen ,cattered
in the almost pure Cedrus forest. From the
single C-14 date 1250± 60 B.P. (WIS-418),
available from a level slightly below the
stages dIe boundary, the beginning of the
Cedrt~s rise can be dated around 1200 B.P.
(700 A.D.).

Apart from the Cedrus curve, there is
slight increase in the values of Picea, Abies,
Cupressus and Ephedra but the extent
to which their rise is influenced through
the felling of the oak forest cannot be
ascertained.

In the later half of 'Stage e' the rise
in the curves for Plantago lanceolata, Cerealia
type, Umbelliferae and Cheno-Amaranth type,
together with further fall in the oak curve,
is indicative of a marked clearance in the
area for perhaps agriculture.

Phragmites ceases to exist in the organic
sediment in this stage. This is particularly
interesting as Phragmites is totally absent
at and around Khajiar except for a small
patch constituting the 'floating island'.
The disappearance of Phragmites from the
edges of the Khajiar lake, appears to have
been affected at about the beginning of
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, Stage e " together with the fall in the oak It is also clear that the 'floating island'
curve. It is likely that both the felling of which may have been a part of the
the oak forest, started with the establish- Phragmites stand in the long past, perhaps
ment of permanent settlement in the Khajiar started its independent life after getting
area dating back to about 1200 B.P. separated from the mother stand. Whether
(700 A.D.). the phenomenon was purely a chance occur

rence or it was initially induced through the
agency of man is difficult to anSwer.

The reason for the extermination of
Phragmites communis from the lake margin
is not clear. It is possible that either
the Phragmites stand was out down by man
for thatching purposes at the time of the
establishment of the Khajiar Village, or
it was eaten away by domestic animals.

The' floating island " however, does not
appear to have been separated prior to the
deposition of the clay bed, as the strati
graphy of the 'floating island' does not
show anv band of clav intercalated in the
peat profile, as it is se~n in the stratigraphy
of Khajiar lake deposit. On the other hand
vegetational history built from the' floating
island' (Sharma, 1972) compares closely
with the main characteristics of ' Stage e'
of the Khajiar pollen diagram. The lower
part of 'Stage e' in the main profile is
C-14 dated at 1250± 60 B.P. (700 A.D.)
(WIS-418), but the pollen diagram from the
'floating island' may not represent the
whole time period of 'Stage e'. In any
case, the history of the' floating island' at
Khajiar, cannot be pushed b?ck any further
than' Stage e' that is 700 A.D. Actually,
it may be much younger unless it is
assumed that the bottom of the 'floating
island' has continued to be eroded from
time to time through its contact with the
shallower parts of the lake basin.

Sahni (1927) was the first to report the
occurrence of a 'floating island' in the
Khajiar lake. He was greatly impressed
by the abundant Phragmites communis grow
ing on the 'floating island' at this site,
for the plant is completely absent on the
fringes of the lake as well as elsewhere
in the area within several miles. Sahni
(loc. cit.), further stressed upon the need for
successional studies to unravel the mystery
of the 'floating island'.

It has been already established from the
stratigraphy of the deposits at Khajiar
(Fig. 6) that but for the upper half to
one metre of the lake deposit, the peat
comprised of mainly Phragmites remains,
and rorms the bulk of the organic deposit
filling the lake basin. It is also clear from
the section that prior to the deposition of
Phragmites-peat, fine organic detritus, a
limnic sediment with abundant remains of
Botryococcus colonies, was being laid down
under deep water conditIons. The sequence
of Phragmites-peat, is interrupted by a
bed of clay running laterally all through
the depOSIt. Immediately rollowing the
deposition of the clay bed, Phragmites
appears to have become preponderant once
again in the upper levels. The otherwise,
continuous sequence of Phragmites-peat is
interrupted by watery gaps, from which
it seemed reasonable to believe that thick
mats of Phragmites-peat floated unanchored
over the open waters of the lake in the
past. It is clear that Phragmites continued
to grow at Khajiar-Iake-site throughout the
sub-recent history of the lake, except for
the time span of the upper half to one metre
of the lake deposit. The extermination of
Phragmites communis from the lake margin
would, therefore, seem to be a reoent
phenomenon. It is needless to say that the
Phragmites growing on the' floating island'
is a remnant of the once flourishing Phrag
mites c01ttmunis stand in the lake at Khajiar.
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PALYNOLOGY OF THE TERTIARY SEDIMENTS OF PALANA,
RAJASTHAN

S. C. D. SAH & R. K. KAR

Birbal Sahni Institute of Palaeobotany, Lucknow

Description -- Spores triangular, 44-50 fL.

Apices rounded, interapical margins ±
163

The Palana palynological assemblage described
here consists of 8 genera and 11 species of pterido
phytic spores, 24 genera and 36 species of angio
spermic pollen grains, 9 genera and 16 species of
algal and 3 genera and 4 species of fungal remains.
Of the total of 44 genera and 67 species recorded,
10 genera and 31 species are new.

Quantitative analysis of the assemblage shows
that angiospermous elements dominate the
assemblage (70%). followed by pteridophytes
(20%). Prominent monocot families are Potamo
getonaceae, Palmae and Liliaceae. Dicots are
comparatively better represented, the principal
families include Nymphaeaceae, Leguminosae,
Cruciferae, Rubiaceae, Anacardiaceae, Hippo
crateaceae, Guttiferae, Meliaceae, Proteaceae and
Onagraceae. Pteridophytic spores are mainly re
presented by Osmundaceae, Matoniaceae, Poly
podiaceae, Schizaeaceae and Cheilanthaceae. The
algal genus Botryococcus along with microplanktons
are found in abundance in some stratigraphic
levels.

SYSTEMATIC PALYNOLOGY

T odisporites jlavatus Sah & Kar, 1969

PI. I, Fig. 1

Genus - Dictyophyllidites Coup., 1958

Type species - Dictyophyllidites harrisii
Coup., 1958.

DictyoPhyllidites sp.
PI. 1, Fig. 2

Anteturma - Sporites H. Pot., 1893
Turma - Triletes (Rein.) Pot. & Kr.,

1954
Subturma - Asonotriletes Lub., 1935
Infraturma - Laevigati (Benn. & Kids.)

Pot., 1956

Genus - Todisporites Coup., 1958

Type species - Todisporites major Coup.,
1958.

Shale with sandstone
bands 3-9 m

Lignite 8-15 m
Clay, fire clay up to 1·2 m
Samples were collected from different

lithologies from several sub~urface sections
and macerated. A very rich palynological
assemblage was recovered. The slides were
prepared in Polyvinyl alcohol and mounted
in canada balsam. The slides and un
used material have been deposited in the
repository of the Birbal Sahni Institute of
Palaeobotany, Lucknow.

Holotype - Sah & Kar, 1969, PI. 1, Fig. 9.
Remarks - The specimens assignable to

T. jlavatus have 52-60 fL size range. Trilete
rays are either equal or unequal, extending
two-thirds to three-fourth" radius, some
times open. Exine up to 2 fL thick,
laevigate, sometimes slightly intrapunctate,
exine generally not folded.

6-12 m

15-20 m

15-20 m

up to 3 m

ABSTRACT

INTRODUCTION

PALYNOLOGICAL investigation onthe Palana beds of Rajasthan was
initiated by Rao and Misra (1949)

when they described Botryococcus braunii
like alga from them. Rao and Vimal (1950)
also de3cribed plant microfossils from these
beds. They followed an artificial classifica
tion and described the sporomorphs as
type 1, type 2, etc. The prese-nt paper
deals with the sy;:;tematic description of the
spores and pollen grains, algal' and fungal
remains obtained from different subsurface
sections from Pa]ana lignitic field.

The lignitic a.eposit at Palana in the
district of Bikaner, Rajasthan has been
commercially exploited since 1898. The
following lithologies are observed in this
field (see Bhadada, 1968):

Sand
Kankar with ferruginous

nodules
Weathered sandstone and

clay
Multani matti (fuller's

earth) with nummulitic
limestone bands
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Infraturma - Apiculati (Benn. & Kids.)
Pot., 1956

Genus - Osmundacidites Coup., 1953

Type species - Osmundacidites wellmanii
Coup., 1953.

Genus - Dandotiaspora Sah, Kar &
Singh, 1971

Type species-Dandotiaspora dilata (Math.)
Sah, Kar & Singh, 1971.

Dandotiaspora plicata (Sah & Kar) Sah,
Kar & Singh, 1971

PI. 1, Fig. 17

straight to slightly concave. Trilete, rays
well developed, extendin&" up ~o equat.or,
associated with folds on dIstal sIde. EXl1le
2-3 fl. thick, laevigate and intrapunctate
particularly at interradial areas, may be
irregularly folded. . . .

Comparison - Dtctyophylltdttes sp. A & B
described by Sah & Kar (1969) frGm the
Kakdi Formation in Kutch rcsemble thc
present species.

Osmundacidites sp.
PI. 1, Fig. 3

Description - Spore subcircular, 54 X 50 fl·.

Trilete, rays extending less than two-thirds.
Exine about 2 fl. thick, granulose-micro
verrucose, sculptural elements closely placed,
evenly distributed.

Comparison - Osmundacidites wellmanii
Coup. (1953) resembles the present species
in shape and size range but is readily
distinguished by its confluent bases of the
sculptural elements and granulose laemrate
margin. O. ciliatus Sah (1967) has grana
papillae on the proximal and irregula.rly
distributed coni on the distal surface. O.
minutus Sah & Jain (1965) resembles the
present specimen in general organization but
is distinguished by its smaller size. O.
kutchensis Sah & Kar (1969) has sparse
grana as sculptural elements.

ScMzaeoisporites palanaensis sp. novo
PI. 1, Figs. 4-5

Seniasporites verr,ucosus Sah & Kar, 1969
S. minutus Sah & Kar, 1969

Description - Spores oval-elliptical, 46
50 fl.. Monolete distinct or indistinct, ex
tending up to three-fourths radius. Exine
1·5 fl. thick, laevigate, fine striations-like
ribs present on both surfaces.

Comparison - ScMzaeoisporites palanaen
sis is distinguished from the present species
by its coarse ribs. Schizaeoisporites sp.
described by Sah and Kar (1969) from Kutch
closely resembles the present specimens.

Laevigatosporites lakiensis Sah & Kar, 1969
L. cognatus Sah & Kar, 1969

Infraturma - Sculptatomonoleti Dyb. &
Jach., 1957

Genus - Schizaeoisporites Pot., 1951

Type species - Schizaeoisporites phaseolus
Dele. & Spru., 1955.

Genus - Seniasporites Sah & Kar, 1969

Type species -Seniasporites verrucosus Sah
& Kar, 1969.

Holotype - PI. 1, Fig. 4, Size 54 X 32 fl..
Slide no. 4353/22.

Type Locality - Pal ana lignite field, Pa1
ana, Rajasthan.

Diagnosis - Spores ± elliptical, 40-55 fl..
Monolete distinct or indistinct, extending
up to three-fourths along longer axis. Exine
1·5-2·5 fl. thick, ribs 8-14, well developed,
3-7 fl. broad, parallel to each other, mostly
extending from one end to other.

Comparison - Schizaeoisporites sp. de
scribed by Sah and Kar (1969) resembles the
present species in shape a.nd size range but
is distinguished by its very fine striations
like ribs. Schizaeoisporites sp. described by
Sah and Dutta (1966) has smaller size range
than the present species. Schizaea pusilla
Pursh described by Ghosh, Jacob and Lukose
(1964) possesses punctate exine.

Schizaeoisporites sp.
PI. 1, Fig. 6

- Monoletes Ibr., 1933
- Azonomonoletes Lub., 1935
- Psilamonoleti v.d. Hamm.,

1955

Turma
Subturma
Infraturma

Genus - Laevigatosporites Ibr., 1933

Type species - Laevigatosporites vulgaris
(1br.) 1br., 1933.

Genus - Cheilanthoidspora gen. novo

Type species -- Cheilanthoidspora enigmata
sp. novo
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Gen~ric Diagnosis - Spores subtriangular,
subcircular or oval. Trilete to monolete
with various transitional phases. Exoexine
well developed. translucent, forming re
ticulation on both surfaces, exine ± laevi
gate.

Description - Spores with trilete mostly
sub triangular or sub circular in shape with
straight-convex interapical margins while in
case of monolete, shape varies from broadly
oval to oval. Haptotypic mark well deve
loped, extending mostly up to equator,
closed or open. In the case of monolete,
an 0pGn suture looks like a colpus. There
are various tramitional phases from trilete
to monolete or vice versa among present
specimens. In some spores haptotypic mark
is bent simulating a bilete mark while in
others, third ray is shorter than rest and
hardly recognizable. Exoexin(; in all speci
menS well developed, reticulation mostly
broad, muri high, meshes ± squarish, in
some specimens exoexine is totally or
partially lost due to hard process of
m3.ceration. This condition is observed both
in trilete or monolete spores. Nature of
eX0exine amI pattern of reticulation are
same in trilete and monolete spores. Exine
is visible only when exoexine is dissolved,
it is 1·5-3 [J. thick, generally laevigate, in
some specimens a few grana are also
observed.

Comparison - Lycopodiumsporites Thierg.
(1938) is comparable to the present genus in
subtriangular-subcircular shape and presence
of reticulation on both the surfaces. In the
present genus, however, the reticulation is
formed by the exoexine and the haptotypic
mark is variable from trilete to monolete.
Weylandispollis Taka. (1964) resembles Cheil
anthoidspora in oval shape and broad reti
culation on both the sides but is differen
tiated by its distinctly monocolpate nature.
Monocolpopollenites Thorn. & Pfl. (1953)
also apparently approximates the present
genus in shape and broad reticulation but
is readily separated by its well developed
colpus (see Manum, 1962; Takahasi, 1964).
Ch~ilanthoidspora instituted here is dis
tinguished from all of the known genera
by its variable haptotypic mark, shape and
pre3ence of broad reticulation on both sides
formed by the exoexine.

Remarks - Cheilanthoidspora commands
some sp~cial attention for some of its
peculiar features. The variable haptotypic
mark from trilete to monolete condition

with various transitional phases in the
present genus is noteworthy. It may be
mentioned here that in the extant pterido
phytes, the haptotypic mark is also quite
variable in a number of species. Nayar (1963)
recorded trilete to monolete spores with
intermediate forms in Loxogramme (Bl.) Pr.
belonging to the family Polypodiaceae.
Kremp (1967) studied extensively the hapto
typic characters of ferns and fern allies
embracing 277 genera. He observed that
in 29% of cases the spores are wholly
trilete, in 49% cases they are monolete
while in 22 % they are either mixed or
show transitional forms. Botrychium of
Oph;oglossaceae, 5tenosemia of Aspidiaceae,
Cerosora of Pteridaceae and Lophosoria of
Cyatheaceae are some of the genera which
produce trilete as well as monolete spores.
The prest-nt genus is, however, unfortunately
not comparable to any of the genera
mentioned above. In the dispersed fossil
spores and pollen grains, a lot of variations
of the haptotypic mark are also observed.
The bisaccate genera, viz., Illinites (Kos.)
Pot. & Kl., 1954, Jugasporites (Lesch.) Kl.
(1963) and Limitisporites Lesch. (1956), are
similar in all the major characters except
that Illinites has trilete, J ugasporites has
bilete and Limitisporites has monolete mark.
The transitional phases are found in all
these genera making it difficult to identify
the pollen grain properly (see Leschik,
1956; Manum, 1960; Klaus, 1963; Bose &
Kar, 1966).

Lele (1964) abserved that in Plicati
pollenites indicus Lele (1964) though the
pollen grains are mostly having trilete mark
but some of them show bilete and mono
lete condi tion through various transitional
phases. Bharadwaj (1964) also noticed
monolete to bilete condition in Potoniei
sporites (Bharad.) Bharad. (1964).

The presence of exoexinal layer in the
extant pteridophytic spores is of common
occurrence (Nayar & Devi, 1964, 1966, 1967,
1968). In the fossil spores this layer is
mostly lost due to preservational factors
and maceration. The presence of exoexinal
thickening forming various ornamentational
pattern, observed in Velamisporites by
Bharadwaj and Venkatachala (1962) from
the Carboniferous of Spitsbergen and in
Perotriletes by Couper (1953) from the
Upper Mesozoic sediments of New Zealand.
Potonie (1956) also observed the same
phenomenon in the megaspore genus Thy-
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lakosporites Pot. (1956) from the Lower
Cretaceous sediments of England.

The present genus is very much compar
able to Cheilanthoid group of extant ferns
because only in this group a definite perinal
layer is observed in the tetrahedral spores.
Moreover. the size range of this group
(40-60 (L) falls within the size range of the
pre:;enf genus. In this group some plants
also produce monolete forms in abnormal
cases. In India, Cheilanthoid ferns are
quite commonly found in dry places where
the humidity is comparatively low. Cheil
anthes tenuijolia Sw., C. jerinosa Kaulf. and
C. bulbosa Kunze are very common in
South India while C. varians Hook. and
C. mysorensis Wall. are restricted to higher
hilly tracts (Beddome, 1970). It is, how
ever, difficult to a,;certain which particular
extant specie.') resembles the fossil ones most
because the spores in all those above
mentioned species are more or less similar
to each other.

Cheilanthoidspora enigmatfJ. sp. novo

PI. 1, Figs. 7-10

Chcilanfhoidspora monolela sr. novo

PI. 1, Figs. 11-14

!f0lotype- PI. 1, Fig. 11, Size 74x60 {L;

Shde no. 4357/11.
Type Locality - Palana lignite field, Pal

ana, Rajasthan.
Diagnosis - Spores oval, monolete distinct

or indistinct. Exoexine forming very broad
reticulation on both sides.

Description - Spores with equally broad
lateral ends. Monolete generally well recog
nizable, open, extending almost one end to
other. Sometimes it is bent and one short
ray emerges from main ray at right angle.
Exoexine 3-5 {L thick, muri raised, meshes
squansh to rectangular, 6-13 {L broad.
Exine up to 2 {L thick, laevigate to slightly
grannlose.

Comparison - Cheilanthoidspora enigmata
resembleS the preoent species in the nature
of broad reticulation on both surfaces but
the former is readily distinguished by its
triangular-subcircular shape and presence of
trilete rays.

PI. 1, Figs. 15-16

Chcilanthoidspora reticulala sp. novo

Holotype- PI. 1, Fig. 15, Size 60x44 {L;

Slide no. 4354/11.
Type Locality - Palana lignite field, Pal

ana, Rajas1han.
Diagnosis - Spores oval, monole1.e, exo

exine forming reticulation of meshes, 3-6 {L

wide on bot h sides.
Description - Spores with rounded or

slightly pointed lateral ends, 54-65 X 40-48 {L.

Monolete distinct or indistinct, straight or
curved, closed or open, extending more
than three-fourths radius. Exoexine well
developed, muri up to 3 {L high, meshes
± same size, exine laevigc>,te.

Comparison - Cheilanthoidspora monoleta
closely resembles the present species in
shape, size range and extension of the
monolete but is differentiated by its broader
reticulation and stronger muri. C. enigmata
is triangular-subcircular and has distinct
trilete rays.

Holotype-- PI. 1, Fig. 7, Size 51 {L;

Slide no. 4354/4.
Typc Locality - Palana lignite field, Pal

ana, Rajasthan.
Diagnosis - Spores subtriangular-subcir

cular, 42-59 {L. Trilete, rays almost reaching
margin. Exoexine well developed, forming
broad reticulation on both sides.

Description - Apices of spores broadly
angular, interapical margins straight-slight
ly convex, uneven due to projection of
muri. Trilete well developed, generally open,
rays equal, uniformly broad, commissure
recognizable in most of specimens. Exo
exine 2-4 [1. thick, regularly anastomosing
to form broad reticulation, muri up to 5 {L

high, meshes squarish, 6-12 {L broad. Exine
laevigate to slightly granulose, ob~erved
only when exoexine is dissolved.

Remarhs - Some of the spores figured by
Macko (1957, pi. 75; Figs. 4-12) compares
with the present species in shape and
reticulation on both the surfacps but the
former is differentiated by its absence of
haptotypic mark. Acanthotriletes sp. des
cribed by Sah (1967, PI. 1; Figs. 25, 30) Anteturma - Pollenites Pot., 1931
from the Neogene of Rusizi valleys, Congo, Turma - Aletes Ibr., 1933
also somewhat resembles thf' present species Subturma - t:5o..naletes (Lub.) Pot. & Kr.,
in shape and nature of ornamentation. Infraturma - Subpilonapiti (Erdt.) Vim., 1952'r
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Genus - Retipilonapites Raman., 1966

Type species - Retipilonapites arcotense
Raman., 1966.

Retipilonapites arcotense Raman., 1966
PI. 1, Fig. 18

Remarks -The specimens assigned here
to R. arcotense Raman. (1966) have sub
circular-circular shape and densely placed
bacula forming negative reticulum on surface
view. According to I\amanujam (l.c.) the
ornamwtational pattern in Retipilonapites
is retipilate.

Retipilonapites sp.
PI. 1, Fig. 19

Description - Pollen grain nonaperturate,
sub circular, 52 fl. Exine less than 2 fL

thick, heavily sculptured with pila, pila 3-4 fL

l~ng forming negative reticulum on surface
VIew.

Comparison - Retipilonapites arcotense
Raman. (1966) and Retipilonapites sp. des
cribed here have both subcircular-circular
shape and closely placed sculptural elements.
R. arcotense Raman. (1966) is baculate
whereas in the present species it is pilate.
R. delicatissimus also described by Ram
anujam from the South Arcot lignite of
Madras has very delicate pila and coni on
the exine. Retipilonapites sp. reco,ded here
is readily separated from the former by its
heavy sculptural elements.

Turma - Plicates (Naum.) Pot., 1960
Subturma - Monocolpates Iver. & Tr.-Sm.,

1950

Genus - Palmaepollenites Pot., 1951

Type species - Palmaepollenites tranquillus
(Pot.) Pot., 1951;

Palmaepollenites nadhamunii Venkat. &
Kar, 1969.

Palmaepollenites sp.
PI. 1, Fig. 20

Description - Pollen grain longish oval
with somewhat pointed lateral ends, 31 X

15 fl. Colpus distinct, end to ~d, slit-like.
Exine about 1 fL thick, laevigate.

Comparison - Palmaepollenites sp. des
cribed here is comparable to P. nadhamunii

Venkat. & Kar (1969) in extension of colpus
from one end to other end and in laevigate
exine, the former is, however, di~tinguished
by its longish oval shape. P. kutchensis
Venkat. & Kar (1969) and P. indicus
Raman. (1966) arc larger in size range than
the present species. P. neyvelii Raman.
(1966) approximates the present species in
shape and size but is distinguished by its
thick exine (2·5 fL).

Genus - Liliacidites Coup., 1969

Type species - Liliacidites kaitangataensis
Coup., 1953.

Liliacidites reticulatus sp. novo

PI. 1, Figs. 21-22

Holotype - PI. 1, Fig. 21, Size 50 X 84 fL;
Slide no. 4361/5.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Pollen grains monosulcate,
45-60 fL, sulcus di~tinct, end to end. Exine
reticulate, meshes broader in middle region
and narrower at ends.

Description - Pollen grains with intact
sulcus rarely found in present material..
Sulcus ruptures at one or both ends causing
splitting of pollen grains. Exine 1-2·5 fL

thick, sexine as thick as nexine, meshes
well developed, simplibaculate, 3-5 fL in
middle and 1-2 11. at ends.

Comparison - Liliacidites ellipticus Ven
kat. & Kar (1969) described from Kutch,
Gujarat, is comparable to the presc:nt species
in widening of sulcus but is readily dis
tinguished by it~ uniformly small size of
the meshes. L. kaitangataensis Coup. (1953)
resembles the present species in different
mesh sizes but is separated by longish oval
shape. L. intermedius Coup. (1953) approxi
mates the prE.sent species in shape, size
range and extension of the sulcus but
is differtlltiated by its clavate-baculate
structures.

Liliacidites ellipticus Venkat. & Kar, 1969

PI. 1, Fig. 23

Remarks - Pollen grains oval with round
ed lateral ends, 42-50 fL. Sulcus distinct,
± uniformly broad, extending one end to
other. Exine 1-2 fL thick, very finely
reticulate.
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The pollen grains referred here to Lili
acidites ellipticus resemble the extant pollen
grains of Scilla of Liliaceae in size range,
shape and ornamentational pattern (Erdt
man, 1952).

Liliacidites sp.
PI. 1, Figs. 24-25

Description - Pollen grains monosu1cate,
54-60 [1-, sulcus distinct, extending from
one end to other. Exine 4-6 [1- thick, sexine
thicker than nexine, tegillate, retipilate.

Comparison - Liliacidites intermedius
Coup. (1953) dosply resembles the present
species in shape and size range but the
latter is separated by its thicker exine.
L. bacu latus Yenka t. & K ar (1969) is also
comparable to the present species in size
range but is distinguished by its intra
baculate structures forming negative reti
culum on surface view.

Genus - Couperipollis Venkat. & Kar,
1969

Type species - Couperipollis perspinosus
(Coup.) Yenkat. & Kar, 1969.

Couperipollis rarispinosus (Sah & Dutta)
Yenkat. & Kar, 1969

PI. 1, Figs. 26-27

Remarks - Specimens referred to this
species have well developed spines, 4-8 (J.

long with pointed tip, spines sparsely
placed, interspinal space granulose.

Couperipollis brevispinosus (Bis.)
Yenkat. & Kar, 1969

PI. 1, Fig. 28

Remarks - Pollen grains oval with round
ed lateral ends, 48-55 [1-. Spines closely
placed, with bulbous base and pointed tip,
interspinal space granulose, sulcus discernible
cnly in few specimens.

C. kutchensis Yenkat. & Kar, 1969
PI. 1, Fig. 30

Couperipollis "p.
PI. 1, Fig. 29

Description - Pollen grain ellipti~al with
pointed lateral ends, 46 X 20 [1-. Exme 1 5 [L

thick, spinose, spines 4-6 [1- long, not very
closely placed, interspinal space granulo.se.
Sulcus lip-like, extending from one end to
other.

Comparison - The present specimen close
ly resembles Couperipollis perspinosus (Coup.)
Yenkat. & Kar (1969) in size range and
disposition of the spines, the former is,
however, distinguished by its more elongated
shape. C. rarispinosus (Sah & Dutta) Yen
kat. & Kar (1969), C. brevispinosus (Bis.)
Yenkat. & Kar (1969)and C. kutchensis Yen
kat. & Kar (1969) are separated by their
broadly oval shape.

Infraturma - Sphaerozonisulcates Venkat. &
Kar, 1969

Genus - Nymphaeoipollis Venkat. & Kar,
1969

Type species-Nymphaeoipollis marginatus
Yenkat. & Kar, 1969.

Nymphaeoipollis marginatus Yenkat. &
Kar, 1969

PI. 2, Fig. 31

Remarks - The specimens assigllable to
this species do not ~how distinct scrobiculate
structures as has been reported by Yenkata
chala & Kar (1969).

Nymphaeoipollis jlavatus Yt'nkat. & Kar,
1969

PI. 2, Fig. 33

Nymphaeoipollis sp.
PI. 2, Fig. 32

Description - Pollen grain subcircular,
42 [1-, zonisulcate, sulcus distinct. Exine 2 [1

thick, granulose-microverrucose, sculptural
elements closely placed.

Comparison - The present species is dis
tinguished from Nymphaeoipollis marginatus
Yenkat. & Kar (1969) and N. jlavatus
Yenkat. & Kar (1969) by its granulose
microverrucose ornamentational pattern.t
Subturma - Triptyches (Naum.) Pot., 1960

Genus - Tricolpites (Erdt.) Pot., 1960

Type species - Tricolpites reticulatus
Cook., 1947.
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Tricolpites reticulatus Cook., 1947
PI. 2, Fig. 34

Tricolpites cf. T. reticulatus Cook., 1947
PI. 2, Fig. 36

Description - Pollen grains broadly oval
in equatorial view, 47-53 fl. Colpi long,
extending almost end to end. Exine up to
3 fL thick, pilate-baculate, sculptural elements
closely placed forming negative reticulum
on surface view.

Tricolpites matauraensis Coup., 1953
PI. 2, Fig. 37

Description - Pollen grain oval in equa
torial view, 45 X 40 fl. Colpi long extending
from ,one end to other. Exine 2 fL thick,
pilate, tegillate, reticulate.

Tricolpites pachyexinus Coup., 1953
PI. 2, Fig. 35

Description - Pollen grains subcircular in
polar view, 42-50 [1.. Colpi long, mesocolpia
broad. Exine 2 fL thick, laevigate.

Tricolpites levis Sah & Dutta, 1966
PI. 2, Fig. 41

Remarks - The exine is about 2 fL thick
in the present specimen and it is weakly
intrastructured.

Tricolpites paucireticulatus sp. novo
PI. 2, Figs. 39-40

Holotype - PI. 2, Fig. 39, SIze 40 fL;
Slide no. 4361/2.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Pollen grains su,circular-cir
cular, 38-46 fL; 3 colpate, colpi broad, colpi
margin laevigate. Exine reticulate only in
middle part of mesocolpate region.

Description - Pollen grains generally sub
circular in polar view with 3 prominent
notches due to colpi. Colpi funnel shaped,
long, reaching up to polar region. Exine
up to 2 fL thick, reticulation ill - well deve
loped in middle region of mesocolpi.

Comparison - The present species is com
parable to Tricolpites pachyexinus Coup.
(1953) in subcircular-circular shape and

in the presence of long colpi, the former is,
however, distinguished by its uniformly
psilate exine. T. levis Sah & Dutta (1966),
T. longicolpus Sah & Dutta (1966) and T.
brevis Sah & Kar (1970) have smaller size
range and laevigate exine. The present
species is distinguished from all the other
known species of Tricolpites by its reti
culation present only in the middle region
of mesocolpi.

Tricolpites sp.
PI. 2, Fig. 42

Description - Pollen grain subcircuJar,
40 fL, 3 colpate, colpi long, funnel shaped.
A triradiate ridge like structure present in
middle region of pollen. Exine 1·5 fL thick,
granulose, grana about 1 fL high.

Comparison - The present specimen close
ly resembles Tricolpites pachyexinus Coup.
(1953) in shape, size range and nature of the
colpi. The latter is, however, conspicuous
by its presence of triradiate ridge like area
in the middle.

Subturma - Ptychotriporites (Naum.) Pot.,
1960

Infraturma - Prolati Erdt., 1943

Genus - Cupuliferoipollenites pullius (Pot.)
Pot., 1951

Cupuliferoipollenites sp.
PI. 2, Fig. 38

Description - Pollen grain oval in equa
torial view, 52 X 30 fL, 3 colporate. Colpi
long, extending almost end to end. Pore
distinct,lalongate. Exine 1·5 fL thick, weak
ly intrastructured.

Comparison - Cupuliferoipollenites ovatus
Venkat. & Kar (1969) is comparable to the
present specimen in shape and general
organization but the former is distinguished
by its smaller size range.

Genus - Rhoipites Wode., 1933

Type species - Rhoipites bradleyi Wode.,
1933.

Rhoipites pilatus sp. novo
PI. 2, Figs. 43-44

Holotype - PI. 2, Fig. 43, size 26x 18 fL;
Slide no. 4360/19.



PI. 2, Figs. 45-46

Hippocrateaceaedites eonstrictus sp. novo

Holotype - PI. 2, Fig. 46. Size 46 [L'
Slide no. 4354/9. '

Type Locality - Palana lignite field Pal-
ana, Rajasthan. '

Diagnosis -. P?llen grains triangular with
marked COI!stnc!lOn at apices. 3 colporate,
pore margm thIckened. Exine pilate-reti
culate.

D.escription ~ Pollen grains 40-50 [L with
straIght to shghtly convex margin. Colpi
lOJ!g, funnel shaped, margin generally
thlck?ned. Pore distinct, well developed,
ma~gm 3-5 y thick. Exine 3-5 [L thick,
sex me ~s thIck as nexine, pilate, pila 3-5 [L

long wIth pr?minent bulbous head, closely
placed, formmg reticulate pattern.

Comparison - Hippocrateaceaedites van
campoae Raman. (1966) resembles the pre
sent speci~s in shape, size range and general
org~l1lzatIon but the former is distinguished
by ItS presence of punctitegillate exine.

Genus - Caprijoliipites Wode., 1933
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Type ~ocality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Pollen grains oval in equa-
tor~al v:iew, ~2-30 X 14-20 [L, 3 colporate.
Exme pIlate, piia forming negative reticulum
on surface view.

pescrij>tion - Pollen grains only in equa
tonal .VIeW have met with. Colpi long,
extendmg almost one end to other. Pore
d~stinct or indistinct. Exine 1-2 [L thick,
piia 2-3·5 [L long, sometimes interspersed
with bacular clements.

Comparison - Among the species of Rhoi
pites described from India, R. kutchensis
Venkat. & Kar (1969) approximates the
present species in size range but is dis
tinguished by its finely reticulate orna
~ent~tion .. R. striatoreticulatus Sah (1967)
IS s~natoretIculate and thus is easily differ
entiated from the presellt species.

Type species - Caprifoliipites viridijlumi
nis Wade., 1933.

Caprifoliipites subglobosus sp. novo
PI. 2, Fig. 52

Holotype - PI. 2, Fig. 52. Size 42 [L;

Slide no. 4359/10.
Type Locality - Palana lignite field, Pal

ana, Rajasthan.
Diagnosis - Pollen grains subcircular, 36

45 [L. Tricolporate, pore distinct, lalongate,
margin thickened. Exine finely reticulate.

Description - Pollen grains with entire
margin except three notches due to aper
tures. Colpi distinct, long, funnel shaped,
colpi margin ± laevigate, pore margin
appreciably thickened, sexine thicker than
nexine, reticulation distinct, meshes uni
formly broad.

Comparison - Caprifoliipites superbus Sah
(1967) described from Neogene of Congo
?roadly correspo?ds to the presen~species
m shape and SIze range, the former is,
however, distinguished by its retipilate
nature of ornamentation. The species insti
tuted here is differentiated from the other
species by its subcircular shape and finely
reticulate: structure.

Genus - Margocolporites Raman., 1966

Type species - M argocolporites tsukadai
Raman., 1966.

M argoeolporit~s sitholeyi Raman., 1966

Remarks - Pollen grains sub circular, 35
43 11.; 3 colporate. Colpi long, funnel
shaped, . pore g~nerally inconspicuous in
P?lar vIe~. Exmc 2-3 [L thick, sexine
slIghtly thIcker than nexine, tegillate, reti
culate.

M argocolporites sahnii Raman., 1966

M argocolporites complexum Raman., 1966

Remarks - Pollen grains subcircular with
three lobes in polar view, 43-57 [L; 3 col
porate, colpi well developed, mesocolpi a
b~oad. P<;,res mostly indistinct in polar
VIew. Exme up to 3 [L thick, sexine as
thi~k as nexine or slightly thicker, punctate
reticulate, muri not raised.

Genus - Hippocrateaceaedites Raman., 1966 Genus - Lakiapollis Venkat. & Kar. 1969

Type species - Hippocrateaeeaedites van
eampoae Raman., 1966.

Type species - Lakiapollis ovatus Venkat.
& Kar, 1969.
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Lakiapollis ovatus Venkat. & Kar, 1969
LaMapollis matanamadhensis Venkat. &

Kar, 1969

Genus - Verrutricolpites Pier., 1961

Vermtricolpites triangultts Sah & K3r,
1970

PI. 2, Fig. 51

Genus - Verrucolporites Sab & Kar, 1970

Type species - Verruco/porites veYYUcttS
Sah & Kar, 1970.

Verrucolporites verntCUS SCl.h& Kar, 1970

PI. 2, Fig. 54

Genus - Platoniapollenites gen. novo

Type species - Platoniapollenites iratus sp.
novo

Generic Diagnosis - Pollen grains 3-4 col
porate, colpi long, pore mostly distinct,
pore margin sometimes thickened. Colpi
bordered by relatively thin exine, pore
lalongate. Exine ± laevigate, thickened at
mesocolpate regions.

Description - Pollen grains always found
in polar view, 60-85 fL. Colpi conspicuous,
funnel shaped, reaching up to polar region;
colpi margin mostly dissolve due to its
thinness providing a cross like appearance.
Pore generally indistinct and not traceable
in polar view because colpi margin mostly
dissolve, while traceable pore ~eemS to be
lalongate, margillt sometimes apprecia bly
thickened. Exine 2-6 fL broad, sexine gene
rally thinner than nexine, nE'xine more
thickened in mesocolpial region. Exine
mostly laevigate, in some specimens weakly
intrastructured. In the present samples, the
pollen grains have been badly infected by
bacteria/viruses forming white spE-cks all
over the exine providing a pseudo-orna
mentational pattern.

Comparison - Meliapollis Sah & Kar
(1970) resembles the present genus in col
porate condition and laevigate exine; the
former is, however, distinguished by its
short colpi and uniformly thickened exine.
Tetracolporites Coup. (1953) approximates
the present genus in tetracolporate nature
but the apertures are placed in constricted
regions of the polygonal shaped pollen
grains. Quadripollenites Stov. (1966) is

circular-subcircular in shape, tetracolporate
and laevigate. This genus is distinguished
from Platoniapollenites by its thickened
margin of the colpi. Platoniapollenites pro
posed here is differentiated from all the
colporate genera by its thinner margin of
the colpi which generally dis~olve to form
a cross like appearance in the case of
4 colporate pollen grains and its thickened
exine in the mesocolporate region.

Remarhs - Tctracolporate pollen grains
in the extant angiosperms are mostly fOl:nd
in the families Cucurbitaceac, Guttiferae,
Loganiaceae, Meliaceae, Rutaceae and Vio
laceae. The pollen grains of Cyclanthera
naudiniana of Cucurbitaceae are 4 colporate
and the shape and size range resemble
Platoniapollenites; but in the former, the
sexine is thicker than nexine and is punch
tegillate. The pollen grains of Labordia 01
Loganiaceae are comparable to the present
genus in shape but are 4 porate and
apertural margin is appreciably thickened.
The pollen grains of Viola tricolor of Vio
laceae are also 4 colporate, and the size
range also approximates the present genus
but the exine is more or less uniformly thick
and the colpi are comparatively - short.
The pollen grains of Platoniapollenites, how
ever, very much resemble the extant pollen
gra,ins of Platonia insignis of Guttiferae in
size range, 4 colporate condition, thin colpi
margin and thickened mesocolpate region.
In the present specimens, the colpi margin
are mostly dissolved to form wide, funnel
shaped colpi. This al:o provides a cross
like appearance for the pollen grains.

In India, now-a-days no species of living
Platonia is found though it is very cemmon
in the tropical forest of Brazil.

Platoniapollenites iratus sp. novo
PI. 2, Figs. 57·59

Holotype - PI. 2, Fig. 57. Size 68 fL;
Slide no. 4360/26.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Pollen grains 4 colporate,
colpi long, margin thin, pores distinct or
indistinct, pore margin thickened. Exine
thickened at mesocolpate region, laevigate.

Description - Pollen grains always found
in polar view, shape originally squarish
subcircular but appears as a cross due to
dissolving of colpi margin, 61-78 fL. Colpi
very distinct, ~unnel shaped, pores while
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discernible lalongate, margin appreciably
thickened. Exine 2-5 [.I. thick, scxine gene
rally thinner than nexine, thickening at
mes~colpate regIOn well developed in some
specImens.

Platoniapollenites (Tetracolporites) kivuensis
(Sah) comb. novo

Holotype - Sah, 1967, PI. 9, Fig. 8.
Type Locality - Burundi, Rusizi valley,

Kundava, Congo. Bore hole Ru. 231, Neo
gene.

Comparison - Platoniapollenites (Tetra-
colporites) kivuensis (Sah) comb. novo IS
distinguished from P. iratus by its intact
colpi margin. Moreover, the pore margin
is also not thickened in the former species.

Genus - Calophyllumpollenites gen. novo

Type species-Calophyllumpollenites rotun
dus sp. novo

Generic Diagnosis- Pollen grains sub
circular-circular with three constriction due
to apertures. Tricolporate, colpi long, pore
margin ± thickened. Exine thick, ± laevi
gate-finely reticulate.

Descriptiun - Pollen grains mostly found
in polar view, 36-48 [.I.. Colpi conspicuous
in most specimens but in some specimens
seem to be slit-like. Pore distinct or
indistinct in polar view, margin somewhat
thickened in most specimens. Exine 2·5-5 [.I.

thick, sexine as thick as nexine or slightly
thicker, eXIne generally folded along Il1tIrgin.
Exine structure sometimes indistinct, reti
culation while discernible vf'ry fine, otherwise
it appears as laevigate.

Comparison -- Nyassapollenites Thierg.
(1937) approximates the present genus in the
presence of tricolporate condition but is
distinguished by its triangular-subtriangular
shape and intrapunctate exine. Villipites
(Wode.) Pot. (1960) is also triangular-subtri
an~ular, and has thin exine. Hippocrateace
aedites Raman. (1966) resembles the present
genus in tricolporate nature and thickening
of the pores around the margin, but is readily
separated by its triangular shape and strong
ly built reticulation. Lakiapollis Venkat.
& Kar (1969) is comparable to the present
genus in subcircular-circular shape and
tricolporate condition. The apertures in
Lakiapollis are, however, not placed at
margin in polar view. Moreover, the colpi
are very small and inconspicuous in most

specimens. Caprifoliacidites Sah (1967) is
subtriangular-circular in shape, 3 colporate
but the colpi are short and the exine is
distinctly reticulate. Calophyllumpollenites
instituted here is distingui, hed from all the
tricolporate genera by its well developed,
long colpi, thickened pore margin, thick exine
and laevigate-finely rf'ticulate structure.

Remarks - Callophyllumpollenites closely
resembles the extant pollen grains of Calo
phyllum belonging to the family Guitiferae
(Selling, 1947; PI. 6, Figs. 121-122). The
pollen grains of C. inophyllum have a size
range of 35-45 !J. whereas the fossil pollen
studied here closely correspond to the
former with a size range of 36-48 fL. Both
are 3 colporate, longicolpate with thick exine
and finely reticulate structure. In the case
of fossil pollen, however, reticulation is some
times obscure and seems to be ± laevigate.
The pollen grains of Garcinia of Guttiferae
are also comparable to Calophyltumpollenites
by circular-subcircular shape and 3 colporate
condition, the former is, however, dis
tingui,:hed by its smaller size range (29
X 26 p,). Moreover, the sexine in Garcinia
pollen grain is thinner than nexine and the
structure of the exine is indistinct. The
pollen grains of Endodesmia calophylloides
also of Guttiferae approximate the present
genus in size range (30X 26 fL) but is easily
distinguished by its brevicolpate nature.

It may be mentioned here that fossil
leaves, fruits and woods of GuttiferCl.ehave
already been reported from the various
Tertiary formations of India. Chowdhury
and Tandon (1949) described Kayeoxylon
assamicum from the Upper Miocene of
Assam. Lakhanpal and Bose (1951) record
ed fossil leaves campara ble to M esua and
Garcinia. Guttiferae is a big family with its
restricted distribution to tropical, evergreen
forests of Asia and America. The genus
Calophyllum has about 25 species and they
are mostly found in tropical Asia (Lakhanpal
& Bose, l.c.). Some of the species are
commonly found along the coast forming
groves here and t here (Selling, 1947).

Calophyllumpollenites rotundus sp. novo
PI. 2, Figs. 47-49

Holotype - PI. 2, Fig. 47. Size 38 fL;
Slide no. 4360/25.

Type Locality - Pal ana lignite field, Pal
ana, Rajasthan.
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Diagnosis - Pollen grains subcircular-cir
cular in polar view, 36-48 fL; 3 colporate,
colpi long, pore margin thickened. Exine
thick, laevigate to finely reticulate.

Description - Pollen grains with ~mooth
margin except 3 notches due to apertures.
Colpi mostly distinct, funnel shaped, some
times slit-like. Pores distinct in most speci
mens, margin uniformly thickened. Exine
2-4·5 fL thick, sexine as thick as nexine or
slightly thicker, reticllat ion while discernible
very fine.

Genus - Kielmeyerapollenites gen. novo

Type species - Kielmeyerapollenites eoceni
cus -'p. novo

Generic Diagnosis - Pollen grains mostly
in tetrahderal tetrads, 3 colporate, C( Ipi
long, pore margin thickened, tetrads 60-77 fL.

Exine thick, tegillate, retipilate.
Description -- Tetrads mostly triangul2f

subtriangular, interconnecting area of tetrads
thick, appear as triradiate ridge. Individual
pollen triangular-subtriangular in ~hape.
Apertures distinctly vi ible opposite to
ridge. Colpi funnel shaped. Port well deve
loped, ma rgin apprecia bly thickened in most
specimens. Exine 2-5 f.I. thick, sexine as
thick as nexine or slightly thicker, pilate,
pila forming reticulate pattern.

Comparison -. Ericipites Wode. (1933) is
comparable to the present genus in the
nature of the tetrads, the former is, how
ever, distinguished by laevigate-granulcse
exine and smaller size range. Ericaceoi
pollenites (Pot.) Pot. (1960) also resembles
the present genus in size range and ridge
like contact area. Kielmeyerapollenites is
differentiated from Ericaceoipollenites by its
tricolpc,rate condition. Dicotetradites Coup.
(1953) has smaller size range (48 fL) than
the present genus and is either colpate or

orate (see Potoni~ 1960). Droseradites Cook.(1947) approximates the present genus in
size range but is spinose. Ricciisporites
Lund. (1954) is a Spore genus which is found
in tetrads and has verruco~e sculptural
elements.

Remarks - Tetrad spores and pollen grains
are found in most of the geological ages.
Chaloner (1958) recorded Didymosporites
from the Lower Carboniferous while Hen
nelly t1958), Potonie and Lele (1960) re
corded Ouadrisporites frum the Gondwanas.
Lundblad (1954) recorded Ricciisporites from
the Lias of Sweden.

Among the extant angiosperms, the pdlen
grains in tetrads are foulld in Dro~eriaceae,
Epacridaceae, Ericaceae, Gmtianaceae,
Guttiferae, Hydrostachyaceae, Monimiaceae,
Orchidaceae, Saxifragaceae and TiFaceae,
etc. The tetrahedral tetrads in Dro~eriaceae
are polyaperiurate and the exine is spinose
(Chanda, 1965). Epacris microphylla of
Epacridaccae has isodynamosporous tetra
hedral te'rads and are tricolporate but the
size range of the tetrads are ~maller (38 fL)

than the present genus. Rhododendron cataw
biense of Ericaceae has also tetrads. The
size range is similar to the present genus
but the former is distinguished by its
laevigate exine. The tetrads of Helia brevi
folia belonging to the family Gentianaceae
are porate. The tetrads of Hydrostachys ver
ruculosa of Hydrostachyaceae are rhomboidal
and most probably nonaperturate. Carpo
detus serratus of Saxifragaceae has also
subtriangular tetrads but are tricolpate and
the exine is ± laevigate-granulose. The
orientation of the individual polkn grains
in the tetrads of N eotessmannia unijlora of
Tiliaceae is very different from the prEsent
genus.

The genus instituted here, however, closely
resembles the pollen grains of Kielmeyera of
Guttiferae. In both, the pollen grains are
mostly found in tetrahedral tetrads and the
size range is al~c same. Moreover, the
position of the apertures in the tetrads are
also identical and both are 3 colporate.
The thickness and nature of the ornamenta
tion are also closely re~embling each other.
Kielmeyera, however, is mostly confined
to the tropical forest of Brazil in the
present day.

Kielmeyerapollenites eocenicus sp. novo
Pi. 2, Figs. 60-61

Holotype - PI. 2, Fig. 60; Size 70 (..10;

Slide no. 4368/24.
Type Locality - Palana lignite field, Pal

ana, Rajasthan.
Diagnosis - Pollen grains mostly in

tetrahedral tetrads. 3 colporate, colpi dis
tinct, pore margin thickened. Exine thick,
retipilate.

Description -- Tetrads 65-72 fL, triangular
subtriangular, individual margin al~o trian
gular-subtriangular, ± equal in size. Contact
area distinct, appears as a ridge, exine 2-4 fL

thick, sexine as thick as nexine or slightly
thicker, tegillate, retipilate.
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Genus - Mellapollis Sah & Kar, 1970

Type species - M eliapollis ramanuJanm
Sah & Kar, 1970.

Meliapollis ramanuja11lii Sah & Kar, 1970

Remarks - Pollen grains subcircLllar-cir
cular, 52-65 X +8-61 f-l. Tetracolporate, colpi
small, funnel shaped. Pores well developed,
margin thickened. Exine 2-4 f-l thick, laevi
gate.

Subturma - Ptychopolyporines (Naum.) Pot.,
1960

Genus - Polybrevicolporites Venkat. & Kar,
1969

Type species - Polybrevicolporites cephalus
Yenkat. & Kar, 1969.

Poly!Jrevicol porites cephnlus Yenkat. &
Kar, 1969

Genus - Polycolpites Coup., 1953

Type species - Polycolpites clavatus Coup.,
1953.

Polycolpites granulatus Sah & Kar, 1970
Polycolpites jlavatus Sah & Kar, 1970

Genus - Pseudonathofagidltes Venkat. &
Kar, 1969

Type species - Pseudonathofagidites kutch
ensis Yenkat. & Kar, 1969.

Pseudonathofagidites kutchensis Yenkat. &
Kar, 1969

Turma - Poroses (Naum.) Pot., 1960
Subturma - Diporines (Naum.) Pot., 1960

Genus - Diporltes v.d. Ham., 1954

Type species - Diporites grandiporus v.d.
Ham., 1954.

Diporites sp.

PI. 2, Fig. 50

Description - Pollen grain oval, 36 X 30 f-l.

Diporate, pore di3tinct, margin not thicken
ed. Exine about 2·5 f.I. thick, finely reti
culate.

Comparison - Diporites sp. described by
Sah & Kar (1970) apploximates the present
specimen in size but is distinguished by its
laevigate exine. D. grandipoT'lts v.d. Ham.
(1954) is much larger in size than the present
specimen and the pore margin is thickened.

Subturma - Triporines (Naum) Pot., 1960

Genus - Trilatiporites Raman., 1966

Type ~pecies - Trilatiporites erdtmani
Raman., 1966.

Trilatiporites kutchensis Yenkat. & Kar,
1969

Genus - Proteacidites Cook., 1950

Type species - Proteacidites adenanthoides
Cook., 1950.

Proteacidites protr1tdtts Sah & Kar, 1970

Remarks -- Pollen grain triangular, 44 f.I.;

3 porate, pore distinct, margin not thickened.
Exine 1·5 f-l thick, sexine and nexine equally
thick, scrobiculate.

Genus - Triorites (Erdt.) Coup., 1953

Type species - Triorites magnijictts Cook.,
1950.

Triorites triangul,us Sah & Kar, 1970
Triorites hirsutus sp. novo

PI. 2, Fig. 53

1966 - Triorite~ sp. 1. Sah & Dutta, p. 83,
Pl. 2, Fig. 35.

Holotype - Pl. 2, Fig. 53; Size 46 f-l;
Slide no. 4375/4. . '

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Pollen grains triangular, 38
50 f-l, 3 orate, ora protruding. Exine pilate
baculate, forming negative reticulum on
surface view.

Description - Pollen grains gellerally tri
angular with ± straight interoral margin.
Ora conspicuous, protruding up to 20 f-l,

margin not thickened. Exine 1-1·5 f-l thick,
sexine as thick as nexine. Pilate-baculate
elements 2-4" f-l' long, closely placed, uni
formly distributed.
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Comparison - Triorites triangulus Sah &
Kar (1970) resembles the present species
in the presence of pilate-baculate elements
but is differentiated by its larger and
nonprotruding ora. T. mimttus Sah & Kar
(1970) is comparable to the present species
in size and shape but it has finely scrobi
culate structure. T. communis Sah & Dutta
(1966) is ± subtriangular in shape and has
granulose sculptural elements.

Incertae sedis

Tetracolporate Pollen Type 1

PI. 2, Figs. 55-56

Description - Pollen grains tetracolporate,
44-61 X34-42 fI-. Colpi short, slit-like, pore
distinct, margin thickened. Exine up to
2 (J. thick, sexine as thick as nexine,
reticulate at two ends in equatorial view.

Pollen Mass Type-1

PI. 2, Fig. 62

Description - Pollen mass subcircular in
outline, 86 [J-, seems to be octad, tri
colporatc, colpi long. Exine about 3 [J

thick, sexine thicker than nexine, tegillate,
retibaculate.

ALGAE

Family -- BOTRYOCOCGACEAE

Genus - BotryococcU$ Kutz., 1849

Botryococcus palanaensis sp. novo
PI. 3, Figs. 63-64

1953 - B Jtryococcus braunii Klltz.: Vimal,
pp. 375-376, Fig~. 1-6.

Holotype-Pl. 3, Fig. 63; Size 62 [J-;

Slide no. 4352/8.
l)jb:J L1cality -- Palana ligni' c field, Pal

ana, Rajasthan.
Diagno.~is -- Colonial algae, colony sub

circular in shape with slightly serrated
margin, 20-110 fL. Individnal cells 5-10 [J

long with swollen tip, tip somewhat lacerat
ed, cover"d with a ± translucent wall
providing a thimble like appearance. In-

dividual cell divides longitudinally and is
surrounded by a thick, cup shaped structure
at each end.

Comparison--Botryococcus luteus described
by Traverse (1955) from the Brandon lignite
of Vermont closely resembles the present
species in general organizatir'n. In B.luteus,
the individual cells are rod shared and not
swollen at tip like the present species.
B. braunii Kutz. reported by Cookson (1953)
also approximates the present species in
shape and nature of the colony but is
distinguished by its very well developed
cup shaped depression at each side of the
rod like thimble.

Remarks - Botryococcus is a cosmopolitan
genus found in beth fresh and saline water.
Its existence has been traced up to Ordo
vician and seems to be responsible fN good
amount of boghead coal in various countries.
In India, Botrvococcus is known from the
Tertiary sedim-ents. Rao and Misra (1949)
reported for the first time Bolryococc·us
from the Palana lignites. They described
the algae but did not include thE'm into
any species. It may, however, be mentioned
that the specimEns resemble Botryococcus
braunii described by Cookson (1953) from
the different Cainozoic deposits of Australia.
Since the present material al~o comes from
the same locality it was possible to stm'y
many specimens resembling those photo
graphed by them. It has been assumed
that the specimens described by them also
belong to the present species.

Vimal (1953) also reported Botryococcus
braunii Kutz. from Eocene lignites of Kutch,
Western India. From the photomicrographs
provided by Vimal (1953), it seems that
individual cells are mostly swollen at tips
and the surrounding cup shaped cavities
are not well pronounced. So it has been
transferred into the present species.

Mathur (1964) pointed out the occurrence
of Botryococcus along with other <,.lgalfossils
in Subathu beds of Himachal Prade~h.
The BotryococcttS described by her (l.c.) also
belongs to the present species.

Botryococcus jJalanaensis proposed here
is thus quite frequently found in the Lower
Eocene sediments of Pahna, Kutch and
Himachal Pradfch. The occurrence of
Botryococcu.s in the similar ~ediments in
Assam has not yet been reported so far.
The general as,ociation of this genus along
with the lignites in Western India perhaps
point out their role in making the ~ame.
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Genus - Tetraporina (Naum.) Naum., 1950

Type species - Tetraporina antiqua Naum.,
1950.

Tetraporina apora sp. novo
PI. 3, Fig. 65

Holotype - PI. 3, Fig. 65; Size 50 X 36 (.t;

Slide no. 4353/26.
Type Locality - Palana lignite field, Pal

ana, Raja,>than.
Diagnosis-Squarish to rectangular spores

(? aplanospores), 45-55x31-37 (.t. No pore
is observed in any specimen. Margin may
be constricted in middle, laevigate, a scar
may be observed in central region in some
speCImens.

Comparison-Tetraporina horologia (Stap.)
Play£. (1963) is distinguished from the
present species by its tetraporate nature.
Tetraporina sp. described by Segroves (1967)
is comparable to the present species by its
nonporate condition and slight constriction
at two lateral ends.

Remarks - The genus BalmeeUa instituted
by Pant & Mehra (1963) from the Bacchus
Marsh tillite (Lower Permian) of Australia
has been regarded by Segroves (1967) as the
junior synonym of Tetraporina. It has been
observed that the specimens may be with
or without pores. The pore number varies
from one to four.

The stratigraphic range of Tetraporina
is from Lower Carboniferous to Recent.
Churchill (1960) thought them to be the
aplanospores of Cyanophyceae. He reported
many Tetraporina like spores from the
subrecent peat deposits of Au<;tralia. He
also reported Tetraporina from the Lower
Tertiary glauconitic shales from the Perth
ba<;in. One of the figures (Churchill, 1960,
Fig .. 3) resembles very much the present
speCIes.

Tetraporina pachyaerma sp. novo
Pl. 3, Fig. 66

Holotype - PI. 3, Fig. 66; Size 59 x48 (.t;
Slide no. 4351/3l.

Type Locality - Palana lignite field, Pal
ana, Raja<;than.

Diagnosis - More or less rectangular, 48
65 X 42-50 (.t. Spore coat 3-5 (.t thick,
la.evigate. Margin may be undulated, ±
constricted in middle region.

ComparisM~Tetraporina apora resembles
the present species in shape and size range
but the latter is readily distinguished by its
thickness of the ?pore coat.

Genus - Psilosphaera gen. novo

Type species - Psilosphaeraplicata sp.
novo

. Generic. Diagnosis - Microplanktons sub
c~rcuiar-circular. Operculum distinct, sub
cIrcular. Wall generally one layered but
may be stratified to form ,everal layers,
laevigate. A subcircular fold present parallel
to margin.

Description - Microplanktons with entire
margin, 45-65 (.t. Operculum conforms over
all shape,_opening smooth, operculum nlay
be associatrd with minor fold. Wall 2-8 (.t

thick, generally one layered but may be
stratified up to 8 layers. 'Wall strongly
fol~ed on opposite side of operculum along
entire margin. It is alwavs situated in
between operculum and margin. Sometimes
this fold is very juxtapos.ed to margin.
In some specimen'>, some very weak plates
seem to be present but their exact nature
cannot be discernible.

Comparison- Leiosphaeridia telmatica des
cribed by Sarjeant & Strachan (1968) from
the Pleistocene peats of Staffordshire, Eng
land is comparable to the present genus
in shape, laevigatc wall and circulm opening.
The present genus is, however, distinguishrd
by its presence of regular, strong fold
system parallel to margin and generally
more than one layered wall.

PS1'losphaera plicata sp. novo
PI. 3, Figs. 67-70

Holotype-PI. 3, Fig. 67; Size 48 (.t;
Slide no. 4360/24.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

DifJrgnosis - Microplanktons subcircnlar
circular, 45-65 (.t. Operculum distinct, sub
circular-circular, opening smooth. Wall 2-8
fl thick, laevigate, mostly one layeff'd but
ma:ybe.str~tified up to 8 layers. A strongly
bUIlt subcIrcular regular fold system is
always iO}.l.ndin between operculum and
margin. This fold system seems to be
present on opposite side of operculum.
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Genus - Temporina gen. novo

Type species - Temporina globata sp. novo
Generic Diagnosis - Microplanktons sub

circular-circular, a median suture generally
present on one side, on other side four
plates observed in some specimens. Wall
1·5-6 [J. thick, laevigate-verrucose.

Description - MiclOplanktons generally
subcircular, 45-98 [J.. Median suture on
one side while decipherable, simulates a
sinnous line extending from one end to
other. In some specimens, however, it
falls short. Suture generally divides into
two at one or both ends near margin.
Sometimes, a small branching also obsen:,ed
in middle region perpendicular to medlan
one. On other side four plates observed
in some specimens. In most cases, however,
these plates are not discernible. Outer mar
gin of wall mostly smooth, a few verrucae
found in some specimens. They are gene
rally irregularly distributed but sometimes
aligned in rows parallel to margin to pro
vide a dentate appearance. vVall may be
irregularly folded and unennly thick in
some specimens forming a depressed area
in middle.

Comparison - Psilosphaera resembles the
present genus in subcircular-circular shape
but is distinguished by its presence of
operculum and a subcircular fold parallel
to margin.

Temporina globata sp. novo
PI. 3, Figs. 71-73

Holotype --- PI. 3, Fig. 71; Size 45 [J.;
Slide no. 4360(24.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis-Microplanktons generally sub
circular, 75-94 (1.. Median suture on one
side mostly discernible. It is more or less
sinuous and generally divides into two
at ends. A small branching is also observed
in middle region. On other side, wall is
divided into four plates in few specimens.
Wall up to 3·5 [J. thick, mostly laevigate,
sometimes scantily verrucosfd.

Temporina dentata sp. novo
PI. 3, Figs. 74-75

Holotype-Pl. 3, Fig. 74; Size 90 (1.;

Slide no. 4376(1.
Type Locality - Palana lignite field, Pal

ana, Rajasthan.

Diagnosis -- Subcircular-circu12r micro
planktons, 80-98 [J.. Median suture mostly
not traceable. Wall up to 6 [J. thick,
verrucose, verrucae generally align into rows
parallel to margin to furnish a dentate
appearance, a few irregularly distributed
verrucae also observed in middle. Wall
may be unevenly thickened, a depressed
area in middle may be observed In few
specimens.

Comparison - Temporina globata fairly
resembles the present species in shape and
size, the former is, however, readily sepa
rated by its prominent median suture and
a few irregularly distributed verrucae.

Genus - Cephalia gen. novo

Type species - Cephalia globata sp. novo
Generic Diagnosis - Microplanktons sub

circular-oval. Plates generally not discern
ible, while discernible it seems to have a
median suture with a branch in middle on
one side. Numerous oil globules present.
Apical appendage present in most specimens.

Description--Microplanktons vary greatly
in shape, many transitional shapes from sub
circular-oval found in present preparation.
Size range in subcircular microplanktons
50-70 (J. while in oval ones 50-80 X 40-50 [J..

Apical appendage looks like a small pro
jection at one end, in some specimens it
may be septate. Suture generally obscure,
in a few specimens a sinuous median suture
observed, sometimes another suture emerges
perpendicularly from it in more or less
middle region. Thns in these specimens,
one side is made of three plates only. Oil
globules translucent and provide pseudo
reticulate appearance. In oval specimens,
a short antapical projection also seen in
some.

Comparison -- Temporina proposed earlier
resembles the present genus in the presence
of subcircular shape and a median suture.
The former genus is, however, distinguished
by its presence of four plates on one side
and laevigate-verrucose wall. Psilosphaera
also resembles Cephalia in subcircular
circular shape but is conspicuous by its
presence of operculum.

Cephalia globata sp. novo
PI. 3, Figs. 76-77

Holotype ~ PI. 3, Fig. 76; Size 70 X64 p.;
Slide no. 4360(6.
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Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis - Microplanktons ± sub-
circular, 55-77 X 49-72 fL. Sutures generally
not traceable, while discernible it appears
to have a median suture with a branch
± in middle at one side. Numerous oil
globules present to provide pseudoreticulate
appearance. Wall up to 2·5 fL thick, intra
structured. Apical appendage conical, short,
mostly discernible.

Cephalia ovata sp. novo
Pi. 3, Figs. 78-80

H olotype - PI. 3, Fig. 78; Size 60 X 38 fL;
Slid~ no. 4377/22.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis-Microplanktons generally oval,
52-81 X 36-53 fL. Sutures not discernible in
most specimens, in some a longitudinal
suture is distinguishable. Oil globules many.
Apical appendage present, sometimes sep
tate. A small, antapical horn like projection
also observed in some specimens.

Comparison - Cephalia globata, the type
species of the genus, is distinguished from
the present species by its subcircular shape.

Genus - Octaplata ~en. novo

Tiype species - Octaplata rotunda sp. novo
Generic Diagnosis - Microplankton "ub

circular-oval. Plates mostly distinct, 8 in
number, subcircular, squarish-polygonal in
shape, wall thin or thick, laevigate.

Description - Microplanktons generally
subcircular, sometimes oblongoid and ovate,
48-82 X 44-71 (J.. Suture straight or sinuous,
distinct. In case of subcircular specimens,
one subcircular plate on each side in middle
region ob'erved. Other plates aL:o seem
to be irregularly subcircular in outline.
Among oblongoid and ovate specimens,
plates ± polygonal in shape. Wall may be
as thin as 1 fL, in some it is quite thick
and may be up to 5 fL. No opening
ob"erved in any specimen.

Comparison - Psilosphaera resembles the
present genus in shape but is readily
distinguished by its presence of distinct
operculum. Temporina is also sub circular
circular but has mostlv a median suture on
one side and four plates on the other.
Moreover, in some specimens of Temporina,
verrucae are observed more or less parallel

to margin. In Cephalia, plates are generally
not di~cernible. Octaplata instituted here
is conspicuous by its di"tinct plates which
are mostly 8 in numlwr.

Octaplata rotunda 'po novo
PI. 3, Fig. 81

Holotype - PI. 3, Fig. 81; Size 58 X 56 fL;
Slide no. 4368'21.

Type Locality - Palana lignite field, Pal
ana, Rajasthan.

Diagnosis -l\1icroplanktons oubcircular
circular, 48-77 X 46-75 fL. Plates distinct,
8 in number. Central plate on each side ±
subcircular, other plates aloo o-ubcircular,
plates 21-39 fL in size. Wall laevigate,
opening not observed.

Octaplata palanaensis 'po nGv.

PI. 3, Fig. 82

Holotype-PI. 3, Fig. 82; Size 74x62 fL;
Slide no. 4363/8.

Type Locality - Palana lignite field,
Palana, Rajasthan.

Diagnosis - Microplankt O]]s oblongnid
to ovoid, 62-82 X 50-71 fL. Plates prominent,
8 in number, plates ± polygonal in ,hape,
27-42 X 23-36 fL. Wall up to 4 fL thick,
laevigate, opening not obcerved.

Comparison - Octaplata rotunda comes
closer to O. palanaensis in the pre~ence of
same number of plates but is differentiated
by its sub circular-circular shape. Moreover,
in O. rotunda, the shape of the plates are
su bcircular whereas in the pre, ent species
it is polygonal.

Genus - Palanaea ~en. novo

Type species - Palanaea granulosa sp.
novo

Generic Diagnosis - Microplanktons rect
angular, generally tabular. Wall up to
3 fL thick, laevigate, granulose-warty. In
some specimens, a few appendages are
observed at one end.

Description - Microplanktons mostly with
equally broad apical and antapical ends;
in some specimens apical end slightly nar
rower than other one, 56-138 X 38-70 fL.

Tabulation genera lly not distinct. It seems
that apical and antapical ends composed
of single plate. Lateral ends, on one side
made of two rectangular plates, one being
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quite bigger than other. all other side,
lateral ends seem to be made of three
plates. At this view, 1-5 appendages :::ome
times observed at apical region. They
are translucent, squarish to tubular in
shape and originate below apical margin.
In one specimen, it was observed that one
of the appendages swollen at tip to form a
dark brown, subcircular cyst like body.
Grana while ob;erved uniformly distributed,
in soin~ a few warts also observed.

Comparison - Palanaea does not closely
resemble any of the genera described here.
Octaplata is subcircular-oval in shape
and is readily separated from the present
genus by its presence of eight plates.

Derivation of Name - After the name
of Palana lignite field. .

Palanaea granulosa sp. novo
PI. 3, Figs. 83-84

Holotype - PI. 4, Fig. 83; Size 118-60 fJ-;

Slide no. 4379/18.
Type Locality - Palana lignite field,

Palana, H.aja-.;than.
Diagnosis - Microplanktons rectangular,

98-138x50-70 fJ-. Tabular, tabulation on
one side seems to be formed by two plates
at lateral ends of unequal size. In some
specimen,;, one lateral plate at each end
only traceable. On other side, lateral ends
app~ar to be made of 3 plates. .\pical and
antapical end; made of one plate each. A
few apical appendage::; arising below apical
margin ob;erved in some specimens. \-Vall
up to 3 fJ- thick, uniformly granulo,e, a few
warts also interspersed with them.

Palanaea laevigata sp. novo
PI. 4, Fig. 85

Holotype- PI. 3, Fig. 85; Size 100x50 fJ-;

Slide no. 4360/12.
Type Locality - Palana lignite field,

Palana, Rajasthan.
Diagnosis - Microplanktons rectangular,

60-110 X 34-55 fJ-. Lateral ends made of
one plate on each side. Apical and antapical
regions also made of one plate each. Wall
1·5 fJ- thick, laevigate, may be irregularly
folded.

Comparison - Palanaea granulosa is
distinguished from P. laevigata by its granu
lose-warty wall. l\Ioreover, the former has
also. a bigger size range than the present
specIes.

Genus - Cryptosphaera gen. novo

ljpe species - Cryptospitacra pachyderma
~p. novo

Generic Diagnosis - Microplanktons ~ub
circular-oval, I-many chambered, operculum
seems to be present. Within each chamber,
a thick walled body present which on its
turn bears another body with thin wall and
generally with a pore. Outermo~t wall of
microplanktons thick, mostly laevigate and
intrastructured.

Description - Microplanktons conspicuous
by their lobed appearance due to chambers.
3.6-88X 32-81 fJ-. Chambers hardly of same
sIze and some of them abortive. As a
result, the specimen may be unichambered,
bi, tri, quadri or many chambered. An
operculum to each chamber seems to be
pre,ent because each chamber has a thick
outer wall and inner thin layer. In some
specimens, a piece of operculum found
detached (PI. 4, Fig. 87). It is as thick
as outermost wall and also similarly orna
mented. Outermost wall thick, laevigate
and intrapunctate, in some translucent
verrucae abo ob:::erved. In a few chambers
a subcircular-oval body seen. Its size varie~
from 36-87 fJ-, wall 3-8 fJ- thick, laevigate.
~Vithi~ it, another body develops conform
mg WIth the shape of inner body, its size
ranges 30-80 [1., wall up to 2 fJ- thick, granu
lose-verrucose, sometimes it may be intra
structured. In mature specimens, a circular
por~ observed in this body. Detached
bO~les frequently. found in pre,ent prepa
ratlon. In addItIOn to thIS pore in inner
most body, another pore abo observed in
outermost wall in some specimens.

Comparison - Cryptosphaera instituted
here is very. peculiar in its organization
and as such IS not closely comparable to
any of the ~nown microplankton genera.
Pstlosphaera lS somewhat comparable in
shape but is readily distinguished by sub
circular-circular operculum.

Cryptosphaera pachyderma sp. novo
PI. 4, Figs. 86a-86b

Holotype- PI. 4, Figs. 86a, 86b; Size
68 X 65 fJ-; Slide no. 4351/7.

Type Locality - Pal ana lignite field,
Palana, Rajasthan.

Diagnosis - l\licroplankLons ~ubcircular,
one chambered, other chambers abortive.
45-68 X41-65 [1.. Operculum seems to be
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present but not observed. Outermost wall
laevigate and intrapunctate, within it, a
thick walled (3-8 {J.), subcircular body seen.
This on its turn gives rise to granulose
verrucose body. In mature stage, this
may have a circular pore. Detached inner
bodies frequently found in present prepa
ration.

Cryptosphaera valvata sp. novo
PI. 4, Figs. 87-88

Holotype - Pi. 4, Fig. 87; Size 44x 41 {Jo;

Slide no. 4350/4.
Type Locality - Palana lignite field,

Palana, Rajasthan.
Diagnosis - Microplanktons 2-6 cham

bered, chambers of varying sizes, 41-6,4x
37-61 {Jo. Operculum found detached only
in one specimen. Outermost layer laevigate
and intrapunctate, sometimes may be verru
cose. Thick walled inner body not observed
in most specimens. Apart from pore in
innermost body, an additional pore noticed
in outermost wall.

Comparison - The present species is com
parable to Cryptosphaera pachyderma in
general organization but the latter is dis
tinguished by its presence of only one
chamber.

Genus - Cornplanktona gen. novo

Type species - Cornplanktona fracta sp.
novo

Generic Diagnosis - Microplanktons sub
circular-oval. Appendages mostly present
at both ends. Outer wall laevigate and
intrastructured, sometimes verrucose
"pinose, thick. Middle region thin, provid
ing a cavity like appearance, one surface
in middle region generally ruptures. In
some specimens, a circular, inner body
observed within cavity.

Description - Microplanktons generally
thick walled (3-16 (Jo), thickness of wall in
most specimens not uniform. Size range
41-115 X 34-107 {Jo. Appendages present at
one or both ends. In most specimens,
a horn like appendage observed at one end
(? apical) with broad base and pointed tip,
in others they may be up to 4 and look like
nipples. In opposite end, appendage may
be present or absent, it may be one and
hornlike or may be up to 4, in others it
may be ± rectangular. Appendages when

present mostly at same plane, but in
some rare cases they are not found in
same plane. Inner cavity subcrrcular
oval, distinct, at one surface it ruptu.res
irregularly, other surface generally remains
intact, this latter surface mostly laevigate,
sometimes intrastructured, in others this
may be verrucose-spinose, sculptural ele
ments ± translucent forming pseudoreti
culate appearance on surface view. Within
this cavity, in some specimens, inner body
observed, in some five plates noticed on
one surface of this inner body, in others
they are absent, inner body may be gra
nulose or intrapunctate.

Comparison-Cryptosphaera approximates
the present genus in the possession of thick
wall but is readily distinguished by its
absence of any appendages at ends. More
over, the specimens in Cryptosphaera are
mostly chambered and there is a pore in
the innermost body. Apteodinium Eisen.
(1958) has an apical appendage but its wall
is thin and devoid of prominent inner
cavity as found in the present genus.

Cornplanlltona fracta sp. novo
PI. 4, Figs. 89-90

Holotype-Pl. 4, Fig. 89; Size 81x76 {J.;

Slide no. 4377/17.
Type Locality - Pal ana. lignite field,

Palana, Rajasthan.
Diagnosis -Microplanktons subcircular

oval in shape, 74-115 X 62-107 {Jo. Appen
dages. present at one or both ends, number
varies from 1-4. Wall up to 16 {Jo thick,
laevigate and intrapunctate, a few spines
or verrucae may also be present. Inner
cavity well defined, generally ruptures at
one surface, an inner body with 5 plates
at one surface sometimes found within it.

Cornplanktona unicorna sp. novo
PI. 4, Fig. 91

Holotype - Pi. 4, Fig. 91; Size 76 X 57 {Jo;

Slide no. 4379/26.
Type Locality - Pal ana lignite field,

Palana, Rajasthan.
Diagnosis - Microplanktons subcircular

oval, 61-82x54-75 {Jo. Appendage gene
rally one at each end. At one end (? apical)
it is horn shaped whereas in other it i~
broad and ± rectangular. Inner cavity dis
tinct, generally irregularly ruptures at one
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surface, other surface sculptured with trans
lucent verrucae and spines forming negative
reticulum. Within cavIty in some specimcns
a granulose inner body with intrastructure
observed.

Comparison - Cornplanktona unicorna
closely resembles C. fracta in general organi
zation, the former species is, however,
distinguished by its presence of onc horn
like appendage at one end and rectangular
on other. In addition to it, the wall is also
verrucose-spinose forming pseudoreticulum.

Cornplanktona sp.
PI. 4, Fig. 92

Description - Microplankton oval, 56 X
39 fL. Outer wall thick, laevigate and
intrapunctate. One horn like appendage
present at each end in one plane. Cavity
distinct, ruptured at one surface.

Comparison - Cornplanktona fracta and
C. 'unicorna are differentiated from the
present specimen by their bigger size range.
Moreover, horn like appendage at each end
in the present specimen is also very char
acteristic.

d. Cornplanktona sp.
PI. 4, Fig. 93

Description - Microplankton subcircular,
82 X 80 fL with a horn like appendage at
one end. Below the appendage, a pre
cingular archaeopyle seems to be prescnt.
Outer wall up to 3 fL thick, foveo-reticulatc.
Inner cavity not observed.

Remarks - The specimen described here
is distinguished from Cornplanktona by its
absence of inner cavity though it resembles
in general shape and its horn shaped appen
dage at one end. The presence of archaeo
pyle is also very remarkable and hence the
present specimen has only been compared
to Cornplanktona.

Microplankton Type-1
PI. 4, Fig. 94

Description - Microplanktons oval, 61-76
X 50-64 (1<. Outer wall laevigate, an inner
cavity in middle region present, this may
or may not conform general shape, in some
specimens, a sub circular opening noticed
at one surface of inner cavity.

Microplankton Type-2
PI. 4, Fig. 9S

Description -' Microplankton oval, 58 X
48 fL. A precingular archaeopyle present.
Plates not clearly discernible. Outer wall
wrinkled, laevigate.

FUNGI

Genus - Inapertisporites (Ham.) Els., 1968

Type species - I napertisporites variabilis
van der Ham., 1954.

I napertisporites kedvesii Els., 1968
PI. 4, Fig. 96

Holotype - Elsik, 1968, PI. 5, Fig. 8.
Description - Fungal spores, 55-77 X 49

72 fL, inaperturate. Wall less than 1 fL

thick, irregularly folded.

Inapertisporites globatus sp. novo
PI. 4, Fig. 97

Holotype-PI. 4, Fig. 97; Size 49jX45 fL;
Slide no. 4377/16.

Type Locality - Palana lignite field,
Palana, Rajasthan.

Diagnosis - Spores subcircular, inapertu
rate, 34-50X 32-47 fL. Wall 3-6 fL thick,
not folded.

Comparison - Inapertisporites kedvesii
Els. (1968) resembles the present species
in sub circular shape but is distinguished
by its thin wall and irregular folds.

Inapertisporites sp.
PI. 4, Fig. 98

Description - Fungal spores subcircular,
60-90 fL, inaperturate. Wall up to 1-2 fL
thick, not much folded.

Comparison - Inapertisporites kedvesii
Els. (1968) has thin wall with many folds.

Genus - Dicellaesporites Els., 1968

Type species - Dicellaesporites popovii
Els., 1968.

Dicellaesporites constrictus sp. nov.
PI. 4, Fig. 99

Holotype- PI. 4, Fig. 99; Size 104X641J.;
Slide no. 4352/14.
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Type Locality - Palana lignite field,
Palana, Raj asthan.

Diagnosis - Two celled, psilate, inaper
turate fungal spores, 89-120x40-101 fL,

constricted in middle, uniseptate. Indi
vidual cell subcircular-oval.

Comparison - Dicellaesporites popovii
£ls. (1968) is much smaller in size range
than the pre;ent species. Moreover, in
the present species, constriction in the
septate region is also much pronounced.

Genus - Callimothallus Dil., 1965

Type species - Callimothalhts pertusus
Dil., 1965.

Callimothallus assamicus Kar, Singh & Sah,
1972

Holotype - Kar, Singh & Sah, 1972,
PI. 2, Fig. 19.

Description - Ascomata subcircular with
or without undulated margin, one celled
thick, nonosteolate. Cells in middle region
± squarish, outer cells rectangular, thicker,
p3eudoparenchymatol1s, cells uniporate in
middle region.

DISCUSSION

General Considerations - The samples
from Palana lignite field, Rajasthan, yielded
a rich palynological assemblage comprising
algal filaments, microplanktons, fungal spores
and microthyriaceous fruiting bodies; pteri
dophytic spores and angiospermic pollen
grains. Not a single gymnospermous pollen
was recovered from the present material.
The assemblage consists of 8 genera and
11 species of pteridophytic spores, 24 genera
and 36 species of angiospermic pollen, 9
genera and 16 species of algal and 3 genera
and 4 species of fungal remains.

PTERIDOPHYTA

Pteridophytic spores are very common
in the pre'ient material. Generally speaking
they are found in abundance in shales than
in lignites. 8 genera and 11 species re
presenting the following 5 families have
been recognized: O~ml1ndaceae, l\Iatoniaceae,
Polypodiaceae, Schizaeaceae and Cheilan
thaceae.

Osmundaceae - 2 genera, viz., Todisporites
and Osmundacidites, belong to this family.
The family is rather meagrely represented

in the assemblage. The family is found
both in tropical and temperate climate.

M atoniaceae - This family is al~0 rarely
found in the present material. The spores
assigned to Dictyophyllidites most probably
belong to this family.

Polypodiaceae - The typical bean shaped,
monolete, verrucose spores of Polypodiaceae
is not commonly found in the assemblage.
The spores of Laevigatosporites represented
here by L. lakiensis and L. cognat1tS have
also been assigned to this family.

Schizaeaceae - The family is very well
represented. The monolete, striate, oval
spores resembling the extant genus Schizaea
ha ve been referred as Schizaeoisporites.
The trilete, subtriangular, laevigate spores
resembling Lygodium are very commonly
met with.

Cheilanthaceae - This family is also quite
abundant like Schizaeaceae. The spores
of this family have distinct perine and the
haptotypic mark is also variable. Three
species, viz., Cheilanthoidspora enigmata, C.
monoleta and C. reticulata belong to this
family. In India, cheilanthoid ferns are
found in dry places where the humidity is
relatively low.

ANGIOSPERMAE

The angiospermic pollen together with
the pteridophytic ~purus constitute more
than 90% of the assemblage. The former
has been referred to 24 genera comprising
36 species. Both the monocotyledonous
and dicotyledonous plo.nts are well repre
sented in the a"isemblage.

MONOCOTYLEDONEAE

The monocotyledonous plants are repre
sented by 3 families, viz., Potamogetonaceae,
Palmae and Liliaceae. 4 dispersed genera
have been included in them.

Potamogetonaceae - This acquatic family
of annual or perennial herbs is meagrely
represented in the present assemblage. Reti
pilonapites arcotense and Retipilollapites sp.
belong to this family.

Palmae - This family is quite abundant.
Palmaepollenites and Couperipollis both be
long to this family. This family is one of
the earliest known families from the Uppel
Mesozoic and is confined to tropical to
subtropical region. They are either shrub,
or trees and rarely climbers.
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Liliaceae - This family is repre~ented
by the genus Liliacidites. The pollen grains
of Liliaceae can be conveniently identified
by its oval shape, monosulcate nature and
pre3ence of bigger meshes in middle region.
In some samples this genus is quite common.
This family comprises mostly herbaceous
plants and are distributed in tropical as
well as in temperate climate.

DICOTYLEDON AE

Nymphaeaceae - This family compri~es
the acquatic perennial herbs and is found
both in temperate and tropical climate.
In some samples this family is well repre
sented by Nymphaeoipollis marginatus, N.
jlavatus and Nymphaeoipollis sp. The pollen
grains belonging to this family have sub
circular-circular shape, zonisu1cate condition
and scrobiculate structure.

Leguminosae - This is a very big family
consisting of three suborder~, viz., Papiliona
ceae, Cae'3alpiniaceae and Mimo:aceae. The
former is the largest of the three and cosmo
politan in its distribution. Cae~alpinjaceae
and Mimo: aceae, on the other hand, do not
extend beyond the tropical and warm
temperate zones. The pollen grains of
Margocolporites in all probability repreoent
Caesalpiniaceae (see Ramanujam, 1966). The
pollen grains of M argocolporites are fre
quently met with and are repre:ented by
three species, viz., Margocolporites sitholeyi,
M. sahnii and M. complexum. Besides
some tricolpate pollen grains described
under the genus Tricolpites may also belong
to Caesalpiniaceae.

Cruciferae - The presence of pollen grains
belonging to Cruciferae is rather dou btfu!'
Only one species, i.e. Tricolpites levis, may
be attributed to this family. Cruciferae,
it may be mentioned here, is a large and
widely distributed family and mostly abun
dant in temperate and cooler regions though
some species may be found in tropical belt
only.

Rubiaceae - The presence of Rubiaceae
in the present assemblage cannot be pro
perly ascertained. However, Cupulljeroi
pollenites sp. described here may be referred
to this family. This family is mostly
confined to tropical-subtropical belts.

Anacardiaceae - This family consists
either of trees or shrubs and is chiefly tro
pical. Rhoipites pilatus most probably be
longs to this family.

Hippocrateaceae - The pollen grains of
this family is perhaps reprecntcd by
H ippocrateaceaedites constrictus.

Guttiferae - This family is very well
repreoented in the asoemblage. Platonia
pollenites, Calophyllumpollenites and K iel
meyerapollenites closely reotmble the ext ant
pollen grains of Platonia, Calophyllum and
Kielmeyera respectively. Guttiferae, it may
be recalled here, was one of the mo,t dcmi
nant forest flora during Tertiary in India.
Most of the genera belonging to Gutiiferae
are found in the evergreen and oemiever
green forests of the tropical zone or in areas
with relatively mild monsoon climate.

Meliaceae - The tetracolporate, laevigate
pollen grains resembling the extant pollen
of Melia are quite commonly met with
in the preoent assemblage and have been
placed in the dispen'ed genus M eliapollis.
This family consists mostly of trees and
shrubs and is quite widespread in tropical
belt.

Proteaceae - The family is repre~ented
by pollen grains referred to as Proteacidites
protrudus and Proteacidites sp. This family
seems to be widely distributed during
Tertiary.

Onagraceae - This family in the pre~cnt
assemblage is mostly represented by tri
angular shaped pollen grains with 3 pro
truded ora. Trioritcs triangulus and T.
hirsutus have been attributed to this family.
The plants belonging to Onagraceae are
chiefly subtemperate though some acqu.atic
forms are also found in tropical belt.

Most of the algal and fungal elements
cannot be traced up to family level and
so their a~liations except in one or two
caoes remam open.

Comparison with the known Lower Tertiary
assemblages from India

The pre:ent palynological asoemblage from
Palana closely rCocmbles that of Kakdi
Formation of Kutch, Gujarat, investigated
by Mathur (1963, 1966), Sah and Kar
(1969, 1970) and Venkatachala and Kar
(1969). The Kakdi palynological assemblage
so far known consists of total 64 genera
and 98 species. Out of these 21 genera
and 30 species belong to pteridophytes,
4 genera and 4 species to gymnosperms and
39 genera and 64 species to angim'perms.
The Palana palynological assemblage is,
however, not so diversified as it consists of
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44 genera and 67 species. Of them, 9
genera and 16 species belong to algal and
3 genera and 4 species to fungal remains.
Most of the spores-pollen genera found
in Palana are also found in Kakdi Formation.
Thus of the 8 pteridophytic genera, 7 are
common to both the assemblages. They
are: Todisporites, DictyoPhyllidites, Osmun
dacidites, Dandotiaspora, Laevigatosporites,
Schizaeoisporites and Seniasporites. Among
the angiospermic genera, 20 are common
to both: Palmaepollenites, Liliacidites, Cu
pulijeroipollenites, Rhoipites, Hippocrateace
aedites, M argocolporites, Lakiapollis, Verru
tricolpites, V errucolporites, M eliapollis, Poly
brevicolporices, Polycolpiees, Pseudonathojagi
dites, Diporites, Trilatiporites, Proteacidites
and Triorites.

From the above mentioned data, it is
evident that both Pal ana and Kakdi assem
blages are homotaxial, though the latter
assemblage is more diversified than the
former. It may be stated here that the
palynological assemblage of Kakdi For
mation has been investigated intensively
through a number of borehole cores from
different localities whereas in Pal ana it could
not be studied so thoroughly due to limited
area of exposure.

The palynological assemblage of Cherra
Formation worked out by Sah and Dutta
(1966, 1968), Dutta and Sah (1970) consists
of 49 genera and 103 species. Of them,
18 genera and 34 species belong to pterido
phytes, 2 genera and 2 species to gymno
sperms and 29 genera and 67 speCles to
angiosperms. Among the pteridophytes, 5
genera are common to both Palana and
Cherra Formation. They are: DictyoPhylli
dites, Dandotiaspora, Laevigatosporites, Senia
sporites and Schizaeoisporites. Of the
angiosperms, the following 10 genera are
common to both: Retipilonapites, Palmae
pollenites, Couperipollis, Liliacidites, Nym
phaeoipoUis, Tricolpites, Polycolpites, Dipori
tes, Proteacidites and Triorites.

The palynological assemblage of Cherra
Formation, though broadly corresponds to
that of Palana, is different in some respects.
Lycopodiaceous spores represented by Lyco
podiacidites and Lycopodiumsporites are very
common in Cherra but have not been recorded
from Palana. Moreover, the overwhelming
abundance of Retialetes and Schizosporis
(50%) which is the main feature of Cherra
assemblage is conspicuous by their absence
in Palana. Besides, Cheilanthoidspora which

is quite common in Palana is absent in
Cherra. Perhaps, ecological factors and
endemic vegetation were responsible for
this dissimilarity in the assemblage.

Palynological assemblage described from
Subathu sediments by SaJujha et al. (1969)
comprises a total of 28 genera and 45 species.
Of them, 10 genera belong to pteridophytes,
1 to gymnosperms, 12 to angiosperms and
5 to micropla,nktons. Palynological fossils
described by them are rather ill preserved
and so a close comparison is not possible.
However, among the pteridophytes the
following genera seem to be common to
both: Todisporites (Scabratriletes sp. D,
pI. 3, fig. 13), Dandotiaspora (Psilatriletes
lobatus Salujha et al., pI. 3, figs. 7-8), Osmun
dacidites (Scabratriletes sp. A, pI. 3, figs.
10, 16) and Seniasporites (Retimonoletes sp.
A, pI. 3, fig. 1). The angiospermic pollen
grains are poorly represented in Subathu
sediments in comparison to Palana and
only 3 genera seem to be present in both
the assemblages, viz., Palmaepollenites (Rete
monocolpites sp., pI. 3, fig. 38), Diporites
(Brandiporites sp., pI. 3, fig. 39; Psilodi
pordes ovatus Salujha et al., pI. 4, fig. 41),
Tricolpites (Scabratricolpites sp., pI. 4, fig. 43).

The miospore assemblage from 'Iura
Formation worked out by A. K. Ghosh
(1940), Sen (1948), Biswas (1962), T. K.
Ghosh (1969) and others appeal' to come
closer to that of the Cherra Formation than
that of Palana because of the presence of
forms like Lycopodiumsporites (Stenozono
triletes hangmanni Biswas: Ghosh, 1969,
pI. 1, fig. 1, Reticulatisporites sp. Ghosh,
1969, pI. 1, fig. 2), Retialetes (Microreticulati
pites intecta Baksi: Ghosh, 1969, pI. 1,
fig. 3) and F avitricolporites (Tricolporip£tes
tiliaceaejormis Biswas: Ghosh, 1969, pI. 1,
fig. 25). Some of the genera are, however,
common in both Palana and Tura Formation,
viz., Dandotiaspora (Leiotriletes vimali Ghosh,
1969, pI. 2, fig. 48), Seniasporites (Laevi
gatosporites sp. Ghosh, 1969, pI. 2, fig. 32),
Palmaepollenites (Palmaepites Biswas:
Ghosh, pI. 1, fig. 3), CouperipoUis (Colo
casioideaepites sp. Ghosh, 1969, pI. 1, fig. 28),
M argocolporites (Paleocaesalpiniaceaepites
eocenica Biswas: Ghosh, 1969, pI. 2, fig. 33)
and Tricolpites.

ECOLOGICAL INTERPRETATION

The Palana palynological assemblage
comprising algal and fungal elements, spores
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and pollen grain reveal that this assemblage
is a mixed one: there being the tropical,
subtropical, temperate and acquatic ele
ments. The general compo~ition of the
mioftora also indicates that most of the
microfossils might have been terrestrial.
A perusal of the different families present
in the assemblage shows that out of the
22 families, 10 are confined to the present
day tropical-subtropical regions while 12
are cosmopolitan in distribution. Not a
single family recorded here has a strictly
temperate distribution (Table 1).

Palynological evidence provided by the
spores-pollen families suggests a tropical
climate during the deposition of Palana
beds. The abundance of pollen grains
belonging to Guttiferae and Meliaceae fur
ther indicates an evergreen, moist forest
not far from the place of deposition. The
presence of pteridophytic spores in good
number suggests a moist, humid climate.

The place of deposition of the Palana
lignite beds was coastal, probably deltaic.
This is evidenced by the presence of brackish
water elements like microplanktons which
have been described here. That the shore
line was not very far is also borne by the

TABLE 1 - SHOWING THE CLIMATIC
DISTRIBUTION OF DIFFERENT FAMILIES

PRESENT IN PALANA ASSEMBLAGE

TROPICAL-SUBTROPICAL COSMOPOLITAN
(TROPICAL-TEMPERATE)l.

l\Iicroth~riaceae 1.Botryococcus
(acquatic)2.

:\Iatoniaceae 2Cyanophyceae
(acquatic)3.

Cheilan lhaceae 3.Dinoflagellates

4.

(mostly marine)

4.
Palmae Osmundaceae

5.
Leguminosae 5.PoJypodiaceae

(Caesatpiniaceae) 6.
Rubiaceac 6.Schizaeaceae

7.
Anacardiaceae 7.Potamogetonaceae

(acquatic)8.
Guttiferae 8.Liliaceae

9.
l\Ieliaceae 9.Nymphaeaceae

10.
Proteaceae 10.Cruciferae

11.
Hi ppocrateaceae

12.
Onagraceae

presence of pollen grain of fresh-water
plants like Potamogetonaceae and Nym
phaeaceae. It is also possible that areas
fringing the shore line were swamps where
fern and fern-allies found a natural habitat.
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EXPLANATION OF PLATES

(All photomicrographs are enlarged ca. X 500)

PLATF: 1

1. Todisporiles flavatus Sah & Kar. Slide no.
4350/5.

2. Dictyophyllidiles sp. Slide no. 4351/29.
3. Osmundacidiles sp. Slide no. 4352/31.
4-5. 5chizaeoisporiles palanaensis sp. novo Slide

nos. 4353/22, 4363/2.
6. 5chizaeoisporites sp. Slide no. 4353/3.
7-10. Clieilanlhoidspora enigmata gen. et sp. novo

Slide nos. 4354/4, 4354/11, 4355/1, 4356/10.
11-14. Cheilanthoidspora nlOnolela sp. novo Slide

nos. 4357/11, 4358/2, 4358/7, 4358/4.
15-16. Cheilanthoidspora reliwlala sp. novo Slide

nos. 4354/11, 4359/11.
17. Dandoliaspora plicala (Sah & Kar) Sah,

Kar & Singh. Slide no. 4350/1.
18. Retipilonapiles arcolense Ramanujam. Slide

no. 4360/1.
19. Retipilonapites sp. Slide no. 4357/2.
20. Palmaepollenites sp. Slide no. 4361/3.
21-22. Liliacidites reticula Ius sp. no\·. Slide

nos. 4361/5, 4354/6.
23. Liliacidiles ellipticus Venkatachala & Kar.

Slide no. 4362/11.
24-25. Liliacidites sp. Slide nos. 4363/3, 4371/7.
26-27. Couperipollis rarispinosus (Sah & Dutta)

Venkatachala & Kar. Slide nos. 4354/3, 4357/8.
28. Couperipollis brevispinosus (Bis.) Venkata

chala & Kar. Slide no. 4355/5.
29. Couperipollis sp. Slide no. 4355/7.
30. Couperipollis kutchensis Venkatachala &

Kar. Slide no. 4355/3.

PLATE 2

31. Nymphaeoipollis marginatus Venkatachala &
Kar. Slide no. 4354/11.

32. Nymphaeoipollis sp. Slide no. 4364/2.
33. Nymphaeoipollis flavat·us Venkatachala &

Kar. Slide no. 4365/4.
34. Tricolpites reticulatus Cookson. Slide no.

4353/25.
35. Tricolpites pachyexinus Couper. Slide no.

4365/1.

36. Tricolpiles d. T. reticulatus Cookson. Slide
no. 4352/2.

37. Tricolpiles malauraensis Couper. Slide no.
4359/11.

38. ClIpuliferoipollenites sp. Slide no. 4366/12.
39-40. Tricolpiles paucireticulalus sp. novo Slide

nos. 4361/2, 4354/9.
41. Tricolpiles levis Sah & Dutta. Slirle no.

4364/4.
42. Tricolpites sp. Slide no. 4367/10.
43-44. Rlioipiles pilalus sp. novo Slide nos.

4360/19, 4360/21.
45-46. Hippocrateaceaediles canslriclus sp. novo

Slide nos. 4368/7, 4354/9.
47-49. Calophyllumpollenites rolundus gen. et sp.

novo Slide nos. 4360/25, 4355/2, 4369/29.
50. Diporites sp. Slide no. 4370/8.
51. Verrulricolpiles triangulus Sah & Kar. Slide

no. 4366/11.
52. Caprifoliipites subglobosus sp. novo Slide no.

4359/10.
53. Trioriles hirsulus sp. novo Slide no. 4375/4.
54. Verrucalporiles verrucus Sah & Kar. Slide

no. 4371/5.
55-56. Tetracolporate pollen type-I. Slide nos.

4372/1, 4362/1.
57-59. Platoniapolleniles iralus gen. ct sp. novo

Slide nos. 4360/26, 4374/43, 4368/16.
60-61. J{ielmeyerapollenites eocenicus gen. e t sp.

novo Slide nos. 4368/24, 4360/34.
62. Pollen mass type-I. Slide no. 4353/24.

PLATE 3

63-64. Botryococcus palanaensis sp. novo Slide
nos. 4352/8, 4371/6.

65. Telraporina apora sp. novo Slide no. 4353/26.
66. Telraporina pachyderma sp. novo Slide' no.

4351/31.
67-70. Psilosphaera plicata gen. et sp. novo

Slide nos. 4360/17, 4360/17, 3474/36,4368/19.
71-73. Temporina globala gen. et sp. novo Slide

nos. 4360/24, 4368/6, 4374/44.
74-75. Temporina denlala sp. novo Slide nos.

4376/1, 4374/40.
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76-77. Cephalia globala gen. et sp. nov: Slide
nos. 4360/6, 4375/2.

78-80. Cephalia ovala sp. novo Slide nos. 4377 /22,
4378/5, 4370/17.

81. Oclaplala rOlunda gen. et sp. novo Slide no.
4368/21.

82. Oclaplata palanaensis sp. novo Slide no.
4363/8.

PLATE 4

83-84. Palanaea grandulosa gen. et sp. novo Slide
nos. 4379/18, 4379/8.

85. Palanaea laevigala sp. novo Slide no. 4360/12.
86a-86b. Cryptosphaera pachydenna gen. et sp.

novo Slide no. 4351/7.

87-88. Cryptosphaera valvala sp. novo Slide nos.
4350/4, 4350/2.

89-90. Complanktona jracla gen. et sp. novo
Slide nos. 4377/17, 4363/7.

91. Cornplanktonu unicorn a sp. novo Slide no.
4379/26.

92. Cornplanktona sp. Slide no. 4352/17.
93. d. Cornplanlliona sp. Slide no. 4379/25.
94. Microplankton type-1. Slide no. 4350/16.
95. Microplankton type-2. Slide no. 4366/3.
96. Inapertisporites kedvesii Elsik. Slide no.

4377/4.
97. Inaperlisporites global us sp. no\·. Slide no.

4377/16.
98. Inapertisporites sp. Slide no. 4366/13.
99. Dicellaespo1'ites constrict us sp. novo Slide

no. 4352/14.
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FOSSIL ALGA FROM THE MIOCENE OF CUTCH, INDIA

AJIT KUMAR PAL* & RATHINDRA NATH GHOSH

Department of Botany, Calcutta University

ABSTRACT

Coralline algae from the Khari Series of Cutch
are recorded. Five species (two of them new)
belong1l1g to four genera (one new) are described.
These are Lithophyllum aft. 1.. kladosmn Johnson,
Mesophyllum commune Lemoine, Aethesolitholl
problematicum Johnson, A. Clttchensis sp. novo and
Archaeoporoli.thon miocenicum gen. et sp. novo
The algal eVIdence suggests a Lower Miocene age
for the formation containing them.

INTRODUCTION

150 ft. It is brown in colour with in
persistent iron-stained bands. The rock is
composed of fossil fragments of various
sizes (mostly foraminifera, algal bodies and
worm tubes), the cementing material being
calcareous mud. Under the microscope the
fragments constitute up to 60o~ of the rock.
Besides, there are also angular grains of
quartz (medium to fine sand-sized, poorly
~orted and rounded). The ferruginous stain
mg may be the result of strong oxidation
under subaerial condition.

SYSTEMATIC DESCRIPTION

Phylum - RHODOPHYCOPHYTA
Order - CRYPTONEMIALES
Family - CORALLINACEAE
Subfamily - MELOBESIOIDEAE

Genus - Lithophyllum Philippi 1837

STRATIGRAPHY, LITHOLOGY AND
SAMPLING LOCALITIES

Lithophyllum aft. L. kladosum Johnson, 1954
PI. 1, Figs. 1,2

L. llladosum Johnson, 1954, U.S.G.S. Prof.
Paper 260-M, p. 539, Pl. 192, Figs. 1-8,
403-G, p. 21. L. d. kladosum Johnson,
Johnson, 1964, U.S.G.S. Prof. Paper 403-G,
p. 21.

Description - Fragments of long slender
branches showing well developed medullary
hypothallus and marginal perithallus. Hy
pothallus formed of arched layers of cells,
length 16-40 fL, width 12-20 u.. Perithallic
cells nearly square or recta~gular, length
16-20 fL, width 10-16 fL. Conceptacles of
moderate size, diameter 280-320 fL, height
136-160 fL. Conceptacles show single aper
ture.

Remarks - The present materials closely
resemble L. kladosum described by Johnson
from the Lower Miocene of Bikini (Johnson,
1?54) :'lnd Guam (Johnson, 1964). The
dImensIOns of the cells and of the sporangia
are well within the range observed in
L. kladosum. However, the latter has, in
general, . somewhat longer hypothallic cells
and a bIt larger sporangia.

Figured Slide - C/05.

*Present address: Geological Survey of India, Palaeontology Division, Lucknow.
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INcourse of micropaleontological investigation of the Tertiary rocks of Cutch a
rich algal flora was discovered. Cut~h

area may be regarded as the type area
for the marine Tertiary rocks of India
as this is the only area where a complete
sequence from Paleocene to Pliocene is
found (Biswas, 1965, 1970). Systematic
study of the fossil algae in these rocks
will be of value in the stratigraphic and
paleoecological interpretation of these forma
tions.

In the present paper, the coralline algae
ar~ reported from the Khari series (L.
!'1IOcene)exposed near Waior (23°25' :68°41')
111 south-western Cutch.

, Lo~er T~rtiar~ rocks are exposed along
na.la sections 111 and around the village

WaIOr and Cheropodi. The formation serv
ing as the host of the algal forms, constitute
a distinct lithological unit. This is named
as ' Ochreous marls'. It is underlain by a
compact white limestone containing for
ami~ifers .like Spiroclypeus ranjanae and
Lepzdocychna (N ephrolepidina) sp. and is
overlain by a ' yellowish brown marl' con
taining distinct Lower Miocene foraminifera
like M iogypsina dehartii, A ustrotrillina how

chini .associated with N ephrolepidina sp.ThIS Ochreous marl is variable in thick
ness, the maximum thickness being nearly
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Genus - Mesophyllum Lemoine, 1928

M esophyllum commune Lemoine, 1939
PI. 1, Figs. 3-4; PI. 2, Fig. 5

M. commune Lemoine 1939, Mat. Carte
geol. de l'Algerie, ser. 1, Paleont., no. 9,
p. 86, Figs. 55-57.

M. commune Lemoine Johnson, 1964,
U.S.G.S. Prof. Paper 403-G, p. 14-15, PI. 2,
Fig. 7.

Description - Thallus develops short,
thick branches probably from basal crust.
Branches composed of medullary hypothallus
and marginal perithallial tissue showing pro
nounced growth zones, each zone formed of
6-8 layers of rectangular cells. The hypo
thallial cells are 16-24 [1. long and 12 [1.

wide. The perithallial cells are squarish
to rectangular, 12-16 [1. X 10-12 [1.. Concep
tacles numerous, 136-140-160 [1. in height
and 320-360-800 [1. in diameter.

Remarks - The material from Cutch
exactly fits the description of Lemoine
(1939) for the type from the Miocene of
Algeria. The sporangial diameters in the
present material are sometimes larger than
the type. The material described by John
son (1964) from the Maemong Limestone
Member (L. Miocene) of the Umatac Forma
tion of Guam closely resembles the present
material.

Figured Slide - CFj03, CFj05.

Genus - Aethesolithon Johnson, 1964

A ethesolithon problematicum Johnson, 1964
PI. 2, Figs. 2-3

A. problematicum Johnson, 1964, U.S.G.S.
Prof. Paper 403-G, p. 27-28, PI. 1, Figs. 1-3.

Description - Plant starts as irregular
crust with warty protuberances or small
mammillae and develops branches. Branches
are 5 em or more in length and show
well-developed medullary hypothallus and
marginal perithallus. Thickness of medul
lary hypothallus 1200-1500 !J.; strongly
arched layers arranged in definite growth
zones which in some specimens appear as
vertically elongated hexagons; cells alternate
in position in successive rows so that one
cell fits between the points of those above
and below. Usually the lowest layer in a
zone contains largest cells, uppermost the
smallest. In a given layer, cells also decrease
in size from centre to margins. Cells are

usually 40-56 X 20-40 [1..

Marginal perithalus of branches formed of
very irregular layers, commonly 2 or 3
layers to a growth zone. Cells rounded to
polygonal. Cells are 16-20 X 8-20 p..

Conceptacles develop in outer layers of
crusts and in perithallic tissue of branches,
small and highly arched. Number of opening
not very clear but arching suggests a single
opening. Conceptacles are 160-200 [1. in
length and 96-112 [1. in diameter.

Remarks - The present specimen shows
essential similarity with A. problematicum
Johnson from the Bonya Limestone (L.
Miocene) of Guam. The tissue of the hypo·
thallium and peri thallium are essentially
similar and the dimensions are within the
range observed in A. problematicum. How
ever, the hypothallic cells are, in general,
short in the present materia!. A. grandis
Johnson resembles the present material in
general appearance and growth habit; it
differs by having larger cells, longer and
thicker branches, and larger conccptacles.
A. guatemalaensum Johnson differs from the
present material in having larger hypothallic
cells and smaller sporangial conceptacles.

Figttred Slide - CFj03.

A ethesolithon cutchensis sp. nov.
PI. 2, Fig. 8; PI. 3, Fig. 9

Diagnosis - Branches develop from a
basal crust. Tissue irregular with lenses of
cells. Branches with medullary hypothallus
of large polygonal cells 16-40 [1. X 16-24 (L,

cells largest at the bottom of each layer and
progressively smaller upwards and laterally.
Marginal peri thallus of nearly rectangular
cells, 16-32 X 12-24 [1., with lenses of
larger polygonal cells 24-32 X 16-24 [1..

Conceptacles arched, probably with a single
aperture, height 160 (L and diameter 640 [1..

Description - Plant starts as irregular
crust and then develops branches. Branches
attain 3-4 mm in length with diameter of
about 1200 [1.. Thickness of medullary
hypothallus 800-1000 iJ.. Strongly arched
layers arranged in definite growth zones
which appear like thick lenses, each zone
with 3-5 layers of large polygonal cells
which appear as vertically elongated hexa
gons. The lowest layer in a zone shows
largest cells, and the uppermost the smallest.
Thus the variation in size of cells in a zone
from bottom upwards is as follows:

40x32 [1., 32x24 [1., 24x16 po
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Marginal perithallus of branches formed
of very irregular layers, commonly 2 or 3
layers to a growth zone. Cells rectangular,
16-32x 8-20 fJ.. Cells in lenses larger and
polygonal, 24-32 X 16-24 fJ.. Conceptacles
arched, 160 fJ. in height and 640 fJ. in
diameter. Conceptacles probably open with
a single aperture.

Remarks _. This species closely resembles
the genotype, A. problematicum Johnson,
but differs from it in having smaller cells
in the hypothallial tissue. Also, the con
ceptacles in the present species have larger
diameter.

Figured Slides - C/03, C/04.

Genus - Archaeoporolithon gen. novo

Genotype - A rchaeoporolithon miocenicum
sp. novo

Generic Description - Plants crustose,
mammillate, sometimes branching upward;
basal hypothallus of curved rows of cells,
perithallus of horizontal rows of cell; mega
cells occur in the perithallic tissue, in lenses
up to 8 cells high, often extending as layers
parallel to the substrate; conceptacle with a
single aperture.

Comparison - The nature of the tissue
and the conceptacles with single aperture
place the alga under the tribe Lithophylleae.
It differs from Lithophyllum primarily in the
possession of thick lenticular groups of
mega cells in the perithallial tissues, a
unique character that envisages the creation
of new genus, Archaeoporolithon. Of the
closely allied genera, the horizontal grouping
of megacells distinguish Archaeoporolithon
from Goniolithon in which they occur singly
or in short vertical columns. In Paraporo
lithon the megacells occur in both horizontal
and vertical clusters (Johnson, 1957, p. 233).
The only other genus having horizontal
grouping of mega cells is Porolithon, known
from Pleistocene to Recent, but the latter
differs in the fact that the lenticular groups
of megacells are only one cell high. Further,
the multi-cell high lenses often extend with
diminutive height as layers parallel to the
substrate. Regarding phylogenetic relation
ship, Johnson (in Johnson & Adey, 1965,
p. 12) noted that "Porolithon and Gonio
lithon appear to have developed from Litho
phyllum during the Miocene". From the
present study it appears that Archaeoporo-

lithon evolved from Lithophyllum in Lc.wcr
Miocene time and possibly it is anc(;s1ralto
Goniolithon, Paraporolithon and Porolithon.
The lineage may be repre, ented as:

rGonio

J lithon

Lithophy--+Archaeopo- {--+I Poro

llum rolithon Llithon--+ Para-
porolithon

Archaeoporolithon miocenicum gen. et
sp. novo

PI. 3 Figs. 10-11

Diagnosis - Plants crustose, branching
upwards; basal hypothallus of curved rows
of cells, perithallus of horizont al threads;
megacells in the perithallic tisfue, 3-5 cells
high; megacells occur in lenses, often extend
ing as layers parallel to the substrate;
conceptacle with a single aperture.

Description - Plants crustose, often bran
ching upwards. Crusts show basal hypo
thallus of curved rows of cells, 12-29
X 12-18 fJ.. Hypothallus is sometimes thin,
the cells appearing as irregularly arranged.
The perithallus with heterocytes. The peri
thallial cells are 16-32X 18-24 fJ.. The
megacells occur in lenses up to 5 cells high.
These sometimes occur as layers parallel
to the perithallial cell threads. Often the
lenses extend with decreased height on
either side parallel to the substrate.

Conceptacles are ~mall with a single
opening, usually 80-96 [L high and 272-280 fJ.

in diameter.
Figured Slide - F/Cfl; FCf2.

DISCUSSION

Of the 5 species described L. aff. L.
kladosum Johnson is closely allied to L. kla
dosum described by Johnson from the Lower
Miocene of Bikini (Johnson, 1954) and Guam
(Johnson, 1964). Mesophyllum commune
Lemoine is known from the Miocene of
Algeria. More recently it was reported by
Johnson (1964) from the Maemong Lime
stone Member (L. Miocene) of the Umatac
Formation of Guam. Aethesolithon Johnson
is so far known only from the Miocene.
A. problematicum Johnson is known from.
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the Bonya Limestone (L. Miocene) of Guam.
A. cutchensis sp. novo is a new one but
with clear affinities to the genotype. As
for the new genus Archaeoporolithon, it
evolved from Lithophyllum in L. Miocene
and is ancestral to Goniolithon, Pa1'aporo
lithon and Porolithon. All these suggest a
Lower Miocene age for the 'Ochreous marls'
where the ab3ence of characteristic foramini
fers prohibits an exact age determination.
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PLATE 1

EXPLANATION OF PLATES

PLATE 3

1-2. Lithophyllum ail. L. kladosum Johnson:
1. Showing part of the hypothalJus, perithalJus

and conceptacle (150 x).
2. Perithal1ial tissue and conceptacle with a single

aperture (300 x).
3-4. Afesophyllum commune Lemoine: 4. En

largement showing the conceptacle (300 x).

PLATE 2

5. Mesophyllum commune Lemoine (75 x).
6-7. Aethesolithon problematicum Johnson (70 x).
8. Aethesolithon cutchensis sp. novo (50 x).

9. Aethesolithon cutchense sp. novo (150 x),
enlargement showing the nature of the celJs.

10-12. Archaeoporolithon miocenicum gen. et sp.
novo

10. Showing the hypothalJus (h), perithalJus
(p) and the megacelJs in the perithallial tissue
(70 x).

11. Showing the arrangement of the megacells
(150 x).

12. Showing the arrangement of the megacelJs
(100 x).



THE PALAEOBOTANIST, VOL. 21 PAL & GHOSH - PLATE 1



PAL & GHOSH - PLATE 2 THE PALAEOBOTANIST, VOL. 21

"



THE PALAEOBOTANIST, VOL. 21 PAL & GHOSH - PLATE 3



FLORISTIC EVIDENCE ON THE AGE OF GONDWANA BEDS
NEAR NIDPUR, SIDHI DISTRICT, MADHYA PRADESH*

SHYAM C. SRIVASTAVA

Birbal Sahni Institute of Palaeobotany, Lucknow, India

ABSTRACT

On the evidence of mega- and microfossils, the
fossiliferous beds at Nidpur are considered to be
of Triassic age. The various Triassic mega- and
microfloral assemblages from southern hemisphere
have been compared with the floral assemblage
of Nidpur. Floristically, the age of Nidpur
fossiliferous bed is younger than the Panchet
Stage. The most characteristic feature of the
Nidpur flora is the overwhelming dominance of
the genus Dicroidium.

INTRODUCTION

THE earliest survey of plant bearingrocks from the Gopad River Valley
in Sidhi District, M. P. was made

by Hughes (1881). So far, from this general
area only mega- and microplant fossils of
Raniganj affinities were known (Feistmantel,
1882; Ahmad, 1953; Ahmad & Rao, 1954 in
Krishnan, 1958 and Maheshwari, 1967).
But Satsangi's (1964) discovery of Dicroi
dium bearing beds in Gopad river cutting,
near Nidpur, has revealed the presence of
Triassic sediments too in the Gondwana
succession of Gopad valley.

MEGAFLORA OF NIDPUR

In the Triassic formations of India
(summarized below), as far as the cuticular
study is concerned the fossil flora of Nidpur
is, so far, the best known. This is because
at Nidpur most of the plants are preserved
in the form incrustations while at other
Triassic localities the plants are present
either as impressions or in the form of ferru
ginous crust. Because of this indifferent
mode of preservation, surface structure of
a few species of Dicroidium has been studied
under transmitted light from the Parsora
Stage of South Rewa Gondwana Basin.
The details of cuticular structure are not
known in other Indian Triassic plants. In
addition to the mode of preservation, in the
Triassic of India, the species are very poorly
represented as shown in the table below.

Recently, the detailed and illustra
tive palaeobotanical work of Nidpur mega
plant fossils has been done by Srivastava
(1969, 1971, 1974a,b) Bose & Srifvastava
(1970,1971,1972, 1973a,b) and Srivastava &
Maheswari (1973). The Triassic flora of
Nidpur is characterized by the overwhel
ming dominance of the genus Dicroidium

Standard GondwanaDivisionDamodarAurangaSonSatpuraPranhita
Scale

ValleyValleyValleyBasinGodavari
Valley

Rhaetic

MahadevaMaleri TikiBagraMaleri
Series

Denwa
Pachmarhi

Pachmarhi
Keuper-

Parsora Chichariya
Muschelkalk

Parsora

Bunter

Panehet Nidpur
Series

PanchetPanchetDeobarDaigaon,AlmodMangli
Ramkola- Tattapani(Karamdiha,Ledho nala)

·Contributed to the Palaeobotanical Conference, Birbal Sahni Institute of Palaeobotany Silver
Jubliee, December, 1971.
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Gothan. There are three species of Dicroi
dium and out of these D. nidpurensis Bose
& Srivastava and D. papillosum Bose &
Srivastava are the commonest. At places
the whole fossiliferous bed is almost made
up of these two species. The third species,
viz., D. gopadensis Bose & Srivastava is
rather rare. Along with the specimens
of Dicroidium, a single specimen of Lepi
dopteris (L. indica) Bose & Srivastava has
also shown its presence in these beds.
Besides Dicroidium, the genus Glossopteris
Sternberg is also fairly well represented by
distinct species, viz., G. senii Srivastava,
G. papillosa Srivastava, G. nidpurensis Sri
vastava, G. Sp. A, G, sp. B., G. sp. and G.
sp. d. G. linearis. The Glossopteridales
also comprises the genus Rhabdotaenia Pant
but this genus is very rare at Nidpur. Th~
specimens are extremely fragmentary so
they have been described as Rhabdotaenia
sp. The other genera present are Taenio
pteris Brongniart (T. glandulata Srivastava),
Noeggerathiopsis sp., Conites sp. and a new
genus Glottolepis rugosa Bose & Srivastava.
Out of these, T. glandulata is present in fairly
good number. Noeggerathiopsis and Conites
are very fragmentary and poorly represented
in the assemblage whereas Glottolepis rugosa
Bose & Srivastava is quite common. In
addition to these genera, three fragmentary
conifer shoots have also been described.
Recently some pollen and seed-bearing
strobili have been described as Nidistrobus
harrisianus Bose & Srivastava and Nidia
ovalis Bose & Srivastava. Besides these, a
new genus Satsangia (S. Campanulata) Sri
vastava & Maheshwari has also been in
stituted for some fructification-like bell
shaped plant organs. Along with these a
new species of Pteruchus (Thomas) Townrow
(P. nidpurensis Srivastava) has also been dis
covered. But amongst all these fertile
organs N. harrisianus occurs most abun
dantly in these beds.

MIOFLORA OF NIDPUR

Miofloristically, the Triassic beds in India
have been only scantily surveyed. A few
publications on the mioflora of extra-penin
sular Triassic are also available. From
penill'3ular India, the Triassic mioilora of
Nidpur, has been described by Bharadwaj
and Srivastava (1969) in detail and about

this, Chandra and Sat~angi (1965) had
already made a preliminary report.

The mioflora of Nidpur is repre~ented
by one each of the trilete and monolete
genera, 17 genera of saccate pollen grains,
2 genera of non-saccate pollen grains and
one genus of preacolpate pollen grains.
Bisaccate gymnospermous pollen grains
occur fairly in abundance in this a5~cm
blage whereas representa1 ives of t rilet e and
monolete spores occur very rarely.

The miofloral aS5emblage is CL.ns1ituted
by the genera, Laevigatosporites, Densi
pollenites, Platysaccus, NidipoU(nitcs, Stria
tites, Verticipollenites, Lahiritcs, Lztnati
sporites, Striatopodocarpites, Faunipollenites,
Chordasporites, Distriatites, Satsangi
saccites, Sulcatisporites, Klausipollcnitcs,
Alisporites, Trochosporites, Weylandites,
A umancisporites and Praecolpatites. Pu,nc
tatisporites and Taeniaesporites have not
been encountered in coun1ing. Out of these,
4 genera .(Nidipollenites Bharadwaj &
Srivastava, Satsangisacdtes Bharadwaj &
Srivastava, Weylandites Bharadwaj &
Srivastava and Praecolpatites Bharadwaj &
Srivastava) have been newly erected.
Besides these new genera, 18 new specie5,
viz., Densipollenites densus, Nidipollenitcs
monoletus, Striatites sidhiensis, Lunatis
porites gopadensis, Striatopodocarpites
nidpurensis, Faunipollenites gopadcnsis,
Satsangisaccites nidpurensis, S. triassicus,
Sulcatisporites triassicus, S. royii, Alisporites
indicus, Weylandites indicus, W. circularis,
W. minutus, W. bilateralis, W. irregularis,
A umancisporites indicus and Praecolpatites
nidpurensis have also been reported by
Bharadwaj and Srivastava (1969) from this
assemblage.

As a whole the miofloral assemblage is
dominated by non-striate bi~2.ccate grains
and the genus Satsangisaccites is the most
dominating element in Nidpur mioflora.

MEGAFLORISTIC COMPARISON

The relation of megascopic flora of Nidpur
to Triassic floras of extra- and peninsular
India has been discussed here in detail.
The floral assemblage has also been com
pared with some of the Triassic floras
known from Gondwanaland countries viz.
Australia, Tasmania, New Zealand, Mada
gascar, Africa, Argentina, Brazil, Chile and
Antarctica.
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PENINSULAR INDIA

Among.3t t.he known Trias"ic format.ions
of India (Map 1) the fossil floras of Panchet
and Parsora are well diversified.

The Lower Triassic flora from Panchet
formations of Raniganj coalfield was de
scribed by Feistmantel (1881), Ghosh and
Mitra (1970) and Satsangi (1971).

The floral assemblage compri~es Schi
zoneura gondwanensis Feistmantel, Verte
braria indica Royle, Pecopteris concinna

Presl, Cyclopteris pachyrhachis G6eppert,
Taeniopteris sp. ct. T. stenoneuron, Glossop
teris indica Schimper, G. communis Feist
mantel, G. angustifolia Brongniart, ?Dicrei
dium sp., Podozamites and Samaropsis hp.
G6eppert. Out of the~e S. gondwancnsis
and G. communis are the commonest. S.
gondwanensis is ~o far not known frcm Nid
pur and so is G. communis. However, in
external characters G. papillosa Srivastava
resembles very much G. communis. Since
the Dicroidium reported by Satsangi (1971)
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is a doubtful form and also not followed
by any description or figure, hence, it is
difficult to say whether they are pinnate,
bipinnate or they have forked rachis.

None of the remaining species, viz.,
Pecopteris concinna, Cyclopteris pachyrha
chis, Glossopteris indica, G. browniana and
Samaropsis sp. are so far known from Nid
pur. So except for the presence of Dicroi
dium-like leaves and species of Glossopteris
the Panchet flora seems to be quite distinct
from the Nidpur floral assemblage. Even
the genus Dicroidium which is so common
at Nidpur, is very rare in the Panchet As
semblage.

Floral assemblage from Deobar, Auranga
Valley Coalfield described by Bhattacharya
(1963) is characterized by the frequent pre
sence of Dicroidium sahnii (Seward) Rao
& Lele along with Schizoneura, Glossopteris,
Vertebraria, Rhabdotaenia and Samaropsis.
Because of the lithological similarity and
the presence of Dicroidium, Deobar beds
exposed in the vicinity of Auranga river
are considered to be Lower Triassic in
age. Dicroidium specimens from Deobar
are known in small bits and they are
pinnate. Pinnae (?pinnules) are very small
as compared to the pinnules of the various
species of Dicroidium from Nidpur. Almost
all the species of Glossopteris known from
the Deobar are similar to the Raniganj form
whereas from the Nidpur all the species
are new on the basis of cuticular fea
tures.

Lower Triassic flora of Ramkola and
Tattapani area from Madhya Pradesh was
first recorded by Griesbach (1880) and later
megafossils were described in detail by
Feistmantel (1881). The megafloral con
stituents are: Glossopteris indica Schimper,
G. angustifolia Brongniart, G. communis
and Dicroidium odontopteroides (Morris)
Gothan. When Ramkola and Tattapani
floral assemblage is compared with Nidpur
flora, it becomes quite evident that both
the floras agree only in having two common
floral constituents namely, Glossopteris and
Dioroidium and rest of Nidpur plant fossils
are absent from Ramkola area. From the
other Lower Trissic formations, viz., Almod
beds (Satpura Basin) recognized by Medli
cott (1873) and Mangli beds (Pranhita
Godavari valley) named by Hughes (1877),
comparison with Nidpur flora could not
be made because these beds have not yielded
recognizable plant remains. These beds

are known to belong to Triassic either on
the basis of lithology or palaeontology.

The Parsora Stage (Middle-Upper Triassic)
is represented by quite a few genera and
species which are not known from Nidpur.
The flora from Parsora Stage in detail has
been described by Feistmantel (1882), Cotter
(1917), Seward (1932), Saksena (1962), Lele
(1953, 1955, 1961a, 1961b, 1962, 1969),
Rao & Lele (1960, 1962), Vimal & Singh
(1968) and Rao (1954; in Krishnan,
(1958), Rao & Shukla (1954; in Krishnan
1958). Lycopodites sahnii Lele, Schizoneura
gondwanensis Feistmantel, Neocalamites foxii
Lele, M arattiopsis sp. Danaeopsis graciUis
Lele, Cladophlebis sp. and Sphenopteris
polymorpha Feistmantel, belonging to the
Pteriodophyta are completely missing at
Nidpur. Among the gymnosperms, de
scribed from the various localities in the
Parsora Stage, Pseudoctenis (P. baUi (Lele),
PterophyUum (P. sahnii Lele & P. karka
tiensis Vimal & Singh), Baiera (B. indica
Lele), Araucarites (A. parsorensis Lele and
A. indica Lele), Desmiophyllum (D. indicum
Lele and D. taeniatWl1t Lele), Cordaicarpus
(C. chichariensis Lele and C. ovatus Lele),
Samaropsis (5. srivastavi Lele, S. menisca
Lele and 5. surangei Lele) and a new genus
ParsorophyUum indicum Lele are also com
pletely missing at Nidpur. The common
genera are Glossopteris, Dicroidium, Taeniop
teris and Conites. But among these genera
none of the species is common to both Nid
pur and Parsora Stage. The species of
Glossopteris (G. indica, G. communis, G.
browniana and G. angustifolia Fe1stmantel)
occurring at various localities in the Par.,ora
Stage are .,imilar to tho.,e pre.,ent in the
Panchet. A., for Dicroidium, they are no
doubt, dominant, at mo.,t of the localities
in the Parsora Stage but are not so abundant
as the Nidpur Dicroidium. Also in the
Parsora Stage D. odontopteroides is the most
common species and next to this species is
D. hughesii (Feistmantel) Townrow. Both
these species are missing at Nidpur. In
addition to these two species D. sahnii
(Seward) Rao & Lele IS also absent at
Nidpur, Moreover, all these three species
;:Irehaving forked rachises unlike the Nidpur
species which are bipinnate. In the Parsora
Stage species of Taeniopteris (T. spatulata
McCI.) are also quite different from the
Nidpur species (T. glandulata Srivastava).
So taking over all the assemblages in the
Parsora Stage and at Nidpur, it is quite
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evident that the constituents are quite
di5tinct from each other. While in the
Pars ora Stage a few Jurassic elements, such
as Pseudoctenis, Pterophyllum, Araucarites
and Desmiophyllum are present, no such
form is present at Nidpur.

The fossiJ flora from Pachmarhi Stage
is meagrely known. The specimens reported
by Crookshank (1936) are all fragmentary
and indeterminable. So it is difficult to
compare the Pachmarhi flora with the Nid
pur flora. But recently, Wadia (1966, p.
193) listed a number of plant fossils without
figuring or describing anyone of them. Out
of this list, Dicroidium and Glossopteris are
in common in both the floral assemblages.

Like Pachmarhi flora the fossil plants from
other Upper Triassic formations, viz., Tiki,
Maleri, are very poorly known. These have
been assigned an Upper Triassic age because
of lithological and palaeontological evi
dences. Sahni (1931) described a piece
of wood collected by Cotter (1917) from
Tiki as M esembrioxylon malerianum. Re
cently, Sahni and Rao (1956) also assigned
these beds an Upper Triassic age because
of the presence of Dicroidium and Taeniop
teris near Ghiar.

From Maleri area near Naogaon some
plant fossils have been recorded by Feist
mantel (1877) and were described by Sahni
(1931). The assemblage represents the
characteristic Upper Jurassic and Lower
Cretaceous elements, viz., Araucarites cutch
ensis Feistmantel and Elatocladus jabal
purensis (Feistmantel) Sahni. But none
ot these genera are present at Nidpur.
Besides these plant fossils, Rao and Shah
(1960) and Mahabale (1967) reported a mixed
floral assemblage from Kota-Maleri beds,
Adilabad District, Andhra Pradesh. The
floral assemblage comprises Schizoneura,
Neocalamites, Glossopteris, N oeggerathiopsis,
Dicroidium odontopteroides and D. hughesii
along with a few cycadophytes and conifers.
Out of these genera Glossopteris, Noeggera
thiopsis and Dicroidium are the common
floral constituents in both the assemblages.

Since the Upper Triassic beds, viz., Bagra
and Denwa (Medlicott, 1873) completely lack
the plant remains, therefore, no comparison
is possible with Nidpur floral assemblage.

EXTRA-PENINSULAR INDIA

Sitholey (1943) first described the Triassic
flora from extra-peninsular deposit of Salt

Range, Punjab and the floral assemblage
comprises the genera Equisetites, Sphenop
teris, Cladophlebis, and Indotheca, the
first pteridospermous microsporophyll from
India.. Nidpur flora is not comparable to
this Salt Range Triassic assemblage and
markedly co~tra?t? in t4e overwhelming
presence of Dzcrozdzum and also in complete
absence of pteridophytic remains.

AUSTRALIA

In Australian Triassic there are two dis
tinct floras - one belonging to the Lower
Triassic and the other to the Middle and
Upper Triassic. Out of these, Nidpur floral
assemblage compares most with the Lower
Triassic of Narrabeen Stage Hawkesbury
Series, New South Wales, Eastern Aus
tralia (see Tenison-Woods, 1883; Etheridge,
1894; Feistmantel, 1890; Dun, 1910, 1911;
Walkom, 1925, 1932; Burges, 1935;
Jacob & Jacob, 1950; Townrow, 1956,
1957, 1966, 1967, 1970; Helby & Martin
1965; Branagon, 1969; Ragatt, 1969 ;
McElroy, 1969 and Lovering & McElroy,
1969). So far, from Narrabeen beds
Ly~ostrobu~, Phyllotheca australis, Sphenop~
ter~s, Schzzoneura gondwanensis, Coniop
tens sP: of. ~. labata, Cladophlebis sp.,
Calop,tens, Todztes,. Hymenophyllites, Zeugo
phyllztes, Gl?ssopten~ br?wniana, Lepidopteris
mada~ascanen~zs, Dzcrozdium odontopteroides,
D. /ezstn:antelz, p'. narrabeenensis, Taeniop
tens temsonwoodszz, T. crassinervis T. trias

sica, T .. wianamatiae, Pterophyllum: Rissikia,
Gmkg~ztes ~p. ?, Rhipidopsis narrabeenensis,
Phoemcopszs ?, Araucarites sydneyensis Car
polithus sp. and Cyclostrobus have' been
descri~ed. .Am.o~gthese Glossopteris, Lepi
doptens, Dzcrozdzum and Taeniopteris are
common to both Nidpur and Narrabeen
beds. Glossopteris browniana from Narra
been beds resembles in external form the
leaves of G. papillosa from Nidpur. In
external and to some extent in cuticular
structure the leaves of D. feistmanteli resem
bles very much the leaves of G. m'dpurensis
and D. papillosum. In general form and
venation Taeniopteris wianamattae is very
much like Rhabd?taenia sp. from Nidpur
and also Arau~antes sydneyensis resembles
very much Comtes sp. described from Nidpur
in external form.

The other Lower Triassic flora described
by Chapman and Cookson (1927) and
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Douglas (1969) from Bald hill, Bacchus
Marsh, Victoria has Phyllotheca australis,
Schizoneura microphylla, Coniopteris deli
catula, D. odontopteroides, T aeniopteris
wianamattae, Ginkgoites digitata, Baiera
darlevensis and some other doubtful forms.
Among these, Dicroidium jeistmanteli resem
bles most the species of Dicroidium des
cribed from Nidpur.

The Middle and Upper Triassic floras
from Queensland, Australia, are quite dis
tinct from the Nidpur flora because in them
quite a few Rhaetic or Jurassic elements
are present along with Schizoneura, Glossop
teris, Taeniopteris and Dicroidium. In the
Ipswich Series near Brisbane, Queensland
(see Etherdgie Jr., 1889; Jack & Etheridge
Jr., 1892; Shirley, 1898, 1902; Antevs;
1913; Walkom, 1915, 1917, 1918, 1921;
Jones, 1948, 1949; Jones & deJersey,
1947; Jacob & Jacob, 1950; Townrow,
1957, 1960, 1966, Phillips, et al., 1960;
White, 1965, 1966, 1969, in Anderson &
Anderson, 1970; Hill et al., 1965),5tenopteris,
Doratophyllum, Ctenis and Czeknowskia have
been described. None of these Rhaetic
and Jurassic plants are known from Nidpur.
In addition to these, Yabeilla and Fraxi
nopsis the well known Upper Triassic forms
are also known from Ipswich Series.

The fossil flora from Esk Series, too is
quite distinct from the Nidpur assemblage
(see Walkom, 1924, 1928 and Hill, 1930).
This flora resembles more the flora from
Parsora Stage in having Schizoneura, N eocala
mites, Sphenopteris, Pse'udoctenis, Pterophyl
lum and Baiera.

The Leigh Creek and Springfield as
semblage from South Australia (seeChapman,
1926; Parkin, 1953 and Johnson, 1960) is
also quite distinct from Nidpur assemblage
in having Schizoneura, Equisetites, Neocala
mites, Cladophlebis, Stenopteris, Phyllopteris,
Psygmophyllum, Frenelopsis, Podozamites and
Araucarites. Out of these, D. jeistmanteli,
resembles in external form D. nidpurensis
and D. papillosum described from Nidpur.

TASMANIA

The Triassic flora from the Feldspathic
Sandstone Series of Tasmania (see Walkom,
1924, 1925 and Townrow, 1957, 1959, 1965,
1966) and Townrow and Jones (1969)
is supposed to be of Upper Triassic or
Rhaetic in age. It is characterized by the

presence of Hepaticites, Muscites, Phyllotheca,
Neocalamites, Cladophlebis, Sphenopteris
Pecopteris, Linguijolium, Dicroidium,
Pachypteris, Pteruchus, Pseudoctenis, Ptero
phyllum, Ginkgoites and Baiera. None of
these genera are present at Nidpur except
Dicroidium and Pteruchus.

NEW ZEALAND

Triassic-Rhaetic flora of New Zealand
from Mount Potts, Clent Hills, District
Canterbury and from Hokonuii Hills South
Land, described by Arber (1907, 1909,
1913a, 1913b, 1917) is also quite distinct
from the Nidpur assemblage in having
Phyllotheca, Chiropteris, Cladophlebis,
Sphenopteris, Coniopteris, Dictyophyllum,
Linguijolium, Elatocladus and Baiera. The
only common genera are Dicroidium and
Taeniopteris. Somewhat similar flora from
Black Jacks Waitaki river, South Canter
bury of New Zealand has been described
by Bell, Harrington and Mckellar (1956).
Unlike Nidpur assemblage it has Clado
phlebis, Chiropteris, Callipteridium, Lin
guijolium and Carpolithus.

MADAGASCAR

Nidpur floral assemblage resembles some
what the Lower Triassic flora of Madagascar
as described by Zeiller (1911), Carpentier
(1935, 1936), Besairie (1960) and Town
row (1966). The common genera are
Glossopteris, Lepidopteris, Dicroidium,
Noeggerathiopsis and Taeniopteris. At
Madagascar Cladophlebis, Danaeopsis,
Buriadia heterophylla, Voltzia and Carpo
lithus are known to occur, but these genera
are absent at Nidpur.

SOUTH AFRICA

In South Africa the Tria%ic formations
are met within the Beaufort and Stormberg
series. Both these series range in age from
Lower to Middle-Upper Triassic. The fossil
flora from the Beaufort Series as described
by Dujoit (1927) and Townrow (1956,
1957) consists of Equisetites, Schizoneura,
Neocalamites, Odontopteris, Glossopteris,
Lepidopteris, Dicroidium, T aeniopteris,
Nilssonia. Pterophyllum, Strobilites and
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Ginkgoites. Out of these genera comm~n
to Nidpur assemblage are Glossopterts,
Lepidopteris, Dicroidium and Taeniopter.is.
But among these genera none of the specIes
are common to each other.

The Stormberg Series having the Molteno
beds of Natal (Umkomass and Burnera
Waterfall localities) described by Feist
mantel (1889), Seward (1908), Du Toit (1927,
1932), Thomas (1933), Townrow (1956,
1957, 1960, 1962, 1967b) and Fabre &
Greber (1960) has yielded one of the richest
Triassic flora in the southern hemisphere.
Besides Glossopteris, Lepido pteris, Dicroi
dium, Pteruchus and T aeniopteris which are
present at Nidpur, the Molteno beds also
have Equisetites, Schizoneura, Neocalamites,
Marattiopsis, Cladophlebis, Sphenopteris,
Dictyophyllum, Pachypteris, Stenopteris,
Stormbergia, A ntevsia Peltaspermum, Pilo
phorosperma, Umkomassia, Spermatocodon,
Pseudoctenis, Chiropteris, Pterophyllum,
Zamites, Moltenia, Dadoxylon, Rhexoxylon
Elatocladus, V oltzia, Strobilites, Rissikia,
Conites, Ginkgoites, Bai~ra and Stachyopitys.
So this assemblage has also some common
Jurassic elements such as Zamites and
Elatocladus.

In Cape Colony the Mesozoic strata has
also the Stormberg Series besides the
Jurassic of Utenhage Series. The Stormberg
Series has been described by Seward (1903,
1911) from Maclear, Tina river, Kenigha
river, Materiale, Molteno and Stormberg.
The assemblage comprises Schizoneura,
N europteridium, Cladophlebis, Glossopteris,
Lepidopteris, Dicroidium, Stenopteris, Tae
niopteris, Chiropteris, Strobilites, Phoenicopsis
Baiera and Stachyopitys. Out of these only
Lepidopteris, Dicroidium and T aeniopteris
are common to both Nidpur and Stormberg
Series of Cape Colony.

Fossil flora of Somabula beds, Southern
Rhodesia (Upper Triassic), described by
Seward and Holttum (1921) and Walton
(1923, 1926, 1929) is also comparable
to some extent to Nidpur assemblagr in
the presence of abundance of Dicroidium
and Taeniopteris but the former assemblage
may be differentiated from the latter as
semblage in having Schizoneura, Pachypteris,
Dadoxylon, Rhexoxylon and Cyparissidium.

The fossil flora described by Seward
(1922, 1934) from Msimbasi river, Tanzania
(Tanganyika) is quite different from the
Nidpur flora and it is supposed to be of
Upper Triassic or Rhaetic in age. The

assemblage consists of Baiera, Cupressino
cladus, Desmiophyllum and Voltziopsis.

Recontly, from the vicinity of Tanga,
East Africa (Lower Triassic), Townrow
(1967) has described Voltziopsis ajricana.
This genus is so far not known from Nidpur.

SOUTH AMERICA

The Triassic flora of Argentina from
South America has been worked out by
various authors in fairly great detail. Most
of the plan ts described are trom Middle to
Upper Triassic beds. Our knowledge of
the Triassic flora from South America is
based mainly on the work of Geinitz
(1876), Szanocha (1888, 1889,1891), Hauthal
(1892), Kurtz (1921), Gothan (1925), Fossa
Mancini (1937), Frenguelli (1941a, 1941b,
1943a, 1943b, 1942, 1944a, 1944b, 1944c,
1944d, 1946, 1947, 1948, 1950), Arch
angelsky (1963, 1968), Archangelsky &
Brett (1960, 1961, & 1963), Sota &
Archangelsky (1962), Menendez (1951a,b,
1956,1957), Stipanicic and Menendez (1949),
Graeber & Stipanicic (1952), Stipanicic
(1956, 1967), Stipanicic & Bonetti (1965,
and 1967), Stipanicic et al., 1968), Mesigos &
Stipanicic (1967), Bonetti (1963, 1966a,b,
1968a,b), Herbst (1963), Bonetti & Herbst
(1966), Jain & Delevoryas (1967), Brett
(1968) and Yrigoyen (1967).

In Argentina the Triassic flora is known
from Cerro de la Cabras (Upper Carnian),
Estrato de Barreal (Upper Carnian), Estrato
de Potrerillos (?Norian), Estrato de Cacheuta
(Upper Norian) and Estrato de Ischigualasto
(Upper Norian). The floral assemblage of
Cerro de la Cabras (see Frenguelli, 1948 and
Graeber & Stipanicic, 1952) differs markedly
from the Nidpur assemblage in having Nils
sonia, Desmiophyllum and Elatocladus.
Estrato de Barreal (see Frenguelli, 1944;
Stipanicic & Menendez, 1949; Bonetti,
1963, Stipanicic & Bonetti, 1965,
1966) assemblage is much diversified and
differs from Nidpur assemblage in having
Equisetites, Neocalamites, Coniopteris,
Thaumatiopteris, Xylopteris, Dicroidiopsis,
Diplasiophyllum, Saportaea, Pseudoctenis,
Chiropteris, Pterophyllum and Baiera.
The Cacheuta formation (see Frenguelli,
1941, 1942, 1943, 1944; Townrow, 1957,
1962; Jain & Delevoryas, 1967) too has a
very rich floral assemblage associated with
index genus Dicroidium. It has a large
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number of genera which are entirely missing
at Nidpur, viz., Phyllotheca, Equisetites, Neo
calamites, Cladophlebis, Xylopteris, YabeiUa,
Dicroidiposis, Diplasiophyllum, Umkomassia,
Ginkgoites, Baiera, Sphenobaiera, Ginkgo
dium, Baierophyllites, Czekanowskia, Cyca
docarpidium, Phoenicopsis, Podozamites,
Fanerotheca, Chancitheca and Fraxinopsis.
Here, too, none of the species are common
to both the assemblages. In the Ischi
gualasto formation (see Frenguelli, 1944
and Bonetti, 1966) the only genus which
is also present at Nidpur is Dicroidium.
But none of the species resemble each other.
This has a large number of genera which
are completely absent at Nidpur. They
are Phyllotheca, Equisetites, Neocalamites,
Dicroidiopsis, Lepidanthium, Cardiopteri
dium, Elatocladus and Cycadocarpidium.

BRAZIL

The Triassic flora described by Rau
(1933), Dolianiti (1945), Gordon & Brown
(1952), BJ.rbosa (1953), Beltrao (1965) and
Bortoluzzi & Barbeena (1967) from Brazil
IS meagrely known. These assemblages
resemble Nidpur in the presence of Dicroi
dium in abundance. But the floral as em
blages, apart fr<:>mth~s simi~arity, <l;requite
distinct from Nldpur In haVIng Schtzoneura,
Neocalamites, Sphenopteris, Samaropsis,
Nilssonia, Pterophyllum, Otozamites, Ced
roxylon, Sphenozamites and ? Podozamites.

CHILE

Nidpur flora is also comparable to ~cme
extent to the Triassic assemblage of Chile
described by Zeiller (1875), Solms-Laubach,
Graf and Stainmann (1899), Fuenzalida
(1937) and Nis~i~a (1970) only in the p.re
sence of Dicrotdtum. The genera Equtse
tites, Pecopteris, Lyginodendron, Chiropteris
Baiera, Czekanowskia and Araucarioxylon
are absent from Nidpur.

ANTARCTICA

The Triassic fossil flora of Antarctica
recorded by Plumstead (1962), Gunn and
Warren (1962), Townrow (1967) and Rigby
and Schopf (1969) shows .similari.ty with
the Nidpur assemblage III havlllg the
common elements, viz., Glossopteris, Dicroi
dium, Taeniopteris and N oeggerathiopsis

but the Antarctican flora differs from Nidpur
in the presence of Schizoneura, Neocalamites,
Vertebraria, Zylopteris d. Diplasiophyllum
and d. Johnstonia trilobita, Phocnicopsis
and Czekanowskia.

MIOFLORISTIC COMPARISON

A comparison similar to megascopic flora
has been carried out with regard to the
Nidpur mioflora, though with attention
paid to genera rather than species.

From a comparative study of the Nidpur
mioflora with Gopad bridge miospore as
semblage of Raniganj Stage (Maheshwari,
1967), it becomes apparent that the two
agree in the presence of genera, namely,
Densipollenites, Platysaccus, Striatites,
Lahirites, Lunatispontes, Striatopodocar
pites, Verticipollenites, Faunipollenites,
Sulcatisporites qualitatively but not quan
titatively. As against this similarity,
Nidpur as_emblage shows a clear distinction
from it too, in having forms like NidipoUe
nites, Distriatites, Chordasporites, Satsan-
gisaccites, Klausipo.llenites, A lisp orites,
Trochosporites, Weylandites, A umancis-
porites and Praecolpatites and in lacking
the typical genera of Raniganj Stage.
Quantita1ively, in Gopad bridge as~emblage
the genera Densipollenites, Striatites,
Striatopodocarpites, Faunipollenites, Lahi
rites, Cuneatisporites and Sulcatisporites
are dominating, whereas in Nidpur assem
blage, N idipollenites, Satsangisaccites,
Alisporites and Weylandites occur in abun
dance.

Comparing Nidpur spore assemblage with
Raniganj mioflora from the type locality
(Bharadwaj, 1966), it has been observed
that although some characteristic elements
of Raniganj Stage, e.g. Lunatisporites,
Striatites, F aunipollenites are present in
Nidpur mioflora, there is virtually a
complete lack of complementary trilete
forms. As compared to the mioflora of
Damuda Series as a whole, some genera
which occur as important components
of Nidpur assemblage seem to have appeared
earlier but only as very rare components
(refer. Bharadwaj & Srivastava, 1969).

PENINSULAR INDIA

The miofloral assemblage of Nidpur has
been compared briefly to its older and
younger miofloras of India along with
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meagrely known Lower Triassic miofloral
assemblages of Peninsular India.

Recently a miospore assemblage described
by Trivedi and Misra (1970) from Gopad
river area near Nidpur has been considered
by the authors to be of Triassic age becau~e
of dominance of striate bisaccate grains
and variety of trilete spores. But the
miofloral assemblage (Trivedi & Misra,
1970) shows affinity towards Upper Per
mian because of presence of typical
miospores of Raniganj Stage, e.g. Lopho
triletes, A canthotriletes, Distriomonosaccites,
Striomonosaccites, Striatopodocarpites, Fau
nipollenites, Striatites, Lunatisporites,
Verticipollenites, Sulcatisporites and Cune
atisporites. Besides these genera, a few
striate forms, e.g. Granulostriatites, Gopad
striatites, Traveculosporites, have been newly
erected by Trivedi and Misra (1970) but
in any case these new genera are not much
different from Striatopodocarpites and
Striasulcites Venkatachala & Kar. Like
wise, Lattisosporites is exactly similar to
Weylandites, Bharadwaj & Srivastava (1969).
Nidpur flora markedly differs from the floral
assemblage of Trivedi and Misra (1970) in
the presence of Nidipollenites and Satsan
gisaccites but simultaneously it comes closer
from the latter in the presence of striated
bisaccate grains qualitatively. Quantita
tively its presence is insignificant. Hence,
on the basis of miofloristic evidence, it seems
quite reasonable to place these beds of
Trivedi and Misra (1970) along with Permian
strata. In addition to this it can be
further stated that the Permian sediments
(Raniganj Stage) are exposed in Gopad river
cutting in very close proximity of the Nid
pur Triassic strata (refer. Bharadwaj &
Srivastava, 1969).

Lately, the mioflora of early Panchet
which overlies the Raniganj Stage has been
described by Srivastava and Pawde (1962)
and briefly reported by Satsangi et al.
(1968, 1972). These assemblages lack the
characteristic miospores of Raniganj Stage
as well as those of Nidpur mioflora.
Recently, a detailed work of Kar (1970)
from a bore-core in Raniganj coalfield which
belongs to Panchet Series has revealed that
Panchet miofloral assemblage is dominated
by trilete spores. i.e. Biretisporites, Dictyo
Phyllidites, Baculatisporites, Osmundacidites,
Divaripunctites, Subverrusporis, Decisporis,
Discisporites, Rimaspora and Granulo
perculatipollis. This assemblage too lacks

the characteristic miospores of Raniganj
as well as of Nidpur. Further it is apparent
that as compared to Nidpur assemblage,
the mioflora of Panchet Stage is richer in
pteridophytic spores and thereby it is
closer to the mioflora of Raniganj Stage
than Nidpur assemblage is to the latter.
This Panchet mioflora appears to be poorer
in the number of spore genera as cc·mpared
to that of Raniganj Stage as well as Nidpur
assemblage.

The Jurassic miofloras of India when
compared with Nidpur assemblage, reveal
that only Alisporites and Platysaccus are
the common constituents and the rest of
the genera are completely absent from
Nidpur.

EXTRA-PENINSULAR INDIA

Miofloristically, Triassic exposures of
extra-peninsular India are repre~ented by
two formations, namely, Krol Series and
Salt Range, Punjab (the latter now in Pakis
tan).

Sitholey (1943) first recovered mega-and
microspores from Sake~ar, Salt Range,
Punjab and he provisionally referred the
larger spores under the genus Triletes species
and the smaller spores under the genus
Sporites. Also the author mentioned the
presence of disc-like bodies, spore cast and
bivalved structures. Later, Pant (1949)
and Pant and Srivastava (1964) from the
same sample described the maga- and
miospores, viz., zeiUerisporites, Triletes
Talchirella, Punetatisporites, L ophotriletes,
Perisaccus and Pityosporites. Recently, a
rich mioflora described by Balme (1970)
from Lower to Middle Triassic of Salt Range
comprises the genera Punctatisporites, Cala
mospora, Cyclogranisporites, Verrucosisporites,
Osmundacidites, Simenospora, Tigrisporites,
Nevesisporites, Perotriletes, K raeuselisporites,
Densoisporites, Lundbladispora, Guthoerlispo
rites, Aratrisporites, Cordaitina, Taeniaespori
tes, Guttulapollenites, Vitreisporites, Klausipol
lenites, Falcisporites, Alisporites, Sulcatispori
tes, Platysaccus, Fimbraesporites, Ephedripites,
Cycadopites and Schizosporis. Thus it is
quite obvious that the Triassic miofloral
assemblage of Salt Range is dominated by
trilete form. When Nidpur mioflora is
compared with the miofloral assemblages
of Salt Range, it is found that the bisaccate
genera Platysaccus queenslandii, Klausipol-



202 tHE PAL.>\EOBOTANIST

lenites, AlisjJorites and SulcatisjJorites are
common to both and other genera, e.g.
Vitreisporites, FalcisjJorites and Cycadopites
are completely mis~ing. Taeniaesporites is
present in abundance in the Triassic of Salt
Range but in Nidpur, thi~ genus has been
reported only on the basIs of one or two
grains. Aho in Salt Range, none of the
typical Trias~ic miospores of Nidpur is
pre"ent. It is al;o noteworlhy that Triassic
of Salt Range completely lacks the striated
bisaccate grains.

The miofbra from Krol series near
Nainital was discovered by Sitholey et al.
(1954) and in later years Lakhanpal,
et al. (1958) and Sah et al. (1968) in the
light of recen~ studies recognized th~ foll?w
ing gene.ra, VIZ., Ca~amosi:0ra,. Plamspo~ztes,
Dictyotrzletes, A pzculatzsporzs, Laemgato
sjJorites, Striatites, Lunatisporites, Stroter
sjJorites, Striatopodocarpites, Striatopiceites,
Sulcatis jJorites, Cuneatisporites, Pityosporites,
Succinctisporites, A lisporites , Triadispora,
Platysaccus, Voltziaceaesporites and d.
SchizojJollis. Thus, Krol miofloral as~em
blage reoembles Nidpur mio~ora in. having
high frequency of .non-stnate. bl~accat.e
grains. However, mlOspores, VIZ., Laevz
gatos por ites, Striatites, Striatopodocarpites,
Sulcatisporites, Alisporites and Platysaccus
are present in both the assemblages. Apart
from this, another microfloral assemblage
reported by Ghosh and Srivastava (1963)
from the Mussorie Mule Track belonging
to Krol Series could not be compared with
the Nidpur mioflora becauce the authors
have mentioned only a few spore types, e.g.
triletes, monoletes, striated, disaccates and
trisaccates.

AUSTRALIA

Hennelly (1958) investigated palynological
fossils from the Permian-Triassic transition
of New South Wales, Eastern Australia
from a bore-core and attempted to demar
cate the Permo-Tria isic boundary distinctly
by the abundance of striate bisaccates in
the Upper Permian a~d t~le trilete spores
in the lowermost Tnassic. Contrary to
this, Nidpur mioflora shows the majority
of the nonstriate bisaccate grains.

Recently, Helby (1967, 1970) recovered
Lower Triassic miofloral assemblages
from Wollar Sandstone and Sydney
Basin of New South Wales, Eastern

Australia re.,peetively. The asccmblage is
rich in pteridophy1ic ~pores and the fre
quency of striate di,accate~ and non-striate
di"accate though pre,ent yet it. is ccmp".ra
tively low. However, when it is cc'mpared
with the Nidpur, it shows similarity in the
presence of some of the miofloral elem(;nts,
viz., Striatopodocarpites, Lunatisporites,
Sulcatisporites, Chordaspor ites, Klausi
pollenites, A lisporites, A umancisporites
and Praecolpatites. But de"pite this clcse
ness, the two assemblages can be distin
guished fairly because Nidpur lacks almost
all the trilete forms except Punctatisporites
and also a few bisaccate and monocolpate
grains. Aho New South Wales mioflora
shows complete absence of Nidipollenites,
Satsangisaccites and Weylandites, the most
characteristic forms of Nidpur.

Balme (1963, 1969a,b) studied the Lower
Triassic miospores from the various basins,
i.e. Perth, Canning and Canorvon of
Western Australia and also tried to fix
the Permian-Tria",ic boundary on the
implications of palynological data. In all
the localites his observation revealed that
the triletes are dominated in the Lower
Triassic while the underlying Permian as
semblages are dominated by the striate
disaccates. The trilete taxa de:cribed by
him are, viz., Kraeuselisporites and Lund
bladispora, the dominant miospores and
rest have, however, been not recorded
from India. Taeniaesporites is present in
abundance while it is very poorly repre
sented in Nidpur assemblage, Platysaccus
qzteenslandii is common to both and Aratri
sporites is missing in Nidpur.

DeJersey (1970) described early Triassic
miospores from the Rewan Formation of
Queensland which also reveals the dominance
of trilete spores. Non-striate bisaccates are
few in number. As far as Nidpur miofloral
assemblage is concerned, it can be readily
distinguished from the Rewan by presence
of non-striate bisaccate grains in abundance.
Alisporites is common to both.

As regards the Middle and Upper Triassic
miofloras from various formations of Queens
land, deJersey (1949, 1962, 1964, 1965,
1970a, 1970b, 1971a, b); de]ersey &
Hamilton (1965a, 1965b, 1965c, 1967,
1969); Evans (1964, 1966a, b & c);
and Playford & Cornelius (1967) have made
contributions of paramount importance.

Comparing Nidpur spores and pollen with
the miofloras of Queensland Triassic, a close
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similarity in general aspects is apparent.
The important constituents between them
are: Satsangisaccites, Alisporites, Chorda
sporites, Sulcatisporites, Klausipollenites,
and Platysaccus queenslandii but Nidpur
assemblage differs in the complete absence
of the genera, Calamospora, Verrucosispo
rites, Converrucosisporites, Cingulatisporites,
A ratrisporites, Triadispora, Leiotriletes,
Circulisporites Callialasporites, Dictyop hyl
lidites, Pilasporites, Laricoidites, Granula
tisporites, Stereisporites, A nnulispora,
Lycopodiumsporites, Osmundacidites, Foveo
sporites, Polycingulatisporites, Duplexispo
rites, Polypodiisporites, Tuberculatosporites,
Partitisporites, Circulina, Discisporites,
Cadargasporites, Rewanispora, Baculatispo
rites, Classopollis, Perinopollenites, Inaper
turopollenites, Semiretisporites, Pustulatis
porites, Guttatisporites, Tigrisporites,
Rugulatisporites, Vitreisporites, CycadoPites,
Araucariacites and Tenuisaccites. Amongst
all these trilete forms, only Punctatisporites
is scantily repre:ented in Nidpur but it
shows its abundance in Queensland micro
flora.

A particularly, interesting and signi
ficant occurrence is that of the genus
Satsangisaccites in the Rhaeto-Liassic of
Leigh Creek Coal Measures of South Aus
tralia (Playford & Dettmann, 1965), which
clearly indicates a long range for this genus.
Besides this genus a few other common
constituents are Distriatites (described by
Playford & Dettmann as Hamiapollenites),
Alisporites, Platysaccus queenslandii, Punc
tatisporites but this mioflora differs from
Nidpur assemblage in the presence of
A piculatisporis, Neoraistrickia, I schyosporites,
Foraminisporis, Guthoerlisporites, Lundbladi
spora, Punctatosporites and Aratrisporites
along with other Ipswich genera referred
earlier.

TASMANIA

A comparison of Nidpur mioflora can
also be made with the miospore assemblage
of Late Triassic from Tasmania (Playford,
1965) in the common occurrence of genera
like Satsangisaccites, Alisporites, Platy
saccus queenslandii, Taeniaesp01'ites and
Punctatisporites but the latter differs by
the presence of Calamospora, Stereisporites,
Concavisporites, Osmundacidites, Acanthotri
letes, Apiculatisporis, Neoraistrickia, Tigri.
sporites, Annulispora, Krauselisporites,

Baculatisporites, Nevesisporitcs, Lund
bladispora, Densoispora, Circulisporitcs,
Guthoerlisporites, Aratrisporitcs ~nd Proto
haploxypirws.

MADAGASCAR

Jekhowsky and Goubin (1964) and Goub;n
(1965) have described Tria"ic micflcr2.l
aso-emblages ff( m Madaga, c'l,r which are
comparable to Nidpur favourably in the
pre:ence of Platysaccus, Sulcatisporites,
TaeniaesjJorites and Alisporites. But other
forms like Classopollis, Inaperturopollenites,
Applanopsis, Podocarpidites, Cuneatisporitcs,
Lueckisporites, Striomonosaccites, Strotersfo
rites, Rimaesporites, Graminoides, Laricoidites,
Vitreisporites, Proto haploxypinu s, Falcisj 0
rites, Samaropollcnites, Guttulapollcnitcs, Vitta
tina and Cycadopites are mis,ing in Nidpur.

SOUTH AFRICA

Regarding Triassic mioflc.·ra of South
Africa, no definite record is available so
far. But recently, a few miospore types
have been recognized in a tabular form from
Molteno beds (Middle-Upper Triassic) (refer.
Anderson & Anderson, 1970, p. 13). This
table of miospore types reflect the dcminance
oftrilete forms though as,c,ciated with ~triate
non-striate and alete forms. However, with
this knowledge of Molteno mioflora, no
compari,'on is possible with Nidpur.

SOUTH AMERICA

The first record of plant microfossils was
made by Orlando (1954) from Cacheuta
formations (Mendoza) of Argentinian Tri
assic. But the author did not give any
systematic account of pollen and spores,
The microfloral components were described
as Pteruchus, Monocolpites, Zonatognites,
Antholithus and Oedemosaccus. Only Alis
porites type of grains from Nidpur can be
closely compared with the Pteruchus grain
of Cacheuta formations.

The miospore assemblage from Minas de
Petroleo beds of Cacheuta Formation
(Middle Triassic), from Argentina de,cribcd
by Jain (1968), is dominated by non-striate
bisaccates (46-50%) and monocolpate (24%)
pollen grains. The alete forms are aI, 0
copious (23 %) while pteridophytic spores
and striate saccates are rare (1 % each). As
compared to Nidpur assemblage, it lacks
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S atsangisaccites, N idipollenites, Weylandites
and Praecolpatites, all the characteristic
genera of the former. In over all nature
this Argentinian assemblage has more pro
nounced Cycado-Ginkgoalean character as
compared to Nidpur mioflora. Nidpur
mioflora also compares a little in the
presence of Klausipollenites d. K. staplinii,
Alisporites and Punctatisporites from that
of Ischigualasto beds (Upper Trias~ic) of
Argentina described by Herbst (1965) but
the latter differs in the presence of trilete
forms, e.g. Cingulatisporites, Clavatriletes,
Discisporites, Planisporites, Verrucosisporites
Discisporites, Planisporites, V err~tcosisporites
and other monocolpate genera, viz., Cycado
pites, Entylissa, LageneUa, Monosulcites and
Gemmamonocolpites.

ANTARCTICA

It is also worthwhile to compare Nidpur
mioflora with spore assemblage described
by Norris (1965) and Helby and McElroy
(1969) from Middle-Upper Triassic beds
of Antarctica. The assemblage is rich in
pteridophytic spores associated with a few
non-striate bisaccate grains, viz., Alisporites
and Vitreisporites. Alisporites is a dominant
constituent of Antarctican flora and in Nid
pur too, this genus is represented fairly in
abundance. Other forms, namely, Conver
rucosisporites, DictyoPhyUidites, Neoraist
rickia, Nevesisporites, Osmundacidites,
Polypodiisporites, Punctatosporites, Proto
haploxypinus, Quadrisporites, Verrucosi
sporites, Cadargasporites and Aratrispofites
are completely missing from Nidpur.

CONCLUDING REMARKS

A perusal of foregoing comparative ac
counts reveal that megafloristically, Nidpur
assemblage corresponds more to the Lower
Triassic flora of southern hemisphere. The
assemblage resembles most the assemblage
from the Panchet Stage of India, Narra-

been Stage of Australia, Upper Beaufort
beds of South Africa, Triasdc deposits of
Madagascar and Antarctica. But, in the
overwhelming dominance of genus Dicroi
dium, Nidpur megaflora comes more closer
to the Middle Triassic floras of Gondwana
continents.

Miofloristically, Nidpur assemblage depicts
closest qualitative agreement with the
mioflora of Raniganj Stage (Upper Permian)
of India which it overlies. However, with
the latter it differs substantially in the quan
titative composition of some pollen genera,
chiefly, N idipollenites, Satsangisaccites,
Alisporit6s and Weylandites all of which
are absent in the underlying mioflora from
Gopad bridge. The early Panchet mioflora
from Raniganj coalfield which is dominated
by trilete forms, presents an older aspect
as compared to the Nidpur flora and
represents the transition between two well
diversified miofloras of Raniganj Stage and
Nidpur. The genera Satsangisaccites and
Alisporites so characteristic of Nidpur are
also well represented in the M;idd~e
Triassic miofloras of Australia. WhIle In
Australian assemblages Satsawgisaccites and
Alisporites are associated with non-Permian
spore genera, in the Nidpur assemblage
they are associated with Permian spore
genera. Evidently, the Nidpur shales are
younger than the Permian and older than
the Upper Triassic.

Thus, in terms of Indian stratigraphical
sub-divisions, on the basis of mega- and
miofloristic evidences, Nidpur beds can be
surmized to lie in the Panchet Series. How
ever, the richness of Dicroidium as compared
to Glossopteris in the Nidpur shales ascribes
a younger aspect to it than the Panchet
Stage.
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ABSTRACT

A coniferous wood collected at Adhari, Dist.
Chanda, Maharashtra State, shows combination of
characters found in two different families Abieti
neae and Araucarineae. Its characters agree with
those of the genus Planoxylon Stopes (1916) but
the species seems to be different. It is from the
Lower Triassic horizon (Kamthi Stage) of India
whereas the species Plano.~ylon Hectori Stopes was
from New Zealand belonging to the Cretaceous
period.

INTRODUCTION

SEVERAL fossil woods were collectedfrom Adhari (Lat. 20° 8', Long. 79°
11') in the District Chanda (Maha

rashtra State) belonging to the Lower
Triassic horizon (Kamthi Stage). Most of
them are of conifers and their preservation
is good. One of them had mixed char a cters
of the Abietineae and Araucarineae, and
it forms the subject matter of this paper.

DESCRIPTION

ra:y-svaries from 2-28 cells, average hight
bemg 11 cells (25 counts). The ray-cells
are barrel-shaped and measure 48 X 28 !J..

An important feature of the wood is its
medullary ray-cells. Pits of the Abietinean
t~pe are seen on them (Text-figs. 7,8; PI. 1,
FIgs. 7, 8, 9,10). (3) The pits on radial walls
of the tracheids are (a) multiseriate hexa
gonal and alternate (Text-fig. 2, PI. 1, Fig.
2). They measure 12·4x 11 !J.. The pit
pore is circular, 4·3 !J. in diameter. (b)
Uniseriate circular and separate pits (Text
fig. 3; PI. I, Fig. 5). (c) Circular pits occur
in stellate clusters of 3-4 cells and measure
11 fl· (Text-figs. 4, 5; PI. 1, Figs. 3, 4). These
clustered or grouped pits in 3-4 are similar
to those in Cedroxylon transiens of Gothan.
(4) The number of crossfield pits in R. L. S.
varies from 4-8. They are circular to oval,
8·1 X 7!J.. They constitute a special feature
of this wood (Text-fig. 9; PI. 1, Fig. 11).

IDENTIFICATION

The present wood has compressed hexa-
A piece of yellowish-brown silicified coni- gonal pits as in the Araucarineae and

ferous wood measuring 16X 12·4 em was circular separate pits as in the Abietineae.
found interesting on account of strong Besides, it has 3-4 circular pits in groups
mixture of characters. It is a piece of de- and also Abietinean pits on the medullary
corticated secondary wood without pith. ray-cells. This is a distinct feature of this
The characters noticed in it are as follows: wood. Presumably this wood, like some
(1) T. S. shows 7-8 growth rings. The other Palaeozoic woods, is synthetic and
secondary xylem was differentiated into has generalized characters of early gymno
spring wood and autumn wood (Text-fig sperms, combining characters of different
1; PI. 1, Fig. 1). The spring wood is 114 genera. In addition they have some differ
cells wide. The tracheids are 48 X 72!J., ent characters which "might have been
thick-walled, rectangular, with rounded modified later or were lost. One of such
corners and broad lumen. The autumn composite generalized wood genera is Plano
wood is 2-3 cells wide. The tracheids are x.ylon Stopes (1916), as pointed by Bailey
40x 16 !J., horizontally stretched and their (1933). The present specimen closely agrees
lumen is small. (2) T. L. S. of the wood with that genus and can be seen from the
shows uniseriate and biseriate medullary details given in Table 1.
rays (Text-fig. 6; PI. 1, Fig. 6). The uni- Only two species of the genus Planoxylon
seriate condition is more predominant than Stapes (1916) are known (1): Planoxylon
the biseriate. The height of the medullary Lindleii (Witham) Stopes from Upper
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TABLE 1 - SHOWING THE CHARACTERS OF THE VARIOUS SPECIES OF
PLANOXYLON STOPES

PART A

NAME OF THE SPECIES

(1)

Planoxylon indicum
Sp. novo

Planoxylon Lindleii
(Witham) Stopes

Planoxylon 1-Iectori
Stopes

PART B

GROWTH
RING

(2)

Very dis
tinct

Distinct

Very dis
tinct

RADIAL PITTING

(3)

TJniseriate, circular sepa
rate

Circular pits in clusters
of 3-4.

Multiseriate, hexagonal,
alternate.

1-3 rows of alternate hexa
gonal.

Clusters not known

Uniseriate, circular, sepa
rate.

Circular pits in clusters
of 3-4.

3-Seriate hexagonal alter
nate.

CROSS-FIELD
PITS

(4)

Circular to oval
4-8

Not known

In vertical pairs
of 1-3

MEDULLARYRAYS

(5)

Uniseriate, some-
times biseriate, 2
28 cells

Uniseriate, 1-12 cells

Uniseriate rarely bi
seriate, 1-24 cells

ABIETINEOUSPITS ON
RAY-CELLS

PITH XYLEM
PARENCHYMA

HORIZON LOCALITY

T.S. T.L.S.RL.S.

(6)

(7)(8) (9) (10)

Present

PresentNot seenAbsentAbsentLowerTriassicAdhari(District
(Kamthi Stage)

Chanda),Maha-
rashtra, India.

Not

seenNot seenPresentAbsentScantyUpper LiassicWhitbi, Yorkshire,
England.

Present

PresentPresentPresentScantyCretaceous (UpperAmuri Bluff,New
or Middle)

Zealand.

Liassic of England, and (2) Plano xylon Hector
Stapes from the Cretaceous of New Zealand.

In Planoxylon Hectori Stapes there are
multiseriate hexagonal alternate pits, uni
seriate circular separate pits, and also
circular pits in clusters of 3-4. Our wood

shows all these characters. In P. Lindleii

(Witham) Stapes also there are multiseriate,
hexagonal, alternate pits. In P. Hectori
Stapes, the Abeitineous pits are seen on the
medullary ray-cells and are seen in T. S.
T. L. S. and R. L. S. In the present wood

TEXT-FIGS. 1-9 - A new species of fossil Gymnospermous wood Planoxylon indicum Mahabale &
Vagyani from Adhari (M.S.). 1. T.S. of wood showing secondary xylem differentiated into spring
wood and autumn wood X 143. 2. RL.S. showing multiseriate, hexagonal, alternate pits X 595.
3. R.L.S. showing uniseriate, circular, separate pits x 595. 4 & 5. RL.S. showing circular pits
in clusters of 3-4 x 595. 6. T.L.S. showing uniseriate and biseriate medullary rays X 143.
7. T.L.S. showing medullary rays with Abietineous pits x 595. 8. T.S. showing medullary rays
with Abietineous pits x 595. 9. R.L.S. showing 4-8 circular to oval, field pits X 595.
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they are seen only in T. S. and T. L. S. (Text
figs. 7, 8; PI. 1, Figs. 7, 8, 9 & 10).

In P. Lindleii they are seen only in
R. L. S. The present wood differs from
P. Hectori in having 4-8 field pits which are
1-3 in that species. The height of medullary
rays in P. Hectori is 1-24 and in P. Lindleii
1-12. But in the present species it is 2-28.
The present species thus though shows re
semblance with P. H ectori, it is only gene
rically identical with it. It mainly differs
from it in having 4-8 field pits and medullary
rays 2-28 cells high. Therefore, it seems
to be a different species. Besides, it is from
a still lower horizon than that of P. Hectori.
However, it is worthy to note that both
of them are from the Mesozoic Southern
Hemisphere conifers.

DISCUSSION

In the Mesozoic period one comes across
many coniferous woods which show a mix
ture of Araucarian and Abietinean characters,
e.g. Planoxylon Stopes, Protocedroxylon
Gothan, Protopiceoxylon Gothan, Thylloxylon
Gothan, Araucarionpitys Jeffrey, Cedro
xylon Krauss,Xenoxylon Gothan, Anoma
loxylon Gothan, etc. The genus Planoxyl~n
Stopes has a wide range within the MeSOZOIC
period from Upper Liassic to Middle Creta
ceous and it occurs in both the Southern
and Northern Hemispheres. The present
wood is from Lower Triassic horizon which
is considered to be equivalent to the Middle
Gondwanas and belongs to the Kamthi
Stage. This shows that the genus Plano
xylon Stopes _evolved from Lower Tria~sic
to Middle or Upper Cretaceous. Accordmg
to Bailey (1933) these coniferous woods are
transitional forms and can be classified as
Protopinaceae or Araucariopityeae. Am~ng~t
the living gymnosperms they fall wlthm
the span of structural. variability and r~
lationships of the genera Cedrus, Keteleena
and a few others such as Abies, Pseudolarix
and Tsuga; but they do not definitely belong
to anyone of them.

The presence of one species of Planoxylo"!,,
P. Lindleii, in Northern Hemisphere IS
of rare occurrence; but in the Southern
Hemisphere it seems to be more abundant,
being known from New Zealand and Indi~.
In India besides Adhari, some of the COlll
ferous microfossils from Rewa coal basin
studied by Saksena (1963) are having all
these types of pits, especially clustered ones,

which indicate that even in India the
genus was of wider occurrence in the
Middle Gondwanas. It is very likely
that it might prove to be a characteristic
conifer of Mesozoic period when several
members of the Pinaceae were not sharply
segregated into modem genera such as
Cedrus or Abies; and, therefore, a compari
son of these Mesozoic conifers with highly
differentiated modem genera would be
misleading regarding its affinities.

It is now generally believed that Permian
onwards conifers of the Northern and
Southern Hemispheres were differentiated
not in the same way and in different
environmental conditions, and as such they
are different. The occurrence of P. Lindleii
in Liassic of England and of P. H ectori in
New Zealand andPlanoxylon described here
seems to be similar in distribution to that
of Podocarpus, majority of which occur in
Southern Hemisphere today, but a section
of it 'N ageia' with seven living species had
representatives in the Pre-Cretaceous period
in Northern Hemisphere in trans-Himalayan
regIOn.

That Southern and Northern Mesozoic
conifers were different is shown to be so
by Meyen (1971) on the basis of leaf impres
sions, and by Surange (1971) on the basis
of his study of the Permian woods. The
occurrence of Planoxylon in India and New
Zealand fully confirms this view, and makes
one believe that they were differentiated
in entirely different climate, warm in
Southern Hemisphere, and cold temperate
in Northern Hemisphere. P. Lindleii was
perhaps growing in warm temperate regions
of the Northern Hemisphere. The genus
Plano xylon seems to have emerged from
Triassic, but it got differentiated in Liassic
and lasted till Cretaceous. It is very likely
that a critical re-examination of many
Southern fossil coniferous woods may bring
to light some more localities of Plano xylon
or other similar transitional genera men
tioned above.

Planoxylon indicum n. sp.

Diagnosis - Growth rings distinct, 7-8.
Secondary xylem differentiated in spring
and autumn wood; pith abseat. Medullary
rays uniseriate and biseriate, mostly uni
seriate, 2-28 cells high, average height 11
cells. Abietineous pits present or medul
lary ray-cells in T. Sand T. L. S. Radial
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pits uniseriate, circular, separate, and
circular pits are in clusters of 3-4; also mul
tiseriate hexagonal pits present. Cross-field
pits 4-8, circular to oval.

ADR

Holotype - 4/70 Museum Botany De-
partment, University of Poona, Poona-7.

Locality - Adhari (Dist. Chanda),
Maharashtra State.

Horizon - Lower Triassic (Kamthi Stage),
India. .
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2. R.L.S. showing multiseriate, hexagonal, alter
nate pits. X 70.

3-4. R.L.S. showing circular pits in clusters of

PLATE 1

EXPLANATION OF PLATE

3-4. x 70.
5. R.L.S. showing uniseriate, circular, separate

pits. x 20.
6. T.L.S. showing uniseriate and biseriate medul

lary rays. xIS.
7-9. T.L.S. showing medullary ray-cells with

Abietineous pits. X 100, 250, 90 respectively.
10. T.S. showing medullary ray-cells with Abieti

neous pits. x 100.
11. R.L.S. showing 4-8, circular to oval, fielp

pits. x SO.
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THE AREA STUDIED

We will evaluate the significance of our
data in the light of these controversies.

To begin with, we have concentrated in
the Maharashtra coastal region, between
15°-20oN latitude (Fig. 1); later on, we will
extend the work to other areas also.
Geologically this area is comprized of the
Deccan basalts and the coastal laterites.
The western Ghats ranging from 600-1300
mehes rise abruptly to the east of the coastal
plain, which is 30-60 km wide. The small
rivers originating in the Ghats debouch into
the Arabian Sea. South of Bombay, the
rocky coast is broken by a series of small
bays and beaches lying between prominent
headlands.

The main cosideration in selecting the
west coast was its length combined with
the fact that peninsular India has remained
relatively stable during the Quaternary
(Chatterjee, 1962). The only major earth
quake occurred in 1967 at Koyna and was
allegedly caused by the tremendous pressure
of water in the reservior of the Koyna dam.
There is no other reported evidence of any
major tectonic activity in this area during
the Quaternary. The general stability of
the coastline finds further support from
port-records of the last hundred years, which
show a steady rise of sea level south of 200N
latitude (Lele, 1967). North of this, how
ever, the coastal regions are reported to
be quite active tectonically (Pascoe, 1964),
and by contrast, the sea level in the last
hundred years at Bhavnagar (21°45!N Lat.)
shows violent fluctuations (Lele, 1967).

Furthermore the Maharashtra coastal
region is ideal for studying the geomorpho
logical effect of eustatic changes on the lower
reaches of the short rivers flowing from the
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INTRODUCTION

WE present here the results of our
studies on Holocene sea level
changes on the Maharashtar coast

and their inter-disciplinary implications*.
In starting these investigations we had
the following aims in view:

i) Determination of Quaternary eustatic
changes and their dating;

ii) The effect of eustasy on coastal and
fluvial geomorphology;

iii) The use of i) and ii) for dating the
implementiferous fluvial sediments
and tlms defining the temporal place-
ment of the Stone Age industries;
and

iv) The reconstruction of palaeoclimatic
and palaeoecological changes based
on pollen and diatom studies.

The first (i) part is covered in this paper;
the last aspect (iv) is being reported by
Vishnu-Mittre and Guzder (in press). Other
facts of the study will be reported else
where.

In the context of the problems discussed
here, we may group the present controver
sies in the field of Holocene eustasy, round
the two main theories that:

i) Sea level rose rapidly up to the end
of the Atlantic period (7,700 to 5,000
B. P.) reaching a height of 2 to 3 m
above the present level and has fluc
tuated with varying amplitude since
then (Fairbridge, 1961).

ii) The sea level rose steadily, reaching
the present level c. 3,600 B. P., but
has not risen above this datum during
the Holocene (Shepard, 1960, 1963;
Fisk, 1951; McFarlan, 1961).

*The main institutions that have helped US are:
Birbal Salmi Institute of Palaeobotany, Lucknow
and the National Institute of Oceanography,
Panaji, Goa.
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DATES

OUR DATA & CU DATES

... predominant
... 15-20%

... 2-5%
... 2-5%

... rare

The beach-rock is a well consolidated
deposit comprized of finely comminuted
shells and sand. A typical sample of beach
rock from Erangal-Bhatti (19°11'N. Lat.)
contained the following micro-fauna (Setty,
p.c.) :

a) Ammonia beccari

b) Elphidium excavatum
c) Quinqueloculina semniulum L
d) M1:Uiamina fusca J
e) Cibicides 11wUis L
f) Noltian formosumf
In addition, there appear fragments of

shell and wood, whole and fragmented
Ostracods and also bits of coral. This
faunal assemblage constitutes nearly 25
30'10 of the given sample. The presence
of (a), (b), (c) and (e) shows that the rock
belongs to the littoral zone. Ammonia
beccari especially thrives in the surface waters
only.

The samples collected from the coastal
swamps also yielded microforaminifera.
Preliminary investigations (Singh & Kalia
p.c.) indicate the presence of Bulimina sp.,
Bolivina, Elphidium sp., Orbulina universa,
Spiroluculina indica and other Globigeri
nidae. These are essentially salt-water or
ganisms and the changes in their frf;quency
with depth in the cores, are being studied
further to relate them with the marine trans
gressions and regressions.

Tables 1 and 2 and Figure 2 show the
Ci4 date; of the changes in sea level. The
data plotted are based on our samples and
also on those collected by Gupta (in press),
Nair (p.c. & 1971) and Prabhakar Rao (p.c;
see also Agrawal et at., 1967, 1970).

Fig. 2 clearly shows that the post-glacial
marine transgression on the \Vestern coast
rises quite steeply from 9,000 to 6,000 B.
P. Between 6,000 B. P. and today, the
sea level has fluctuated. The Saurashtra
coast samples show a rise of about +3 to
+5 metres (above the HWL) around c.
5500 ± 1000 B. P. There are as yet no
dates between c. 5,000-3,000 B. P. This
period may represent a phase of regression.
We have however, not been able to collect
samples from any significant depth below

Ghats into the Arabian Sea. The corre
lation of fluvial geomorphology with a dated
eustatic curve assumes greater importance
in view of the fact that many of these river
gravels contain Stone Age implements.

For the Holocene sea levels, on the west
coast of India (Fig. I), two main types of
formations have been studied so far i)
emerged beaches and coral; and ii) the con
tinental shelf. We have concentrated on
the emerged beaches preserved in the form
of beach-rock between 20°-looN. Lat. Nair
(p.c. & 1971) has carried out investigations
on the continental shelf and the samples
collected by him wue also dated at the Tata
Institute. Gupta has studied raised beachf;s
and inland reefs of the Saurashtra peninsula
(24°-200N. Lat.) (Gupta, in press). We
have used all these results in the present
discussion. The coastal swamps around
Bombay have been examined for pollen
by Vishnu-Mittre and Guzder (in press),
while diatoms from the same deposits will
be studied by Desikachary (Madras Univer
sity). The foraminifera from the beach
rock samples and swamp deposits from
Bombay have been preliminarily identified
(Setty, p.c.; Singh & Kalia, p.c.).

In geological literature, (Pascoe 1964)
littoral concrete (beach-rock) is reported
from Daman (20024'50"N. Lat.) to Goa
(l5°36'N.. Lat.). We have ourselves ob
served it, in broken stretches, (Fig. 1) from
Mahim (19°40'N. Lat.) to Ratnagiri (17°N.
Lat.) and dated such samples (Table 1) from
different sites. As a well preserved ex
ample, we describe below the beach-rock at
Manori (19°12'10"N. Lat.) north of Bombay.

This formation extends over 3 km and
lies between two rock outcrops on the north
and south extremities. It appears that
a sand-spit was formed between the two
hills during the period of marine transgres
sion. The subsequent regression probably
resulted in the elevation of the sandspit
above the HWL and its consolidation due
to leaching down of CaC03• A situation,
probably analogous to this, has resulted
in the elevation of the sand bar at Bhatti
Mirya, Ratnagiri (Fig. 1). The maximum
height of the Manori deposit is 3 to 5. m
above the high water level (HWL) wIth
a ,....,9° seaward dip. The angle of the strike
of the beach-rock does not conform to that
of the present day beach, thereby distin
guishing it from the modern beach pro
cesses.
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TEXT-FIG. 1 - Map of tha West coast of India showing the main C14-dated coastal sites.
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TABLE 1

SITE

Manori
Manori
Manori
Erangal-Bhatti
Erangal-Bhatti
Erangal-Bhatti
Madh Point
St. Xavier's

College
Mandwa
Chaul
Korlai-Borlai
Mirya-Bhatti
Mirya-Bhatti

DrsTRICT/
LOCATION

Bombay

Kolaba

Ratnagiri

MATERIAL

Littoral concrete

TF 1\0.

1192
1193
1194
938
972
981

1186
1197

1230
1231
1232
1080
1079

C14 DATE IN
YEARS B.P.

(5730±40
HALF-LIFE

4,245±85
4,540±100
4,385±110
1,765±95
2,730±95
5,070±105
2,115±90
2,800±110

2,050± 105
2,180±95
2,410±95
2,800±110
2,305±95

HEIGHT IN
:METRES

ABOVE/BELOW
HWL

-1·0
+1·0
+3·0
+3-5
+3·0
+0·80
-+ 0·55
+1·55

+0·05
-3·0
+0·50
+5·9
+6·0

Table 1 : C14 dates and elevations above H'NL (high water level) of beach rock samples collected by
the authors from the Maharashtra Coast. Fig. 2 shows the eustatic plot based on these and Table 2 data.

TABLE2

SITE

DISTRICT/~1ATERrALTF No.C'4 DATE INHEIGHT INREFERENCE
LOCATION

YEARS B.P.METRES
(5730±40

ABOVE/
HALF-LIFE)

BELOW H\VL

Bhimrana

SaurashtraShell9085,430ffil10+3-0S. K. Gupta,
Coast

in press*
Salaya

Coral9115,220±105+2-8
Warawala

Coral10146,185±115+3·2
'Varawala

Coral10154,575±105+3-6
Gadhula

Shell10446,670±280+3·0
Rahalmata

Shell10456,320±270+4-8
Mangral

Shell&10514,700±245+5·0
CoralSil

"Shell
10525,820±300+3-9

Willington
Cochin-offWood9658,315±125-16·75E. Nielson,

Island
Shore p.c.

Chavara-
Kerala-offShell2035,610±115-1·8 toG. Prabhakar

Kayankulam
Shore -3·6Rao, p.c.

Chavara-
Shell2046,295±115-3·9 to

Kayankulam
-5·2

Karwar
Off Karwar-Shell9839,135±130-58·5R.R.Nair,

Continental
p.c.Shelf

Table 2: C14 dates and height/depth from the HWL (high water level) of samples collected from the
Saurashtra Coast, and off the Malabar coast.*Gupta's samples were originally collected with reference to Monsoon

High Tide Level and have
been re-calculated by him to HWL (high water level).

MSL for lack of coring facilities so far; there
fore, without actual dates, the evidence
for a regression cannot be emphasized. The
sea level rises again c. 2,500± 200 B. P. to
about +2'5 m (HWL). Since the dates
are so far based on beach rock and shells,
too much precision cannot be expected.

TECTONICS VS. EUSTASY

Early geological literature (Blanford,
1867; Fox, 1922; Pascoe, 1964), explained
the presence of the raised beaches on the
west coast, as being the product of land
movements. The raised beach at Manori
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(on the western side of Bombay) and the
submerged forests discovered, in situ, during
the excavations at Prince's Dock on the
eastern side of Bombay, were believed to
be caused by local upheaval and subsidence
(Buist, 1851). Tectonic movements result
ing from the presence of a strike fault may
be quite a valid explanation for pre-Quater
nary events, but we feel that the raised
beaches and submerged forests can be better
understood in terms of eustatic changes
of the sea level. The occurrence of beach
rock from Daman (20024'50"N. Lat.) to
Goa (l5°36'N. Lat.) and further south on
the west coast without any signs of
warping, is a point strongly in favour of the
eustatic explanation, ruling out any major
tectonic activity. Moreover, if the raised
beaches and the submerged forests were
the result of a tectonic tilting, both should
be coevaL But the 04 dates of beach
rock from different areas along this coast
fall within the Holocene and are therefore
more likely to be manifestations of world
wide phenomena (Fairbridge, 1961). The
submerged forests of Bombay could not
be dated for want of samples. But if the
date from the Kulur (Mangalore) submerged
forest further south can be used to extra-

palate the age of the buried woods of
Bombay, the Cl4 date (TF-966) places both
beyond the dating range of radiocarbon.
Another date from a buried forest in Ceylon
is > 45,000 B. P. It is a known fact that
during the last glaciation the sea levels were
universally lowered by 100 metres below
the present. leveL Correspondingly the
vegetation belt would also shift into the
then exposed area of the continental shelf.
With the mid-Wisconc:in and early Holocene
marine transgressions all these forests were
submerged. Thus the Holocene dates of
the raised beaches and the late Quaternary
(> 40,000 B. P.) ages of the buried forests
indicate that these two events are separated
in time, and hence both could not have been
caused by a tilting of the land. Ou the
other hand, glacio-eustasy convincingly ex
plains these events as part of universal
Quaternary phenomena. These inferences
found further support from E. D. Gill with
whom the data were discussed in detail.

DISCUSSION

For a number of years the magnitude
of eustatic changes during the Holocene
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has been a much debated problem. Fair
bridge (1961) and Schofield (1960) have
collected data from Australia and New
Zealand showing a rise of 1 to 4 metres above
the present day sea level, between 6,000
1,000 B. P. On the other hand, Jelgersma
(1961), on the basis of the Netherlands evi
dence, and Shepard and Curray (1967), on
the basis of their work on the Gulf Coast
of the United States, have stated that the
sea level did not rise above the present level.

Our data, collected mainly from the
Maharashtra coast, for the period from
10,000 to 6,000 B. P. agrees with the curves
of Shepard, Curray, Jelgersma (we must
keep in mind that the Continental Shelf
samples were dredged and not cored). After
6,000 B. P., however, the curve shows a
concordance with Fairbridge's oscillations.
Haile has reported (Haile, 1970) + 1 to + 6
m higher than present sea levels, from
Western Malaya and the Sunda Shelf area,
datable to 5,000-5,5000 B. P. Similar high
sea levels have been reported from Vietnam
(+4 m) at 4,500 B. P., Madagascar (+1,
+3 m) at 2,250 B. P. and from Morocco
(+2 m) at 6,000 B. P. (Guilcher, 1969).
The cumulative evidence certainly indicates
a Holocene marine transgression of +1 to
+6 m between 6,000 to 2,000 B. P. at least
in the Indian ocean area. Even Curray,
who was a learling critic of this view, has
recently accepted it for certain areas (1969).

CLIMATIC IMPLICATIONS

In certain areas, like the Netherlands
(Jelgersma, 1961) the correlation of sea level
changes with pollen zones and climatic
phases has been very successful. With
growing data on regional pollen sequences
similar correlations will be possible in India
too. However, the extensive borings done
in the Bombay coastal swamps have not
yielded enough pollen to draw any signi
ficant inferences (Vishnu-Mittre & Guzder,
in press) so far. Nevertheless, further studies

on pollen, diatoms and foraminifera are
in progress.

Recently Gurdip Singh's palynological
work (1971) has brought important infor
mation on the climatic-ecological changes
in Rajasthan. It is interesting to note a
wet phase between c. 10,000-3000 B. P. in
his diagram. Roughly this corresponds with
the period of the steep rise of sea level also
(Fig. 2). Perhaps it may give an indication
that interglacial periods marked by marine
transgressions - can be equated with pluvial
conditions inland on the subcontinent.
Further work on climatic geomorphology
(Allchin & Goudie, 1971) and pollen se
quences (G. Singh, 1971) will make regional
and then continental climatic correlations
feasible. At the moment, the interdisci
plinary data are too nebulous to arrive at
any viable climatic implications. But if
more work is done along such cross-disci
plinary lines, with an integrated approach,
we should hope to have some valid recons
tructions very shortly.
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ABSTRACT

A well preserved septate mycelium having
4-celled conidia with short conidiophores belonging
to an imperfect fungus was found in the vessels
of a fossil dicot wood. The wood is being
described separately. It was collected from
Mohgaonkalan. Dist. Chhindwara. M.P., India.
Comparing its characters with those of living
fungi, tfiis fungus was found to belong to the
genus Tetracoccosporiu.m Szabo and is a new
species. It has lJeen named as Tetracoccosporium
eocenum sp. nov.

INTRODUCTION

FOSSIL fungal remains in the form
of spores, hyphae and perithecia
ftC. have been described from

different localities of Tertiary deposits in
India by several authors. Sahni (1943).
Chitaley (1951, 1957), Dwivedi (1959).
Lakhanpal et al. (1967). Mahabale (1968)
have described them from the Deccan Inter
trappeall Series of Mohgaonkalan, Chhind
wara, M. P., and Sahni and Rao (1943) from
the cherts found at Sausar. Jacob & Jacob
(1950). Ramanujam (1963) have described
them from the South Arcot lignite (Tamil
Nadu State); Rao (1950. 1958) from Palana
(Bikaner) and South Arcot; Venkatachala
and Kar (1969) from the bore hole no. 14,
Matanomadh, Kutch; Jain & Gupta (1969)
from Tertiaries of Kerala coast. The speci
men on which the present account is based
is from Mohgaonkalan and is well preserved.
It has ramose hyphae and thick-walled
brown coloured quadrate conidia on short
conidiophores. Mycelium is septate and
lodged in the vessels of a dicot wood
resembling the wood of Sonneratioxylon.

SYSTEMATIC DESCRIPTION OF
THE ENDOPHYTE

Class - DE UTEROMYCETES
Order - MONILIALES
Family - DEMATIACEAE

Genus - Tetracoccosporium Szabo

Tetracoccosporium eocenum sp. nov.
PI. 1. Figs. 1-4; Text-figs. 1-4

A piece of wood 5 X 3·5 em belonging
to dicots was collected by one of us (T.S.M.)
from the well-known locality, Mohgaon
kalan, M. P. This fossil wood after a
thorough investigation turned out to be
a species of the genus Sonneratia and hence
has been named Sonneratioxylon of which
it seems to be a distinct species. The wood
is being described separately. While exa
mining the tangential longitudinal sections
of this wood it 'was observed that its vessels
and adjoining tissues were heavily occluded
by an endogenously grown, well preserved
fungus at various places (PI. 1. Fig. 1; Text
fig. 1). The hyphae produced conidia,
characteristic of an imperfect fungus. They
are sessile, or having very short conidio
phores. The conidiophores measured 6 X
7fJ. across (Pl. 1. Figs. 2-4; Text-figs. 2-4).
The conidia are variously arranged in groups
of four cells. They are nearly spherical
or Tetrahedral. horizontally linear or T
shaped. This arrangement seemed to be
very typical of this fungus (PI. 1, Figs. 2,
3, 4; Text-figs. 3 & 4). Conidia were thick
walled, smooth, dark brown to black 13 X
18 fJ.. An individual spore in the quadrate
condidium measured 8·4 X 9 fJ.. Comparing
these characters, branching of the hyphae.
and conidia with those in the living fungi,
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it seemed to belong to the family Dematia
ceae, Order Moniliales (Barnett, 1960;
Bessey, 1964; Clements & Shear, 1954).
Its features fully tally with those of the
living genus Tetracoccosporium Szabo and
it is identical with that genus. However,
it differs in one or the other characters from
those of the known living species and is a
distinct new species. It is also very ancient
being from the Tertiary deposits of India
belonging to Eocene period in M. P. It
has been named as T etracoccosporium eoce
num' sp. novo

DISCUSSION

The characters of conidia of the present
fossil fungus are very much similar to those
of the genera Tetracoccosporium and Dictyo
arthrinium. Both of them have somewhat
similar conidia, but they differ from each
other in the nature and structure of hyphae
and conidiophores (Barnett, 1960; Clement
& Shear, 1954, and Hughes, 1952).

In Tetracoccosporium conidiophores are
numerous. They may be very short or
absent. Conidia arise as lateral swellings
on branched, septate mycelium. They
are 4-celled cross-shaped, dark and smooth
. . . . . . . . . . . . . . . . . . . . . T etracoccosporium

Conidiophores are simple, sub-hyaline,
crowded, straight or curved with thick dark
septa; conidia dark brown, 4-celled, cross
shaped, either apical or lateral in position
on conidiophore Dictyoarthrinium.

In point of shape size and structure of
the conidia and mycelium the fossil fungus
shows close resemblance with the genus
T etracoccosporium rather than with Dictyo
arthrinium. According to Hughes (1953)
these two genera are different as indicated
above.

The gelJus Tetracoccosporium was created
by Szabo in 1905 for the fungus producing

quadrate to rectangular, 4-partite conidia
on hyphae. Mycelial hyphae being separate,
hyaline and ramosus.

The genus Tetracoccosporium is represented
all over the world by six living species. It
is represented in India by three species
occurring on dead leaves of Saccharum
ojficinarum, Asterinajuntumiae and in paddy
fields on debris (Saccardo, 1906; Rao &
Dev Rao, 1964; Ghosh & Dutta, 1962). The
genus Tetracoccosporium was also previously
known as Stemphyllium or Epochnium
which are now considered its synonyms.

The present species does not tally with
the known living species. It occurs in the
Eocene beds of Mohgaonkalan which is of
entirely distiuct age from that of other
species. Hence it is regarded as a new one.
It has been named as Tetracoccosporium
eocenum S2. novo

Diagnosis - T etracoccosporium eocenum
sp. novo

Hyphae septate, thin-walled to mode
rately thick-walled, hyaline, profusely
branched; individual cell measuring 9·4 X 5
fL. Conidia 13 X 18 fL, thick-walled, smooth,
dark brown to blackish brown, 4-ceUed,
variously shaped, viz., cruciate or horizontally
linear, T-shaped or nearly spherical. A
single cell of conidia measures 8·4 X 9 fL •

Conidiophores very short, 6 X 7 fL.

Locality - Mohgaon Kalan, Dist. Chhin-
dwara, M. P., India.

Horizon - Deccan Intertrappean Series
Age-Eocene
Holotype - 1/68 Bot. Dept. University

of Poona, Poona-7.
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TEXT-FIGS. 1-4 - A new species of an imperfect fossil fungus, Tetracoccosporium eocenullL§P. ~
1. Longitudinal section of a vessel- V, showing branched and septate hyphae: Note that at some
places the single cell of an hypha shows lateral projections -lp. X 857. 2. Fungus magnified to
conidiophores X 857. 3. A part of hyphae - h and conidia - c magnified to show the septate
and branched nature of mycelium. X 1428. 4. Shows different types of conidia - c. X 1428.
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EXPLANATION OF PLATE

PLATE 1

Figs 1-4. A new spe<;ies of an Imperfect fossil
fungus, Tetraeoeeosporium eoeellU11/.sp. novo

1. Tangential longitudinal section of a vessel-v
of a dicot wood heavily infected with fungus

having branched hyphae and conidia - e. x 48.
2. An infected part of a wood magnified to show

the branched hyphae - h and quadrate conidia
e. X 82.

3 & 4. Different types of conidia - e. stal1,ed
on a very short conidiophores (Fig. 3 x 140 and
Fig. 4 X 160).
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ALGAL STROMATOLITES FROM THE KROL FORMATION OF
THE MUSSOORIE SYNCLINE, UTTAR PRADESH

P. K. RAHA

Geological Survey of India, Calcutta

ABSTRACT

The results of the study of the Algal stromato
lites associated with phosphorite occurring in the
top most member of the Krol Formation, the
Mussoorie Phosphorite Member, which overlies
the light grey dolomitic limestones, known as the
Upper Krol Limestones, near Mussoorie in the
Dehra Dun District of Uttar Pradesh have been
recorded in the paper. The types of stromato
lites that have so far been recognized from these
are: (i) spheroidal or nodular (Oncolithes),
(ii) conical cup shaped, (iii) cylindrical columnar
branching upwards, (iv) laterally connecteo/
columns, (v) cylindrical columnar with oetacheo
columns. Excepting the first one which is rounded
and without any root, the rest of the structures
appear to be varieties of Collenia. The significance
of the association of these algal stromatolites on
the genesis of the phosphorite and the environment
of deposition is obvious as the presence of these
stromatolites indicate shallow intertidal to sub
tidal marine condition.

The oncolites present in this horizon appear to
have affinity with the Late Palaeozoic to early
Mesozoic forms. The columnar forms have to be
defined and named properly for distinguishing
them from the Proterozoic ones. The type (iv)
form compares very well with the form Malaco
stroma concentricum (Gurich) reported from the
Mississippian of Belgium (Johnson, 1961).

INTRODUCTION

ALGAL stromatolites occurring in
association with the Mussoorie
phosphorite near Mussoorie town,

(30°27'30" :78°4') have already been reported
(Raha & Gururaj, 1970). The phosphorite
occurs in the synformal Krol Nappe ex
tending from Mussoorie to north of Narend
ranagar (30°09'30":78°17'30"), and has
recently been designated as the upper most
member of the Krol Formation by the author
(Raha, 1971). Previously this horizon was
thought to be the basal member of the over-

lying Tal Formation. Five different varie
ties of stromatolitic structures have so far
been identified in 0·5 m thick dolomitic lime
stone interbedded within the phosphorites.

GENERAL GEOLOGY

The geological sequence of the area where
the algal structures occur is as shown below.

The classification given has been sug
gested by the author in a recent paper
(Raha, 1971) on the basis of the fact that
the limestone, ch~t, phosphorite and black
shale are genetically related and occur com
monly in association. The Mussoorie Phos
phorite Member ha~ been designated as the
top most member of the Krol Formation
in the Mussoorie area. Within these phos
phorites, stromatolitic limestone (dolomite)
of 0·5 m thickness has been reported (Raha
& Gururaj, 1970).

DESCRIPTION OF THE STRUCTURES

Five different varieties of algal stromato
lites have been recognized in this occurrence.
Excepting some spheroidal stromatolites
occurring near the base of the 0·5 m thick
zone, the rest are mostly columnar varieties.
Detailed description is given below.

1. Spheroidal structures

(PI. 1, Fig. 1 & 2)

These are merely spherical to ellipsoidal,
plicated and curved bodies. Diameter varies
between 0·8 em and 3·0 em, but is occa
sionally as large as 5·0 em.

A great number of the spheroids show
eccentric radial arrangement because of

Tal Formation Gray silty shales and siltstones

Krol

rBlack carbonaceous shales (2'0 m)
I Phosphorite (1'8 m)

P\1ussoorie Phosphorite Member J Dolomitic limestone with stromatolitic structuresFormation~ Light grey dolomitic limestone "") (0'5 m)

l with some argillaceous limestones lPhosPhorites (2'5 m)Black chert with shales (3'0 m)

2~7
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the shells of accretion being much thicker
in one side, which is typical of algal growt h
(Carozzi, 1961).

The lamellae are formed of dark and light
coloured crypto-crystalline calcitic material.
The dark colour in the growth lamellae is
most probably due to organic material pre
sent in them. The thickness of the growth
lamellae varies from 75 to 375 microns with
an average of 150 microns. The margins
of these nodules are crenulated with pro
tuberances. Some isotopic spongy material
are occasionally found near the cent re of
these spheroids. Radial dark lines with
light coloured segments' are suggestive of
growth filaments.

Similar structures have been described
by Bradley (1929) from the Green River
Formation of U.S.A. Bhargava (1969) has
also reported such "algal pisolites" from
the Krol E stage of Nigali syncline, H. P.
These are "Oncolites" ranging in age from
Pre-Cambrian to Recent. But in the
geological columns their significant deve
lopment is found in the upper Palaeozoic
to early Mesozoic time and are rare in older
rocks.

II. Conical cup-shaped structures

(PI. 2, Fig. 7 & 8)

These are attached forms rising from base
upwards and increasing in diameter in the
upper parts like a cup. -

The laminae occur as inverted bowls with
convexity upwards. The individual struc
tures comprising several laminae varying
in thickness from 75 microns to 30 microns
measure 0·3 cm to 1·4 cm in diameter and
1 cm to 5 cm in height. Their roots comprise
earthy calcitic materials. Thick calcitic
bands are also found at times in between
the fine laminations. The microstrata are
dome shaped with convexity upwards and
slightly thinning at the margins. Curvature
is higher near the margins. Interspaces
between the stromatolites vary from 1 mm
to 6 mm and some times it is even 1 cm.
The increase in diameter with respect to
the height is more, and ratio of the width
of the base to that of the top is 1·5 on the
average.

These simulate the Collenia symmetrica
Fenton and Fenton described by Valdiya
(1969) from different calcareous horizons
of the lesser Himalayas, but sizes are quite
small in the present caSe.

III. Cylindrical columnar
structures branching upwards

(PI. 1, Fig. 1)

Columns of inverted bowl,>often bifurcate
upward. The individual branches are less
in diameter than the orignial columns.
Constriction near t he base of the branches
is rare. Branches are more or less of
uniform dimen, ions.

Columns are separated from each other
by clastic carbe nat e material such as pellets,
intraclasts and lime-mud. But sometime
the columns are pre"Ed together. Width
of columns remains more or less constant.
The height of the columns vary frem 1 cm
to 12 cm and the width from 0·5 cm to
2·5 cm. Columns usually originate from
Oncolites (Fig. 1).

These resemble Collenia buriaNca Maslov
described by Valdiya (1%9) frem the cC'J
careous zone of Pithoragarh and the lower
Shali limestone.

IV. Laterally connected columns

(PI. 2, Fig. 3 & 4)

These are composEd of stromat olitic
microstrata continuing between columns of
inverted bowlo, thus giving a wavy look
to the entire structure. Thickness and
other characteristics are more or less dmilar
to the columnar structures described above.

The diameter of individual columm vary
between 1 cm to 4 cm with average of 3
cm. The base is polygonal to subrounded.

This form (PI. 2, Fig. 3) is comparable
with the Malacostroma concentricum reported
from the Mississippian of Belgicm (Gurich
in Johnson 1961, p. 223).

V. Cylindrical Columns separated by narrow
interspaces

(PI. 1, Fig. 1; PI. 2, Fig. 5)

These are non-branching type column,>
of inverted bowls often originating from
calcareous clay pellet or spheroidal stro
matolitic structures. Columns are 0·5 to 2
cm in diameter. Normally columns of
more or less uniform sizes are associated.
Their heights vary from 3 cm to 12 cm.
Other characteristics are more or less similar
to the other columnar stromatolites. The
individual microstratum does not extend
much on sides. The interspace is filled with
calcareous mud and pellets.

./



RAHA - ALGAL STROMATOLITES FROM KROL FOR.l\1ATION OF MUSSOORIE 229

These are similar to Collenia columnaris
Fenton and Fento described by Valdiya
(1969) from the Fawn Limestone, Lower
Vindhyan, and excepting that the~e are
the calcareous zone of Pithoragarh, much
smaller in size.

DISCUSSION

The occurrence of stromatolites in asso
ciation with phosphorites of Mussoorie area
was reported for the first time by the author
(Raha & Gururaj, 1970) suggesting the
mode of origin and nature of the envircn
ment of deposition of the phosphorite.
Possible algal stromatolites from Krol Lime
stone of Mu<;soorie syncline was reported
by Mithal and Chaturvedi (1969). The
phosphorite-chert-shale as~ociation over
lying the thick sequence of dolomitic lime
stones of the Krol Formation has been
named as the Mussoorie Phosphorite Member,
the top most member of the Krol Formation
of Mu<;soorie syncline, which was earlier
considered to be the basal member of the
Tal Formation (Raha, 1971).

Most of the stromatolitic structures appear
to be varieties of Collenia. The different
stromatolite bearing horizons in the Hima
layas have been correlated by Valdiya
(1969) with the stromatolitic horizons of
the Vindhyan Group (Up. Precambrian)
with the help of the different varieties of
Collenia. There are reports of Mesozoic
fauna, probably of Jurassic age, from the
upper part of Tal Formation which overlies
the Krol Formation (Pascoe, 1959). There
appears no significant break between the
Krol and the Tal Formations. On the
other hand, the Krol and the Infra-Krol
Formations overlie the Balaini FOrlffiation
which is believed to be equivalent to the

Talchir Boulder Bed. Recently, the
presence of Coccolithophorids of Jurassic
age have been reported by Tewari (1969)
from the contact between Krol B & C
stages, which is much below the stromatolite
bearing zone of the present area. Thus the
stromatolite assemblage of the Krol characte
rized by smaller sizes is definitely much
younger in age than those reported by
Valdiya (1969). These forms appear to be
more akin to Late Palaeozoic and Early
Mesozoic forms, particularly the Oncolites.
This alw suggests the name Collenia is
insufficient to distinguish the columnar
stromatolites and use them as marker of
stratigraphic horizon as adopted by Valdiya
(1969). In this respect the different nomen
clatures adopted by the Russian (Krylov,
1963; Raaben, 1969; Cloud & Semikhatov,
1969), are more useful. Similar classifica
tion and nomenclature for the younger
forms has not been given much attention,
as has been given for the Precambrian ones.
However, in the younger rocks development
of stromatolites are of restricted nature and
the narrow zone with smaller forms in this
case may be due to that. The resemblance
of type IV with a Missis~ippian ferm
!vIalacostroma concentricum is quite interest
mg.

The stromatolitic rocks were macerated
for algal spores and pollen, but the results
were negative. So we shall have to depend
on the other available data for the age of
this horizon.
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PLATE1

EXPLANATION OF PLATES

PLATE2

1. Algal stromatolites, spheroidal near base and
columnar upwards. Columns originating from
nodules and branching upwards.

2. Polished section of spheroidal stromatolites.

3. Laterally connected columnar stromatolites.
Dark bank is phosphatic.

4. Columnar stromatolite with columns sepa
rated by interspace giving rise upwards to late
rally connected stromatolites.

5. Columnar stromatolites separated by narrow
interspace filled up with calcareous mud.

6 & 7. Conical cup shaped stromatolites originat
ed from calc. mud.
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BIOSTATISTICAL ANALYSIS OF ENIGMOCARPON FRUITS

G. V. PATIL

Department of Botany, Institute of Science, Nagpur

ABSTRACT

150 specimens of Enigmocarpon fruit have been
studied for size, thickness of wall, thickness of
axis, length and breadth of seeds, to ascertain
whether there is a single or more species of
Enigmocarpon or whether there are varieties of
the same species, EnignlOcarpon parijai Sahni.
The data was subjected to biostatistical analysis.

INTRODUCTION

ON several visits to Mohgaonkalan.Chhindwara District, India I could
collect about 125 specimens of Enig

mocarpon parijai Sahni exposed in different
planes. About 25 specimens were left at
my disposal for further ~tudy by Dr (Mrs)
Chitaley. These specimens were collected
by her from the same locality. All these
150 petrified specimens were without any
doubt of Enigmocarpon fruit. They showed
the same characters as given by Sahni in
his paper (1943).

The Enigmocarpon fruit is briefly describ
ed as a dry ellipsoidal capsule measuring
30 mm in length and 18 mm in breadth.
Locules vary from 6-9 in number with axile
placentation bearing many seeds in each
locule in two rows. Seeds are dicotyle
donous, each measuring 1'5-3'0 mm in
length and 1-2 mm in breadth with spongy
raphe. The fruit wall is differentiated into
two regions, the outer made up of thick
walled cells and the inner aerenchymatou:.
Dehiscence of the capsule is loculicidal (PI.
1, Figs. 1-21).

From the study of these 150 new speci
mens some interesting facts are observed.

1. Thickness of the wall different in
different fruits of the same size.

2. The thickness of the axis different In
different fruits of the same size.

3. The size of the seed also different In
different fruits of the same size.

For further analysis of the data I have
tabled all the reported characters of the
fruits.

The tables support my observations.
The next step is to ascertain the specia
tion of the fruit whether there is a single

species or more than one species of Enigmo
carpon or whether there are varieties of
the same species E. parijai.

To verify this pmition all these fruits
w;th their prominent characters are sub
jected to statdical analysis as given below.

METHOD

Following m~thod is applied for the stati
stical analysis. The important characters
of which the measurements are taken into
consideration are ... size of the fruit, thick
ness of the wall of fruit, thickness of the
axis of the fruit, the length of the seed and
the breadth of the seed.

These five types are the 5 variables ...
Xl X5 as under.

Xl - Size of fruit.
X2- Thickness of wall cf fruit.
Xa - Thickness of axis of fruit.
X4 - Length of seed.
X5 - Breadth of :eed.
Sample meanS c,f the variables are de

noted by Xl'" X~. They are computed
as

where
i = 1, 2, 3, 4 and 5;
j = the total number of fruits, viz., 31 in

t.s. and 27 in J.s. of fruit.
Then the relation between the two vari

ables say Xl X2 will be mea'ured by the
coefficient of correlation r, as

Cc,v (XIX2)r======
V(XI)V(X2)

Since in the present case there are more
than two variables the relationships between
the variables are to be tested by computing
the partial Correlation Coefficient which
would give the relationship in between any
two variables. Since we are conoidering
Partial Correlation the effect of other vari
ables has been accounted for.

The Correlation Coefficient between the
variables Xl and X2 when the effect of the

23l
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TABLE 1 - OUT OF 150 SPECIMENS ONLY 31 IN T.S. AND 27 IN L.S. ARE

TAKEN FOR CONSIDERATION IN THIS TABLE SINCE THEY SHOWED ALL THENECESSARY CHARACTERS (PHOTOGRAPHS OF ONLY 21 SPECIMENS TAKEN)
MEASUREMENTSIN T.S. OF FRUITSR.

FRUIT SIZE INTHICKNESSTHICKNESSSEEDNUMBER
No.

No. mmOF WALLOF AXIS(
..).

\
OF

X,
in mmin mmLENGTHBREADTHLOCULES

X.
X.in mmin mm

X,
X6

1

413 X 12156 2·52·52·01·58
2

512 x 12144 2·02·52·51·56
3

1116x8128 2·02·52·52·0
4

149x872 2·02·02·51·5
5

1712x896 2·02·02·01·5
6

2115 X 14210 2·02·52·01·57
7

2412x9108 1-52·02·51·5
8

2914 X 13182 2·53·02·01·5
9

3517x12204 2·53·02-S2·08
10

3718 X 18324 2·52·52·01·58
11

4315 x 11165 3·03·02·52·5
12

4415 x 10150 2·03·02'51·5
13

5215 X 12180 2·02·52·51·57
14

5312 x9108 2·02·02·01·5
15

7116 X 10160 2·03·02·01·5
16

7512x8962·02·02·51·57
17

7913 x7911·52·53·01·57
18

8316 X 10160 2·02·02·51·5
19

8615 X 15226 3·03·02·91·5
20

9313 X 16208 2·52·52·51·5
21

9616 X 16256 3·03·02·01·59
22

9717x17289 2·53·02·51·58
23

10112 X 12144 2·52·52·01·58
24

102lOx 10100 2·52·52·01·58
25

10413 X 13169 2·02·52·51·57
26

11510x550 1·51·52·01·5
27

11915 X 12180 2·52·02·52·0
28

1219x981 2·02·02·01·5
29

1279x872 1·52·52·01·5
30

13314x7982·02·02·51·5
31

140lOx 10100 2·02·02·01·5

Total

470667·575·570·548·0

other remaining variables X8, X4, and X"
being removed, is computed as below.

"12'84-115·84 -185·84
112·M5=_.----======-=--===--=---=---=--

V (1-1~6'84) (1-1~6·34)
After computing all the values of Partial

Correlation Coefficient it is felt necessary
to test the significance of this correlation
coefficient by applying the 'f test. The
value of 'f is computed as below

,.2

1'2346 n-k = t2(n-k)
1-11N46

Where n = 31 or 27 and k = 5 (number
of variables).

The values of ,. and ,.2 are computed from
the data. Then these values are compared

with the table values (Crammer, 1958) at
5% level of dgnificance. If the computed
value of 1is more than the standard value
the Correlation Coefficient is significant,
if not, it is insignificant.

Calculations worked out from Table 1
raising the value to 12 (see p. 234).

For the above collected data, 1he ~ample
mean of the variables are
Xl = 151·8 X2 = 2·17 Xa = 2·43

X4 = 2·22 and S5 = 1·55
Then the variance of X6 viz. V(X1) is as
V(X1) = 4128·17, V(X2) = 0·2023,
V(X3) = 0·1999, V(X4) = 0·0971 and
V(X5) = 0·0169
Then the Correlation Coefficients (1) are 
"12 = 0·646, "13 = 0·276, "14 = 0·041,



PATIL - BIOSTATISTICAL ANALYSIS OF ENIGMOCARPON FRUITS233

TABLE

:2

MEASUREMENTS IN L.S. OF FRUITSR.

FRUIT SIZE INTHICKNESSTHICKNESSSEEDNUMBER
No.

No. mmOF WALLOF AXIS, ___ .A- __ ---.,OF

Xl
in mmin mmLENGTHBREADTHLOCULES

X.
Xsin mmin mm

X,
Xi

1

9lOx 10100 2·03·02·01·0
2

1612 x8962·02·02·01-5
3

1817x15255 2·02·02·01·5
4

1919x17323 3·53·52·51·5
5

2315 x 10150 1·53·02·51·5
6

2812 x 10120 2·03·01·51·5
7

3412x896 2·02·02·01·5
8

4712 x 11132 2·02·02·01·5
9

5812 x 11132 2·02·02·01·5
10

6310x880 2·02·02·01·5
11

657x642 2·02·02·51·5
12

6815 x9135 1·52·02·51·5
13

7015 x 8120 1·52·02·51·5
14

7312x896 1-52·53·01·5
15

7613 x9117 2·02·02·51·5
16

8113 x9117 2·02·02·51·5
17

8412 x 12144 3·02·02·51·5
18

8717x11187 2·02·02·51-0
19

9012 x 10120 2·02·02·01·5
20

9815 x 12180 2·53·02·51·5
21

10018 x 16288 3·02·52·51·5
22

11110x8802·02·52·01·5
23

11815 x 10150 2·52·52·51·5
24

12415 x 11165 2·53·02·51·5
25

13114x 10140 2·03·02·51·5
26

13612 x896 1·52·02·01·5
27

13920 x 15300 2·53'02·51·5

Total

396157·064·560·039·5

1'15= 0,081, 1'23= 0·065, 1'24 = 0·010,
r21) = 0·021, r34 = 0·173, 1'35 = 128 and
r46 = 0·128
After computerising the Partial Corre

lation Coefficient of the third order the 'f
test of significance has been applied.
r~2'341)= 0'5098* r~3'241)= 0'2683*
r~4'235 = 0'0055 1'i5'234= 0·484
r~3'145 = 0'4369* r~4'135 = 0·0231
r~5'134 = 0'2642* r~4'125 = 0·0376
r;I)'124 = 0'0096 1'~5'123= 0·00997
(*significant values)

INFERENCE

From the above statistical calculations
the following inferences are drawn:

There is a definite linear relation
1. Between size of fruit and thickness

of wall.

2. Between sIze of fruit and thickne~s
of axis.

3. Between thickness of wall and thick
ness of axis.

4. Between thickness of wall and thick
ness of seed.

Calculations worked out from Table 2
(see p. 235).

Above data have been 'processed, as table
1, to get the Partial Correlation Coefficient
of the third order which later On 5ubjeeted
to 'f test to find out significant coefficient
(*).

ri2'345 = 0'3576*, r~3'245 = 0'1197,
ri4'235 = 0'2530*,
ri5'234 = 0'1170, r~3'm = 0'4470,
r~4'135 = 0'3339*,
r~5'134 = 0'3016*, r~4'125 = 0'1376,
r~5'124 = 0'0231 & r~5'12S = 0'1798*
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CALCULATIONS WORKED OUT FROM TABLE 1 RAISING THE VALUE TO r'

SR.

FRUITSIZE OFTHICKNESSTHICKNESSSEEDNo. OF
No.

No.WALLOF WALLOF AXIS,.A..-- ____LOCULES
IN mm

IN mmIN mmLENGTHBREADTH
X'

X~X'IN mmIN mm1 3
X'X'• 5

1

4243366·256·254·002·25
2

5207364·006·256·252·25
3

11163844·006·256·254·00
4

14 51844·004·006·252·25
5

17 92164·004·004·002·25
6

21441004·006·254·002·25
7

24116642·254·006·252·25
8

29331246·259·004·002·25
9

35416166·259·006·254·00
10

371049766·256·254·002·25
11

43272259·009·004·002·25
12

44225004·009·006·252·25
13

52324004·006·256·252·25
14

53116644·004·004·002·25
15

71256004·009·004·002·25
16

7592164·004·006·252·25
17

7982812·256·259·002·25
18

83256004·004·006·252·25
19

86506259·009·006·252·25
20

93432646·256·256·252·25
21

96655369·009·004·002·25
22

97835216·256·254·002·25
23

101207366·256·254·002·25
24

102100006·256·256·252·25
25

104285614·006·256·252'25
26

115 25002·252·254·002·25
27

119324006·254·006·254·00
28

121 65614·004·004·002·25
29

127 51842·256·254·002·25
30

133 96044·004·006·252·25
31

140100004·004·004·002·25

Total

842314152·25189·25162·7575·00

INFERENCE

From the above statistical te~ts the
following inferences are drawn:

There exists linear relations between size
of fruit and thickness of wall, size of fruit
and length of seed, thickness of wall and
thickness of axis, thickness of wall and
length of seed, thickness of wall and breadth
of seed, length of seed and breadth of seed

All the above tests confirm the correlation
between the size of the fruit and that of
wall, seed and axis.

In order to test the variety difference
the intended sample was divided into two
groups. The first group having the fruit
wall up to 2 mm thick and the second group
more than 2 mm in thickness. The same
is done in case of axis thickness of the
fruit.

It was then felt to find out whether these
two groups have the real variety difference.
For this following test is applied.

The mean size of the first group being
denoted by Xl and 1(2'

s = ~i(Xli-XI)2+~i(X2i-g2)2
nl+n2-2

Where 111 is 16 and n2 is 37.
Then

y = Jnln2(XI-X2)nI+n2

t = ~
s

The values of the Statistic 't' is com
puted from the data and is compared with
the standard table values (Crammer, 1958)
at 5% level of significance.
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CALCULATIONS WORKED OUT FROM TABLE 2

SR.

FRUITSIZE INTHICKNESSTHICKNESSSEEDNo. OF
No.

No.mmOF WALLOF AXIS,.. ____ --A.. ____ .,LOCULES
X'

IN mmIN mmLENGTHBREADTH1 X'X'IN mmIN mm• 3
X'X'•
5

1

9100004·009·004·001·00
2

16 92164·004·004·002·25
3

18650254·004·004·002·25
4

1910432912·2512·256·256·25
5

23225002·259·006·252·25
6

28144004·009·002·252·25
7

34 92164·004·004·002·25
8

47174244·004·004·002·25
9

58 174244·004·004·002·25
10

6364004'004·004'002·25
11

6517644·004·006·252·25
12

68182352·254·006·252·25
13

70144002·254·006·252·25
14

7392162·256·259·002·25
15

76136894·004·006·252·25
16

81136894·004·006·252'25
17

84207369·004·006·252·25
18

87349694·004·006·251'00
19

90144004·004·004·002·25
20

98324006·259·006·252·25
21

100829449·006·256·252·25
22

111 64004·006·254·002'25
23

118225006·256·256·252·25
24

124272256·259·006·252·25
25

131196004·009·006·252'25
26

136 92162·254·004·002·25
27

139900006·259·006·252·25

Total

707307126,50160·25145,0058·25

WALL THICKNESS OF FRUIT
Sr.

FruitSize of 1-126X'•
Fruit wall up to 2 mm thick

No.No.fruit dif-
in mm

ference
1

X'
Sr.

FruitSize of 1-126X'• 18 7913 x7 91-35 1225No. No.fruit dif-
in mm

ference19110 X 10100-26 676
1

X'2011510 X 550-76 5776
21

329x872-54 2916
22

3718 X 1628816226244
1

2315 X 1015024576238316 X 121920664356
2

2812 X 10120-6 3624 7116 X 10160341156
3

7312 X 89630900251116x8 12824
4

1817x1525512916641262115 X 14210847056
5

8717x122047860802712015 X 12180542916
6

1316x1524011412996283015 X 1015024576
7

9114 X 101401419629 512 X 1214418324
8

7613 x9117-9 8130 412 X 10120-6 36
9

8113 X 9117-9 8131 5212x9 108-18 324
10

4712 X 1113263632 7512 X 896-30 900
11

9012 X 10120-6 3633 1712x8 96-30 900
12

11012 X 10120-6 3634 8911x11121-5 25
13

1612 X 896-30 900351219x981-25 625
14

910 X 10100-26 67536157x6 42427056
15

9410x8 80-46 211637917x642-84 7056
16

11110x8 80-46 2116Total4662 111998·00
17

129x654-72 5184 :Mean 126·00
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Fruit wall more than 2 mm thick More than 2 mm thick

Since in this case the observed value of
't' is greater than the table value of 't',
the supposition that ther.e i.s nl? di~erence
in the two types of vaneties IS rejected.

12 x 8
10x8
15 x 10
18 x 16
15 X 10
12 X 10
12 x 12
lOx 10
19x17
15 X 12
15 X 11
13 x7
16 X 15
16 x8
12 X 10
15 X 7
16 x 10
12 X 12
17 X 12
16 X 11
12 X 12
17x17

Sr. Fruit
No. No.

1 29
2 98
3 124
4 19
5 100
6 86
7 84
8 35
9 78

10 96
11 44
12 110
13 66
14 101
15 102
16 97
Total

Size of fruit
in mm

17 x 12 204
15 x 12 180
15x11 165
19x17 323
18x16 288
15 X 12 180
12x12 144
17 x 12 204
17 x 12 204
16x16 256
16x11 176
15 X 12 180
14x 11 154
12x12 144
lOx 10 100
17 x 17 289
3191
Mean 199·44

-199'44
difference

Xl

4·56
-9·44

-34·44
123-56
88'56

-9·44
-55-44

4·56
4'56

56'56
-23·44
-9·44

-45·44
-55·44
-99·44

89·56
54495·53

x·I Sr.
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Total

Fruit
No.

37
111
118
100
23
28
87

9
19
98

124
79
21
11
4

119
71

5
35
44

107
97

Size of fruit
in mm

96
80

150
288
150
120
144
100
323
180
165
91

240
128
120
105
160
144
204
176
144
289

3587
Mean 163'04

X'I

-67 4489
-83 6889
-13 169
125 15625

-13 169
-43 1849
-19 361
-63 3969
240 57600

17 289
2 4

-72 5184
77 5929

-35 1225
-43 1849
-58 3364
-3 9

-19 361
41 1681
13 169

-19 361
126 15876

127421'00

AXIS THICKNESS OF FRUIT

Up to 2 mm thick

Sr. Fruit Size of fruit X.
No. No. in mm

X·•

AXIS THICKNESS OF FRUIT

Here, the value of 't' is found smaller
than the tabulated value 1-83, and hence
the supposition that there is no significant
difference in the two types of varieties can
not be rejected.

7x6
17x15
16 x 15
13 x9
13 x9
12 x 10
12 x 10
12x8
12x8
17 x 12
15 x 12
12 X 12
10x5
7x6
9x8

18 X 16
16 X 12
15 X 10
12x9
12x8
12x8
11x11

9x9
9x8
7x6

1
2
3
4
5
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Total

91
18
13
76
81
90

110
34
16
29
86
84

115
91
32
37
83
30
53
75
17
89

121
14
15

42
255
240
108
108
120
120
96
96

204
180
144

50
42
72

288
192
150
108
96
96

121
81
72
42

3225
Mean 124·00

-82
131
116

-16
-16
-4
-4

-28
-28

80
56
20

-74
-82
-52
164
68
26

-16
-28
-28
-3

-43
-32
-82

6724
17161
13456

256
256

16
16

784
784

6400
3136
400

5476
6724
2704

26896
4624

676
256
764
764

9
1849
2704
6724

118030

CONCLUSIONS

There exists correlation between the size
of fruit and thickness of wall, thickness of
wall and thickness of axis, and thickness
of axis and length and breadth of seeds.

These correlations are positive and hence
we expect, with the increase in size of fruit
proportionate increase in the thIckness of
wall, thickness of seed and thickness of axis
of the fruit. However, there are fruits in
which thickness of wall of the fruit is more
and the size of the fruit is small and the
thickness of wall is less and the size of the
fruit IS large. The same is found true in
the case of the axis of the fruit and fruit
SIZe.

Thus on the basis of the above facts these
fruit samples were grouped into two: (1)
thickness of fruit wall up to 2-0 mm and
(2) thickness of fruit wall more than 2-0
mm. The same is done in the case of the
aXIS.
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From the statistical applications it has
been observed that this grouping of fruits
into two, ~tands true in the case of the fruit
wall thickness and not of the axis thickness.

Hence, all these fruits are grouped into
two varieties, A and B, on the basis of the
wall thickness of the fruit.

Variety A will have the fruit wall less
than 2 mm for 12X 10 mm size of the fruit.
Variety A will have the fruit wall more than
2 mm for the sam~ size, 12 X 10 mm of the
fruit. These varieties are named as follows:

Variety A, Enigmocarpon parijai mohga
oense

Variety B, Enigmocarpon parijai inter
trappea
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ABSTRACT

INTRODUCTION

Megaspores belonging to the genera Duospoyitcs,
Trilaevipillitis, Srivastavaesporites and Trileites are
for the first time described from the Talchir
Formation of India. The fossils have been found
associated with seed cuticles and miospores in
typical Talchir siltstones exposed near Birsinghpur
Pali in the J ohilla Coalfield, Madhya Pradesh.
The assemblage is dominated by the genus
Duospoyites. The megaspores indirectly suggest
the existence of Lycopsid plants at least towards
the later part of the Talchir times.

External characters as well as the details of the
inner sac have been carefully studied. It is sug
gested that the extent of the trilete trace and the
bordering cushions in relation to the inner sac
radius constitutes a charcter of taxonomic signi
ficance in delimiting megaspore species.

STUDIES IN THE TALCHIR FLORA OF INDIA-9. MEGASPORES

FROM THE TALCHIR FORMATION IN THE JOHILLA
COALFIELD, (M.P.), INDIA

K. M. LELE & ANIL CHANDRA

Birbal Sahni Institute of Palaeobotany, Lucknow

and Tiwari (1970) provides a very compre
hensive treatment of the known taxa to
gether with the erection of six new genera
on the basis of extemal morphological
details as well as the internal structure of
the megaspore walls. Evidently a number
of previously described species and even
genera have found new places in the scheme
01 Bharadwaj and Tiwari (1970).

Our knowledge of the megaspores from
the Lower Gondwana of India was so far
confined to the Karharbari, Barakar and
Raniganj Formations (Bharadwaj &
Tiwari, 1970). Goswami (1950-51, 1956)
and Saksena (1971) recorded some mega
spores from the Karharbari or Barakar beds
of South Rewa Gondwana Basin. How
ever, from the Talchir Formatior, (Basal
Lower Gondwana unit), megaspores were
not known until Lele and Chandra (1967)

STUDIES on the Lower Gondwana briefly reported them from Barachada locamegaspores of India have begun lity, Birsinghpur-Pali of South Rewa Basin,
comparatively recently. A signi- M.P. In that communication three types

ficant start was made by Surange et al. were recorded including one strongly recall
(1953) followed by Srivastava (1954). How- ing Duosporites. The megaspores were
ever, these studies were mainly based upon found in association with a number of seed
external morphology of the transparent cuticles and a rich mioflora. Stem im
specimens. The importance of structures pression of equisetalean type were some
of different spore walls in the taxonomy times encountered.
of megaspores was particularly reali:led In the present study megaspores from
when HePeg et al. (1955) described the the above locality have been investigated
double wasll structure of Duosporites from in detail both in dryas well as in wet coridi
the Lower Gondwana of Congo. A notable tions following a procedure of controlled,
advance in this direction was made in India progressive overmaceration. The details of
by Pant and Srivastava (1961, 1962) on the external spore-coat and the inner body
Indian and Tanganyikan materia!. They have been critically examined. The scheme
created four new genera. Studies on similar suggested by Bharadwaj and Tiwari (1970)
lines have been recently carried out in has been followed for the systematic des
other countries by Balme and Hassel (1952), cription of megaspores. The assemblage
Dettmann (1961), Trindade and Sommer has revealed the genera: Trilaevipillitis
(1966) and Spinner (1968, 1969). More (1 new species), Duosporites (2 species),
recently Kar (1968) added some new genera Srivastavaesporites (1 species) and Trileites.
of megaspores from India. The latest work As these findings are entirely new, it is
on the morphology, systematics and distri- considered appropriate to describe all the
bution of Indian megaspores by Bharadwaj forms in detail.

238
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• PROBLEMS OF MEGASPORE
SYSTEMATICS

From an appraisal of the recent trends
in megaspore studies, the impression gained
is that while some workers (especially those
working on the Gondwanas) lay emphasis
on the external and internal studies under
dry and wet conditions of the megaspores,
there are several others who still adhere to
the orthodox method of studying the
megaspores only in dry state. In between,
are also workers who have preferred to
study megaspores in transparent conditions
but have not necessarily gone into the
details of the controlled maceration pro
cedures or other techniques for isolating
the inner body for detailed study. Nor is
there any general agreement between differ
ent workers as to the value of the internal
characters in the taxonomy of megaspores.
This has led to very controversial determi
nations of one and the same species under
widely different genera.

As an illustration of this state of affairs
Trileites (al Trilets) tenuis may be cited
as an example. This species was originally
described in dry state by Dijkstra (1955)
from Brazil but was transferred to Banksis
porites by Dettmann (1961) and to Duo
s/Jorites by Pierart (1959) and Spinner (1969).
The same species has been retained under
Triletes by Pant and Srivastava (1962) but
transferred to the new genus Srivastavae
sporites by Bharadwaj and Tiwari (1970).
It is interesting to note that the above
genera which have claimed Trileites tenuis
are widely different from each other.
Banksisporites and Srivastavaesporites have
non cushioned inner bodies while Duosporites

has cushioned inner body. Similarly while
Banksisporites is externally laevigate,
Duosporites and Srivastavaesporites are api
culate. Spinner (1969) also refers to this
taxonomic problem.

A similar interesting controversy exists
around the circumscription of Duosporites
H4>eg,et al. (1955) which occurs in the present
material. Since the genus was erected,
there have been three emendations of it;
first by Pierart (1959), second by Spinner
(1969) and third by Bharadwaj and Tiwari
(1970). All these emendations only express
the underlying divergence of opinion on
taxonomic procedures. Naturally during
the present treatment, it was not very
easy to make assignments for the megaspore
specimens. However, we have found the
procedure of Bharadwaj and Tiwari (1970)
more suitable for systematic descriptions.
We earnestly feel that the time has come
for all interested workers on megaspores
to resolve and standardize the methods of
study and systematic procedure of de
scribing the megaspores. Without that, the
purpose of megaspore studies can have no
real application.

MATERIAL AND METHODS

The megaspore material is recovered
from the following section (Bed no. 5 and 6)
of the Talchir Formation exposed near the
village Barachada (Text Fig. 1), .approxi
mately two and a half miles south east of
Birsinghpur Pali (M.P.) along Johilla River.
In several beds of the section, fragmentary
impressions of equisetalean stems were
encountered.

7.
6.

5.

4.
3.

2.
1.

Yellow silty sandstone (poor in miospores)
Yellowish laminated sandstone (poor in miospores

and rich in megaspores)
Greenish silty sandstone (containing plant fossils,

rich in miospores and megaspores)
Yellowish laminated sandstone
Yellowish silty sandstones (containing plant

fossils, rich in miospores)
Laminated sandstone (Poor in miospores)
Laminated yellowish greenish sandstone

Total thickness

Thickness
6 ft

10 ft

4 ft
1 ft

4 ft
3 ft

30 ft

58 ft

Field noS.
B42

BCll-F

BCI0-F
BC9-F

BC8F
BC7F
BC6

The beds dip average 100 gently towards north
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TEXT-FIG. 1 - Geological Map of Birsinghpur- Pali (M.P.) India. After Hughes (1884).

...
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SYSTEMATIC DESCRIPTION

DIAGNOSIS

DIMENSIONS

Dry specimens untreated with alkali·

380x600 f.I.

200-240 f.I.

30-40 f.I. wide

Spore size
Triradiate rays

Specimens treated with alkali

Spore size 400-640 f.I. X
500-700 f.I.

Inner-sac 400-450 p.

Triradiate rays 200-240 f.I. long
Outer spore-coat 10-15 f.I.

Cushions (diameter) 20-y-30 f.I.

Trilete trace
(inner sac) 140-160 f.I. long

Type species - Trilaevipillitis psilatus
Kar, 1968.

cally released the inner body but at other
times it was separated by line needles. The
inner-body though generally thin and more
or less hyaline showed a very resistant
membrane. It could be mounted in gly
cerine jelly or in more permanent media
like canada balsam using a polyvinyl alcohol
base. Duting course of the wet treatment,
aU photographs were taken in Olympus
microscope using 35 mm 10 Din microfilm.
The material and preparations are pre
served in the Museum, Birbal Salmi Insti
tute of Palaeobotany, Lucknow (Locality
no. 854C, Registered slide nos. 4452-4456).

Trilaevipillitis talchirensis sp. novo
PI. 1, Figs. 1-6

Trilete megaspore, circular to sub-tri
angular. Trilete mark distinct, rays not

Anteturma - Sporites Potonie, H., 1893
Turma - Triletes (Reinsch) Potonie &

Kremp, 1954
Subturma - Azonotriletes Luber, 1935
Infraturma - Laevigati (Bennie & Kidston)

Potonie, 1956

Genus - Trilaevipillitis (Kar) Bharadwaj &
Tiwari, 1970

The silty shales were macerated by
treating them with hydrochloric acid for
a short period followed by hydrofluoric
acid treatment for about two weeks. The
residue was washed and passed through
100 mesh sieve to separate the larger mega
spores, seeds and cuticles from the fine mio
spore material. Residues left over the 100
mesh sieve were examined for picking up
the megaspores. These megaspores were
dried under room temperature and types
were' selected under the binocular and
placed in separate cavity slides. Photo
graphs of the megaspores in dry state were
taken under the Panphot using brilliant
reflected light of the arc lamp. FP4, FPa
plates and cut films were used for photo
graphy. The plates gave better results.
Alternatively strong normal light was also
used to directly illuminate the megaspores
from one side. Illumination was properly
balanced by manipulating a small mirror
at a suitable distance on the other side of
the megaspore opposite the source of illu
mination. In this way shadow effects
could be toned down and desired relief
could be obtained. In some cases the
megaspores were placed on a tiny soft base
which could be adjusted to obtain the
maximum plane of uniform focus. A num
ber of photographs were obtfl,ined in this
way for the external morphological details
and notes with regard to these features
were simultaneously completed.

In the next phase the individual mega
spore specimens were placed in watch glass
and carefully subjected to remaceration
in commercial nitric acid. In the case
of opaque megaspores potassium chlorate
was used with advantage to accelerate
oxidation. Observations were made from
time to time to check up the progress of
oxidation. When the desired oxidation was
achieved the megaspore was washed care
fully in the watch glass by adding water
successively. These specimens were then
progressively cleared in 5% KOH. In
between, the specimens could be carefully
washed free of alkali for taking photo
graphs. The alkali process was controlled
and manipulated in such a way that the
progressive dissolution of the outer coat
could be verified before the inner body
emerged out clearly. Generally the inner
body appeared to be attached to the exo
exine along a small area proximally. Dras
tic alkali treatment sometimes, automa,ti-
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extending beyond arucate ridges. Contact
area + trilobed. Spore wall two layered,
exosporium + smooth, inner sac rounded
to sub-rounded, thin, possessing single row
of prominent rounded cushions border
ing a weak triradiate trace; cushion-rows
and trilete trace do not reach inner sac
margin, length about 2/3 of inner sac
radius.

DESCRIPTION

Dry specimens untreated with alkali
Trilete megaspore, circular to sub-triangu
lar. Exosporium 10-15[L thick, surface +
smooth. Triradiate rays distinct, raised,
thick, about 2/3 spore radius. Contact
area trilobed. Occasionally cushion mark
ing of the inner sac detectible on the surface
(PI. 1, Fig. 1).

Specimens treated with alkali - Overall
size increases. Megaspores sub-circular to
sub-triangular. Triradiate rays distinct to
weakly developed. Spore wall two layered.
Exosporium ± smooth. Inner sac 400-450
(.L large, thin, hyaline, circular to sub
circular, frequently folded; traces of tri
radiate rays ± weakly developed on the
inner sac, single row of conspicuous round
cushions on either side of a triradiate trace.
Rows of cushions and trilete trace extend up
to about 2/3 radius of the inner sac (PI. 1,
Figs. 2, 3).

Specimen studied - 6.
Holotype - PI. 1, Figs. 1-3.
Locality - Barachada, Birsinghpur Pali,

M.P.
Horizon - Talchir Formation (Lr. Perm.)

Infraturma - Apiculati (Bonnie & Kidston)
Potonie, 1956

Genus - Duosporites (Hoeg, Bose & Manum)
Bharadwaj & Tiwari, 1970

Type species - Duosporites congoensis
H4>eg,Bose & Manum, 1955.

Duosporites dijkstrae Bharadwaj & Tiwari,
1970

PI. 1, Figs. 7-10

Synonymy (after Bharadwaj and Tiwari,
1970) -
Triletes endosporitiferous Singh in Dijkstra,
1955,
Triletes endosporitiferous (Singh) in Trin
dade, 1957;
Duosporites endosporitiferous (Singh) Pant
& Srivastava, 1962;
Duosporites endosporitiferous (Singh) Pant
& Srivastava in Canduro & Zingano, 1965;
Duosporites dijkstrae. Bharadwaj & Tiwari,
1970.

DIMENSIONS

Dry specimen untreated with alkali
COMPARISON

The nearest comparable species Trilaevi
Pillitis nitens (Dijkstra) Bharadwaj and
Tiwari, 1970 is distinguishable by the
following features:

Spore size

Triradiate rays
widening from

380-440 [L X
390-530 [L

180-240 [L in length
15-50 [L towards

extremity

T. talchirensis sp. novo
1. Overall size range smaller 380-600 [L

2. Contact area trilobed
3. Inner sac 400-450 [L

4. Cushions on inner sac conspicuous and
large, 20-30 [L in diameter, rounded.
Trilete trace and rows of cushions do
not reach the inner sac margin.

5. Inner sac thin, 1 [L, frequently folded.

T. nitens

1. Spores large, size range 450-900 [L

(Bharadwaj & Tiwari, 1970)
2. Contact area + circular
3. Inner sac large, 800 [L asmeasured

from photo (Pant & Srivastava, 1962)
4. Cushions indistinct as judged from the

photo (Pant & Srivastava, (1962),
10-25 [L in diameter, other details
not known.

5. Inner sac comparatively thicker, 2 [L,

folding not described, perhaps un
common .

._------------------------------
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DESCRIPTION

DIMENSIONS

Dry specimens untreated with alllali

Holotype - H4>eg, Bose & Manum, 1955,
PI. 1, Fig~. 1,2.

COMPARISON AND REMARKS

The specimens figured earlier by Lele and
Chandra (1967, p. 76, Figs. 1 & 2) may
be ~aken as ve:y good examples of Duos
pontes co,,!goens~s. ~he inner body in their
figure 2 rs almost Identical with that of
H4>eg,Bose and Manum (155, PI. 1, Fig. 3).
I~ both cases it is striking to note that the
tnlete trace as well as the row of cushions
do not extend up to the inner body margin.
In the transparent specimen (PI. 2, Fig. 12)
the inne-r body is well se"n beneath the
outer coat. A single row of cushions is
also decipherable along the trilete trace.
Th~ rows, as rev~altd by microscopic exami
nahon, are agam shorter than the inner
sac radius. The illustrations of H4>eg,et al.

Specimens treated with alkali

Spore size 400-800 fL X
480-800 fL

Triradiate rays 20-30 fL with
up to 70 fL wide at

extremity
Inner sac 240-400 fL %

300-420 fL

Cushions (diameter) 15-20 fL

Trilete trace
(inner sac) 150-200 fL long

DESCRIPTION

Dry specimens untreated with alkali
Trilete megaspore, circular or sub-circular.
Triradiate rays conspicuous, thick, raised,
± uniformly wide for most part but wider
a~extremity, s.inuate, reaching ± up to mar
15m. .Exosponum. granular, arcuate ridges
seen 1ll some specrmens.

Specimens treated with alkali - Trilete
m:gaspore, circular, sub-circular or roundly
tnangular .. Overall size increases signifi
cantlJ:' Tnlete mark distinct, rays thick,
± umformly wide, straight, sometimes sinu
ate. Spo:e wall tw.o layered, exosporium
granular, mner sac thm, translucent smooth
r?unded, sometimes sub-rounded, proximai
srde shows vague impression of triradiate
mark bordered with one row of distinct
dark cushions. Trilete trace and cushions
do not extend up to inner sac margin,
length about 2/3-3/4 of inner sac radius.
Diameter of inner sac about half of the
spore diameter or less.

. 420-600 fL %
430-640 fL

190-240 fL long
20-40 fL wide,

wider at extremity

Spore size

Triradiatf' rays

Specimens treated with alkali

Spore size 460-540 fL X
480-680 fL

Triradiate rays 160-400 fL long
widening from 20-60 fL towards

extremity
Inner sac 220-290 fL

Cushions (diameter) 15-30 fL

Duosporites congoensis H0e.s, Bose & Man
num 1955

PI. 2, Figs. 11-13

Dry specimens untreated with alkali

Trile~e megaspore?, r~unded, sub-triangular
or. tnangular. Tnradrate rays conspicuous,
rarsed, ± equ~l in l~nght, reaching margin,
usually b~commg wrder towards extremity.
Arcuate ndges ± clear. Exosporium thick
smooth or finely granular.

Specimens treated with alkali - Trilete
megaspore, rounded, sub-rounded or tri
angular. Overall size increases conspi
cuously. Triradiate rays distinct, thick,
sinuate, raised, reaching the margin. Pro
longed alkali treatment obliterates rays
beyon~ t~e. area of inner sac; in some speci
mens mdrvrdual rays fork beyond the inner
sac. Spore wall two layered; exosporium
± smoot~ to verrucose (elements varying
from comcal to baculate), inner sac thin,
smooth, roundly triangular, size about
1/2-~/3 ~f spore diameter, proximally having
a tnradrate mark bordered with one row
of distinct dark cushions, trilete trace and
row of cushions reaching inner sac margin.

Specimen studied - 12
Locality - Barachada, Birsinghpur, Pali,

M.P.
Horizon - Talchir Formation (Lr. Perm.)
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Genus - Trileites (Erdtman) ex. Potonie 1956

Specimens tnahd with alkali

Type species - Trileites (al. Triletes)
spurius (Dijkstra) Potonie, 1956.

Triletes sp.
PI. 2, Figs. 16, 17

510-600 fL X
640-820 fL

Not seen
Not seen

Spore size

Triradiate rays
Cushions

DESCRIPTION

Dry specimens untreated with alkali
Trilete megaspores. Circular to sub-circular,
~ometimes oval. Triradiate rays conspi
cuous, thick, raised, 3/4 radius, not reaching
margin, contact area marked by ridges.
EX0sporium ± granular.

Specimens treated with alkali - Overall
size increase~. Round to sub-circular. Tri
radiate mark obscure. Exosporium gra
nular; inner sac dark and dense. Circular
to subcircular; triradiate trace or cushions
not seen.

Specimen studied - 6.
Locality - Barachada, Bir,inghpur Pali,

M.P.
Horizon - Talchir Formation (Lr. Perm.)

Genus - Srivastavaesporites BharadwaJ &
Tiwari, 1970

(1955, Pi. 1, Figs. 1-3), Bharadwaj and Tiwari
(1970, Text-fig. 30) and Pant and Srivastava
(1962, Pi. 17, Fig. 25) also exhibit similar
features. We, therefore, contend that the
shorter extent of the trilete trace as well
as the cushion rows may serve as additional
character in distinguishing D. congoensis.

From what we know so far, the differ
ences between D. congoensis and D. dijks
trae are not sharp enough and the criteria
used appear to be rather contradictory,
when one compares the views of Pant and
Srivastava (1962) with those of Bharadwaj
and Tiwari (1970) on this issue, especially
with regard to the size of cushions and the
inner sac. The few other differences be
tween the species as sugge"ted by Bharadwaj
and Tiwari(1970, pp. 17,18) arethatthe spore
coat is verrucose in D. congoensis and its
inner margin is well-defined; whereas the
spore coat of D. dijkstrae is finely granular
and its inner margin is obscure. From
our studies, we can now add a more reliable
point of difference, i.e. in D. congoensis the
trilete trace and bordering cushions are
shorter (+2/3) than the inner-sac radius
while in D. dijkstrae they are as long as the
inner sac radius.

Specimens Studied - 10.
Locality - Barachada, Birsinghpur Pali,

M.P.
Horizon - Talchir Formation (Lr. Perm.)

DIMENSIONS

Specimen untreated with alkali

Lype species - Srivastavaesporites karan
purensis Bharadwaj & Tiwari, 1970.

Srivastavaesporites indicus (Singh) Bharadwaj
& Tiwari, 1970

PI. 2, Figs. 14. 15

Synonymy (after Bharadwaj & Tiwari,
1970) -
Triletes indica Singh, 1953;
Talchirella endonigra, Pant & Srivastava,
1961.

Spore size

Triradiate rays

470-540 fLX
600-660 fL

180-240 fL long
20-30 fL wide

wider at extremity

DESCRIPTION

Trilete megaspores, SIze range 500
620 fL; sub-circular to roundly triangular,
triradiate rays di,-tinct, rai~ed, nearly reach
ing the margin, straight to ,-inuate. Contact
area broad, ill defined.

On maceration an inner body did not
separate out from the exo-exine (outer layer)
as in the foregoing species. The outer layer
enlarged about one third of original diameter
becoming thinner but still showing fine
papillae (coni to baculate elements), up to
8 fL long and 4 fL broad on its surface as
well as along its margin (Pi. 2, Fig. 17).

REMARKS

As the nature of the inner body and
its details are not known, it is not possi
ble to place the~e few specimens under
other genera recognized on the basis of
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internal and external morphology. We,
therefore, prefer to provisionally acc( m
modate these megaspores under Trileites
sensu Pant & Srivastava, 1961 without
assigning them to any specie". Compari~on
with T. utkalensis, T. tenuis and T. labiosus
described by Pant and Srivastava (1961,1962
is precluded as these species have now
been transferred to Srivastavaesporites by
Bharadwaj and Tiwari (1970) on the basis
of additional material.

Specimens studied - 3.
Locality - Barachada, Bir~inghpur Pali,

M.P.
Horizon - Talchir Formation (Lr. Perm.)

DISCUSSION

Composition of the Megaspore Assemblage:
Following genera and ~pecies are present
in the Talchir material of the Johilla Coal
field: 1. Trilaevipillitis talchirensis sp. nov.;
2. Duosporites dijkstrae Bharadwaj & Tiwari,
1970; 3. Duosporites congoensis H6eg, Bo~e
& Manum, 1955; 4. Srivastavaesporites indicus
(Singh) Bharadwaj & Tiwari (1970); 5.
Trileites sp.

Among the above genera Duosporites
seems to be dominant, followed by Trilaevi
pillitis and Srivasta'vaesporites. It may be
interesting to note that the assemblage
contains mostly laevigate to finely apiculate
megaspore'. According to the known dis
tribution of the megaspore genera in i he
Lower Gondwana (Bharadwaj & Tiwari,
1970), Trilaevipillitis was so far known
only from the Barren Measure". Its pre
sence in the Talchir Formation is, therefore,
interesting. The other genus Duosporites,
was so far believed to be characi eristic of
the Karharbari and Baraka.r Formations.
We find now that this genus is quite common
in the Talchir Formation as well, being
represented by two specie". The third
genus Srivast(JIIJaesporites was hitherto con
fined to the Barakar Formation. The pre
sent findings extend down its range to the
Talchir Formation.

The discovery of megaspores has aI, 0 a
bearing on the floristics of the Talchir
Formation. The meagre Talchir Flora is
strikingly devoid of pteridophytes except
for some fragmentary equi~etalean remains.
The finding of megaspores now indirectly
suggests that in all probability ~ome lycop, id
plants existed at least during the later

part of the Talchir times when the impact
of glaciation had dwindled out giving way
to more hospitable conditions for plant
development.

Taxonom ic aspect of the Inner Sac

The importance of the inner sac in the
taxonomy of megaspores has become
clear by the contributions of Pant and Sri
vastava (1961, 1962) and Bharadwaj and
Tiwari (1970). However, there are certain
features which have not received enough
attenjjon from the standpoint of specific
delimitation. One such feature pertains
to the extent of the trilete trace and the
bordering cushion rows in relation to the
inner ~ac radius. The other relates to
the degree of prominence of the trilete
trace.

To illustrate the above point we may
take some examples. In some species the
trilete trace and the bordering cushion rows
extend up to the inner "ac margin. Duos
porites dijkstrae is a good example. The
holotype of the species (Pant & Srivastava,
1962, PI. 17, Figs. 23-25) as well as our
specimens demomtrate this feature. Simi
larly in D. multipunctatus H<peg & Bose
(1960, PI. 31, Fig. 11) the trigonally arrang
ed cushi~ns extend right up to the inner
sac margIn.

On the contrary, in Duosporites congoensis,
the cushion rows as well as the trilete trace
are distinctly shorter ( ± 2/3 to 3/4) than the
inner ,ac radius. The holotype of the
species (H<peg,Bose & Manum, 1955, PI. 1,
Figs. 1, 2) shows identical features. All
other good examples of D. congoensis includ
ing those described by us al~o confirm this
(vide pp. 243-244).

The shorter extent of the trilete trace
and the cushion rows is also met with in
other genera. In the present material
Trilaevipillitis talchirensis sp. novo shows it.
The same is true for the species Talchirella
trivedii (Pant & Srivastava), Bharadwaj
& Tiwari (1970, PI. 4, Fig. 3) andSurangaeas
porites rangiganjensis Bharadwaj & Tiwari
(1970, PI. 15; Fig. 2, 3) which have trigonally
arranged cushions. In, everal of the afore
"aid examples the inner sac develops charac
terist.ic secondary folds surrounding the
trilete trace extremities. Generally the tri
lete trace and the cushion row~ are co
extensive but exceptions may be found
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(e.g. H.peg, Bose and Manum, 1955, PI. 2,
Fig. 7).

Bharadwaj and Tiwari, (1970) have men
tioned that the trilete trace on the inner
sac varies in its length. However, the
taxonomic value of this feature was hitherto
not realized. The evidence at hand clearly
points out that the extent of the trilete
trace and the cushions is a feature of con
sistent development in a particular "pecies,
much like the tetrad mark on the spore coat,
We are, therefore, inclined to recognize
it as a useful criterion for specific delimi
tation. In addition we have also noted
that the trilete trace varies in sharpness,
Often it is weakly developed or is almost
invisible but in some other cases it is very
distinctly marked (e.g. Surangaeasporites
raniganjensis Bharadwaj & Tiwari, 1970;

PI. 15, Fig. 3). These differences are also
likely to be u~eful in determining a species.

It is well known that the trilete trace
and the cushions (wherever pre~ent) play
a vital role in the mechanism of attachment
between the inner sac (intexine) and the
outer spore coat (exoexine). There is aleo
evidence to believe (e.g. Duosporites congo
ensis) that the border of the attachment
area runS around the trilete trace and
cushion rows (Hj1jeg,Bose & Manum, 1955,
p. 102, PI. 1, Figs. 3-5). This meanS that
at lea~t two mcde~ of attachment can be
recognized. In the first case, the attach
ment of the inner ~ac is confined to a ,ma.ll
proximal area (Text-figs. 2A-C), while in
the other case the entire proximal face of the
inner sac is attached to the exoexine (Text
figs. 2D-F).

TRILETE
,.. RIDGE

E

A

TRILETE TRACE
//

TEXT-FIG. 2 - Morphological aspects of the inner sac (intextine). All figures are semi-dia~
grammatic.

A-B - Proximal view of two types of inner sacs in which the trilete trace and bordering cushion
rows do not extend up to the inner sac margin: (A) Duosporites eongoensis-type, (B) Talehirella
trivedii-type.

C - Interpretation of the attached inner sac (as in A and B) with the outer coat (exoexine) in
meridional section of a megaspore.

D-E - Proximal view .of two types of. inner sacs in which the trilete trace and bordering cushion
rows extend up to the mner sac margm: (D) "Duosporites dijkstrae-type, (E) Duosporites multi
punetat-us-type.

F - Interpretation of the attachment of the inner sac (as in D and E) with the outer coat •
(exoexine) in meridional section of a megaspore.
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EXPLANATION OF PLATES

(All photomicrographs are magnified 100 times unless mentioned specifically)

PLATE 1

1-3. Trilaevipillitis talchirensis sp. novo Dry
megaspore (proximal view) ; Inner sac (wet)
detaching from the main body during alkali treat
ment; and inner sac showing weak trilete trace
and cushion rows which do not extend up to inner
sac margin (Slide no. 4452, Holotype, Bed no. 5).

4-6. Trilaevipillitis talchirensis sp. novo Dry'
megaspore (proximal view); Alkali treated (wet)
specimen showing distinct inner sac with cushion
rows; and strong alkali treated specimen (wet)
which disintegrated after further alkali treatment
(Bed no. 5).

7-9. Duosporites dijkstrae - Dry megaspore
(proximal view); Alkali treated specimen (wet)
showing inner sac; and detached inner sac show
ing cushions. Note the trilete trace and cushion
rows extending up to the inner sac margin (Slide
no. 4453, Bed no. 5).

10. Duosporites di.ikstrae - Alkali treated mega
spore showing distinct inner sac; detached inner
sac still lying within the outer-coat. Note the
trilete trace and cushion rows extending up to the

inner sac margin (Slide no. 4454, Bed no. 6
X 50).

PLATE 2

11, 12. Duosporites congoensis - Dry megaspore
(proximal view); and alkali treated megaspore
(wet) showing inner sac. The cushion rows are
discernible. (Slide no. 4455, Bed no. 6).

13. Duosporites congoensis - Alkali treated
megaspore showing distinct inner sac with cushion
rows. Trilete trace and cushion rows do not
extend up to the inner sac margin. Specimen
earlier flgured by Lele & Chandra, (1967, fig. 1).
(Slide no. 4454, Bed no. 6) x 50 ..

14, 15. Srivastavaeasporites indicus - Dry mega
spore (proximal view); and alkali treated specimen
showing dark inner body. The specimen disinte
grated after further alkali treatmellt. (Bed no.
5).

16, 17. Trileites sp. Dry megaspore (proximal
view) ; and alkali treated specimen showing
exosporium. (Slide no. 4456, Bed no. 6).



FURTHER OBSERVATIONS ON GLOSSOTHECA SURANGE &

MAHESHWARI: A MALE FRUCTIFICATION OF
GLOSSOPTERIDALES

K. R. SURANGE & SHAlLA CHANDRA

Birbal Sahni Institute of Palaeobotany, Lucknow

ABSTRACT

A new species Glossotheca orissiana is described.
It has a fertile leaf different in shape than that of
Glossotheca utkaluzsis. The fertile leaf bears three
or more pedicels on the abaxial side of the petiole.
Each pedicel bifurcates into two and each fork then
further divides by dichotomy and the slender final
branches bear one sporangium each. Each pedicel
thus bears two sporangial clusters. The sporangia
are like those of Glossotheca utkalensis. Further
observations have been made on Glossotheca indica
Surange and Maheshwari. It has a larger fertile
leaf, spathulate in shape and a very long petiole.

midrib, veins diverge from base of lamina, a few
veins run in the middle as midvcins,
mid veins and secondary veins bifurc;:"te and
anas' omose; pedicels berne ('n the abaxial
~ide of petiole or ba~al portion c,f fertile
leaf; each pedicel bifurcate, each bifurcation
further divides dichotomously; ultimate
branches bear one sporangium sporangia
in clusters, sporangia oval-elongate with
longitudinal markings.

Type species - Glossotheca utkalensis Sur
ange & Mahe~hwari.

PI. 1, 2, Figs. 1-3, 7

1. Glossotheca utkalensis Surange &
Maheshwari

Emen,ded Diagnosis - Male fruclification;
fertile leaf spathulate with round apex and
long petiole, lamina 1'5-2·5 cm long, 1-1.5
cm broad; petile 4-7 cm long and 2-5 mm
broad; no midrib but a few strong veins
run in the middle then bifurcate and form
anastomoses, other veins diverge from ba>:e
or given out by outer midveins, bifurcate,
form ~mall, hexagonal meshes; 3 or more
pedicels borne on abaxial side of petiole,
one below the other, each pedicel bifurcates,
each bifurcation further divides bv dicho
tomy; sporangia elliptical-oval with polar
ends bluntly rounded, sporangial mrface
marked by fine longitudinal ridges and
grooves.

We have a number of specimens pre>:erved
on grey shales and they are identical with
Glossotheca utkalensis. Some of them are
shown in Pi. 1 & 2, Figs. 1, 2, 3 & 7.
The one shown in Pi. 1, Fig. 1 is almost
a complete specimen of a fertile leaf,
measuring 6·5-7 cm in lenth. The lamina
is spathulate with broadly rounded apex
and measures 2'5 cm in lenght and 1·5 cm
in breadth at the broadest part. The
lamina gradually tapers down into a long
petiole, more than two or more times its
length. The petiole is 4+5 em long and
3 to 5 mm broad. It is .broader where

DESCRIPTION

Genus - Glossot heca Surange &
Maheshwari

INTRODUCTION

SURANGE and Mahe3hwJ.ri (1970) des
cribed a remarkable male fructifica
tion, Glossotheca utkalensis borne on a

small fertile leaf having Glossopteris type of
venation. This is the only male reproduc
tive organ of Glossopteridales about which
we know in detail. Some of Pant's (1958,
1960) isolated sporangia may resemble
sporangia of Glossot~eca, b~t .one cannot ~e
certain about theIr affillll1e-. Surange s
male fructification (1957) is entirely different.
Eretmonia (Surange & Maheshwari, 1970) is
another male fructificat.ion, which has one
pedicel bearing sporangia.

A fresh collection was made recently
from the same locality which yielded several
specimens of Glossothec.a. On ~xamination
is was found that, besIdes fertlle leaves of
Glossotheca utkalensis, there is another type
of fertile leaf bearing sporangia. It is, the
refore, described as a new species of Glosso
th}ca. Further ob3ervations have al·-o been
made on Glossoth3ca utkalensis.

Em'}nded Diagnosis - Male fructification
borne on long petiole of small, fertile leaf;
lamina spathulate or of different shape; no

2(8
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TEXT-FIG.1 - A drawing of the holotype of Glossotheca ol'issiana showing
forked pedicels. The pedicels of the fertile leaf on the left has forked twice.
ment of sporangia on slender forks of a penultimate branch. x 6.

two fertile leaves with
Also note the attach-
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the pedicels bearing ~porangial groups were
perhaps attached. No pedicel is seen but
sporangial groups are scattered all along thc
petiole on its either side. A very small
leaf 1·2 em long and 5 mm broad with
2 or 3 strong midveins and anastcmo~ing
secondary veins, is lying at the base of the
petiole in such a position that it looks
as if it was attached to the petiole. Is this
a eract in the axil of which the fertile
leaf is borne?

PI. 1, fig. 2 ~hows another ~maller but
complete specimen of a fertile leaf of Glosso
theca utlwlensis. The entire leaf measures
5 em in length, the lamina 1·5 X 1 em and
the petiole 3·5 em in length and 2·3 mm
in breadth. The lamina is oval-spathulate
with bluntly rounded apex. The venaticn
is more clear here. A few strong veins
from the petiole enters the lamina and run
a'S midveins up to about half its length.
Then they dissolve into smaller veins,
bifurcate and form ana'·tomnse~. Likewise,
the outer veins give out ~econdary veins
which bifurcate and form mesheo up to the
margin. The meshes are hexagonal and
pointed at both the ends. Only one pedicel
is seen attached to the petiole. Two groups
of sporangial clusters are seen, but no
attachment is evident.

PI. 1, fig. 3 shows another ~pecimen of a
fertile leaf of the same species with almo~t
complete lamina which looks ~omewhat
elongated. The venation is well pre~erved
and confirms to the description givcn above.
Only one pedicel is visible, lying in the
mid'St of sporangial clusters. Some sporan-

gia look as if they are lying in a whorl
round a central spot.

PI. 2, fig. 7 shows only the petiole of a
fert ile leaf of Glossotheca utl~alensis with
three pedicels and clusters of sporangia.
One of the pedicel shows bifurcation at a
distance of about 5 mm from the petiole.
The pedicels are 4-6 em long and 1 mm
broad.

The specimens of Glossotheca utkalensis
~tudied by us, clearly shows that three or
more pediccls spring from the abaxial side
of the petio1c of the fertile leaf, in a row,
one below the other. Each pedicel bifur
cates and mo~t probably goes on dividing
repeatedly. The sporangia are probably
attached on the ultimate branche-. The
interpretation of SLl.range and Maheshwari
that one main pedicel arises from the leaf
stalk which further gives rise to three pairs
of branche~ is not correct. Each pedicel is
attached separately on the petiole. It was
not pos~iblc to observe how sporangia are
attached on the ultimate branches, whether
singly or in whorls. The sporangia in our
specimens havc thc samc structure as
dcs:::ribed by Surange and Maheshwari. The
organizat inn pf the pedicel and the branch
system appears to be ~imilar to that of
GlossothJca orissiana deicribed below.

2. Glossotheca orissiana n. sp.
PIs. 1, 2, 3, Figs. 4-6, 8-12; Text-figs. 1-4

Diagnosis - Fertile leaf elongate-Ianceo
late with drawnout apical end; lamina
1·5-2 em long, Ie,s than 1 em broad; petiole

TEXT-FIG. 2 - A drawing of two attached sporangia of Glossotheca orissiana. X 40.
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TEXT-FIG. 3 - A diagrammatic representation of the dichotomous branching of a pedicel. Each
ultimate branch bears one sporangium and all sporangia on one pedicel form a cluster as seen
commonly preserved on the shale. x 12.

3-4 cm long, 3-4 mm broad; veins spreading
from base, a few veins in the middle run
straight up for short distance before forking
and anastomosing, rest of the viens diverge
towards margin, forking and anastomosing.
meshes elongate, pointed at two ends; 3 or
4 pedicels attached in a single row on
abaxial side of petiole, each pedicel forks
several times, producing slender ultimate
branches; sporangia attached on ultimate
branches, one on each branch; sporangia
oval-elliptical with prominent longitudinal
striations.

Holotype - B.S.I.P. No. 35039
In the same collection from Orissa, there

are a number of specimens with a fertile
leaf of different shape than that of Glosso
theca utkalensis preserved on whitish com
pact shales. The shale pieces on which
Glossotheca utkalensis are preserved are grey
in colour and were collected at a different
level from the same fossiliferous bed which
is about 15'-20' thick.

PI. 2 fig. 8 shows a fertile leaf of Glosso
theca orissiana showing the typical shape
of the lamina. The apical part is drawn

out into a pointed apex (see also PIs. 2, 3;
Figs. 6, 9) as against a broadly rounded
apex of Glossotheca utllalensis. The lamina
narrows down into a thick petiole. The
venation is well preserved. A number of
veins enter the lamina from the base and,
except for a few veins in the middle,
spread out towards the margin, forking and
anastomosing. A few veins in the middle
go straight upwards almost upto half the
length of the lamina, then starts forking and
anastomosing. The meshes in the upper
half of the lamina are arranged end to end,
two or three ehtering the drawn out apical
end (PI. 2, Fig. 6). The petiole or the
basal part of the fertile leaf is shorter
than that of Glossotheca utkalensis. A few
sporangial clusters are seen, but no pedicel
is visible.

PI. 2, fig. 5 shows a well preserved
specimen showing two well preserved fertile
leaves lying side by side. This is the
holotype of Glossotheca orissiana (see Text
fig. 1). PI. 2, fig. 6 shows one fertile leaf
and Pi. 3, fig. 9 shows the other leaf with
forked pedicels and clusters of sporangia.



252 THE PALAEOBOTANlST

The fertile lea.f in Fig. 6 is small and
about 3 cm long with a part of the petiole
preserved on another shale piece. The
lamina is 1·5 cm long and about 7-8 mm
broad. Meshes in the apical region of the
lamina are clearly seen, arranged end to end.
The leaf tapers down into a petiole, 3 mm
in breadth. Two forked pedicels are attach
ed at a distance of 8 mm. One pedicel
springs out almost at the base of the lamina
and forks immediately. The forks are
embedded below two sporangial clusters
and therefore, further branching is not
visible (Text-fig. 1).

The other fertile leaf shown in Pl. 3,
fig. 9 is also elongate with a long, drawn out
apex. The entire leaf measures 2·5 cm in
length; the lower part of the petiole is
missing. The lamina is 1·8 cm long, the
drawn out apex being 3 mm in length.
The petiole is 2 mm in breadth and shows
beautifully preserved two forked pedicels,
about 7 mm apart (Pl. 2, Fig. 5; Text
fig. 1). The pedicels are 1 mm in breadth
and fork after about 2-3 mm distance from
the petiole. The pedicel (PI. 3, Fig. 9)
which is attached near the base of the
lamina is shown enlarged in Pl. 3, fig. 10
with groups of sporangia lying nearby.
The pedicel is forked and the forks are
reduced to almost half in breadth. The
upper branch of the fork on the left has
gone under the groups of sporangia, but
the lower branch shows second bifurcation.
This pedicel has, therefore, forked twice.
The other pedicel also shows two bifur
cations (Text-fig. 1). Pl. 3, fig. 9 shows
two sporangia (see arrow on the left bottom)
each attached to a slender branch of the
fork, about 0·1 mm in breadth (Text-fig. 1).
The attached sporangia are shown enlarged
in PI. 3, fig. 11 and Text-fig. 2. The
ultimate branches of the pedicels are thus
forked. It, therefore, follows that the
pedicel divides repeatedly by dichotomy
and the slender ultimate branches bear
sporangia. The main pedicel is 1 mm
broad and it must be dividing four to five
times before the size of the ultimate branch,
about 0·1 mm as seen ill PI. 3, fig. 11, is
reached. The number of sporangia on each
cluster, therefore, should not exceed 32.
The accurate count was not possible but the
sporangia counted in many clusters did not
exceed 32. The sporangia in Glossotheca
orissiana thus are borne on the ultimate
branches of a dichotomous branch system.

This has been shown diagrammatically in
Text-fig. 3.

Forked pedicles are also seen in another
specimen (Pl. 1, Fig. 4) in which the lamina
is not preserved. The pedicels are attached
to a petiole and are embedded under
sporangial clusters.

In PI. 3, fig. 12 and Text-fig. 2 are
illustrated two sporangia enlarged to show
their structure. The sporangia are elon
gated, about 1 to 1·5 mm in lenght. They
also appear oval, their shape depending
upon the way they are flattened. Generally
one side is semicircular and the other is
straight, the polar ends are drawn out and
rounded. The sporangial surface is marked
by fine longitudinal striations which appear
as ribs and grooves. Many isolated sporan
gia which have been described by various
authors, show this character prominently.
This type of sporangia are very common
in the Glossopteris flora.

RECONSTRUCTION

Text-fig. 4 shows a restoration of a fertile
leaf and sporangia of Glossotheca orissiana.
Three pedicels are shown arising from the
abaxial side of the basal part of the fertile
leaf, the upper one springing almost from
the base of the lamina. Each pedicel forks
and the daughter branches are hidden
under the crowded groups of sporangia.
Text-fig. 3 shows diagrammatically how a
pedicel branches five times by repeated
dichotomy. Subsequent dichotomies occur
at much shorter distances and hence the
sporangia in the group look crowded, burying
dichotomous branches under them.

COMPARISON AND DISCUSSION

Glossotheca orissiana resembles closely the
other species from the same locality, Glosso
theca utkalensis. Both are male reproduc
tive organs carrying sporangia on branched
pedicels. In both, the pedicels are borne
on the abaxial side of the petiole or the
basal part of the fertile leaf and the sporan
gia in the two species look almost identical.
Glossotheca orissiana, however, differs from
Glossotheca utkalensis in being smaller in
size, the fertile leaf and petiole in the latter
are much longer. The most important
difference lies in different shapes the two
fertile leaves have in the two species. It
would be difficult to imagine that one species
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will carry two different types of fertile
leaves. Further, the number of sporangia
in Glossotheca orissiana does not exceed 32,
whereas the number in Glossotheca utkalensis
is given as ± 100. Even if it is assumed
that the number in the latter could be less,
it would certainly be much higher than that
of Glossotheca orissiana. The pedicels bear
ing sporangia are borne in the same way
on the fertile leaves in both the species.
But the occurrence of sporangia in whorls
in Glvssotheca utkalensis, if correct, suggest
that 4 or more sporangia are borne on
one ultimate branch (this fact may explain
large number of sporangia on each pedicel),
whereas in Glossotheca orissiana only one
sporangium is borne on each ultimate branch.
There is no doubt, however, that these
two types of fertile leaves belonged to
closely related plants. If, however, one
goes by the resemblance of sporangia, both
the fertile leaves will have to be kept
under one species.

Other fructifications of Glossopteridales
like Scutum and Cistella are borne on fully
developed sterile(?) Glossopteris leaves on
their abaxial surface, their stalks being
attached almost to the midrib in the basal
region of the leaf. Sporangia bearing pedi
cels in Glossotheca are also borne on the
abaxial surface, attached by their stalks
in the region of midveins of small fertile
leaves. The fructifications such as Scutum,
Cistella and Glossotheca, therefore, are borne
in the same manner.

The sporangia are attached on fertile
branch system in some pteridosperms such
as Diploteridium teilianum. In Glossotheca
also sporangia are borne on a branch
system. But the resemblance-between the
two ends here. In D. teilianum synangial
discs are borne on sl(lnder rachis<::s with
wide angled forkings, whereas in Glossotheca
orissiana one sporangium is carried on each
slender brach.

Eretmonia of Du Toit (1932) has been
regarded as male fructification by Surange
and Maheshwari (1970). It has small, stalk
ed fertile leaves with dichotomous venation.
Although there is no evidence of a pedicel
carrying sporangia attached to the stalk
of the fertile leaf, there appears to be fair
chances of this being the case. However,
Glossotheca has more than one pedicel
attached in a row on the fertile leaf,

TEXT-FIG. 4-- Restoration of Glossotheca orissiana. whereas Eretmonia appears to have only one
x 6. forked pedicel. Further comparison cannot
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be made as Eretmonia is not known in
detaiL

In the fossil locality from where Glosso
theca has been collected, no species of
Gangamopteris is present. On the other
hand Glossopteris dominates the flora. It is
undoubtedly difficult to relate fertile leaves
with sterile leaves of Glossopteris, unless
they are found in organic connection. Most

of the scale leaves (including fertile leaves)
present in our collection do not have solid
midrib like that of Glossopteris leaves,
but many show profuse anastomoses. The
venation pattern in the two categories is
different. However, there can be hardly
any doubt that Glossotheca is the male
reproductive organ of one of the species of
Glossopteris.
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EXPLANATION OF PLATES

PLATE 1

1. A complete fertile leaf with rounded apex
Glossotheca utkalensis. Note sporangial groups on
either side of the petiole. x 2.

2. Another complete specimen of Glossotheca
ulkalensis showing one pedicel attached to the long
petiole (see arrow). X 2.

3. A specimen of Glossotheca utkalensis showing
well preserved venation and large groups of sporan
gia. X 2.

4. A petiole (lamina is not preserved) of a Glos
sotheca orissiana fertile leaf showing three attached
pedicels and groups of sporangia. X 3.

PLATE 2

5. A piece of shale showing two fertile leaves and
groups of sporangia of Glossolheca oyissiana. Forked
pedicels are attached on the petiole of each leaf.
Holotype B.S.I.P. No. 35039. x 4.

6. One of the leaf shown in fig. 5 enlarged. Note
the drawn out leaf apex and the anastomosing
veins. Two forked pedicels (see arrows) are clearly
seen. X 5.

7. A petiole (lamina is not preserved) of a fertile
leaf of Glossotheca utkalensis showing three pedicels
(see arrows) attached on the petiole and groups of
sporangia. X 3.

8. Another specimen of Glossotheca orissiana
showing the typical shape of a fertile leaf. Groups
of sporangia are seen lying nearby. X 2.

PLATE 3

9. Another fertile leaf of Glossotheca orissiana
enlarged from Fig. 5, Plate 2. Note a beautifully
preserved formed pedicel. Also note two sporangia
attached on two slender forks on the leaf (see
arrow). X 5.

10. The forked pedicel seen in Fig. 9 enlarged.
The fork on the right side has branched twice (see
arrows). X 8.

11. Two sporangia seen in Fig. 9 enlarged
to show their attachment to slender forks.
X 20.

12. Two sporangia seen in Fig. 11 in different
focus to show their surface structure. X 20.
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SOME MALE FRUCTIFICATIONS OF GLOSSOPTERIDALES

K. R. SURANGE & SHAlLA CHANDRA

Birbal Salmi Institute of Palaeobotany, Lucknow

ABSTRACT

A long, slender, stalked cylindrical male fructi
fication, described earlier by Surange (1957), has
been named here as Kendastrabus cylindricus gen.
et sp. novo4-5 sporangia are arranged in whorls and
these whorls are borne in close spirals on the cone
axis. Its monolete, striped spores are named Ken
dasparites. A new species of Eretmania, E. avata,
another male fructification, is also described. It is
shown that in Eretmania, as in Glassatheca, the
sporangia are carried on the ultimate branches of a
dichotomizing branch system.

INTRODUCTION

ARBER (1905) was the first to discoverfrom Australia retort-shaped sporan-,
gia associated with the scale leaves

of Glossopteris browniana, agreeing more
closely with the microsporangia of a cycad.
Du Toit (1932) described a scale leaf as
Eretmonia, which bore sporangia similar
to those described by Arber and regarded
it as the male fructification of Glossopteris.
Recently Pant and Nautiyal (1906) placed
the retort-shaped sporangia of Arber under
a new generic name Arberiella and showed
that they contain two winged pollen grains.
Earlier Sen (1955) had also found two winged
pollen grains in detached, ex-annulate spo
rangia which he attributed to Glossopteris.
Sen (1956) also described another type of
unilocular, ex-annulate sporangia which de
hisced in a longitudinal direction from the
apex, liberating Pityosporites type of pollen
grains.

In 1957, Surange described a new type
of male fructification without naming it.
It consisted of a long, fleshy axis on which
were embedded exannulate sporangia, con
taining striated, monolete spores. Pant and
Nautiyal (1960) found detached unilocular
sporangia containing similar type of mono
lete spores as those in Surange's fructifica
tion. They placed these sporangia under
a new name Lithangium. Pant and Nautiyal
(1960) also instituted another genus of de
tached sporangia, Poly theca, which contain
ed triradiate, monocolpate spores. Fructi
fication which bore Poly theca is not known.
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Surange and Maheshwari (1970) recently
described two spt;cies of Eretmonia from
India which differed from each other in the
shape aad size of their fertile leaves. They
bore sporangia in two clusters carried on
a pair of branches which were attached on
the leaf stalk. The sporangia were found
in groups of 6 to 8.

Another male fructification of Glossop
teris known from India is Glossotheca
(Surange & Maheshwari, 1970; Surange
& Chandra, 1974). It consists of a
stalked fertile leaf with Glossopteris type
of venation. The stalk of the fertile leaf
bears three or more pedicels. Each pedicel
bifurcates into two branches and eacq
branch further divides by repeated dicho
tomy. The final slender branches bear
one sporangium each.

These are the only records of sporangia
and male fructifications with suspected
affinities to Glossopteridales. In our collec
tions from Orissa, some better specimens
of Eretmonia were found which gave indica
tions as to the attachment of sporangia on
ultimate branches. Further, the type
material of the male fructification described
by Surange (1957) from Raniganj was re
examined which revealed the attachment
of sporangia. These two types of male
fructifications, which in all probability be
longed to Glossopteridales, are described
below.

DESCRIPTION

Kendostrobus gen. novo

Male fructification, Surange, 1957, p. 47,
48, PI. 1, Figs. 1 & 2

Diagnosis - Long, slender, stalked, cylin
drical cone bearing spirally arranged naked,
exannulate sporangia in groups; sporangial
surface covered with minute pits; spore
oval, elliptical to subcircular, monolete'
with longitudinal stripes on its surface.

Type species: - Kendotrobus cylindricus
gen. et sp. novo (PI. 1; Figs. 1, 2).
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SpJcijic Diagnosis - Male cone, cylin
drical, 4 cm long, 5 mm broad, borne on
long stalk; 4 to 5 sporangia attached in
whorl on small hemispherical projections
on cone axis; sporangia ex-annulate, crowded
large 2-2·5 mm long; spores oval to
elliptical, monolete with longitudinal,
parallel running stripe:;.

Holotype - B.S.I.P. No. 19512.
Locality - New Kenda Colliery, Raniganj

coalfield.
Horizon - Raniganj Stage.
The fructification was preserved in the

form of compre ;sion. In the type material
the cone WelS lifted from the shale and was
mounted on a slide separately. The im
pre.;sion left behind by the cone on the shale,
when examined under strong reft.ected light,
revealed how the sporangia were attached
on the axis. (PI. 1, Fig. 1). The fructifi
cation is a long, slender cone, borne on a
long stalk. Its parent plant is unknown.
The long, slender stalk is 1 mm in breadth
and more than 1·5 cm in length. The cone
itself is 4 cm long and about 5 mm broad,
narrowing upwards into an acute apex. In
living condition the cone must have been
a slender, cylindrical organ.

PI. 1, Fig. 2 shows an enlarged photo
graph of a part of the cone impre:;~ion on
the shale. Impres~ions of sporangia are
cle:trly visible at some places. On closer
examination groups of 4-5 sporangia are
seen arranged in whorls around a small,
circular protuberence on the cone axis (Text
fig. 1). This explains the arrangement
as de,;cribed by Surange (1957, p. 47) earlier
that some sporangia pointed their narrow
ends towards the base, while in others they
were pointed towards the apex. The whorl
of sporangia occupies almost the entire
breadth of the cone. The groups of spor
angia are borne in close spirals, so that the
sporangia appear crowded on the cone ~ur
face. No scale or a vegetative leaf is found
associated with the cone, but there is pre
sent a thick ridge all along its margin
(Text-fig. 1). Is it the remnant of a scale
leaf similar to that of Dictyopteridium?
If it is so then this cone is also protect
ed by a spathe-like covering in young
stage.

The sporangia are ex-annulate and are
borne naked on the cone. They are oval
in shape with one end narrower than
the other. The end which is attached to
the proturberance on the cone is generally

TEXT-FIG .. 1 - Kendoslrobus cylindricus gen. et
sp. novo showing sporangial arrangement on the
cone. x 12·5.

narrowei-. The spGrangial surface, unlike
those of Glossotheca <..ndEretmonia, inst.udded
with tiny, oval to circular depre sions. A
sporangium measures 1·5 t.o 2·5 mm. in
length and about 1-1·5 mm in breadth.

We tried to isolate "porangial wall by
controlled maceration of the sporangial
mass t.aken (out from the compre,sed cone,
but could not recover any cellular t.i~~ue.
Pant and Nautiyal (1960) who de,cribed
,orne detached sporangia under the name
L£tha1'1gium sttra1'1ge£,ab 0 did not give de
t.ails of the sporangial surface cell~. The
spores of Lithangium are identical with
the spores from the male fruct.ificat.ion
(Surange, 1957) described here as Kendostro
bus cylindricus and t.herefcre, it is ,afe to
assume t.hat the Lithangium type of sporangia
were attached on the cone of Kendostrobus

cylindricus. The sporangia of Lithangium
surangei are described as round to oval,
1·2 mmx 1·07 mm in dze which are
~omewhat smaller than those on t.he cone.
The slight difference in ~ize between t.he
sporangia of Kendostrobus and tho~e of
Lithangium surangci is in5ignificant. The
surface cells appear to be thin walled and
therefore, ea~ily de~troyed in maceration
as is indicated by the fact that Pant and
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Nautiyal did not find them and we also failed
to recover them from the remaceration of
the type material.

Monolete spores similar to those derived
from Kendostrobus cylilldric1,f,s have geen
found in isolated condition al a from the
Raniganj Stage of India. Bharadwaj (1962)
figured one such spore under the name
Latosporites sp., a genus from the nor(rhern
hemisphere. The parent fructification
which produced this type of ~pore is a
southern hemisphere plant, most probably
b~longing to Glos >opteridalec• We there-
fore, propcse a new generic name Kendo-
sporites for the reception of such spore8.

Turma - Monoletes Ibrahim 1933
Subturma - Azonomonoletes Luber, 1935
Infraturma - Perinomonoliti Erdtman, 1947
Genus - Kendosporities gen. novo
Genotype - Kendosporites striatus (Salujha)

comb. novo

Generic Diagnosis - Monolete spore, gene
rally oval to subcircular; unmacerated spore
with thick, irregular, sculptine ridges run
ning parallel to longitudinal axis; macerated
spore with parallel stripes in place of ridges
parallel to monolete slit; exine smooth.

Type species - Kendosporites striatus
(Salujha) comb. novo (Pl. 1 & 2; figs. 7-25)

Specific Diagnosis - Spore oval, elliptical
to subcricular; size 55[1--110[1-X50[1--90[1-;
sculptine folded into thick, sometimes
broken, slightly curved, ridges and grooves,
running parallel to longitudinal axis; during
maceration sculptine ridges destroyed,
lea ving behind longitudinal stripes on body;
exine up to 1·5[1-thick, laevigate, irregularly
folded; monolete mark parallel to stripes,
when open extends up to 3j4th of longer
axis.

Neotype - 1952. B.S.I.P. Collection
(Surange's slide).

Locality - New Kenda colliery, Raniganj
coalfield, Bengal.

Horizon - Raniganj Stage.
Description - A small part of the spor

angial mass from the cone of Kendostrobus
cylindricus was treated with HNOa for a
few minutes and then some spores were
taken out, washed and mounted on a slide.
The acid had acted very little on the spores
and the sculptine remained almost intact.
The spore looked dark brown and the sculp
tine was folded into a number of thick,
dark, somewhat arched ridges, running,
parallel to the longitudinal axis of the spore

TEXT-FIG. 2 - Kendosporites striatus comb. novo
unmacerated spore showing sculptine ridges.
X 1000.

(PI. 2, figs. 9, 12, 14; Text-fig. 2). The
grooves in between the ridges perhaps de
noted unthickened part of the spore wall,
which appeared as thin transparent stripes
(Text-fig. 3) between the dark ridgeo. When
remaining spores were subjected to further
maceration, the sculptine dissolved com
pletely, leaving behind long, thin stripes
on the spore wall in place of ridges and
grooves. It seems that the areas of sculp
tine ridges still remained darker after,
maceration than the unthickened part
(grooves) of the exine and they appear as
lighter lines, imparting a striped appearance
to the spore. In over macerated spores,
even the stripes tend to disappear, giving
a smooth appearance to the spore ourface
A diagrammatic cross section of a spore
is shown in Text-fig. 4.

Spores were compressed in different ways
which gave different shapes to the spores.
Some of them are figured in PI. 1 & 2, Figs.
7-25. There is also a con8iderable varia
tion in size and surface featureo. The
smallest spore measure 56 X 50 [1- (PI. 1,
fig. 8) and the largest was 107X90p.. Very
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TEXT-FIG. 3 - Kendosporites striatHs comb. novo macerated spore showing stripes, monolete mark
and folds. X 1000.

TEXT-FIG. 4 - Diagrammatic cross section of Ken
dosporites striatus comb. novo showing uneven
sculptine ridges. Monolete mark is shown on the
upper left side.

often the spores are compressed in such a
way that monolete mark is not at all
visible. In such a condition, the spore,
could easily be mistaken for an alete form.
The slit is lens shaped, convex in the middle
and pointed at both ends and almost extend
ing up to the margin. The exine is
generally folded and one to three major
folds appear on any part of the spore body.

Cdmparison and discussion - In 1957,
Surange described the>e spores from a male
cone without naming them. Bharadwaj
(1962, PI. 4, fig. 64) illustrated the ~ame
type of monolete, striped spore as Lato
sporites sp. from the coals of Raniganj Stage.
Later in 1964, Bharadwaj and Salujha re
corded a similar spore as Latosporites >p.
form seam VIII of the Raniganj coalfield.

In 1965, Salujha also found the same type
of striped, monolete spore from seam IX
of the East Raniganj coalfield and named
it as Latosporites striatus sp. novo There
.is hardly any doubt that all these spores
are identical with the stripe d, mendet e
spores isolated from the male cone (Surange,
1957) now de>cribed as Kendostrobus cylin
dricus.

Kendosporites differs from Laevigatospo
rites in posses ing sculptine ridges and
grooves or stripes on its body. A >eparate
genus Latosporites was established by
Potonie and Kremp (1954) for tho>e mono
lete spores which could also be accomodated
under Schopf, et al. (1944) large genus Laevi
gatosporites. The genotype is Latosporites
latus (Kosanke, 1950, PI. 5, fig. 11) from
the Upper Carboniferous (Pennsylvanian)
and the type locality is from the northern
hemisphere (Illinois, U.S.A.). The impor
tant generic characters of Latosporites are
circular to subcirculcr shape, distinct mono
lete mark and laevigate to infrastructered
exine. The oouthern Kendosporites could
easily be distinguished from the northern
Latosporites by the pre ence of prominent
stripes and in posse, sing invariably a ,mooth
spore wall. Furthermore, the striped Spores
occur in the Upper Permian of the southern
hemisphere and now known to have be
longed to a plant which could not have
flourished in the northern hemisphere. The
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southern striped, monolete spore, therefore,
is distinct from the northern Dprer Car
boniferous genus Latosporites and so a new
generic name Kendosporites is proposed
here for their reception.

Another genus Luenaites was established
by Bose and Kar (1967) for monolete ~pore
from the Palaeozoic (If Congo. It differs
from Kendosporites in the absence of stripes
and in having punctate exine.

There is hardly any doubt that the striped
spore described by Salujha (1965) as
Latosporites striatus is identical to those
obtained from the cone Kendostrobus. Al
though the single spore figured by Salujha
(1965) is a little longer (longer axis 95-120p.)
than the average spore of ours and
possessed fewer stripes, these differences
are insignificant. In our slides al~o many
spores are much smaller and some much
larger in size which depended on how the
spores were comprecsed. Moreover, the
number of stripes al~o vary in different
spores; half a dozen stripes may beccme
prominent while the others remain indistinct.
The difference, therefore, are hardly suffi
cient to keep the~e two types under two
different species. We have, therefore,
merged them under Kendosporites striatus
comb. novo

Reconstruction - Text-fig. 5 shows a re
construction of the cone of Kendostrobus cy
lindricus. The cone is compact, long, narrow,
almost cylindrical organ whichis attached on
a long, slender stalk. Text-fig. 1 ~hows the
mode of attachment of sporangia on the
Cone. 4 or 5 sporangia are attached in whorls
to small knob-like protuberances on the
cone axis. The sporangia are large,
arranged in close spirals and appear crowded
on the cone.

Comparison - Kendostrobus cylindricus is
quite different from the other two known
male fructifications, Glossotheca and Eret
monia assigned to Glossopteridales.
Kendostrobus is a cone in which groups of
sporangia are compactly arranged in close
spirals on the cone axis, whereas in Glosso
theca and Eretmonia, the sporangia are
carried on a branched system, one sporan
gium being attached on each ultimate branch.

TEXT-FIG. 5 - Reconstruction of Kendosfrobus
cylindricus gen. et sp. novo X 4.
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Furthermore, Glossotheca and Eretmonia bear
spor~ngi.a whose s~rfaces are marked by
10ngItudmally runnIng parallel lines. Such
sporangia when found in isolated condition
are assigned to the genus ArberieUa. They
have elongated surface cells and contain
two winged spores (Pant & Nautiyal, 1960).
The sporangial surface of Kendostrobtts,
on the other hand, is studded with tiny,
oval to circular depres~ions, giving it almost
a spongy look. The genus Lithangium,
to which isolated sporangia of Kendostrobus
are referred, possesses relatively short
sporangial cells and contain monolete spores.
The arrangement of sporangia in whorls
are also described in the genus Perezlaria
by Delevoryas and Gould (1971) from the
Middle Jurassic of- Mexico, which are asso
ciated with leaves referable to Glossopteris.
However, apart from similarity in the
whorled arrangement of sporangia, there
is ab30lutely no comparison whatsoever
between Kendostrobus cylindricus and Perez
laria oaxacensis Delevoryas & Gould. The
organization of Kendostrobus is thus quite
diffe:ent from those of Glossotheca, Eret
mama and other known male fructifications.
Surange's (1957) original fructification,
th~refore, has been assigned here a new
name.

It is true that this male reproductive
organ has not been found attached to any
scale leaf or a vegetative leaf as Glossotheca
and Erdmonia which have been discovered
borne on fertile scale leaves possessing
Glossopteris type of venation. However,
gymnospermic character of Kendostrobus
cannot be doubted. The whole organiza
tio~s of the fructificaiion; viz., the aggre
gatIon of ex-annulate sporangia on a
compact cone-like organ points to it's affinity
with some gymnospermous plants. Glos
sopteridales is the dominant gymnospermous
group present in this flora from Raniganj
and it is likely that this male fructification
m3.Y have also belonged to Glos-opteridales.

Genus - Eretmonia Dutoit

Surange and Maheshwari (1970) emended
the diagnosis of Du Toit's South African
genus Eretmonia and described two species
from India Eretmonia utkalensis and Eret
mania hinjridaensis. They abo described
another species Eretmonia karanpurensis
from the Karanpura coalfield. We found
a few more specimens of the first two

species _of Eretmonia from Orissa, which
provided more details about it's structure.
Be,ides, there is one more fertile scale leaf
which is dist.inct from the other two species
and 50 descnbed below under a new specific
name.

Eretmonia utkalensis Surange
& Maheshwari

PI. 1, fig. 3

PI. 1, fig. 3; Text-fig. 6 shows a fertile
sca.le .leaf of thi~ species possessing charac
ten-tIc short, dIamond shaped lamina with
~n acute apex and a long stalk. The leaf
IS almost of the same size as described by
Sura~ge and Maheshwari (1970). Our speci
men IS 3·1 cm long and lanina is 8 to 10
mm. broad at the wide,t part. The stalk
is 1·5 to 1·7 cm long and 2 mm broad. The
thick lamina shows venation clearly (Text
fig. 6). There is no midrib, but about half
a dozen vascular bundles enter the lamina
~rom the stalk and bifurcate immediately
mt? a do~en bundl.e5. They diverge bifur
catIng tWIce or thnce, meeting one another
and forming meshes. The bundles thin
out towards the margin. The meshing
is very distinct.

From near the base of the lamina arises
a pedicel which is 1 mm in breadth. About
2 mm of it's entire length is preserved, but
within this length the pedicel bifurcates
(Text-fig. 6) into two branches, each brach
is almost half its width. Neither further
branchi.ng nor sp?rangial groups are pre
served In our speCImen. One thing is clear
and that is only one pedicel is present in
Eretmonia utkalensis as against three of four
pedicels in Glossotheca Surange & Mahe
shwari. The two daughter branches must
have further divided dichotomously to carry
two sporangial clusters.

Eretm:mia hinjridaensis Surange
& Maheshwari

PI. 1, fig. 6

PI. 1, fig. 6; Text-fig. 7 shows a specimen
of Eretmonia hinjridaensis in our collection.
The fertile scale leaf is without a stalk, which
shows that fructification bearing scale leaves
were abscissed from the stalk once the pollen
were released. The lamina is spathulate
and br~ades.t near the apex, the margins
convergIng mto an acute apex, which is
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not seen clearly in the type specimen. The
lamina measures 1·7 em in length and the
maximum breadth reaces 7 mm, whertas
at the base it is only 3 mm. The venation
in our specimen is clearly preserved. About
8 or 9 strong vascular bundles enter into
the lamina (from the stalk) and run straight
upwards. The outer bundles give out
secondary veins which dichotomise two or
three times, anastomosing with the neigh
bouring bundles and forming meshes. In
this species also the net venation is very clear.

Two sporangial clusters (Text-fig. 7) are
seen here lying on the right side of the
fertile scale leaf. There. is a faint indica
tion of a pedicel at the base of the lamina,
bifurcating a little further up, and the
daughter branches disappearing beneath
the sporangial clusters. The sporangia are
of same type as described by Surange and
Maheshwari (1970). They are small and
oval, showing parallel lines along the long
axis. The sporangia look very much like
those of Arberiella type described by Pant
and Nautiyal (1960). This type of sporangia
are common in the Glossopteris flora and
were first recognized by Arber in 1905 Glosso
theca also possesses Arberiella type of spor
angia. Although no spores were present
in our material, Pant and Nautiyal (1960)
had earlier described two winged pollen
grains from the Arberiella type of sporangia.
It may, therefore, be safe to presume that
both Gloss3theca and Eretmonia also pro
duced two winged pollen grains.

Eretmonia ovata sp. novo

PI. 1, figs. 4 & 5

Diagnosis - Male fructification; fertile
scale leaf large, lamina ovate, 2·5 em long,
maximum breadth 1·6 em; one pedicel bear
ing sporangial clusters branch by repeated
dichotomy, one sporangium borne by each
slender ultimate branch.

Holotype - 35143
Locality - Hinjrida Ghati, District

Dhenkanal, Orissa.

TEXT-FIG. 6 - Fertile scale leaf of Eretmonia
utkalensis Surange & :vIaheshwari showing venation
and dichotomizing pedicel. x 4.

TEXT-FIG. 7 - Fertile scale leaf of Eretmollia hinj
ridaensis Surange & Maheshwari showing venation
and depression in the middle of the lamina. Note
two sporangial clusters borne on a bifurcating pedicel.
x 4.
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TEXT-FIG. 8 - Fertile scale leaf of Eretmonia ovata sp. novo Note dichotomizing branches and
two sporangia on the left side and a branch on the right side. Lamina shows depression in the middle
and venation at the margin X 4.

Horizon - Raniganj Stage.
Description - The fertile scale leaf (Pi.

1. fig. 4, 5; Text-fig. 8) is much larger than
the scale leaves of E. utkalensis and E. hinj
ridaensis. The leaf without stalk measures
2·5 cm long and 1·6 cm broad at the widest
part. The apical part forms a triangle with
an actue apex. The venation is preserved
only at some places towards the margin.
The secondary veins dichotomise, anasto
mose with neighbouring veins and form
meshes. The central bundles must have

been similar to those in other species of
Eretmonia.

One cluster is seen lying at the bottom
with one branch of pedicel, 5 mm long and
5 mm broad (Pi. 1, fig. 4; Text-fig. 8). The
pedicel is not actually attached to the fertile
scale leaf, but it appears that it had
broken off. There is, however, hardly any
doubt that the sporangia were borne on
this scale leaf. There are also some fine r
branches and some sporangia preserved
on the other side of the leaf. Text-fig. 8
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TEXT-FIG. 9 - A branch bifurcates
thrice and the ultimate branches in
one bear one sporangium each at their
apices. X 20.

TEXT-FIG. 10 - Drawing of a
dichotomously dividing branching
system of a pedicel of Ere/mania
bearing sporangia on the ultimate
branches. X 15.

shows one slender branch of pedicel which
bifurcates three times and the ultimate
bifurcation carries one sporangium on each
branch (Text-fig. 9). In Eretmonia, there
fore, the sporangia are also borne on the
dichotomising branch system as in Gloss
otheca utkalensis Surange and Maheshwari
(Surange & Chandra, 1974).

Discussion - Three species of Eretmonia
are now known from India. The fertile
scale leaf is different in shape and size in
different species. It is safe to assume that
different species of plants would possess
different types of microsporophylls. All of
them, however, have almost the same type
of venation. There is no well defined mid-
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rib, but a number of strong vascular
bundles enter from the stalk into the
lamina and the outer bundles go on giving
out dichotomising and anastomosing scon
dary veins. Mode of attachment of spor
angia in all the three species is the same.
The species, therefore, are distinguished
at present on the basis of shape and size
of the fertile scale leaves.

SPORANGIAL CLUSTERS IN ERETMONIA

The fertile leaves of Eretmonia are thin
at the margin and often show a depression
in the middle of the lamina (Text-fig. 11

TEXT-FIG. 11 - A reconstruction of Ere/mania
showing front view. X 4.

& 12). Sometimes detached sporangia are
also found compressed in the depressed part
of the lamina. Du Toit (1932) had also
found them in Eretmonia natale-nsis and
in fact suspected that the sporangia were
actually attached to the lamina. It appears
that this type of fertile scale leaf served
as protective covering to the sporangial
clusters which were borne in its axil. The
depression in the lamina might have covered
the sporangial clusters and thus offering
them protection in young condition. Text-fig.
12 illustrates diagrammatically a side view
of the fructification of Eretmonia showing

TEXT-FIG. 12 - A diagrammatic reconstruction of
Ere/mania in lateral view showing how the sporangial
clusters could be protected in the depression of
lamina of fertile scale leaf. x 4.
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how the sporangial clusters could have been
protected by the fertile scale leaf.

The mode of attachment of sporangia
in Ere/monia is brought out by different
types of branches seen in association with
the sporangial clusters in three species of
Eretmonia described above. In all the
species of Eretmonia only one pedicel is pre
sent. It arises from base of the lamina
of the fertile scale leaf and divides into two
equal daughter branches, which are almost
half in breadth (Text-figs. 6, 7, 10). Each
daughter branch carries one sporangial
cluster at its apex. The daughter branches
then divide higher up by repeated dicho
tomy and at the same time reducing
progressively in size (Text-fig. 11). By
measuring the diameter of the pedicel and
the ultimate branches, it can be surmised

that each daughter branch divides five or
six times. The number of sporangia in
each cluster must have been normally from
28-32. In actual counting the number did
not exceed 32. The last two to three divi
sions are shown in Text-figs. 8 to 9. The
finer dichotomous divisions occur at short
distances until fine, ultimate segments bear
ing sporangia are produced (Text-fig. 9).
This is how the pedicel in Eretmon£a must
have divided repeatedly and dichotomously
producing a three dimensional branch
system which is shown diagrammatically
in Text-fig. 10. Thus the sporangia bearing
branch system in Eretmonia is on the same
pattern as in Glossotheca. It is, therefore,
safe to presume that Eretmonia and Glosso
theca were closely related and both were
perhaps related to Glossopteris plants.
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EXPLANATION OF PLATES

PLATE 1

1. The type specimen of Kendostrobus cylindricus
gen. et sp. novo B.S.I.P. no. 19512. Long slender
stalk is seen on the left side. X Ca 1·5.

2. A part of the specimen shown in Fig. 1 en
larged to show groups of 4-5 sporangia ananged

in whorls around a small circular protuberance.
x 10.

3. Eretmonia utkalensis Surange & Maheshwatl.
The specimen shows short lamina with an
acut6' apex and a long stalk. Note the pedicel
bifurcating into two daughter branches. X Ca
2·5.
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4. Type specimen of Eretmonia ovata sp. novo
B.S.I.P. 35143. Note the sporangial clusters at the
bottom left with a long slender branch going under
it. X Ca. 2.

5. Dichotomizing branches of the pedicel of
Eretmonia ovata sp. novo X Ca. 20.

6. Eretmonia hinjridaensis Surange & Mahe
shwari. Two sporangial clusters are seen lying on
the right side of the fertile leaf. X Ca. 3.

7-8. Monolete spores from Kendostrobus cytin
driCtts. X 400.

PLATE 2

9-25. Spores from Kendostrobus cylindricus, show
ing variations. Figures 9, 12, 13, 14 and 23 show
unmacerated spores with sculptine ridges. X 400.
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STRATIGRAPHY

ments of the Khasi and J aintia hills.
Ninety samples of shales, sandstones and
limestones collected from five traverses of
this area are studied here.

ABSTRACT

INTRODUCTION

Palynological study of 90 samples of the Palaeo
gene sediments collected from five traverses on the
south of Khasi and Jaintia hills has yielded a rich
assemblage of spores, pollen and microplankton
including a few dinoflagellates and fungal spores.
In this area, sediments of mainly shelf facies are
exposed but near Haflong both shelf and geo
synclinal facies lie very close. Stratigraphic
sequence of the shelf facies consists of Langpar,
Therria, Sylhet Limestone, Kopili and the un
differentiated Barail Sediments. In the geosyn
clinal part, over the Disangs lie the Barails which
are differentiated into Laisong, Jenam and Renji
Formations. The palynofossils recovered here are
assigned to 41 genera and 67 species, out of which
23 species are newly proposed. Based on quanti
tative assessment of the marine and terrestrial
forms, palaeoecological interpretations are made.
The sediments studied here are homotaxial with
ihe Palaeogene sediments of the Garo hills. The
Disangs which were hitherto reported to be barren
have yielded a good number of fossils.

Sediments of mainly shelf facies are
exposed in the Khasi-J aintia hills but
towards east of the area near Haflong
both shelf and geosynclinal facies lie very
close. The oldest sediments lying un
conformably over the Sylhet Trap or rocks
of the Shillong Series are the Mahadeks
which are divided into Mahadek and Lang
par Formations. These beds show gradual
thinning towards north as well as to east.
The Langpar Formation is overlain by the
Therria Formation. It_consists of limestone
at the base followed by sandstone at the
top. The limestone is developed only on
the southern side of the plateau and its
place in the plateau area is taken over

THE Khasi and Jaintia hills consti- by the Cherra Sandstone. The contacttuting leastern half of the Shillong between the Langpar and Therria Forma
Plateau or the Meghalaya show an tions seems to be conformable. The Tura

excellent development of Tertiary rocks Sandstone of Garo hills has been correlated
of both marine and non-marine nature. with the Cherra Sandstone. The Cherra
Palynological studies of the Tertiary sedi- Sandstone seems to be conformably overlain
ments of Assam have been attempted by by the Sylhet Limestone Formation which
many workers like Sahni, Sitholey and Puri consists of alternation of thick limestone
(1947), Sen (1948), Biswas (1962), Baksi and coarse grained sandstone. Based on
(1962), Ghosh and Banerjee (1963), Sah and broad lithological characters this formation
Dutta (1966, 1968), Srivastava and Banerjee has been divided into 5 members namely
(1969), Ghosh (T. K., 1969), Dutta and Sah Lakadong Limestone, Lakadong Sandstone,
(1970), Sah et al. (1970) and Kar et al. Umlatdoh Limestone, Narpuh Sandstone and
(1972), but no detailed regional study has Prang Limestone. The Sylhet Limestone
so far been made. A systematic study of Formation is conformably overlain by the
palynological fossils from the Palaeogene Kopili Formation, youngest mEmber of the
sediments along the South Shillong Front Jaintia group. It consists of alternation of
was taken up as a project at the Institute sandstone and shales. The Kopili Forma
of Petroleum Exploration by the present tion is conformably overlain by sediments
authors. Results of a study of the palyno- of the Barail group. The Barail rocks were
fossil assemblages from the Palaeogene sedi- deposited both in the shelf and geosynclinal
ments of Garo hills are presented in the parts with the only difference that in the
first part of this paper (Salujha et al., 1971). shelf part it is very thin and more ?renace
The present paper incorporates results of a ous and carbonaceous in comparison to the
palynological study of the Palaeogene sedi- geosynclinal part. In the geosynclinal part
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SYSTEMATIC PALYNOLOGY

rRenji 5

Barails .. 11 ~ Jenam .. 15lLaisong . . 26

Microfossils are recovered from the rock
samples by the use of Hydrofluoric acid,
Nitric acid and Potassium hyclroxide. An
alternc>.tive treatment by the use of Sodium
pyrophosphate is also givtn for this pur
pose. Sporiferous material is separted by
using hea vy liquid of specific gra vi ty 2·2.
Polyvinyl alcohol and Canada balsam are
usee for mounting slic1es.

Quantitative assessment of the various
palynomorphs is made by counting 200
grains for each sample and their frequencies
are plotted for zonCl.tion and correlation
of sediments.

the Barails are more than 10,000 ft. thick
(Srivastava et al. 1969) and have been
clivided into three formations i.e. Laisong,
Jenam and Renji depending upon predo
minance of sandstone over shale. The
Balail group shows general thinning to the
west.

Generalizecl rock stratigraphic sequence
in the geosynclinal and the shelf facies is
as follows.

Geosynclinal facies:

Probable age GroupFormation

Oligocene

BarailfRenji

i.. Jenam
LaisongEocene to Upper

Disang
Cretaceous

Shelf facies:Probable

GroupFormationMember
age

Jaintia
rKopili 12

~ Sylhet .. 3 Disangs ... 9lTherria .. 2
Langpar . . . . . 7

Oligocene BarailUndifferen-
tiatedKoplli

f Prang Lst.

j Narpuh Sst

Umlatdoh.Lst.

S,lhel fOk'dOO'

Sst.Eocene
JaintiaLimestone Lakadong

Lst.Cherra/TherTherria ria Sst. Therria Lst.Langpar r Mahadek Sst.Upper Creta-
Maha-MahadekiBorghat con-taceous
dek glomerate

L member

Unconformity

The palynomorphs recovnec1 from the
Palaeogene sEdiments of Khasi-Jaintia hills
consists of 41 genera and 67 species. Spores
and pollen are classified according to the
system proposed by Potonie (1956, 1958,
1960, 1966). Microplankton ale arranged
according to the system of classification
proposed by Downie et al. (1963). The
species already recorded are listed whereas
others which are new are clescribed.

Anteturma - Sporites H. Pot. 1893.
Turma - Triletes (Reinsch, 1881) Pot.& Kr. 1954.
Subturma - Azonotriletes Luber, 1935.
Infraturma - Laevigati (Benn. & Kids.

1886) Pot. 1956.
Lr.-Mid. Jurassic Sylhet Trap Sylhet Trap Genus - Cyathidites Couper, 1953.

MATERIAL AND METHODS

Ninety samples belonging to var~ous. for
mations of the Palaeogenes of KhaSI- Jamtm
hills are studiecl. These samples belong
to five traver~es namely Umsohryngkew,
Hari river, Prang river, Lubha river and
Bali-chara Nacli (Map). The stratigraphic
forma tions to which these samples belong
are tabulated as under:

Genotype - Cyathidites australis Couper,
1953.

Cyathidites (Leiotriletes) dehiscensi (Baksi,
1962) Sa!., Kind. & Reh. 1971.

PI. 1, fig.1

Cyathidites magnanimus sp. novo

PI. 1, figs. 2-3
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Holotype - PI. 1, fig. 2.
Type local£ty - Jenam Formation, Haf

long Silchar road traverse, District Cachar.
Diagnosis and description - Golden

yellow, triangular with straight to slightly
convex "ides, size 48+74 fL; trilete mark
distmct, open, indicated by a triangular,
thin area, rays 3/4 or more the radius long,
with a 4·6 fL wide inter-ray thickening;
exine over 1 fL thick. faintly structured with
sparsely arranged foveola tions.

Comparison - The present species differs
from Cyathidites (Leiotriletes) garoensis
(Salujha et al., 1971; PI. 1. figs. 3-4) in
having a wider inter-ray thickening and
the exine' bearing distinct foveola tions.

Botanical affinity - Cyatheaceae.

Cyathzdites sp.

Pi. 1, fig. 4

Description - Golden yellow, triangular
with rounded angles and almost straight
sides, size 56 fL; trilete mark faintly dis
cernible, rays 1/2-2/3 the radius long with
pointed e Ids; exine 1'2-1·5 fL thick, granu
lose, grana ± 1 fL in diameter, sparsely
spaced.

Comparison -Leiotriletes virkii (Biswa:>,
1962; PI. 9, fig. 53) distinguishes in having
a finely granulose ornamentation and thE
transverse folds at the tip of the rays.

Genus - Stereisporites Thoms. & Pfl. 1953.

Genotype - Stereisporites stereoides (Pot.
& Ven. 1934) Thoms. & Pfl. 1953

Stereisporites formosus sp. nOvo

Pi. 1, figs. 5-6

Holotype - PI. 1, fig. 5.
Type locality - Jenam Formation, Haf

long-Silchar road traverse, District Cachar.
Diagnosis and description - Brown,

triangular to snbcircular with convex sicles,
size 33'4-58·6 fL; Y-mark distinct, rays 3/4
the rad ius long or more with blun tends;
exine ± 1·5 (.L thick, distinctly grallu1ate,
grana over 1 fL wide, closely spaced, occa
sionally coalescing to give 3. reticulate appea
rance.

Comparison - Stereisporites assamensis
(Sah & Dutta, 1968; PI. 1, fig. 2) has a
thicker exine which is smooth with elevated
lips of the laesnra. ct. S. ambiguus recorded

by Salujha et al. (1971; PI. 1, figs. 6-7) is
bigger in size with a distinct labra along
the Y-rays and the exine is foveolate.

Botanical affinity -? Cyatheaceae.

Genus - Biretisporites (Dele. & Sprum. 1955)
Dele., Dettman & Hughes, 1963.

Genotype - Biretisporites potoniaei Dele.
& Sprum. 1955

Birett'sporites singularis sp. novo

Pi. 1, fig. 7

Holotype - Salujha et al. 1971; PI. 1,
fig. 9.

Type locality - Renji Formation, Lubha
river traverse, Khasi-Jaintia hills.

Diagnosis and description - Ligh t brown,
roundly triangular with straight sides, size
44·8-54·2 fL; trilete mark c1istinct, arms
raised, almost 2/3 the radius long, enve10pecl
by a 1·5-2 fL broad lip on either side of tll(
rays, lips appear to be over turning; exine
1'2-1·5 (.L thick, almost smooth to faintly
ornamented, ocrasionally giving a varie
ga ted appearance.

Comparison - Biretisporites triglobosus,
(Sah and Dutta, 1966; PI. i, figs. 11-12)
which is later inclucled unclel Dandotiaspora
dilata by Sah et al. (1971), differs from the
present species in being larger in size with
its exine thickened on distal si(ie and the
ray ends dilating into globular structures.
B. bellus (Sah and Kar, 1969; PI. 1, figs.
4-5) is smaller in size ancl the trilete rays
extendingupto the equator. Biretisporites
sp. recorded by Dutta and Sah (1970; Pl.
fig. 12) has laesura of the trilete mark ex
tending upto the periphelY.

Botanical affinity - ?Matoniaceae.

Infraturma - Murornati- Pot & Kr. 1954.

Genus - Foveosporites Balme, 1957.

Genotype - Foveosporites canalis Balme,
1957.

Foveosporites spectabilis sp. novo

PI. 1, fig. 8

Holotype Salujha et al. 1971; PI. 1, fig.
14.

Type locality - Kopili Formation, Lubha
river traverse, Khasi-Jaintia hills.
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Diagnosis and description - Golden
yellow, rounc1ly triangular with straight to
curved sides, measuring 28·8-52·8 u; trilete
mark distinct, sometimes open, mys 2/3
3/4 the radius long, enes pointed; exine
± 1 {J. thick, microfoveolate, foveola ± 1 {J.

wide, sparsely spaced.
Comparison - F oveosporites canalis, the

genotype illustrated by Balme (1957; PI.
1, figs. 15-17) has laesurae with raised lips
and extending right upto the periphery of
the spore. F. pachyexinous and F. triangulus
(Dutta and Sah, 1970; PI. 2, figs. 24-27,
PI. 2, figs. 22-23 differ in having a thicker
exine and laesura of the trilete mark
reaching the equator. Foveosporites sp. (Sah
and Kar, 1969; PI. 1, fig. 23) is subcirclllar,
bigger in size with a thick exine.

Botanical affinity - Uncertain.

Genus - Lycopodiumsporties (Theig. 1938)
Dele & Sprum. 1955.

Genotype - Lycopodiumsporites agathoe
cus (R. Pot. 1934) Thierg. 1938.

Lycopodiumsporites paruirett'culatus Sah &
Dutta, 1966.

PI. 1, fig. 9

Lycopodiumsporites rarus sp. novo

PI. 1, figs. 10-11

H olotype - Pi. 1, fig.] O.

Tvpe locality - Therria Formation, Umso
hryngkew traverse, Khasi-Jaintia hills.

Diagnosis and description - Brown,
trianl!ular with rounded angles with almost
straight sides, size 36,8-72 {J.; trilete mark
c1istinct, rays 3/4 the radius long; exine 1-1·5
{J. thick, faintly but finely reticulate, muri
Ovef 1 {J. thick, lumina usually 1-1·5 {J. wide,
mm i seen protruc1ing at the margin.

Comparision - The present species differs
flom Lycopodiumsporites parvireticulatus
(Sah 8.nd Du tta, 1966; PI. 1, figs. 1-4 in
having a famtly reticulate exine 'A-ith in
complete muri forming lumina of varying
shapes. L. bellus recorded by Sah anc1 Kar
(1969; Pi. 2, figs. 9a-11) differs in being
smaller with a thicker exine and t-oarscJy
reticula te om amen ta tion. L. palaeocenicus
(Dutta and Sah, 1970; PI. 2, figs. 53-55,
58-59) has comparatively larger meshes
and distinctly rarsed muri.

Botanical affinity - Lycopodic>.les

Lycopodiumsporites insignis sp. novo

PI. 1, figs. 14-15

Holvtype - PI. 1, fig. 14.
Type locality - Kopili Formation, Umiew

river traverse, Khasi Jaintia hills.
Diagnosis and description - Light brown,

subcircular, measnring 42'6-50'8 X 52·~-61·2
{J.; trilete mark distinct, rays 2/3-3/4 the
radius long, ends pointed; exine over 1·5
{J. thick, finely reticulate with plOminen t
1-1·5 {J. broad lumina, muri ± 1 {J. thick,
grains occasionally folded.

Comparison -Lycopodiumsporites elegans
recorded by Salujha et al. (1971; PI. 1, figs.
19-20) resembles the present species in its
sub circular appealance but c1iffers ill ha ving
longer laesura cmd coarsely reticulate exine.
L. lJellus (Sah and Kar, 1969; PI. 2, figs.
9a-11) differs in being smaller with a tllickel
exine and coarsely reticu.late ornamenta
tion. L. palaeocenicus (Du.tta and Sah,
1970; PI. 2, figs. 53-55, 58-59) has larger
meshes and distinctly raised muri.

Botanical affinity - Lycopodiales.

Lycopodiumsporites sp. A

PI. 1, fig. 12

Description - Brown, tri2.nguhn with
convex sides, measuring 56·8 [1.; trilete mark
present, rays reaching almost upto the
equator; exine over 1·5 {J. thick, finely reti
culate, muri over 1 [J. thick enclosing ± 1·5
[J. 'A-ide lumina, muri seen protruding at the
margin.

Comparison -Lycopodiumsporites abun-
dans recorded by Salujha et al. (1971; PI.
1, figs. 17-18) is bigger in size with a thin
inter-ray thickening and exine ornamented
with incomplete mesh work.

Lycopodiumsporites sp. B

PI. 1, fig. 13

Description - Brown, triangular with
rounded angles and concave sides, size 62·8
[J.; trilete mark distinct, rays reaching c1.1
most up to the equator; inter-ray area show
ing a 3-4 [J. wide thickening; exine over 2
[J. thick, coarse'y reticulate, muri broken,
forming an incomplete meshwork.
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Comparison - The present species dis
tinguishes in having a very wide thickening
along the Y-rays and a coarsely reticulate
ornamentation on the exine. L. paluco
cenicus recorded by Dutta and Sah (1970;
PI. 2, figs. 53-55, 58-59) lacks the charac
teristic thickening along the laesura of the
trilete mark.

Genus - Magnastriatites Germ., Hopp.
& Muller, 1968.

Genotype - M agnastriatites howardi Germ.,
Hopp. & Muller, 1968.

Remarks - Germeraad, Hopping and
Muller (1968) created a new genus Magna
striatites distinguishing it from Cicatrico
sisporites by its coarsely striate omamenta
tion, larger size and a circular ridge
surrounding the proximal contact area.
The specimens recovered here anc those
included uncler Cicatricosisporites venustus
by Salujha et al. (1971; PI. 1, figs. 22-23)
conform to the generic diagnosis of Mag
nastriatites, thus they are transferred to this
genus.

Magnastriatites venustus SaI., Kind, & Reh.
1971

PI. 1, fig. 16

Genus - Cicatricosisporites (Pot. & GelI.
1933) Pot. 1966

Genotype - Cicatricosisporites dorogensis
Pot. & Gell. 1933.

C icatricosisporites sp.

PI. 1, fig. 17

Description - Golden yellow roundly
triangular, measuring 56·8 (10; trilete mark
faintly discernible, terminating limits of
the laesura not clear; exine ± 1·2 (10 thick,
striated, striations 1·5-2 (10 wide, area in
between the adjoining striations 3·5-4·5
(10 wide, smooth.

Comparison - Cicatricosisporites pudens
recorded by Salujha et al. 1971; PI. 1, figs.
24-25) differs in having a distinct and raised
trilete mark with a thick labra and foveolate
inter-striation area.

Botanical affinity - Parkeriaceae.

Genus - Corrugatisporites (Thoms. & Pflug)
Weyl. & Greif. 1953.

Genotype - Corrugatisporites toratus Weyl.
& Greif. 1953.

Corrugatisporites Sp.

PI. 1, fig. 18

Description - Brown, triangular with
straight to slightly convex sides, measur
ing 53,6 (10; trilete mark distinct, arms 3/4
the radius long, with a ±2'5 (10 wide inter
r<'.dial thickening; exine ± 2·5 (10 thick,
rugulate, rugulae coalescing to give a reti
cula te appearance, sometimes protruding
at the margin.

Comparison - The present species differs
from Corrugatisporites lepidus (Salujha et al.,
1971; PI. 2, figs. 27-28) in being larger,
with short laesura and a wide thickening
inbetween them. C. formosus (Dutta and
Sah, 1970; PI. 2. figs. 16-20) has a faint
trilete mark and lacks the inter-radial thick
ening.

Botanical affinity -Lygodium (Schizaea
eceae).

Turma - Zonales (Benn. & Kidst. 1886)Pot.
1956

Subturma - Zonotriletes Waltz, 1935
Infraturma - Cingulati pot. & KI. 1954

Genus - Polypodiaeeoisporites Pot. 1951

Genotype - Polypodiaceoisporites speciosus
(Pot. 1934) Pot. 1951.
Polypodiaceoisporites idoneus Sa 1., Kind. &

Reh. 1971.

PI. 1, fig. 19

Remarks - The cingulum enveloping the
body is 4·5 (10 wide whereas its width in the
specimens recorded earlier is 2·5-4 (10. Thus
the cingulum may be considered to be rang
ing from 2·5+5 (10 in width.

Polypodiaceoisporites sr.

PI. 1, fig. 20

Description - Golden yellow, 10UI'dly
triangular with slightly convex sides, size
35,6 (10; cirglum 2-2·5 (10 wide enveloping
the inner body; trilete mark distinct, arms
reaching up to the margin of the inner body;
cingulum smooth, body fain tl y structured.

Comparison - The present species lacks
distinct muri covering the body distally

• ..J.
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which is a charactnistic fea ture of P. idoneus
(SaI., Kind, & Reh. 1971; PI. 2. figs. 29-30).

Botanical affinity - Uncert".in.

Turma - Monoletes Ibr. 1933
Subturma -Azonomonoletes Luber, 1935
Infraturma - Laevigatomonoleti Dyb. &

Jachow. 1957

Genus - Laevigatosporites Ibr. 1933

Genotype - Laevigatosporites vulgaris (Ibr.
1932) Ibr. 1953.

Laevigatosporites copiosus Sa1., Kind. and
Reh. 1971.

PI. 1, fig. 21

Laevigatosporites caecus sp. novo

PI. 1, figs. 22-24

H olotype - PI. 1, fig. 22.
Type locality - Renji Formation, Lubha

river traverse, Khasi-Jaintia hills.
Diagnosis and description - Light brown,

elliptical, measuring 18·6-54·6 X 12+42·8 (.I.;

monolete mark faintly discernible in most
of the specimens, occasionally distinct,
running over 3/4 or whole length of the,
longer axis; exine 2-3·5 (J. thick, fovpolate,
foveola of irregular shapes, sparsely spaced.

Comparison - Laevigatosporites lakiensis
(Sah anrl Kar, 1969; PI. 2, figs. 13-18) is
bigger in size with its monolete mark less
than half the longer axis and laeviga te exine.
L. copiosus described by Salujha et al.
(1971; PI. 2. figs. 35-36) is smaller in size
with a thinner exine. Psilamonoletes sp.
(Banerjee, 1966; PI. 1, fig. 2) comp:ues
closely and may belong to this species.

exine in between the striations coarsely,
f~veolate, foveola of varying shapes and
sIzes.

Comparison - Schizaeoisporites crassimu
rus (Dutta and Sah, 1970; PI. 3, figs. 32-34)
differs in being smaller in size with a
distinct monolete mark and laesura 2/4 the
longer axis with few but thicker ridges on
the exine.

Genus -Polypodiisporites (Pot. 1934)Pot. 1956

Genotype -Polypodiisporites favus (Pot.
1931) Pot. 1934.

Polypodiisporites speciosus Sah, 1967.

PI. 2, figs. 26-28

Polypodiisporites splendidus Sa1., Kind, and
Reh. 1971.

PI. 2, fig. 29

Anteturma - Pollenites Pot. 1931
Turma - Saccites Erdt. 1947

Subturma - Disaccites Cooks. 1947
Infraturma -Podocarpoditi Pot., Thoms. &

Their~. 1950

Genus -Podocarpidites (Cooks. 1947)Pot. 1958

Genotype -Podocarpidites ellipticus Cooks,
1947

Podocarpidites classicus Sa1., Kind. & Reh.
1971

PI. 2, fig. 30

Infraturma - Pinosacciti (Erdt. 1945)Pot. 1958

Genus - Alisporites Dau~herty, 1941

Infraturma - Sculptatomonoleti Dyb. & Jac
how. 1957 Genotype - Alisporites

1941.
opii Daugherty,

Genus - Schizaeoisporites Pot. 1951

Genotype - Schizaeoisporites eocaenicus
(Selling, 1944) Pot. 1956.

Schizaeoisporites sp.

PI. 2, fig. 25

Description - Brown, oval, measunng
74·2x 52·8 (.I.; monolete mark faintly dis
cernible, its terminating limits not clear,
exine 1·5-2 (J. thick, striated, striations ]·2
1·5 [k wide, running parallel to each other,

Alisporites sp.

PI. 2, fig. 31

Description - Golden yellow, bilateral,
bisacca te, overall size 94·4 X 48·6 (.I.; cen tral
body broadly oval, outline faintly discerni
ble, measuring 52·8 X 40 (.I., smaller than
the bladders in height, foveolate, foveola
sparsely arranged, 1'2-1·5 (.I. broad, bladders
hemispherical, microreticulate, attached dis
tally leaving a ±20·8 (.I. wide straight to
slightly biconvex sulcus.
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Comparison - Alisporites clarus record eel
by Salujha et al. (1971; PI. 2, figs. 46-47)
has a distinct central body ornamented with
grana and with a narrower sulcus distally.
Alisporites sp. (Sah aud Dutta, 1968; PI.
1, fig. 10) IS smaller in size with a vertically
oval central body.

Turma -Aletes Ibr. 1933
Subturma -Azonaletes (Lub. 1935) Pot. &

Kr. 1954
Infraturma -Psilonapiti Erdt. 1947

Genus - Inaperturopollenites (Thoms. &
Pflug, 1953) Pot. 1958

Genotype - I naperturopollenites dub ius ,
(Pot. & Yen. 1934) Thoms. & Pflug, 1953.

Inaperturopollenites mirabilis sp. novo

PI. 2. figs. 32-34

Holotype - PI. 2, fig. 32.
Type locality - Kopili Formation, Prang

river traverse, Khasi-Jaintia hills.
Diagnosis and description - Golden

yellow, normally circular, usually folded
givirg a subcircular appearance, size 32·4
62 (1.; exine over 1 (1. thiCk, granulose, gran?
+1·5 (1. wide, closely spaced, occasionally
coalescing to give a reticulate appearance.

Comparison - Retiinaperturites depressus
recorded by Mathur (1966; PI. 1, fig. 11)
has a reticulate exine. The present species
di~tinguishes in having a coarsely granulate
eXlIle.

Infraturma - Spinonapiti Erdt. 1947

Genus -Peltandripites Wodehouse, 1933

Genotype -Peltandripites devisii Wode
house, 1933.

Peltandripites fastidiosus sp. novo

PI. 2, figs. 35-38

Holotype - PI. 2, fig. 35.
Type locality - Kopilj Formation, Lubha

river traverse, Khasi-Jaintia hills.
Diagnosis and description - Light brow;l,

normally circu12.r,appea.ring subcircular oue
to folding or compression, size 18'6-35'6
!L; without any germinal mark; exine 1-1·5
(1. thick, ornamented with sparsely auanged
1·5-2 (1. long, ± 1·5 (1. wide uniformly, sharp
to blunt tippfd coni, sometimes coni pro
truding at the margin.

Comparison - Peltandripites dubius re
corded by Sah and Dutta (1966; PI. 1, figs
23-24) is smaller in size and covered with
densely arranged spiny processes.

Turma - Plicates (Naum. 1937,1939)Pot. 1960
Subturma - Polyplicates Erdt. 1952

Infraturma - Costati Pot. 1966

Genus - Ephedripites Bolch. 1953

Genotype - Ephedripites mediolobatus
Bolch. 1953.

Ephedripites sp. A.

PI. 2, fig. 39

Description - Brown, longish oval, with
broadly rounded ends, size 50· 6 X 30·4 (1.;

exine ± 2·5 (1. thick, bearing 4 prominent
ridges with distinct septations inbetween,
ridges ± 2 (1. wide, inter-ridge area smooth.

Comparison - Ghosh et ai, (1963) have
recorded closely comparable specimens from
the Dharamsala (Tertiary) Formation of
Kangra District in Punjab. These speci
mens (Ghosh et al., 1963; figs. 1-4),
are smaller in size and bearing larger
number of ridges

Ephedripites sp. B

PI. 2, fig. 40

Description - Golden yellow, longish
oval with narrowly rounded ends, size 35·2
X 14·5 (1.; exine ± 1·2 (1. thick, smooth, bear
ing 7 ridges, running from pole to pole with
out septations, ridges 1·2-1·5 (1. thick.

Comparison - The present species differs
from the one described above in having
larger number of ridges without any septa
tions.

Subturma - Monocolpates Iver. & Troels.
1950

Genus - Monocolpites Erdt. 1947

Lectogenotype - M onocolpites longicolpa
tus V. d. Hamm. 1956.

Monocolpites infrequens sp. novo

PI. 2, figs. 41-42

Holotype - PI. 2, Fig. 41.
Type locality - Therria Formation,

Umsohryngkew traverse, Khasi- J aintia hills.
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Diagnosis and description - Brown, oval
with broadly rounded to flattened ends,
size 38·6-50 X 16·8-32·5 [L; monocolpate, colpi
2·5-3 [L deep; exine ± 1·2 [L thick, faintly
structured, presumably beset with ± 1 [L

wide grana.
Comparison - A specimen illustrated as

Monocolpites sp. by Salujha et al. (1971;
PI. 2, fig. 51) is bigger in size with deeper
colpi. M onocolpites sp. (Sah and Dutta,
1966; PI. 1, fig. 22) compares closely with
the present species.

Botanical affinity - Uncertain.

M onocolpites sp.

PI. 2, fig. 43

Description - Brown, elliptical, size
22·4x 75·6 [L; monocolpate, colpi 3·5-4 [L

wide, running from pole to pole; exine over
1 [L thick, smooth.

Comparison - The present species differs
from M onocolpites infrequens, described
above in having pointed ends and its longer
axis is larger.

Subturma - Relectines (Malawk. 1949)
Pot. 1948.

Genus - Couperipollis Vcnkat. & Kar 1969

species of Monosulcites. Out of these M.
magnus (Dutta and Sah, 1970; PI. 5, figs.
1-2) comes close to the present species but
differs in being bigger in size and bearing
longer spines for ornamentation. C01tperi
pollis achinatus (Sah and Kar, 1970; PI,
1, figs. 8-9) differs in being smaller, oval
in shape and colpus extending from one
end to the other.

Botanical affinity - NymphaeaceaejPal
mae.

Couperipollis sp.

PI. 2, fig. 46

Description - Light brown, circular, mea
suring 35'6 [L; monosulcate, sulcus faintly
discernible, its limits not clear; exine ±
l' 5 [L thick, ornamented with 2-4 [L long,
2·5-3 [L broad, closely spaced processes with
pointed to blunt tips; exine inbetween the
processes smooth.

Comparison - The present species dis
tinguishes in its smaller size with a faintly
discernible sulcus and smaller, closely spaced
processes.

Botant'cal affinity - NymphaeaceaejPal
mae.

Genus - Palmaepollenites Pot. 1951

Subturma - Monoptyches (Naum. 1937) Pot.
1958Genotype - Couperipollis perspinosus

(Coup.) Venkat. & Kar. 1969.

C01tperipollis exsertus sp. novo

PI. 2, figs. 44-45
Genotype - Palmaepollenites

Pot. 1934) Pot. 1951.
tranquillus

Holotype - PI. 2, fig. 44.
Type locality - Kopili Formation, Prang

river traverse, Khasi-]aintia hills.
Diagnosis and description - Brown, cir

cular to subcircular, measuring 48-64·6 X
35·2-61· 2 [L (including processes), some
times folded; monosulcate; sulcus 2'6-8
[L wide, sometimes more; exine 1.5-2 [L thick,
ornamented with 3·5-6 [L long and 2·5-3·5
[L broad processes with pointed tips and
bulbous base, processes closely spaced coal
escing to give a reticulate appearance; exine
inbetween the processes foveolate.

Comparison - Couperipollis kutchensis
(Venkat. & Kar, 1969; PI. 1, figs. 15-16)
differs in having longer spines. M ono
s1tlcites rarispinosus recorded by Sah and
Dutta (1966; PI. 1. figs. 26-28) has smaller
and sparsely arranged processes. Dutta
and Sah (1970) have recorded quite a few

Palmaepollenites subtilis Sa1., Kind.
& Reh. 1971.

PI. 2, fig. 47

Palmaepollenites sp.

PI. 2, fig. 48

Description - Golden yellow, longish oval
to elliptical, measuring 76·4 X 30·8 [L; mono
sulcate, sulcus 3·5-4 [1. wide; running from
one pole to the other; exine ± 1 [L thick,
faintly granulose, grana over 1 [L in diameter,
sparsely arranged.

Comparison - Palmaepollenites ovat1tS
(Sah and Kar, 1970; PI. 1, fig. 13) is
smaller, roundly oval with a thicker, intra
granulose exine. P. plicatus also recorded
by Sah and Kar (1970; PI. 1, figs, 14-15)
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resembles the present species in its sulcus
running from one end to the other but
differs in having a laevigate exine. P. sub
tilis recorded by Salujha et al. (1971; PI.
2, figs. 53-54) is smaller in size with a wide
sulcus. P. communis (Sah and Dutta, 1966;
PI. 1, fig. 10) is also smaller in size with
slightly raised lips.

Botanical affinity - Palmae.

Subturma - Dicolpates Erdt. 1947

Genus - Dicolpopollis (Pftan. 1956) Pot. 1966

Genotype - Dicolpopollis kockeli Pflan.
1956.

Dicolpopollis jragilis SaI., Kind. and
Reh. 1971.

PI. 2, fig. 49

Dicolpopollis sp.

PI. 2. fig. 50

Description - Golden yellow; oval, size
44·6x39·8 fL; dicolpate, colpi 4·5-6·2 fL deep;
exine ± 1·5 fL thick, distinctly reticulate,
muri 1·2-1·5 fL thick with ± 1·5 fL wide
lumina.

Comparison - Dicolpopollis proprius re
corded by Salujha et al. (1971; PI. 3, figs.
57-58) is smaller in size with faintly reti
culate structure.

Botanical affinity - Palmae.

Subturma - Triptyches Naum. 1937, 1939
Genus - Tricolpites (Erdt. 1947,Cooks. 1947,

Ross, 1949,Coup. 1953) Pot. 1960

Lectogenotype - Tricolpites reticulatus
Cooks. 1947

Tricolpites gracilis SaI., Kind. & Reh.
1971.

PI. 2, fig. 51

Tricolpites iniquus sp. novo

PI. 2. figs. 52-53

Holotype - PI. 2, fig. 52.
Type locality - Jenam Formation, Haf

long-Silchar road traverse, District Cachar.
Diagnosis and description - Golden

yellow, roundly triangular to subcircular,

size 19·8-34·6x 18'2-28·6 fL; tricolpate, colpi
5'2-9·6 fL wide, extending to almost 1/2 the
radial distance; exine over 1 fL thick, smooth
to sparsely foveolate, uneven, giving a mat
like appearance.

Comparison - Tricolpites levis recorded
by Sah and Dutta (1966; PI. 2, figs. 9-10)
has longicolpate furrows. T. longicolpus
(Sah and Dutta, 1966; PI. 2, figs. 11-12)
differs in having a thicker exine with long,
tenuimarginate colpi. T. brevis (Sah and
Kar, 1970; PI. 1, figs. 5-6) is bigger in size
with colpi placed in interapical margin. T.
minutus also recorded by these authors (Sah
and Kar, 1970; PI. 1, fig. 7) has a thicker
exine with narrow and uniformly broad
colpi. In T. gracilis (Salujha et al., 1971;
PI. 3, figs. 59-60) exine is ornamented with
closely set grana.

Botanical affinity - Uncertain.

Tricolpites horridus sp. novo

PI. 2, figs. 54-55

Holotype - PI. 2, Fig. 54.
Type locality - Oligocene, Mupa-Langting

traverse, Haflong area.
Diagnosis and description - Brown,

roundly triangular with three prominent
slits, size 25·6-33·6 fL; tricolpate, colpi 3-6·5
fL deep; exine 2-2·5 fL thick, pilate, pila 2·5-3
fL long with globular heads, closely spaced;
occasionally coalescing to give a reticulate
appearance.

Comparison - The present species dis
tinguishes from all other species recorded
earlier in having pila for exine ornamenta
tion. Dutta and Sah (1970; PI. 6, Figs.
7-8) have assigned comparable specimens
to Retitrescolpites minor but they have longer
colpi and exinal layers are clearly distin
guished.

Botanical affinity - Uncertain.

Tricolpites strigosus sp. novo

PI. 2. figs. 56-57

Holotype - PI. 2, Fig. 56.
Type locality - Kopili Formation, Prang

river traverse, Khasi- J aintia hills.
Diagnosis and description - Golden yellow

subcircular, measuring 24-35·2 X 22·4-30·8 fL;

occasionally bearing folds; tricolpate, colpi
2·5-4·5 fL deep with a 2-3 fL wide thickening;
exine ± 1·2 fL thick, finely granulate, grana
± 1 [1. in diameter.
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Genus - Marginipollis Clarke & Frederik.
1968

Marginipollis grandis SaI., Kind. &
Reh. 1971.

Comparison - Tricolpites strigosus differs
from T. gracilis (Salujha et al., 1971; PI. 3,
figs. 59-60), T. horridus, T. brevis and T.
minutus (Sah and Kar, 1970; PI. 1, figs.
5, 6, 7) in having a wide thickening along
the colpi.

Botanical affinity - Uncertain.

Genotype - M arginipollis
Clarke & Frederik. 1968.

concinnus,

Tricolpites ovatus sp. novo

PI. 2, figs. 58-59; PI. 3. fig. 60

Holotype - PI. 2, fig. 58.
Type locality - Disangs, Bali-Chara

nadi traverse, Khasi-]aintia hills.
Diagnosis and description - Golden yellow,

oval, size 30·6-38·4 X 21·2-27·8 [L; occa
sionally bearing folds; tricolpate, colpi 2-3·5
[J. wide extending almost from one pole to
the other; exine ± 1·5 [L thick, granulose,
grana ± 1 [L wide, closely spaced.

Comparison - Tricolpites longicolpus (Sah
and Dutta, 1966; PI. 2, figs. 11-12) has a
thicker exine with tenuimarginate colpi.
T. levis also recorded by these authors (Sah
and Dutta, 1966; PI. 2, figs. 9-10) has
thinner furrows.

Botanical affinity - Uncertain.

Tricolpites sp.

PI. 3. fig. 61

Description - Brown, triangular with
lobed angles, size 46·4 [L; tricolpate, colpi
in~er-angu~ar, 5-5·5 [L ?eep; exine ± 1·5 [L

thIck, reticulate, mun over 1·5 [L thick,
lumina of irregular shapes, muri 2-2·5 (.I.

broad, usually protruding at the margin,
angles lobed.

Comparison - Tricolpites brevis recorded
by Sah and Kar (1970; PI. 1, figs. 5-6) re
sembles the present specimen in having
colpi at the interapical margin but differs
in having laevigate-finely scrobiculate exine
without any angular lobes.

Botanical affinity - Uncertain.

PI. 3. fig. 63

Subturma - Polyptyches (Naum. 1937,
1939) Pot. 1960

Genus - 8tephanocolpites (V. d. Hamm.
1945, 1956) Pot. 1960

Lectotype - 5tephanocolpites costatus V.
d. Hamm. 1954.

5tephanocolpites emendatus sp. novo

PI. 3, figs. 64-66

Holotype - PI. 3, fig. 64.
Type locality - Kopili Formation, Lubha

river traverse, Khasi-]aintia hills.
Diagnosis and description - Golden

yellow, circular to oval, measuring 25'6
45.6x24·2-35·4 [L; tetracolpate, colpi 2·5-3
[L deep, 1·5-2 [L wide; exine ± 1·5 [L thick,
finely granulose, grana ± 1 [L wide.

Comparison - 5tephanocolpites optabilis
described by Salujha et al. (1971; PI. 3, figs.
69-71) is bigger in size with wider colpi
and smooth to foveolate exine. S. minuttts
also recorded by the above authors (Salujha
et al., 1971; PI. 3, figs. 72-73) is smaller,
hexacolpate and the exine is smooth. Poly
colpites ornatus, P. multirimatus (Dutta and
Sah, 1970; PI. 6, figs. 27-28; PI. 7, figs.
1-3; Figs. 18-20) P. granulatus and P./lavatus
(Sah and Kar, 1970; PI. 2, figs. 41, 42, 47)
differ in having 6-8, 8-10, 7-8 and 9-10
colpi respectively and exine is coarsely re
ticulate or sub-reticulate or granulose. P.
speciosus also recorded by Dutta and Sah
(1970; PI. 6, figs. 24-25) has a granulose
exine but is hexacolpate.

PI. 3, fig. 62

Genus - Meyeripollis Baksi & Venkat. 1970

Meyeripollis laudabilis SaI., Kind. &
Reh. 1971

Genotype - M eyeripollis
Baksi & Venkat. 1970.

naharkotensis,

5tephanocolpites sp. A

PI. 3, fig. 67

Description - Light brown, oval to sub
circular, size 30 X 33·6 (.l.; hexacolpate, colpi
1·5-2 [L wide, prominently seen in the
centre; exine ± 2 [L thick, finely reticulate,
muri over 1 [L thick, with an equally broad
lumina in the centre.
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Comparison - The present species differs
from Polycolpites obscurus, P. cooksonii
(Sah and Dutta, 1966; PI. 2, figs. 13-14,
17-18), P. speciosus (Dutta and Sah, 1970;
PI. 6, figs. 24-25), Stephanocolpites optabilis
and S. minutus (Salujha et al., 1971; PI. 3,
figs. 69-70, 72-73) in having a distinctly
reticulate exine.

Botanical affinity - ?Rubiaceae.

Stephanocolpites sp. B

PI. 3, fig. 68

Description - Light brown, subcircular,
size 32·8 X 30·2 !L; septacolpate, colpi 2·5-3
[.I. wide; exine :+:1·5 [.I. thick, coarsely foveo
late, foveola ± 1·5 [.I. broad, sparsely
arranged.

Comparison - Stephanocolpites optabilis
(Salujha et al., 1971; PI. 3, figs. 69-70),
though having foveola for exine ornamenta
tion, is much bigger in size with only 4-5
colpi. Polycolpites ornatus recorded by
Dutta and Sah (1970; PI. 6, figs. 27-28;
PI. 7, figs. 1-3) differs in having a coarsely
reticulate exine.

Botanical affinity -? Rubiaceae

Subturma -Ptychotriporines (Naum. 1937,
1939) Pot. 1960

Infraturma - Prolati Erdt. 1943

Genus - Favitricolporites Sah, 1967

Genotype - Favitricolporites eminens Sah,
1967.

Favitricolporites usitatus SaI., Kind, &
Reh. 1971.

PI. 3, fig. 69

Remarhs - The specimen illustrated here
measures 64·5 [.I., whereas the size range
already mentioned for this species is 20'6
57·6 [.I.. Thus size range of the specimens
included under this species may be taken
as 20·6-64·5 [.I..

Botanical affinity - Rubiaceae

Genus - Nyssapollenites Thierg. 1937

Genotype - Nyssapollenites pseudocrucia
tus (Pot. 1931) Thierg. 1937.

Nyssapollenites laudabilis sp. novo

PI. 3, figs. 70-72

Holotype - PI. 3, fig. 70.
Type locality - Kopili Formation, Umiew

river traverse, Khasi-Jaintia hills.
Diagnosis and description - Brown,

roundly triangular to oval, size 24-42·4 X
18'2-33'6 [.I.; tricolporate, colpi 2·2-2'6 (.L

wide, pores 1·5-2 [.I. in diameter; exine ± 1·5
[.I. thick, smooth to faintly structured.

Comparison - The solitary specimen of
Nyssapollenites sp. illustrated by Sah and
Dutta (1966; PI. 2, fig. 8) is spheroidal with
a finely pitted to reticulate sculpture. N.
barooahii also described by Sah and Dutta
(1968; PI. 2, fig. 9) has lalongate pores and
a distinct thickening at the apertural region.

Botanical affinity - ?Nyssaceae.

Genus - Talisiipites Wodehouse, 1933

Genotype - Talisiipites jischeri Wode
house, 1933.

?Talisiipt'tes sp.

PI. 3, fig. 73

Description - Brown, roundly triangular
to sub circular, size 65'6x56 [.I.; tricolporate,
syncolpate, pores 3·5-4·5 [.I. in diameter, colpi
almost reaching up to the pole; exine ±2
[.I. thick, reticulate, muri ± 1·5 !" thick with
1-1·2 [.I. wide lumina.

Comparison - Talisiipites mundus (Sah
and Dutta, 1968; PI. 2, fig. .6) has a
distinctly triangular shape with its colpi
distinctly joining at the pole. T. u'ode
housei recorded by Dutta and Sah (1970;
PI. 7, figs. 9-12) has a distinctly triangular
amb and smooth to faintly scabrate, exine.

Botanical affinity - Uncertain.

Genus-Myrtaceidites (Cooks. & Pike, 1954)
Pot. 1960

Genotype - Myrtace1'dites 1'llesonesus Cooks.
& Pike, 1954.

Myrtaceidites pretiosus Sal., Kind. and
Rehman, 1971.

PI. 3. fig. 74

Subturma - Ptychopolyporines (Naum. 1937,
1939) Pot. 1960

Genus - Tetracolporites Coup. 1953
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Tetracolporites similis SaI., Kind. &
Reh. 1971.

Genotype - Tetracolporites
Coup. 1953.

camaruens1s PI. 7, fig. 29) is smaller in size with 8 colpi
and smooth to faintly scabrate exine or
namentation.

Botanical affinity - Polygalaceae.

Turma -Poroses (Naum. 1937, 1939) Pot. 1960

PI. 3, fig. 75

Tetracolporites manifestus sp. novo

PI. 3, figs. 76-77

Holotype PI. 3, Fig. 76.
Type locality - Laisong Formation,

Lubha river traverse, Khasi-] aintia hills.
Diagnosis and description - Golden

yellow, circular to subcircular, size 30·8
38·2x26-30·4 [J.; tetracolporate, colpi 3·5-4
[J. wide, pores ±3·8 [J. in diameter; exine
±1·5 [J. thick, distinctly reticulate, muri
over 1·5 [J. thick, leaving lumina of varying
shapes, usually measuring 1·5-2 [J. in width.

Comparison - The present species differs
from T, similis (Salujha et al. 1971; PI. 3,
Figs. 82-83) in having a reticulate ornamen
tation. T, paucus and T. onagracem'des
described by Sah and Dutta (1968; PI. 2,
Figs. 14, 16) have pores with a thickened
rim alround. T. longicolpus (Sah and Dutta,
1968; PI. 2, Fig. 7) has long colpi extending
almost up to the poles and an undifferen
tiated exine ornamentation.

Botanical affinity - ?Rubiaceae /?Ona
graceae.

Genus - Polygalacidites Sah & Dutta, 1966

Genotype - Polygalacidites clarus Sah
& Dutta, 1966.

Polygalacidites putt:dus sp. novo

PI. 3. figs. 78-79

Holotype - PI. 3, fig. 78.
Type locality - ]enam Formation, Haf

long-Silchar road traverse, District Cachar.
Diagnosis and descript1'on - Golden

yellow, circular to subcircular to oval, size
24-33·6 fl.; penta to hexacolporate, colpi
6-8·5 (J. deep, pores 3-4 [J. in diameter with
a faint thickening around them; exine al
most 1·5 [J. thick, smooth to finely granulate,
grana less than 1 [J. in diameter.

Comparison - Polygalacidites clarus re
corded by Sah and Dutta (1966; PI. 2, figs.
24-25) has longer colpi and faintly discerni
ble ora, P. insignis (Dutta and Sah, 1970;

Subturma - Monoporines (Naum. 1937, 1939)
Pot. 1960

Genus - Graminidites Cooks. 1947

Graminidites sp.

PI. 3, fig. 80

Description - Brown, circular, flattened
on one side, size 26·4 [J.; monoporate, pore
2-2·5 {J. wide, with an equally wide, dark
brown thickening alround; exine up to 2
{J. thick, smooth.

Comparison - Graminidites assamicus
(Sah and Dutta, 1968; PI. 2, fig. 21)
is bigger in size and lacks a thickening
around the pore.

Botanical affinity - Gramirieae.

Subturma -Diporines (Naum. 1937, 1939)
Pot. 1960

Genus - Diporites V. d. Hamm. 1954, 1956

Genotype - Diporites grandiporus V. d.
1954.

Diporites sp.

PI. 3. fig. 81

Description - Brown, oval to longish oval,
size 73·4x30·5 {J.; diporate, pores 4·5-5·2
{J. wide with a 1·8-2 {J. wide thickening
alround; exine over 1·5 [J. thick, finely granu
lose.

Comparison - Out of the many species
of the diporate pollengrains recorded by
Varma and Rawat (1963), Dipon'sporites
anklesvarensis (Varma and Rawat, 1963;
Elsik, 1968; PI. 1, figs. 11-12) compares
well with the present species. It differs
in having larger pores with a wider thicke
ning around them and the exine is foveolate.
The specimens assigned to a new genus,
Diporopollis as D. assamica by Dutta and
Sah (1970; PI. 8. figs. 21-24) do not cQmpare
with any of the known species of diporate
pollengrains.

Botanical affinity - Apocynaceae/Protea
ceae.
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Subturma - Triporines (Naum. 1937, 1939)
Pot. 1960

Genus - Triporopollenites (Pflug, 1952)
Thoms. & Pflug, 1953

Genotype - Triporopollenites
Thoms. & Pflug, 1953.

cory loides ,

Simsangia magna SaL, Kind. & Reh.
1971.

PI. 3, fig. 86

Simsangia rustica sp. novo

PI. 3, figs. 87 -89

Triporopollenites exactus SaL, Kind. &
Reh. 1971.

PI. 3, figs. 82-83

Subturma - Polyporines (Naum. 1937, 1939)
Pot. 1960

Infraturma - Stephanoporiti (V.d. Hamm.
1954) Pot. 1960

Genus - Stephanoporopollenites Pflug in
Thoms. & Pflug, 1953

Genotype - Stephanoporopollenites hexa
radiatus (Thierg. 1940) Thoms. & Pflug,
1953.

Stephanoporopollenites sollemnis SaL,
Kind, and Reh. 1971.

PI. 3, fig. 84

Stephanoporopollenites sp.

PI. 3, fig. 85

Description - Golden yellow, circular with
a wavy margin, size 36·6 (L; octaporate,
pores located below each furrow, 3-3·5 (L

in diame ter, with a ±1·5 (L wide thickening
around each pore; exine ±1·2 (L thick, finely
granulate, grana less than 1 (L wide, closely
spaced.

Comparison - The grains assigned to
Stephanoporopollenites solitus by Salujha et
al. (1971; PI. 3, figs. 96-97) seem to compare
closely with the present species but differ
in being hexaporate with a prominent thicke
ning in between the pores. Polyporina
excellens (Dutta and Sah, 1970; PI. 8, figs.
10, 12) differs in having 50 pores and finely
punctate ornamentation on the exine.

Botanical affinity - ?Chenopodiaceae.

Group - Acritarcha Evitt, 1963

Subgroup - Polygonomorphitae Dow., Evitt
& Sarj. 1963

Genus - Simsangia Baksi, 1962

Genotype - Simsangia trispinosa Baksi,
1962.

Holotype - PI. 3, fig. 87.
Type locality - Kopili Formation, Umso

hryngkew ~raverse, Khasi-Jaintia hills.
Diagnosis and description - Golden

yellow, triangular with slightly convex sides,
size 28·8-34'6 (L (including processes), one
process at each corner; processes 4·4'5 (L

long, 3-3·5 (L broad uniformly frcm base
to the top, with blunt tips; exine ± 1 (L thick,
smooth.

Comparison - Simsangia trispinosa (Baksi,
1962; PI. 3, fig. 34) an.d S. magna (Salujha
et al. 1971; PI. 3, figs. 99-101) differ in
having longer processes with pointed tips.

Botanical affinity - Uncertain.

Subgroup -Acanthomorphitae Dow., Evitt.
& Sarj. 1963

Genus -Baltisphaeridium (Eis.1958) Dow. &
Sarj. 1963

Genotype - Baltisphaeridium longispino
sum (Eis. 1931) Dow. & Sarj. 1963.

B altisphaeridium sp.

PI. 3, fig. 90

Description - Golden yellow, circular to
subcircular, size 36·4x31·8 (L (excluding
processes), folded; exine over 1 (L thick bear
ing 4-4·8 (L long. 1·5-2 (L broad (at the base)
processes with pointed tips, processes spar
sely arranged, exine inbetween the processes
finely granulate, grana ± 1 (L in diameter.

Comparison - Baltisphaeridium sp. re
corded by Sah et al. (1970; PI. 2, fig. 26)
has many, longer and clcsely spaced pro
cesses. The present species distinguisl:es
in having grana inbetween the spine-like
processes.

Genus -Micrhystridium (Defl. 1937)Dow. &
Sarj. 1963

Genotype - Micrhystridium inconspicuum
Defl. 1935.

Micrhystridium modestus SaL, Kind.
& Reh. 1971.

PI. 3, figs. 91-92
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Micrhystridium proprium sp. novo

PI. 3, figs. 93-95

Holotype - PI. 3, fig. 93.
Type locality - Kopili Formation,

Lubha river traverse, Khasi-Jaintia hills.
Diagnosis and description - Golden yellow

normally circular, subcircular in folded con
dition, measuring 14·4-32 (J.(excluding pro
cesses); exine ±1 5 (J.thick, bearing sparsely
arranged, 2-3·5 (J. long and 1·5-2 (J.broad
(at the base) processes with pointed tips,
9-15 processes observed at the margin; area
inbetween the processes smooth.

Comparison - Micrhystridium modestus
recorded by Salujhaetal. (1971; PI. 3, figs.
102-103) differs in having longer processes,
a distinct thin, circular area in the centre
and granulose exine inbetween the processes.

Genus - Hystrichosphaeridium (Deft. 1937)
Eis. 1958

Genotype - Hystrichosphaeridium tubife
rum (Ehren. 1938) Eis. 1958.

Hystrichosphaeridium sp.

PI. 3, fig. 96

Description - Golden yellow, subcircular,
size 45·6 x38·8 (J.(including processes); pro
ce'>Sesneedle like, 8-8·5 (J.long, 1·5-2 (J.broad
at the base, occasionally furcating into two
or three branches; exine ±1·2 (J.thick, area
inbetween the processes faintly structured.

Comparison - Hystrichosphaeridium scaf
foldi recorded by Baksi (1962; PI. 2, fig.
25) differs in having longer processes joining
with one another to form a scaffolding struc
ture. H. sylheti also recorded by the above
author (Baksi, 1962; PI. 2, fig. 26) has
longer but simple, unbranched processes.
H. robustum and H. assamicum kecorded
by Sah et al. (1970; PI. 2, figs. 16-17, 20-21)
are bigger in size, bearing tubular processes
and laevigate exine.

Incertde Sedis

Phycopeltis iucundus sp. novo

PI. 3, fig. 97

Holotype - Salujha et al., 1971; PI. 3,
Fig. 106.

Type locality - Jenam Formation, Haf
long-Silchar road traverse, District Cachar,

Diagnosis and description - Brown,
circular to subcircular, measuring 30'3-36'8
x28'8-33'6 (J.; margin wavy, each wave
bifurcating, below each notch a ±1·5 (J.
wide pore with equally wide thickening al
round present; exine ±2 (J. thick, faintly
structured.

Remarks - This is the first record of
Phycopeltis from the Palaeogene sediments
of Assam.

Fusiformisporites foedus sp. novo

PI. 3, figs. 98-99

Holotype - PI. 3, fig. 98.
Type locality - Disangs, Bali-chara

nadi traverse, Khasi-Jaintia hills.
Diagnosis and description - Brown,

oval with pointed ends, size 43·2-46·4 X
24·5-27·2 (J.;on the equator a 2-2·5 (J.wide
disc with a wavy margin present, exine ±1·2
(J.thick, ridged, ridges 10 In number, ±1·5
(J.wide, running from one pole to the other.

Comparsion - A comparable specimen
under Fungus striata is illustrated by Baksi
(1962; PI. 4, fig. 50)

Fungal spores

PI. 3, figs. 100-101

DISCUSSION

The present paper incorporates results
of a palynological study of the Palaeogene
sediments along the southern edge of the
United Khasi and Jaintia hills. The paly
noflora recovered here is assigned to 41,
genera and 67 species. It is observed that
Pteridophytes and Angiosperms were the
main constituents of the flora during the
Palaeogene times. Gymnosperms were
rather rare represented by comparatively
fewer species. Microplankton were poorly
represented.

Out of the five traverses studied here,
two of them i.e. Umsohryngkew and Lubha
river traverses are studied in detail includ
ing both qualitative and quantitative ana
lysis. Most of the samples studied from
the Umsohryngkew traverse belong to the
Ropili formation. Besides this one sample
is from the lower most part of the Barails
and two samples from the Langpars. The
solitary sample from the Barails has yielded
a very poor assemblage. The Ropilis on
the other hand show a richer assemblage
but the complete representation is indica-
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tive of a single ZOne. All other samples
studied from the Sylhet Limestone Forma
tion are devoid of palynological fossils.
Samples from the Langpar Formation ~hGW
an abundance of hystrichosphaerids. The
Lubha river traverse shows an excellent
distribution of palynofossils in the Barails.
The Renji and Jenam Formations have
yielded a rich assemblage of palynofossils.
The Laisong Formation, on the other hand,
has palynomorphs poor both in quality and
quantity.

A comparison of palynofossils from the
Barails of Garo hills and Khasi and J aintia
hills shows that most of the genera repre
sented in the two assemblages are common.
Considering the qualitative aspect further,
there are a few genera which are present
in the Barails of Garo hills but do not show
up in the Khasi and Jaintia hills, while there
are still others which are present in assem
blage of the Kha-si and J aintia hills but ab
sent in the Garo hills. All these genera
have a very poor occurrence, represented
by stray specimens which are at times not
encountered in the countings. Thus on
the whole the Barails of Garo hills compare
dosely with the Barails of Khasi and
Jaintia hills. The assemblage obtained from
the Kopilis of Garo hills also shows a close
resemblance to that from the Kopili coun
terpart in the Khasi and J aintia hills.

The Therria and Langpar sediments are
studied only from the Khasi and Jaintia
hills whereas their equivalents from the
Garo hills have not been studied due to non
availability of samples. Thus their com
parison with similar sediments in the Garo
hills cannot as yet be attempted.

Palynological study of both shelf and
geosynclinal sediments is dealt with above.
Out of two traverses studied in detail, Um
sohryngkew traverse represents the ~helf
facies whereas Lubha river traverse [(:pre
sents the geosynclinal facies. The Barails
of shelf facies show a richer assEmblage as
compared to that of the geosynclinal facies.
It is interesting to note that the Disangs
which were hitherto reported to be barren
have yielded a diversified assemblage of
palynofossils but it is comparatively pcorer
than that obtained from the Jainiia Series
of the shelf facies. Thus relation~hip of
the Disangs with the richly fossiliferous
Jaintia Series still remains a problem.

A perusal of the assemblages shows that
the Langpar Formation has dominance of
microplankton followed by angiosperms and
pteridophytes. Gymnosperms on the other
hand are poorly represented. Abundance
of microplankton in this formation indicates
its deposition under shallow marine con
ditions. The paucity of microplankton in
assemblages of the Barail, Kopili and Therria
Formations indicates that their deposition
took place under terrestrial conditions with
brackish to marine influence.
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EXPLANA TION OF PLATES

(All magnifications X 500)

PLATE 1

A; Photo no. 27/20.
B; Photo no. 27/13.
insignis sp. nov.;

1. Cyathidites (Leiotriletes) dehiscCIIsi (Uaksi)
Sa!., Kind. & Reh. 1971; Photo no. 21/4.

2-3. Cyathidites magnanimltS sp. nov.; Photo nos.
27/16, 27/5.

4. Cyath'idites sp.; Photo no. 22/10.
5-6. Stereisporites forrnosus sp. nov.; Pl'OtO nos.

27/18, 21/6.
7. Biretisporites singular'is sp. nov.; Photo no.

21/13.
8. Foveosporites spectabilis sp. nov.; Photo no.

19/30.
9. Lycopodiumsporites parvi'rcticlliatus Sah &

DuUa, 1966; Photo no. 7/11.
10-11. Lycopodiumsporites rarLIS sp. nov.; Photo

nOs. 7/8, 18/11.
12. Lycopodiumsporites sp.
13. Lycopodiumsporites sp.
14-15. Lycopodiumsporites

Photo nos. 17/26, 19/29.
16. Magnastriatites venustus, Sal., Kind. & Reh.,

1971; Photo n('. 21/25.
17. Cicatricosisporites sp.; Photo no. 22/21.
18. Corrugatisporites sp.; Photo no. 18/6.
19. Polypodiaceoisporites idoneus Sal., Kind. &

Reh. 1971; Photo no. 21/24.
20. Polypodiaceoisporites sp.; Photo no. 18/27.
21. Laevigatosporites COpiOSIlSSa1., Kind. & Reh.

1971; Photo no. 21/21.
22-24. Laevigatosporites caecus sp. nov.; Photo

nos. 22/1, 16/12, 19/32.

PLATE 2

25. 5chizaeoisporites sp.; Photo no. 27/21.
26-28. Polypodiisporites speciost~s Sah, 1967

Photo nos. 24/4, 14/25, 18/28.
29. Polypodiisporites splelldidus Sa1., Kind. &

Reh. 1971; Photo no. 17/22.
30. Podocarpidites classicus Sa!., Kind. & Reh

1971; Photo no. 27/14.
31. Alisporites sp ; Photo no. 24/5.
32-34. Inaperturopollenites mirabilis sp. nov.;

Photo nos. 19/10, 19/3, 12/13.
35-38. Peltandripites fastidiosus sp. nov.; Photo

nos. 16/27, 20/12, 19/4, 8/9.
39. Ephedripites sp. A.; Photo no. 16/21.
40. Ephedripites sp. B.; Photo no. 17/1.
41-42. Monocolpites infrequens sp. no\·.; Photo

nos. 7/16, 15/11.
43. Monocolpites sp.; Photo no. 27/19.
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44-45. Couperipollis exsertus sp. nov.; Photo nos.
19/5, 17/23.

46. Monosulcites sp.; Photo no. 26/26.
47. palmaepollenites subtilis Sa!., Kind. & Reh.

1971; Photo no. 17/20.
48. Palmaepollenites sp.; Photo no. 18/30.
49. Dicolpopollis fragilis Sa!., Kind. & Reh. 1971 ;

Photo no. 20/33.
50. Dicolpopollis sp.; Photo no. 27/10.
51. Tricolpites gracilis Sa!., Kind. & Reh. 1971;

Photo no. 21/19.
52-53. Tricolpites iniquus. sp. nov.; Photo nos.

27/15, 21/9.
54-55. Tricolpites horridus sp. nov.; Photo nos.

21/23, 12/19.
56-57. Tricolpites stttpidus sp. nov.; Photo nos.

18/19, 18/22.
58-59. Tricolpites ovahts sp. nov.; Photo nos.

26/18, 8/4.

PLATE 3

60. Tricolpites ovatus sp. nov.; Photo no. 7/21.
61. Tricolpites sp.; Photo no. 18/21.
62. Meyeripollis laudabilis Sa!., Kind. & Reh.

1971; Photo no. 21/3.
63. Marginipollis grandis Sa!., Kind. & Reh.

1971; Photo no. 20/8.
64-66. Stephanocolpites emendatus sp. nov.; Photo

nos. 12/14, 22/3, 16/14.
67. Stephanocolpites sp. A; Photo no. 7/22.
68. Stephanocolpiles sp. B; Photo no. 7/26.

69. Favitricolporites usitalus Sa!., Kind. & Rch.
1971; Photo no. 27/4.

70-72 Nyssapollenites la'lldabilis sp. nov.; Photo
nos. 17/18, 22/7, 17/15.

73. Talisiipites sp.; Photo no. 18/24.
74. Myrtaceidites pretiosus Sa!., Kinei-. & Reh.

1971; Photo no. 22/15.
75. Tetracolporiles similis Sa!., I(ind & Reh.

1971; Photo no. 22/22.
76-77. Tetracolporites manifestus sp. nov.; Photo

nos. 22/17,7/15.
78-79. Polygalacidites putidus sp. nov.; Photo

no. 27/3, 27/8.
80. Graminidites sp.; Photo no. 26/29.
81. Diporites sp.; Photo no. 16/13.
82-83. Triporopollenites exactus Sa!., Kind. &

Reh. 1971; Photo nos. 7/9, 26/28.
84. Stephanoporopollenites sollemnis Sa!., Kind. &

Reh. 1971; Photo no. 24/6.
85. Stephanoporopollenites sp.; Photo no. 21/7.
86. Simsangia magna Sa!., Kind. & Reh. 1971;

Photo no. 22/5.
87-89. Simsangia rustica sp. nov.; Photo nos.

18/17, 11/13, 10/13.
90. 8allisphaeridium sp.; Photo no. 18/9.
91-92. Micrhystridium modesttts Sa!., IGnd. &

Reh. 1971; l~hoto nos. 11/6, 19/22.
93-95. Micrhystridium proprium sp. nov.; Photo

nos. 16/22, 16/11, 17/9.
96. Hystrichosphaeridium sp.; Photo 1'0. 18/16.
97. Phycopeltis iucundus sp. nov.; Photo no.

27/17.
98-99. Fusiformisporites foedus sp. nov.; Photo

nos. 26/27, 26/21.
100-101. Fungal spores; Photo nos. 26/25, 27/12.
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PALYNOLOGY OF THE SUBSURFACE SEDIMENTS OF

MANHERA TIBBA STRUCTURE, JAISALMER, WESTERN
RAJASTHAN, INDIA*

N. G. LUKOSE

Palynology Laboratory, Oil & Natural Gas Commission, Jodhpur, India

ABSTRACT

Palynological studies on the sub-surface sedi
ments namely the Shumar, Kirthar, Laki, Ranikot,
Parh and Goru sediments from the Manhera Tibba
Jaisalmer district, Rajasthan, have been carried
out. The sporomorphs recorded in the sediments
have been listed according to the successive rock
units and the age and en vironment of the sediments
have been discussed. The results are based on the
data obtained from the study of 370 samples.

The study indicates that the Tertiary and the
Mesozoic sediments were deposited mainly in shelf
zone environment and there has been repeated
transgression and regression of the sea. The data
further tend to suggest a warm, humid climate and
a luxuriant flora during the deposition of Goru sedi
ment (Albian-Cenomanian), changed to a s.emi
humid to semi-arid climate dunng the deposltlOn
of Parh (Upper Cr~taceous) is subsequently changed
over to an arid climate with comiderably poor vege
tation during the deposition of Tertiary (Ranikot,
Laki, Kirthar) seJiments (Paleocene-Middle Eocene)
had changed over to desert conditions during the
deposition of Shumar formation.

INTRODUCTION

THE Manhera Tibba structure is locatednorth west of Jaisalmer town. A
number of wells have been drilled

by Oil & Natural Gas Commission On this
structure. Palynological studies on sub
surface samples from the wells namely Man
hera Tibba well No.3 & 4 have been carried
out and the data obtained from the various
rock formations are presented here. The
various rock units encountered in the Man
hera Tibba structure in general from top
are, Shumar, Kirthar, Laki, Ranikot, Parh
and Goru formations. Palaeontologically
the Goru and Parh formations are dated
as Aptian to Coniacian in age; the Ranikot,
Laki, and Kirthar is Paleocene to Middle
Eocene (Lutetian) in age, while the age of
Shumar formation is unknown due to ab-

sence of reliable microfossils. Dasgupta
et al. (1958) on field evidence consider the
the Shumar sediments as sub-recent de
posits. The subsurface stratigraphy of
Manhera Tibba in general be summarized
as in Table-I. The data and interpreta
tions are based on the results obtained
from 370 samples studied from the two
wells.

1. SHUMAR FORMATION

This is a sand, limestone, shale unit diffe
rentiated into four members from top to
bottom namely, rx, ~, Y, 0 members. The
rx member is mainly buff to brown eolian
sand at the top followed by an intercalation
of clay with medium to fine grained sand
stone. The ~ member is characterized by
dirty white, yellowish limestone bands with
buff sandstone. Reworked foraminifera are
observed in rx and ~ members. The Y mem
ber is medium to coarse grained gravel
sandstone, and sticky veriegated clay at
the base. The 0 member is characterised
by alternations of medium grained to
grayelly sands with bands of variegated
clays with glauconitic clay at the base. Re
worked microfauna have been observed
in Y and 0 members.

Palynologically, the sediments are found
practically devoid of sporomorphs except
a few Triletes, Tricolpites, Triporites, Trieol
porites. The frequency of the sporomorph
is very poor. Based on the poor sporomorph
data, it is not possible to establish the age
and environment of deposition of the
Shumar formation. However, the total ab
sence of microplanktons in the sediments
tends to suggest that these sediments might
have been deposited under non-marine,
environment.

Published with the permission of Director of Geology, Oil & Natural Gas Commission, Dehradun.
The views expressed are those of the author only and not necessarily of the Organization in which he is
employed.

*Paper presented at the Birbal Salmi Institute of Palaeobotany Silver Jubilee PalaeobotanicalConference - December 1971.
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TABLE 1- GENERAL SUB-SURFACE STRATIGRAPHY OF MANHERA TIBBA
JAISALMER BASIN

----

GROUP
SYSTEMSERIESSTAGEFORMATIONMEMBERLlrHOLOGY

.Quaternary
Dnne

Recent
sands

a
Sand

-------
----- -

Limestone
andCalca-

(3

reous Sst.-----
-------

-I

Sub- ShumarySandstoneand\'ariegat-
Recent
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2. KIRTHAR FORMAnON

The Kirthar formation underlies the
Shumar with a distinct unconfolmity. In
the Manhera Tibba structure, the top of
this formation is represented by a marly
clay bed succeeded by two principal mem
bers namely the Bakhri Tibba limestone
and the Habib Rahi limestones. These
two members are separated from one an
other by a clay bed. The clay bed at the
top is devoid of sporomorphs.

The Bakhri Tibba limestone is whitish,
grey, massive, locally bioclastic, foramini
feral limestone.

A few Triletes (psilate), Monocolpites
(reticulate) Tricolpites, Triporites (reticulate)
have been noticed in the Bakhri Tibba lime
stone. The frequency of the spores is very
poor. As a whole the sediment is poorly
fossiliferous. No Hystrichosphaeridium has
been recorded in the sediment.

The intermediate clay bed between the
Bakhri Tibba and Habib Rahi limestone
is also poorly fossiliferous. The few sporo
morphs recorded in the sediments are Mono
lites, Polypodiaceaesporites sp., Cyathidites
sp., Triletes, Inaperturopollenites, Monocol
pites (psilate & reticulate), palmaepollenites
sp., Tricolpites (reticulate). The distribution
of these spores is very irregular and fre
quency very poor. No microplanktons have
been recorded in the sediment.

The Habib Rahi limestone is characterizcd
by whitish, cream to buff, massive for
aminiferal limestone.

M onolites, Triletes, I naperturopollenites
(reticulate), M onocolpites, palmaepollenites
sp., Retipilanopites (d. Potamogetonaceae
pollen), d. Malvaceae pollen, d. Rubiaceae
pollen, Hystrichosphaeridium sp., have been
recorded in the sediment. The frequency
and destribution is poor.

In general the Kirthar formation is poorly
fossiliferous and the frequency and distri
bution of the sporomorphs recorded is poor.
The sporomorphs therefore do not help to
distinguish the various members of Kirthar
formation from one another.

The Hystrichosphaeridium recorded in
the Habib Rahi limestone is suggestive of
a shallow marine environment.

3. LAKI FORMATION

The Laki sediments underlying the
Kirthar formation are represented by two
principal members, namely the Ghazij shale

at the top and Dunghan limestone below.
The Ghazij member is principally an argil
laceous unit differentiable into an upper
and lower shale bed which are separatEd
by a limestone bed, B4 limestone. The
Ghazij shales are mainly composed of blui5h
grey, soft, plastic, pyritic clay with thin
bands of foraminiferal limestone and marly
limestone. The foraminiferal limEstone as
sociated with clay constitute the limestone
bed (B4 limestone) which separates the
upper and lower shale beds of the Ghazij
member.

The sporomorphs recorded in general in
Ghazij shales are Triletes (psilate & reticu
late), Monocolpites (psilate and reticulate),
Tric olpites (psilate and reticulate), Tetra
colpites, Polycol1Jites sp., (7 to 9 colpi),
Triporites (reticulate), Proteacidites sp.,
Tricolporites, Hystrichosphaeridium sp.,
marine cyst, and the algae, Pediastrum and
Botryococcus. Although various spore types
have been recorded in the sedimtnt, their
frequency and distribution are very poor.
The sediment in general is poorly fossili
ferous.

The presence of Hystrichosphaeridium in
the sediment is suggestive of a shallow
marine environment of deposition. The
sediments at various intervals, are devoid
of the microplanktons and whcHeverpresent,
their frequency is peor. Besides at inter
vals, the marine cysts arc also observed.
It tends to suggest that the Ghazij shales
had deposited under unstable 5ea level ccn
ditions.

The presence of Pediastrum in the sedi
ment is suggestive of a fresh water influx.
But its presence in Ghazij is not very much
characteristic in the sense that the Pedia

strum is not always recorded in all the Ghazij
sections studied in the various wells. There
fore, the fesh water influx might have been
only a limited and localized feature.

The lower member of Laki formation
namely the Dunghan limestone is mainly
composed of white, cream, dull-white, soft,
friable bioclastic limestone.

The sporomorphs recorded in the Dllnghan
limestone are 1v1icrothyriacites, Triletes
(psilate), I naperturopollenites (psilate and
reticulate), M onocolpites, Tricolpites (psilate
& reticulate), Tetracolpites, Pentacolpites,
Triporites, Tricolporites Hystrichosphaeri
dium sp., and marine cyst. The frequency
and presence of various spore types is poor.
A few Hystrichosphaerids recorded are sug
gestive of a shallow marine environment.
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TABLE 2

SPOROMORPH GENERA

3

Devoid ot Palynomorph; except solitary Triletes, Tri
colpites Triporites, Tricolporites

Triletes (Erdtman ex Couper) Dettmann, 1963, ]1,lono
calpites Erdtman 1947, Tricolpites Erdtman 1947, Tri
porites Van-der Hammen 1953

lU anolites (Erdtman) Potoni6 1956, Polypodiaceaes
porites Thiergart, 1940, Cyathidites Couper 1953, Tri
letes (Erdtman ex Couper) Dettmann, Inaperturopol
lenitas Thomson & pflug 1953, Mon:fcolpitbs Erdtman,
1947, Palmaepollenites Potoni6 1951, Tricolpites Erdt
man 1947.

J\lonolites (Erdtman) Potoni6, Triletes, (Erdtman ex
Couper) Dettmann, lnaperturvpollenites,' Thomson &
pflug, M onocolpites Erdtman, Palmaepollenites
Potoni6, Retipilonapites, Ramanujam, 1966 (d. 1Oota
mogetonaceae pollen), cf. Malvaceae pollen, cf. Ru1.>ia
ceae pollen, Hystrichosphaeridium sp.

Triletes (Erdtman ex Couper) Dettmann, Monocolpites
Erdtn13n, Tricolpites Erdtman, Tetracvlpites Erdtman
1947, Polycolpites Couper 1953, Triporites Van der
Hammen, Proteacidities Cookson 1950, Tricolporites
Erdtnian 1947, Hystrichosphaeridium, Marine cyst,
Pediastrum and Botryococcus.

Triletes (Ercltman ex Couper) Dettmann, Microthyria
cites Cookson 1947, Inaperturopollenites Thomson &
Pflug, MonocJlpites Erdtman, Tricolpites Erc!tman,
Tetracolpites Erdtman, Pentacolpites Trip"rites
Van-cler Hammen, TricJlporites, Erdtman, Hystri
chosphaeridium, marine cyst.

Microthyriacites Cookson, Monolites Erdtman, Pvty
pJdiaceaesporites Thiergart, 1940, Triletes (Erdtman
ex-Couper) Dettmann, Schizaeoisporites Potoni6 1951,
Cyathiditas Couper, LycJpodiacidites (Conper) Potoui6
1956, Schizosporis Potoni6 1951, d. Pinus pollen, In
aperturopollenites Thomson & Pflug, cf. Potamogeto
niaceae pollen, Monocolpites Erdtman, Palmaepolle
nites Potonie 1951, Nymphaeaceae pollcn, Tricolpites,
Erdtman, cf. Fagaceae pollen, Palaeocesalpiniaceae
pites Biswas, 1962, Myrtaceidites (Cookson & Pike)
Potonie 1960., Todisporites Couper 1958, Tetracolpites
Ercltman, HexacJlpites, Erdtman 1947, Polycolpites
Couper 1953, TripJrites Van der Hammen, Proteaci
dit, s Cookson 1950, cr. Tiliaceae pollen, Tric~lporites
ErcltmJ.n, IllexpJlleni!es Thiergart 1937, Hys!ric1tos
phaeridium, marine cyst.

FREQUENCY/
DISTRIBUTION

4

Very rare

Rare

II-arc

Rare

Rare

Rare

Rare

1'arh

UNCONFORMITY

Triletes (Erdtman ex Couper) Dettmann, Ceratosporites
Cookson & Dettmann 1958, Lycopodiacidites (Couper)
Potonie' 1956, Cicatricosisporites Potonie' & Gel1etich
1933, Schizosporis Potonie', Classopollis-classoides

Rare
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TAB L E 2 - Continued

FOMATION

Upper Goru

Lower Goru

MEMBER

2

SPOROMORPH GENERR

3

(Pflug) Pocock and ]ansonius 1961, Inaperturopelle
nites Thomson & Pflug, Gnetaceaepollenites
(Thiergart 1938) ] ansonius 1962, M onoGOlpites
Erdtman, Tricolpites Erdtman, Triporites Van der
Hammen. Tricolporitcs Erdtman, Hystrichosphacri
dium, Micrhystridium (Deflandre) Staplin 1961, Ptc
rosperm?psis, Marine cyst, Microforaminifera.
Triletes (Erdtman ex Couper) Dettmann, Foveotriletes
(Van der Hammen) Potonie 1956, Chomotriletes (1\au
mova) ex Nauvmova 1953., Lycopodiacidites (Couper)
potonie 1956, Cyathidites Couper 1953, Schizaeaispe
rites Potonie 1')51, Sphagnumsporites Raatz 1937,
Cingutriletcs (Pierce) Dettmann 1')63, Dictyophylliditcs
Cookson Dettmann, Cicatricosisporites australinsis
(Cookson) Potonie 1956, Cicatricosisporites Potonie
& Gelletich 1933, Dictyosporites Cookson & Dettmann,
Polycingulatisporites Kedves, Crybellosporitcs Dett
mann 1963, Birotisporitcs (De:court & Sprumont)
Dettmann & Hughes 1963.

Equisetosporitcs (Daugherty) Singh 1964, Classopollis
classoides (Pflug) Pocock & ] ansonius 1961, Classo
pollis itunensis Pocock 1962, Araucariacites Cookson,
Cycadopites (Woodhouse) Wilson & Webster 1')46.
Laricoiilites l:'otonie Thomson and Thiega.rt, Clavati
pollenites Couper 1958, M onocolpites Erdtman, Tricol
pites Erdtman, Triporites Van der Ha.mmen, Inapcr
turopollenites Thomson & pflug, Hystrichospha,'ridimn
tubiferum (Ehrenberg) Deflandre, Hystrichosphaeri
dium spp., Palaeoperidinium Deflandre, Palaoohystri
chosphora orevispinosa Pocock 1962, Pterospermopsis
sp., Odontochitina DeJlandre, Gonyaulacysta sp. Bal
tisphaeridium Eisenack, Microforaminifera.

Triletes, Chomotriletes, Ceratosporites Cookson & Dett
mann 1958, Cyathidites asper Bolkhovitina, Cyathi
dites spp. Couper 1953, Crybclosporitcs Dettmann
1963, Cicatricosisporites dorogensis Potonie and Gelle
tich, Cicatricosisporites-australinsis (Cookson) Potonie
1956, Cicatricosisporites spp., Potonie & Gelletich,
Densoisporites (Weyland & Krieger) Dettmann 1963,
Lycopodiacidites (Couper) Potonie 1956, Polypodia
ceaesporit(}s Thiergart 1940. Reticulatisporites castel
latus Pocock 1962, Schizosporis Cookson &
Dettmann Dictyosporites Cookson & Dettmann,
Murospora Somers 1952. Aequitriradites (Delcourt
and Sprumont) Cookson & Dettmann, RouscispO>Yites
Pocock 1962, Classopollis (Pflug) Pocock & ] ansonius,
Laricoidites Potonie, Thomson & Thiergart, Coptos
pora Dettmann 1963 Callialasporites monalasporus
Dev. 1961 Callialasporitcs segmentatus (Balme) Sri
vastava 1963, Callialasporites trilouatus (Balme) Dev
1961, Arauchriacites Cookson, Cycadopites (Wood
house) Wilson & Webster, Spheripollenites (Couper)
] ansonius 1962, Clavatipollenites couperii Pocock 1962,
Clavatipollenites Couper 1958, Eucommiidites (Erdt
man) Hughes, Inapcrturopollenites Thomson & Pflug,
Hystrichosphaeridium, Baltisphaeridium Eisenack,
Psudoceratium, Palaeoperidinium Deflandre, Gonyula
cysta, Odontochitina Deflandre, Microforaminifera.

FREGUENEY

DISTOIBUTION

4

Fairly rich

Fairly rich
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Laki sediments in general is poorly fossili
ferous and the distribution and frequency
of the sporomorphs recorded are inconsistent
and poor.

Hystrichosphaeridium suggesls deposition
C'f sediments in general under a shallow
marine environment. The poor frequency,
inconsistent distribution of sporomorphs
and the presence of marine cysts in the
Ghazij shale tend to suggest that the
Ghazij shales might' have deposited under
an unstable sea level condition.

The occasional presence of pedic.strum,
in Laki sediments in general suggests mc,re
or less a limited and localized fresh-water
influx.

4. RANIKOT FORMATION

In the Manhera Tibba structure, the,
Ranikot formation underlies the Dunghan
member of the Laki formation with a dis
conformity as suggested by the presence
of Glauconitic pyritic shales. The upper
part of the formation is glauconitic, pyritic
marly clay succeeded by argillaceous fossi
liferous limestone (D4 limestone) and grey,
plastic sticky, and slightly calcareous clay.
The lower part of the formation is mainly
medium to coarse grained grey, moderately
sorted sandstone (D6 sandstone) with cal
careous clay at the base.

The sporomorphs recorded arc ~Micro
thyriacites sp., lJ101wlites sp., Polypodiaceae
sporites sp., Triletes, sp .. Schizaeoisporites
sp., Cyathidites sp,. Lycopodiacidites sp.,
Schizosporis sp., d. Pinus pollen, Inapertu
ropoUenites sp., d. Potamogetonaceae pollen
lJ1onocolpites (reticulate), Palmaepollenites
sp., d. Nymphaeaceae pollen, Tricolpites
(reticulate), Tricolporites sp., d. Fagaceae
pollen, Palaeocaesalpiniaceaepites sp.,
lI1yrtaceidites sp., Todisporites sp., Tetracol
pites, Hexacolpites, Polycolpites (8-10 colpi),
Triporites, Proteacidites sp., d. Tiliaceae
pollen, Tricolporites, IllexpoUenites, Hystrichos
phaeridium, sp., and marine cysts.

The spore assemblage recorded in Ranikot
sediments is relatiYcly better than that re
corded in Laki formation. But, the fre
quency and distribution of the various types
arc inconsislent. As such, it is not possible
to delineate the sporomorph assemblage
characteristic of Ranikot formation.

The sporomorphs recorded in this forma
tion suggest that the Ranikot sediments
had deposited under two environments
namely fresh water and shallow marine

environments. This is evidenced from the
distribution of Nymphaeaceae pollen and
Hystrichosphaeridium in the sediments. It
is interesting to note that the Hystrichos
jJhaeridium spp, have been recorded in the
D4 limestone, the clay overlying and under
lying the D4, and at the base of the D6
sediment, while they are absent in the major
part of Ranikot sand designated as D6,
which contain Nymphaeaceae pollen. This
suggests, that the basal D6,D4 and the clay
overlying & underlying D4 of Ranikot for
mation had deposited under shallow marine
environment, while the upper part of D6
sand had deposited under fresh waler en
vironment. The Palynological data of
Bakhri Tibba well NO.2 drilled in the area
fruther supports the above observation.
(Lukose and Srivastava, 1970 & 1971).

In general the Tertiary sequence repre
sented by Kirthar, Laki and Ranikot for
mations are poorly fossiliferous. The distri
bution and frequency of the few sporo
morphs recorded in these sediments arc
poor and inconsistent. Therefore, it is not
possible to delineate a sporomorph assem
blage caraeteristic of each of the formation.

The palynological data obtained from
these sediments suggest that the yarious
rock formations had mainly depositcd under
a shallow marine environment except the
D6 sand of Ranikot sediment, which had
deposited under fresh water as well as marine
environment. Further, the poor sporo
morph frequency, inconsistent sporomorph
distribution in the sediments in general,
and presence of marine cysts in the H.anikot
sediment tend to indicate, that the sedi
ments have deposited under an unstable
sea level condition.

Practically a complete absence of saccate
coniferous pollen has been obscn'ed in th;:)
various Tertiary rock formations and it sug
gests that the topography near and around
the basin of deposition had been low.

5. PARH FORMATION

Parh sediments unconformably underlie
the Ranikot formation. In Manhera Tibba,
the Parh formation is mainly constituted
by greenish grey micaceous clay, whitish,
bluish grey marl and marly clay and argil
laceous limestone.

The sporomorphs recorded from this,
sediment are Triletes, Ceratosporites sp.,
Lycopodiacidites sp., Cicatricosisporites sp.,
Schizosporis sp., Classopollis classoides, In-
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aperturopollenites sp., Araucariacites spp.,
Gnetaceapollenites sp., Monocolpites, Tricol
pites, Triporites, Tricolporites, Hystrichospha
eridium, Micrhystridi~tm sp., Pterospermopsis
sp., marine cyst and microforaminifera.

The frequency and distribution of the
various spore types are poor. In general
the sediment is poorly fossiliferous. The
Classopollis sp., and microplanktons
dominate among the sporomorph assem
blage recorded from this formation. The
various other spore types of the assemblage
listed above are generally represented l;>y
solitary grains. Venkatachala (1966) indi
cated an Upper Triassic-Cretaceous range
for spore genus Classopollis with the excep
tion of Classopollis obidosensis and C. major
which have a Cretaceous-Paleocene range.
Classopollis classoides recorded in Parh for
mation is so far not reported in sediments
younger to Cretaceous. The presence of
Classopollis and various types of angios
perm pollen along with the absence of
important Lower Cretaceous sporomorphs
suggests an Upper Cretaceous age for the
Parh formation. The microplanktons re
corded in the sediments are suggestive of
a shallow marine environment.

6. GORU FORMATION

Underlying the Parh sediments, is the
Goru sediments mainly composed of grey
green marl, grey green shale with argillace
ous fine grained sandstone and glauconitic
shale at the bottom. On the basis of
lithology this sediment is broadly recog
nizable into eight beds designated as Ga
to Gh (Goru a to h). These beds from top
are (a) marl, (b) shale, (c) silty clay stone
with siltstone, (d) shale, (e) calcareous silt
stone and shale, (f) argillaceous siltstone
and sand (g) sandy shale and calcareous
siltstone and (h) sandy shales and argilla
ceous sandstone at the base.

The sporomorphs recorded in this sedi
ment are recognizable into two distinct
assemblages. That is, the upper beds from
Ga to Gd with an assemblage having
angiosperm pollen and the lower beds from
Ge to Gk with an assemblage devoid of
angiosperm pollen but having the spore
genus Callialasporites.

The sporomorphs recorded in Ga to Gd
are Triletes, Foveotriletes, sp., Chomotriletes
sp., Lycopodiacidites sp., Cvathidites SP.,
Schizaeoisporites sp., Sphagnumsf;orites
sp., Cingutriletes sp., Dictyophyllidites

Cicatricosisporites australinsis, Cicatricosi
sporites sp., Dictyosporites sp., Polycingu
latisporites sp., Crybelosporites sp., Bireti
sporites sp., Equisetosporites sp., Classopollis
classoides, Classopollis itunensis. Araucaria
cites spp., Cycadopites sp., Laricoidites sp.,
Clavatipollenites sp., M onocolpites, Tricolpites
Triporites, I naperhtropollenites, Hystrichos
phaeridium tubiferum, Hystrichosphaeridium
spp., d. Palaeoperidinium sp., Palaeohy
strichophora brevispinosa, Pterospernmopsis
sp., Odontochitina sp., Gonyaulacysta sp.,
Baltisphaeridium sp., Microforaminifera.

The sporepollen assemblage recorded in
the lower Ge to Gh beds consists of Triletes,
Chomotriletes sp., Ceratosporites sp., Cyathi
dites, C. asper. Crybelosporites sp., Cicatri
cosisporites dorogensis, C, australinsis, Cica
tricosisporites sp., Densoisporites sp., Lyco
podiacidites sp., Polypodiaceaesporites sp.,
Reticulatisporites castellatus, Schizosporis,
Dictyosporites sp., Murospora sp., Aequitri
radites sp., Rouseisporites sp., Classopollis
sp., Laricoidites sp., Coptospora sp.,
Callialosporites monalasporus, C. segmen
tat~ts, C. trilobatus, Callialasporites sp.,
Araucariacites, sp., Cycadopites sp., Spheri
pollenites sp., Clavatipollenites couperii,
Clavatipollenites sp., Inaperturopollenites. sp.,
Eucommiidites sp., Hystrichosphaeridium sp.,
Baltisphaeridium sp., Pseudoceratium sp.,
Palaeoperidinium sp., Gonyulacysta sp.,
Odontochitina sp., marine cyst, microfora
minifera.

The known range of Callialasporites is
Jurassic to Lower Cretaceous, with the* top
limit to Albian. Undisputed, and well
recognizable angiosperm pollen occur from
Cenomanian and extend allthrough in the
Tertiary. In the Goru sediments the as
semblage with angiosperm pollen is recorded
in the upper beds namely Ga to Gd member.
In the lower members, na mely, Ge to Gh,
the sporomorph assemblage is devoid of
angiosperm pollen (with the exemption of
Clavatipollenites, a doubtful angiosperm
pollen) but have Callialas/Jorites spp. Since
the known upper limit of the genus Callia
las/Jorites is Albian and this genus disappers
at top of Ge bed (i.e. the Calcareous siltstone
and shale bed) together with the appearance

*Sah & Kar (1970) reDorted the occurrance of
Callialasporites in Laki sediments in Kutch. How
ever, they did not discuss the imDortance 9f its
occurance in Laki sediments or the age of Laki
sediments. I consider, its occurance in the Laki
sediments is due to redeposition of older (Mesozoic)
sediments,
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of angiosperm pollen at the base of Gd bed
(shale) in Goru sediment, a floral break/
change may be demarcated between the
beds Gd & Ge. As the known top limit of
Callialasporites is Albian and the genus
disappears at the top of Ge member sup
ported with the appearance of angiosperm
pollen from the base of Gd member in Goru
sediments, the floral break between Gd and
Ge may correspond to Albian/Cenomanian
boundary. Based on this, it is possible
to divide the Goru sediments into Lower
Goru and Upper Goru, suggesting Albian
and Cenomanian age respectively with the
calcareous siltstone and shale member (Ge)
as the top limit of the Lower Goru and the
shale member (Gd) as the base of the
Upper Goru. Micropalaeontological evi
dence suggests an? Aptian-Cenomanian
age for the Goru sediments.

The various types of microplanktons
recorded in the sediment suggests that the
Goru sediments are deposited under marine
to shallow marine environment.

REGRESSION AND TRANSGRESSION

The present study indicates that the lower
part of Ranikot formation i.e. the D6 sand
stone and the Shumar formation that un
conformably overly the Kirthar sediments,
have been deposited under fresh water envi
ronment. Similarly, the Goru, Parh,
Upper part of Ranikot, Laki and Kirthar
formations have deposited under shallow
marine environment. See chart 2. These
fresh water facies between the marine facies
suggest regressions of sea in the basin, one
at the close of the Mesozoic i.e. after the
deposition of Parh sediments and another
at the close of the Lower Tertiary sediments
namely the Kirthar formation. It may
also be observed that after these two
regressions, the basin had been inactive
in deposition for a considerably long period,
and is evidenced from the two unconfor
mities, one between the Parh and Ranikot
sediments and another between Kirthar
and Shumar sediments. On Palaeonto
logical evidence, the Parh sediments have
been considered as Turonian to Coniacian
in age. The Ranikot (Paleocene) sediments
resting unconformably over the Parh
(Turonian-Coniacian) sediments, indicate a
break in sedimentation after the regression
of sea at the close of Mesozoic deposition
in this basin and this break corresponds
to Santonian to Maastrichtian periods.

Similarly, the Shumar (? Sub-recent) sedi
ments, rest unconformably over the Middle
Eocene Kirthar (Lutetian) sediments. It
indicates once again that the basin had been
inactive in sedimentation for considerably
long period after the regression of sea at
the close of the deposition of Kirthar sedi
ments.

After the regression, and period of
unconformity at the close of Upper Mesozoic
(Parh) sediments the basin sank under fresh
water and deposited the D6 sand of the
Ranikot formation under the fresh water
environment. Thereafter, the sea trans
gressed into the basin and the deposition
of the upper part of Ranikot, Laki and,
Kirthar sediments have taken place in
marine environment, under unstable sea
level condition. This has been evidenced
from the presence of Hystrichosphaeridium
and marine cysts in these sediments. The
Hystrichosphaeridium in general suggests
a shallow marine environment and the pre
sence of marine cysts indicate an adverse
environment-unstable sea level condition.

During the deposition of Kirthar sedi
ments again the sea regressed and the basin
remained inactive in sedimentaion for a
long period as has been evidenced from the
unconformity between the Kirthar and the
overlying Shumar formation. After this
period of unconformity the Shumar sedi
ments had deposited under non-marine
environment. Palynologically, there is no
positive evidence to indicate as to under
what exact environment the Shumar sedi
ments had deposited. However, the,
negative evidence i.e. a complete absence
of any microplanktons, supported by the
absence of micropalaeontological fossils
other than a few reworked fauna in the
Shumar sediments tends to suggest that
the Shumars had deposited under non
marine environment.

PALAEOCLIMATE AND TOPOGRAPAY

The Goru, Parh, Ranikot, Laki and
Kirthar sediments representing the Albian
to Middle Eocene (Lutetian) period are
devoid of disacate coniferous pollen grains.
It tends to suggest, that the topography
near and around the basin of deposition
would have been low.

The palynological data obtained from
the various rock units shows a rich sporo
morph assemblage with a good percentage
of pferidophytic spores in the Goru (Albian-
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Cenomanian) sediment, and a successive
reduction in the total terrestial floral ele
ments as well as equally reduced percentage
of pteridophytic elements in the overlying
Parh (Upper Cretaceous), Ranikot, Laki,
Kirthar (Paleocene-Middle Eocene) sedi
ments and almost complete absence of
sporomorphs in the Shumar (? Sub-recent)
formation.

The chart No. 1 shows the percentage
of terrestrial and non-terrestrial elements
calculated from the total sporomorph count
obtained from the Goru to Shumar sedi
ments. Out of a total 41 % terrestrial
sporomorphs 15% are pteridophytic ele
ments in the Goru sediments. It suggest
the existence of a luxuriant flora and a
warm humid climate during the deposition
of Goru sediments. The total percentage
of terrertrial sporomorph is considerably
reduced in the Parh sediments i.e. almost
1/6 to that of the Goru sediments and the
percentage of pteridophytic spores are
also relatively reduced in the Parh
sediments. The considerable reduction in
the total terrestrial sporomorph percentage
and the reduction in the percentage of pteri
dophytic elements in the Parh sediments
suggest a poor flora and a semi-humid to
semi-arid climate during the deposition of
Parh sediments.

While the total terrestrial sporomorph
percentage remained unchanged, the per
centage of pteridophytic spores has been
considerably reduced (to 0·5%) in the
Ranikot sediments. The total, terrestrial
sporomorph percentage has been succes
sively reduced in the Laki and Kirthar
sediments. Equally, the pteridophytic ele
ments are also reduced. It tends to sug
gest poor vegetation and a successive
increase in degree of aridity during the de
position of Laki and Kirthar sediments.

The absence of sporomorph and the nature
of Shumar sediments in general, suggests
an almost complete absence of vegetation
and probably the existence of a desertic
condition during the deposition of Shumar
sediments.

Thus, it is interesting to note that the
warm and humid climate and the luxuriant
flora during the deposition of Goru (Albian
Cenomanian) sediments changed to a semi
humid to semi-arid climate with considerably
reduced flora during the deposition of Parh
(Upper Cretaceous) sedimentss subsequently
changed over to an arid climate and poor
vegetation during the deposition of Ranikot,

Laki and Kirthar (Paleocene Middle Eocene)
sediments had possibly changed over to
desertic conditions during the deposition
of Shumar sediments.

SUMMARY

Palynological studies on the subsurface
sediments namely the Shumar, Kirthar,
Laki, Ranikot Parh and Goru sediments
from Manhera Tibba, Jaisalmer district,
has been carried out. The topmost for
mation namely the Shumar is practically
devoid of sporomorphs. As such, it is not
possible to indicate the age and environ
ment of the sediment. But from the total
absence of any microplankton in the sedi
ment suggests that the sediments might
been deposited under non-marine influence.

The Kirthar formation unconformably
underlie the Shumar formation. Bakhri
Tibba and Habib Rahi limestones principally
constitute the Kirthar formation. Under
lying the Kirthar sediments is the Laki
formation constituted by Ghazij shales and
Dunghan limestone. Ranikot formation
underlies the Laki formation. The sporo
morphs recorded in the above Tertiary,
sequence, in general are poor, and do not
help to distinguish the various rock units.
However, the data suggest that the various
rock units have been deposited under shallow
marine environment except the basal
Ranikot (i.e. the D6 sand) which had
deposited under fresh water environment.
Limited and more or less localised fresh
water influx is also evidenced in the Ghazij
shales.

The Parh sediments unconformably under
lie the Ranikot sequence. The sporomorph
recorded in Parh sediments is suggestive
of Upper Cretaceous age. The tnicro
planktons recorded in the sediment are
indicative of a shallow marine environment.

The Goru formation underlies the Parh
formation. Based on the sporomorph as
semblage recorded from this sediment, the
Goru sediments be distinguishable into
Upper and Lower Goru formation. The
Upper Goru has angiosperm pollen and the
Lower Goru devoid of angiosperm pollen,
has the spore genus Callialasporites. Un
disputed and well recognizable angiosperm
pollen occurs from Cenomanian and extends
throughout the entire Tertiary. The known
range of Callialasporites is Jurassic to Lower
Cretaceous extending the top limit, to
Albian. Based on the floral break/change
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and two corresponding sporomorph assem
blages noted in Goru sediment, Cenomanian
age is suggested for Upper Goru and Albian
age for Lower Goru sediments. The various
microplank tons recorded in the Goru sedi
ments are suggestive of shallow marine to
marine environment.

It has been observed that the major part
of D6 sandstone (i.e. the basal Ranikot for
mation) had deposited under fresh water
environment. This fresh water facies sug
gests, regression of the sea in the basin; one
at the close of Upper Cretaceous (Parh)
sediments and another at the close of Lower
Tertiary (Kirthar) sediments. After these
two regressions, the basin had been inactive
in deposition for a considerably long period,
which is evidenced from the unconformity
between Parh Ranikot and Kirthar Shumar
formations. After the regression and the
period of unconformity at the close of the
Upper Mesozoic (Parh) sediments, the basin
sank under fresh water and the basal
Ranikot D6 sandstone (Paleocene) had
deposited under fresh water environment.
Thereafter, the sea transgressed into the
basin and depositited the upper part of
Ranikot, Laki and Kirthar sediments, under
shallow marine environment. This is evi
denced from the presence of microplanktons
in these sediments. At the close of the
deposition of Kirthar sediments once again
the sea regressed and the basin remained
inactive in deposition for a considerably
long period and followed by the deposition
of Shumar sediments under a non-marine
environment.

The Cretaceous, the Tertiary and the
Shumar (Sub-Recent) sediments have been
found practically devoid of bisaccate coni
ferous pollen grains. I t tends to suggest
a low topography near and around the basin
during the deposition of Goru, Parh,
Ranikot, LaId, Kirthar and Shumar sedi
ments.

The data further suggest a luxuriant flora
and a warm humid climate during the de
position of Goru (Albian-Cenomanian) sedi
ments, a semi- humid to semi-arid climate
and considerably reduced flora during the
deposition of Parh (Upper Cretaceous), and
an arid climate with poor vegetation during
the deposition of Ranikot, Laki and Kirthar
sediments, (Paleocene-Middle Eocene-Lute
tian). The climate changed over to desertic
conditions during the deposition of the ?
Sub-Recent Shumar formation.
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STUDIES IN THE GLOSSOPTERIS FLORA OF INDIA-41. GONDWA
NOPHYTON GEN. NOV. WITH A REVISION OF ALLIED PLANT

FOSSILS FROM THE LOWER GONDWANA OF INDIA

P. K. MAITRY

Birbal Sahni Institute of Palaeobotany, l.ucknow

ABSTRACT

Gondwanophylon a new plant fossil from the
Barakar Formation of the H.aniganj coalfield is
recorded. The fossil is characterized by fan-shaped
leaf with a wide rounded entire apex and sessile
truncate base with parallel running dichotomus
veins without any interconnections. Leaves are
at times found attached to a narrow axis. Cuticle
is differentiated into stomatiferous and non-stomati
ferous surfaces. Stomatiferous surface has distinct
bands of stomatal and non-stomatal zones. In
the stomatal zone, the stomata are arranged
in a single discontinuous row. In addition to
this the systematics of allied fronds (Psygnzo
phyllum and Rhipidopsis) previously recorded
from the Lower Gondwanas of India are
discussed.

INTRODUCTION

FAN-SHAPED fronds with ± parallel,
dichotomous veins are known from
the Lower Gondwanas of India and

equivalent formations of other countries
in the Southern Hemisphere. The previous
records are as follows:

Psygmophyllum kidstonii Seward
Psygmophyllum hollandii Seward
Psygmophyllum haydenii Seward
Psygmophyllum sahnii Ganju
Rhipidopsis densinervis Feistmantel
Rhipidopsis ginkgoides Feistmantel
In a recent collection a number of fan

shaped leaves were collected from the
Churulia pit of the Raniganj Coalfield.
The fronds are entire with ± parallel run
ning dichotomous veins without any ana
stomoses. In some examples a number
of them are found attached to an axis.
Cuticular aspects of the leaves are also
known. A comparison with the known
records shows that these leaves are mor
phologically distinct and represent a new
type for which the name Gondwanophyton
is proposed. The systematic position of
the previous records of fan-shaped leaf
genera are discussed and suggestion are
made for their proper taxonomic place
ments.
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MATERIAL AND METHODS

The material described in this paper has
been collected from the carbonaceous shale
beds lying above the Churulia seam at the
Churulia pit in the East Raniganj Coal
field (West Bengal). The beds belong to
the Barakar Formation. In all the speci
mens carbonized crust is preserved. Pre
parations of cuticles were made after taking
out pulls from the surface of leaf with the
help of Cellulose acetate prepared in acetone.
This pull was macerated in HNOa and sub
sequently treated with 5% KOH. After
this the pieces of cuticles were stained in
safranin and mounted in Canada balsam.

DESCRIPTION

Gondwanophyton gen. nav.

Generic Diagnosis - Fan-shaped entire
leaves, apex broadly rounded, lateral
margins converging to form narrow truncate
base, base non-petiolate, attachment al
ternate to the axis. Veins erect, dichoto
mizing, running ± parallel to each other
without any interconnections.

Genotype - Gondwanophyton indicum sp.
novo

Gondwanophyton indicum sp. novo

PIs. 1, 2; Figs. 1-7; Text-figs. 1-3

Specific Diagnosis - Fan-shaped leaves,
apex broadly rounded and entire; base,
truncate and non-petiolate; closely spaced,
erect, spreading ± parallel veins arise from
the base, they run forward and dichotomize
frequently at irregular intervals, Course
of veins straight, density 20-26 veins per
centimeter. Leaves attached obliquely to
the narrow axis by their truncate base;
arrangement alternate.

Cuticle differentiated into stomatiferous
and non-stomatiferous surfaces. Non
stomatiferous surface has hair bases; cells
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elongate-rectangular in shape. Stomatifer
ous surface non-papillate; shows alternate
zones of stomatiferous and non-stomatiferous
bands. Stomata haplocheilic, not sunken,
usually single stomata across the width of
stomatiferous surface, linear or slightly
oblique orientation, pit surface rectangular,
stomatal opening a vertical slit; subsidiary
cells 4-6 in number.

Syntypes - Specimen No. 35025/1216,
35026/1216 and 35027/1216· Slide No. 4457
and 4458. of the Birbal Sahni Institute of
Palaeobotany, Lucknow.

Locality - Churuliapit, Raniganj Coal
field.

Horizon - Barakar Formation (Churulia
Seam).

Age - Lower Permian
Description - The collection contain 40

specimens. Few of them are completely
preserved and in cases are attached to an
axis. The figured specimen in PI. 1, Fig.
1 is a wide fan-shaped leaf, measuring 9·5
em. long and 10·5 em. broad at the widest
regions. Lateral margins show conver
gence towards the base, which is narrow
and truncate. In the basal portion of the
leaf few longitudinal folds are preserved
due to overlapping. From this it is evident
that the leaves originally had an inner con
cavity near the point of their attachment.
Eight erect divergent veins emerge from
the basal portion of the leaf. Each of them
dichotomize at the very basal region and
show subsequent dichotomy as they run
forward towards apical region. The veins
are arranged ± parallel. The angle of
divergence at the point of dichotomy be
tween two veins is from 2°_3°. The density
of veins varies from 20-24 veins per em.
Usually the density of veins is less towards
the lower portion of the leaf in comparison
to the apical region. The apical portion
of the leaf is not preserved. The specimen
does not show any attachment to axis.
However, one axis is preserved near the
leaf which is 6·5 em. long and 4 mm. broad.
A faint median ridge is present in the axis.

Another specimen figured here (PI. 2,
Fig. 6; Text-Fig. 1A) shows an axis measur
ing 2·5 em. long and 3 mm. broad. To this
axis a leaf is attached. The leaf is incom
plete and has two major irregular longi
tudinal splits. The leaf shows attachment
to the axis by its wide truncate base. A
portion of leaf was cleared out from the
rock matrix above the stem by careful

manipulation with the help of fine needles
to see the mode of attachment. It revealed
that the leaf was attached by its wide trun
cate base somewhat obliquely to the stem.

The specimen figured (PI. 2, Fig. 7; Text
Fig. 1B) shows an axis alongwith two leaves
preserved in a transverse plane. The axis
is 12 mm. long and 2 mm. broad and has
fine striations. The two leaves are attached
to the axis alternately at two different
points. They are oppositely arranged. The
leaf (A) which is preserved above is
complete, whereas the leaf (B) preserved
below is comparatively bigger and incom
plete at the apical portion. The complete
leaf measures 2 em. long and 3 em. broad
at the widest part. The widest region of
the leaf is near the apex. The leaf is
V-shaped with a rounded apex. Apical
margin is entire. Attachment to axis is

TEXT-FIG.1. A.- Solitary leaf with longitudi
nal splits attached to a narrow axis. ca. X 1.

B.-- Two lea\es attached to axis preserved
superimposed to each other showing alternate at
tachment of leaf. ca. X 1.
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TEXT-FIG. 2. A.- Cells of stomatiferol1s sur
face with stomata. X 500

B.- Cells of non-stomatiferous surface with
hair base. X500

by its truncate base. The lower leaf (B)
is incomplete at the apical end. However,
both the lateral margins are well preserved.

Epidermal Structure

All the leaves in the collection yielded
identical cuticles. The cuticle is extremely
thin. Two surfaces are easily distinguish
able fram each other. The grass difference
are that on one surface (? lower) hair bases
are absent and shows distinct longitudinal
bands of stomatiferous zone and non-stoma
tiferous zones arranged alternately, whereas
on the other surface (? upper) the hair bases
are present and the epidermal surface is
devoid of stomata.

The (?) lower surface of the cuticle shows
distinct alternation of stomatiferous and
non-stomatiferous bands (PI. 1, Fig. 2).
Non-stomatiferous bands are 8-10 cells wide.
The cells of the non-stomatiferous bands
are 4-6 sided, usually three to five time:>
longer than broad, more or less arranged
in rows and vary in shape from rectangular
to trapezoid or rhomboidal. They measure
60-80 [L long 6-10 [L broad. The stomati
feraus band is very narrow.

The cells in this zone vary from nearly
isodiametric to linear elongated. The cells
are 20-30 [L long and 8-10 [L broad. Usually
one stoma (PI. 1, Fig. 3; Text-Fig. 2A) is
present across the stomatal band. Stomata
8-10 [L and longitudinally or slightly ob
liquely orientated. The guard cells are

exirE'mely thin and show little or no cutini
zaiion, with the result that the entire surface
of lhe pit appears almost transparent. The
pit surface is usually polygonal or occasion
ally rectangular in shape. It usually shows
a narrow slit-like aperture between the
guard cells. The slit mayor may nut extend
up to the full length of the pit surface. The
subsidiary cells are 5-7 in number. They
are similar to the ordinary cells of stomati
ferous zone. The two poles are not as a
rule occupied by two polar cells. There
may be a single polar cell a1,0. In rare
instances adjacent stomata may share com
mon subsidiary cells.

The non-stomatifcrous surface of the
cuticle is slightly thicker than the stomali
ferous surfaces (PI. 2, Fig. 4). It is charac
terized by linear elongated, 4 sided cells
arranged in a definite rows. Cells are 60-120
[L long and 4-10 !J. broad. They are usually
rectangular, trapezoid to occasionally,
rhomboidal. Remnants of hair bases are
well marked. They are irregularly distri
buted. The remain of hair base is like
a oval scar (PI. 2, Fig. 5; Text-Fig. 2B),
which is highly cutinized, measuring 20 [t.

Reconstruction

With the help of the data available an
attempt has been made in Text-Fig. 3 to
reconstruct the habit of the frond. In
piecing together the detached fragmE'nts
there always cxists an element of error.
This must be faced if a reconstruction is
to be visualized. The reconstruction is
based upon leaves found attached to an
axis or in close association ",ith stems.
The evidence available gives the impression
that the leaves were alternately arranged
and were attached somewhat obliquely to
the axis by their sessile truncal e ba,e. The
old leaves towards the apical portion show
irregular longitudinal splits.

Comparison

The pre,ent Gondwana form shows a
close agreement with the members of ordcr
Palaeophyllales H<peg (in Boureau, 1967)
in the morphology of leaves. GinkgophyUttm
Saporta (1884) have pinnate leaves with
large cuneate dissected leaflets, whereas
in the present form, the leaf is essentially
entire and the incision in some leaves is
only a secondary feature accentuated by
preservation.
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TEXT-FIG. 3. A.- Reconstruction of Gondwanophylon indicum
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Ginkgophytopsis H</>eg(in Boureau, 1967)
is characterized by brGad cuneate or
flabellate leaves, borne spirally on herba
ceous or woody axes, usually with sheathing
leaf bases and with a dense venation of de
licate bifurcating veins with reticulate
meshes (Gin1?gophytopsis flabellata L. H.)
H</>eg, in Boureau, 1967). However, the
Gondwana specimens differ in having fan
shaped leaf with sessile base. Veins do
not show any interconnections. Beside this,
the epidermal features of Gondwana speci
mens are known.

Enigmophyton HcPeg (1962) superficially
resembles the Gondawna forms, but the
leaves show characteristic insertion at the
point of dichotomy of stems. Another
form, Germanophyton H</>eg(1942) resembles
the Gondwana forms, but the axis in the
former is composed of tu bes of Pro
totaxite type. A comparison with Platy
phyllum (Dawson) HcPeg (1942) is not
possible, because it has been instituted
for detached leaves showing a dissected
apica.l margin comrarable to Ginkgoalean
remaIns.
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Forms comparable with Gondwanophyton
have been recorded from Lower Gondwanas
of India and other countries of Southern
hemisphere under Rhipidopsis and Gink
gophyton (Psygmophyllum). Rhipidopsis
densinervis Feistmantel (1881), a single
specimen recorded from the Raniganj for
mation of India is characterized by leaf,
divided into six broadly cuneate segments
with a lobed or incised apex. The other
species Rhipidopsis gondwanensis Seward
(1919), earlier known as R. ginkgo ides
Feistm. (1886) from the Barakars is charac
terized by palmisect leaves having 6-10
segments. Lateral segments are obovate,
while the median segments are cuneiform
and truncated distally. From both the
records of Rhipidopsis, the present form
differs by the absence of stalk and regular
apical incision.

The forms described under Ginkgophy
topsis (Ginkgophyton) kidstonii Hrpcg (1967),
Ginkgophyton hollandii Hrpeg & Bose (1960),
Ginkgophyton haydenii Hrpeg & Bose (1960)
and Psygmophyllum sahnii Ganju (1943)
differ from the present form by long drawn
petiolate base and incision of the leaves
at the apical margin resulting into lobing
of the forms.

The present Gondwana form is compar
able to Noeggerathiopsis Feistmantel (1879)
and Euryphyllum Feistmantel (1879) in
its venation feature. However, both the
genera have lanceolate to spathulate lea\"es.
Beside, these leaves are much linear in shape
and do not possess a prominent wide apex
as in Gondwanophyton. The cuticle of
Gondwanophyton shows a general agree
ment to Noeggerathiopsis. However, the
stomatal band in Gondwanophyton is ex
tremely narrow and the stomata are
arranged in a single discontinuous row.

Megistophyllum Archangalessky (1958)
recoreded from Argentina compares some
what in venation features but it differs
in having an overall circular leaves, veins
radiating all round from the central point.

Trizygia Royle compares somewhat in
venation, but differs in having 3 pairs of
leaf attached to one point on an articulate
axis. Furthermore, the epidermal structure
is also different.

The systematic position of the genus
Gondwanophyton remains open because it
does not show any close affinity with any
of the previous known groups except for
some superficial resemblance to Noeggera
thiopsis. In view of this, it is proposed

here to provisionally place Gondwanophy
ton under 'Pa1aeophyllales' Hrpeg (in
Boureau, 1967), which has been instituted
to accommodate similar forms whose affini
ties are yet not certain.

TAXONOMIC REAPPRAISAL OF PSYGMO
PHYLLUM AND RHIPIDOPSIS FROM THE

LOWER GONDWANA RECORDS

As mentioned in the introduction that
the fan shaped leaves with, ± parallel run
ning veins from the Lower Gondwanas have
either been classed under Psygmophyllum
or Rhipidopsis. A critical study of the
past records shows that a revision is now
needed especially for their plaCEment.

Records of Psygmophyllum

Hrpeg and Bose (1960) remarked that these
Lower Gondwans leaves have evident ally
nothing to do with Psygmophyllum Schimper
(1870-72), if that genus is delimited as
suggested by Saporta (1878), Za1e~sky (1918)
and Hrpeg (1942). They further remarked
that when more information about these
Gondwana plants will be known then they
would constitute a natural genus of their
own. However, they recommended to place
these forms provisionally under the form
genus Ginkgophyton Zale~sky. Hrpeg (1967)
in Boureau pointed out that the genus Gink
gophyton is invalid tecau~e iis name has
earlier been used by Matthew. (1909,
d. Stopes. 1914: 101; Halle, 1927; 215) for
different plant. Therefore, he instituted
a new generic name Ginkgophytopsis for
those forms earlier placed under Gin1?go
phyton. To this new genus Hrpeg (l.c. p.
380) assigned the species P. 1?idstoni Seward
(1903) with a ? mark within brackets after
the generic name Ginkgophytopsis. Hrpeg
(1942, p. 109) has already pointed out that
there always remains an uncertainty about
the placement when one is dealing with an
intermediate form grading between the
lobed Ginkgophyllum and the non-lobed
Gin1?gophytopsis. The Lower Gondwana
forms always show dichotomy of leaf at
least up to the middle portion of the leaf,
therefore, their placement to Ginkgophy
topsis is not justifiable because it has been
instituted for entire forms. Ginkgophyllum
Saporta has been instituted to accomodate
leaves showing regular dissection into finer
segments. The Lower Gondwana forms
also show similar characters, therefore, it
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.• is proposed to transfer the records of
Psygmophyllum to Ginkgophyllum till more
details are known about these plants.

Ginkgophyllum hidstonii (Seward) n.
comb.

Synonymy:

1903 - Psygmophyllum hidstonii Seward, PI.
12, Fig. 1.

1942 - Ginkgophyton (?) kidstonii H4>eg
1967 - Ginhgophytopsis (?) hidstonii H4>eg
1969 - Psygmophyllum kidstonii Plumstead,

PI. X, Fig. 2.
Lectotype - PI. 12, Fig. 1, South African

Museum, Capetown.
Locality - Vereeniging, South Africa.
Horizon - Ecca Series.

Ginkgophyllum hollandii (Seward) n.
comb.

Synonymy:

1907 - Psygmophyllum hollandii Seward, PI.
13, Figs. 3-6

1960- Ginkgophyton hollandii H4>cg& Bo~e
Lectotype - PI. 13, Fig. 5. Geological

Survey of India, Calcutta.. .
Locality - Gangamoptens bed. 111 the

nicghbourhood of Khunmu, Kashmir.,
Horizon - Lower Gondwana (Permian).

Ginhgophyllum haydenii (Seward) n.
comb.

Synonymy:

1905 - Psygmophyllum sp. Seward & Wood
wards

1912 - Psygmophyllum haydenii Seward, PI.
3, Figs. 8-11

1943 - Psygmophyllum haydenii Sitholey, PI.
10, 11; Figs. 1-8

1960 - Ginkgophyton haydenii H4>eg& Bose
Lectotype - 52/293, Geological Survey of

India, Calcutta. .
Locality - Dandlutar, near ~hopya~ 111

the Pir Panjal range, Kashmir (India).
Horizon - Lower Gondwana.

Ginkgophyllum sahnii (Ganju) n. comb.

Synonymy:

1943 - Psygmophyllum sahnii Ganju, PI,
14, Fig. 1.

Lectotype - Rj5, Department of Botany,
University of Lucknow.

Locality - Risin spur.
Horizon - Lower Gondwana.

Records of Rhipidopsis

Two species of Rhipidopsis viz. R. den
sinervis Feistmantel (1881) and R. gond
wanensis (Feistm.) Seward (1919) are known
from the Lower Gondwanas of India.
The type specimen of the former form is
now preserved at the Geological Survey
of India, Calcutta, but the specimen of the
latter species is misplaced or lost from the
collection of the Geological Survey of India,
It is, therefore, difficult to put any comment
on the latter species.

Rhipidopsis densinervis Feist. i~ l~no~n
from Kamthis of South Godavan dlstnct
near Kuntcheru. Only a solitary specimen
with its counterpart is known. The ex
amination of the type specimen shows that
the lamina is divided into six obcuneate
segments and that too irregularly lobed
on the truncate margins. Veins arise from
the divergent base and pass forward show
ing frequent dichotomy. Veins are closely
spaced and ± parallel to One another.
Density of veins is 26-28 per centimeter,

In the specimen 5338, Feistmantel (1881,
56A, Fig. 2) has figured the presence of a
small petiole. However, no such structure
was seen in the present examination. Due
to lack of petiole the placement of these
specimen under Rhipidopsis is doubtful,
because the genus was instituted by Schmal
hausen (1879) for the specimen with large
petiole. In view of this it is proposed here
to place this form under Platyphyllum (Daw
son) emend H4>eg(1942). Under this genus
H4>cg (l.e.) has proposed to place all the
(old) Palaeozoic detached fan-shaped leaves
with parallel bifurcating veins.

Platyphyllum (Daws.) H4>eg

Platyphyllum densinervis (Fejstmantel) n.
comb.

Synonymy:

1881 - Rhipidopsis densinervis Feistmantel,
PI. 56A, Fig. 2.

Diagnosis-As given by Feistmantel (1881)
Lectotype - 5338, Geological Survey of

India, Calcutta.
Locality - South Godavari district near

Kuntcheru.
Horizon - Kamthi (Upper Permian).
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EXPLANATION OF PLATES

Gondwanophyton indicum gen. et. sp. novo

PLATE 1

1. A leaf showing, cuenate base with parallel run
ning dichotomus veins. X 2. Specime<n No. 35025.

2. Cuticle of stomatiferous surface showing alter
nate band of stomatiferous and non-stomatiferous
region. X 500. Slide No. 4457.

3. A stomata enlarged. X 1000.
4. Non-stomatiferous surface showing the rec

tangular cells. X 500. Slide No. 4458.

PLATE 2

5. Non-stomatiferous surface showing a hair
base. 'x 500. Slide No. 4458.

6. A leaf with irregular longitudinal splits
attached to the axis. X 2. Specimen No. 35026.

7. Two leaves attached to axis dorsiventrally
preserved. The leaf preserved above is V-shaped
and complete. The leaf preserved below is incom
plete. X 2. Specimen No. 35027.
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FOSSIL WOODS FROM THE TERTIARY OF ASSAM

u. PRAI';:A~H & P. P. IRIPATHl*

Birbal 5 lhni Institut" of Pa1al'obotany, Lucknow

ABSTRACT

Fossil woods resembling modern woods of Homa
liunL, Sterculia, Vitex, and a member of Lauraceae
are described here from the Tipam sandstones of
H.ath Tila, near the town of Hailakandi, district
Cachar, Assam. Modern equivalents of all these
fossils arc still found in the forests of Assam or
Chittagong. The fossil woods of Homalium and
Vite;" arc knOwn for the first time from India and
abroad.

INTRODUCTION

INthe present communication petrifieddicot woods of Homalium, Vitex, Ster
culia and a member of Lauraceae are

described from near the town of Haila
kandi (24°26' N; 92°32'E) district Cachar,
Assam. In addition to these, the fossil
woods of Adenant1tera, Swil1tonia (Prakash
& Tripathi, 1969a), Gluta-M elanorr1toea
(Prakash & Tripathi, 1969b), Mangifera,
Pometia, Lagerstroemia (Prakash & Tripathi,
1970a), Diospyros-lIIaba, Anisoptera (Prakash
& Tripathi, 1970b) and Careya and Barrillg
tOllia (Prakash & Tripathi, 1972) have
already been recorded from the Tipam sand
stones near the town of Hailakandi.

The age of these fossil woods is Upper
Miocene being derived from the Tipam sand
stones exposed near the town of Hailakandi
in Rath Tila (Evans, 1932).

This work has been completed with the
help of the modern wood slides so gener
ously made available to the authors for
comparison at the Wood Anatomy Branch
of the Forest Research Institute, Dehra
Dun. The authors wish to express their
sincere appreciation to Mr K. Ramesh Rao,
Officer Incharge, Wood Anatomy Branch
of the Institute, for this kindness.

SYSTEMATIC DESCRIPTION

FLACOURTIACEAE

Homalioxylon gen. novo

1. Homalioxylon assamicum Sp. novo
PI. 1, Figs. 1, 3, 5, 6; Text-figs. 1, 2.

The present fossil wood is represented
by a single piece of mature, secondary xylem

measuring 4 em. in length and 3 em. in dia
meter. It shows satisfactory preservation.

Topography - Wood diffuse-porous (PI.
1, Fig. 1). Growth rings indistinct. Vessels.
small to large, mostly in radial rows of 2-5,
sometimes solitary (PI. 1, Fig. 1), evenly
distributed, 11-14 vessels per sq. mm., con
tiguous with the rays on one or both the
sides; tyloses absent. Parenchyma scanty
paratracheal, limited to one or two cells
around some vessels (PI. 1, Fig. 6; Text-fig.
1). Xylem rays fine to medium, 1-5 (mostly
3-4) cells (PI. 1, Fig. 3) and 12-100 fJ. wide,
12-16 per mm.; ray tissue heterogeneous
(Pl. 1, Figs. 3, 5); uniseriate rays 2-12 cells
and 100-844 11. high, 12-20 fJ. wide, homo
cellular, consisting only of upright cells;
multiseriate rays, 2-5 (mostly 3-4) cells and
44-100 fJ. wide, 7-52 cells and 320-1240 fJ.

high, heterocellular, consisting of procum
bent cells through the median thickened
portion and 1-7 marginal rows of upright
cells at one or both the ends (PI. 1, Fig. 3);
end to end ray fusion quite frequent. Fibres
aligned in radial rows.

Elements - Vessels thinwalled, the walls
4-5 11. thick, t.d. 32-160 fJ., r.d. 48-220 (1., oval
to in:egu!ar in shap~ due to pressure during
fOSSIlIzatIOn,those m radial multiples flat
tened at the places of contact (PI. 1, Fig.
1; Text-fig. 1); vessel-members short to
medium, 250-950 [1. in length, with tailed
or truncated ends; perforations simple;
intervessel pit-pairs small, 4-5 fJ. in diameter,
bordered, alternate, with linear apertures
(Text-fig. 2); vessel-ray and vessel-paren
chyma pits not preserved. Parenchyma cells
thinwalled, 50-170 fJ. in length, 20-30 u. in
diameter. Ray cells thin walled, procum
bent c~lls 15~20 fJ. in tangential height, 40
130 fJ. m radIal length; upright cells 30-50
(1. ~n tangential height and 20-30 fJ. in
radIal length; cells frequently crystalliferous
(PI. 1, Fig. 3). Fibres libriform to semi
libriform with small lumen (PI. 1, Fig. 1),
the walls 5-10 (1. thick, septate, angular in
the cross section, 18-30 (1. in diameter, 600
1500 [1. in length; interfibre pits not
preserved.

*Now Lecturer in Botany, l\I.L.K. Post-Graduate College, Balrampur, Gonda.
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A jJinities - The most importan~ ana
tomical features of the present fossIl wood
are: vessels small to large mostly in short
radial rows of 2-5, sometimes solitary; per
forations simple; intervessel pit-pairs small,
4-5 [L in diameter, bordered, alternate, with
linear apertures; parenchyma scanty para
tracheal with 1-2 cells around some of the
vessels; xylem rays 1-5 (mostly 3-4) seriate,
with heterogeneous ray tissue and frequent
crystalliferous ray cells; and semi-libriform
to libriform, septate fibres. Taking into
consideration all these important anatomical
features, the present fossil wood shows
nearest resemblance to the modern wood
of Homalium Jacq. of the family Flacour-

I

2

Homalioxylon assamican gen. et sp. novo
TEXT-FIG. 1 .- Cross-section showing vessel dis

tribution and the parenchyma pattern. X 25.
(slide no. 4335). . .

TEXT-FIG. 2 - Inicrvessel pIt-paIrs. X 330.
(slide no. 4336).

tiaceae (Pearson & Brown, 1932; Metcalfe
& Chalk, 1950; Chowdhury & Ghosh, 1958).

A survey of all available woods of the
genus Homalium indicates that the closest
affinity of the fossil within this genus is with
H. tomentosum Benth. This survey included
the study of thin sections of Homalium
zeylanicum Benth., H. mimttiflorum Kurz,
H. grandiflontm Benth., H bhamoense Cubitt
& Smith, H. tomentosum Benth., and the
published description and photographs of
H. dictyoneuron Pierre. (Lecomte, 1926,
Pl. 57), H. tomentosum Benth. (Pearson &
Brown, 1932, pp. 36-39, Fig. 15; Metcalfe &
Chalk, 1950, p. 120, Fig. 31E; Chowdhury &
Ghosh, 1958, pp. 49-51), H. aylmeri Hutch. &
Dalz., H. letestui Pellegr. H. aubreviUe Keay
and H. moUe Stapf. (Brazier & Franklin,
1961, p. 38; Normand, 1960, Pl. 117, 118),
H. bhamoense Cubitt & Smith, H. grandi
florum Benth., H. minutiflorum Kurz and H.
zeylanicum Benth. (Chowdhury & Ghosh,
1958, pp. 49-51, Pl. 9, Fig. 49).

The present fossil wood resembles the
modern wood of H omalium tomentosum in
the size, shape and distributional pattern
of the vessels, in the perforation plates, in
the intervessel pit-pairs, in the parenchyma
distribution and in the structure of the
xylem rays and the fibres.

Because of the close resemblance of the
present fossil wood with the wood structure
of Homalium tomentosum Benth., the fossil
wood is assigned to a new form genus
Homalioxylon and specifically named as
H. assamicum sp. novo

As far as the authors are aware, the pre
sent finding is the first record of a fossil
wood of H omalium from India and abroad.

The genus Homalium Jacq. consists of
200 species (Willis, 1966, p. 552) widely dis
tributed throughout the tropics, with
numerous representatives in Africa, the
Indo-Malayan region and in tropical
America. At least 10 species are indigenous
to India and Burma. Homalium tomentosum
Benth. with which the present fossil wood
shows nearest resemblance grows in Nor
thern Circars, Ganjam district of Madras,
Chittagong and all over Burma (Gamble,
1902, p. 380; Pearson & Brown, 1932,
p. 36; Chowdhury & Ghosh, 1958, pp ..
49-50). In relation to the geographic locale
of the fossil, the nearest tree species of
Homalium is H. bhamoense which occurs
in Cachar, Kamrup, Garo Hills and Chitta
gong (Kanjilal, Kanjilal & Das, 1934).
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33922.
92°35'

district

GENERIC DIAGNOSIS

Homalioxylon gen. novo

Wood diffuse-porous. Growth rings distinct
to indistinct, when distinct delimited by
thicker walled fibres and smaller vessels.
Vessels small to large, solitary as well as
in radial rows of 2 or more; vessel
segments short to medium; perforations
simple; intervessel pit-pairs, small, alter
nate, bordered, oval to angular, with linear
orifices. Parenchyma scanty paratracheaI.
Xylem rays 1-5 or more cells wide; ray tissue
heterogeneous; uniseriate rays composed
of upright cells; multiseriate rays consisting
of procumbent cells through the median
portion and I-several marginal rows of up
right cells at one or both the ends; ray cells
crystalliferous. Fibres libriform to semi
libriform, septate.

Genotype -Homalioxylon assamicum sp. novo

SPECIFIC DIAGNOSIS

Homaz.ioxylon assamicum sp. novo

Wood diffuse-porous. Growth rings indis
tinct. Vessels small to large, t.d. 32-60
[J-, r.d. 48-220 [1., mostly in radial rows of
2-5, sometimes solitary, evenly distributed;
vessel-members short to medium, 250-950
[J- in length, with tailed or truncated ends;
perforations simple; intervessel pit-pairs
smail, 4-5 [J- in diameter, bordered, alternate
with linear apertures. Parenchyma scanty
paratracheal, occurring as 1-2 cells in asso
ciation with some vessels. Xylem rays fine
to medium, 1·5 (mostly 3-4) seriate, 12-100
!J. in width, 12-16 per mm; ray tissue
heterogeneous; uniseriate rays 12-20 [1. wide,
2-12 cells and 100-844 [J- high, homocellular,
consisting only of upright cells; multiseriate
rays, 2-5 (mostly 3-4) seriate, 44-100 [J- wide,
7-52 cells and 320-1240 [J- high, heterocel
lular, consisting of procumbent cells in the
median thickened portion with 1-7 marginal
rows of upright cells at one or both the ends;
ray cells frequently crystalliferous; end to
end ray fusion frequent. Fibres libriform
to semi-libriform, the walls 5-10 [J- thick,
septate, angular in cross section, 18-30 [J

in diameter, 600-1500 [J- in length.
Holotype - B.S.I.P. Museum No.
Locality - Kuchila (24°38' N;

E), near the town of Hailakandi,
Cachar, Assam.

STERCULIACEAE

Sterculioxylon Krausel, 1939.

2. 5terculioxylon dattai sp. novo
PI. 2, Figs 7, 9, 11, 12.

The present species is based on a piece
of decorticated secondary wood measuring
about 5 em. in length and a few centimetres
in diameter showing good preservation.

Topography - Wood diffuse-porous (PI.
2, Fig. 12). Growth rings indistinct. Vessels
small to large, majority solitary (PI. 2, Figs.
7, 12)' occasionally in pairs, 6-9 per sq. mm.,
heavily tylosed (PI. 2, Fig. 11), sometimes
with brownish-black deposits. Parenchyma
paratracheal and apotracheal; paratracheal
parenchyma vasicentric, forming 1-4 (mostly
1-2) cells thick sheath around some of the
vessels (PI. 2, Fig. 11); apotracheal paren
chyma in fine, 1-2 cells thick, closely spaced
lines, forming a sort of irregular reticulum,
sometimes occurring as solitary cells, pre
sent also around the gum ducts, sometimes
forming tangential bands, 1-6 (mostly 3-4)
cells thick (PI. 2, Fig. 7, 11, 12). Xylem
rays fine to moderately broad (PI. 2, Fig.
9), 1-10 (mostly 6-9) seriate, 17-140 [J- in
width, 4-6 per mm.; ray tissue heteroge
neous (PI. 2, Fig. 9); uniseriate rays, 17-32
[J- in width, 2-15 cells and 160-500 [J- high,
homocellular, consisting of upright cells
only; multi seriate rays 2-10 cells and 24-140
[J- in width, 9-101 cells and 250-1500 [J- high,
heterocellular, consisting of procumbent cells
in the median thickened portion and 1-3
rows of upright cells at one or both the ends;
sheath cells frequently present at the flanks
(PI. 2, Fig. 9). Fibres not aligned in
distinct radial rows. Gwn canals frequent,
traumatic, vertical, soliary as well as
in tangential bands of 2-6 (PI. 2. Fig. 12),
180-384 (1. in diameter.

Elements - Vessels thick walled, the walls
about 8-12 [J- thick, t.d. 72-310 [J-, r.d. 96-348
[J-, the solitary vessels round to circular in
cross section (PI. 2, Fig. l1),those in pairs
flattened at the places of contact; vessel-mem
bers 90-750 (1. in length with truncated or
short tailed ends; perforations simple;
intervessel pit pairs indistinct; vessel-paren
chyma and vessel-ray pits not preserved.
Parenchyma cells thinwalled, 12-32 [J- in,
diameter, 40-208 fL in length, storied. Ray
cells thinwalled, tangential height of pro
cumbent cells 11-20 fL, radial length 30-80 fL;
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upright cells 20-40 [J.. in tangential height
and 12-18 [J. in radial length. Fibres thin
walled, the walls about 4-5 [J. thick, non
septate, showing storied tendency, angular
in cross section, 25-30 [J. in diameter, 500
2000 [J. in length; interfibre pits not observed.

Affinityies- The mo st important structural
feature of the fossil wood under investi
gation, is the presence of traumatic, vertical
gum canals. There are 25 families of the
dicotyledons in which traumatic, vertical
gum canals have been observed (Metcalfe
& Chalk, 1950, p. 1353). These are:

Ampelidaceae Mimosaceae
Bombacaceae Morinagaceae
Boraginaceae Myrtaceae
Burseraceae Papilionaceae
Caesalpiniaceae Proteaceae
Combretaceae Rosaceae
Elaeagnaceae Rutaceae
Elaeocarpaceae Sapindaceae
Euphorbiaceae Simaroubiaceae
Hamamelidaceae Sterculiaceae
Lecythidaceae Styracaceae
Malvaceae Vochysiaceae
Meliaceae

Taking into consideration the parenchyma
pattern, the ray structure and the nature
of the flbres, it is with the m(;mbers of the
family Sterculiaceae only that the present
fossil wood shows resemblance. On further
scrutiny the genus Sterculia shows nearest
affinity. Detai1cd microscopic examination
of thin sections from the modern woods of
fifteen available species of Sterculia has been
made in order to find out the nearest living
counterpart of the present fossil wood. The
species examined are Sterculia alata Roxb.,
S. angttstifolia Roxb., S. campanttlata Wall.
ex Mast., S. coccinea Roxb., S. colorata
Roxb., S. foetida Linn. S. fulgens Wall., S.
guttata Roxb., S. oblonga Mast., S. ornata
Wali, S. populifolia DC., S. rhinopetala K.
Schum., S. scaphigera Wall., S. ttrens Roxb.
and S. villosa Roxb. Besides this, published
description and photographs of Sterculia alata
Roxb., S. villosa Roxb., S. campanulata
\Vall., ex. Mast. S. 1trens Roxb. (Pearson
& Brown, 1932; Desch, 1954; Henderson,
1953), S. blancoi Rolfe, S. carthaginensis
Cav. (Metcalfe & Chalk, 1950), S. rhinopetala
K. Schum., S. oblonga Most. (Henderson,
1953; Kribs, 1959; Brazier & Franklin,
1961), S. hypochra Pierre (Lecomte, 1926,
PI. 29), Sterculia spp. (Desch, 1954, pp. 581
583), S. foetida Linn., S. colorata Roxb., S.

populi folia Roxb., S. angustifolia Roxb.,
S. guttata Roxb., S. ornata Wall., S. coccinea
Roxb., S. fulgens Wall. and S. scaphigera
Wall. (Chowdhury & Ghosh, 1958).

From this detailed study, it is evident
that the present fossil wood shows resem
blance with the wood structure of the modern
species Sterculia angustifolia Roxb., S. guttata
Roxb., S. ornata Wall. and S. villas a Roxb.
These species are somewhat similar ana
tomically and can not be distinguished
easily. Among these species, it is with
Sterculia villosa that the present fossil wood
shows nearest resemblance. The fossil wood
resembles the modern wood of Sterculia
villosa in the shape, size and distributional
pattern of the vessels, in the perforation
plates, in the parenchyma distribution and
in the structure of the xylem rays and the
fibres.

As the present fossil wood resembles the
modern wood of Sterculia Linn. of the family
Sterculiaceae, it is placed in the form genus
Sterculioxylon Krattsel (1939).

Only five species of fossil woods related
to the modern genus Sterculia are known
so far (Boureau, 1957a, p. 679). These
are Sterculioxylon aegyptiacum Krauscl (1939)
from the Tertiary of Egypt, S. giarabubense
(Chiarugi) Krausel (1939) from the Lower
Oligocene to Lower Miocene of Somali land,
North Africa, S. rhenammt Muller-Stoll
(1949) from the Eocene of South-West
Germany, S. freulonii Boureau (1957b) from
the Tertiary of Sahara, and S. foetidense
Prakash (1973) from the Tertiary of
Burma.

Sterculioxylon aegyptiacmn differs from
the present fossil wood in having slightly
larger (r.d. 100-300 [J., r.d. 100-430 [J.) vessels
which are solitary or in groups of 2-3 or
4 cells and in less broader (2-6-7 seriate)
and shorter (only up to 60 cells high) xylem
rays. In the present fossil wood, the
vessels are small to large (t.d. 72-310 11.. ,

r.d. 96-348 [J.), majority solitary, occasion
ally in pairs, the xylem rays are 1-10
(mostly 6-9) seriate, heterocellular, 17-140 [J.

in width, 2-101 cells and 160-1500 [J. high,
and the fibres are non-libriform and non
septate. S. giarabubense also differs mark
edly in possessing smaller vessels (165
245 [J. in diameter), in having vasicentric
parenchyma only, and in less broader (1-5)
seriate) xylem rays. Similarly, S. rhenanztm
differs from the present fossil wood in the
presence of growth rings and in having
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smaller vessels (t.d. 110-200 p., r.d. 150
300 (1.). S. jreulonii Boureau (1957b) is also
distinct in possessing smaller vessels (t.d.
120-200 (1., r.d. 200-300 (1.) and libriform
fibres, in the absence of paratracheal paren
chyma, and in having less broader (1-6
seriate) xylem ra~-s. Lastly S. joetidense
also differs from S. dattai in having larger
(Ld. 160-400 (1., r.d. 240-480 (1.) vessels and
in less broader (1-8 seriate) and somewhat
higher xylem rays.

As the present fossil wood is quite distinct
from all the species of Sterculioxylon Krauscl
(1939) kno\vn so far, it is described here
as a new species, Sterculioxylon dattai.
This species is named after l\1r. A. N. Datta,
Officer Incharge, Vijnan Mandir, Hailakandi,
Assam, who helped the authors in collecting
the fossil woods.

The genus Sterculia consists of 300 species
(Willis, 1966, p. 1074) distributed through
out the tropics, and reaches its best deve
lopment in tropical Asia (Pearson & Brown,
1932, p. 145). The species Sterculia villosa
Roxb. with which the present fossil wood
shows its nearest resemblance, is a medium
sized to large tree of the tropical forests
reaching its best development in the Anda
mans and Burma, where it attains a height
of 18-24 m. and a girth of 1·5-2·5 m. In
India proper it is a much smaller tree
reaching only 1-1·5 m. in girth in favourable
localities in Uttar Pradesh. It ascends to
over 1,000 m. and is found throughout India,
Burma and the Andamans except in the
arid regions (Chowdhury & Ghosh, 1958,
p. 217).

SPECIFIC DIAGNOSIS

Stercttlioxylon dattai sp. nov.

Wood diffuse-porous. Growth rings indis
tinct. Vessels moderately small to very
large, t.d. 72-310 (1., r.d. 96-348 (.I., majority
solitary, occasionally in pairs, round to
circular, 6-9 per sq. mm., heavily tylosed;
vessel-members 90-750 (1. long, with truncated
or tailed ends; perforations simple. Paren
chyma paratracheal and apotracheal; para
tracheal parenchyma vasicentric forming
1-4 (mostly 1-2) cells thick sheath around
some of the vessels; apotracheal parenchyma
abundant, in fine, 1-2 cells thick, closely
spaced lines forming a sort of irregular
reticulum, sometimes occurring as solitary
cells, also present around the gum ducts,

and forming tangential bands, 1-6
(mostly 3-4) cells thick; parenchyma strands
storied. Xylem rays fine to moderately
broad, 1-10 (mostly 6-9) seriate, 17-140 (1.

in width, 4-6 per mm; ray tissue hetero
geneous; uniseriate rays 17-32 (1. in width,
2-15 cells and 160-500 (1. high, homocellular
consisting of upright cells only; multi
seriate rays 2-10 cells and 24-140 (1. in width,
9-101 cells and 250-1500 (1. high, hetero
cellular, consisting of procumbent cells in
the median thickened portion and 1-3 rows
of upright cells at one or both the ends;
sheath cells presenL Fibres non-libriform,
thin walled, the walls about 4-6 (1. thick,
non-septate, angular in cross-section, 25-30 (1.

in diameter, 500-2000 (1. in length, storied.
Gum canals frequent, traumatic, vertical,
solitary, sometimes arranged also in tangen
tial rows of 2-6, Ld. 180-350 (1., r.d. 200-384 (1..

Holotype - B.S.I.P. Museum No. 33912.
Locality - Sultanicherra (24°18'N; 92°33'

E), near the town of Hailakandi, district
Cachar, Assam.

VERBENACEAE

Vitexoxylon Ingle, 1972 emend.

3. Vitexoxylon miocenicum sp. novo
PIs. 3-4, Figs. 13,15,17-19

The fossil wood consists of a single piece
of petrified mature secondary xylem mea
suring 5 em. in length and 4 em. in diameter.
It shows good preservation.

Topography - Wood diffuse-porous (PI. 3,
Fig. 13). Growth rings distinct, delimited
by thicker walled fibres and smaller vessels.
Vessels moderately small to very large,
majority solitary, often in short radial
multiples of 2-3 (mostly 2) (PI. 3, Fig. 13),
12-18 per sq. mm., tylosed, brown gummy
deposits also present. Parenchyma para
tracheal mostly scanty to vasicentric, form
ing 1-4 (mostly 2-3) cells thick sheath around
some of the vessels, rarely confluent joining
the adjacent vessels (PI. 3, Figs. 13, 17).
Xylem rays broad to fine, 1-6 (mostly 3-4)
seriate (PI. 3, Fig. 15), 12-144 (1. in width,
14-19 per mm.; ray tissue weakly hetero
geneous (PI. 3, Fig. 18); uniseriate rays 18-30
fl. in width, 1-5 cells and 20-80 (1. high,
homocellular, consisting only of upright
cells; multiseriate rays 2-6 (mostly 3-4)
seriate, 25-144 (1. in width, 2-62 cells and
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109-2400 fL high, homocellular and hetero
cellular, when homocellular consisting only
of procumbent cells, when heterocellular
consisting of procumbent cells in the middle
portion and 1-2 (mostly 1) marginal rows of
upright cells at one or both the ends (PI. 3,
Fig. 15). Fibres aligned in more or less
distinct radial rows between the two conse
cutive xylem rays (PI. 3, Fig. 13).

Elements - Vessels thickwalled, the walls
about 5-10 fL thick, t.d. 70-210 fL, r.d. 81-322
fL, the solitary vessels round to oval, those
in radial multiples flattened at the places
of contact; vessel-members 448-800 fL long,
with truncated or tailed ends; perforations
simple; intervessel pit-pairs small, 4-6 fL

in diameter, bordered, alternate with linear
lenticular apertures (PI. 4, Fig. 19); vessel
parenchyma pits numerous, opposite, large,
15-20 fL in diameter, simple and more or
less elliptical in shape; vessel-ray pits not
seen. Parenchyma cells thin walled, 21-39 V

in diameter, 109-161 fL in length. Ray
cells thinwalled, procumbent cells 20-56 fL

in tangential height, 72-160 fL in radial
length; upright cells 48-64 fl. in tangential
height and 32-52 fL in radial length. Fibres
thick walled, the walls about 4-7 fL thick,
sometimes appearing thin walled due to
cell wall degradation, semi-libriform to libri
form, septate, angular in cross-section, 12-16
fL in diameter, 624-1240 fL in length; inter
fibre pits not preserved.

Affinities - Structural features of the
fossil wood indicate, after extensive compa
rison, that its closest affinities are with
the wood of the modern genus Vitex Linn.
of the family Verbenaceae (Pearson & Brown,
1932, pp. 803-812; Metcalfe & Chalk, 1950,
pp. 1035-1038; Kribs, 1959; pp. 161-162).

A survey of all available woods of the
genus V#ex indicates that the nearest
affinity of the fossil within this genus is
with the wood of Vitex canescens Kurz.
This survey included the study of thin
sections of Vitex negundo Linn., V. altissima
Linn., V. limonifolia Wall., V. canescens
Kurz, V. pubescens Heyne ex Wall.; V.
peduncularis 'Vall., V. leucoxylon Schan.
and V. glabrata F. Muell., supplemented by
published description and photographs of
Vitex altissima Linn., V. peduncularis Wall.
and V. leucoxylon Linn. (Pearson and
Brown, 1932, pp. 805-811, Figs. 253-255),
V. coriaceae C.B. Clarke (Desch, 1954, p.
628), V. pubescens Heyne ex Wall. (Lecomte,
1926, PI. 65; Desch, 1954, p. 628), V.

parviflora Jussieu, V. aherniana Merrill
(Kanehira, 1924, pp. 44-45), V. l~eniensis
Turrill, V. fosteri C.H. Wright, V. lignum
vitae A. Cunn. (Metcalfe & Chalk, 1950,
pp. 1036-1037, Figs. 248B & H), V. micrantha
Gurke (Normand, 1960, PI. 154), V. gaumeri
Green, V. kuylenii StandI., v. cooperi
StandI., V. pachyphylla Baker (Kribs, 1959,
pp. 161-162, Figs. 473-475).

The present fossil wood resembles the
modern wood of Vitex canescens Kurz in
the size and distributional pattern of the
vessels, in the perforation plates and the
intervessel pit-pairs, in the parenchyma
distribution and the fibre and ray structure.

As the present fossil wood shows ana
tomical characters of the extant genus
Vitex Linn., it has been assigned to form
genus Vitexoxylon and specifically named
as V. miocenicum sp. novo Recently Ingle
(1972) described a fossil wood as Vitexoxylon
indic1t1n from the Deccan Intertrappean
series of Mandla district in Madhya Pradesh.
From its photographs and text-figures,
it does not appear to show any affinities with
the wood of Vitex. However, it would
be appropriate to say more about its rela
tionship only after the examination of its
type slides. Therefore, the present finding
is the first authentic record of a fossil wood
of Vitex from India and abroad. As the
description given by Ingle (1972) does not
properly diagnose and include all the woods
of Vitex, an emended diagnosis for the
genus Vitexoxylon Ingle is being given here.

The genus Vitex Linn. consists of 250
species (Willis, 1966, p. 1184) distributed
in the tropical and warm temperate regions
of both the hemispheres, but from the
standpoint of timber production the im
portance of this genus is mainly centered
in the Indo-Malayan region. At least,
15 species grow in the Indian region (Pearson
& Brown, 1932, p. 803). The species Vitex
canescens Kurz, with which the present
fossil wood shows nearest affinity, grows in
Assam and dry forests of Burma (Gamble,
1902, p. 541).

EMENDED GENERIC DIAGNOSIS

Vitexoxylon Ingle emend. Prakash & Tripathi

Wood diffuse-porous. Growth rings dis
tinct, delineated by thicker walled fibres
and/or terminal parenchyma and smaller
vessels. Vessels small to large, solitary
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LAURACEAE

Lourinoxylon Felix, 1883

Laurinoxylon tertiarum sp. novo

TEXT-FIG. 3 - TwO xylem rays with swollen
oil cells. X 330. (slide no. 4346).

4. Laurinoxylon tertiarHm sp. novo
PI. 4. Figs. 20-25; Text-fig. 3

Fossil wood is represented by a single
specimen of secondary wood about 6 em.
in length and 3 em. in diameter. The
preservation is quite satisfactory.

Topography - Wood diff~s~-porous .(p~. 4,
Fig. 23). Growth rings dIstInct, d~hmited
by thicker walled fibres (PI. 4, FIg. 22).
Vessels moderately small to medium-sized,
solitary as well as in short radial rows of
2-4 (PI. 4, Figs. 22, 23), 8-10 per sq. mm.;
tyloses present, brownish deposits probably
gum also occasionally present. Parenchyma
paratracheal, scanty to vasicentric, form
ing 1-3 (mostly 1-2) cells thick sheath around
some of the vessels, sometimes aliform
rarely confluent, joining 2-3 adjoining vessels
(PI. 4, Fig. 23). Xylem rays 1-3 (mostly 2)
seriate (PI. 4, Fig. 24; Text-fig. 3), 6-8
per mm.; ray tissue heterogeneous (PI. 4,
Fig. 26); uniseriate rays 12-32 !J. broad,
1-4 cells and 80-120 !J. high, homo cellular,
composed wholly of upright cell~; Il'l;ulti
seriate rays 2-4 cells and 40-80 !J. m WIdth,
4-24 and 140-600 u in height, heterocellular,
composed of proc~mbent cells in the median
thickened portion and upright cells at one

3

Wood diffuse-porous. Growth rings dis
tinct, delineated by thicker walled fibres
and smaUer vessels. Vessels thick walled,
the walls about 5-10 !J. thick, t.d. 70-210 !J.,

r.d. 81-322 !J., mostly solitary, often in short
radial rows of 2-3 (mostly 2), solitary vessels
round to oval in cross-section, 12-18 vessels
per sq. mm.; tyloses present; vessel-members
448-800 !J. in length, with truncated or tailed
ends; perforations simple; intervessel pit
pairs small, 4-6 !J. in diameter, bordered,
alternate, with linear-lenticular apertures;
vessel-parenchyma pits simple, numerous,
opposite, large, 15-20 !J. in diameter. Paren
chyma paratracheal, mostly scanty to vasi
centric, forming 1-4 (mostly 2-3) cells thick
sheath around some of the vessels, rarely
confluent joining two adjacent vessels. Xylem
rays fine to brord, 1-6 (mostly 3-4) seriate,
12-144 !J. in width, 14-19 per mm.; ray
tissue weakly heterogeneous; uniseriate rays
18-30 !J. in width, 1-5 cells and 20-80 !J. high,
homocellular, consisting only of upright
cells; multiseriate rays 2-6 (mostly 3-4)
seriate, 25-144 !J. in width, 2-62 cells and
109-2400 !J. high, homocellular and hetero
cellular, when homocellular consisting only
of procumbent cells, when heterocellular
consisting of procumbent cells in the median
thickened portion and 1-2 (mostly 1) margi
nal rows of upright cells at one or both the
ends. Fibres semilibriform to libriform,
the walls 4-7 !J. thick, septate, angular in
shape, 12-16 !J. in diameter, 624-1240 !J. in
length.

Holotype - B.S.I.P. Museum No. 33927.
Locality - Kartikcherra (24°20'N; 92°

31'E), near the town of Hailakandi, district
Cachar, Assam.

as well as in short radial multiples, round
to oval; perforations simple; intervessel
pit-pairs, bordered, alternate, with linear
to lenticular apertures. Parenchyma para
tracheal and apotracheal; paratracheal
parenchyma scanty to vasicentric rarely
confluent, joining adjacent vessels; apo
tracheal parenchyma diffuse and terminal
if present. Xylem rays 1-7 or more cells
wide; ray tissue heterogeneous to homo
geneous. Fibres non-libriform to Jibriform;
septate or nonseptate.

Vitexoxylon mioceniwm sp. novo

SPECIFIC DIAGNOSIS
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Monimiaceae
Myristicaceae
Piperaceae
Rutaceae

or both the ends (PI. 4, Figs. 24); special
oil-bearing marginal secretory cells quite
frequent, resulting from the enlargement
of upright cells (PI. 4, Figs. 24, 25; Text
fig. 3); secretory cells 100-180 [1. high along
the grains. Fibres aligned in distinct radial
rows. Oil cells 24-52 [1. in diameter asso
ciated with the parenchyma, the xylem
rays and the fibres (PI. 4, Figs. 24, 25;
Text-fig. 3).

Elements - Vessels thin walled, the walls
about 4-5 fl. thick, t.d. 60-152 [1., r.d. 80-200
[1., the solitary vessels round to oval in
cross-section, those in radial multiples flat
tened at the places of contact (PI. 4, Fig. 23) ;
vessel-members 384-624 [1. in length, with
truncated or tailed ends; perforations simple
as well as scalariform, the latter with 8-10
bars (PI. 4, Fig. 21); intervessel-pit-pairs
large, 8-10 fI- in diameter, bordered, border
round to oval with lenticular apertures
(PI. 4, Fig. 20); vessel-parenchyma and
vessel-ray pits not preserved. Parenchyma
cells thinwalled, 10-15 [1. in diameter, 30-60
[1. in length. Ray cells thinwalled, procum
bent cells 16-32 [1. in tangential height,
80-120 [1. in radial length; upright cells
40-48 [1. in tangential height, 12-20 [1. in
radial length. Fibres non-libriform to semi
libriform, the walls about 2-6 [1. thick,
septate, angular in cross-section, 25-30 [1.

in diameter, 700-1620 [1. in length; interfibre
pits not preserved.

Affinities - The most important diag
nostic feature of the present fossil wood is
the presence of oil cells in the parenchyma,
fibres and the xylem rays. Oil cells have
been reported in the following 15 families
among the dicotyledons (Metcalfe & Chalk,
1950, p. 1354). These are:

Annonaceae Monimiaceae
Aristolochiaceae Myristicaceae
Burseraceae Piperaceae
Canellaceae Rutaceae
Dilleniaceae Saurauiaceae
Hernandiaceae Schisandraceae
Lauraceae 'Winteraceae
Magnoliaceae
Taking into consideration the septate

fibres found in the present fossil wood, the
following eight families only need further
comparison:

Burseraceae
Hernandiaceae
Lauraceae
Magnoliaceae

The families Burseraceae and Rutaceae
can be easily distinguished from the present
fossil wood in possessing exclusively simple
perforations and intercellular canals.

The family Hernandiaceae can also be
separated from the present fossil wood in
having oil cells in the parenchyma only.
The families Magnoliaceae, Monimiaceae and
Piperaceae can also be distinguished from
the fossil wood under investigation in the
presence of oil cells in the xylem rays only.
The family l\1yristicaceae is also quite
distinct from the present fossil wood in
possessing oil cells only in the parenchyma
and xylem rays. In addition to this, the
family lVIyristicaceae possesses tanniniferous
tubes in the xylem. Therefore, it is only
with the family Lauraceae that the present
fossil wood resembles most (Kanehira, 1924,
pp. 46-47; Tupper, 1927, pp. 520-525;
Janssonius, 1928, pp. 5-292; 1930, pp.
293-835; Pearson & Brown, 1932, pp. 823
857; Dadswell & Eckersley, 1940, pp. 9-48;
Metcalfe & Chalk, 1950, pp. 1145-1156;
Stern, 1954, pp. 1-72; Desch, 1957, pp.
239-250). From a detailed comparison with
the modern lauraceous woods it is seen that
the present fossil wood is nearer to the woods
of Dehaasia cuneata BI., Cinnamomum cau
datum Nees., C. glanduliferum Meissn.
and C. pauciflorum Nees. in a number of
features.

The study of wood structure of the family
Lauraceae has received considerable
attention by several wood anatomists, al
though, such investigations have been con
fined to describing specialized tissues in
this familv and the anatomical structure
of individual species or groups. Macbride
(1931) has pointed out that morphologically
and anatomically species within ~ genus of
the family Lauraceae often differ more from
each other than they do from members of
other genera.

Dadswell and Eckersley (1940) distin
guished the Australian woods of the Persoi
deae (Cinnamomum, Litsea and Persea)
from those of Lauroideae (Beilschmiedia,
Cryptocarya and Endiandra) largely by
means of the presence of concentric bands
of parenchyma in the latter and their
absence from the Persoideae. They also
noted that the anatomical differences be
tween genera are not clear cut and it is
difficult to list features by which the various
genera in each sub-group may be readily
classified. It was found that species from
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two different genera were in some cases
more similar than species with the same genus.

According to Metcalfe and Chalk (1950)
the family Lauraceae is a remarkably
uniform family throughout in its wood
anatomy, and though some individual spe
cies, such as Ocotea rodiaei Mez, can be
comparatively easily distinguished, the
genera are by no means sharply defined.

Stern (1954) and Desch (1957) have
studied the modern woods of a large number
of species of the family Lauraceae and have
remarked that individual genera of the
family Lauraceae can not be distinguished.

An extensive study of the modern woods
of the family Lauraceae was carried out by
the authors at the Xylarium of the Forest
Research Institute, Dehra Dun, and also
at the Birbal Salmi Institute of Palaeo
botany, Lucknow, which indicated that
there are no clear cut anatomical structures
in different genera of this family due to
which it is difficult to separate them from
one another.

Since taxonomic entities in this family
are ill-defined groupings, and it is not
possible to discern the limits of variation
in wood patterns in any meaningful way,
an unknown can be compared only with a
known specimen and not with a generic
complex. In short for our purposes only
the family itself can be considered the
significant taxon. For this reason it may
be more useful in the future to define fossil
wood species on the basis of only the few
characters that are significant in modern
lauraceous woods.

The name Ulmini1tm dihtviale was applied
by Unger (1842) to a fragment of fossil
wood which was later found by Felix (1883)
to have the characteristics of a laurel wood
rather than of elm as Unger had thought.
After examining a fragment from the
collection from which Unger had obtained
his original specimen, Felix changed the
name of this wood to Laurinoxylon diluviale.
Suss (1958) agreed with his identification
and suggested that the name Laurinoxylon
Felix be conserved over Ulminium Unger
to include all fossil woods anatomically
similar to the modern woods of the family
Lauraceae so as to avoid a lot of nomen
clatural confusion.

Suss (1958) studied all the fossil woods
of Lauraceae so far described and reclassi
fied them into three groups (Suss, 1958,
pp. 38-42). Those showing definite rela-

tionship with the family Lauraceae have
been referred to the form genus La1trinoxylon
Felix (1883). These as well as those recorded
by Suss (1958), Huard (1967) and Selmeier
(1967, 1968) are being listed below. The
two fossil woods of Lauraceae described by
Page (1967) as Ulminium pattersonensis
and U. mulleri from the Upper Cretaceous
of California are transferred here to Lauri
noxylon and included in the following
list: ,/

1. Laurinoxylon tigurinum (Schuster)
Berger (1950); Upper Cretaceous, Germany.

2. L. radiatum (Schonfeld) Berger (1953b);
Upper Cretaceous, Germany.

3. L. hojmannae Berger (1950); Upper
Cretaceous, Austria.

4. L. weylandii Berger (1953b); Upper
Cretaceous, Austria.

5. L. pattersonensis (Page, 1967) comb. novo
Upper Cretaceous, California.

6. L. mulleri (Page, 1967) comb. novo
Upper Cretaceous, California.

7. L. antiq1tum (Felix) Berger (1950);
Cretaceous?, Hungary.

8. L. haasii (Wetzel) Berger (1953b);
Upper Cretaceous, Germany.

9. L. linderoides Schonfeld (1933); Creta
ceous or Tertiary, Germany.

10. L. bakeri Berry (1924); Eocene,
Texas, U.S.A.

11. L. algovicum (Schuster) Suss (1958);
Upper Oligocene, Germany.

12. L. hasenbergense Suss (1958); Middle
to Upper Oligocene, Germany.

13. L. bergeri Suss (1958); Middle to
Upper Oligocene, Germany.

14. L. endiandroides Suss (1958); Middle to
Upper Oligocene, Germany.

15. L. litseoides Suss (1958); Middle to
Upper Oligocene, Germany.

16. L. microtrachealeSuss (1958); Middle to
Upper Oligocene, Germany.

17. Laurinoxylon sp. Suss (1958);
Oligocene, Germany.

18. L. czechense Prakash, Brezinova &
Buzek (1971); Oligocene, Czechoslovakia.

19. L. nectandroides Krausel et Schonfeld
(1924); Miocene, Holland.

20. L. desioi Chiarugi (1929); Miocene,
Libyen.

21. L. machilijorme (Watari) Suss (1958);
Lower Miocene, Japan.

22. L. ehrendorjeri Berger (1953a); Lower
or Middle Miocene, Greenland.

23. L. aniboides Greguss em. Suss (Suss &
Madel, 1958); Lower Miocene, Hungary.
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24. L. muller-stoll Greguss em. Suss (Suss
& Madel, 1958); Lower Miocene, Hungarv

25. L. seemannianum Madel (Suss &
Madel, 1958; Selmeier, 1967, 1968); Upper
Miocene, Bavaria, ?Mio-Pliocene, Lower
Bavaria, South Germany.

26. Laurinoxylon sp. Selmeier, 1967;
Upper Miocene, Bavaria, South Germany.

27. L. ebergi (Platen) Suss (1958); Miocene,
Colorado, U.S.A.

28. L. iwamiense (Watari) Suss (1958);
Miocene, Japan.

29. L. kuteense (Watari) Suss (1958);
Miocene, Japan.

30. L. parenchymatosum Schonfeld (1956)
Pliocene, Germany.

31. L. perjectum Huard (1967); Neogene,
France.

32. L. intermedium Huard (1967); Neogene,
France.

33. L. compressum Huard (1967); Neogene,
France.

34. L. diluviale (Unger) Felix (1883);
Tertiary, Bohemia.

35. L. L. aromaticum Felix (1884); Ter
tiary, Hungary.

36. L. meyeri (Felix), Suss (1958); Tertiary,
New Guinea.

37. L. caijlornicum (Platen) Suss (1958);
Tertiary, California.

From the study of the published descrip
tion and photographs of the above forms,
it is evident that the present fossil wood
differs markedlv from all of them.

Therefore, the fossil wood under investi
gation is placed under the form genus
Laurinoxylon 'Felix (1883) and described
as a new species Laurinoxylon tertiarum.
This finding is the first record of a fossil
wood of the family Lauraceae from India,
although leaf impressions belonging to the
family Lauraceae have been described by
Lakhanpal (1955) from the Eocene of Assam.

The family Lauraceae is widely distributed
throughout the warmer parts of the world
but most abundant in tropical and subtro
pical regions, a few genera extending into
the Malay Archipelago, the other in the
American tropics, chiefly in Brazil; relatively
few species occur in Europe and the African
continent (Pearson & Brown, 1932, p. 823).
The genus Dehaasia Bl. has 20 species
(Willis, 1966, p. 337) and the species D.
C2tneata which is nearer to the present fossil
wood grows in Andaman Islands, extending

into the Pegu, Arakan and Tenasserim
(Hooker, 1885, p. 125; Gamble, 1902, p.
560). The genus Cinnamomum Bl. is repre
sented by 250 species distributed mainly in
East Asia (Willis, 1966, p. 248). The
species C. caudatum Nees. grows in Central
and Eastern Himalayas, Nepal, lower hills
of Sikkim upto 1500 metres and the Kakhyen
hills of Burma. C. glandztlijerum Meissn.
is a tree of the Central Himalayas, extending
west to Kumaon, and of Khasia hills, while
the species C. pa1tciflorurn Nees, grows in
Assam valley, Khasia hills and Sylhet
(Hooker, 1885, pp. 129, 134, 135; Gamble,
1902, pp. 560, 562).

SPECIFIC DIAGNOSIS

Laurinoxylon tertiarum sp. novo

Wood diffuse-porous. Growth rings dis
tinct, delimited bv thicker walled fibres.
Vessels small to medium-sized, t.d. 60-152 fL,

r.d. 80-200 fl., solitary as well as in short
radial rows of 2-4, 8-10 per sq. mm., tylosed;
vessel-members 384-624 fL in length, with
truncated or tailed ends; perforations simple
as well as scalariform, the latter with 8-10
bars; intervessel pit-pairs large, 8-10 fL in
diameter, bordered, border round to oval,
with lenticular apertures. Parenchyma para
tracheal, scanty to vasicentric, forming 1-3
(mostly 1-2) cells thick sheath around
some of the vessels, sometimes aliform,
rarely confluent, joining 2-3 adjoining vessels.
Xylem rays 1-3 (mostly 2) seriate, 6-8 per
mm. ; ray tissue heterogeneous; uniseriate
rays 1-4 cells and 80-120 fl. high, 12-32 fL

broad, homocellular, composed only of up
right cells; multiseriate rays 2-3 (mostly 2)
cells and 40-80 fL in width, 4-24 cells and
140-600 fL in height, heterocellular, com
posed of procumbent cells in the middle
portion and upright cells at one or both
the ends. Fibres non-libriform to semi
libriform, the walls about 2-6 fL thick,
septate, angular in cross section, 25-30 fL

in diameter and 700-1620 fL in length.
Oil cells 24-52 fL in diameter, associated
with xylem rays, parenchyma cells and
fibres.

Holotype - B.S.I.P. Museum No. 33921.
Locality - Sultanicherra, near the town

of Hailakandi, district Cachar, Assam.
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EXPLANATION OF PLATES

PLATE 1

1. Cross-section of the fossil wood of Homalio
xylon assamicum showing vessel distribution and
parenchyma pattern. X 30 (slide no. 4335).

2. Cross-section of Homalium tomentosum showing
similar vessel distribution and the parenchyma
pattern. X 30.

3. Tangential section of the fossil wood of Hcma
lioxylon assamicum showing the type of xylem
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rays and their distribution. X 60. (slide no.
4336).

4. Tangential section of Homalium tomentosum
showing similar ray type and distribution. X 60.

5. Radial longitudinal section of Homalioxylon
assamicum showing heterocellular xylem rays.
X 120. (slide no. 4337).

6. Magnified cross-section of Homalioxylon assa
micum X 90. (slide no. 4335).

PLATE 2

7. Cross-section of the fossil wood of Sterculio
xylon dattai showing vessel distribution and paren
chyma pattern. Also note the presence of vertical
gum canals. X 60. (~lide no. 4338).

8. Cross-section of Slt-rculia villosa showing
similar vessel distribution, gum canals and the
parenchyma pattern. X 60.

9. Tangential section of the fossil wood of Ster
culioxylon dattai showing the type of xylem rays
and their distribution. X 60. Note the sheath
cells at the flanks. (slide no. 4339).

10. Tangential section of Sterculia vilosa showing
similar ray type and distribution. X 60.

11. Magnified cross-section of the fossil wood of
Sterculioxylon dattai showing the parenchyma distri
bution and the fibre structure. X 140. (slide
no. 4340).

12. Another cross-section of the fossil wood of
Sterculioxylon dattai in low power showing vessel
distribution, parenchyma pattern and the gum
canals. X 30. (slide no. 4340).

PLATE 3

13. Cross-section of t e fossil wood of Vitexoxylon
miocenicum showing ves el distribution and paren
chyma pattern. X 30. (slide no. 4341).

14. Cross-section of Vitex canescens showing
similar vessel distribution and the parenchyma
pattern. X 30.

15. Tangential section of the fossil wood of
Vitexoxylon miocenicum showing the type of xylem
rays and their distribution. X 55 (slide no. 4342).

16. Tangential section from the modern wood of
Vitox canesccns showing similar ray tyre and dis
tribution. X 55.

17. Magnified cross-section of the fossil wood of
Vitexoxylon miocenicum showing parenchyma dis
tribution. X 60. (slide no. 4343).

18. Radial longitudinal section of Vitexoxylon
miocenicum showing a xylem ray. X 110. (slide
no. 4344).

PLATE 4

19. Magnified longitudinal section of Vitoxoxl'lon
miocenicum showing intervessel pit-pairs. X '500.
(slide no. 4345).

20. Magnified intervessel pit-pairs of Laurinoxy
Ion tertiarum. X 500. (slide no. 4346).

21. Magnifted longitudinal section of Laurinoxy
lon terliarum showing scalariform perforation plate.
X 400. (slide no. 4347).

22. Cross-section of the fossil wood of Laurino
xylon lertiarum in low power showing \ essel distri
bution and parenchyma pattern. X 30. (slide
no. 4348).

23. Magnified cross-section of the fossil wood of
Laurinoxylon lertiarum showing distributional pat
tern of vessels, parenchyma and the oil cells.
X 60. (slide no. 4349).

24. Tangential section of the fossil wood of
LaurinoxylOtl terliarum. X 60. Note swollen oil
cell of a xylem ray. (slide no. 4346).

25. Radial longitudinal section of the fossil wood
of Laurinoxylrm tertiarum. X 70. Note oil cell
in the xylem ray. (slide no. 4347).
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DECCANANTHUS SA VITRll , A NEW PETRIFIED FLOWER
FROM THE DECCAN INTERTRAPPEAN BEDS OF INDIA

S. D. CHITALEY & U. R. KATE

Department of Botany, Institute of Science, Nagpur

inner one all over, suggesting a bud condi
tion of the flower. The tips of the inner
whorl are coiled inside forming two thick
knob like structures (Plate 1, Fig. 1),
where it is 250 to 350 (l- thick, and the rest
of the portion is 135 to 150 (l-. Cells of this
whorl are parenchymatous, thin walled,
intermingled with a few thick walled cells
(Plate 1, Fig. 2). Members of the outer
whorl are 4-5 layered and 120 to 130 [J. thick.
Cells of the inner whorl have brown con
tents. The lobes of the inner whorl of the
perianth at the tip of the flower differ in
size, one being smaller than the other (Text
Fig. 1). The bigger one is 480 X 576 (l

and the smaller is 300 X 380 fl..
Androecium - Stamens are six, epiphyl

lous, placed at different levels on the perianth
lobes (Plate 1, Fig. 1; Text-Fig. 4). Three
are at the lower level and three are on the
higher level. ,Filaments are all of equal
length, being 90 (l- long each. The anthers
are two lobed, with the connective (Plate 1,
Fig. 5) running throughout the length
(Text-Fig. 8). The attachment of the fila
ment to the anther is dorsifixed. The
anthers on the higher level are 750 to 800
(l- long and 450 to 500 (l- broad and those
on the lower level are 600 to 625 (l- long
and 400 (l- broad. Each anther is 4 locular.
The cells of the anther wall and the' con
nective are made of simple parenchymatous
cells (Text-Fig. 7).

The two pollen sacs of eaeh lobe are
filled with mature pollen grains, thus show
ing the development of anthers earlier
than the ovary which is in young condi
tion. The pollen grains are seen in both
polar and equatorial view (Plate 1, Fig. 3).
Each pollen grain (Erdtman, 1966) is 20 xIS
(l- to 18xIS (l-, peroblate, trichotomosu1cate,
the subculi stand in relation to the pole in
much the same way as the sides of an
equilateral triangle to the centre of the
triangle. Grains are psilate, with sexine
slightly thicker than nexine.

Gynoecium - It is tricarpellary, syncar
pous, trilocular (Text-Fig. 6) with an axile
placentation (Text-figs. 5 & 6) (Plate 1,
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ABSTRACT

DESCRIPTION

INTRODUCTION

The paper deals with the description of a new
monocotyledonous, dichlamydeous, petrified flower
from the l\lohgaonkalan beds of the Deccan Illter
trappean series of India. The flower is hermaphro
dite, hypogynous, with six perianth members in
two whorls, six epiphyllous stamens and tricarpel
Jary, svncarpous ovary. Provisionally it is placed
under Deccananthus savitrii gen. et sp. novo with
affinities shown to Palmaceae.

THIS paper reports a new petrifiedflower from the Deccan Intertrappean
locality of Mohgaonkalan in the

Chhindwara District of M.P., India. So
far only three petrified flowers have been
described from this locality. They are
Sahnianthus parija£ (Shukla 1944; Chitaley
1955) Sahnipushpam shuhlai (Prakash and
Jain 1963; Prakash 1956; Chitaley 1964;
Verma 1956) and Chitaleypushpam moh
gaoense Paradkar (1971).

The present flower is different from all
of them. The description is based on
only one complete specimen. It was ex
posed in longitudinal section (Plate 1, Fig. 1).
After studying it from many serial sections
in l.s. the remaining piece was studied along
the transverse plane.

The flower is 4·2 mm long and 3·3 mm
broad at its broadest part in the centre
(Plate 1, Fig. 1). It shows a short, thick
stalk, 945 (l- long and 700 (l- broad. The
flower is narrow at the base and at the tip
but broad in its middle portion. It is
complete, gamopetalous, hermaphrodite and
hypogynous (Text-Figs. 1, 2 & 3).

Perianth - The perianth is differentiated
into two whorls, an outer and an inner
(Plate 1, Fig. 1; Text-Figs. 1-3). The
members of each whorl are fused with one
another. The outer whorl is covering the
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TEXT-FIGS. 1-8 - 1, 2 & 3. Selected serial longitudinal sections of flower.
ing anthers. S. L. S. gynaecium. 6. T.S. ovary showing trilocular condition.
of the connective and pollen grains. 8. Anther showing connective.

4. L. S. of flower show
7. Anther showing cells
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Deccananthus Chitaley and Kate

Flower complete, with two perianth whorls,
regular, hermaphrodite, eb.racteate. 1ndroe
cium of 6 stamens, eplphyllous, m two
whorls; pollen grains trichotomosulcate.
Gynoecium tricarpellary, syncarpus, trilocular
with axile placentation.

CHITALEY & KATE- DECCANANTHUS SAVITRII, A NEW PETRIFIED FLOWER

DIAGNOSIS OF THE GENUSFig. 6). The ovary is almost sessile, 1·5 mm.
broad and 1·18 mm. long (Plate 1, Fig. 4)
and its wall is 4 to 5 layered. Style is short,
560 [1. long and 382 [1. broad. Stigma is
350 [1. long and 3·50 [1. broad thus not much
differentiated from the style. Ovules are
not seen. However, remains of axile pla
centa are noticed.

DISCUSSION

From the above description of the flower
it is clear that the petrified flower with the
trilocular ovary and probably 6 lobes of
the perianth looks like a monocotyledonous
flower. Number of stamens is also six
arranged in two whorls, placed at. two
levels on the inner whorl of the penanth.
The structure of the pollen grains though
not typically monocotyledonous as. mono
sulcate or monocolpate, but such tnsulcate
structure as seen in the present flower is
also noticed in the pollen grains of some
of the palmaceae. Compal:ison? of this
flower to the living ones bnng It close to
the family palmaceae.

Resemblances are found in the nature of
perianth, condition of ovary, number. of
stamens and the structure of pollen grams.
However, since the present study is based
only on one specimen ~[. the flower c:nd
that too in young condItion, not. showmg
distinct ovules, the present flower ISnamed
provisionally as Deccananthus savitrii gen.
et sp. novo The generic na1?e. is af.ter the
region of India from. where It ~s bemg de
scribed and the specIfic name IS after Mrs.
Savitri Sahni, the first Director of Birbal
Sahni Institute of Palaeobotany, Lucknow,
and wife of Late Prof. Birbal Salmi.

We have compared this flower with the
known petrified flowers from the Deccan
Intertrappean beds of India: Sahnianthl~s
parijai (~hukla,. 1944, & Chltaley 1955) ~s
different m havmg only one whorl of pen
anth and more stamens and carpels. Also
the 'pollen grains are differen t. Sahni
pushpam shuklai and Chitaleypushpam m?h
gaoense also differ from our flower m havmg
'one whorl of perianth and pentacarpellar~
gynoecium. In the former flower, loculI
are more. Thus, it is evident that the
Deccananthus savitrii is different from all
the known flowers from the Deccan Inter
trappe an beds of India.

DIAGNOSIS OF THE SPECIES

Deccananthus Savitrii Chitaley and Kat~

Flower with short pedicel. Perianth mem
bers 6, the two whorls close against each
other; outer whorl 120 to 130 [1. thick, inner
whorl 135 to 150 [1. and at places 250 to
350 [1. thick; members of inner whorl curved
inside at the tip of flower forming a knob
measuring 300 X 380 [1.. Stamens 6, attached
to perianth at two levels; anthers 4 locular,
dorsifixed, each 750 to 800 [1. long and 450
[1. broad, anthers on lower level are smaller
than those on higher level; filament length
90 [1. long; connective running through
the anther; pollen grains 20 X 15 [1., sexine
slightly thicker than nexine, psilate, pero
blate, trichotomosu1cate; Gynoecium tri
carpellary, syncarpus, trilocular; ovary large,
round, 1·5 mm. broad and 1·18 mm. long;
style 580 [1. long and 380 [1. broad; stigma
solid, simple, 350 [1. long and 350 [1. broad,
not much differentiated from style.

Holotype - Department of Botany, Insti
tute of Science, Nagpur. lVIoh/KU-2.

Locality - Mohgaonkalan.
Horizon - Deccan Intertrappean series of

India.
Age - ? Uppermost Cretaceous.
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EXPLANATION OF PLATE I-FIGS. 1-6

1. Part of the flower as exposed on the rock
x20.

2. Cells of perianth (arrows) X 130.
3. Pollen grains enlarged X 600.

4. L.S. flower showing gynoecium and anthers
X 50.

5. Anther with connective and pollen grains X 75.
6. T.S. ovary showing trilocular condition X 70.
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STUDIES IN THE LATE-QUATERNARY VEGETATIONAL
HISTORY IN HIMACHAL PRADESH-

2. REW ALSAR LAKE

CIIHAYA SHAR1\IA & GUH.DIP SINGH*

Birbal Salmi Institute of Palaeobotany, Lucknow

ABSTRACT

The paper embodies the resulLs of pollen analy
tical investigations carried out at Rewalsar lake 111

Himachal Pradesh. The whole pollen sequence
has been divided into several stages (a-e) as to faci
litate the description of the pollen diagram.

The H.ewalsar lake is nearly 800 cm deep and is
G-14 dated at two levels, i.e. 170 and 290 cm to
520 + 55 and 1410 ± 60 years B.P. respectively.
The date for bottom portion of the profile can be
extrapolated to about 4000 years D.P. and thus
whole sequence belongs to the "Post-glacial
period ".

The vegetational stages as marked in the pollen
diagrams do show the vegetational changes. The
, Stage a " the lowermost part of the Jake basin is
comprised of the forest in which oak appears to be
the most dominant element followed by PutUS and
Corylus with an undergrowth of grasses together
with A r!e11'lis'ia and Cheno-Amarant. The suc
ceeding , Stage b ' is almost in accordance with the
preceding 'Stage a' except for a little rise in
Quercus. 'Stage c ' is differentiated from the pre
ceding stages by the consistent rise in the values of
Corylus and corresponding fall in the values of
Quercus. The high altitude elements such as PHtUS
wallichiana, Abies, Picea and Cedrus have mther
gained or emerged during this stage. The ground
flora except for minor fluctuations remain the same.
• Stage d ' is marked by the tremendous decline in
oaks and Corylus corresponding with a sudden rise
in the values of Pinus roxburghii from the beginning
of this stage. • Stage e' is characterized by tre
mendous fall of Quercus giving pace to the grass
lands comprising Gramineae Cyperaceae, Compo
sitae, Al'!emisia, Cheno-Amarant type and Cerealia
type.

INTRODUCTION

THE lake at Rewalsar (76°S0'E,31°33'N) is situated on the eastern
slopes of the outer Himalaya facing

Suketi Khad, about 16 km south-west of
Mandi, at an altitude of about 1,280 m.
A.S.L. (Figs. 1, 2). The lake is more or
less triangular in outline and its circum
ference exceeds one and a half kilometre.
The open water is studded with, seven
main ' floating islands' of different sizes

and shapes. The largest amongst these,
called 'Parbati's island' (Kashyap, 1920)
by the local people, measures about 18 and
3·6 m. in length and breadth respectively,
whereas others are much smaller. A willow
tree is also seen growing on one of the
, islands' known as 'Brahma's island'.
The ' islands' are over grown with mainly
Phragmites communis besides a few other
grasses and herbs. The northern part of
the lake-basin on the side of the main inlet,
is filled with sediments consisting of organic
detritus, clay, silt and gravel. The lake
margins are grown with abundant Phrag
mites communis, and several other aquatics
and amphibious plants.

It is mentioned that the lake was chosen
as a place of retirement and devotion by the
Rishi Lomas, whose name is mentioned in
the ' Skandh Purana ' of the Hindu mytho
logy. It is said that the Rishi Lomas used
to bathe in the waters of Ganga and Jamuna,
and that, by the power of God, both the
streams joined together to cast this lake
for the Rishi (Punjab States Gazetteer,
1904). The lake is held sacred by the
Hindus, the Budddists and the Sikhs. The
presence of ' floating islands' (Sharma,
1971) is mainly altributed to its sanctity by
the Buddhists. A number of places of
worship have sprung up during the last
century, though the religious sanctity of
the lake may be of much greater antiquity.
All around the lake, a narrow concrete road
has been constructed for the pilgrims to
circumambulate.

Rewalsar is one of the most important
pilgrimage centres in Himachal Pradesh,
and thousands of pilgrims flock to this place
at the Baisakhi festival, held in the first
half of April every year. Even though the
local population of Rewalsar is rather small,
the pressure of the pilgrims on the local
vegetation at the time of festival is tre
mendous.

*present address: Department of Biogeography and Geomorphology, The Australian NationaJ Univer
sity, Canberra A.C.T. 2600 Australia.
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SF-State Forest

SCALE

TEXT-FIG. 1 - Detailed map showing the location of the lake site.

To the north and the west of the lake,
lies the main catchment area, but the
water entering the lake is small except
during the rainy season. The lake has its
permanent supply of water from subter
ranean springs (Kashyap, loco cit.), and
there is a narrow outlet situated in the
south-west.

METHODS

Stratigraphy was built up with the help
of Hiller peat-auger provided with 50 cm.
long chamber and samples collected at an
interval of 10 cm. each. These samples
were prepared for pollen analysis following
the technique of Erdtman (1943) with
slight modification (Sharma and Singh,
1972).

Pollen sum is based upon about 200
arboreal pollen grains except in some clay
samples, in which the total sum was reduced
to 150 arboreal pollen. All percentages
were calculated in terms of this sum. Ar-

boreal and non-arboreal pollen diagrams
have been constructed separately. In addi
tion, a total pollen diagram showing oath
arboreal and non-arboreal elements has also
been constructed, calculating percentage
frequencies in terms of total land plants
pollen, excluding Ferns and Bryophytes.

Percentages up to 0·5% are indicated
by a plus (+) sign. The percentage fre
quencies of the elements met with extremely
sporadically are given at right hand side of
each AP and NAP diagram. In the case
of the total AP/ JAP diagram, the percen
tages are shown in the middle, as well as,
to the right hand side of the diagram.

STRATIGRAPHY

The stratigraphy (Fig. 3) of the in-filled
part of the lake-basin at Rewalsar, was
studied by means of a series of eight bore
holes made along a section running in the
northeast-southwest direction. The lake
deposit, which is underlain by gravel in the
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section mainly comprises of fine and coarse
organic detritus, intercalated with silt and
clay. The lake basin is comparatively
shallower in the southwest than in the
northeast. Proceeding towards the south
west, the deposit is greatly influenced by the
hill-wash, and several layers of silt, clay
and gravel, are seen to form the basin
deposit. The silt and gravel beds are
intercalated with several layers of coarse
organic detritus in the southwest. Fine
organic detritus is mainly confined to the
northeastern part of the section, where the
lake depression appears to have been filled
through a normal hydrosere succession
followed by-hill-wash, probably laid down
as a result of deforestation in the area.
The deposits in the southwestern part of
the basin on the other hand, appear to have
been laid down partly through the mean
dering action of the main inlet entering the
lake basin. There is some evidence of
Phragmites-peat, occurring together with
silt, in the upper half of the deposit in the
southwest of the section.

Bore-hole 4, made through the deepest
part of the section, was selected for final
sampling for pollen-analysis (Fig. 3). At
this point, the lower-most sediment, after
gravel, consists of fine organic detritus, a
limnic deposit with abundant remains of
Botryococcus colonies (Fig. 7), and some
wood remains. The wood fragments appear
to have been derived from some trees over
hanging at the lake margins. This is
succeeded by coarse organic detritus which
is intercalated with a thin layer of sand.
The organic detritus is overlaid by a thick
sequence of silt and clay. The stratigra
phical details of the bore-hole 4, as observed
in the field and in the laboratory are as
follows:

CM

0-33 (hey clay, with seed of Carex and
Rubus at 20 em.

33-50 Grey clay, with one seed of Cheno
podi~tm.

50-70 Sand, wood fragments infrequent.
70-100 Dark grey clay, with a few wood

fragments.
100-120 Silt, with a few wood fragments.

Carex and Chenopodium seeds at
120 em.

120-145 Silty clay, with some plant remains,
apd one seed of Carex.

145-150 Coarse organic detritus, with wood
fragments.

150-155 Same as above.
155-200 Dark grey, coarse organic detritus.

Carex seeds abundant; one seed of
Chenopodium. Wood fragments
frequent.

200-250 Coarse organic detritus with some
sand and gravel. Wood fragments
frequent.

250-300 Same as above, with a few seeds of
Carex and Scirpus. Moss shoots
also present.

300-305 Sandy.
305-350 Dark grey, coarse organic detritus

with some gravel. Moss shoots
rare. One seed of Stellaria at 310
em. Wood fragments frequent.

350-400 Same as above, with one seed of
Rubus.

400-450 Dark brown, coarse organic detritus
with a little clay. Carex seeds,
together with one seed of Rubus
at 430 em. Wood fragments fre
quent.

450-480 Same as above, but without seeds.
480-500 Dark brown, fine organic clay-mud.

Carex seeds common. Wood frag
ments infrequent.

500-523 Same as above, but without seeds.
523-540 Same as above, but with one

Carex seed.
540-550 Dark grey, fine organic detritus,

with a few wood fragments.
550-600 Same as above, with one Scirpus

seed at 580 em.
600-650 Fine organic detritus. Carex and

Scirpus seeds present. Moss shoots
at 640 em. \Vood fragments very
rare.

650-700 Fine organic detritus, with moss
shoots. Some wood fragments pre
sent.

700-735 Same as above, but without moss
shoots.

735-750 Fine organic detritus, with colour
changing to light grey and be
coming clayey.

758-770 Clay with gravel, with some wood
fragments.

770-790 Gravel.

LOCAL VEGETATION

In view of its lower altitude, it enjoys
a more or less subtropical type of vege
tation and the hills around the Rewalsar
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lake, but for a few young, isolated plantations
of Pinus roxburghii (Fig. 4), and Cedrus
deodara, are largely devoid of natural forests
(Fig. 5). The presence of elements, such
as Quercus incana, Celtis australis, Toona
ciliata, Litsea etc., along with species like
Skimmia laureola and Sarcococca saligna
indicate that thick forests existed in the
past. However, the local as well as the
surrounding vegetation of Rewalsar may be
summed up as follows:

Starting from the centre of the lake out
wards, the chief floating or submerged
plants growing in the open water are-
Spirodela polyrhiza, Azolla pinnata, Nym
phaea sp., Trapa sp., Callitriche stagnalis
and Utricularia sp. The lake margins, but
for a few gaps here and there, are lined
with a gregarious growth of Phragmites
communis. The infilled part of the lake,
above the water, is grown with Acorus
calamus, Scirpus sq1JarrOSus, S. triangulatus,
Alisma plantago, Marsilea sp., Ranuncttlus
laetus, Origanum vulgare, Geranium nepa
lense, Oxalis corniculata, Epilobium roylea
num, Aeschynomene indica, Plantago major,
Nasturtium plaustre, Lepidium ruderale,
Anotis calycina, Myriactis nepalensis, SUJertia
alata, Eschenbachia stricta, Erigeron cana
densis, Potentilla kleiniana, Coix lachryma
jobi, etc.

Apart from the above aquatic, semi
aquatic and terrestrial herbs, the marshy
ground is also covered with some trees of
Salix tetrasperma and Alnus sp. Trees,
such as Celtis australis, Toona ciliata, Machi
lus gamblei, Grewia optiva, Morus alba,
Punica granat1Jm, Murraya koenigii, Aegle
marmelos, Prunus cornuta, Colebrookia oppo
sitifolia, Clerodendrum fragrans, Rhamnus
purpureus, etc., grow a little away from
the marshy areas.

But for the small gap in the southeast,
the lake is completely surrounded by hills
(Fig. 2), which, on the whole exhibit a
rather bare and desolate landscape. The
mountain slopes are almost completely
devoid of woodlands (Fig. 5). Much of
the area is under terrace cultivation, and
the mountain slopes facing Rewalsar lake
in the west and northwest, are covered
with a young plantation of Pinus roxburghii
(Fig. 4). The slopes on the opposite side
of the ridge in the west, are covered by a
mixed plantation of Cedrus deodara and
Pinus roxburghii. The plantation occurs
together with scattered trees of Quercus

incana. The oak trees are mostly found
in a heavily lopped state, and appear to
have been singled out for cutting purposes
by the local inhabitants. The other most
heavily lopped, of the timber trees, occur
ring in the area, is Celtis australis. Besides
these, other trees and shrubs, commonly
encountered on the slopes are Euphorbia
royleana, Berberis sp., Prinsepia utilis, Clero
dendrum fragrans, Sarcococca saligna, Dodo
naea viscosa, Woodfordia fruticosa, Viburnum
sp., Rhododendron arboreum, Randia tetras
jJerma, Wendlandia heynei, Skimmia la1Jreola,
Mallotus Philippinensis, Flacourtia indica
Litsea sp., Almts sp., Ulm1ts wallichiana,
Juglans regia, Betula alnoides, !lex dipyrena,
Acer sp., Cotoneaster sp., Colebrookia oppositi
folia, Rosa brunonii, Rhamnus purtmreus,
R. virgattts, Myrica esculenta, Mahonia
nepalensis, Zanthoxylum armatum, Adhatoda
vasica etc. The most abundant climbers
of these forests are Clematis ~rata, C. bucha
naniana, Rubia cordifolia, Tinospora cordi
folia, Galium spp., Dioscoria glabra, Jasmi
num spp., etc. The ground flora is also
vast and varied, attaining maximum of
luxuriance after the monsoon.

The main crops grown in the area are
rice, maize, wheat, barley, gram, and millets,
besides Eleusine coracana, Panicttm milia
ceum, Fagopyrum emarginatum, F. escttlan
tum, Setaria italica, etc. (Punjab States
Gazetteer, 1904).

POLLEN DIAGRAM

The vegetational sequence, as deduced
from the pollen diagram from the Rewalsar
lake, has been divided into five stages namely
a, b, c, d and e (Figs. 6, 7, 8).

The lower border of 'Stage a' (790-760
cm.) is not certain. The vegetational
sequence begins with a partly open forest,
dominated by high frequencies of Querctts,
followed by Pimts roxburghii and CoryltJs,
whose values reach upto 60%, 30% and
15% respectively, in this stage. The non
arboreal pollen ratios remain around 25%
but fall at the top of the stage. Almts
forms a short curve. The pollen of Abies,
Carpimts, Viburnttm and Coriaria is seen
in low values. Stray pollen grains of Pinus
wallichiana, Cedrus deodara, Betula utilis,
Ephedra, Ulmus, Juglans, Celtis, Betula
alnoides, Acer, Rhododendron, Grewia and
Dodonaea viscosa, are met with occasionally
in this stage.
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Non-arboreal vegetation mainly comprises
of Gramineae, Artemisia, Cheno-Amarad
type and Cyperaceae, whose values reach
upto 23%, 7%, 7% and 5% respectively.
Cerealia type of pollen is seen from the
beginning at the pollen sequence in the
form of a low continuous curve. Other
non-arboreal elements, represented in very
low values, are Compositae (Tubuliflorae)
and Polygonum type.

The aquatic component is largely repre
sented by high values of Botryococcus
colonies, reaching upto 12%. Pollen of
Potamogeton and Polygonum plebejum occurs
sporadically. The curves for Fern spores
(both monolete and trilete) attain frequen
cies upto 5% and 3% respectively. Bryo
phytic and Moss spores are seen in low but
continuous curves.

The subdued nature of the Quercus curve
at the beginning of 'Stage a' together
with the well developed curves for Gramineae
(23%), Artemisia (7%) Cheno-Amarant type
(7%) and Cerealia type (1%), is perhaps
indicative of a partly open forest.

'Stage a' is brought to an end at the
760 cm. level, and' Stage b' (760-440 cm.)
begins where the curve for Pinus roxb~trghii
declines with a corresponding rise in the
curves for Quercus and the' tree and shrub'
pollen ratios. Pinus wallichiana starts a
more or less continuous curve for the first
time in this stage. The curve for Quercu,s
maintains high value upto 82%. The curve
for Corylus, shows a fluctuating course with
a small rise in the middle of the stage. The
Alnus curve becomes sporadic. The pollen
of Ulmus forms a short curve towards tl1P
top of the stage. Stray pollen of Picea is
seen for the first time in this stage. The
pollen of Carpinus occurs sporadically in
the lower half of the stage. Other tree and
shrub elements, represented either in short
curves or in a sporadic form, are Abies,
Cedrus deodara, Ephedra, Viburnum, !lex
dipyrena, Juglans, Celtis and Acer. Stray
pollen of Symplocos, Mimosoideae (polyad)
and Betula alnoides is also met with in this
stage.

Non-arboreal elements are comparatively
poorly represented, and are mainly comp
rised of Gramineae, Cyperaceae, Artemisia
and Cheno-Amarant type, whose values
reach upto 20%, 6%, 6% and 5% respec
tively. The curves for Artemisia and Cheno
Amarant type become discontinuous at
some places. The curve for Cerealia type

becomes sporadic. A single grain of Plan
tago lanceolata is seen for the first time at
710 cm, and a short curve is also formed
in the upper half of the stage. Stray pollen
of Corydalis also occurs in the upper half.
The pollen of Cruciferae is seen for the
first time in the middle of the stage, and it
continues thereafter, in the form of a dis
continuous curve. The other non-arboreal
constituents, present either in short curves
or sporadically, are Compositae (both Tubuli
florae and Liguliflorae), Caryophyllaceae,
Umbelliferae, Primulaceae, Strobilanthes,
Justicia simplex, Peristrophe, and Polygonum
type. A few pollen grains of Cannabis,
Thalictrum and Leguminosae are also seen
in this stage.

The aquatic vegetation is represented
mostly by colonies of Botryococcus, which
increase in their values, reaching upto 20%
at the beginning of this stage, but soon
decline afterwards and gradually disappear,
reappearing once again in the upper half
of the stage in low values. Other aquatics
represented in low frequencies are Typha
angustata, Potamogeton and Polygonum ple
bej~tm.

The curves for Fern spores (both monolete
and trilete) maintain low values, as in the
previous stage. The curve for Bryophytic
spores becomes sporadic. Moss spores form
a rather discontinuous low curve.

The fall in the ratios of the non-arboreal
elements, coupled with the recovery of the
Quercus curve at the beginning of this stage,
is indicative of the regeneration and the
closing-in of the oak forest. In the later
part of the stage, there is little evidence of
any large scale clearance, even though the
fluctuating nature of the curve for the
'tree and shrub' pollen ratios, together
with the occurrence of Cerealia type and
Plantago pollen at the same levels, shows
that occasional small-scale openings in the
forest continued to be made throughout the
stage.

'Stage b' comes to an end at 440 cm.
and 'Stage c' (440-290 cm.) begins with
a consistent rise in the values of Corylus,
which reach upto about 35% at their maxi
mum. Correspondingly, there is a fall in
the curve for Quercus. The curve for Pinus
roxburghii shows a slight increase at the
lower end of the stage, accompanying the
rise of the Corylus curve, but later on it falls,
while the curve for Corylus reaches its
maximum extent and importance. The
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Pinus roxburghii curve, however, rises once
again in the upper half of the stage, and
the curve for Corylus falls to relatively
lower values. The curve for Pinus walli
·chiana maintains low values, as in the
earlier stage. The pollen of Betula utilis,
which remain unrepresented in 'Stage b'
"is met with sporadically in the lower half
of this stage. The pollen of Salix and
Mimosoideae (polyad) is represented for the
first time. The values of Rhododendron

show a slight increase in the middle of the
stage. The other tree and shrub elements,
represented either in short curves or met
with sporadically, are Abies, Cedrus, Ephedra,
Alnus, Ulmus, Viburnum, Juglans and Celtis.
Stray pollen of Picea, Carpinus, flex, Symp
locos and B~txus is also seen in this stage.

The non-arboreal elements on the whole,
are poorly represented. There is a slight
increase in the curve for Cyperaceae at the
beginning of the stage. Its values reach
to about 10% and then decline, but rise
once again at the top of the stage. The
curves for Gnimineae, Artemisia and Cheno
Amarant type remain low, but their fre
quencies rise towards the top of the stage.
This rise is accompanied by the occurrence
of the pollen of both Cerealia type and
Cannabis in small numbers. Other non
arboreal elements represented in low fre
quencies in this stage, are Compositae (both
Tubuliflorae and Liguliflorae), Cruciferae,
Rosaceae, Primulaceae, Polygon1t1n type and
stray pollen of Corydalis, Malvaceae, Legu
minosae, Umbelliferae, Oldenlandia and
Justicia simplex.

The aquatic vegetation is represented
only in the lower half of the stage, by low
values of Botryococcus colonies, and the
pollen of Typha angustata, Polygonum ple
bejum and Potamogeton.

There is a slight increase in the curves
for Fern spores (both monolete and trilete).
Brophy tic spores, in general, and Moss
spores occur in low frequencies.

As the oak curve falls together with a
small rise in the frequencies of plants of
open habitat, such as Cyperaceae, Cannabis,
Cruciferae, Rosaceae and Primulaceae at
the beginning of the stage, it is suggested
that the oaks perhaps fell as a result of some
ff)r~st· clearance. Corylus which, again is
a tree of rather open forests, perhaps in
creased in response to this clearance. At
first, the oaks fall and Corylus and Pinu,s
roxburghii rise, but later on, oaks appear

to recover and Pinus roxburghii falls. To
wards the top of the stage, Corylus declines
and the frequencies of Pinus roxburghii
rise once again.

, Stage c' is brought to an end at 290
em. and 'Stage d' (290-170 em.) begins
with a sudden fall in the curve for Quercus,
corresponding with a sudden rise in the
curve for Pinus roxburghii. The Corylus
curve declines still further, and becomes
discontinuous. Pimts roxburghii attains its
maximum values of about 87%, but declines
in the upper half of the stage, corresponding
with a recovery of the oak curve. The oak
curve, however, falls again towards the top
of the stage, and the Pinus roxburghii curve
rises once again. Pinus wallichiana forms
a low continuous curve for the first time
in this stage. There is a slight increase in
the values of Cedrus and Alnus. The pollen
of Betula utilis and Picea is seen sporadi
cally in the upper half of the stage only.
Other tree and shrub species, represented
either in the form of short curves or sporadi
cally, are Abies, Ephedra, Carpinus, Ulmzts,
Viburmtm and Rhododendron. They occur
together with stray pollen of Fraxinus,
Symplocos, Mimosoideae (polyad), Salix and
Loranthus. The 'tree and shrub' pollen
ratios show a fall with some fluctuations.

The non-arboreal vegetation' is poorly
represented. It comprises of chiefly Cypera
ceae and Gramineae, whose values in each
case, increase in the upper half of the stage.
Artemisia and Cheno-Amarant type form
fresh curves in the upper half, and there is
a slight increase in the pollen frequencies
of Compositae (both Tubuliflorae and Liguli
florae) and Cerealia type. Other non-arbo
real species represented in low values are
Corydalis, Cruciferae, Impatiens, Oldenlandia,
Polygonum type, Caryophyllaceae, Urnbelli
ferae and Strobilanthes.

The aquatic vegetation is negligible and
is represented by a single grain of Typha
angustata. The curve for Fern spores (tri
lete), shows an increasing trend in the lower
half of the stage. Bryophytic spores form
a fairly continuous curve for the first time
in this stage, and their values rise in the
upper half. Moss spores form a short curve
in the upper half of the stage.

The fall in the curves for Quercus, Corylus
and Pinus roxburghii, at various intervals
in this stage, invariably corresponds with
a small rise in the values of Gramineae,
Cyperaceae, Artemisia, Cheno-Amarant type
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and Cerealia type, indicating small scale
clearance of these tree elements at different
intervals. The lower border of 'Stage d'
is C-14 dated at 1,410±60 B.P. (WIS-417).

'Stage d' is brought to an end at 170
em. and' Stage e' (170-0 em.) begins with
the final decline in the curves for Quercus
and Coryhts. 'Stage e' is divisible into
two sub-stages 'el' and 'e2'. In 'Sub
stage el' (170-50 em.) the curve for Pinus
roxburghii rises largely as a result of the
fall in the broad-leaved species. This is
quite apparent from the total diagram
(Fig. 8), in which the absolute values of
Pinns roxburghii actually fall together with
other tree elements, indicating a general
felling of the tree vegetation. This is
further substantiated by the overall fall in
the 'tree and shrub' pollen ratios in this
sub-stage. Abies forms a fre~h and an
almost continuous curve in this sub-stage.
The curve for Pinus wallichiana declines
in the lower half but increases once again
in the upper half. Cednts forms a short
curve in the lower half of the sub-stage,
and Ephedra in the upper half. There is
a slight increase in the pollen frequencies
of Picea. The pollen of Betula utilis is
seen only in the beginning of the sub
stages. Almts forms a fresh~ short curve,
and there is a slight increas~ in .the va:llJes
of Vib~trnum. The pollen of Juglans which
remains unrepresented in ' Stage d ' is met
with sporadically in the lower half of this
sub-stage. Other tree and shrub elements
represented in low values are Carpinus,
Ul1nus, Rhododendron and Salix, together
with stray pollen of Fraxinus, Mimosoideae
(polyad), Buxus and Wendlandia.

There is a sudden rise in the frequencies
of most of the non-arboreal elements in this
sub-stage. The curves for Gramineae and
Cyperaceae increase from the beginning and
their values reach upto 182% and 95%
respectively, at their maximum. The curve
for Cerealia type increases a little later,
followed by Cheno-Amarant type, Artemisia
and Compositae (both Tubuliflorae and
Liguliflorae) Caryophyllaceae and Malva
ceae form short curves for the first time
in the middle of the sub-stage, and Umbelli
ferae, Justicia and Peristrophe in the upper
half. The pollen of Labiatae and Polygonum
type, also shows a slight increase. Other
non-arboreal species represented in low
frequencies are Leguminosae, Impatiens,
Rosaceae, Oldenlandia, Strobilanthes, Lepi-

dagathis, Rubia cordi/olia, Convolvulaceae
and Tribulus.

The aquatic vegetation is represented
by low values of Polygonum plebejt{m and
Typha angustata. The curves for Fern
spores (both monolete and trilete) increase
in the upper half of the sub-stage. The
Bryophytic spores show a slight increase
in the beginning and then decline.
The Moss spores occur in low values
only.

The catastrophic decline in the ' tree and
shrub' pollen ratios, corresponding with
the tremendous rise in the frequencies of
almost all the non-arboreal elements, is
indicative of large scale decimation of the
tree vegetation. The rise in the Cerealia
type curve, together with a similar rise in
the values of other culture pollen, indicates
that the clearance was followed by intensive
agriculture in the area. The lower border
of 'sub-stage el' is C-14 dated at 520 ± 55
B.P. (WIS-419).

, Sub-stage el' ends at 50 em. and ' Sub
stage e2' (50-0 em.) begins with a small
increase in the curves for Quercus, Cedrus
and Ulmus. Pinus roxburghii also appears
to mark a real increase, as' seen in the total
diagram (Fig. 8). The values of Alnus,
Corylus, Iuglans and Salix, also show a
slight increase in the upper half of this
sub-stage. Fraxinus, forms a short curve
for the first time, and Abies, Pinus walli
chiana and Ephedra, maintain low values.
Other tree and shrub elements, represented
either in short curves or sporadically, are
Picea, Carpinus, Viburnum, Celtis, Mimo
soideae (polyad) and Belttla utilis.

Amongst the non-arboreal species repre
sented, the curves for Gramineae, Cyperaceae
and Cerealia type fall considerably, followed
by Compositae (Tubulifiorae) and Artemisia.
There is a sudden rise in the frequencies of
Corydalis and Cruciferae. Both the ele
ments form continuous curves for the first
time in this sub-stage. The curve for
Compositae (Liguliflorae) shows a slight
increase and Plantago lanceolata forms a
fresh low curve in this sub-stage. The
pollen of Rosaceae and Thalictrwm, also
forms short curves. The curves for Cheno
Amarant type, Justicia and Polygonum
type follow a fluctuating course throughout
the sub-stage. Other non-arboreal elements
represented in low values, are Caryophyl
laceae, Malvaceae, Leguminosae, Impatiens,
Primulaceae, Oldenlandia, Boraginaceae Con-
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volvulaceae, Peristrophe, Lepidagathis and
Labiatae.

Aquatic vegetation is represented by a
low curve of Polygonum plebejwn·t, and the
sporadic occurrence of Typha angustata
pollen.

The curves for Fern spores (both monolete
and trilete), together with those of Bryo
phytic spores, follow a fluctuating course
in this sub-stage. The values of Moss
spores tend to decline.

The rise in the curves for most of the
arboreal elements, together with a corres
ponding fall in the frequencies of non
arboreal plants, is indicative of a phase of
regeneration of the forests. This phase
may have started with the demarcation of
reserved forests and with the recent forest
plantations carried out by the State Forest
Department.

DISCUSSION AND CONCLUSIONS

Stratigraphy and the Age of Lake deposit

The lake sediment at Rewalsar, remain
to be investigated at a greater length than
what, has, now been possible with the
limited capacity of the boring equipment
available. The lake sediments, so far,
investigated, appear to constitute only a
fraction of the Late-Quaternary deposit.

The gravel pan at the base (Fig. 3), gives
the impression of a glacially scoured surface,
but the outward impression seems to be
incorrect as the gravel may have been
deposited through the meandering action
of flood stream entering the lake in the
north of the lake basin. This view is sub
stantiated by the two C-14 dates, 1410±60
B.P. (W1S-417) and 520±55 B.P. (W1S-419),
from the upper half of the pollen profile
(Fig. 3 point 4; Figs. 6, 7, 8) showing that
the history of entire deposit studied may
not extend beyond the last 4000 years,
if due allowance is given for the differential
rates of deposition at various intervals of
the profile. It follows that either the
deposits of the earlier period lie below the
gravel pan or they were eroded before the
deposition of the sediments overlying the
gravel pan. But for the extreme north
eastern part of the section, the Rewalsar
lake basin appears to have been under the
influence of secondary deposition which
may have been derived from the hill-wash.
This is clear from the repeated interruptions

seen in the organic deposit, which is inter
calated with inorganic material at close
intervals (Fig. 3). The north-eastern part
of the section, except in the upper levels,
is almost free of the effect of hill wash;
here one witnesses the deposition of organic
matters through a normal hydro sere suc
cession. The absence of relatively older
deposits in this part of the section may be
due to the marginal position of the profile
at point 4 (Fig. 3) with respect to the basin
proper, as the section passes at a tangent
to the deeper parts of the lake-basin. It is
most likely that deposits of relatively older
age lie below the open water in the deeper
part of the lake basin.

Vegetational History

1t is already established from the fore
going account that lake deposits investi
gated at Rewalsar is representative of the
later part of the Post-glacial period, and
reflect the history of vegetation of its area,
through the pollen sequence worked out.
The vegetational history uncovered, is how
ever, limited to the present day sub-tropical
belt, as the lake site is situated within this
belt. The vegetational sequence is over
whelmingly dominated by Quercus, during
early stages. The lower altitude of the
site and its location in the outer Himalaya,
has, however, resulted in the greater repre
sentation of the sub-tropical pine (Pinus
roxburghii), in the pollen profile and other
conifers are extremely lowly represented.
The curve for Corylus is well developed
which may partly be due to the compa
ratively drier conditions found in the Re
walsar area. Corylus colurna, the only
species of Corylus represented in the western
Himalayas, grows at 1524-3048 m., in dry
temperate deciduous forests (Bor, 1953).

Stage a - The forest history, which starts
with ' Stage a ' at the bottom of the strati
graphical column (Figs. 6, 7, 8), is repre
sentative of a partly open forest, in which,
Quercus appears to have been by far, the
most dominant element. Pinus roxburghii
and Corylus, come next in order of impor
tance, but as Pinus roxbttrghii pollen, is
carried to long distances it is not certain
whether the pine forest existed any where
near the lake site. Considering the overall
dominance of oak pollen in the pollen spectra
in 'Stage a', which in terms of modern
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pollen rain can only come from a fairly
closed oak forest, it is likely that Pinus
roxburghii grew at a relatively lower altitude,
or at a considerable distance from the lake
site.

Corylus, whose European relative C.
avellana is known for its large pollen pro
duction, is much less known, as far as the
Indian species C. colurna is concerned.
The surface samples from Himachal Pradesh
studied so far (Sharma, 1973), have failed
to show up this element in any significant
quantity, but this may be due to the pres
ent-day scanty distribution of this species
in the areas visited. Thus, while no firm
conclusion can be drawn regarding the actual
relative abundance of Coryl1~s at Rewalsar,
from its pollen curve, it may well be that the
species was more widely distributed in the
outer Himalaya than the present-day, and
that it was perhaps present in the vicinity
of the Rewalsar area in ' Stage a '.

The partly open character of the forest,
is testified by the AP/NAP curve, and also
by the well developed nature of the curves
for Gramineae, Artemisia and Cheno-Ama
rant type, all of which are well known light
demanders. The presence of Cerealia type
of pollen, from the very beginning of the
sequence, together with the partially open
character of the forest, is perhaps indicative
of a phase of forest clearance, for agriculture.

The broad-leaved character of the forest
vegetation in 'Stage a' at Rewalsar, is
reminiscent of the mid-Past-glacial forest
development in the Kashmir valley during
the Climatic Optimum (Singh, 1963).

Stage b - In this stage, Quercus frequencies
rise and attain their maximum values, and
the non-arboreal elements decline, indi
cating the closing of the oak forest. Pi1luS
wallichiana forms short curves for the first
time in this stage, and it may have been
represented in small number in the area.
The introduction of the curve for Pinus
wallichiana, a temperate element in the
sequence, can be regarded as indicative of
cooler climate, and this development may
be compared with the onset of the period of
decreasing warmth in Kashmir (Singh,
1963). P. wallichiana at present, grows at
1,829-3,048 m. (6,000'-10,000') in the tem
perate Himalaya.

The non-arboreal vegetation, mainly com
prises of Gramineae, Cyperaceae, Artemisia
and Cheno-Amarant type. A single grain
of Plantago lanceolata, is seen for the first

time in the lower half of the stage, and
later, a short curve is seen to develop in the
upper half. There is little evidence of any
large scale forest clearance in this stage,
even though, the occasional occurrence of
the pollen of Plantago lanceolata and Cerealia
type, together with the fluctuations seen
in the curve for the 'tree and shrub'
pollen ratios, shows that perhaps small
scale felling of trees continued in the other
wise closed forest. As the rise in the curve
for Corylus in each case, corresponds with
the fall in the Quercus curve, it is likely that
Corylus benefitted from such small scale
clearance. The curve for Pinus roxburghii,
also appears to playa more or less identical
role, together with Corylus, in this stage.
This is understandable because both Pinus

roxburghii and Corylus prefer dry sunny
slopes, and are able to encroach upon newly
vacated areas with ease.

Stage c -- This stage is marked by a
consistent rise in the values of Corylus,
corresponding with a fall in the Quercus
curve. The curve for Pinus roxburghii,
also shows a relative increase at the begin
ning of the stage, but later on, declines;
it, however, rises once again, towards the
top of the stage. Pinus wallichiana conti
nues to occur in the form of short curves,
as before, and the pollen of other tempe
rate species, such as Abies, Picea and Cedrus
also begin to occur more frequently. Betula
1ttilis, the high altitude birch in the J-Iima
laya, which remains unrepresented in' Stages
a and b', is represented by its pollen in
, Stage c '. All this can be taken to indi
cate the continuation of the trend towards
decreasing warmth in the area, as suggested
earlier, in 'Stage b'. Isolated grains of
Salix, Mimosoideae (polyad) and Buxus,
occur for the first time in this stage.

The fall in the oak curve is accompanied
by the rise in the values of Cyperaceae,
and a general fall in the 'tree and shrub'
pollen ratios. The pollen of Cerealia type
and Cannabis, also occurs frequently in
small numbers in this stage, from which it
is suggested that the oak forest fell as a
result of forest clearance by man, for agri
culture. Corylus and Pinus roxburghii,
which are both light demanders, perhaps
increase as a result of the above clearance.
As the curve for Quercus falls in the begin
ning of the stage, the frequencies of both
Corylus and P. roxburghii rise, but later
on, oaks appear to recover and the P.

..
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roxburghii values fall. Corylus declines to
wards the top of the stage and the curve
for P. roxburghii rises, once again. As
there is a small rise in the curve for Grami
neae towards the top of the stage, it is
likely that Corylus also fell as a result of
forest clearance. The newly vacated areas
appear to have been occupied by Pinus
roxburghii, whose values continue to rise,
hereafter. It has been argued earlier, that
Pinus roxburghii was probably, not repre
sented locally in the almost pure oak forest
of ' Stages a and b '. In' Stage c " on the
other hand, it appears that the opening of
the forest provided the opportunity for the
expansion of Pinus roxburghii, into areas
hitherto occupied by oak and hazel.

Stage d - The lower border of ' Stage d '
is C-14 dated at 1,410±60 B.P. (540 A.D.)

(WIS-417) and starts with the fall of the
oak forest. The oak pollen curve, shows a
consistent decline at the beginning of this
stage, but recovers to some extent in the
second half, falling, once again, towards the
top end of the stage. Correspondingly, the
Pinus roxburghii curve rises to high values.
As there is no pronounced increase in the
ratios of non-arboreal elements to match
the catastrophic fall in the oak curve, it
appears that Pinus roxburghii, actually
replaces the oak forest, and that there is
little change in the absolute forest cover
over the area. It may well be that the
elimination of the borad-leaved species,
that is oak and hazel, in ' Stage c " disturbs
the natural equilibrium of the forest, and
it becomes relatively easy for Pinus rox
burghii to make inroads into the oak-hazel
forest, in ' Stage d '.

Corylus falls to insignificant values in this
stage. It seems like that it is kept in check
by Pinus roxburghii, which normally does
not allow any undergrowth.

Pinus wallichiana forms a continuous
curve, for the first time in this stage, and
there is a slight increase in the values of
Cedrus and Alnus. The pollen of Betula
utilis and Pieea, is seen sporadically in the
upper half of the stage.

The non-arboreal vegetation is poorly
represented. It comprises of mainly Cypera
ceae and Gramineae. Artemisia and Cheno
Amarant type pollen forms fresh curves in
the upper half of the stage, and there is
also a slight increase in the pollen of Com
positae and Cerealia type, at more or less
the same level.

Stage e - This stage, whose lower border
is C-14 dated at 520±55 B.P. (1430 A.D.)

(WIS-419), begins with the final decline in
the curve for Quercus which, hereafter,
becomes an almost insignificant element.
There is a marked rise in the non-arboreal
vegetation, as evidenced by the general
rise in the curve for Gramineae, Cyperaceae,
Compositae, Artemisia, Cheno-Amarant type,
and Cerealia type. The beginning of this
stage is also marked by the sudden fall in
the 'tree and shrub' pollen ratios, from
which, it seems almost certain that the tree
vegetation, in general, is cleared on a massive
scale. Besides Quercus, which is suggested
to have been completely decimated, Pinus
roxbztrghii also appears to have been felled
on a large scale, as it is clearly brought out
in the total diagram (Fig. 8). This episode
apparently took place in the early 15th
century A.D., and was perhaps responsible
for the clearance of forests in the Rewalsar
area. There is at present, no historical
record to connect this episode with any
large-scale human migration into the area,
but at the same time, it is difficult to visua
lize such massive clearance without some
compelling reason, connected with the
human history of this region. It may,
however, be that the religious importance
of the Rewalsar lake, which is now thronged
with thousands of pilgrims every year, at
the time of numerous religious festivals
connected with Hindus, Buddhists and
Sikhs, first rose to its present eminence
during this period.

'Stage e' is divisible into 'Sub-stages
e1 and e2'. In' Sub-stage e1' besides the
aforementioned characteristics of the begin
ning of ' Stage e " there is general increase
in the values of Abies, Pinus wallichiana
(upper half) Cedrtts (lower half), Ephedra
(upper half), Picea Alnus and Viburnum.
There is a sudden rise in the frequencies of
most of the non-arboreal elements in this
sub-stage. The curves for Gramineae and
Cyperaceae increase considerably from the
beginning of the sub-stage and reach their
maximum values in each case. The curve for
Cerealia type, increases a little later, followed
by Cheno-Amarant type, Artemisia and Com
positae. Caryophyllaceae and Malvaceae
form short curves, for the first time in the
middle of the sub-stage, and Umbelliferae,
Justieia and Peristrophe, in the upper half of
the sub-stage. The pollen of Polygonum
type and Labiatae also show a slight increase.
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The rise in the curve for Cerealia type,
together with other culture pollen, suggests
that the clearance is followed by inten
sive agriculture in the area, in this sub
stage .

• Sub-stage e2' shows a small increase in
the curves for Quercus, Cedrus and Ulmus.
Pinus roxburghii, also appears to have
marked a real increase, as shown bv the
total diagram (Fig. 8). The values of Alnus,
Corylus, Juglans and Salix, also show a
slight increase in the upper half of this
sub-stage, and Fraxinus forms a short curve
for the first time.

The non-arboreal vegetation on the whole
declines, but there is a sudden rise in the
frequencies of Corydalis and Cruciferae.
The pollen of Compositae (Liguliflorae),
Plantago lanceolata, Rosaceae and Thalic
trum, also increases slightly.

The rise in the curves for arboreal ele
ments, and the corresponding fall in the
frequencies of non-arboreal plants, is perhaps
indicative of some regeneration of the forest,
which may have resulted from the Govern-

mental protection given to the forest areas,
in recent years, and also the forest planta
tions carried out by the State Forest Depart
ment. At present, the area surrounding
the Rewalsar lake is devoid of natural thick
forests; only young plantations chiefly of
Pinus roxburghii, Cedrus deodara etc., occur
in small patches, here and there.

The tentative sub-divisions of the present
pollen sequence into five' Stages a, b, c, d,
and e ' is independent of the one at Khajiar
(Sharma and Singh, 1972), which is also
situated in Himachal Pradesh. Although
there is a strong similarity between the
quality of pollen assemblages in the two
pollen sequences, nevertheless, it is prema
ture to suggest a common system of zona
tion from the two sites worked out, though
both the pollen profiles are C-14 dated.
It is envisaged that it will be possible to
suggest a uniform system of zonation for
the western Himalayas, in due course, as
soon as sufficient number of C-14 dated
Post-glacial pollen sequences are available
from this region.
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OCCURRENCE OF SOME DIPTEROCARPACEOUS WOODS
IN THE CUDDALORE SERIES OF SOUTH INDIA

N. AWASTHI

Birbal Sahni Institute of Palaeobotany, Lucknow

ABSTRACT

Dipterocarpaceous woods are very common in
the Cuddalore Series of South India near Pondi
cherry. Investigations ha, e revealed the occur
rence of three more new species of dipterocarpa
ceous woods from this area. One of them, showing
closest resemblance with the genus Dipterocarpus,
has been named as Dipterocarpoxylon pondicherri
ense. Of the remaining two, one compares with
some species of Shorea, Parashorea and Pentacme,
while the other shows affinities with Shorea
acvminata Dyer and many other Malayan shoreas.
They have been described as Shoreoxylon indicum
and S. arcotense respectively.

INTRODUCTION

OF all the Tertiary deposits of Indiathe Cuddalore sandstones exposed
near Pondicherrv in the South Arcot

district, Tamil Nadu IS the richest in dip
terocarpaceous woods. Earlier Ramanujam
(1956, 1960), Ramanujam and Rao (1967,
1969), and Navale (1963) described quite
a large number of them as Dipterocarpoxylon
indicum D. cUddalorense, Shoreoxylon Itoldeni,
S. mortandrense, S. megaporosum, S. specio
sUm, S. kraeuseli, Anisopteroxylon cudda
lorense, A. coromandelense and Hopeoxylon
indicum. However, based on the study of
the modern woods of Dipterocarpaceae,
Awasthi (1971) revised the affinities of
many of these; consequently Dipterocarpoxy
Ion indicum Ramanujam was renamed as
Dryobalanoxylon indicum (Ramanujam)
Awasthi, and Shoreoxylon holdeni Ramanu
jam, S. mortandrense Ramanujam, S. mega
porosum Ramanujam and Anisopteroxylon
cuddalorense Ramanujam were found identi
cal to each other and placed under another
new species of Dryobalanoxylon, viz., D.
holdeni (Ramanujam) Awasthi. Awasthi
(MS) also reinvestigated Dipterocarpoxylon
cuddalorense Navale and found it identical
to Terminalioxylon grandisporosum Rama
nujam (1966), described from the same
locality. Revised account of this together
with other such woods will be published in
due course.
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Further investigation of the woods col
lected from the same area has yielded three
new species belonging to the family Diptero
carpaceae. One of these closely resembles
the wood of Dipterocarpus, and out of the
remaining two one shows affinities with
some species of Shorea, Parashorea and
Pentacme, while the other with those of
Malayan shoreas.

SYSTEMATIC DESCRIPTION

Family - DIPTEROCARPACEAE

Genus - Dipterocarpoxylon Holden emend.
Den Berger, 1927

1. Dipterocarpoxylon pondicherriense sp. novo
Pl. 1, Figs. 1, 3; Pl. 2, Figs. 5-6; Text-figs. 1-6

Material - Three small pieces of well
preserved silicified wood. The colour is
yellowish brown.

Topography - Wood diffuse-porous.
Growth-rings absent. Vessels visible to the
naked eye as white dots in cross-section,
medium to large, forming prominent vessel
lines along the grain, exclusively soli
buy (PI. 1, Fig. 1,Text-Fig. 1), evenly
distributed, 3-8 vessels per sq. mm., tylosed
(PI. 1, Fig. 1). Tracheids sparse, inter
mingled with paratracheal parenchyma,
forming a narrow (1-2 seriate) interrupted
sheath around the vessels. Parenchyma
paratracheal and apotracheal; paratracheal
parenchyma relatively sparse, intermingled
with vasicentric tracheids, forming narrow
sheath around the vessels, occasionally
aliform, enclosing 2-3 vessels (PI. 2, Fig. 5;
Text-fig. 2); apotracheal parenchyma asso
ciated with vertical gum canals (PI. 1, Fig. 1;
Text-fig. 1), frequently exten<ling laterally
uniting with those of neighbouring gum
canals, forming 3-6 (mostly 3-4) seriate bands
reaching across a number of rays (PI. 1,
Fig. 1; Text-fig. 1); diffuse cells occasionally
seen. Xylem rays fine to moderately broad,
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TEXT-FIG. 1 _ Cross-section sho\\'ing nature and distribution 9f gum canals. X 25.

2

TEXT-FIG. 2 _ Another cross-section magnified to show yessels gum canals and parenchyma
(stippled). X 70.
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1-5 (mostly 3-4) seriate; ray tissue hetero
geneous; uniseriate rays homocellular as
well as heterocellular, consisting of upright
cells as well as both upright and pro
cumbent cells (PI. 1, Fig. 3; Text-fig. 3),
mostly 4-10 cells in height; multiseriate rays
heterocellular, consisting of procumbent cells
through the median portion and I-several
(mostly 1-5) uniseriate marginal rows of
upright cells (PI. 1, Fig. 3; Text-fig. 3),
about 10-50 cells in height; sheath cells
occasionally present. Fibres aligned in
radial rows between the two consecutive
xylem rays. Gum canals frequent, vertical,
diffuse, enclosed by parenchyma, solitary
and mostly in pairs as well as in short tan
gential rows of 3-8 (PI. 1, Fig. 1; Text-fig. 1),
occasionally upto 10, small, 5-10 per sq.
mm.

Elements - Vessels circular to oval in
cross-section, thin-walled, t.d. 120-370 [1.,

r.d. 150-345 [1.; vessel-members 300-750 [1.

in length, with truncated ends; perforations
simple; pits leading to contiguous tracheids
arranged in vertical rows (PI. 2, Fig. 6;
Text-fig. 5), medium to large, 6-10 fL in
diameter, vestured, aperture linear to lenti
cular; pits leading to contiguous ray cells
oval, variable in shape and size, horizontally
oriented, bordered, (Text-fig. 4), occasionally
confluent, with wide aperture; vessel-paren
chyma pits similar to vessel-ray pits; vessels
filled with tyloses and crystalliferous con
tents. Tracheidal cells oval or peripherally
flattened, 16-56 [.I. in diameter, nearly as
long as fibres. Parenchyma cells those of
paratracheal peripherally flattened, those
associated with gum canals oval to angular,
80-120 [1. in length; infiltration dark. Ray
cells upright and procumbent; upright cells
48-80 [1. in tangential height, 40-60 fL in
radial length; procumbent cells 16-30 [1. in
tangential height, 48-100 [1. in radial length.
Fibres angular, mostly hexagonal in cross-

3 5

4

TEXT-FIGS. 3-6- 3. Xylem rays. X 70. 4. Vessel-ray pits. X 300. S. Vessel-trachcicl pits. X 300.
6. Fibre with bordered pits. X 300.
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section, 16-38 fL in diameter, nonseptate,
thick-walled, with narrow lumen, common
walls 6-10 fL in thickness, pits small, 2-3 (J.

in diameter, bordered, with circular or slit
like aperture (Text-fig. 6). GZtnt canals
circular, upto 120 fL in diameter.

AFFINITIES

Comparison with the modern woods: The
important and the characteristic features
of the present fossil wood are the presence
of normal vertical and diffuse gum canals,
exclusively solitary vessels, vasicentric
tracheids, paratracheal and apotracheal pa
renchyma, 1-5 seriate heterocellular xylem
rays and fibres with small bordered pits.
These features indicate its affinities with the
woods of Dipterocarpus Anisoptera, Vatica
and Vateria of the family Dipterocarpaceae.
However, on the basis of the size and arrange
ment of vessels and the size and frequency
of gum canals Vatica and Vateria can be
easily differentiated from the present fossil
wood. The wood of A nisoptera also differs
from it in having almost continuous rows
of sheath cells in the rays, and moreover,
the gum canals in Anisoptera are usually
small and solitary. It is the genus Diptero
carpus with which it shows close similarity
in all anatomical details. Detailed compa
rison of this fossil wood was made with
the available thin sections and with the
published description and illustrations of
many specie, of Dipterocarpzts (Moll &
Janssonius, 1906, pp. 348-360; Desch, 1941,
pp. 62-75, pl. 23-32 Reyes, 1938, pp.
280-296, Fig,. 49-54). From this it was
found that the present fossil wood shows
closest resemblance with that of Dipteroc
arpus indiezts Bedd., and hence placed
under the genus Dipterocarpoxylon Holden
emend. Den Berger. Since it is quite
different from hitherto known species of
Dipterocarpoxylon as discussed below, a
new specific name D. pondicherriense is
given to it. The specific name indicates
its occurre!J.ce near Pondicherry.

Comparison with the fossil species - The
genus Dipterocarpoxylon was instituted by
Holden (1916) to include the fossil woods
showing resemblance with those of Diptero
carpaceae. Since then several earlier wor
kers (Krausel, 1922a, 1922b, 1925, 1926;
Edwards, 1931; Chiarugi, 1933) used this
generic term in a comprehensive sense to
include all the fossil woods of the Diptero-

carpaceae, though most of them expressed
their doubts about the accuracy of Holden's
identification of the fossil wood upon which
the genus Dipterocarpoxylon was based,
because it did not possess the anatomical
characters of the family Dipterocarpaceae.
Later, Chowdhury (1952) examined the
slides of Dipterocarpoxylon burmense Holden
prepared from the original specimen, and
found it very similar to those of Gluta and
M elanorrJlOea of the family Anacardiaceae.
Therefore, he transferred it to the genus
Gllttoxylon Chowdhury. Earlier, Den Berger
(1927) emended the diagnosis of Diptero
carpoxylon, retaining this term for the fossil
woods resembling those of Anisoptera and
Dipterocarpus of the Dipterocarpeae. In
1958 Ghosh and Kazmi instituted another
genus, Anisopteroxylon to designate the
fossil woods resembling that of Anisoptera,
and since then the generic term Diptero
carpoxylon is used to assign only those
fossil woods which show resemblance with
those of the genus Dipterocarpus. Recently
Prakash and Tripathi (1970) transferred
Anisoptera type of fossil wood described bv
Chowdhury (1938) as Dipterocarpoxylo"n
garoense to Anisopteroxylon Ghosh and
Kazmi, and named it Anisopteroxylon garo
eflse (Chowdhury). The following is a upto
date list of the species referred to Diptero
carpoxylon described from India and abroad.
This list includes the fossil woods resembling
Dipterocarpus as well as some of Anisoptera
tYP2 of woods placed under Dipterocar p
oxylon by the earlier workers.

All these species posses a number of
anatomical features similar to our fossil
wood, Dipterocarpoxylon pondicherriense.
However, these differ from it in some signi
ficant features. Dipterocarpoxylon porosum,
D. geopperti differ in having broad rays,
and less frequent solitary gum canals.
In D. 1?raeuseh, D. gracile, D. resinijerum
and D. iavanic1tm the rays are homogeneous.
D. anisopteroides being closely allied to
A nisoptera differs in the possession of abun
dant diffuse parenchyma and moreover,
the gum canals are exclusively solitary and
few than in the present species. In D.
perforatum the vessels are more crowded
i.e.' their frequency is much more than i~
D. pondicherriense. In D. africanum the
gum canals are large, their shape and size
being almost the same as in D. pondicherri
ense. However, it differs from the latter
in having the vessels in multiples of 3-4.
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List of the fossil woods referred to Dipterocllrpoxylon with their locality and age

Name

1. DipteroJcarpoxylrm poroJs~tm(St.opes) Krausel,
1922a

Schweitzer, 1958

2. D. kraeuscli (Den Berger) Edwards, 1931
Schweitzer, 1958

3. D. goepperti Krausel, 1926
Schweitzer, 1958

4. D. africanum Bancroft, 1933, Syns. 1935;
Schweitzer, 1958
D. sceoelianum Chiarugi, 1933
D. somalcnse Chiarugi, 1933
D. giubense Chiarugi, 1933

5. D. schenki (Felix) Schweitzer, 1958
6. D. rcsinifcrum Schweitzer, 1958
7. D. javanicum (Hofmann) Schweitzer, 1958
8. D. gracile Schweitzer, 1958
9. D. perforatum Schweitzer, 1958

10. D. anisobteroides Schweitzer, 1958
11. D. chowdhurit Ghosh, 1956
12. D. kalaicharparense Eyde, 1963
13. D. malavii Ghosh & Ghosh, 1959
14. D. tcrtiarum Prakash, 1965b
15. Dipterocarpoxylon sp. Rawat. 1964

Locality

Englallli

lJedfordshire, Woburnsancls,
England

South Sumat.ra
W. ]a"a
Java
W. Ja"a
East Afric].

East Africa

Ja"a
\V. Ja .•-a
North \Vest of Java
VI!. Java
Middle Sumat.ra
W. Java
Assam, India
Garo Hills, Assam, India
Kut.ch, India
Burma
Mohand near Dehra Dun, India

Age

l\ptian

Lower Greensand?

Tertiary
l'liocen-e
Tertiary
Tertiary
Tertiary

Plio Pleistocene

Tertian
Pliocelle
Tertiarv
Pliocen-e
Quaternary
Pliocene
Tertiary
Tertiarv
Pliocen-e
Tertiarv
Midd!e 'Miocene

Genus Shoreoxylon Den Berger, 1923

Museum No. 33695
l\1m attandicha vadi,

Pattanur, 8-10 km.

D. schenki can also be distinguished from
D. pondicherriense in having smaller vessels
and somewhat different distribution of gum
canals.

Of the Indian species, D. choudhuri and
D. malavii differ from tlw present species
in having abundant diffuse parenchyma
and the sheath cells being more prominent.
In D. kalaicharpal'ense the gum canals are
mostly solitary or occasionally in pairs,
while in D. pondicherriense they are solitary,
paired as well as iu short tangential rows
of 3-3 or rarely up to 10.

DiptcrocarpClxyloJI sp. Rawat (1964) i,
also quite different frorr, the present species.
especially in having large gum ducts. In
havin5" abundant diffuse parenchyma D.
tertiarum can also be differentiated from
D. pondicherriense.

DIAGNOSIS

Dipterocarpoxylon pondicherriense sp. novo

Wood diffuse-porous. Growth-rings ab
sent. Vessels medium to large, t.d. 120
370 fL, r.d. 150-3+5 fL, exclusively solitary,
about 3-7 vessels per sq. mm.; perforations
simple; pits leading to contiguous tracheids
vestured with linear to lenticular orifices,
vessel-parenchyma and vessel-ray pits hori
zontally oriented, bordered, occasionally
confluent; tyloses present. Tracheids inter-

mingled with paratracheal parenchyma, form
ing a narrow sheath around the vessels.
Parenchyma paratracheal and apotracheal;
paratracheal parenchyma intermingled with
tracheids, forming 1-2 seriate sheath around
the vessels, occasionally aliform or tending
to enclose 2-3 neighbouring vessels; apo
tracheal parenchyma associated with the
gum canals, diffuse cells occasionally present
Xylem rays 1-5 (mostly 1-4) seriate; ray
tis::;ue heterogeneous; multiseriate rays
heterocellular, consisting of procumhent cells
and 1-5 uniseriate marginal rows of upright
cells at both the ends; sheath cells occa
sionally present; rays about 10-50 cells in
height. Fibres nonseptate, thickwalled, pits
small, bordered, with slit-like aperture.
Gum canals frequent, difiuse, solitary, and
in paired as well as in short tangential rows
of 3-8, occasionally up to 10, 80-120 (J. in
diameter.

Holotype - B.S.I.P.
Locality -- Between

Tiruchitambalam and
N.W. of Pondicherry.

2. Shoreoxylun indicum sp. novo
PI. 2, Figs. 7-11; Text-figs. 7-9

Material - Six pieces of well preserved
silicified secondary wood.
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Topography H/00d difiuse-porous.
Growth rings indistinct, however, at places
wide gap between two parenchyma bands
indica-tcs the presence of growth rings.
Vessels visible to the naked eye, mostly
medium to large, solitary and in radial
multiples of 2-4 (PI. 2, Figs: 8, 9), mostly
solitary, vessel lines ciistin0t along the grain,
evenly distributed, 5-10 vessels per sq. mill.,
tyloses present (PI. 2, Fig. 9). Tracheids
vasicentric, intermingled with paratracheal
parenchyma, difficult to distinguish in cross
section. Parenchyma abundant, para
tracheal and apotracheal; paratracheal
parenchyma vasicentric, aliform to aliforlll
confluent, often with nlllTlcrous finc to broad
and loose aliform-confluent bands (PI. 2,

Fig. 9), apotracheal parenchyma diffuse,
usually forming 1-2 seriate irregular lines
(PI. 2, Fig. 9). Xylem rays fine to mode
rately broad, 1-6 seriate (PI. 2, Fig. 10,
Text-fig. 7); ray tissue heterogeneous; llni
seriate rays few, homocellular to hetero
cellular, consisting of upright cells as well as
both upright and procumbent cells; multi
seriate ray:, heterocellular, consisting of
procumbent cells and 1-2 marginal rows of
upright cells at one or both the end (PI. 2,
Figs. 10, 11; Text-fig. 7); rays up to 60 cells
in height, S-9 per mm. Fihres aligned in
radial rows between two consecutive rays.
Gum canals vertical, occurring in regular,
concentric tangential rings, embedcieci in
parenchyma bands (PI. 2, Figs. 8, 9).

7

o
o
<)

8

9

TEXT-FIGS. 7-9 - 7. Xylem f.lYS. x 190. 8. Crystalliferous parenchyma str.llld. X 100. 9.
FIbres in cross-section. X 300.

I
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Elements- Vessels circular to oval (Pl. 2,
Figs. 8, 9), t.d. 45-240 fL, Ld. 45-300 fL,

thickwalled, common walls 8-16 fh in thick
ness; vessel-men.bers short, 150-450 fL in
length, with truncated ends; perforations
simple; intervessel pits and pits leading to
contiguous tracheids, parenchyma and ray
cells large (Pl. 2, Fig. 7), 8-10 fL in diameter,
circular to oval, bordered, vestured, aper
tures circular or lenticular (PI 2, Fig.- 7).
Tracheida! cells oval to orbicular or peri
pherally flattened, 32-44 I.L in diameter,
375-400 fL in length, pits similar to in tel"
vessel pits. Parenchyma cells 3-5 per strand,
usually angular or oval in cross-section,
those associated with gum canals tangen
tially flattened, 8--28 fJ. in diameter, +0-80 [J.

in length; crystalliferous parenchyma stran ds
present with solitary crystal in each cell
(Text-fig. R); infiltration dark. ProCllm
bent Ray.cells circular in tangential section,
16-24 iJ. ill tangential height, 52-12.0 fl. in
radial length, upright cells .40-60 IJ. in tan
gential height, 20-48 !J. in radial length;
infiltration dark. Fibres circular to oval,
(Text-fig. 9), t.d. 8-20 [J., r.c1. 8-18 I.L,

non-septate, thickwalled (Text-fig. 9), com
mon walls 4-10 fi- in thickness; pits siwple.
Gum canals circular, 40-12(\ fl. in dia
meter.

AFFI ITIES

Com1Jarison with the modern wiJuds: The
a oove . anatomical features of the fossil
wood indicate its atfmities with the woods
of Dipterocarpaceae. In this family the
concentric rings of gum canals are found
in the woods of 5horea, Douna, Nopea,
J soptera, Parashorea, Pentacme, IJalanocar
pus, Dryobalanops and Dioticarpus. From
a comparative study of the present fossil
v'lood with the available thin-sections and
published anatomical data of these genera
(Desch, 1941, 1957; Kribs, 1959; Chowdhury
& Ghosh, 1958· Henderson, 1953; Metcalfe
& Chalk, 1950; Pearson & Brown, 1932;
Moll & Janssonius, 1906; Reyes, 1938) it
has been found that the fossil wood approa
ches to 5horea, Parashorea and Pentacme.
Out of the species of Parashorea and. Pen
tacme, the fossil wood shows somewhat
similar anatomical details as exhibited by
Parashorea stellata and Pentacme sauvis.
Parashorea stellata and the present fossil,
bLlth possess vessels solitary as well as in
radial multiples; vasicentric tracheid.s; pa-

renchvma vasicentric and aliform, aliform
confluent to confluent, forming bands, often
in regular, uniseriate to blseriate lines;
rays 1-5 seriate, heterogeneous; fibres thick

~non-septate, with simple pits, gum
canals arranged in several concentric rings.
Similarly, Pentacme sauvis has also rr,any
featUles common with the present fossil.
Besides other characters, both have even
similar type of crystalliferous parenchyma
strands closely associated with xylem rays.
Among the woods of 5horea it resembles
5horea obtasa in almost all the structural
details. Thus our fossil wood has got close
resemblance with 5horea obtusa, Parashorea
stellala and. Pentacme sl!1tvis. In view of
this, it is placed under the genus Shore
oxylon Dell Berger and. named as S. inrlicum
sp. novo

Comparison with the fossil species -- So Jar
a large number of fossil woods have been
described under Shoreoxylolt from India
and abroad as listed below.

From a detailed comparison with the
above species of 5horeoxylon it has been
found that the present species (5. indicu1lt)
is quite difft'rent from them. It is cha

racterized by abundant, diffuse, looscl..yband.ed parenchyma, so much of parenchynrtf
is not present in any of the hitherto known
species. Of the Indian species,S. laaeuseli
described by Raman ujam and Rao (1961))
from the same area resembles the present
fossil in most of the features. However,
it differs from 5. l~raeu,)eli in having hetero
cellular rays cono:;isting of 1-2 marginal
rows of upright cells at one or both the
ends.

DIAGNOSIS
Shoreoxylon indicum sp. novo

Wood diffuse-porous. Growth-rings m
distinct, however, at places wide gap be
tween two parenchyma bands indicatf's the
presence of growth rings. ]Iessel.') mostly
medium to. large. Ld. 45-240 fL, Ld. 45-300
~L, solitary and in radial multiples of 2-5
(mostly 2-3); perforations simple; inter
vessels pits and pits leading to contiguous
tIachcids, parenchyma and rays usually
large, 8-10 [L in diameter, circular to oval,
bordered with circular or lenticular, hori
zonhtl to oblique orifices; tyloses present.
Tracheids_ vasicentric, forming 1-2 seriate
sheath around the vessels. Parenchyma ab
und.ant, paratracheal and apotracheal; para
tracheal parenchyma vasicentric to aliform,
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List of the fossil woods referred to Shoreoxylon with their locality and age

Name LocalityAge

l.

Shoreoxylon palembangense(Krausel)DenSouth Sumatra Pliocene

Berger, 1923 2.
S. djambiense Den Berger,1923South Sumatra Tertiary

Schweitzer, 1958
West J:tvaPliocene

3.
S. mJroides Den Berger, 1927 JavaPliocene

4.
S. swedenborgi (Schuster) Scll\yeitzer,1958East Indies Pliocene

5.
S. asiaticum Sch"'eitzer, 1958 SumatraPliocene

6.
S. maximum Schweitzer, 1958 Middle SumatraPliocene

7.
S. parvum Schweitzer, 1958 W.Java Pliocene

8.
S. multipor,Jsum Schweitzer, 1958 Middle SumatraQuaternary

9.
S. pulchrum Schweitzer, 1958 Middle SumatraQuaternary

10.
S. posthumi Schweitzer, 1958 Middle SumatraQuaternary

1t.
Shoreoxylon cf. posthumi Schweitzer,1958Sumatr:t Tertiary

4't.
S. specioS1tm Navale, 1963 South IndiaMiocenc- Pliocene

12.
S. evidens Eycle, 1963 Garo fIills, AssamMiocene

13.
S. burmense Prakash, 1965a BurmaTertiary

14.
S. kraeuseli Ramanujam & Rao, 1967, 1969Pondichcrry, IndiaMiocene-Plicoene

/15.
S. tipamense Prakash & Awasthi, 1970 Jaipur, Ass:lIn, IndiaMiocene- Plicoene

16.
S. deomaliense Prakash & Awasthi, 1971DeomaJi, NE]7A, IndiaMiocene-Plicoene

aliform-conflucnt or in regular banrls; apo
tracheal parenchyma abundant, niffuse,
usually forming 1-2 seriate lines. Xylem
rays 1-6 seriate; ray tissue heterogeneous;
rays homocelll1lar to heterocellular, con
sisting of procumbent cells and 1-2 marginal
rows of upright cells at one or bolh the
ends, rays up to 60 cells in height. FibreS
small, 8-20 fL in rliametcr, nonseptate, thick
walled, common walls 4-10 fJ. in thickness.
Gum canals vertical, occurring in regular,
concentric rings, circnlar, 40-120 It in
diameter.

Holotybe - B.S.I.P. Musenm No. 33690.
Loca~2iy - Belween lVfura1.tandichavadi

and Kasipalaiyam, about 8-] 0 kIil. N.\\'. of·
Pon dicherry.

3. Shoreoxylon arcotense sp. novo

Material - Single piece of well preserved
secondary wood measuring 22 em. in length
and H em. in diamet~r.

Topography - Wood diffuse-porous.
Growth rings not seen. Vessels visible to
the naked eye as small dots, small to medium
(mostly medium) in size, almost exclusively
solitary (Pl. 3, Figs. 12, 13), very f<trcly in
multiples of two, evenly distributed; about
15-20 vessels per sq. rom., tyloses present.
Tracheids not distinguishable in cross-section
from paratrachcal parenchyma, forming 1-2
seriate sheath around the vessels. Pa.ren

chyma paratracheal and apotracheal;
paratracheal parenchyma spars", sometimes
indistinguishable in cross-section from the

neighbouring fibrous cells and vasicentric
tracheids; however, strands seen in tangen
tial longitudinal section, forming 1-2 seriate
vasicentric sheath intermingled with tra
cheids; apotracheal parenchyma associated
with gum canals, forming concentric, tan
gential lines (PI. 3, Figs. 12, 13), each 2-4
cells wide. Xylern rays fine to moderately
broad, 12-60 fL wide, 1-4 (mostly 2-3) seriate
(PI. 3, Fig. 14); ray tissue heterogeneous;
uniseriate rays frequent, homocellular to
hf'terocellular, consisting wholly of upright
cells or both upright and procumbent cells
(Text-fig. 11); multiseriatc rays hetero
cellular, consisting of pf()cumbent cells
through the median portion and 1-6 mar
ginal rows f)f ~lprilSht cells at one or both
the ends (PI. 3, Figs. 14-15: Text-filS. 11);
unisp.riate rays 2-15 r.ells in height, multi
seriate rays about 12-40 cells in hcight.
Fibres aligned in radial rows between two
consecutive xylem rays. Gum canals verti
cal, occurring in concentric, regubr tange
ntial rings, embedded in apotrachcal pare·
nchyma bands (PI. 3, Figs. 12-13;
Text-fig. 10).

Elemen.ts - Vessels circular to oval in
cross-section, t.d. 45-165 fl., r.d. 4-5-195 fL,

thin walled, 4--6 fL in thickness; vessel-mem
bers 300-675· fL in length, with truncated or
slightly tapered ends; perforations simple;
pits leading to contiguous tracheids large,
bordered, about 8-10 fL in diameter, vestured,
with linear to lenticular aperture (PI. 3,
Fig. 10); pits leading to contiguous paren
chyma and rays similar to vessel-tracheid
pits, sometimes confluent; crystalliferous
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content present in the vessels. Tracheidal
cells small, oval to orbicular, 16-24 fJ. in
diameter; pits similar to vessel-tra~heid
pits (Text-fig. 12). Parenchyma cells cir
cular to oval, ctiameter nearly same as of
tracheids, those associated with gum canals
rectangular to squarish. Upright Ray cells
48-80 [J. in tangentiCl.I height, 32-48 [J. in
ractial length; procum ben t cells 20-24 [J. in
tangential height, 40-75 [L in radial length.
Fibres angular or hexagonal (Text-fig. 13),
12-24 [J. in diameter, non-septate, thin
\valled, common walls 2-3 [J. in thickness;
pits simple. G"ttm canals circular, 40-60 [L

in diameter.

10

II

AFFINITIES

Comparison with the modern woods - The
above anatomical features of the present
fossil wood indicate its affinities with
the woods of the family Dipterocarpa
ceae. As it has already been mentioned
ill the forgoing account that the concen
tric ring of gum canals are found in
Shorea, Doana, Dryobalanops, Parashorea,
l'entucme, I-Jalanocarp14s ano Dioticarpus
(Hopeu). Considering other anatomical
details as well, most of these genera can
he easily eliminated from comparison with
the present fossil wood. It is the only
genus Shorea \vith wbich the fossil wood

TEXT-FIGS. 10-13 -- 10. Cross-section showing the nai.ure and distribution of vessels and parenchyma
(stippled). X 45. 11. Xylem rays. X 70. 12. Vessel-tracheid pits. X 300. 13. Fibres in cross
section, X 300.
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has been found to resemble most. In order
to find out the nearest modern equivalent
of the present fossil wood the author exa
mined the thin-sections of woods of the
following species of Shorea available :1.t the
xylariurn of the Forest Research In"titute,
Dehra Dun and at the Birbal S~hni Insti
tute of Palaeobotany, Lucknow.

1. Shorea argentea C.E.e. Fischer
2. S. buchananii e.E.e. Fischer
3. S. ciliata King
4. S. dealbata Foxw.
5. S. feguetiana Heim.
6. S. farinosa e.E.e. Fischer
7. S. gibbosa Brand.
8. S. gratissima Dyer
9. S. guiso Bl.

10. S. hypoleuca Meijer
11. S. lamellata FOxw.

12. S. macroptera Dyer
13. S. 1IIindanensis Foxw.
14. S. minor
15. S. oblongifolia Thw.
16. S. obtusa Wall.
17. S. oleosa Meijer
18. S. ovalis Bl.
19. S. plagata Foxw.
20. S. polita Vidal
21. S. robnsta Roth.
22. S. scrobiculata Burck
23. S. seminis V. Stooten
24. S. superba Sym.
25. S. talura Roxb.
26. S. t~imbuggaia Roxb.
27. S. almon Foxw.
28. S. assamica Dver
29. S. acuminata Dyer
30. S. a~saboensis W.L. Stern
31. S. fallax Meijer
32. S. gysbertsiana Burck
33. S. kalunti Merr.
34. S. leprosula Miq.
35. S. leptoclados Sym.
36. S. palosopsis Merr.
37. S. negroscensis
38. S. parvifolia Dyer
39. S. paucijlora King
40. S. Philippinensis Brand.
41. S. polysperma Merr.
42. S. seriecijlora C.E.C. Fischer & Hutch.
43. S. stipularis Thw.
44. S. squamata Benth. & Hook.
45. S. smithiana Sym.
46. S. teysmaniana Dyer
47. S. waltonii G.H.S. Wood ex Meijer
48. Shorea sp. (F.M.S.)
49. Shorea sp. (Java)

Of these, the first 26 species can be easily
eliminated from comparison with the present
fossil as they possess very thick to thick
walled fibres with narrow lumen which
seems one of the distinctive features of these
species. Since in the present fossil wood
the fibres are thin-walled its modern allies
can be searched out from the remaining
23 species h~ving similar thin-walled fibres
with wide lumen. However, considering
other important anatomical features such
as the shape, size, distribution of vessels,
parenchyma and the xylem rays there is
a close agreement in all the anatomical
details between the present fossil wood and
Shorea acwminata Dyer Shorea sp. F.M.S.
(F.R.I., Dehra Dun slide No. F. 51).

I t has been seen that none of the Indian
shoreas shows a close similarity with the
present fossil wood. Shorea assamica, which
grows in Assam, resembles the fossil in
having thin-walled fibres with wide lumen;
however, it differs in several details, such
as in the size, shape and the distribution
of vessels and parenchyma. In view of its
close similarity with the genus Shorea it
has been placed under the genus Shoreoxylon
Den Berger and named as Shoreoxylon
arcotense sp. nov., after South Arcot
district. It differs from hitherto known
species of Shoreoxylon as discussed below.

Comparison wdh the fossil woods - All
the species of Shoreoxylon listed on
page 346 resembles the present species
in several anatomical features. How
ever, they differ from it in some important
features. Shoreoxylon asiaticum is different
in possessing horizontal gum canals in the
rays besides the concentric rings of vertical
canals. Moreover, the vessels in S. asiaticum
are large, with t.d. 200-350 (L, r.d. up to
375 (L. The vessels in S. maximum, S.
multiporosum, S. djambiense, S. speciosum,
S. palembangense and S. moroides are large
to very large while in S. arcotense they are
small to medium-sized. In S. evidens the
vessels are usually in multiples and the
fibres are thick-walled. In S. posthumi
the rays are 1-5 seriate and short, 20-30
cells in height, and the fibres are thick
walled with 3-8 f1. in thickness. The xylem
rays in S. pulchrum and S. parvum are very
high, i.e. they are up to 100 and 94 cells in
height respectively, while in present species
they are not so high (i.e. they are only up to
45 cells in height). S. swedenborgi is quite
different from it in having broad tangential
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band of parenchyma consisting of double
rings of gum canals. In S. burmense the
xylem rays are comparatively broad than
in S. arcotense. In S. speciosum the para
tracheal parenchyma is more than in the
present species. The xylem rays in
S. speciostJ,m are also different in having
usually single row of marginal upright cell
at both the ends, whereas in S. arcotense
they are more than one in a row. S. indicum
(described in the preceding pages) and S.
kraeuseli also differ from the present species
particularly in having abundant paratracheal
and apotracheal parenchyma.

DIAGNOSIS

Shoreoxylon arcotense sp. novo

Wood diffuse-porous. Vessels small
to medium (mostly medium) in size, t.d.
45-165 fL, r.d. 45-195 (10, exclusively solitary,
rarely in multiples of 2, 15-20 vessels per
sq. mm., perforations simple; pits leading
to contiguous tracheids 8-10 fL in diameter,
bordered, vestured with lenticular aper
tures; pits leading to contiguous parenchyma
and ray cells slightly more in horizontal
diameter; tyloses present. Vasicentric tra
cheids forming 1-2 seriate sheath around
the vessels. Parenchyma para tracheal and
apotracheal; paratracheal parenchyma spar
se' only a few cells associated with the vessels,
intermingled with vasicentric tracheids; apo
tracheal parenchyma represented by thin
bands enclosing the concentric rings of gum
canals, eacJ12-4 cells in width. Xylem rays
1-4 seriate; ray tissue heterogeneous; uni
seriate rays frequent, homocellular to hetero
cellular; multiseriate rays heterocellular,
consisting of procumbent cells through the
median portion and 1-5 marginal rows of
upright cells at one or both the ends; rays
4-40 cells in height; sheath cells occasionally
present. Fibres 12-24 fL in diameter,
nonseptate, thinwalled, common walls 2-3
(10 in thickness; pit simple, minute. Gum
canals vertical, in concentric rings, 40-60
[.l in diameter.

Holotype - B.S.I.P. Museum No. 33697.
Locality - Between Murattandichavadi

and Kasipalaiyam, about 8-10 km. N.W.
of Pondicherry.

DISCUSSION

The genus Dipterocarpus Gaertn, f. con
sists of about 80 species (Willis, 1966 p. 222),

distributed throughout the Indo-Malayan
region, having maximum development in
Borneo, Malay Peninsula and Sumatra.
The range of its distribution is from South
India and Ceylon in the West to Philippines
in the east. About 13 species grow in the
Indian region (India, Bangladesh, Ceylon
and Andamans), which are large to very
large trees of commercial value. In south
India only 2 species occur, viz. Dipterocarpus
indicus Bedd. and D. bourdilloni Brand.
Dipterocarpus indiws Bedd. with which the
present fossil wood of Dipterocarpus resem
bles most is one of the chief elements of the
evergreen tropical rain forests, occurring
in the Western Ghats from Kanara South
wards, Malabar and Travancore, common
in South Kanara at the foot of the Hills
elevation up to 900 m., especially in south
Travancore. Pentacme A.D.C. is a small
genus consisting of 3 species (Willis, l.c.,
p. 844), with a very irregular distribution
in South-East Asia. Pentacme sattvis A.D.C.
grows in Burma, Indochina, Thailand and
Malay Peninsula, while P. contorta (Vidal)
Merr. et RoeIfe and P. mindanensis Foxw.
occur in Philippines. The genus Parashorea
is represented by 11 species (Willis, l.c.,
p. 833), occurring over a wide area from
Burma, Western limit to Borneo and the
Philippines in the east. Only Dne species,
i.e. P. stellata occurs in Burma. None of
these two genera (Pentacme and Parashorea)
is found in India proper. Shorea Foxb. is
comparatively a large genus consisting of
about 180 species (Willis, l.c., p. 1036),
distributed throughout sourth-East Asia,
starting from Ceylon and India on the West
and throughout Burma and other countries
of the South-East Asia. However, the
greatest concentration of the species is met
within Borneo, Sumatra, and Malay Penin
sula. There are about 10 species occurring
in the Indian region, of which Shorea robusta
Roxb., S. assamica Dyer, S. talura Foxw.
and S. tumbuggaia Roxb. are found in India
proper. Those shoreas which have been
shown to be the nearest modern equivalents
of the fossil woods described in the present
paper are confined to the Malayan region.
Besides these, Awasthi (1970) also identified
another Malayan genus Dryobalanops, col
lected from the same area of Pondicherry.
Unlike Dipterocarptts and Shorea the present
distribution of Dryobalanops is very re
stricted. It occurs only in the tropical rain
fore ts of West Malaya, Sumatra and Borneo.
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Among the Dipterocarpaceae the genus
Dipterocarpus is one which has been found
so far in almost all the Neogene deposits
of India, indicating undoubtedly the exis
tence of tropical rain forest over a large
part of the country during the Miocene
Pliocene epochs. On the basis of the
occurrence of fossil dipterocarps alone it
may also be imagined that along the eastern
coast of South India, at least around Pondi
cherry, the physical conditions under which
the plants grew during that time were
somewhat similar to the present physical
conditions prevailing in the Western coast
(Kanara, Malabar and Travancore) of South
India, and in the Malayan region since
the modern equivalents of the fossil dip
terocarps of the Cuddalore series of Pondi-

cherry are chiefly confined to the tropical
rain forests of these regions. Detailed
account regarding the palaeoecology, phyto
geography and other related aspects of the
Tertiary flora of India with special reference
to the flora of the Cuddalore series and the
significance of the occurrence of Malayan
dipterocarps and other Malayan plants in
the Cuddalore series will be published later
separately when this flora is completely
worked out.
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EXPLANATION OF PLATES

PLATE 1

1. Dipterocarpoxylon pondicherriense sp. novo
Cross-section showing nature and distribution of
vessels and xylem rays. xiS. B.S.I.P. Museum.
Slide No. 4462.

2. Diptfrocarpus indicus Bedd. Cross-section
showing similar type and distribution of xylem rays
xiS.

3. Dipterocarpoxylon pondicherricnse sp. novo
Tangential longitudinal section showing xylem rays.
X 72. B.S.I.P. Museum Slide No. 4464.

4. Dipterocarpus indicus Bedd. Tangentiallongi
tudinal section showing similar tn:e of xylem rays.
X 72.

PLATE 2

5. Dipterocarpoxylon pondicherriense sp. novo
Magnified cross-section showing paratracheal paren
chyma and vasicentric tracheids. X 70. B.S.I.P.
Museum Slide No. 4463.

6. Dipterocarpoxylon pondicherricnse sp. novo
Vessel-tracheid pits. X 240. B.S.I.P. Museum
Slide No. 4464.

7. Shoreoxylon indicum sp. novo Intervessel pits.
X 680. B.S.I.P. Museum Slide No. 4466.

Shoreoxylon indicum sp. novo

8. Cross-section showing nature and distribution

of vessels and gum canals. xiS. B.S.I.P.
Museum slide No. 4465.

9. Another cross-section showing nature and dis
tribution of vessels and parenchyma. X 28.
B.S.I.P. Museum Slide No. 4465.

10. Tangential longitudinal section showing
xylem rays. X 120. B.S.I.P. Museum Slide No.
4466.

11. Radial long; tudinal section showing hetero
cellular xylem rays. X 55. B.S.I.P. Museum
Slide No. 4467.

PLATE 3

Shoreoxylon arcotense sp. novo

12. Cross-section under low magnification to
show the nature and distribution of vessels and
gum canals. X 8. B.S.I.P. Museum Slide No.
4468.

13. Another cross-section showing vessels and
gum canals. X SO. B.S.I.P. Museum Slide No.
4468.

14. Tangential longitudinal section showing
xylem rays. X 100. B.S.I.P. Museum Slide No.
4469.

15. Radial longitudinal section showing hetero
cellular xylem rays. X 100. B.S.I.P. Museum
Slide No. 4470.

16. Vessel-tracheid pits. X 600. B.S.I.P.
Museum Slide No. 4471.
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ABSTRACT

The paper describes Palmoxylon penchense sp. no, .
from the Deccan Intertrappean beds of Madhya
Pradesh, India. This species is characterized by
the presence of lacunar ground tissue, absence of
ventral sclerenchyma, absence of both radiating
and tabular parenchyma and absence of stegmata
both from the fibrous bundles and fibrous part of
fibrovascular bundles. It is compared with all the
known species of Palmoxylon.

INTRODUCTION

LARGE number of petrified palm woods
have been described from India and
abroad, some of them are fragmen

tary while others are quite large. The
petrified palm wood described here is quite
large. It consists of cortical, dermal, sub
dermal and central zones. The palm wood
was collected by the authors from lVIohgaon
Kalan in Chhindwara district, Madhya Pra
desh, India. For detailed anatomical studies
serial sections were prepared both in trans
verse as well as in longitudinal planes. The
preservation of the wood is quite good hence
no stains were used.

DESCRIPTION

MONOCOTYLEDON AE

PAL MAE

Palmoxylon penchense sp. novo

The petrified palm wood is quite large.
Before sectioning it measured 15 em. in
diameter and about 5 cm. in thickness.
In hand specimen cortex, dermal, subdermal
and central zones are clearly seen (Text-fig.

1; PI. 1, Fig. 1). The chert containing the
wood is grey in colour and vascular bundles
are clearly visible on the surface.

ANATOMY

Cortex - Epidermal cells are not seen.
The cortical zone is 1·5 cm. in thickness.
It consists of numerous small and large
fibrous bundles which are variable in shape;
they may be oval or elongate and are 0·10
0·40 mm. in size (PI. 1, Fig. 2). They are
irregularly arranged in parenchymatous
ground tissue. Usually bnly one vessel
is present in fibrovascular bundles that
occur towards the dermal zone (Text-fig. 3).

Ground tissue is made up of round, oval
or polygonal parenchymatous cells (Text-fig.
8; PI. 1, Fig. 2).

Dermal Zone - It is about 1·8 cm thick.
Fibrovascular bundles are closely packed
and normally oriented in parenchymatous
ground tissue (PI. 1, Fig. 5). They are
small and assume various shapes; they
have one or two metaxylem vessels (Text
fig. 2) which measure 0·18 to 0·22 mm. in
diameter, phloem elements are also clearly
seen. The average frequency of fibro
vascular bundles in this zone is 110-1201
cm.2 and their f/v ratio is 8: 1 to 12: 1.
Purely fibrous bundles of small size and
round shape are of common occurrence in
this zone.

Subdermal Zone - It is about 2 cm. thick.
The fibrovascular bundles in this zone are
regularly oriented up to some distance to
wards the centre, becoming somewhat irre
gular in distribution (Text-fig. 1). The
average frequency of the bundles is 70-901
cm.2 and their f/v ratio is 4: 1 to 6: 1. The

----+

TEXT-FIGS. 1-8 - (C, central zone; Co, cortical zone; D, dermal zone; F, fibrous bundles; FVB,
fibrovascular bundles; N[XY, metaxylem ,'essels; P, parenchyma cells; PH, phloem; PXY, protoxylC'1TI
vessel; SC, sclerenchymatous sheath). 1. A part of petrified palm stem in cross section, showing the
cortical, dermal, subdermal and central zones with numerous fibrous and fibrovascular bundles ca X 4. 2·
A fibrovascular bundle showing two metaxylem vessels placed side by side. 3. A fibrovascular bundle
showing a single vessel. 4. A fibrovascular bundle showing cellular details. S. A leaf trace bundle with
many vascular e~ements. 6. A fibrovascular bundle showing three metaxylem vessels. 7. A fibrous
bundle enlarged to show many fibrous cells. 8. Few cells of cortical zone.
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bundles here have two metaxylem vessels
placed side by side and well developed
dorsal sclerenchymatous sheath and measure
0·20-0·25 mm. in diameter. Phloem cells
are clearly seen. Auricular lobes are round
and median sinus concave. Tabular as
well as radiating parenchyma round the
fibrovascular bundles is absent.

Central Zone - It is about 10 cm. in
thickness. The fibrovascular bundles are
irregularly arranged in lacunate ground
tissue (Text-fig. 1). Bundles are sparsely
arranged in the ground tissue. The average
frequency of the bundle is 30-35/cm.2
towards the subdermal zone but towards
the centre it is 10-15/cm.2. The flv ratio
of the bundles is 1: 1 to 3: 2.

The fibrovascular bundles are large, gene
rally oval or elongate, and measure 0'25
to 0·3 mm. in diameter. The bundles have
two or three metaxylem vessels and a
protoxylem facing the centre; phloem ele
ments are clearly visible (Text-figs. 4 & 6;
PI. 1, Fig. 3). Dorsal sclerenchymatous
sheath is well developed, but ventral scleren
chyma is absent. Auricular lobes are ~ound
and median sinus is concave (PI. 1, FIg. 3).
Both tabular and radiating parenchyma
are absent.

Purely fibrous bundles are presen.t in
this zone as well. One such bundle IS 60
to 130 fL in diameter, usually with 25 to
30 fibrous cells (Text-fig. 7). Stegmata
are not seen.

In longitudinal section of .the wo.od .the
pitting of metaxylern vessel :s .mulhsenate
scalariform type and the pIttmg of pro
toxylem vessel is of spiral type (PI. 1, Fig. 7).
The end wall of the vessel shows 6-8 parallel
bars of thickening (PI. 1, Fig. 4).

The leaf trace bundles are also seen in
this zone (Text-fig. 5; PI. 1, Fig. 6). The
ground tissue is lacunate i.e. it is formed
by a net work of narrow c~Ils forming large
intercellular spaces of varIOUS shape.

DISCUSSION

Large number of petrified palm woods
referable to the artificial genus Palmoxylon
have been described from India and abroad.
Mohl (1845, 1849), Schenk (1882), Stenze~
(1904), Stevens (1912), Ogura (1952), Sahm
(1931, 1943, 1946, 1964), Rode (1933),
Shukla (1939, 1946), Ramanujam (195~,
1958), Lakhanpal (1955), Prakash (1958,

1961), Ran and Menon (1963, 1964, 1965,
1967), Menon (1964), Trivedi and Surange,
1968, 1969, 1971), Trivedi and Verma
(1969, 1971), Trivedi and Chandra (1971)
have reported 45 species of the genus
Palmoxylon from India (Verma, 1972).

The species described here is characterized
by the presence of lacunar ground tissue.
Apart from this, Palmoxylon penchense is
characterized by the (i) presence of fibrous
bundles, (ii) presence of leaf trace bundles,
(iii) absence of ventral sclerenchyrna, (iv)
absence of stegmata both from fibrous
bundles and fibrous part of the fibrovas
cular bundles, (v) absence of both radiating
and tabular parenchyma.

The present species has been compared
with P. dakshinense (Prakash, 1958), P.
chhindwarense (Prakash, 1958), P. eocenum
(Prakash, 1961), P. s-urangei (Lakhan pal,
1955), P. parthasarthyi (Rao & Menon,
1963). P. maheshwarii (Rao & Menon, 1963),
P. krii-uselii (Rao & Menon, 1965) and P.
superb-um (Trivedi and Verma, 1969) in
detail (Table 1).

The present species differs from all the
known species of Pamoxylon listed by Verma,
1972 and also from species listed in Table 1,
in shape, size, frequency, f/v ratio of the
fibrovascular bundles, presence or absence
of fibrous bundles and stegmata. The
species described above is quite distinct and
is not identical with any species described
so far from India (Verma, 1972) or outside,
hence it is given a new specific name
Palmoxylon penchense.

DIAGNOSIS

Genus - Palmoxylon

Palmoxylon penchense sp. novo

Fibrous and fibrovascular bundles irregu
larly oriented in cortical zone, size various;
dermal bundles 110-120/crn.2, f/v ratio 8/1
to 12/1, regularly oriented, median sinus
concave, vessels 1 to 2; subdermal bundles
regularly oriented, 70-90/cm.2, f/v ratio
4/1 to 6/1, median sinus concave, vessels 2;
central bundles irregularly oriented, 30-35/
cm.2, f/v ratio 1/1 to 3/2, median sinus
concave, auricular lobes round, phloem
well preserved, vessels 2 to 3; fibrous bundle
60-130 fL in diameter j stegmata absent;
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General
parenchyma

NAME OF SEPCIES PARTS AVAILABLE FREQUENCY OF

FIBROVASCULAR

BUNDLES PER

cm2

f/v RATIO OF THE
BUNDLE

SIZE OF BUNDLE

IN mm
MEDIAN SINUS AND

AURICULAR LOBE

XYLEM

VESSELS

PHLOE~I LEAF TRACE
BUNDLE

POSTERIOR
SCLRENCHYMA

GROUND TISSUE

.A--- --.

Tabular Radiat-
paren- ing
chyma paren-

chyma

FIBROUS BUNDLE AND
STEGMATA

P. dakshinense
(Prakash, 1958)

Cortex incomplete, D 200-270/cm'
dermal, subdermal SD 50-90/cm"

D 10/1-16/1
SD 12/1-17/1

D 0'16-0'56
SD 0'60-0'90

Concave Jobes
pointed

1-2 Not preserved Present Present Lacunar + + Fibrous bundle absent,
stegmata present in fib
rous part of dermal
bundle

Dermal, subdermal, D 300-366/cm'
central SD 66-132/cm'

C 30-60/cm'

present in leaf Compact
trace bundle

(,

P. chhindwarense
(Prakash, 1958)

P. eocenum
(Prakash, 1961)

P. surangei
(Lakhanral, 1955)

P. parthasarfhyi
(Rao & Menon,

1963)

p. maheshwarii
IRao & Menon,

1963)

p. krliusele.i
(Rao & Menon

196.1)

Cortex, dermal,
subdermal & cen
tral

Cortex, dermal,
subdermal, central

Corte", dermal,
subdermal, central

Cortex, dermal
sUbdennaJ'
Central

Cortex absent

D 297-625/cm2

SD 156-250/cm'
C 60-130/cm'

D 90-95/cm2

outer 140/cm2

SD 45-50/cm2

C 25/cm2

D 350-380/cm 2

SD 90-110/cm'
C 60-66/cm2

D S40-630/cm2

SD 80-100/rm'
C 35-55/Cm'

SD 50-55/cm2

D 4'5/1-8/1
SD 3/1-5/1
C 2'5/1-3/1

D 6'5/1-10'5/1
SD 3/1
C 2'5/1-3'5/1

D 7/8-7/1
m 5/l-6/1
C 4/1

D 0'2/1-0'8/1
SD 0'2/1-0'6/1
C 0'3/1-0'4/1

D 0.2/1-0'6/1
SDO'12/1-0'3/l
CO'1/1-02/1

D 0'2/1-1'1/1
SD 0'4/1-1/1

D 0,2-0'62
SD 0'69-0'72
C 0'58-0,80

D 0'28-0'56
SD 0'52-0'94
(0'24-0'40 sma!!

bundle)
C 0·CQ-1·07

0'40-0'27

D 1 X 0'5
SD 0'95 X 0'65
C 0'95 xO·8

D 0'16-0'42
SD 0,20-0'42
C 0'19-0'43

D 0'12-0'25
SDO'26-0'42
CO'17-0' 56

D 0'18-0,3
SD 0'27-0'4

Deep, conca\'e lobe
rounded sometimes
pointed

Concave lobes round
ed to pointed

Lobes rounded

Conca\ elates round

Crescen t like

Concave & lobes
round

1-2

1-2

2-3
rarely

4

2

2

D-1
2-3

Not seen
clearly

Not preserved

Poorly pre
served

Not preserved

Preserved

Not preserved

Present

Sporadic

Present

Present

present

Present

Absent

Absent

Absent

Lacunar

Lacunar

Compact

Compact

Lacunar

+

+

+

+

+

Both absent

Both absent

Both fibrous bundle and
stegmata present

Fibrous bundle present

Both absent

Fibrous bundle and steg
mata present

Well preserved present

p. supe·yhum
(Trhedi & Verma

1969)

P. penchens~

sp. nov.

Cortex, dermal,
su bdermal, centra I

Cortex, dermal,
subdermal, central

D 100-130/cm'
SD 60-70/cm2

C 40-45/cm2

D 100-120/cm2

SD 70-90/cm'
C 30-3S/cm'
in centre
10-15/cm2

D 9/1-12/1
SD 10/1-17/1
C 1'5/1-2/1

D 8/1-12/1
SD 4/1-6/1
C 1/1-3/2

D 0·33 xO'45
SD 0'33-0-41

0'49-0'57
C 0'60 X 0'41

0'41 xO'33

D 0·18xO·22
SD 0'20-0'25
C 0,25-0'3

Concave lobes round D 1-2
SD us. 2
C 2-3

Concave lobes round D us. 1
2-3

Well preserved Present in sub- Present
dermal & cen-
tral zone

Absent

Extremely
lacunar

Lacunar

+ Both fibrous bundle and
stegmata present steg
mata spherical

Fibrou~ bundles present,
stegmata absent

D. Dermal zone, SD. Subdermal zone, C. Central zone, + Present, - Absent.
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leaf trace bundles present in subdermal
and central zone; ground tissue lacunate;
radiating and tabular parenchyrr~a absent.

Locality - Mohgaon kalan (22°1'N, 79° 11'
E), a village in Chhind .•vara district, M.P.

Holo~ype - No. M/418, in Botany Depart·
ment, Lucknow University-.

Horizon and Age - Deccan Intertrappean
selies, Tertiary (Eocene).

ACKNOWLEDGEMENTS

The authors are grateful to the University
Grants Commission for the financial aid
given to one of us (C.L.V.) with the help
of which it has been possible to carry out
this work. We are thankful to the Director,
Birbal Salmi Institute of Palaeobotany,
Lucknow, for library facilities.

REFERENCES

LAKHANPAL,R. N. (1955). Palmoxylon surangei, a
new species of petrified palms from the Deccan
Intertrappean series. Palaeobotanist. 4: 15-21.

MENON,V. K. (1964). A new species of Palmoxylon
from the Deccan Intertrappea.n beds. Proc.
Indian Acad. Sci. 59 B(2): 77-87.

MOHL, H. VON (1845). trber deu Bau des Pal
menstammes Vermischte schriften botanischen
in halts, Tiibingen, 11: 129-185.

Idem (1849). On the structure of palm stem.
Ray Society Report and papers on Botany.
London: 1-92.

OGURA,Y. (1952). A fossil palm in Keproku Park
at Kanazawa. Tran.'. Proc. Palaeont. Soc.
Japan, N.S. 8: 223-230.

PRAKASH,U. (1958). Studies in the Deccan Imer
trappean Flora-5, Two palm woods from Moh
gaon kalan. Palaeobo/anist. 7(2): 136-142.

Idem (1961). Palmoxylon eocenum sp. novo from
the Deccan Intertrappean beds of Mahurz:ui.
Ibid. 10(1-2): 6-9.

RAMANUJAM, C. G. K. (1953). Palmoxylon arco
tens" sp. nov. A fossil palm resembling the
living genus Livistona from South India. Ibid,
2: 89-91.

Idem (1958). Palmoxylon pura/anam a new species
of petrified palms from Tertiary rocks of South
Arcot district, Madras. J. Indian bot. Soc.
37(1): 128-137.

RAO, A. R. & .I\IENoN, V. K. (1963a). Palmoxylon
part!tasarathyi sp. novo a petrified palm stem
from Mohgaon kalan. Palaeobotanist. 12(1):
1-6·

Idem (1963b). Palmoxylon mahesltwarii sp. a
petrified palm wood from the Deccan Inter
trappean beds. Proc. natn. Inst. Sci. India.
29(4): 423-433.

Idem (1964). On a new specimen probably Pal
moxylon sundaram Salmi from Mohgaon kalan,
Madhya Pradesh. Proc. Indian Acad. Sci. 59
B(3): 137-144.

Idem (1965). A new species of petrified palm stem
from the Deccan Intertrappean series. Palaeo
b)tanis/. 14(1-3): 256-263.

Idem (1967). Palmoxylon mahabalei, a new petri
fied palm wood from Mohgaon kalan, India.

• J. geol. Soc. India. 8: 51-60.
RODE, K. p. (1933). Petrified palms from the

Deccan Intertrappean beds. Q. Jl. geol. Min.
me/all. Soc. India. 5(3): 75-83.

SAHNI, B. (1931). Materials for a monograph of
the Indian petrified palms. Prq.c. Acad. Sci.
U.P. 1: 140-144.

Idem (1943). A new species of petrified palm
stems Palmoxylon sclerodermum sp. novo from
the Deccan Intertrappean series. J. Indian
bot. Soc. 22(2): 209-224.

Idem (1946). Silicified Cocos-like palm, Palmoxy
lon (Cocos) sundaram from the Deccan Intertrap
pean beds. J. Indian bot. Soc. (M.O.P. Iyengar
Comm. Vol.): 361-374.

Idem (1964). Revisions of Indian fossil palms:
Part III - Monocotyledons. Monogr - Salmi
Inst. Palacobot., 1: 1-89.

SCHENK, A. (1882). Die von den Gebriidern
Schlagintweit in Indieng esammelten fossil
Holzer, in Engler. Bot. JakY fur. systemat. 3,
Leipzig.

SHUKLA, V. B. (1939). On Palmoxylon kama
lam Rode from the Deccan Intertrappean
series with special reference to the impor
tance of ground tissue in the classification
of palms. Rec. geol. Surv. India. 74(4): 492
503.

SHUKLA, V. B. (1946). Palmo,'!:ylon sclerodcrmum
sahni from the Eocene beds of Nawargaon,
Wardha district, C.P. J. Indian bot. Soc. 25(3):
105-116.

STENZEL, K. G. (1904). Fossile Palmenholzer
Palaeontologie und Geologie Osterreich ungrans
und des orients. Wein 16: 107-287.

STEVENS, N. E. (1912). A palm from the upper
Cretaceous of new Jersey. Amer. J. Sci. Ser.
4, 34: 421-436.

TRIVEDI, B. S. & CHANDRA,R. (1971). Palmoxylon
splendium sp. novo from the Deccan Intertrap
pean beds of keria, M.P., India. ]. Indian bot.
Soc. 50: 349-355.

TRIVEDI, B. S. & SURANGE, S. R. (1968). Palmo
xylon clwdatum, a _new species of petri
fied palm stem from the Deccan Intertrap
pean series of India. Palaeobc/anist. 17(3):
258-264.

Idem (1969). Palmoxylon mohgaonensis, a new
species of petrified palm stems from the Deccan
Intertrappean series of India. Ibid. 18 (1):
1-7.

Idem (1971). Palmoxylon pantii a new species of
petrified palm stems from the Deccan Inter
trappean series of India. J. Indian bot. Soc .
50: 85-88.

TRIVEDI, B. S. & VERMA,C. L. (1969). A petrified
palm stem, Palmoxylon supcrbum sp. novo from
keria, Deccan Intertrap pean series in Chhind
wara district, M.P. Palacobo/anist. 18(3): 270
279.



358 THE PALAEO BOTANIST

Idem (1971). A new species of petrified palm stem
Palrnoxylon kcricnsc sp. novo from keria, Deccan
Intertrappean beds of M.P., India. Proc.
Indian natn. Sci. Acad. 37 B(2): 61-67.

VERMA, C. L. (1972). Studies on the Eocene flora
of Deccan lntertrappean series, India and the
Eocene flora of Malaya. Ph.D. Thesis, Luc/mow
University, Lucknow.

EXPLANATION OF FIGURES

PLATE 1

Palmoxylon penc/!f'nsc sp. ncv.
1. Cross-section of petrified palm stem showing

aU the zone. X 3.
2. A part of cortical region enlarged to show the

fibrous bundles. X 22.
3. A fibrovascular bundle showing metaxylem

vessels placed side by side X 35.
4. A vessel slightly oblique in l.s. showing 8-12

parallel bars of thickening. X 60.
5. Few fibrovascular bundles of dermal zone

showing regular orientation. X 10.
6. A leaf trace bundle. X 30.
7. Vascular elements in 1.5. showing multiseriate

and spiral type of pitting. X 90.
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BOTANICAL RESOLUTION OF SOME MICROSTRUCTURES
OF NEYVELI LIGNITE, SOUTH INDIA

G. K. B. NAVALE

Birbal Sahni Institute of Palaeobotany, Lucknow

ABSTRACT

Futher studies on the microscopic composition of
Neyveli lignite, South-India have revealed that
some microstructures show affinities to certain
angiosperm taxa suc'> as Guttiferae, Dipterocarpa
ceJ.e, Leguminosae, Combretaceae, Euphorbiaceae,
Palmae and Gramineae. The present paper records
the xylotomical features of the newly recognized
biostructures as seen in the polished surface sec
tions, and their affinities to modern genera.

INTRODUCTION

NEYVELI lignite, the largest knownbrown Coal depo'Sit in India occurs
beneath the coastal plains near

Cuddalore, South-India in association with
the Tertiary rocks (believed to be of Upper
Miocene age, Subramanyam 1969) known
as Cuddalore Series. The following is the
sequence of rock formations met with the
lignite deposit.

basis of cross-sectional view as seen in the
lignite pellets prepared by polished surface
technique (Navale 1968b). The other sec
tional views (radial or longitudinal) could
not be prepared as it is not possible to
isolate organic and inorganic entities from
the general ground mass of the lignite.
However the cIOss-sectional views as seen
in the general ground mass of the lignite
have given sufficient data to determine the
botanical affinities. The diagnostic cha
racters of the resemh~ing taxa are given
herewith.

GUTTIFERAE

Topography - Wood diffuse porous (PI. 1,
Fig. 1); Growth rings absent; Vessels nume
rous, medium to large in size, solitary,
arranged in radial lines in cross-section

Recent

Tertiary

Mesozoic
Archaean

r Upper Miocene (Cuddalores)

~ Probable unconformityLEocene

Cretaceous

~oiJs, alluvium, laterite, Kankar, blown sands
Argillaceous sandstones, Pebble bearing sand

stones, grits, clays and lignites

Black clays, shales, grey sandstones, calca
reous sandstones, limestones with fossils

Shell limestones, Silaceous limestones etc
Dolerite, Pegmatites and Quartz

The lignite deposit is found associated
with the Cuddalore sandstones and clays.
The sandstones contain layers of soft water
logged sand, grits and clays and contain
lot of miosture which makes lignite soft
and suitable for excavation. The lignite
occurs in different forms each of them
appearing to merge with one another. Some
of the common types are woody, attrital
and brown coal types each having cha
racteristic features (Navale 1968h, 1971a).
Woody lignites have been formed from
lignified wood. It is hard, compact and
hlocky. The xylotomical features of some
biostructures recognized in the lignite show
affinities to modern woods.

XYLOTOMICAL DESCRIPTION OF
BJOSTRUCTURES

The identification of woody structures
of the lignite has been made mainly on the
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(PI. 1, Fig. 1); Parenchyma arranged in fine
concentric tangential hands, apotracheal
bands slightly wavy, interrupted hy xylem
rays (PI. 1, Fig. 1); Tracheids paratracheal
(PI. 1, Fig. 1); Xylem rays fine, distinct,
closely placed, mostly uniseriate, separated
by many rows of fibres (PI. 1, Fig. 1); Fibres
arranged in radial rows in cross-section
interrupted hy parenchyma hands (PI. 1,
Fig. 1).

Elements -- Vessels thickwalled, 10 fL, oval
to squarish in cross-section, transverse dia
meter 84-100 fL, radial diameter 100 [1.-140[1.,
filled with conten ts ; Tracheitis cells oval
to polygonal in cross-section, 12X20 (.L;

Parenchyma cells mostly round in cross
section, 20 [1.in size; Xylem rays uniseriate
Fibres circular in cross-section, slightly
flattened, 10 fL in width.

Affinities -- The diagnostic structural fea
tures of the woody lignite are (1) Vessels



360 THE PALAEOBOTANIST

solitary, arranged in oblique radial lines,
(2) tracheids paratracheal (3) parenchyma
apotracheal, tangential bands (4) rays un i
seriate. The combination of the above
characteristic features of the lignite show
resemblance to the woods of Callophylf.uJit
or fit[ esua of the family Guttiferae (!\1etcalfe
and Chalk 1950, Pearson and Brown 1932,
Chowdhury and Tandon 19+9, Lakhanpal
and A,vasthi 1963, 1964). However the
exact affinity to the -above genera could
not be established due to the limited sec
tional view as seen in the polis:led surface
of the pellet. 1.akhan pal and Awasthi
(1963,1964) recognized both the fos'SillVoods
of M esua and Callophvllum in the Cuddalore
Series from the neighbouring locality. In
view of their findings, it is reasonable to
expect the above gene;ra in the lignite also,
which is associated with the Cuddalore
sandstones.

Remarks - Fossil woods belonging to the
family Gnttiferae (Garcinia, Mesua, Kayea)
have been described from the Tertiaries of
South-Arcot, Tamilnadu and Assam (loc.
cit.). Kayea, !lfesua and Callophyllum are
genera of evergreen moist deciduous forests
of Assam and western ghats.

DIPTEROCARPACEAE

Topography -- Wood diffuse porous (PI. 1,
Fig. 2); Growth rings not recognizable; Vessels
medium to large in size, solitary, rarely
radial, filled with tyloses (PI. 1, Fig. 2);
Parenchyma paratracheal or apotracheal (PI.
1, Fig. 2), Para tracheal parenchyma vasicent
rie, 1-3 layered, incompletely surrounding the
vessels, short, irregular often in tangential
strips, apotracheal parenchyma continuous
1-4 cells thick; Resin Canals diffuse, soli
tary, covered by xylem parenchyma, Canals
smaller than vessels (PI. 1, Fig. 2); wood
rays fine, close, one to four seriate, uni
seriate common (PI. 1, Fig. 2); Fi,bres form
the ground mass of the tissue, .aligned ill
radial rows in cross-section (Pl. 1, Fig. 2).

Elements - Vessels thickwalled, pore
size 150-220 [L in transverse diameter, soli
tary, tylosed, 10-14 per mm; Trucheids
absen t; Parenchyma limited, paratracheal
vasicentric type, one to four cells, small,
round in cross-section, 10 [L in size, ap0
tracheal type one to four cells thick, asso
ciated with resin Canals, 1) [L in size; Resin
Canals cells smaller than vessels, .10-60 [L

in size filled with resinous substance, epi-

thelium cells small, 5 !J. in size; Woodrays
one to 4 celled rays, one celled rays common,
3 celled rays abundant and 4 celled rays
rare, filled with substances; Fibres squa
rish to polygonal cells, 30 fl. in size in cros~
section.

Affim:ties - The presence and the nature
of resin canals as described above, para
tracheal and apohacheal types of paren
chvma and uniseriate to multi~eriate wood
rays of the lignite biostructure suggests its
affinities to the woods of Dipterocacpaceae.
The genera belonging to Dipterocarpaceae
are anatomically divisible into 2 categories,
one with secretary canals aligned in con
centric rows (Shorea, Hopea etc.) and the
other with diffuse resin canals (Diptero
carpus, A nisopteris etc.). Genera Vateria
and Vatica (Vateriae and vaticae) differ
from the microstructure under consideration
in having smaller ves~els and diffuse paren
chyma. It is only with the genera Diptero
carpus or A nisopteris the lignite micro
structure shows close similarities. Among
these two genera, the material resembles
more with Dipterocarpus than Anisopteris
as the latter has narrow' rays and vasicentric
tracheids.

Remarhs - Large number of fossil woods
belonging to the family Dipterocarpaccae
from the rocks of the Cuddalore series have
been cataloguer! (Ramanujam 1968, Awasthi
1972). It is probable that these woods
were existing during the peat formation.

LEGUMINOSAE

Topugraphy - Diffuse porous wood (PI. 1,
Fig. 3); Growth rings -- not conspicuous·
Vessels - abundant, uniformly distributed:
small to medium in size, solitary or in radial
rows of 2 to 4, filled with gummy deposit
(PI. 1, Fig. 3); Parenchyma conspicuous,
paratracheal, vasicelltric, forming eyelets,
paratracheal Zonate parenchyma anasto
mose forming tangential ships or bands
(PI. 1, Fig. 3); Wood rays distinct, 2-5
seriate, separated by large tracts of fibres
(PI. 1 Fig. 3); Fibres distinct, thick celled,
forrr,ing the ground mass of the wood
(PI. I, Fig. 3).

Elements - Vessels thickwalled, 9 iJ. in
size, vessel pore tangential diameter 130
200 [L, radial diameter 165-300 [L, shape
oval in cross-section, filled with deposit;
Parenchyma cells small, 18 [L in cross-section,
par~tracheal parenchyma 3 to 4 celled,
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aliform type, reticulate, 3-4 layered; l-food
rays 2-5, ray cells small (scarcely visible.
under hand lens), circular, 30 tJ. wide;
Fibres cells small, angular, arrallged in
radial rows 9 (1.broad in cross-section.

Affinities -- Solitary or radial group" of
vessels with uniform distribution, ahund::mt
paratracheal, vasicentric parenchyma anas
tomosing into few layers, multiseriate rays
sugg8st affiiiities to the wood of LeguIT.ino
sac. This family presents a gr>at vaJiation
in almost all characters of the wood (nature
of vessels, p<.l[cnchYllJa, rays and fibres).
Howevcr certain anatomical typcs have
beelJ made on the broad strnetl~ral features
(Gamble 1902) which are as follows:

1. Ougeinia - Albizzia type
2, Acacia- Cassia type
3. Dalbergia type
4. Bahunia type
5. flar.iwichia, type
6. Erythrina type
The microstructure of the lignite shows

affinities with Acacia-Cassia type which is
characterized by paratracheal parenchyma
forming eyelets or zonate type anastomos
ing to form tangential strips, medium sized
solitary or radial vessels and limited multise
riate rays.

Remarks - Cassia-Acacia type of woods
have already been reported by Ramanujam
(1954) and Navale (1958 and 1962) from
the Cuddalore Series of South-Arcot. In
the lignite, both wood and pollen of this
genus have been identified (Ramanujam
1966) to support the present, identification.

COMBRETACEAE

Topograj)hy - Diffuse porous Wooel (PI.
1, Fig. 4); Growth rings absent; vessels
medium to large size, solitary or in multiples
of two, filled with tyloses (PI. 1, Fig. 4);
Parenchyma both paratracheal and apo
tracheal, paratracheal parenchyma vasicen
tric to aliform, apotracheal parenchyma
diffused scattered in the ground mass of
the wood (PI. 1, Fig. 4) ; Wood rays uniform,
contiguous, uniseriate, crystals present in
each cell (PI. 1, Fig. 4); Fibres round to
oval in cross-section, arranged in radial
rows, cells thick walled (PI. 1, Fig. 4).

Elements - Vessels thick walled, 10 (1.,
vessel pore round in cross-section, small,
size (tangential X radial) 50 X 50 (1.-60 !J.;

Density of the pores 5 to 13 per mm.2;
parenchyma associated with vessels, para-

tracheal cells form contour around vessels,
thinly aliform, 4 cells, size of the cells 30 (1.,
apotracheal parenchyma 10 cells thick,
size of the cells 20 X 25 (1.along the radial
direction of the bands, the apotracheal
bands include secretary bands; Wood rays
one celled, exceptional cases two celled,
homogeneous, crystals present in ray cells.

Affinities - The general microscopic struc
tural features show affinities with the woods
of Leguminosae, Anacardiaceae, Sapinda
ceae, Combretaceae. Yet certain diagnostic
structural features particularly diffuse, soli
tary or radial vessels with tyloses, para
tracheal, vasicentric parenchyma forming
eyelets, diffuse apotracheal cells, unsiseriate
rays with crystal content in ray cells strongly
indicate resemblance to Terminalia of Com
bretaceae.

Remarhs - Large number of fossil Termi
nalia woods have been recognized
(Ramanujam 1956a, Navale 1955) in the
neighbouring areas of the Cuddalore Series
in which the Neyveli lignite is also associated.

E U PHORBIACEAE

Topography - Diffuse porous wood (PI. 1,
Fig. 5); Growth rings not distinct; vessels
small to medium in size, arranged in radial
rows of 2 to 5, rarely solitary, tyloses occa
sionaly present (PI. 1, Fig. 5); Parenchyma
apotracheal, diffused (PI. 1, Fig. 5); Wood
rays 2 to 5 seriate, sinnate, separated by
fibres (PI. 1, Fig. 5); Fibres - cells round
to oval in cross-section, thickwalled aligned
in radial rows.

Elements - Vessel pore size 80 (1.-120[1.,

Density 4-5 per sq. mm., multiples of 2-5,
thick walled, size 20 (1.,round when solitary,
flattened when radial; parenchyma common,
apotracheal, cells diffused, scattered, round
to polygonal, size of the cells 35 (1.in cross
section; f'j/ood ravs 1-4 cells broad 10 to 50
cells high, s~l1alfdissected rays i~termingle
with large rays, linkage in rays common,
Fibres arranged in radial rows, more or less
round in cross-section, fibre cells 10 (1.dia
meter.

Affinities -- Lack of any diagnostic cha
racters as mentioned above necessitates a
comparison with large number of families.
However by evaluating on the basis of
comhination of characters and by process of
elimination, the nearest taxa that the micro
structure uncler consideration resembles is
Euphorbiaceae. Even this family has diver-
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gent structural details of the wood. Yet
on the basis of xylotomic principles, the
family Euphorbiaceae may be classified
into Phyllanthoidae group and Crotonoidae
group (Metcalfe and Chalk 1950). The
present material does not compare with
Crotonoidae group. It is with the Phyllan
thoidae group the wood structure shows
its affinities. Although the Phyllanthoidae
group is again subdivided into Aporosa
type (abundant apotracheal parenchyma
etc.) and Glochidion type (limited paren
chyma etc.), the present material could
not be assigned to the above types due to
the overlapping of some characters, never
theless, the microstructure resembles the
woods of Phyllanthoidae group in general.

Remarks - Large number of fossil woods
of Euphorbiaceae have been identified in
the associated rocks of Cuddalore Series
near Neyveli (Ramanujam 1956b, Navale
1960). It is reasonable to expect the woods
of Euphorbiaceae in the lignite also. H.ecog
nition of euphorbiaceous pollen further
supports the identification.

PALl\1AE

Topography - Central-zone preserved;
Fibrovascular bundles scattered, irregular,
orbicular to reniform, circular vessels lie
side by side; xylem parenchyma preserved;
Phloem not present; Ground tissue narrow,
rectangular cells, meshes closely fitted with
conspicuous intercellular spaces (lacunae).

Elements - Fibrovascular bundles in the
central region scattered 20 to 25 per cm.2,
F/v-ratio 2: 1, bundle size 170 [1., lacunae
size 0·2 to 0·3 mm.

Affinities - The nature of the scattered
bundles, narrow ground tissue with inter
cellular spaces and other characters observed
in the lignite structure undoubtedly place
the woody tissue in palmae group. The
limited microstructural features as revealed
by the lignite and absence of any system
of classification of the palms leave no alter
native but to place it in the general group
of this family. It may be mentioned here
some palm woods and pollen are known
from South-Arcot and Neyyeli lignite
(Ramanujam 1968, Navale 1972).

Remarks -- Very few fossil Palms are
known in the Tertiary rocks of the Cudda
lore Series (Ramanujam 1953, 58, Sahni
1931) which is otherwise rich in dicoty
ledonous forms. Even in the lignite, mostly

dicotyledonous xyloidal structures are com
mon (Navale 1968a, 1971 and 1972).

GRAMINEAE

Apart from xyloidal structures, the lignite
is composed of number of cuticles, dispersed
tissues, spores and pollen (Navale 1968 b).
Although studies have been made to know
the botanical affinities of spores and pollen
Navale 1961, 1971 Ramanujam 1966a, b)
no attempt has been made to resolve the
cuticles and other tissues due to lack of
any diagnostic characters, however, some
cuticles have been assigned to certain taxa
(Jacob, K. & Jacob, C) and now probably
a graminaceous type of cuticle has been
identified.

Topography - Epidermis cells regular,
rectangular, outer walls thick, 1\11esophyll
no differenciation between palisade and
spongy tissues, assimilatary cells appear in
cross-section to be orien ted in radial manner
around the vessels, Vascular bundles small,
widely spaced, surrounded by sheath.

Elements - Cuticular cells thick, 10 ll.
in size, shape round to rectangular, M eso
phyll cells small to medium size, round to
oval in shape, size 30 ll. in cross-section
Vascular bundles small, scattered 10 to 20
per cm2., bundle size 70 ll.-100 [1., sheath
cells round to oval 3 ll. in size.

Affinities - The chlorenchyma unlike that
in the leaves of dicotyledonous leaves shows
no differentiation into contrasting palisade
and spongy tissues, and the nature of
vascular bundles as described above are
suggestive of graminaceous affinity of the
material under study.

Remarks - Pollen grains of this family
have also been recovered from the Neyveli
lignite (Navale 1972, Ramanujam, 1966a.).

DISCUSSION

It is apparent from the above studies,
and from the already known data that the
Neyveli lignite has been formed from a
recent angiospermic vegetation. The woody
lignite is constituted by a diversified woody
taxa. Some of the known genera are M esua
or Callophyllum (Guttiferae), Dipterocarpus
(Dipterocarpaceae), Cassia or Acacia (Legu
minosae), Terminalia (Combretaceae), Dios
pyros or M aba (Ebenaceae), Bassia (Sapota
ceae), Phyllanthinium (Euphorbiaceae) and
palms (Palmae). These genera must have
formed part of the vegetation during the
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peat formation because of the presence of
woody portions in the lignite although
many of the pollen belonging to the above
taxa are not known. This may probably
be due to the lack of diagnostic characters
for the generic identification of dispersed
pollen and spores which are grouped under
artificial forms like tricolpites or triporites
etc., or pollen might have corroded or pro
duced in small amount.

It is evident from the information so far
accumulated that the Neyveli lignite was
formed during Tertiary period as the angios
pennic vegetation predominated in the
composition. Further, abundance of some
fossil genera such as Dipterocarpus, Termi
nalia, Cassia, C'Vnomdra which are con
sidered to be of upper Miocene times suggest
the age of the Neyveli lignite deposit to be
of upper Miocene.

A perusal of the present day vegetation
in our country reveals that the taxa so far

recorded in the lignite, grow in rain forest
type of vegetation (Warm, humid, monsoon
type of climatic conditions) of Assam and
W. Ghats. It is, therefore, reasonable to
presume that the lignite might have been
formed under tropical humid, rain forest
type of climatic conditions in Neyveli during
the Upper Miocene times of the Tertiary
period.

CONCLUSION

Woody lignites form an important
constituent of the Neyveli lignite deposit.
They are formed from diversified angios
permic taxa, some of which are described
in the present study. Further investiga
tions on xyloidal portions of the lignite
may supplement a good deal of information
in establishing the extant vegetation of the
source material that formed the Neyveli
lignite.
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EXPLANATION OF PLATE 1

PLATE 1

1. Cross-sectional view of the polished portion
of a lignite showing the microstructures resembling
the anatomical features of the woods of Mesua or
Caltophyltum of the family Guttiferae. X 15.

2. Cross-sectional view of the polished portion
of a lignite showing the microstructures resembling
the anatomical features of the woods of DipterJ
carpus of the family Dipterocarpaceae. X 35.

3. Cross-sectional view of the polished portion
of a lignite showing the microstructures resembling
the anatomical features of the woods of Cassia or
Acacia of the family Leguminosae. X 3.

4. Cross-sectional view of the polished portion
of a lignite showing the microstructures resembling
the anatomical features of the woods or Terminalia
of the family Combretaceae. X 50.

5. Cross-sectional view of the polished portion
of a lignite showing the microstructures resembling
the anatomical features of the woods of Phyltan
thoidae group of the family Enphorbiaceae. X 75.

6. Cross-sectional view of the polished portion of a
lignite showing the microstructures resembling the
anatomical features of the woods of Palmae. X 10.

7. Cross-sectional view of the polished portion of
a lignite showing the microstructures resembling
the anatomical features of a mono cot leaf. X 240.
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DICHOTOJYIOpTERIS, A NEW TYPE OF FERN FROND FROM
THE LOWER GONDWANA OF INDIA

P. K. MAlTRY

Birbal Sahni Institute of Palaeobotany, Lucknow

ABSTRACT

Dicholo}llopteris gen. nov. is instituted for the
fern fronds earlier described nnder 111erianoplel'is,
Alethopteris and Ptychocal'puS from the Lower
Gonel wanas of India. Two species of Dichotorno
pteris, D. major n. comb. and D. lindleyii n.
comb. are identified on basis of both sterile and
fertile specimens.

INTRODUCTION

THE Indian Lower Gondwana. ferns
have hitherto been described under
the northem genera, viz. Sphenopteris,

P ecupteris, A lethapteris, jl er£anopteris and
Ptychocarptts. It is felt by many that since
during the Permian period the flora of the
northern hemisphere was different from
that of the southern, the Gondwanaland,
the placement of Lower Gundwa.na plants
under the northern genera may not always
be correct. A detailed study of the speci
mens referable to M erianopteris, Aletlwpteris
and Ptychocarpus from the H.aniganj Stage
has shown that they are morphologically
distinct form froIll the northern genera
under which thev are describeo and so
a new generic llame has been proposed
here for them.

DESCRIPTION

Dichotomopteris gen. novo

Generic diagnosis - Fronds large, impari
pinnate, tri-pinnate; pinnae contiguous at
base, no veins in contiguous part; pinnules
of pinnae lobed or entire and contiguous,
with di:stinct mid-vein dissolving into
secondary veins in distal region which
further dichotomise, mid-vein also gives out
two or more lateral veins on either side,
each lateral vein dichotomises once or
twice, when divided into three veins, only
distal vein dichotomise and proximal re
mains undivided; sari present on underside
of pinnules upon lateral vein endings, sari
form two distinct rows one on either side of

midrib; sporangia separate, 4-8 in a sorus,
annulus absent; spores differently sculptured
and trilete.

Genotype - DichotomoptrJris major n.
comb.

Comparison - The fronds described earlier
under Alethopteris, Ptychocarpus and Meria.
nopteris from the Lowel Gondwan s of
Inoia have teen placed under this genus.
Dichotomopteris differs from Alethopteris
Sternberg in the evanescent nature of
mid-vein and the absence of veins from
pinnae rachis in the base of pinnules.
M erianopteris Heer diffels from Dichoto
mopteris by the anastomosing of basalmost
pair of lateral veins with the lateral veins of
adjacent pinnules. l\'[oreover, the mid-vein
of pinnule in the former is persistent up to
the apex. Pecupteris Hrongniart differs from
Dichotomopten's in the absence of basal
contiguity of pinnl1lcs and the presence of a
distinct mid-vein persisting right up to the
apex. M ariopteris Kidston shows conti
guity of basal pinl1ule as in Dichotomopteris,
but differs !rom it in possessing a distinct
sphenopteroid type of venatioli.

Among the fertile fronds, Scult3copteris
Zenker differs from Dichotomopteris in having
stalked ~poral1gia and Ptychocarpus 'Veiss
and Asterotheca Presl by the fusion of
their sporangia. Oligocarpia Goeppert pos
sesses annulus which is absent in Dichoto

mopteris. Rajahia Konno et at. (1970)
differs from the Indian frond in having
sporangia arranged in groups. Thus, the
fern fronds described under Didtotomopteris
differ from all the other fossil fern genera.
The distinguishing cha.racters of Dichoto
mopteris are the contiguous pinlJules, eva
ne~cent mid-vein, characteristic dichoto
mizing lateral veins and the characteristic
arrangement of sari. I have, therefore,
proposed a new generic name for these
fronds.

Two species of Dichotornopteris arc re
cognizable from Indian Lower GondlVanas,
viz., Dichotomopteris major n. comb. and
D. lindleyii n. comb.

365
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1833

1881

DidlOtomopteris major (Feistl1lantel) n. comb.

PI. 1, Figs. 1-4

Synonymy

1881 MerianolJteris major Feistrnantel, p. 83,
pI. 19A, figs. 9-11.

Emended diagnosis - Frond large, tri
pinnate; rachis smooth, 3-4 mm. broad,
lateral branches ± opposite, pinnae ar
ranged at wide angle of 70°-80°, alternate
to one another, oblong in outline, either
distinctly lobed into pinnl1les (basal part of
frond) or entire with crenulate margin;
pinnules attached to pinnae rachis at wide
angle, 80°-90"', contiguous to each other by
base; cleft between pinnules deep; pinnllle
obovate with rounded apex, terminal
pinr,ule, broadly triangular with rounded
apex; mid-vein distinct up to half distance,
then bifurcating into secondary veins which
further dichotomise, [[lid-vein gives out
two lateral veins on either side, each dichoto
mises once or sometimes twice; when divid
ing into three veins, distal vein always
dichotomise<; but proximal remains un
divided; 2 to 4 sori present only in basal
half on under side of pinnllles upon lateral
vein endings, sori form two distinct ro\,"s
on either side of mid-vein; sporangia sepa
rate, 5-6 in a sorus; spores triangular with
rounded corners, exine ornamE'nted with
curved bacula longer than broad, Y-Hlar1<
distinct. Spores identical to Horriditrildes

curvibaculosus Bharadwaj and Salujha (1964).
Lectotype - 5194, Geological Survey of

India, Calcutta.
Isotype - 35105 and 35106, Birbal Sahni

. Institute of Palaeobotany, Lucknow.
Locality - Raniganj Coalfield, West

Bengal.
Rorilon - Raniganj Formation (Lower

Gondwana).
Dichotomopteris lindleyii (Royle) n. comb.

PI. 1, Figs. 5-8
Synonymy

Pecopteris lindleyanu Royle, p. 29,
pI. 2, fig. 4.
Alethopteris lindleyana Feistman tel,
p. 80, pI. 18A, figs. 2, 2a, pI. 19A,
figs. 3, 3a; pI. 23A, figs. 11, 11a,
pI. 39A, figs. 10, 11.

1963. Ptychocurplls srivastavae Surange, p. 72,
I1g. 41, A-C.

.Fmended 1~d{nosis - Frond large, tri
plllnate; rachIS smooth, lateral branches
a:ternate, p~nnae. alternate, oblong, dis
tlllct~y lobed mt? pmnules, pillllules attached
to ~mnae rachIS at wide angle, 80°-90°,
contlguons laterally to each other towards
the base, ± 1/3 length of pinnule from base
fu.sedwith adjoining pinnules, pinn ule oblong
WIth acutely rounded apex, margin ~how
st~ong curvat~re; t.enni!1al pinnule elongate,
t~langular, rmd-vem dIstinct up to 3/4th
dIstance fron~ basE',bifurcating upwards into
secondary vems which further dichotomises
la~eral .wins usually 4 or 5 on either side of
rrad-vem, ea~h. ~ich?t011lises twice, rarely
on~e; when divIdmg m to three veins, distal
vem. always. ?ichotomises hut proximal
remams undIVIded; sori arranged in two
rows on underside of entire length of pinnules
~lpon lateral vein endings; 6, rarely 8 sori
m each row, sporangia separate, 5-6 in a
s~r~s; spo~'es circular, 60-80 [L, Y-mark
distmct, exmc bearing minute, round ellepti
cal.' puncta usually clearly separated from
adjacent ones. Spores identical with
Hupunctispol'ites poniatiensis Rharadwaj
(1962).

FJolotype - V4192, British !\luseum
(Natural History), London.

Isotype - 5184, Geological Survey of
India, Cakutta and 8669 Birbal Sahni
Institute of Pdlaeobotany. '

Locality - l~aniganj Coalfield, V\:est
Bengal.

Horizon --l~aniganj Formation (Lower
Gondwana).

Comparison - The specimens earlier de
scribed under Alethopteris lilldleyii Feist
mantel (1881) and P~ycllOcarp/{s srivasta,'(w
~urange (1964) are placed under this species.
I he present species dif~ers from D. major
m the shape and "enatIon of the pinnules
the numbp.r of sori and its arrangement and
the spores in the two plants.
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EXPLANATION OF PLATE

PLATE 1

DichotJmopteris major (Feistm.) n. comb.

1. A portion of sterile frond showing arrangement
of pinnae and pinnules, xl; 35105, 13irbal Salmi
Institute of Palaeobotany.

2. Two sterile pinnules enlarged to show the
lateral contiguity of pinnules near the base and the
pattern of venation. X 6.

3. Two fertile pinnules showing the arrangement
of sori. Two rows of sori arranged on both sides
of mid vein. X 6; 35106, Birbal Sahni Institute of
Pal aeo botany.

4. A spore identical to Horriditriletes cur1!i
liac1~losus Bhard. & Saluj. recovered from the
sporangia. X 1000.

Dichotomopteris lindleyii (Royle) n. comb.

5. A portion of sterile frond showing arrangement
of pinnae and pinnules, xl; 35107; Birbal Salmi
Institute of Palaeobotanv.

6. A sterile pinnule enlarged to show the venation
pattern. x 3.

7. Two fertile pinnules showing the distrihution
of sori. 5187, Geological Survpy of India, Calcutta.

8. A group of spores identical to Eupunctisporites
poniatiensis Bhard. recovered from the sporangia.
x 500.
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ABSTRACT

The Sporae dispersae of the Maitur Formation
(Panchet Group) exposed in the Nonia Nala,
East of Kumarpur, near Asansol comprises 40
genera and 60 species of miospores. Thc beds
just abovc the Raniganj-Panchet contact have
abundance of striate bisaecate pollen as in the
underlying Raniganj beds. In the beds farther
above the contact, the number of trilete forms
gradually increases while the bisaccate pollen
decrease in frequency. The characteristic mio
spore genera of the Maitur Formation are Verru
cosisporites, Decisporis, Playfordiaspora (Guthoerli
sporites) and Lunalisporites (Taeniaesporites).
There is a definite, though insignificant, miofloral
change above the Raniganj-Panchet boundary,
but whether this change took place in the late
Palaeozoic or at the Permian-Triassic boundary
is still not clearly known.

Estheria mzngaliensis, a fre.;h water crusta
cean, is very abundant in places.

Almost all the Panchet plant fo<;<;ils
known ~rom the Raniganj Coalfield, were
found In the Maitur Formation near
Asansol. The Maitur megaflora has almost
the same eleme.nts .as that of the upper
part of the Ramgan] Formation except for
the pre~ence of Cladopltlebis concinna,
Cy~lop~erts pachyrachis, Podozamites sp., and
? D~crOtdtum/Lepidoj)teris.

Palynology of the PancheL Group is
known through the works of Shrivasta\'a
and Pawde (1,962), Kar (1970a), Satsangi,
Chandra and SIngh (1972) and Sarbadhikary
(1972). The pre.3ent study deals with the
Sporae dispersae of the Maitur Formation
exp0.3ed in the Nonia Nala, near Asansol.

INTRODUCTION

QUANTITATIVE ANALYSIS

MATERIAL AND MEfnODS

Material for the present study comprised
samples coll~cted from the Raniganj
Panchet sectwn exposed in the north
western branch of the Nania Nala, East of
Kumarpur and North-West of Asansol in
Burdwan District, West Bengal. Micro
fossIls were recovered from the greenish
brown mudstones and shales. First spori
ferous Maitur s~mple (NP-l) is from a bed
about 5 metres above the Raniganj-Panchet
contact. Other samples are from still
higher beds. Sample NR-l is from the last
carbonaceous shale band below the contact.

The palynological assemblage of the
Maitur Formation (Panchet Group) exposed
in the Nonia Nala comprises 60 species
belonging to 40 genera of pollen and spores.
Fifteen new species of mega<;pores belonging
to 8 genera were also recovered but they are
not discussed here.

A miospore count at the generic level has
been shown in Table 1. The characteristic
miospore genera of the assemblage are:
Punctatisporites, Verrucosisporites, Decisporis,

368

THE Panchet GroJp was e.~tablishedfor a serie3 of rocks overlying the
coal-bearing Damuda Group, and

expose I in the Panchet Hill, Raniganj
Coalfteld, Bengal. The original Panchet of
Blanford is now divided and the lower part
retains the name, the upper part has been
coasidered as representing the Mahadeva
Group (Fox, 1931). The strata are slightly
unconformable to the R'tniganj Formation,
e.,;pecially in the Bokaro COcllfield. With
the exception of occasional included coaly
fragments, they are completely devoid of
coal and carbonized plant remains.

The Panchet Grollp in the type area is
divided into two formations, viz., the
Maitur and the Hirapur formations. The
Maitur Formation (90-120 m), comprising
thick khaki-green silty shales and gree,lish
brown mllds tones, is well-developed in and
around Nonia N:tla to the East of KumJ.rpur
and North-West of Asansol, and at Junut,
North of D.lffiorlar. The Hirapur Forma
tio.1 cO,lsists of yellow-grey, soft, micaceous
sand,;tones, alLernating with dark-red and
occasionallight-coloured mJdstones.

Not much inform ttion is available on
the palaeontology and p3.laeobotany of the
Panchet Group in the Raniganj Coalfield.
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TABLE 1 ~ PERCENT FREQUENCY OF MIOSPORE GENERA IN

DIFFERENT SAMPLES
SAMPLE NOS.

NR-lNP-9NP-lNP-2NP-8NP-413581359

~

+NP-7
Cyathidites

0·8 0·40·4
Punetatispol'ites

2·04·42·014,84·08·41·2
Eupunetispori tes

1·20·42·44-4
BiretispOl'ites

1·01·20·8 0·40·8
Brevitriieles

2·42·83-65,60·81·21·6
CyelogranispOl'ites

0·40-41·2
Verrucosi sporiles

4·01·23·615'639·229·21·2
Deeisporis

14·89·219·68·42·4
Hraeuselisporites

0·80·42·40·41·2
Lundbladispora

0·8
Playfordiaspora

4·84·04·8 2·0
Den sipollenite s

13·21·60·80·80·42-43·6
Podoear pidites

4·45·211·27·67·23·28·41·2
Hlausipollenites

4·01·62·42'01·60·4 2·0
A lisporites

6·89·614·820·410·812·019·240·4
Chordasporites

0·40·85·22·00·4 0·8
Faleisporiles

0·80·80·8 0·41·64·4
LimitispO'rites

2·0 0·4
Jugasporites

0·40·4 0·4
Rhizornaspora

0·81·22·8041·20·4
Lahirites

11 ·66·03·63·21·6 3·62·8
Gondwanipoiienites

18·820·414·811 ·614·819·28·814·4
Protoha plox)' pi 1111S

26·416·48·87·613·610·49·212·8
Striatites

5·80-40·80·81·6 3·2
LUllalisporites

4·88'41·22-40·8
Othl'rs

4-42·40·81·6 1·01·25'0

::-.Totes:
1. In this table percent frequencies of following genera have been considcnd

together: (i) B1'evi-
triletes + Horriditriletes.

(ii)Podoearpidites + Cuneatisporites + Platysaccus.(iii)A lispOl'ites + Sui-
eatispori les.

(iv) Radial monosaccates + aletes - under othe1's.
2. Lunatisporites is used sensu stricto.3. Gondwanipollenites also includes Lunatisporites of Bharadwaj.

Alisporites, Gondwanipollenites and Proto
haploxypinus. On the basis of miospore
freque.1cy the samples fall into 4 groups
which correspond to the four different
expo"ures of the section from where the
samples were collected.

Sample group 1 comprising NP-l, NP-2
and NP-9 is dominated by the genera
Decisporis, Alisporites, L 1matisporites,
Gondwanipollenites and Protoltaploxypinus.
The genera P Imctatisporites, Brevitriletes,
Vermcosis porites, Playfordiaspora, Cuneati
sporites, Chordasporites, and LalJirites are
generally less than 5 per cent. Playfordia
spora is the characteristic element of this
group.

Sample group 2 consisting only of sample
no. NP-8 is characterized by a significant
increase in the frequency of the genera
Punctatisporites and V errucosisporites. The
genus Densipollenites is common but the

genera Deet'sporis and Rrevitriletes start
declining. There is not much change in
the frequency of the genera Alisporites,
Gondwanipollenites and Protoltaploxyp1·nus.
Playford1'aspora is absent.

Sample group 3 comprising samples NP-4
+NP-7 and 1358 is characterized by a very
sIgnificant increase in the frequency of
the genus Verrucosisporites. The genera
Punctatisporites and Decisporis decline
further. The striate-bisaccates are also on
the decline.

Sample group 4 consisting of only sample
no. 1359 is very interesting as here the
triletes reach their lowest ebb while the
non-striate bisaccates, represented mostly
by Alisporites, are at their peak. The
striate bisaccates do not show much
change.

The azonate-triletes are lowest (20 per
cent) in sample NP-l which is the oldest of
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fossiliferous Maitur samples. The frequency
gradually increases till it reaches its maxi
mum (50 per cent) in the composite sample
NP-4+NP-7. However, this group is
meagrely represented in sample no. 1359
which probably is the topmost fossiliferous
Maitur saimple studied here.

The zonate-triletes are fairly well re
presented in the lower samples (NP-l,
NP-2, NP-9), decrease in NP-4+NP-7 and are
totally absent in sample nos. 1358 and 1359.

The monosaccates though present in all
the samples are not well represented.

The striate bisaccates gradually decline
from older to younger samples studied till
they are only 23 per cent in sample no.
1358. Their maximum frequency (48 per
cent) is in sample NP-9.

The non-striate bisaccates range between
15 and 35 per cent except f0r sample no.
1359 where they suddenly shoot up to 53
per cent.

The important elements of each sample
group are as follows: (i) Group-I, Decisporis,
Playfordiaspora (= Guthoerlisporites p.p.)
and Lunatisporites (= Taeniaesporites);
(ii) Group-2, Punctatisporites, Verrucosi
sporites and Decisporis; (iii) Group-3,
V errucosisporites, Punctatisporites an d
Eupunctisporites; and (iv) Alisporites and
Falcisporites for Group-4. Sample nO. 1359
is interesting as here the triletes are at
their minimum whereas the non-striate
bisaccates are at their maximum in the
section.

COMPARISON

A comparison of the Maitur Formation
samples with one of the topmost fossiliferous
samples (NR-l) of the Raniganj Formation
(Table 1) shows that the azonate-triletes
which are scanty in the latter, gradually
increase in frequency from older to younger
Maitur samples. The zonate-triletes are
absent in the Raniganj sample but are not
uncommon in the Maitur samples. The
monosaccates which are 18 per cent in NR-l
are never more than 5 per cent in the
Maitur samples. The monosaccates in the
Raniganj sample belong all to one genus
Densipollenites,- whereas in the Maitur
samples a new monosaccate form X Play
fordiaspora - comes up. The striate bi
saccates which are 65 per cent in the
Raniganj sample, gradually become reduced
in numbers. The non-striate bisaccates
which are about 14 per cent in the Raniganj

are as much as 53 per cent in one of the
Maitur samples (1359).

Satsangi, Chandra and Singh (1972) de
scribed a mioflora obtained from the
Panchet beds exposed in the Nonia Nala.
They report the abundance of bisaccate
pollen in the assemblage, as we have also
found in our samples. Some of the charac
teristic elements such as, Punctatisporites,
V errucosisporites, Decisporis, Playfordiaspora,
Lunatisporites (= Taeniaesporites) etc. were,
however, not observed by them. While we
agree that the rich mioflora of the Raniganj
Formation gradually declined during the
Maitur times, we also find coming up of
some new elements such as, Decisporis and
Playfordiaspora in the Maitur Formation.

Shrivastava and Pawde (1962) described
the Sporae dispersae of the Raniganj and
Panchet beds occurring in the borecore
no. R.O. I(B) from the Ondal area of West
Bengal. The range table given by them
shows a significant change in the mioflora
at 349 metres below ground level, at the
point of Raniganj-Panchet contact. This
indicates an appreciable gap in sedimenta
tion as was also earlier reported by Gee
(1932, pp. 365-366). This mioflora from
R.O. 1(B) is definitely much younger than
the Nonia Nala mioflora.

Pollen and spores were described by Kar
(1970a) from the rocks of the Panchet
Group in the borehole no. RE-9 in the
eastern part of the Raniganj Coalfield.
This mioflora has about 80 per cent trilete
spore forms, the two dominant genera being
Decisporis and Divaripunctites. Bisaccate
pollen are comparatively less. From the
very high percentage of the trilete spores,
low percentage of the bisaccate pollen and
the absence of the genera Verrucosisporites,
Playfordiaspora, and Lunatisporites
(= Taeniaesporites), we presume that the
RE-9 mioflora is younger as compared to
the Maitur mioflora.

Sarbadhikary (1972) has described a
palynoflora from two samples of 'Panchet
Formation' in the borehole no. RE-l,
Raniganj Coalfield. The mioflora is almost
exclusively composed of triletes, which is
in sharp contrast to the striate bisaccate
rich Raniganj mioflora obtained from the
same borehole. The Panchet assemblage
of this borehole is quite different from the
Maitur assemblage but agrees with the
Panchet assemblage from borehole RE-9.
We, therefore, have concluded that in

.I.
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boreholes RE-l and RE-9 the Maitur
Formation is unrepresented and that the
Upper Panchet s res t directly on the
Raniganj as is generally the case in the
area (Gee, 1932).

Bharadwaj and Srivastava (1969) de
scribed a mioflora from grey micaceous
shales exposed in the Gopad River, near
Nidhpuri, Sidhi District. The assemblage
is dominated by the non-striate bisaccates
and the triletes are extremely rare. The
almost total lack of the genera Punctati
sporites, Verrucosisporites, Decisporis,
Playfordiaspora and Lunatisporites, and the
paucity of striate bisaccates differentiate
this assemLlage from the Maitur mioflora.
The above Nidhpuri mioflora is younger
even than the RE-l or RE-9 miofloras and
may probably belong to the Mahadeva
Group.

Trivedi and Misra (1970) also described a
, Triassic' mioflora from the sandy shales,
exposed in the Gopad River, 4 km N. of
Nidhpuri. This mioflora has a dominance
of striate-bisaccates, triletes are few and
monosaccates are also not very common.
This Nidhpuri a~semblage is most probably
!lOmotaxial.with the Upper Raniganj strata
In the NOnIa Nala section and hence may
not be Triassic in age. It is definitely
older than the Maitur mioflora described
by us.

Balme (1970) has recently descrited the
Triassic pollen and spores from the Salt
Range, Pakistan. The Maitur Formation
and the Mianwali Formation (Kathwai
member), both have a dominance of bi
saccate pollen in the basal part and then
show a gradual increase in the frequency
of the triletes. On the generic level the
t~o formations, however, differ in composi
tIon; further in the Mianwali Formation the
acritarchs are fairly common.

The palynology of the upper beds of the
Ra~iganj Formation has been studied by
Shnvastava and Pawde (1962), Maheshwari
(1967) and Kar (1970b). In these beds the
striate bisaccates dominate the mioflora
and the triletes are only meagrely repre
sented. De'nsipollenites is sometimes pre
sent in significant percentage (Maheshwari,
1967, Table 1 in the present paper). Quite
a few of the miospore genera are found to
be common between the Raniganj and
Maitur samples presently studied. Some
characteristic forms of the Raniganj Forma
tion, viz., Indospora, Gondisporites, Micro-

baculispora, Microfoveolatisporites and
Vittatina etc. are absent in both the upper
Raniganj and the Maitur samples. At the
same time the characteristic Maitur forms,
Decisporis and Playfordiaspora have so far
not been found in the Raniganj Formation.

It is thus seen that the Raniganj mioflora
suffered a gradual decline in quality and
quantity, the basal Maitur mioflora retained
it s Raniganj affinities in having a pre
ponderance of striate bisaccate pollen.
Only gradually the triletes increased in
frequency. However, some new elements
did appear in the Maitur Formation.

AGE OF THE MAITUR FORMATION

The age of the Maitur Formation, and
in fact of whole of the Panchet Group, has
generally been accepted to be Lower
Triassic (see Tripathi and Puri, 1961), but
sometimes an Upper Permian relationship
has also been suggested for the formation
(Das-Gupta, 1928). The latter view relies
upon the occurrence of the fish Amblypterus
in the basal Panchets. The fish has also
been found in the Raniganj Formation
(Mukherjee and Ghosh, 1973). Lystrosaurus,
which is usually accepted as a marker ~f
the Lower Triassic in the southern contI
nents also does not occur in the Nonia
Nala Maiturs. Cosgriff (1965) thinks that
the Lystrosaurus Zone of South ~frica
should be assigned to the Upper PermICl;n.

Glossopteris conspicua and G. retijera,
which have been found in some Maitur
beds also do not go beyond the Lower
Beaufort (Upper Permian). Furthe:. no
characteristic Triassic plant, e.g. Dicrozdzum
is definitely known from the Maitur Forma
tion. Singh and Shah (1972) and Mahesh
wari (1974) are of the opinion that if the
Permo-Triassic boundary in India is taken
as fixed on lithological evidences, then the
flora of the Upper Permian and Lo:wer
Triassic is very akin but for minor dIffe
rences. On the other hand, if the boundary
is considered On the floral contents alone,
it should be extended into the Maitur
Formation. According to Chaloner (1969)
the principal floral changes took plac~ at
different levels within the Upper PermIan,
and not at the Permian-Triassic boundary.

The strong Permian affinities of the
basal Maitur mioflora are indicated by the
preponderance of bisaccate pollen (parti
cularly the striate ones). Of the charac-
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teristic Maitur miospore genera, Lunati
sporites (= Taeniaesporites) and Playfordia
spora (= Guthoerlisporites p.p.), though not
known from the Raniganj Formation of

peninsular India, are, however, known from
the Permian of Salt Range (Balme, 1970).
Decisporis is, however, a characteristic
Panchet genus.
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