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ABSTRACT

K<lr RK & Dilcher DL 2002. An <lrgument for the origins of heterospory in aquatic environments.
P<ll<leobot<lnist 51 : 1- I I.

The bifid. gr<lpnel-Iike processes and apical prominence (acrolamella) found in some heterosporous
Middle-Late Devoni<ln spores closely resemble to the bifid processes of acritarchs. dinonagellates, and some
Cretaceous - Recent heterosporous <lquatic ferns <lnd lhe lycopsid Isoeles. The spongy wall ultrastruclllre of
ProlObarinophylOll pellllSylvalliculIl <lnd BarillophylOll cilrltlliforme shows some simil3lities to the megaspore
wall structure of Awl/a. Salvillia, Isoeles <lnd Marsilea. The difference between the microspore and megaspore
wall structure seen in B. cilrlrlli/onne <lnd P. pel1llsylvalliculIl is comparable to the difference found in
meg<lspore <lnd microspore wall structure of Awlla. Salvillia and Isoeles. As the spongy wall structure found
in heterosporous <lqu<ltic ferns provides bUOy<lncy in <In <lqu<ltic environment, the same may have been true
for ProlObarillophylol1 <lnd Barillophyloll <lnd we suggest they prob<lbly were aquatic in the dispersal of their
spores. These gener<l are <lmong the oldest heterosporous meg<lspores known and we suggest that the earliest
line ofheterospory evolution m<lY be linked to <lqu<ltic dispers<ll of spores and out crossing in their feni lization
during the Middle Devonian. This paper is <l review of relev<lntliterature and information. We use these data
to suppon our hypothesis that the reproduction of pl<lnts by heterospory has its origins in aquatic environments.

Key-words-Heterospory. Middle-L<lte Devoni<ln. Pteridophyta, Aquatic plants. Plant evolution.
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INTRODUCTION

llETEROSPORY is found today in the Lycopsida in
.I..lselaginella and lsoetes, and the Pteropsida in Marsilea,

Salvinia and Awl/a, as an effective means of reproduction.
Four of these genera are aquatic while Selagill~l/a is widely
distributed from moist forest floors to seasonally dry h<lbit<lts
(Bateman & DiMichele, 1994). Dilcher er al. (1992) proposed
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Fig. I-Tentative non-numerical phylogeny of all tracheophyte classes. showing putative ancestor-descendant relationships and divergence daleS:
note ihat the class-level radiation occurred within the Devonian. Stippling indicates the minimum number of potentially independent
origins of heterospory: (I) some Barinophytales. (2) all Selaginellales and Rhizomorphales. (3) some Equisetales, (4) some Sphenophyllales
(doubtful), (5) some Stauropteridales, (6) all Salviniales, (7) all Marsileales, (8) some Filicales (e.g .. Plaryzoma*), (9) some Aneurophytales.
(10) some Archaeopteridales, ?all Protopotyales, all Cecropsidales. (11) some Noeggerathiales. Note that the Gymnospermopsida inherit
heterospory from their putative progymnospermopsid ancestor. Open circles indicate probable aquatic, open squares indicate possible
aquatic (modified from Bateman & DiMichele, 1994).
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Fig. 2-Diagrammalic record of the time of first appearance of differ­
ent types of reproductive structures in Devonian fossil plants.
a. Sporangia with spores of same size (e.g., in Cooksonia). b.
Sporangia with spores of two sizes (e.g., in Cluzleuria). c. Spo­
rangia with mega- and microspores (e.g., in Archaeopleri.\). d.
Megaspore tetrad: one large. presumed fertile, three small pre­
sumed abortive (e.g., in Cysrosporiles). e. Radiospermic
(Archa/!osperllla) and platyspermic (SperlllolirllU.I'j seeds (modi­
fied from Chaloner & Sheerin 1979).

that many megaspores and microspores of the Middle
Devonian had morphological features that suggested that they
were dispersed in fresh water and demonstrated parallel
morphological features with those megaspores and
microspores of the aquatic ferns that evolved about 240 mi II ion
years later during the Lower and Upper Cretaceous. It is
obvious from the paleobotanical record presented by Bateman
& DiMichele (1994) (Fig. I) that heterospory has evolved
repeatedly in various major groups of plants at various times
during the history of land plant evolution.

We suggest that the major stimulus for the initial evolution
of heterosporous reproductive systems in plants is to
accommodate out-crossing in an aquatic environment. In such
an aquatic environment, a two dimensional dispersal system
is available in which out-crossing is encouraged. Therefore, it

could be considered possible that the potential to capture a
new dispersal strategy which increased out-crossing was an
important driving force in evolution ofheterospory in or near
aquatic environments. The megaspores and microspores when
released in the water could drift freely mixing microspores and
megaspores from diverse populations of the same species and
after fertilization further drifting to areas distant from either
parent population where the new sporophyte generation would
then mature. The data for consideration of such a hypothesis
is presented here.

In this paper we are addressing only questions of initial
morphological changes that were driven by selection pressures
as mentioned by Tiffney (1981). We suggest these selection
pressures were directed by the potential for increased out­
crossing encouraged by heterospory in aquatic environments.
We do not carry this argument further to include modifications
of heterospory that might have carried these further to the
evolution of the seed habit or seed-like habit (Bateman &
DiMichele, 1994) or prepollen so common in the later Paleozoic
seed land plants as discussed by Poort et al. (1996).

During the Middle Devonian (Givetian), there were many
new innovations in land plants (Banks, 1968; Chaloner &
Sheerin, 1979; Gensel & Andrews, 1984). By this time, some
land plants, such as Aneurophyton had attained an arborescent
habit that included the production of secondary tissue and
major branching systems. Heterosporous taxa were present at
this time, some which must have been the precursors of seed
plants (Stewart, 1983). The seed habit represented an important
innovation in the evolution of plants and became the normal
habit of the various groups of vascular plants that were to
become the dominant vegetation on the earth (Fig. 2).

Early Devonian spores were simple with a trilete mark,
mostly azonate with smooth, apiculate or spinose
ornamentation (Traverse, 1988). Early Devonian genera (Figs
3, 4) such as Refusotriletes, Calamospora, Lopholrileles,
Acanthot ri letes, Punctali sporites, Apiculatisporis,
Leiotriletes and Emphanisporites are examples of these early
spores (Banks, 1968). Large spores of 150-200 ~m, some
pseudosaccate and some zonate, are known from the Middle
Devonian Eifelian and Givetian stages (Owens & Richardson,
1972; Richardson, 1974; Turnau, 1986). At that time we also
see several spores with bifurcate processes such as
Ancyrospora, Hysfricosporites, Perotriletes, Nikitinsporilcs
and Dicrospora while there are some genera that have small
bifurcate processes such as Densosporites devonicus and
Rhabdosporites langii. In the Late Devonian (Frasnian)
continental and marginal marine facies, there often is dominance
of spore genera with grapnel like processes. Pseudosaccatel
camerate spores are also found as common elements in these
assemblages (Figs 3,4). Richardson (1969) observed that 50%
of the palynological assemblage from the Middle Old Red
Sandstone of the Orcadian Basin, Scotland consists of
Ancyrospora and Rhabdosporites langii. Abundance of
Ancyrospora, Hyslricosporiles and Rhabdosporifes langii
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Series or Stage Banks, 1980 McGregor, 1977 Richardson, 1974

Post Famennian
Tn Ib f----------
Tn la r-----?-----. V. nilidus

Rhacophyton f----------
Assemblage - zone VII V. pllsil/ites

FAMENNIAN f---------- f- - - S:Je.EJ1EP!!JIJ!! - -

Archaeopleris L. crishfer

Assemblage - zone VI f----------
FRASNIAN

oplivus - bullalus

--------- ~---------

Svalbardia
Triangulailis

GIVETIAN Assemblage - zone V
f----------

f----------
devonicus - orcadensis

Densosporites

Hyenia devonicus

ElFELIAN Assemblage - zone IV ..... --------- ----------
Rhabdosporiles langii

velala - langii Acinosporiles
acanlhomammillalus

--------- 1-----.----- ----------
Grandispora Calyplosporiles

UPPER annulailis - biomailis - proteus

Psilophylon lindlarensis f----------
sexlanlii

EMSIAN 1------'------ Emphanisporiles annulalus

LOWER Assemblage- zone III

caperalus - emsiensis ..... ---------
Dibolisporiles cf

gibberosus
STEGENlAN ---------- ~---------

r-----------
Zoslerophyllum Emphanisporiles

micrornatus

GEDINNIAN
Assemblage - zone II micrornatus - prOleus

Sireelispora
newportensis

--------- 1---------- ----------
Cooksonia. Synorisporiles

PRIOOLIAN
Assemblage - zone I chulus - ? vermiculala tripapillatus
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was also noticed in the Frasnian freshwater deposits of New
York State (Richardson, 1969). In the Famennian Stage of the
Late Devonian, a progressive decrease of the spores with
bifurcate processes, pseudosaccus and zona is observed (Fig.
4).

Dilcher et af. (1992) advocated that the bifid, anchor like
processes and the apical prominence (acrolamella) found in
these heterosporous Middle-Late Devonian spores were
produced in order to increase the potential to entangle and
hold megaspores and microspore masses in close proximity
while the spermatozoa were released (Fig. 5). Also they
mentioned there might be some increase in volume ratio which
would provide necessary buoyancy in the water. The presence
of bifid processes in the Palaeozoic acritarchs (e.g.,
Micrhystridium shillelOllellsis, Polygollium gracilis),
Mesozoic, Tertiary (e.g., Acholllosphaera ramulifera,
Homotrybliul1l telluispillOSlllll) and Recent dinoflagellates,
Cretaceous (Arcellites) and Tertiary aquatic heterosporous
hydropterideae as well as the extant Salviniaceae all
demonstrate similar functional morphologies. This is probably
related to the fact that many of these microspores and
megaspores accomplished their fertilization in water. The
observation of Taylor et al. (1980) of the presence of smaller
microspores between the spines, or in the apical prominence
(acrolamella) of the megaspore Nikitillsporites calladensis,
and of Winslow (1962) on the presence of smaller
ArchaeoperisacClts grains associated with Nikitillsporites,
as in extant Azo/fa, provides additional support for this
contention. Archaeoperisaccus and NikitillSporites are mostly
confined to Frasnian and according to McGregor (1979) are
restricted to north of the palaeoequator (Fig. 6). Marshall &
Allen (1982) noted the simultaneous occurrence of four larger
and smaller species of Auroraspora and two species of a similar
nature in Rhabdosporites from the Devonian sediments of
Shetland. Turnau and Karczewska (1987) also observed that
nearly all the large spore species described by Fuglewiez and
Prejbisz (1981) from the Middle Devonian of Poland are
associated with smaller but otherwise similar spores. These
genera are Apiculiretusispora, Biharisporites, Corollispora,
and Grandispora. The spores of the smaller size class are
themselves relatively large and their mean ranges from 90-207
J.lm. Turnau and Karczewska (1987) suggest the reason for the
size increase of the isospores was to enhance the nutritional
capability for the developing gametophyte. They also
postulated that in the course of development of heterospory,
endospory preceded size differentiation and presumably sex
differentiation (Fig. 7). Similarly, spores of one sporangium of
Fairone/fa reported by Gerrienne (1996) from the Early
Devonian of Belgium have size ranges from 37-210 11m. This

./

"

according to the author may exhibit the beginning of biometric
heterospory.

Chaloner (1967) showed, in a series of histograms. a
progressive increase in maximum spore size througQ the Early
and Middle Devonian and then a gradual segregation into
small spores and large spores and thus the commencement of
heterospory (Fig. 7). The overall picture according to Chaloner
(1967) seems to be consistent with a progression from a phase
beginning early in the Devonian with a low degree of
heterospory and continuing later in the Middle and Late
Devonian to a much more pronounced size di fference between
microspores and megaspores. According to Sussex (1966) the
fossil record suggests that there was an early and widespread
occurrence of heterospory in almost all the major groups of
land plants. By the Late Devonian or Early Carboniferous
Lepidostrobus, Sigillariostrobus, Pleurollleia, Lepidocarpoll.
Mazocarpon and Miadeslnia of Lycopsida; Palaeostacllya
and Calamostachys of Sphenopsida; Archaeopteris,
Lagenostoma and Trigonocarpus of Pteropsida and many
other plants as well had attained heterospory.

Cichan et al. (1984) considered that the term heterospory
has traditionally been used to describe plants that ha ve spores
of two different sizes (morphological heterospory). However,
because of the consistent correlation in extant plants between
a bimodal distribution in spore size and the production of
endosporic dioecious gametophytes, this term has also come
to denote a particular pattern of reproduction (biological
heterospory). To ascertain whether or not a plant is
heterosporous (in the biologically heterosporous sense), small
and large spores must be germinated and correlations between
spore size and archegonial versus antheridial production
observed (Cichan et al., 1984; Bateman & DiMichele, 1994).
Platyzonza (Tryon, 1964) is the first example of a dioecious
condition in a heterosporous, terrestrial plant where the spores
of two different sizes are found and the small spores bear the
antheridia while the larger spores produce archegonia.
DiMichele et ai. (1989), however, think that the gametophytes
of Platyzoma lack colonizing capabilities and that the life cycle
is not comparable to heterosporous species with endosporic
gametophytes. The ecological constraints inherent in the life
history of Platyzoma make it an unlikely candidate for
evolutionary intermediate. DiMichele et af. (1989) advocated
heterochrony to explain the independent evolution of
heterospory in most lineages of the lower vascular plants.

Galtier (1964), Brack (1970) and Brack-Hanes (1978)
suggest that in fossil plants, where developmental studies are
not possible, a biological definition of heterospory can only
be applied in cases of morphological heterospory where mature
gametophytes bearing either antheridia or archegonia are
found preserved within the spore wall. In the cases when micro-

Fig. 3-Showing the comparison of tentative megafossil generic assemblage zones in Devonian with palynological zones suggested by McGregor
(1977), Richardson (1974) and Banks (1980) (after Banks. 1980).
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Fig. 5-Givelian and Fransian megaspore species with apical promi­
nence. a.p.h. = apical prominence height. e.d. =equatorial di­
ameter (modified from Allen. 1972).

and megagametophyte development are imperfectly known,
they infer that biological heterospory was probably present
based upon a correlation with living plants. In cases where
the contents of the spores are not preserved, the precise nature
of the large and small spores is uncertain because the difference
in spore size may merely have been incidental and not
significant in a biological sense (Sussex, 1966). Bateman and

DiMichele (1994) suggest a spore size of200 11m is sufficient
to designate megaspores as probably containing archegoniate-
bearing gametophytes. •

Unfortunately, the contents of dispersed spores from the
Devonian are not preserved and the parent plants of the
Devonian spores with bifurcate processes, and most of the
other megaspores, are not known. Balme and Hassell (1962).
POlonie (1965), Banks (1968) and Gensel (1980) detailed ill silu
spores of Devonian plants. According to Gensel (1980) spores
described from the Devonian sporangia consist of 30 genera
and 40 species. She concluded that spore morphology seems
to be similar between the various species of some genera e.g ..
PsiLophyton, Pertim and Archaeopteris. Sometimes di fferent
genera may have the same type of spores e.g., TelraxyLopleris
and ReLlimia. Also, plants of quite different affinities have
more or less similar types of spores e.g., Krilhodeophyloll,
Cooksonia, CrassipariataLis and PsiLophyloll producing
spores assigned to ApicuLiretusispora.

Protobarinophyton and Barinophyton are exceptions
because the in situ spores of these two genera are small and
large spores (Cichan el aL., 1984). Both these genera exhibit
intrasporangial heterospory, i.e., the spores within a single
sporangium conforms to a bimodal size. According to Cichan
el al. (1984) microspores of Prolobarinophyloll
pennsylvanicum are 30-42 11m and the megaspores are 410-560

Fig. 6-Geographical distribution of ArclUleoperimc('f(s (black squares) and Nikitin.l'poriles· (white squares) (modified from Streel el al., 1990; map
modified from Scotese & McKerrow. 1990) .

./

"
Fig. 4-A table showing the first and last appearance of Devonian spore genera (modified from Chaloner, 1967).
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Fig. 7-A histogram showing the numbers of those genera which con­
tain species with a mean size exceeding 200 11m as megaspores
(mega) in contradistinction to miospores (mio) (modified from
Chaloner, 1967).

J.lm. The microspores of Barinophylon cilmlliforme are 30-50
J.lm and the megaspores are 650-900 J.lm. The sporangia of
Chalellria cirrosa (Andrews el al., 1974) also produce two
kinds of spores. The smaller ones are 30-48 J.lm in size whereas
the bigger ones range from 60-156 J.lm and both types are
produced in the different sporangia. The larger spores are
subcircular-circular in shape and sculptured with closely

packed minute grana. The smaller spores, on the contrary, are
triangular in outline and ornamented with baculi, coni, etc.
(Gensel & Andrews, 1984). The size range of the megaspore,',
of Chaleuria cirrosa falls far below 200 J.lm, a conventional
size often used to mark heterospory in dispersed spores (PI.
1).

Taylor and Brauer (1983) considered that BarinophYlon
citrulliforme might be regarded as a transitional stage in the
evolution of heterospory because the spores already differ in
size, wall structure and most importantly sexual expression
but are still found in the same sporangium. Cichan el al. (1984)
considered that in plants with spores distinct in size as well as
structure, there is a strong possibility that biological
heterospory was also present. They thought that differential
sporoderm ultrastructure in conjunction with dimorphic spore
size might potentially be a more viable indicator of heterospory
than differences in spore size alone. Using such evidence they
suggest that Prolobarillophyton pennsylvaniculII and B.
citrulliforme were biologically heterosporous. In the extant
lycopods some species of Selaginella have micro- and
megaspores in the same sporangium. The same phenomenon
was recorded by Goswami and Arya (1970) in !soetes pall Iii
and by Mondal (]978) in !soeles corolllandelilla.

The most characteristic feature of the megaspore of
Protobarinophyton pennsylvanicum and BarillophvlOll
citrulliforme is the wall structure. Both of them are spongy

(Wes.)(Sd) Ge. Si. Em. Ei. Gi. Fr. Fa.
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and in P.pcnl1sylvanicum SEM study reveals a porous surface
layer while the subsurface layer is alveolate and seems to be
composed of superposed sheets of wall matelial with numerous
oval/circular lacunae. In B. citrulliforlllc, the sporoderm layer
of the megaspore is loosely arranged giving a spongy
appearance. The microspore wall of B. citrullifonnc has a
homogeneous sporoderm and the microspore wall of P.
pcnl1sylval1icum is also different from that of the megaspore
(Taylor & Brauer, 1983; Cichan ct al., 1984). The spongy
megaspore wall structure of P. pcnnsylvaniculll and B.
citrulliformc shows some similarity to the megaspore wall
structure of Azalia, Salvinia, lsoetcs, Marsilca, as well as
Sclaginclla. Fitting (1900), Pettitt (1966), Fowler and Stennett­
Wilson (1978), Lugardon and Husson (1982) and Zhiyan (1983)
observed several layers of spongy sporoderm in the
megaspore wall of Azalia where the sporopollenin elements
forming the ektexine have ramifying rod lets. Pettitt (1966),
Lugardon (1973) and Lugardon and Husson (1982) also
recorded fairly comparable sponginess in the megaspore wall
of lsoctcs and Marsilca. Similar differences between the
microspore and megaspore wall structure found in P.
pcnnsylvanicum and B. citrulliformc were also observed in
the microspore and megaspore walls of Azalia, Salvinia,
Marsilca, lsoctcs and Selaginclla by Pettitt (1966), Stainer
(1967), Lugardon (1972) and Lugardon and Husson (1982). An
exception to this observation is found in the wall structure of
the microspores and megaspores of Archacoptcris. Here the
wall structure in both micros pores and megaspores found in
the microsporangia and megasporangia in organic connection
have similar wall features. Pettitt (1966) thinks the spores of
Archacoptcris cf. jacksonci was not far advanced from a
homosporous stage and the wall structure of the microspores
and megaspores had not differentiated much beyond that of
the common ancestral isospore type.

The spongy wall structure of the megaspores found in
Protobarinophyton and Barinophyton of the Devonian and
extant Azalla, Salvinia, Marsilca, lsoctcs and Sclaginclla is
indeed very striking. Except for Sclaginclla, all are aquatic
heterosporous water plants. Dilcher ct al. (1992) have
postulated that the presence of grapnel like processes in extant
aquatic Azalla, and in aquatic megaspores Arccllitcs and
Ariadnacsporitcs from the Late Cretaceous suggests that the
heterosporous genera, Ancyrospora and Hystricosporitcs from
the Middle and Late Devonian, also had an aquatic habit.
While the megaspores of Protobarinophyton and
Barinophyton are devoid of bi fid processes, the spongy nature
of the megaspore wall, which is comparable to the extant
megaspore walls of Azalla, Salvinia, lsoctcs and Marsilca
strongly suggests that they had an aquatic habit also.
Differences between the microspore and megaspore wall
structure of these plants may also suggest such a habit.

Dodd and Stanton (1990) assumed that
palaeoenvironmental reconstruction depend upon a

comprehensive understanding of the ecological significance
of each organism. Such ecological context consists of an
understanding of the ways in which present day organisms
function within their ecosystems, how their external ch'aracters
and physiology are adapted to their lives and the way in which
their morphology fits the environments. The spongy wall
structure of the megaspores of Azalla, Salvinia and Marsilca
provide buoyancy in aquatic environments. Thus it may also
be postulated that the same character found in
Protobarinophyton and Barinophyton megaspore walls were
adapted to the same kind of environment. In the opinion of
Dodd and Stanton (1990), the analogy of morphologrcal
similarities for individual entities or populations can be
regarded as a valid argument for environmental interpretations
that are time independent. Lorenz (1974) advocated that
whenever we find two kinds of life that are unrelated to each
other with a similarity in form it is probably caused by parallel
adaptations to SImilar environmental pressures. When we
correlate the megaspore wall structure of Protobarinophyton
pcnnsylvanicum and Barinophyton citrulllformc with the wall
structure of megaspores of living heterosporous aquatic ferns
and lycopods, we have to assume that these heterosporous
Devonian plants also lived in an aquatic environment. This
raises the possibility that heterospory may have originated in
aquatic environments. DiMichele ct al. (1989) reasoned that
the heterosporous sexual system is most advantageous in
aquatic and semi-aquatic habitats because these exhibit
physical conditions more consistently favourable for the
release of sperm and eggs. They further suggest that in such
environments the heterosporous species may have a distinct
advantage over homosporous forms.

Allen and Friend (1968) and Banks (1968, 1975) wrote
about the palaeoecology and palaeogeography of the
Devonian. According to them, when vascular plants appeared
on land all the continents were joined to form a megacontinent
and there may have been only about 2% oxygen in the
atmosphere. In the uplands there were abundant metamorphic
rocks and a predominance of mechanical over chemical
weathering. The earliest land plants seem to have occupied
chiefly mud flats. However, Banks (1975) assumed that the
Rhynia chert flora of Emsian age is a good example of an
inland intermontane bog (Fig. 6). Dineley (1979) remarked that
as much as 85% of the surface of the earth was covered by
water during Middle-Late Devonian time in addition to the
presence of continental ice in the south polar region. None
the less, the volume and the area covered by Devonian
sediments are greater than those of other Palaeozoic systems
(Raup, 1976). Gregor (1970) calculated that about 1.5 cubic
kilometers of sediment accumulated per year during this period,
which is more than double that of the Cambrian, Ordovician or
Carboniferous periods. According to Dineley (1979) this seems
to reflect the vigour of the geological cycle during the
Devonian. In North Atlantic, Devonian sedimentation took
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place widely and rapidly with thick greywackes and associated

clastic rocks, cherts and volcanics. In north-west Europe­

Russian platform volcanic activity was in full swing during

Early-Middle Devonian. In northern Asia, several cratonic

blocks collided and fused and stabilization was in progress

during the Devonian (Dineley, 1979). This turmoil in a vast

area was perhaps responsible for one of the three great

Phanerozoic phases of extinction of marine invertebrate life

mostly referred to as Frasnian - Famennian mass extinction

(McLaren, 1970; Cooper, 1977). Obviously, such

palaeogeographical and palaeoecological conditions were not

congenial for the plants to thrive in the terrestrial realm. The

marginal lacustrine environment where Ancyrospora,

Hystricosporites and Rhabdosporites langii are found in

abundance could easily harbour and nourish the megaspores

at the cradle of their evolution.

SUMMARY

The hypothesis is proposed here that aquatic

environments have provided plants with the potential to

develop a heterosporous mode of reproduction. Heterospory

has occurred independently in several groups (clades) of

vascular land plants at different times ranging from the Middle

Devonian to the Crelaceous. Many of the extant heterosporous

plants, that had their origins in these early times, are still1iving

in aquatic environments. An aquatic environment provides

increased potential for out-crossing between microspores and

megaspores and provides a safe environment in which to

disperse microspores and megaspores. The heterosporous

plants that gave rise to seed plants and heterosporous land

plants owe their origins to aquatic ancestries.
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ABSTRACT

Tiwari RS & Kumar Ra)iv 2002. Indian Gondwana palynochronology: relationships and
chronocalibration. Palaeobotanist 51 : 13-30

The concept of Gondwana Sequence on the Indian Peninsula is discussed from the view point of time.
geograph.ical extent and environment. It has been ascertained that Talchir deposition began in the late Asselian
(Early Permian) and not during the Permo-Carboniferous. The Karharbari succession is a distinct formation.
The Barakar Formation should continue to be placed in the Lower Permian of the bipartite division of the
Permian System. The Banspitali NaLa section, in the south of Damodar River. Ranigan) Coalfield. West
Bengal, India, may be a suitable nonmarine reference section for the Permian-Triassic boundary. To determine
the age-ranges of the palyn020nes through the Gondwana Sequence, there is a need for cross-correlation with
sections in the Himalayan region and in other areas of Gondwanaland.

Key-words-Palynology, Gondwana. Palynochronology, Correlation, India.
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INTRODUCTION

GONDWANA was a Supercontinent that assembled
during the Neoproterozoic (1000 Ma to the beginning of

Cambrian) from fragments of an older continent, Rodinia (Late
Mesoproterozoic, ca 1 Oa : Unrug, 1996), and existed as an
independent supercontinent through the major part of the
Palaeozoic Era. But during the middle Carboniferous, the
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Fig. I-Isolated Gondwana Supercontinent (G) during Neoproterozoic to middle Carboniferous. existing in the southern hemisphere independent
of the northern landmass (N).

northern landmass (Laurasia, Baltica and Siberia) collided with
Gondwana to form the supercontinent of Pangaea (Figs 1,2),
which continued to exist in the Mesozoic. Thereafter, its
components began to drift apart, ultimately into the
configuration of the present continents. Obviously, the
Gondwana Supercontinent sensu stricto remained as a
separate entity only up to the Late Palaeozoic; thereafter it
became a part of Pangaea, and lost its identity before the first
deposition of Gondwana facies on the southern continents.

However, the northern limits of the original cratons as
well as the Neoproterozoic mobile belts of the original
Gondwana Supercontinent continued to be well demarcated
within Pangaea. Gondwanaland thus comprised the southern
portion of Pangaea; and was partly separated from the northern
landmass by an equatorial sea, the Tethys (Fig. 2).

The distinctive characteristics of the Gondwana facies
are not because of its isolation as Gondwanaland but because
of location of most of its land region occupied high latitude in
the southern hemisphere thus providing a unique environment
(Veevets, 1993). Under the influence of the Gondwanan
climate, ecology and land-sea distribution as well as
geotectonics, the typical flora and fauna of Gondwana
maintained their identities during the Permian and most of the
Mesozoic (Tiwari & Vijaya, 1995).

Eastern Gondwana was intact with its component
continents even up to the Early Cretaceous (Aptian-Albian).
The Gondwana Sequence on the Indian peninsula
incorporating similar sediments with characteristic biota
spanned through the Permian and most of the Mesozoic. In
Australia and Antarctica, this succession continued even
beyond the Early Cretaceous as these landmasses remained
united up to the early Cenozoic, representing the last phase of
existence of Gondwanaland.

The close correlation between floras throughout
Gondwanaland during the Permian (Glossopteris floral
province) and during most of the Mesozoic support the
palaeogeographic configuration noted above. Palynofossils
are the primary reference group for establishing spatial
relationships in the regions of Gondwanaland and for
calibration of chronostratigraphy through links with marine
successions.

The Gondwana Sequence on peninsular India is basically
non marine although evidence for marine episodes occur
intermittently. Hence, the dictum that the Gondwana
succession comprises only non-marine deposits has to be
abandoned (Tiwari et al., 1995; Chandra, 1996;
Mukhopadhyay, 1996). Comparable situations exist in other
regions of Gondwanaland where mixed marine and continental
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Fig. 2-Pangaea, formed during middle Carboniferous. resulted from collision of Gondwanaland (G) and Ihe northern landmass (N); however, Ihe
northern limits of Ihe former remained demarcated, in most of the region. by lhe Tethys sea.

environments are recorded from Permian to Early Cretaceous
(e.g.. Madagascar: Rakotosolofo et ai., 1998), In these
situations, temporal correlations in nonmarine and marine
successions need to be refined with reference to palynozones.
The nonmarine nature of sediments should not hinder the
attempts for global stratigraphic correlation based on multiple
parameters.

Efforts continue to be made to fill the gaps in data and
resolve the existing problems for achieving palynologically
based chronology (i.e., palynochronology) of the Indian
Gondwana Sequence; e.g., Ti wari and Tripathi (1992),
Lindstrom (1995, 1996) and Tiwari (i 999a, b). The data
presented in these and other publ ications form the basic
framework for further refinement of chronology based on
palynology.

KEY ASPECTS IN PALYNOSTRATIGRAPHY

In the following account, key aspects of certain levels in
stratigraphy are discussed:
1. The Talchir Formation: age status as Permo­

Carboniferous?
2. The Karharbari Formation: litho-, bio-, and temporal

attributes.

3. Classification of Permian Gondwana and position of
the Barakar Formation: Lower, Middle or Upper')

4. Permian-Triassic Boundary (PTB) at outcrop. south of
Damodar River, West Bengal: a candidate for nonmarine
stratotype?

5. Gondwana palynochronology.

1. The Talchir Formation: age status as Permo­
Carboniferous?

On the peninsula of India, the deposition of the Gondwana
Sequence commenced with the Talchir Formation, which lies
unconformably on uneven Precambrian basement. Talchir
sediments, present in all of the basins, are typically of glacial
origin with intermittent intercalations of lacustrine and shallow
marine tidal-flat deposits through most of the formation
(Casshyap & Tewari, 1987). Two distinct levels of marine fossils
have been recorded. In the older horizon (i.e., Manendragarh
Bed in Madhya Pradesh), a Eurydesllla-DeitopeClell bivalve
fauna of an Asselian age, while the younger level (i.e., Umaria
Bed in Madhya Pradesh & Daltonganj, Bihar) is characterised
by Stepftanol1viella, which implies a Sakmarian age. These
two marine marker beds correlate with two transgressi ve phases



16 THE PALAEOBOTANIST

~~ ~~C:J STAGEIr~C:J C:J~I~

(f)
z
< Olenekian« :::I:

0:: .....
>-..... U Induan· Cf)L&.J

~
z

Changhsingian<
0:: (!)
L&.J z
Cl.. Q..

Wuchiapingian· g...J
z

Capitanian<t
~ Q..
0:: =>

...J WordianL&.J <t
Cl.. 0· <t
~ => Roadian

(!)

Kungurian
Z
<t

Artinskian-
~ ...J
0:: <t

0::L&.J =>Cl..
I Sakmarian

· CJ)L&.J -
U

Asselian

A

STAGE ~~~
c}C:J

(f)
Olenekian «-

~
Induan .

L&.J

Tararian Z«-
~

- - - - - ------ 0::
L&.J
Cl..

Kazanian L&.J
.....«
...J

Ufimian

Kungurian
~
0::Artinskian L&.J
Cl..

Sakmarian ~
0::«
L&.J

Asselian

B
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of the Tethys sea. The occurrence of eurydesmids and
productids in the Bap Formation of Rajasthan also correlates
with the Early Permian of Salt Range on one hand and the
Talchir Formation in Central India on the other, both indicating
glacio-marine conditions (Rao et aI., 1977). In addition, there
is evidence of marine signatures in other areas and basins
(e.g., varied leiospherids) indicating widespread marine

influence over the peninsula during Talchir deposition
(Venkatachala & Tiwari, 1987; Tiwari et al., 1995; Ravi Shanker
etal,1996).

Palynologically, three species assemblage zones have
been established through the Talchir Formation. From oldesl
to youngest these are: (I) -Potonieisporites lleglecllIs, (2)
- Plicatipollellites gOlldwallellsis, and (3) -Parasacciles

'-
/'

Fig. 4-Geological map of the area south of Damodar River, Raniganj Coalfield, West Bengal, depicting the RaniganjlPanchet Boundary in (our
sections. Bold arrows indicate the localities whence samples were collected for palynoanalysis : I Machhkanda Jhor, near Gorangi Hill: 2.
Machhkanda Jhor, near its confluence with the Damodar River: 3. Banspil2li Village. Section in Banspitali Nala: 4. Tetularakh Nala. near
its confluence with the Damodar River (see also Fig.7).
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Fig. 5-Generalized sections and palynoassemblages recovered from the four localities depicted in Fig. 4.

korbaensis. For author and date attributions to these
palynotaxa and others mentioned in this paper, see Tiwari
(1999a).•

The structure of these zones does not indicate a Late
Carboniferous age for the Talchir palynoflora (Tiwari & Tripathi,
1992; Vijaya, 1996; Tiwari, 1999a, b). These palynozones are
dominated by radial or bilateral monosaccate pollen with
monolete or trilete germinal mark (species of Potonieisporites,

Parasaccites, Virkkipolleni/es and their morphological
variants). A progressive incremental innovation of
morphologies takes place from the oldest to the youngest
zone. Consequently, the First Appearance Datums (FADs) of
zonate-cingulate spores (Jayan/isporites cf. cOila/us), and
bilateral (Parasaccites bilateralis) and striate pollen
(Crescent ipollenites fuscus and Fa tlnipollell ites perexig uus)
are recorded in Zone II. Further proliferation of forms is
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Formation

Panchet
Formation

Raniganj
Formation

Assemblage

Playfordiaspora callcel/osa
Assemblage
(in khaki green shale,
sst of upper reaches)

Krempipollelliles illdieus
Assemblage

(in lower shale, SSl

khaki-green shale suit)

Dellsipolleniles
magnieorplls
Assemblage

(in uppermost
coal-shales-sst suit)

Spore-pollen species

Arcumipo/leniles asansoliellsis, Rillgosporiles fossulatus.
Indol riradiles mamilla/lls, Playfordiaspora cancel/osa,
Verrueosisporiles narmianus, GUllalisporiles ambiguus,
Osmundacidiles Sellee/llS, GOllbinispora morolldavellsis

Alisporiles lalldianlls, A. asanso/iellsis, Callwnispora grelensis.
Lundbladispora breviellla, LlIndbladispora microconala,
Verrueosisporiles narmianus, Densoisporiles playfordii,
Densoisporiles COll/ae/llS, Krempipolleniles indiclls,
Areualipol/eniles pel/ueidus, Areualipolleniles damudiells,
Lahiriles Iriassicus

Densipollelliles magnieorpus, D. densus, D. indieus,
GOlldisporiles raniganjensis, Barakariles indicus.
LeiOlrileles virkkii, Kendosporiles slrialus,
Columinispora sp., LaevigalOsporiles colliensis,
Creseenlipollellilesjuseus, Slrialopodocarpiles liwarii,
Rhizomaspora Iriassiea, Slrialopodoearpiles decorus,
Lundbladispora sp., Verticipol/eniles seerelllS. Plalysaccus sp.,
Slrialiles sewardii, Scheurillgipolleniles maxim LIS,
Cedripiles prisells, Faleisporiles nlllhallellsis,
Areualipollelliles ovalis, Krempipollelliles sp.
Slrialopodocarpiles diffusus

Fig. 6--0ccurrence of important spore-pollen species across the Raniganj/Panchet Boundary based on studied sections, emphasising a transforma­
tion from Permian to Triassic palynofloras.

evidenced by the cruciform-saccus-bearing monosaccate
pollen (Crucisaccites latisulcatus), simple bisaccates
(Scheuringipollenites maximus), and a trilete spore species
with well-established stratigraphic index-value in Australia and
Antarctica (Microbaculispol'Q tentula) commencing in the
Zone III.

Palynozone I is highly impoverished, possibly because
of adverse climatic conditions or taphonomic factors. So far,
no typical Carboniferous palynomorphs (e.g.,
Diatomozonot ri letes, Lycospora, Cristatisporites,

lycosporoid elements with small cingulate-zonate spore
species, Convolutispora, Pustulatisporites) have been
identified in the Talchir assemblage. Plant megafossils
characteristic of a Carboniferous age are also absent from
horizons of peninsular Gondwana. Lepidodendron forest
existed in the southern hemisphere prior to the Glossopteris

flora; inception of the latter coincides with the base of the
Talchir Formation. The genera Cyclostigma,

Archaeosigillaria, Nothorhacopteris (Rhacopteris).

Rhodeopteridium, which are characteristic elements of the
Carboniferous in the southern hemisphere, are absent from
the Gondwana Sequence of India.

Accordingly, the Talchir succession cannot be dated as
Carboniferous, or even Permo-CarbOniferous. A recent
reinterpretation by Apak and Backhouse (1998) of the Permo-

Carboniferous stratigraphy of the Canning Basin, Western
Australia provides further support for this conclusion. The
Grant Group of the Canning Basin has been now redefined
and divided into (I) Reeves Formation (previously known as
Lower Grant Group), and (2) Upper Grant Group. None of the
assemblages, or their component taxa, that are typical of the
Reeves Formaion representing a Carboniferous palynological
complex, is present in the Talchir Formation (for details see
Apak & Backhouse, 1998; Backhouse, 1998). With the revised
stratigraphic scheme, all sediments included within the younger
'Grant Group' (new delimitation) belong to the
Pseudoreticulatisporites confluens Zone of Foster and
Waterhouse (1988). The palynologically defined Stage 2 of
Australia has thus become vague in its limits. The Talchir
assemblages are broadly correlated with P confluens Zone
(Asselian) of the younger Grant Group.

From an analysis of Early Permian deglaciation in eastern
Gondwanaland, Wopfner (1999) suggested that deglaciation
extended from the latest Asselian to about the mid Sakmarian.
The change from a glacial climate to cool temperate post-glacial
conditiOns is reflected by a change in the mineralogical
composition of the sediments (see Wopfner, 1999). The
massive shales at the top of the Talchir sequence, partly
associated with Eurydesma, Deltopecten and Linoproductus,

probably represent this deglaciation event (Wopfner &
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Sample No.

B-1

B-2

Lithology

Coal

Sandstone, massive

Thickness
of samples (in m)

15

20

Remarks

Lowermost sample:
Topmost coal of RaniganJ
Formation
Roof sandstone (Gorge)

Formation

Raniganj

Contact

*
B-3

*
B-4

*
B-5 to B-8

*
B-9

*
B-IOtoB-12

*
B-13 to B-15

*

B-16 to B-26

B-27

*
B-28

Calcarious pebbly bed
Khaki-green & Greyish shale
Sandstone
Khaki-green & Grey shale
Sandstone
Khaki-green shale
Sandstone
Khaki-green shale
Sandstone
Khaki-green shale
Sandstone
Khaki-green Shale}
Sandstone

Khaki-green shale
Sequence

Khaki-green shale

Thick sandstone
Khaki-green + Red clay

5
I

0·30
2
1
4

0'50
I
4

3
2·00
0·50
0'50

Meter wise
II samples

SO
1'5

30
2

Gap (alluvIUm cover)

Parting

Parting

Parting
Dip IS° N

Gap
Bottom Run of a hillock section
Top

Gap
Ahead of confluence of two branches
of nala

Appearance of
red-chocolate colour

Panchet

Upper
Panchet

*
B-29

B-30

B-31

Massive sandstone yellow colour
Red-chocolate mixed
with khaki-green shale
Red-chocolate mixed
with khaki-green shale
Red clay

Topmost

samples

Fig. 7-Lithological sequence (ascending stratigraphic order) encompassing Raniganj/Panchet Transition and major part of the Panchet Forma­
tion in the Banspitali Nala section near Banspitali Village.

Casshyap, 1997; Wopfner, 1999). This indicates an Asselian
to Sakmarian age for the beds containing invertebrates and
the younger deposits of the Talchir Formation.

Waterhouse (1976) opined that the Eurydesma fauna is
of Kunnanian age (youngest Asselian substage). If accepted,
this ties the Manendragarh marine bed of the Talchir Fonnation
in Madhya Pradesh, having this fauna, with the late Asselian.
The numerical age-range for the Asselian is from 295 ± 5 Ma

(Permo-Carboniferous Boundary) to 287 Ma (Asselian­
Sakmarian Boundary) as estimated and synthesised by Ross
et al. (1994). The beginning of the Talchir Formation coincides
with the second half of this period.

Further analysis of the palynological succession through
the Carboniferous-Permian sequence in Australia and India
reveals that, although the main stocks of radial and bilateral
monosaccates and nonstriate bisaccates appear in the

'-
/'

Fig. 8-Sequence and inferred age of palynozones through the Gondwana Sequence of India (based on Tiwari. 1999a. b with addition of few new
palynozones. FADs and Dominance Datums (DOD): Index DOD; in certain cases the dominance datum is not determined by counts but
estimated by relative abundance of taxa).
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Spelaeotriletes ybertii Zone (now dated as Namurian: Vijaya
& Tiwari, 1992; Apak & Backhouse, 1998), the Talchir
palynoflora typically consists of a much more diversified and
highly evolved Permian spore-pollen assemblage including
Caheniasaccites decorus, C. densus, C. diSlinClus, C. ovalus,
Crescenlipol/eniles jUSCllS, Crllcisacciles latisllicallls,
Faunipolleniles perexigllus, F maximus, Jayanlisporiles
conatus, 1. indicus, 1. pseudozonarus, Microjoveolalispora
joveolala, Parasacciles bilaleralis, P. densicorpus, P.
korbaensis, Plicalipolleniles dislinClus. P. indicus, P.
trigonalis, POlonieisporites crassus, P. magnus. Rugasacciles
obscurus, Scheuringipollenites maximus. Tuberisaccites
tubercula Ius, T varius, and several others; these forms are
not recorded from the S. yberlii Zone.

The Talchir palynofloras are much more similar to the
Lower Permian Karharbari (Crucisacciles monolelus
Assemblage Zone) and Barakar (Scheuringipolleniles
barakarensis and Faunipollenites varius Assemblage Zones)
palynofloras than to the Carboniferous Stephanian (Deusililes
tenuislrialus Assemblage), Westphalian (Dialomozono­
trileles birkheadensis Assemblage) or Namurian
(Spelaeolrileles yberlii Assemblage) palynofloras. Clearly, the
Talchir Formation must be regarded as Permian in age.

2. The Karharbari Formation: litho-, bio-, and
time-attributes

The Indian Gondwana Sequence was initially subdivided
into formational units on the lithological characteristics and
biota, or exclusively on the latter. Subsequent researches
established a close relationship between these parameters in
most of the successions which ultimately acquired
chronostratigraphical ranks. However, at times, the correlation
of lithology and biota are not compatible. The Karharbari
Formation, although now defined lithologically in most basins
of the peninsula, cannot be delimited in certain sections in
spite of its typical plant fossils. Wherever it is distinctly

delineated, it is distinguished from the underlying Talchir
Formation by the presence of high-grade coal seams, grey,
carbonaceous shales, and generally coarse-grained, gritty or
pebbly sandstone containing recycled material from khaki­
green shales of the Talchir Formation.

The lithologically distinctive characters and mappability
of the Karharbari Formation have been strongly supported by
Ghosh et ai. (1964) and Ghosh and Basu (1967) in several
basins; however, in a few areas it is not clearly distinguishable
from the Barakar Formation unless it contains identifiable plant
remains (Sastry el al., 1977). The typical Karharbari flora has
been referred to the Gondwanidium-Buriadia Assemblage
Zone (Shah et ai., 1971). Chandra (1992) revealed that the leaf
genera Gangamopleris and Noeggeralhiopsis, both lacking
midribs, are dominant, whereas Buriadia, Dolinitia,
Euryphyllum, Ginkgophyton, Gondwanidiul1l and
Palmatophyllites have their first appearance in this formation.
Other plant fossils which may be present are Arberia.
Glossopleris, Neol1lariopleris, Oltokaria, Phyllotheca and
Vertebraria.

Palynology further circumscribes the Karharbari
Formation which contains Crllcisaccites palynozone (Vijaya
& Tiwari, 1992). The Talchir palynoflora reaches its climax of
diversity at the base of the Karharbari Formation without any
extinction of morphotypes. Many new palynomorphs derived
from the Talchir stock developed from the monosaccate,
nonstriate bisaccate and striate bisaccate groups. In addition,
the FADs of Barakariles gondwanensis, Cal/ulJlispora
barakarensis, Crescenlipollenites limpidus, C. rhombicus,
Crucisaccites monolelus, Densipol/enites indicus.
M a rsupipollen ites triradiatus, Sch eu rin g ipollen i les
barakarensis. Slellapollenites talchirensis, Tiwariasporis
gondwanensis, Welwilschiapites magnus, and a few others,
are recorded within the Karharbari succession.

The Karharbari Formation, with coal seams and
characteristic plant fossils, conformably overlies the Umaria
marine bed (in Madhya Pradesh) ofEarly Sakmarian age; hence
a Sakmarian to Artinskian age has been assigned to the former

PLATEl .......
7"

Characteristic spore-pollen taxa of the Raniganj Formation at the transit-sequence in OutcrOp sections of the south of Damodar River,
Raniganj Coalfield. West Bengal. All figures are ca x 500. The slides are deposited at the repository of the Department of Applied Geology.

Barkatullah University. Bhopal (DAG BUB). Registered Numbers are given against each figure.

I.
2.

3

4.

5
6.

7

Gondisporiles raniganjensi.\ Bharadwaj 1962, Reg. No.103: 8.
Densipo/leniles densus Bharadwaj & Srivastava 1969, Reg.
No.104: 9.
Densipo/lenile.\ magnicorpus Tiwari & Rana 1981, Reg. No. 10.
104; II
Densipo/leniles indicus Bharadwaj 1962, Reg. No. 105:
toluminisporile.l' sp. Reg. No. 105; 12.
Kendo.\poriles .\·lriallL', (Satujha) Surange & Chandra 1975, Reg. 13.
No.103:
Scheuringipo/leniles maximus (Han) Tiwari 1973, Reg. No. 14.
105; 15.

SlrialOpodorarpiles derorus Bharadwaj & Salujha 1964. Reg.
No.105;
Slrialiles .I'ewardii (Virkki) Bharadwaj 1962, Reg. No.106:
Verliripollenile.\ .I'ecrelUs Bharadwaj 1962, Reg. No.107:
SlrialOpodocarpile.1' diffusu.1 Bharadwaj & Salujha 1964, Reg.
No. 105;
Inner body-like objects in a bisaccale pollen. Reg. No. 108:
Ali.l'porile.l' a.wmoliell.\is Maheshwari & Banerji 1975. Reg.
No.109:
Slrialiles selVardii (Virkki) Bharadwaj 1962, Reg. No.IOG:
Cresl'ell/ipolleniles Iuseus (Bharadwaj) Bharadwaj el at. 1974.
Reg No.105;
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(Tiwari, 1999a). The Karharbari plant megaflora is also generally

similar to that of the Gangamopteris Bed (sensu stricTO) of
Kashmir which has been dated as late Sakmarian to Artinskian
(Ravi Shanker et ai., 1996). The marine fauna of the Garu
Formation, Arunachal Pradesh, establishes a Sakmarian age
for the associated palynoflora which, in turn. is closely.
correlated with that in the Karharbari Formation (Singh, 1987).
Further, a Sakmarian dating of the Karharbari Formation is
reinforced by a recent discovery of a closely similar spore­
pollen palynoflora in coal-balls occurring in the Bomte Member
of the Garu Formation, west Siang District, Arunachal Pradesh.
These coal-balls contain typical marine fauna (e.g.,
brachiopods Coslalu/nulus, Cyrlella, Strophiosia, Tiverlonia,

TOll1iopsis, Trigonolrela) of Sakmarian age (Archbold & Singh,
1993; Srivastava & Bhattacharya, 1998).

In Gondwanaland, a broad-based relationship has been
suggested (Tiwari, 1999a, b) between the Karharbari
palynoflora and those of the following: Beacon Super Group
of Dronning Maud Land and the Mount Glossopteris
Formation in Trans-Antarctica (Antarctica); Stage 3 of
Australia; and Karoo Zone 3 of the Middle Ecca Series in
South Africa.

An analysis of the depositional history of the Karharbari
Formation by Casshyap and Tewari (1987) revealed that the
basal Karharbari contains conglomerate bodies which are c1ast­
supported, elongated channel-like and massive to cross­
bedded. The conglomerate facies merges into pebbly, gritty
and coarse to medium sandstones. The succeeding Karharbari
Formation is sandy, becoming finer upwards. The coal seams
are relatively thin and laterally impersistenl. The cycles are
asymmetrical in which the lower sandstone member exceeds
the upper shale and coal.

The overlying Barakar Formation differs in comprising
recurring fining upward, symmetrical cycles of coarse to
medium sandstone interbedded with fine sandstone, siltstone,
shale and coal. The increased thickness of fine facies usually

distinguishes it from the Karharbari Formation, but even where
it is not readily differentiated its plant megafossil and
palynological content is diagnostic in almost all of the basins
The coal-shale-sandstone sequence of the Karharbari retlects
deglaciation, amelioration of climate and proliferation of
vegetation.

It is concluded that the Karharbari Formation is a generally
recognisable lithological succession that yields plant
megafossils and palynomorphs of late Sakmarian-early
Artinskian age.

3. Classification ofPermian Gondwana and
position of Barakar Formation: Lower, Middle

or Upper?

The redefinition, new classification and revised names
and boundary levels for series and stages of the Permian
System, based on marine sections, have been recently
approved by the Permian Subcommission of the International
Commission for Stratigraphy (ICS; see Fig. 3) despite strong
opposition and lack of unanimity amongst the world's
stratigraphers. The stratotypes for the Upper Permian units of
the Standard Global Chronological Scale (SGCS) outside of
the classical Volga-Urals regions are now selected because of
the mostly nonmarine nature of sections in this region. The
Permian System has now been divided into Cis-Ural ian,
Guadalupian and Lopingian, corresponding to Lower, Middle
and Upper Permian, respectively. The type sections for
exclusively marine successions have been selected from the
Urals for Cis- Uralian, the USA for Guadalupian, and South
China for Lopingian. Hence, the Permian System is now based
on a unified and composite sequence with its three
subdivisions based on widely separated regions, broadly
situated within low palaeolatitudes.

PLATE 2 '-
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It is not intended to discuss here the merits and demerits
of this classification because vigorous exchange of ideas has
already taken place through the international forum (see News
Letters of the Subcommission of Permian Stratigraphy;
Permophiles, 1995-2000). Hence, only brief observations are
made below on the adoption of the revised scheme with respect
to the Permian Gondwana Sequence, particularly on the Indian
peninsula.

World marine faunas are all subject to well-marked
provinciality because of varied temperatures, water currents
and chemical composition in habitats and latitudinal situations.
An ideal correlation based on faunal or floral remains across
the globe is not possible. Correlation between marine and
nonmarine sequences is impossible unless it is based on
shared fossils, such as palynomorphs, and even then it is by
no means easy. The correlations between different floral
provinces, based on palynomorphs, that have been attempted
so far are inadequate because they are based on 'Apparent
Form Similarity' in spore-pollen morphology, rather than real
similarity. Palynomorphs produced by unrelated types of
vegetation may show superficial gross comparable features
but differ in intricate details of exine and organisation (Tiwari,
2000). Correlations based on such discrepancies cannot be
sustained. The Permian Gondwana in India is basically
nonmarine, and even palynology fails to cross-correlate with
the northern marine sequences for SGCS because of the
marked dissimilarities in the morphologies of palynomorphs
from different floral provinces. As a result, no objecti ve basis
for determining the three divisions of the Permian in India has
been established.

As opined by Archbold and Dickins (1997), the two-fold
subdivision, based on the traditional Russian type-sections
has proved useful to Gondwana workers. The American and
Chinese sections may perhaps be regarded as supplementing
this classical scale., The Russian stages have long been
established and substantiated in continuous successions in a
single large region, a point that is very much in their favour by
comparison with the three-fold system which, moreover, is
not applicable outside of the palaeo-equatorial belt. It is
therefore suggested that use of two-fold division of the
Permian on peninsular India and in other regions of
Gondwanaland should be continued for the time being.

As already discussed, the Early Permian sequence in
Gondwana basins of peninsular India is represented by the
stratigraphic continuum of the Talchir, Karharbari and Barakar
formations. The lower part of the Barakar Formation consists
of braided channel deposits. In the mid Barakar, meandering
channel systems are recognised. In places, deltaiclbrackish
water c9nditions may also be indicated. In the upper part,
marine indicators are more common, suggesting a close
proximity to an epicontinental sea. A pronounced hiatus above
the Barakar Formation delimits the top of the Lower Permian.
Thus, according to the bipartite division of the Permian system,

the Barakar Formation is positioned at the upper Lower
Permian. Two palynological zones have been identified within
the formation : Scheuringipollenites barakarensis
Assemblage Zone (Lower Barakar), and Faunipollenites
varius Assemblage Zone (Upper Barakar), dated as Artinskian
and Kungurian, respectively.

The Barakar palynoflora is more similar to successively
younger palynofloras of the Upper Permian Kulti and RaniganJ
formations than to that of the underlying Karharbari Formation.
Yet an Early Permian character is also evident in the form of a
fair representation of radial monosaccate pollen and
persistence of Potonieisporites, Plicatipollenires.
Parasaccires and Virkkipollenires, species of which generally
terminate at the top of the Barakar Formation. This formation
was deposited during a time when vigorous floral
diversification was taking place; hence, its transitional content
of floras from earlier Early Permian and Late Permian (Tiwari &
Tripathi, 1992; Tiwari, 1999a).

4. Permianffriassic Boundary at outcrop, South
ofDamodar River: a candidate for nonmarine

stratotype?

Ghosh et al. (1996) detailed the lithology, palynology,
and conchostracans from the RaniganjlPanchet formationnl
boundary interval exposed in three rivulets-Tetularakh Nala,
Banspitali Nala and Machhknnda Jhor, in an area south of the
Damodar River, Raniganj Coalfield, Damodar Basin, West
Bengal. These authors also measured the sections and
synthesised various parameters for locati ng the Perm inn­
Triassic Boundary (PTB) in the Raniganj Coalfield. This led to
the conclusion that the PTB in the area coincides the Raniganj!
Panchet lithostratigraphic boundary (see also Bharadwaj ef
ai., 1979; Tiwari & Singh, 1983; Vijaya & Tiwari, 1986; Tiwari &
Vijaya, 1992; Tiwari, 1999a, b). Of the three sections, Ghosh ef
al. (1996) recommended that the Banspitali Nala section be
designated as type section for the continental Permian/Triassic
Boundary on the basis of estheriid zonation, palynology and
plant and animal megafossils.

With a view to further consolidating the data in favour of
this proposal, we have undertaken a study of spore-pollen
distribution in four sections (Locality Numbers 1-4, arrowed
in Fig. 4). The generalised lithological sections, and the
palynological assemblages recovered from various levels are
illustrated in Fig. 5, and the overall occurrence of important
species in successive levels is depicted in Fig. 6. In conformity
with the observations of Ghosh et al. (1996), it is concluded
from the present study, both field observations and
palynological analysis, that the Banspitali Nala, near BanspitJli
Village (to its west: 86°54' : 26°37' - Locality 3 in Fig, 4) is the
best section and has also yielded four fairly representative
assemblages in succession (Pis I, 2), These assemblages are
from the RanigajlPanchet Transition, as shown below:
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(in lower shale-sst
khaki-green shales)

OLENEKIAN

Early Triassic

INDUAN

boundary. It should be noted that, although the palynological
results so far obtained indicate a palynofloral shift across the
boundary and the PTB could be located at this level, more
closely spaced samples should be analysed because the
palynological recovery has been only fair to poor.

Being a nonmarine succession, it cannot be referred
directly to the standard marine stage. Hence a stratotype of
Global Standard Section and Point (GSSP) is not required,
merely a designated reference section. The Banspitali Nala
section is potentially a good candidate for a PTB reference
section in nonmarine deposits.

The determination of epoch and age of these assemblage
zones has been discussed by Bharadwaj et al. (1979), Tiwari
and Vijaya (1992), Ghosh et al. (1996), Tiwari (1999a, b, c), and
others, based upon palynology, plant megafossils, estheriids,
nonmarine vertebrate fossils, palynological cross-correlation
with the well-dated Tethyan succession of the Himalaya,
sequence stratigraphy and inter-regional relationship with
comparable levels in Australia, Madagascar and Antarctica.

Notwithstanding such attempts, there remain several
important points to be discussed for establishing the section
as a stratotype for the nonmarine PTB. The Bansapitali Nala
section is well exposed, easily accessible and shows a
continuous sequence. The marker bed for the uppermost
Raniganj, a 1·5 m thick seam, is well exposed. It is overlain by
a massive sandstone (about 20 m thick). The RaniganjlPanchet
Boundary is indicated by a few metres of alluvial deposits,
followed by a calcareous pebbly bed, about 5 m thick, and
then a continuous khaki-green shale-sandstone-sequence,
typical of the Panchet Formation. The boundary section
concerns only this part of the succession (Fig. 7) although the
khaki-green shale-sandstone sequence continues upward to
expose the entire Lower Panchet Formation until chocolate­
coloured facies of the Upper Panchet become prominent (see

also Ghosh et al., 1996).
The alluvial deposit and calcareous pebble bed at the

boundary may indicate a significant break, as in other sections,
but it is not a major unconformity; the whole succession has a
conformable aspect. Moreover, the palynological components
do not indicate a sudden floral break. It is, therefore, inferred
that the RaniganjlPanchet contact in the Banspitali Nala
section records an episode of a subtle, perhaps climatic,
change.

Hence, a team of experts in sedimentology, stratigraphy,
palaeontology, geochemistry and geophysics should now
analyse all aspects (including carbon - isotope and
palaeomagnetic reversal studies) of the section, an approach
that is necessary prior to allocating the type section of a system

RANIGANJ Densipolleniles

FORMATION magnicorpLis

Assemblage Zone
(in uppermost unit of coal,
shale-sst)

TATARIAN
Late Permian 5. Gondwana Palynochronology

A study of the time significance of palynozones is
palynochronology. During the last decade, a palynological
zonation for the Gondwana succession on the Indian peninsula
has evolved (Tiwari & Tripathi, 1992; Tiwari, 1999a, b). The
chronological value of these palynozones is further enhanced
by the fact that they can be applied beyond the Indian
subcontinent, mainly elsewhere in Gondwanaland (Lindstrom,
1996; Warrington, 1996). The relevance of the Standard Global
Chronological Scale (SGCS), exclusively erected on marine
fossils, is obviously limited in case of nonmarine sequences.

In order to delimit the time significance of palynological
zones in Indian Gondwana, the scheme given by Tiwari (1999
a, b; also Fig. 8) could form the basis for further discussion
and filling in gaps. For such a goal to be achieved, promising
areas where marine fossils occur along with abundant
palynomorphs should be investigated. The lesser Himalaya
and Tethyan sequence on the Indian subcontinent, northwest
peninsula and the east coast are most suitable regions for
such investigations because of their close floral relationship
with the Gondwana basins on the peninsula. The Gondwana
succession in Madagascar and Australia have intermittent
marine control and can also provide comparative palynological
data. To a large extent, the time connotations of the nonmarine
fauna and flora of the peninsular India are also well established
(see Borkar, 1993; Satsangi, 1987; Tiwari, 1996, 1999a, b, d;
Bandopadhyay & Roy Chowdhary, 1996; Prasad & Jain, 1994;
Prasad et al., 1996; Kutty et al., 1988; Prasad, 1997; Wopfner,
1999; Vijaya, 2000; Vijaya & Roy, 2000; and references therein).
Event stratigraphic, radiometric and carbon-isotope studies
could provide additional help in refining palynologically
determined chronology.

CONCLUSIONS

The Gondwana succession of the Indian subcontinent is
traditionally accepted to encompass a time span from the
Permo-Carboniferous to Early Cretaceous. Its northern limit is
the boundary of the greater Indian Plate in the Himalayas. It is
a mainly nonmarine succession but there are some marine
intercalations caused by epicontinental sea incursions on the
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peninsula; the marginal regions are predominantly marine yet

they are allied to peninsular Gondwana. Most of the plant

fossils have a Gondwana affinity; thus the Gondwana

Sequence should not be defined exclusively on the basis of

nonmarine deposits.

A Late Asselian (Early Permian) age has been determined

for the beginning of Talchir deposition, and not Permo­

Carboniferous, as previously thought. The succeeding

sediments form a distinctive unit identifiable as the Karharbari

Formation.

The practice of placing the Barakar Formation in the

Lower Permian of the bipartite division of Permian should be

continued until a satisfactory ciassification of the nonmarine

succession has been established. The newly adopted tripartite

ivisional scheme for the Permian System. based on marine

stratotypes from three widely separated regions in the palaeo­

equatorial belt. does not seem appropriate for the Gondwana

region and needs further assessment.

A continued search for greater precision in the location

of PTB on the Indian peninsula has led (0 an outcrop section

of the RaniganjlPanchet formations in the south of the Damodar

River. Raniganj Coalfield. West Bengal. The palynology of

this section conforms with those in other areas of the Damodar

Basin, but if it is to be established as a reference section, a

multidisciplinary study including further palynological work

will need to be carried out.

Gondwana palynochronology is a challenging target to

achieve so that the time significance of various palynozones

can be established. Although a zonal framework for the

Gondwana Sequence has been erected, several gaps in the

record need to be filled. Palynological correlation with marine

sections in the Himalayan region of the greater Indian Plate

and also in other areas of Gondwanaland is necessary. Marine

faunas or palynofossils from marine stratotypes from extra­

Gondwana regions of the northern hemisphere have little

relevance in erecting the nonmarine Gondwana

biochronostratigraphy.
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ABSTRACT

Sharma BD. Bohra DR & Suthar OP 2002. Reinterpretation of an extinct taxon Sporangioceros nipanica
Sharma el al. from the Rajmahal Hills. India. Palaeobotanist 51 : 31-36.

Morphology of an elongated. cylindrical. oval or ovate. coenocytic plant fossil resembling sporogonium
of NOiOlhylas is reinterpreted and correlated now with an extant fresh water green alga Charaeiosiphon
Iyengar. In extinct material the wall layer is present but non-cellular and is covered over by a thick mucilaginous
sheath. The protoplast is divided into discrete units each with a chloroplast and the nucleus. Zoospores? and
zoogametes? liberated through an apical pore. Aplanospores are also identified. A new name Characiosiphoniles
nipanica has been suggested for Sporangioceros nipanica and a reconstruction of the fossil plant is attempted.

Key-words-Mesozoic. Coenocytic. Discrete protoplasts, Green alga.
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INTRODUCTION

n AO (J 943) while working on the chert from Nipania in the
.l'Rajmahal Hills, Bihar (now Jharkhand) observed isolated
sporangia in thin sections and identified as sporangium I,
sporangium 2 and a doubtful 0) sporangium (Rao, 1943; Figs
38-44). The latter two types are similar to the presented here
material. Mittre (1958) could also see a number of isolated
sporangia in Nipania chert and in 1969 he figured spore mother
cells and dividing chromosomes in them. Sharma ef at. (1984)
on the basis of study of a number of sporangia like specimens
in thin sections prepared through the Nipania chert, established
a new taxon Sporangioceros nipanica. It also included
'Sporangium 2' and '(") Sporangium' ofRao (1943) and similar
fertile structures. Sharma and Suthar (1986) figured some more
and better preserved specimens of S. Ilipanica and correlated
it with Notolhylas of Anthocerotales (Bryophyta). Since then
many more speci mens showi ng di fferent stages of development
and sizes are observed in thin sections prepared through the
Nipania chert and on this basis the relationship has now been
suggested with the fresh water green alga Characiosiphon
rivularis Iyengar (1936). It grows in groups in shallow water
on stones and pebbles. The alga is unicellular with discretely
scattered, condensed protoplast units in the thallus. Each
protoplast has a large chloroplast (circular or angular), a small
nucleus, a pyrenoid body and 2-5 contractile vacuoles.
Comparison has also been made with other similar green algae
e.g., Characiochloris, Protosiphon, Codiolul11, etc. (Fritsch,
1935; Bold ef al., 1987). In the present paper a new name has
been suggested Characiosiphoniles nipanica for
Sporangioceros nipallica Sharma ef al. (1984).

The type slide of Sporangioceros nipanica Sharma et

al. (1984) was deposited at the depository of Birbal Sahni
Institute of Palaeobotany, Lucknow (India). The newly
prepared slides of this material used in the present paper shall
also be deposited at the BSIP, Lucknow.

MATERIAL AND METHODS

Pieces of chert collected from the well known fossiliferous
locality Nipania in the Rajmahal Hills, Jharkhand (Srivastava,
1945; Sahni, 1948; Mittre, 1953; Sharma, 1975) were cut into
thin slices with the help of a diamond edge wheel and
processed for slide preparation by the usual technique of

grinding and polishing methods (Darrah, 1960; Sharma, 1996)
and mounted in dilute canada balsam. Some of the slides kept
unmounted and examined in a water film because in many
silicified cherts the fossiliferous material in thin sections
becomes transparent by mounting in canada balsam and details
disappear. Staining thin sections with aquous safranin
increases the contrast between the fossiliferous material ,1I1d
the matrix of the chert (Sharma ef al., 1984).

OBSERVATION AND DISCUSSIONS

The earlier descriptions of Sporangioceros Ilipanica

were based on the study of only longisections including the
Type Specimen No. BDN 500IRaj (Sharma ef al., 1984; Sharma
& Suthar, 1986). For the present study a large number of
specimens of different sizes, shapes and developmental
stages, cut in cross, oblique and longisections have been
examined. The specimens range 500-2500 x 200-500 mm in size.
These are cylindrical (PI. 1·2; Fig. 1,2), oval or ovate with round
to obtuse apices (Figs 1·7, 8). In some of the specimens the
apices are seen either ruptured (Fig. 1,3) or have an apical pore
(Fig. 1,5) probably for the release of zoospores and zoogametes
which are globose bodies. In extant Characiosipiloll

zoospores and zoogametes are biflagellate structures liberated
through apical pores. In present material flagellae are not
preserved.

Narrow, cyli ndrical structures (PI. 1,1) or thall i with sma II
enations (Fig. 1'1) are generally seen associated with the above
mentioned ovate, oblong or cylindrical thalli. It has faintly
marked discrete but closely placed protoplasts, each beari ng
a small dark coloured body representing probably the
colligated chloroplast and the nucleus (Fig. 1'1). It is believed
that these are the horizontal thalli of the extinct plant (alga).
The oblong, cylindrical or oval structures (PI. 1,2-5; Fig 1'2-5)
are probably the vertical thalli produced on the horizontal ones.
The vertical thalli have distinct walls covered over by a thick
mucilaginous sheath; but the wall is a non-cellular layer (PI.
I A, 5) Earlier (Sharma & Suthar, 1986) it was believed to be a 3­
4 cells thick layer - which is wrong. The vertical thalli may be
stalked or sessile. The stalk is made up of only mucilage layers
(PI. 1'3-5). The protoplast is divided into discrete units. In
each a dark coloured circular to a little irregular central body is
visible representing probably the colligated chloroplast,
pyrenoid and the nucleus (PI. 1'6,7; Fig 1,2, 3, 5, 9) In a

PLATEl
Cllaraciosiplwnirn nipanir'a Sharma er aJ.

"-
/'

2.

3.

Narrow cylindrical thallus with blunt enations. Poorly differen­
tiated discrete protoplasts. x 60.
Cylindrical thallus covered over by a mucilage sheath.
ProtoplaSls hexagonal each with a dark central body
(chloroplast). x 120.
Oblong thallus with an apical aperture and covered by mucilage
sheath. x 80.

4. Same. Fig. 3. enlarged to show discrete protoplaSlS. x 240.
5 Oblong thalli (young and old) with mucilaginolls slalks. Wall

distinct but non-cellular. x 240.
6, 7. Enlargemenl of hexagonal proloplasls from Fig. 2. Dark col­

oured cenlral chloroplasts are distinctly visible. x 240
(Figs 2-5 from Sharma & Suthar 1986).
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cylindrical thallus the discrete protoplasts are close hexagonal
units each with a dark coloured central body (Fig 1'2.9 10). A
condition quite similar to that of Characiosiphon (Iyengar
1936, Fig. 3). The protoplasts become circular when are loose
(Fig. 1'14) and may develop protoplasmic connections (Fig
1,6, II) identical to those seen in the green alga (Iyengar, 1936;
Fig.4 ).

In some of the specimens with round to obtuse intact
apices (Fig 1'7, 8) the discrete protoplasts become distinct
and a little or irregular in out line giving a spore like appearance
(Fig. 1'12) and resemble Iyengar's description (Iyengar, 1936;
PI. 23; Fig 3 4). These distinct units of protoplasts range 25 to
36 J.lm in diameter and unlike spores they do not possess any
clear exine. there is no distinct pattern of ornamentation on
surfaces of these protoplasts. There are seen 1-3 or more
cavities per protoplast representing either the contractile
vacuoles or mere an artifact of preservation (Fig. 1'12). These
dark coloured bodies are considered here as aplanospores or
the resting spores which help in survival during adverse
conditions.

In archegoniate plants sporogonia (Bryophytes) as well
as sporangia (Pteridophytes and Gymnosperms) are
characterised by the presence of a distinct sterile cellular walls
around spores which may be one cell (Riccia leptosporangiate
ferns) to several cells in thickness (Anthocerotales, fernallies,
eusporangiate ferns and all gymnosperms). Whereas, in
majority of thallophyta the wall of sporangium as well as that
of the gametangium is non-cellular i.e., there is no sterile cellular
wall which surrounds spores, zoospores and zoogametes (Bold
et al., 1987). Rao (1943) and Mittre (1958, 1969) considered the
structures seen in thin sections prepared through the Nipania
chert and which were similar to the present material as an
isolated pteridophytic sporangia because of their occurrence
in association with leptosporangiate, annuli and spores. While,
Sharma et al. (1984), and Sharma and Suthar (1986) recognised
the material as Bryophyta close to Notothylas of
Anthocerotales, on the basis of horn-shaped cylindrical oval
or ovate morphology of the vertical thalli and because of the
presence of a single chloroplast (dark central body) per cell.
Sharma and Suthar (1986) in an earlier description considered
the narrow horizontal (present view) thalli as gametophytic
portions of Notothylas like plants. In the present description

also it is treated as a vegetative thallus on which probably
grew the vertical thalli. The vertical thalli (present view) were
earlier thought to be sporogonia bearing spores. It was believed
that the body had a wall 2-4 cells thick surrounding many
spores, which is incorrect and the wall is non-cellular covered
by a thick layer of mucilage. The spores of earlier description
are actually descrete condensed protoplasts. In some of the
thalli these have distinct shapes and colour and are designated
in the paper as aplanospores or resting spores.

The morphology of the material described here resembles
Characiosiphon rivularis. The vertical thalli having discrete
protoplasts, each containing a single chloroplast and an apical
liberation of contents (Fig. 1'13) (Iyengar, 1936). In the extinct
material similar to the extant one, each protoplast has a large
chloroplast (compare fig 1,9, 10) and may develop protoplasmic
connections at a later stage of growth (compare fig 1'6, II). In
a mature plant the protoplasts separate out and may become
distinct, each giving a spore like appearance (compare fig 1'7,
14). But they do not have the characters of spore of
archegoniate plants i.e., neither are regular in size and shape
nor have a distinct exine with a definite pattern of
ornamentation.

Comparison may also be made with other similar
unicellular green algae e.g., Prowsiphon, Characiochloris,
Codiolum, etc. in gross morphology of the plant. But the
present material differs in characters like discrete protoplasts
each with a single large chloroplast and the nucleus. Apical
liberation of contents (may be zoospores and zoogametes) in
the present material resemble the unique character of the green
alga Characiosiphon rivularis Iyengar.

On the basis of the present investigation a new name has
been suggested Characiosiphonites nipanica Sharma el a/.
for Sporangioceros nipanica Sharma et al. (1984) with the
following diagnosis :-

Thalli narrow, cylindrical with small enations or wide
elongated, oval or ovate with a non-cellular wall covered by a
thick mucilage sheath; coenocytic, protoplast discrete, close
or loose each with a large central colligated chloroplast.
pyrenoid body and a nucleus. Protoplasmic connections may
be visible; liberation of contents (may be zoospores and
zoogametes) through an apical pore. Thalli with no apical

'-
/'

Fig. 1-1-15.-CllQra("io~·ipllOnites nipanil"Q Sharma et aL. I. Narrow cylindrical thallus with blunt enalions. Poorly differentiated protoplasts. X

60. 2. Cylindrical thallus with hexagonal protoplasts. each with a chloroplast. x 240. 3. Oblong thallus with circular proloplasts (l11ay
be zoospores or zoogametes) and an apical rupturing. x 240. 4. A young coenocytic thallus. x 240. 5. Thallus with an apical pore for
liberation of contents. Mucilagenous stalk is distinctly visible. x 240 6. Cross section thallus with interconnected protoplasts. x 240.
7, 8. Thalli with intect obtuse apices and containing dark protoplasts i.e .. aplanospores. x 400. 9. Hexagonal protoplasts from Fig. 2
enlarged. x 400. 10. Hexagonal protoplasts of the green alga Charadusiphon rivularis Iyengar. x 640. n. Interconnecled protoplasts
in C. rivulari~·. x 640. 12. Aplanospores enlarged from Fig. 8. Irregular in shape. size and without distinct exine. x 600. 13. A group of
plants of the green alga C. rivulari.\ showing habit. xiS. 14. A portion of thallus of green alga enlarged to show discrete protoplasls
(comparable (0 fig. 7 of the present extinct material). x 300. IS. Recon~lruction of Chara('iusiplllllliles nipanicQ. Groups of vertical
thalli grow on a horizontal thallus. x 15 (Figs 1-5. 8. 12 from Sharma & Suthar. 1986; Fig. 7 from Sharma et al. 1984; Figs 10. I I. 11.
14 from Iyengar, 1936).
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rupturings or pores; have aplanospores, which are irregular in
shape and size and without exine.

RECONSTRUCTION

It is presumed that the plant had a horizontal portion
made up of a narrow cylindrical thallus with small bluntenations
(points of attachment of vertical thalli). Discrete protoplasts
were poorly differentiated in it. The vertical thalli were
cylindrical, oval or ovate; stalked or sessile, with or without
apical rupturings or pores. Wall was distinct but non-cellular
and covered over by a thick mucilage sheath. Protoplasts
condensed, discrete, close or loose, circular or hexa-angular
each with a large central colligated chloroplast, pyrenoid body
and the nucleus. Thalli without apical pores i.e., in which apices
were intact, obtuse or round, generally had distinct dark
coloured discrete condensed protoplasts or aplanospores.
They were variable in shape and size and did not have distinct
exine of definite ornamentation. The plant had many vertical
thalli at a time and of different developmental stages which
probably originated from the horizontal thallus more or less in
a crowded manner (Fig. 1,15).
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ABSTRACT

Deng S & Shang P 2002. Brachyphyllwll liaol1ingense sp. nov. from the Upper Jurassic of Northeast
China. Palaeobotanist 51 : 37-44.

Fossil conifer twigs and foliage referred to Brachyphyllumliaoningense sp. nov. were collected from the
Tuchengzi Formation of Beipiao Basin, Liaoning Province, Northeast China. The leaves are arranged spirally on
twigs, with a basal cushion tapering into a small free part. The length of the free part is little less than the width.
Stomata exist on both adaxial and abaxial cuticles. but more on the abaxial side. The stomata are rounded or
elliptic in form and arranged in longitudinal files in the abaxial cuticle, the epidermal cells between the stomatal
files are elongated rectangular or in strip-form. The guard cells are sunken. The subsidiary cells are monocyclic,
5-7 in number, lack encircling cells. A few stomata are scattered on the adaxial cuticle. which are similar to those
of the abaxial cuticle except that they have enmcling cells. It is presumed that the subsidiary cells of Brachyphyllul1l
show a tendency of increasing in number from Jurassic to the Early Cretaceous.

Key-words-Upper Jurassic, Conifer, Leafy twig, China.
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Fig. I-Locality of the conifer fossils.
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INTRODUCTION

D URING the Late Jurassic, the climate in the most parts of
China was probably dry. Tbe plant fossils are rare in the

Upper Jurassic sediments and as such there are few references
in literatures (Wang, 1984). However in recent years, numbers
of plant fossils including some angiosperms (Sun et at., 1998;
Wu, 1999) have been collected from the Yixian Formation of
western Liaoning, NE China, as well as various birds and
dinosaurs (Hou et at., 1995, 1999; Chen et at., 1997; Ji el at.,
1998). The age of the Yixian Formation is still controversial. It

is assigned to the Upper Jurassic based on conchaslraca,
insects and birds (Chen, 1999; Hou el at., 1995), while considered
as the Lower Cretaceous on the bases of studies on dinosaurs.
spore-pollen, ostracods, gastropods fossils, and this is
supported by palaeomagnetic and isotopic dating (Pu & Wu,
1985; Zhang. 1985; Wang el at., 1999; Swisher el at., 1998,
1999). The Tuchengzi Formation, overlain discordantly by the
Yixian Formation, is characterized by red coloured sediments,
which have rare records of plant fossils (Zheng el al., 2001).
Recently, the authors collected many coniferous fossils and a
few specimens of Equiseliles from this formation in Beipiao

PLATE1
(All the specimens described are housed in Research Institute of Perroleum Exploralion and Development, Beijing, China)

BrochyphyllulII liooningenJe sp. nov.

",/

1-7

8- I I.

'Twigs 1. Holotype. XJG020; 2. XJG024; 3. XJG022; 4. XJG023;
S. XJG021; 6, XJG025; 7, XJG026; 1-3. 5-7. x2; 4, x4.
leaves. 8-9. light photographs. showing stomatal furrows. xiS;
10. light photograph. showing the adaxial surface of the leaf. x
20; 11, SEM photograph, showing the abaxial surface of the
leaf. x20.

12-13.
14.
15.

Outer surface of the adaxial cuticle (SEM). 12. x300: B. x350.
Out surface of the abaxial cuticle (SEM). x350.
SEM photograph, showing the inner surface of the adaxial
cuticle (left side) and abaxial cuticle (right side). x 220.
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Basin, Western Liaoning Province (Fig. I). The fossils are well
preserved in greyish green mudstone. But unfortunately, most
of them are broken into small pieces soon after they are
exposed to the air.

The fossils are leafy twigs with scale like leaves. The
leaves consist of basal cushions and free parts. The width of
the free part is greater than the height, a characteristic of the
genus BrachyphyllulIl. It is identified as a new species
Brachyphyllum liaoningense (sp. nov.) on the bases of
epidermal features.

STRATIGRAPHY AND MATERIALS

The Upper Jurassic Tuchengzi Formation, Beipiao Basin,
Liaoning, NE China, is mainly composed of purple or
varicolored clastic rocks, which overlies the Middle Jurassic
volcanic rock unit Lanqi Formation and is overlain discordantly
by the Yixian Formation that yields a great number offossils of
early birds, dinosaurs and early angiosperms (Sun el at., 1998;
Wu, 1999; Hou el at.. 1995; Chen el at., 1997; Ji el al., 1998).
The Tuchengzi Formation is divided into three portions. The
lower part consists of purple coloured sandstone, siltstone
and mudstone intercalated with greyish green mudstone and
siltstone; the middle part is of conglomerates intercalated with
sandstone and shale; and the upper part has greyish green
sandstone with great cross beds and intercalated with purple
conglomerate and tuff at the top. The mudstone of the lower
part is rich in Conchastraca and a few plant fossils. The plant
fossils studied in the present paper were collected from greyish
green mudstont>-siltstone beds, which are intercalated in the
upper portion of the lower part. A lot of well preserved
compressions of coniferous twigs and shoots are scattered
on the surface of the mudstone. Some of the axes are up to I
cm thick. Being very fragile, the mudstone breaks up when air­
dried and consequently most of the specimens were broken
into fragments before they were brought to the laboratory
from field.

The fossils were first examined and photographed under
a stereo microscope. Then a small piece of the rock with leaf
material was immersed into hydrofluoric acid for 48 hours. The
obtained leaves were macerated with Schulze's solution or
sodium hypochlorite for 24 hours followed by treatment with
ammonium hydroxide or sodium hydroxide solution. The
adaxial and abaxial cuticles were separated with a needle and
then the cuticles were examined both under light and scanning
electron microscopes.

SYSTEMATICS

CONIFEROPSIDA

BRACHYPHYLLUM Brongniart

BRACHYPHYLLUM LlAONlNGENSE sp. nov.

PI. 1·1-15;PI. 21-6; Fig. 2A-E

Diagnosis-Conifer twigs, pinnately branched In one
plane. Axis up to I em thick, length unknown. Leaves sparsely
borne on the main axis, spirally and densely arranged on the
twigs (PI. 1'1-7). Twigs 0'4-0·6 cm thick, straight or curved.
Leaves scale-like, with cushions and free parts (PI. 1·8; Fig.
I A-C). Whole leaf 2-3 mm long and 2-3 mm broad; the free
parts about 2 mm long and 2'5 mm broad, typically triangular,
apices tapering, acute or round. Margin entire. Substance of
leaf very thick. The abax ia} surface of the leaf without keels,
but with longitudinal stomatal furrows radiate (PI. 1,8-10). The
furrow composed of small holes representing the stomata (PI.
19).

Both adaxial and abaxial cuticles thin and fragile.
especially the adaxial one. External surface of the adaxial cuticle
uneven (PI. 1'11-12), with obvious papillae (PI. I ·13) or holes
some times in the center of the epidermal cells (PI. 1'12). The
ordinary epidermal cells in the inner area of the adaxial epidermal
rectangular or near square, about 20-25 11m long and 18-22 11m
wide, walls obviously thickened, about 5-6 11m thick (PI. 1·15)
The corners of the cells thickened. The cells near the margins
elongate, about 30-35 11m long, and 10-15 11m wide, walls usually
thickened but the corners un-thickened. A few stomata
scattered on the adaxial cuticle. Stomata elliptic (PI. 2'5), about
70 11m long and 50 11m wide. Stomatal pits rounded or elliptic.
thinly cutinized, guard cells indistinct, subsidiary cells 5-7,
rectangular or elongated polygonal in form, a little larger than
that of the ordinary epidermal cells, about 30 11m long and 25
11m broad, surrounding the stomatal pits, with stripes on the
surface. With 8-10 encircling cells (PI. 2'5).

The abaxial cuticle little thicker than the adaxial one.
Stomata oriented into lines on the extemal surface of the cuticle
and with a furrow between the stomatal lines, stomata elliptic
and longitudinally oriented (PI. 1'14), placed in single files on
the inner sUlface (PI. 2'1-2), stomatal files about 50-80 11m wide,
expanded in the region of stomatal, with a space of 100-110 11m
between the adjacent stomata. Epidermal cells in the stomatal
files strongly cutinized, especially near the stomata (PI. 2'1-3).
Stomatal files obviously raised, over the surface of the ordinary

PLATE2
(SEM photographs)

Bral'ilypilyllulII liaollillgense sp. nov.

'-
/'

1-2. Showing the stomatal files and the strip-like cells between the 4.
tiles in abaxial cuticle. x300. 5.

3. A stoma with strongly cutinized subsidiary cells. x700. 6.

A Sloma with six subsidiary cells, abaxial cuticle. x700.
A sloma on adaxial cuticle. x700.
A stoma on abaxial cuticle. x700.
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5mm

A

lmm

B

lmm

c

D

IOOum
o
o\((WOQ

,0

Fig. 2-Brathyphylllllll liaollil1.gel1.se sp. nov. A. Twig (after PI. I'4). showing Ihe arrangement of the leaves: B. Lateral-view of a leaf (after PI.
19). showing the arrangement of the stomata (abaxial surface): C. Showing leaf form (after PI. 1'8): D. Showing the slomalal files alld the
cells between the files (abaxial surface). E. A stoma (afler PI. 2'6).

cells. The structure of the epidermal cells in the stomatal file
indistinct (PI. 2'1-3) or possibly squarish form (PI. 2-4). The
space between the two stomatal files 20-70 J..lm, consisting of
3-8 lines of cells (PI. 2'1-2). The epidermal cells longitudinally
arranged in irregular rows, elongated, 5-15 J..lm wide and more
than 100 J..lm long. Transverse walls usually indistinct and the
longitudinal ones sinuous (PI. 2,1-3, 6). Wall is usually un­
thic,kened, less than IJ..lm thick. Stomata elliptical, about 50-70
x 40-50 J..lm in size. Stomatal pits elliptic, slightly oblique to the
stomatal line (PI. 2-4, 6), 20-30 J..lffi in diameter. In some times,
the surface lightly and irregularly thickened (PI. 2-4). In some
relatively slightly thickened stomata, the outlines and the
structure of the stomata clear. Guard cells unclear or partly
seen (PI. 2'6), subsidiary cells 6-7 in number. Subsidiary cell
wa112-5 J..lm. Surface of the subsidiary cells slightly thickened,
stomata elevated on the epidermal cells, lack encircling cells.

Locdlity-Beipiao of Liaoning Province, China.
Stratigraphy-Tuchengzi Formation.
Age-Late Jurassic.
Etymology-The species name is after the locality.

Holotype-XJG020 (PI. 1'1).
Repository-Research Institute of Petroleum Exploration

and Development, Beijing, China.

DISCUSSION

The present fossils are similar to the Late Mesozoic scale
or awl-like leaf conifers PagiophyllulIi, AthroTaxitcs and
Brachyphyllllll'/, but can be undoubtedly assigned to
BrachyphyllulIl on the basis of their structure of leaves and
attachment.

The difference between Pagiophyllul/l and
BrachyphyllUiIl is that the free part of the leaf of the former is
larger than width, while the free part of the latter is smaller
than the breadth. The cuticle of the two genera are similar {Q

each other (Kendall. 1947, 1948; Harris, 1979). In most
Pagiophyllum species of the Yorkshire Flora, the stomata are
chiefly arranged in regular files. But four species from Lower
Cretaceous of Zhejiang, Southeast China have scalleredly
arranged stomata (Cao, 1991). Recently, Cao (1999) described
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a new species from the same stratum and locality, which is
characterized by the stomata oriented in rows. It is difficult to
differentiate these two genera on their epidermal features.

Athrotaxites, an Early Cretaceous conifer, is characterized
by spirally borne scale leaves. The free parts of its leaves are
larger than broad. Athrotaxites berryi Bell, A. lIIagnifolius
(Chen and Meng) Chen and Deng and A. orientalis Deng and
Chen have been described on the structure of cuticle (Miller
& Lapasha. 1983; Chen & Deng, 1990; Deng. 1995). The
stomata of these species are restricted to the middle-upper
portion near the two sides of the leaves, and differs from
Brachyphyllum, in which stomata are distributed on the whole
surface of the leaf. The stomata in Athrotaxites berryi are
oriented in rows, while those of A. magnifolius and A.
orientalis are scattered or concentrated into groups.
Sometimes, the adjacent stomata unite and have common
subsidiary cells. Thus the stomatal distribution pattern of
Athrotaxites is different from that of Brachyphylium.
Moreover, Athrotaxites is a seasonally defoliated swamp tree
(Miller & Lapasha, 1983; Chen & Deng, 1990) and are usually
preserved in the coal-bearing sediments, while Brachyphyllum
is usually preserved in grey or multicoloured rocks representing
rather dry climates. They have totally different habits.
Athrotaxites is considered to have affinity with the
Taxodiaceae Athrotaxus presently grows in Tasmania.
Australia. but Brachyphyllum probably belongs to various
conifer groups based on epidermal features. For examples.
Brachyphyllul1l crucis is possibly related to Hirmerellaceae,
while many others to the Araucariaceae (Kendall, 1947; Harris,
1979).

Brachyphyllum has spirally borne leaves, in which the
free part is short and not exceeds the width of the leaf cushion
(Kendall, 1947; Harris, 1979). Cuticles of a number of twigs
and associated cones were described by (Kendall, 1947; 1949)
and Harris (1979) from the Middle Jurassic of Yorkshire,
England. Konijnenburg- V. Cittert J.H.A. van (1971) successfully
obtained some pol1ens in situ of this genus, and made a
comparison with the dispersed pol1ens of Classopollis. Based
on the observation of the cuticle, cones and pol1en grains in
situ, the affinity of this genus was also discussed by Kendall
(1947) and Florin (1958) who believed that some species of
this genus were related to Araucaria of Araucariaceae.

Since Brachyphyllum twigs from different ages bear a
similar morphology, epidermal features constitute important
tools in species identification. Kendal1 (1947, 1949) and Harris
(1979) gave importance to the epidermal features in
identification of species of Brachyphyllum. In most of the
Yorkshire species epidermal cells are squarish and oriented
transversely. In the present materials the adaxial epidermal
cells are similar to the Yorkshire materials but the abaxial cuticle
has strips arranged in longitudinal rows. In Yorkshire species
of Brachyphyliul1l stomata are hypostomatic and mostly
restricted to margins, subsidiary cells 2-6 and with encircling

cells even dicyclic. The present materials are amphistomatic,
have 5-7 subsidiary cells and without encircling cells on the
abaxial cuticle.

Brachyphyllum praetermissul1l Wesley from the Upper
Lias of Italy has hypostomatic leaves (Wesley, 1956), and is
different from the amphistomatic pattern of the present fossils.
Brachyphyllum lorchii Raab et al. from the Upper Jurassic of
Israel (Raab et al., 1986) is somewhat similar to the present
specimens in the arrangement and structure of stomata but
differs in the form of leaves and epidermal cells.

Summarily, the present specimens are characterized by
amphistomatic leaves, with a few stomata scattered on the
adaxial cuticle and a lot arranged in rather regular single files
on the abaxial cuticle. The guard cells are usually indistinct.
The subsidiary cells are 5-7 in number, with encircling cells on
the abaxial cuticle but without this cel1 on the adaxial cuticle.
Therefore, the present materials are different from the known
Jurassic Brychyphyllum.

Brachyphyllum castatum Waston et al. a species from
the English Wealden (Lower Cretaceous) (Watson et al., 1987),
which is characterized by circular stomata with 5-12 subsidiary
cells and is either monocyclic or dicyclic. In China,
Brachyphyllum is also frequently found from the Lower
Cretaceous, and mostly are in the South Phytogeographical
Province of China (Chow & Tsao, 1977; Cao, 1989), e.g., B.
obtusum Chow & Tsao from Lingbi, Anhui Province, B.
ningshiaensis Chow & Tsao from Liupanshan Basin, Ningxia
(Chow & Tsao, 1977) and B. elegans Cao from the Lower
Cretaceous Linan, Zhejiang (Cao, 1989). The common features
of these species are that the stomata on the abaxial cuticle are
arranged in single files separated by several elongate cells.
The epidermal cells in the stomatal files are short and markedly
thick. The guard cells are usual1y unclear. These features are
also observed in the present materials, in the latter, the stomata
are strongly thickened, regularly arranged in single files, and
within the files the spaces between the adjacent stomata are
rather stable. In the stomata, the number of subsidiary cells
are variable, e.g., B. ningshiaensis (6-9 in number), B. elegans
(6-8) and B. obtusum (7-11) and are more than that of the present
new species (5-7). Furthermore, the leaves of B. ningshiaensis
and B. obtusul1l are triangular in form, with lower free parts
and arc-like margins, while those of the present specimens are
triangular with rather higher free parts and quite straight sides.
The adaxial cuticle of B. elegans is unknown, and there have
several regularly arranged oblong cells between the stomatal
files on the abaxial cuticle.

Consequently, study of the epidermal features show that
the present materials belong to a new species of
Brachyphyllul1l.

An increase of number of subsidiary cel1s and decrease
of encircling cells possibly indicate an evolutionary trend in
the taxon Brachyphylium. The species from the Middle
Jurassic of England have 2-6 subsidiary cells, while those of
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the Early Cretaceous from China have 6-l2. The new species
from the Late Jurassic possibly represents a transition type
with 5-7 subsidiary cells. Similarly. almost all the MiddleJurassic
species from England have encircling cells, while those of the
Early Cretaceous including the new species are devoid of
encircling cells.
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ABSTRACT

Srivastava PC & IPant DO 2002. Some new pteridophytic remains from the Permian strata of Rajmahal
Hills, India. Palaeobotanist 51 : 45-55.

The paper describes two new species. one each of Liknopelalon (Smithies) Anderson & Anderson and
LelslOIheca Maheshwari. from the Permian strata of the Rajmahal Hills, Jharkhand, India. The new species
are named, respectively. as Liknopetalon rajmahalensis and Lelstolheca harikrishnae. On the basis of certain
similar floristic elements, these strata appear to be floristically equivalent with those of Middle Ecca Series
of South Africa and the Permian strata in a ravine section near Mamal Village in Liddar Valley of Kashmir
Himalaya.

Key-words-Pterid0phytic fossils, Permian, Rajmahal Hills, Jharkhand, India.
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INTRODUCTION

'IT was Feistmamel (1880) who reported the first pteridophytic
"fossils from the Lower Gondwana strata ofRajmahal Hills
exposed at Dubrajpur under the name Phyllotheca robusta
(see also Surange, 1964). After a gap of about eighty two
years Surange and Prakash (1962) described similar fossils
from Tattitola, a locality in the same area and assigned

Feistmantel's Phyllotheca robusta along with their new
specimens to a new genus, Stellotheca as Stellotheca robi.lsta
comb. nov. After renaming this genus as Lelstotheca.
Maheshwari (1972) described an additional species, L. striara.
Subsequently, Singh et al. (1987) described two more
sphenopsids, Sphenophyllum gOlldwanensis and Lelstotheca
sp. from the Permian strata exposed at Lalmatia Colliery in
Rajmahal Hills area. We also collected some fossils from the

© Birbal Sahni Institute of Palaeobotany, India
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same locality and published a preliminary report on these
(Srivastava & Pant, 1996). A detailed study of some of these
fossils has enabled us to recognize one new species of each,
Liknopetalon (Smithies) Anderson & Anderson and

Lelstotheca Maheshwari, which are described in the present
paper. The new species of the two genera are Liknopetalon
rajmahalensis sp. nov. and Lelstotheca harikrishllae sp. nov.
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MATERIAL AND METHODS

The fossils described in this paper were collected from
interbedded grey-whitish arenaceous shales of Lalmatia coal
seam ofRajmahal Hills, exposed near Lalmatia of Godda District
of Jharkhand of India. The Lalmatia coal seam of the Hura tract
which attains a thickness of about 78 m in the northern part of
the Rajmahal Basin, divides southwardly in three parts (Fig. I,
Raja Rao, 1987) designated as bottom (LI- Hizukita), middle
(LII) and top (LIII) seams. The shales between seams LI-LII
and LI-LIII are rich in plant fossils and have yielded the
investigated fossils, which are in the form of compressions
with ill preserved fragmented carbon. The specimens were
observed under oblique incident light with stereo-binocular.
Cellulose acetate pulls were also made to look for structural
details of axes and laminae. The sporangia were extracted by
dissolving these pull preparations in amyl acetate and,
thereafter, the carbonaceous material was macerated in
Schulze's fluid to obtain the spores. The coherent spores of
the spore mass were separated by ultrasonic shaking and also
manually with needles. These were observed under LM and
SEM.

OBSERVATION

Genus-Liknopetalon (Smithies) Anderson & Anderson
1985

At the first sight the fossils including the vegetative
specimens described in the present paper as Liknopetalon
seemingly resembled Vinaykumaria (Pant & Srivastava, 1991)
described from the Permian of Kashmir Himalaya in having
small cuneate leaves apparently attached to a slender axis and
we were inclined to assign them to a new species of that genus
since Vinaykumaria indica differs from the Rajmahal
specimens assigned here to Liknopetalon rajl1lahalensis sp.
nov. in having invariably rounded shoulders of the laminae
(the laminae of Liknopetalon rajl1lahalensis sp. nov. have
pointed shoulders). On the basis of reinvestigation of
Vinaykumaria indica we now realize that the leaves could
have been opposite as in Text fig. IA and PI. 1 fig. 1 of Pant
and Srivastava (1991) while it was described as alternate in a
loose spiral. However, in the meantime we noticed another
genus Liknopetalon (Smithies, 1978) Anderson and Anderson
(1985) having similar looking fan-shaped but only fertile leaves
attached to slender axes described from the Lower Permian
strata of Hammanskraal and Vereeniging localities'in South
Africa (Generitype Specimen No. BPI2/7414, pI. 52'1). Unlike
these South African specimens our fossils from the Permian
of Rajmahal Hills show only attached vegetative leaves but
we were lucky in fInding detached fertile leaves like those
born on axes of Liknopetalon form South Africa. The detached
fertile laminae were recovered from the same rock piece, which
yielded the attached vegetative leaves. As the form of our

vegetative and fertile leaves are. closely comparable but
specifically different from that of the South African species,
we assign our specimens to a new species of the same genus,
herein named, Liknopetalon rajmahalensis after emending
the generic diagnosis. •

We suspect that Vinaykumaria indica (Pant &
Srivastava, 1991) from Kashmir may ultimately prove to be yet
another species of Liknopetalon but since its single specimen
is only a small vegetative fragment and its details are not
sufficiently known, we are unable to compare Vinaykumaria
with Liknopetalon further and merge the two genera. Moreover,
no a ttached or det ached ferti Ie lea ves like those 0 f
Liknopetalon were found in case of Vinaykull1aria and,
accordingly, it would be best to continue to treat VinaykulI1aria
as a different genus at present (see Fig. 3).

Emended Generic Diagnosis-Unbranched slender axes
with small, gracile cuneate or fan-shaped vegetative and fertile
simple laminae in apparently opposite and decussate pairs.
Laminae nonpetiolate; side margins entire and concave, distal
margins convex and entire in vegetative laminae but apparently
fluctuate in fertile laminae; veins in both kinds of laminae
repeatedly dichotomised and divergent. Sporangia apparently
sessile, inserted singly in a submarginal row along the distal
margins.

Type species-Liknopetalon enigmata (Smithies)
Anderson & Anderson, 1985.

LIKNOPETALON RAJMAHALENSIS sp. nov.

(p!. 1,2,3'1-3; Fig. 2A-D)

Diagnosis-Slender twigs bearing cuneate vegetative
laminae apparently opposite and decussate in phyllotaxis.
Laminae gently tapering towards base with slightly concave
entire lateral margins; surface of laminae showing fine striations
between divergent forked veins. Distal margins of vegetative
laminae entire while in associated fertile laminae seemingly
fluctuate with a submarginal row of apparently nonindusiate
sessile, ex annulate, ovate to obovate sporangia. Sporangial
wall showing straight walled parallel rectangular cells; indusium
absent. Spores spherical with trilete mark on proximal face and
showing reticulate ornamentation both on proximal and distal
sides, muri sinuous; luminae with numerous pits on their
surface.

Holotype-Specimen no. BIR 150A, B.
Duplicates-Specimen nos. BIR 154, BIR lSI, BIR 152.

BIR 153 (showing vegetative laminae); BIR 155, & BIR 156
(showing detached fertile laminae) of Divya Darshan Pant
Collection, Department of Botany, University of Allahabad.

Locality & Horizon-Lalmatia Colliery, Rajmahal Hills,
Barakar Stage (Permian, Lower Gondwana), Jharkhand, India.

Description and Comparison-All the specimens
assigned to Liknopetalon rajmahalensis sp. nov. were found
by splitting a single thick piece of shale. On this basis and on
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account of the occurrence of the detached fertile segments in
close association with axes showing attached vegetative
laminae, we believe that the detached cuneate fertile laminae
belong to fertile axes of the same type but these lie detached
in our material. The fragments of 2·0-3·0 mm wide axis are
invariably unbranched and they bear 1·8-2,2 cm long and ca.
0·9 cm wide cuneate vegetative laminae arranged in apparently
opposite and decussate phyllotaxis. Attempts were made to
pull the carbon from the surface of vegetative laminae and axis
but the fragmented carbon failed to yield any cellular details
except in one preparation from the axis of the specimen no. B/
R 154, in which straight walled vertically elongated cells of
epidermis were visible. However, The carbon from fertile
laminae yielded almost intact ovate to obovate sporangia ca.
1·0-2·0 mm long x 0-5 mm wide without any stalks. The sporangial
surface failed to show an annulus but we could see elongated
cell outlines with straight to slightly sinuous walls. We believe
that these represent cells of the sporangial wall. However, we
could not recognise an annulus. The distal margin of fertile
laminae appears to be clearly fluctuate or undulate in one out
of our two specimens. The slender axes bearing vegetative
laminae show two longitudinal parallel ribs.

The spore out put per sporangium was found to be about
200. The spores are spherical, 30-45 11m in diameter with trilete
mark having almost equal arms on their proximal faces. The
ornamentation of exine is reticulate with sinuous muri. The
surface of luminae surrounded by muri showed a number of
minute pits.

Liknopetalon rajmahalensis sp. nov. differs from L.
enigmata in having only attached vegetative leaves whereas
L. enigmata shows only attached fertile leaves. The vegetative
leaves of L. enigmata are unknown. The fertile leaves of L.
rajmahalensis were only found detached but in close
association. The fertile leaves of L. enigmata are broader than
long while fertile as well as vegetative laminae of L.
rajmahalensis are longer than broad. The side margins of
leaves of L. enigmata are deeply concave but those of L.
rajmahalensis are only slightly concave (Fig. 3).

The specific name of Liknopetalon rajmahalensis sp.
nov. is based on the Rajmahal Hills, the place of occurrence of
the species in Jharkhand of India.

Discussion-At present the affinities of Liknopetalon
appear to be uncertain even though Anderson & Anderson
(1985) believed that Liknopetalon enigmata was remotely

comparable with Sphenophyllum Koenig but at the same time
they adjudged it to be different and assigned fern affinity to
this taxon. Its opposite and decussate vegetative and fertile
laminae with apparently ex annulate, submarginal and sessile
sporangia along the distal margin are unique. Another
possibility about the affinities of the genus would be that it is
a fern whose pinnae are attached in opposite and decussate
manner on the twigs which may be presumed to be rachis.
Even so its affinities would remain enigmatic since we are not
aware of any such fern. The fertile laminae could also be
compared with those of Cladoxylon scopariwn KraUsel &
Weyland (1926) if its fertile laminar segments are presumed to
have become webbed with each other by their margins. This
comparison may, however, appear far-fetched since
Cladoxylon scoparium is of the Devonian age. Moreover, in
this case we have to presume that Liknopetalon is a persistent
archetype. The opposite and decussate phyllotaxis of leaves
in Liknopetalon resembles that of the ultimate branches of
Archaeopteris macilenta (Beck, 1971). However, the shape
and venation pattern of the vegetative leaves of Liknopetalon
rajmahalensis sp. nov. resembles those of Eddya sullivanellSis
Beck (1967), the possible seedling of Archaeopteris described
from the Upper Devonian of New York.

Liknopetalon is com parable in certai n vegetati ve
characters with Noeggerathia Sternberg and Tingia Halle
among the noeggerathiophytes (see in Boureau, 1964; Taylor
& Taylor, 1993) but its fertile laminae are quite different. The
cuneate shape and dichotomous divergent venation of
vegetative laminae of Liknopetalon rajmahalensis sp. nov.
closely resemble those of Noeggerathia foliosa Sternberg
while their entire distal margin and opposite decussate
phyllotaxis in the former differ from those of latter in which the
distal margin is dentate and opposite leaves are arranged in
two lateral rows. Further, the arrangement of vegetati ve laminae
of Liknopetalon ~ay be somewhat compared with arrangement
of anisophyllous vegetative leaves of Tingia set in four lateral
rows but their shapes are different. The sporophylls of
Noeggerathia and Tingia are condensed to form compact cones
and bear sporangia on their adaxial surface whereas in
Liknopetalon fertile laminae are laxedly arranged with
sporangia arranged only along the distal margins with precise
mode of their attachment being presently unknown. It is best
to assign Liknopetalon to incertae sedis among pteridophytes
till more details are known.

'-
/'

Fig. 2-A-D Liknopetalon rajmahalensis sp. nov. E-G LelslOtheca harikrishnae sp. nov. A. An axis bearing cuneate vegetative laminae in Opposile
'and decussate arrangement. Holotype Specimen No. SIR 150A. x 1·8, B. Another axis with vegetative laminae. Specimen No. SIR 154.
x \·9, C. A fragment of fertile lamina with submarginal row of ovate to obovate sessile sporangia along the distal margin. Specimen No.
SIR 155A. x 2'1, D. Another fragment of fertile lamina showing the same fearures. Specimen No. 156. x 4, E. An axis with three whorls
of lanceolate-linear leaves. Holotype Specimen No. SIR 160. x 1·8, F. A fragment of axis with a six-leaved whorl. A prominent mId-vein
is present in each leaf. Specimen No. SIR 162. x )'3, G. Fragments of two axes, one with two whorls of leaves and the other with a single
whorl. Specimen No. SIR 161. x 1·9
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Feature Liknopetalon
enigmata (Smithies)
Anderson & Anderson

THE PALAEOBOTANIST

Liknopetalon
rajma/zalensis sp. nov.

Vinaykumaria indica
Pant & Srivastava

Axis
Nature of known leaves

Shape of leaves/ laminae

Size of leaves
Side margins
Distal margin
Shoulders oflhe

leaves / laminae
Venation

Phyllotaxis

Sporangia

Spores

2-3 mm wide
Only fertile (allached/
detached)

Fan-shaped (broader than long)

!·5x 1·8cm
Deeply concave
Convex
Pointed

Open furcated, several
veins in the basal part
Apparently opposite and
decussate,laxed
Obovate, 1·0 x 0·5 mm

Not known

2-3 mm wide
Vegetative (allached/
detached) and fertile
(detached only)
Cuneate to fan-shaped
(longer than broad)
1,8-2,2 x 0·9 cm
Slightly concave
Convex
Pointed

Open furcated, several veins
in the basal part
Apparently opposite and
decussate,laxed
Ovate-ohovate,
10-20 x 0·5 mm
Spherical with trilete mark
on proximal face and
reticulate ornamentation

4 mm wide
Only vegetative
(apparently attached)

Cuneate (longer than broad)

2,0-2,5 x 1·5-2,0 cm
Slightly concave
Convex
Rounded

Open furcated. several veins
in the basal part
Apparently opposite. compact

Not known

Not known

Fig. 3-ComparisoD of two species of Liknopetalon (Smithies) Anderson & Anderson and Vinaykllmaria indim Pant & Srivastava.

Genus-Lelstotheca Maheshwari 1972

Maheshwari (1972) renamed Stellotheca robusta Surange
& Prakash (1962) as Lelstotheca robusta since the name
Stellotheca was adjudged as a homonym in form of merely an
orthographic variant of Stellatheca, the name applied by Danze
(1956) to a possibly fertile osmundaceous fern frond described
from Wesphalian C of Pas-de-Calais, France. Up to date there
are two named species of Lelstotheca, viz., L. robusta
(Feistmantel) Maheshwari and L. striata Maheshwari &
Srivastava. The specimens of Lelstotheca collected from the
Permian of Raj rnahal Hills differ from both the earlier described
species and are, therefore, assigned here to a new species.

LElSfOTHECA HARIKRISHNAE sp. nov.

(pI. 3·4-6; Fig. 2E-G)

Specific Diagnosis-Slender articulated axes with nodes
and internodes. Slightly swollen nodes bearing whorls of up

to 10 lanceolate to linear sessile, entire margined leaves free
up to their bases and with acute apices. Each leaf showing a
prominent mid vein from base to apex.

Holotype-Specimen No. BIR 160.
Duplicates-Specimen Nos. BIR 161, BIR 162 of Di vya

Darshan Pant Collection, Department of Botany, University of
Allahabad, Allahabad and Specimen No. BSlP 35869 ofBirbal
Sahni Institute of Palaeobotany, Lucknow.

Locality and Horizon-Lalmatia Colliery, Rajmahal Hills.
Barakar Stage (Permian, Lower Gondwana), Jharkhand, India.

Description and Comparison-Of the three specimens
in the collection, one specimen (Holotype, Specimen No. BIR
160) shows an articulated axis with three whorls. It appears to
be the terminal portion of the axis. The length of the internodes
has been measured as 0·8 to 1·0 cm. The upper most whorl has
5 linear-lanceolate leaves with acute apices. The second and
third incompletely preserved whorls have four and three leaves
in each, respectively. The second specimen (No. BIR 161)
shows two fragmentary axes, one with two incomplete whorls

PLATE1
Liknoperalon rajmahalemis sp. nov.

"./

I.

2.

A slender axis bearing cuneate vegetative simple laminae in
opposite and decussate arrangement. Holotype Specimen No.
B/R 150A. x 2.
CouDterpart of the specimen in PI. 1.1 showing the same fea­
tures. Holotype Specimen No. B/R JSOB. x 2.

3, 4, 5. Detached fragmentary laminae showing convex distal margins.
concave side margins and spreading arched veins. Specimen
Nos. BIR 151. x 3, B/R 152 x 3. B/R 153. x 3. respecli vely.
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Feature

Axis
Internodal length
Striations in internode
Number of leaves in a whorl
Shape of leaves

Size of leaves

Apex of leaf
Base of leaf
Midvein
Striations on leaf surface

Leaf margins

Lelstotheca robusta
(Feistmantel) Maheshwari

0·3 cm wide
1'0-1-8 cm
Not known
10-15
Linear (widest near the base,
gradually tapering towards
the apex)

Up to 2·0 cm long x
0'4cm wide
Acute
Wide
Single, unstriated
Absent

Entire

Lelstotheca stria1a
Maheshwari & Srivastava

0'2cm wide
I·Ocm
8-12 fine parallel ribs
8-12
Linear-Ianceolate
(widest at middle of length
or both margins parallel
except at the base and apex)
Up to 0·8 cm long x
0,1-0,2 cm wide
Sharply acute
Sharply constricted
Single, striated
Longitudinal striations
common, transverse
thickenings occasionally
seen
Entire

Lelstotlzeca
harikrishnae sp. nov.

0·3 cm wide
10-2'2 cm
Not known
3-10
Linear-Ianceolate (widest
at middle of length or both
margins parallel except al the
base and apex)

Up to 2·0 cm long x
0·4 cm wide
Acute
Constricted
Single unstriated
Absent

Entire

Fig. 4--Comparison of three species of Lelstotlte('a Maheshwari.

and the another with only one. In this specimen the length of
internode was measured as 2·2 cm. The third specimen (No. B/
R162) shows a fragmentary axis with an incomplete six leaved
whorl. The specimen described by Singh et al. as Lelstotheca
sp. (1987, PI. I, fig. 6) from Lalmatia top (LIII) seam of the same
locality has been assigned here to Lelstotheca harikrishnae
sp. nov. It shows stellate whorls with up to ten linear leaves
up to 3·5 cm long and 0·3 cm wide. In our specimens the leaves
are lanceolate to linear up to 2·0 cm long and OA cm wide, each
with a prominent midvein from the base to apex. At some points
the leaves show false union near the point of attachment with
axis due to close proximity and overlapping.

Lelstotheca harikrishnae sp: nov. is different from both
the previously described species. It differs from Lelstotheca
robusta (Feistmantel) Maheshwari (1972) in having a small
number, three to ten only, of lancelolate to linear leaves in
each whorl (LelsLOtheca robusta has 10-15 leaves which are
widest at their bases and gradually taper towards their apices).

The leaves of Lelstotheca harikrishnae sp. nov. differ from
those of Lelstotheca striata Maheshwari & Srivastava (1987)
in lacking its characteristic longitudinal striations running
parallel to the midvein and also the transverse striations on
the surface of leaves (see Fig. 4).

The specific name of Lelstotheca harikrishnae sp. nov.
has been given in honour of Dr Hari Krishna Maheshwari of
Birbal Sahni Institute of Palaeobotany, Lucknow, who has
described several interesting taxa from the Permian ofRaj rnahal
Hills.

POSSIBLE CORRELATION OF PERMIAN
STRATA AT LALMATIA

On the basis of floristic elements and lithology, Barakar
affinity has been assigned to the Permian strata exposed at
Lalmatia (Singh et aI., 1987; Raja Rao, 1987; Maheshwari &
Bajpai, 1992). With the finding of heterophyllous

PLATE 2
Liknopetalon rajmahalemis sp. nov.

'-
/'

I. An axis bearing vegetative laminae. Note ribbed nature of the 6.
axis. Specimen No. SIR 154. x 1·8.

2. Fragment of a fertile lamina bearing submarginal row of ovate 7.
II? obovate sporangia along the fluctuate distal margin. Speci-
men No. SIR 155A. x 2·5. 8.

3. Fragment of a fertile lamina with carbonized sporangia along
the distal margin. Specimen No. SIR 156. x 4.

4, 5. Sessile sporangia with obruse apices showing straight to slightly 9.
sinuous walled elongated cells of sporangia I walls. 4 Slide No. BI
R 156/g & 5 - Slide No. B/R 156/c; both x ca. 80.

Three spores isolated from the spore mass of a sporangium
under LM. Slide No. 156/h x ca. 550.
Single spore showing the trilete mark under LM. Slide No. B/R
156/h x ca. 1000
Two spherical spores isolated from the same sporangium. one
large and other small at the same magnification. The smaller
one shows the trilete mark. Slide No. SIR 156th x ca. 770.
Elongated straight walled cells of axial epidermis. Slide No. B/R
154/a x ca. 325.
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Sphenophyllum gondwanensis Singh et al. (1987) with dentate
and crenulate-smooth margined leaves and Liknopetalon

rajmahalellSis described in the present paper, the Permian strata
in Rajmahal Basin appear to be floristically equivalent with
those of Middle Ecca Series of South Africa wherefrom too a
dentate and entire to crenulate leaved fomls of Sphenophyllwll,

viz., S. mesoeccaense and S. hanunanskraalellse are reported
along with Liknopetalon enigmata by Anderson & Anderson
(1985). These strata also appear to be comparable with those
exposed in a ravine section near Mamal Village in Kashmir
Himalaya wherefrom dentate and crenulate leaved species of
Sphenophyllum, viz., S. thonii var. archallgelskyii and S.
thonii val'. waltonii have been described along with
Vinaykumaria indica (adjudged here as similar to vegetative
twigs of Liknopetalon rajmahalensis) by Pant et al. (1984)

and Pant & Srivastava (1991).
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" PLATE3
Liknopelalon rajmahalensis sp. nov.
I. Two spores from the same sporangium under SEM, one large

and other small, showing muri of reticulate exine ornamenta­
tion. x 1000.

2. Pits on the surface of luminae under SEM. x 75000.
3. A spore showing trilete mark on the proximal face under SEM.

x 1300.

Lelstolheca harikrishnae sp. nov.
4. An axis with three whorls of lanceolate-linear leaves, each with

a midvein. Holotype Specimen No. SIR 160. x 2·5.
5. Fragments of two axes, one with two incomplete whorls of

leaves and the other with a single incomplete whorl. Specimen
No. SIR 161. x 2.

6. A fragment of axis with six-leaved whorl. Note the prominent
midveins of the lanceolate-linear leaves. Specimen No. SIR
162. x 2·5.
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ABSTRACT

Javadi FV & Syooki MG 2002. Plant megafossil remains from Shemshak Formation of Jajarm area. NE
Alborz, Iran. Palaeobotanist 51 : 57-72.

The basal part of Shemshak Formation contains abundant well-preserved plant megafossils belonging
to 17 taxa of various orders viz., Equisetales, Filicales, Bennettitales, Cycadales and Coniferales. On the basis
of present study specially Dicryophyllum exile, Equiseliles arenaceus, Podozamiles latissimus and Nilssonia
polymorpha, this part of the Shemshak Formation is dated as Rhaetian.

Key-words-Rhaetian Flora, Shemshak Formation, NE Alborz, Iran.
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INTRODUCTION

T HE studied area is located at Ozon mountain 56°32' east
longitude and 37°2' north latitude, 15 km northeastern of

Jajarm. Jajarm is located at northwest of Khorasan Province at
a distance of 175 km from Bojnurd city (Fig. 1). The altitude of
the study area is about 1000 m above sea level.

The Shemshak Formation is well-exposed at Kuh-e-Ozon
(Kuh: means mountain) which is about 800 km away from its
type locality at Central Alborz. The Shemshak Formation has

a thickness of2080 min Kuh-e-Ozon and it consists mainly of
sandstones, grey shales intercalating with coal seams and a
few limestone beds. The Shemshak Formation was identified
in Kuh-e-Ozon by Afshar-Harb (1979) based on ammonite
fossils and suggested Middle Toarcian-Lower Aalenian for
this rock unit. Likewise, Soheili (1982) prepared a geographical
map for this area and mentioned that there are no fossils in the
basal part of this rock unit up to 750 m. However, based on
ammonite fossils in the upper part of this rock unit, he has
suggested Toarcian-Batonian.

© Birbal Sahni Institute of Palaeobotany, India
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Order-FILlCALES

Family-DICKSONlACEAE

Genus-FERIZIANOPTERIS Fakhr 1977

FERIZIANOPTERIS UNDULATAFakhr 1977

(pI. 1·2; Fig. 3'12)
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1977 Ferizial10pleris IIl1du{ala Fakhr ; p. 61, pis 10, J I, fjgs

1a, b, 2 ; fig. SH-J.

Description-Frond bipinnate, 21 em long, 6-7 cm broad;
rachis distinct, with longitudinal strations, 4-5 mm in width,
secondary rachis arising at about right angles. alternate to
subopposite, 1-2 mm in width. Pinnules attached at right angles
to the secondary rachis by a slightly constricted base, set
closely, opposite to alternate, margins undulate or irregulate,
apices rounded, 2-3 mm in length, 2-2'5 mm in width. Venation

SYSTEMATIC DESCRIPTION

STRATIGRAPHY

Order-EQUISETALES

Family-EQUISETACEAE

Genus-EQUISETITES Sternberg 1820

EQUISETITES ARENACEUS Brongniart 1828

(pI. 1'1)

1964 Equisetites arenaceus Boureau; p. 432, figs 391-394.
1976 Equisetites arenaceus Bragin et af.; p. II.
1976 Equisetites arenaceus Sadovnikov; p. 74, pI. I, figs 9,

10.
1984 Equiseliles arenacells Vassiliev; pI. 2, fig. I, text-fig. 3.
1997 Eqlliseliles arenacells Schweitzer el al.; p. 120, pI. 2,

fig. 2.
1998 Eqlliseliles arenaceus Kelber & van Konijnenburg-van

Ciuert; p. 21, figs 2-5.
Descriptio/l-The specimen is a cast, 21 cm in length, 14

cm in diameter with several nodes and internodes in between.
Internode is 3-4 cm in length with alternating ridges and
furrows which are clear specially near the nodes. Ridges or
furrows are 2-2'5 mm apart (4-5 percm).

Comparison & Remarks-Equisetites beanii Seward
1894 has also such a large cast but differs in longer internodes
(more than 9 cm) and closer furrows (0' 3-0'5 mm) than those in
E. arenaceus. Bragin et at. (1976) reported this species from
the basal.series of the Mesozoic sediments of Tazareh Coal
Mine (Iran). Sadovnikov (1976) reported it from Upper Triassic
strata of Tazareh. Vassiliev (1984) reported it from Rhaetian
strata of Parvadeh Coal Mine (Iran). Schweitzer et at. (1997)
mentioned this species from Norian of Tazareh.

The Shemshak Formation at Jajarm area consists mainly
of sandstones, shales, coal seams and conglomerates in the
lower part and has ammonites and bivalves limestones in the
upper part. The Shemshak Formation lies disconformably on
the Elika Formation and the upper contact of this formation is
gradational with Bash-Kalateh Formation (Afshar-Harb, 1979).
The Shemshak Formation begins with 16 m of alternating
median-coarse grained sandstones and is followed by olive­
grey shales which contain well-preserved abundant plant
megafossils.

It should be mentioned that Afshar-Harb and Soheili (p.c.)
have reported only the occurrence of ammonite in some horizon
of Shemshak Formation, but they did not report any plant
megafossils from this Formation. In order to determine the
precise age of Shemshak Formation, the authors studied the
Formation and discovered plant megafossils at the basal part
of this Formation (Fig. 2).

Fig. )-Location map of study area.
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Fig. 2-Stratigraphical column of Shemshak Formation and the plant megafossils bearing horizon in Jajarm.

sphenopteroid, main midrib passes to somewhat one-half of
the pinnule length; lateral veins branch dichotomously once
or twice.

Comparison & Remarks-This specimen has more
closely set pinnules and broader pinnule base than Fakhr's
specimen, This specimen Sphenopteris spp, In having broader
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pinnule bases and right angle attaching to rachis. Fakhr (1977)
reported this species from Lias-Dogger strata ofFerizi (Iran).

Genus-LOBIFOLIA Rasskazova & Lebedev 1968

LOBIFOLIA IRANTCA Fakhr 1977

(pI. 1-4; Fig. 3'11)

1977 Lobifolia iraniea Fakhr ; p. 61, pI. 13. figs 1-3.

Description-Frond bipinnate, incomplete; primary
rachis straight, I cm in width, with longitudinal striations;
secondary rachis arising at a right angle, 1-2 mm in width;
pinnae alternate; pinnules opposite, attached at about a right
angle by a broad base to the secondary rachis, 9-10 mm in
length, 7-8 mm in width, margins entireor finely undulate, with
rounded apices. Midvein is not visible, lateral veins forked
twice or three times.

Comparison & Relllarks-Lobifolia (Eboracia) doruda
(Barnard) Rasskazova & Lebedev 1968 resembles the present
species but it can be distinguished from L. iranica in having
only once forked lateral veins and the pinnules attached at an
angle of 50°-60° Fakhr (1977) reported this species from
Rhaeto-Lias strata ofZiaran (Iran).

FamiIy-DIPfERIDACEAE

Genus-CLATHROPTERIS Brongniartl828

CLATHROPTERIS MENTSCOIDES (BrongnianI825)
Brongniart 1828

(pI. 2'2)

1825 Filicires meniseoides Brongniarc p, 200; Atlas; pI. 12
(in Harris 1931, p.88)

1847 Clarhropleris meniscoides Gennar; p. 117. pI. 16, figs
1-4.

1911 Clarhropreris meniseoides Thomas; p. 55, pl. 8. fig. I.
1931 Clarhropreris meniseioides Harris; p. 88. pI. 15, fig. I.
1940 Clarhropreris meniscoides Oishi; p. 214, pI. 5, fig. 4.
1949 Clalhropreris meniseoides Sze; pI. I, fig. 5; pI. 4, fig. I.
1950 Clarhropleris meniseoides Lundblad; p. 27.
1964 Clalhropleris meniseoides Kilpper; p. 37, figs 15. 16.
1968 Clalhropreris meniscoides Kon'no; p. 100, pI. 2, figs

2-6; text-fig. 3.
1968 Clarhropleris meniseoides Assereto er al.; p. II, tab.

la
1977 Clarhropreris meniscoides Fakhr; p. 75, pI. 22, figs 1­

3; fig. 8G
1977 Clarhropreris meniseoides Corsin & Stampfli; p. 523.

pI. I, fig. 6.

Description-Leaf big in size, petiole not preserved;
pinnae elongate-lanceolate, attaining a width about 13-14 cm
and a length of ca. 20 cm, lamina contiguous, margins toothed,
length of tooth and that of its supporting lateral vein reaching

24 mm and 65 mm respectively. Thus division of pinna-lamina
into teeth extending less than one-third of total length of
supporting lateral vein; marginal teeth triangular, acutely
pointed; rachis of pinna rather slender, 1-2 mm in width; lateral
veins about 0'2-0-4 mm across, arising from rachis at angles of
40°_60°, at intervals of 15-20 mm; tertiary veins arising from
lateral vein at about a right angle. slightly flexuous, giving off
a few quaternary veins, forming quadrate or polygonal
reticulation of about 3 to 4 mm in width. First type rectangular
mesh of about 6-8 mm broad, 12-14 mm long.

Comparison & Relllarks-Clathropleris plalyphyl/a
Goeppert 1846 resembles this species. C plalypltyl/a as
described by Zeiller (1902-03) in further details. appears to
differ in arising the lateral veins at angles of 60°_70° instead of
40°_60°. Kon'no (1968) brought C plalyphyl/a under
synonymy list of C meniscoides. Vozenin-Serra & De
Franceschi (1999) cited these are two different species and
noted that the lateral veins in C. plalyphylla arise at angle of
75° and the proportion of length of tooth fO its supporting
lateral vein is about 1/8 to 1/ 13. C. lIleniscoides also differs
from C. elegarzs Oishi 1941 in having more distinct qual1ernary
veins. These meshes are thin and not visible in C. elegans. C.
walkeri as described by Ash (1969, p. 41) does not present a
similar distinctive reticulation and pinna apices. This species
has a wide geographical distribution. In Iran, it is reported
from Zirab (Kilpper, 1964); Qazvin and Nur Valley (Assereto el
al.,1968).

CLATHROPTERIS sp.

(pI. 1.3)

Description-Pinna incomplete; main vein is 2 mm in
width; lateral veins arise at a right angle to form rectangular
nets with 10 x II mm dimension; tertiary veins arise from
rectangular or sometimes polygonal meshes 5 x II mm in
dimension. The surface of specimen is covered completely by
collapsed pores.

Genus-DICTYOPHYLLUM Lindley & Hunon 1843

DICTYOPHYLLUM EXlLE(Brauns 1862) Nathorst 1878

(PI. 3'2)

1862 Camplopleris exilis Brauns; p. 54. pI. 13. fig. II.
1878 Dieryophyllum exile (Brauns) Nathorst; p. 39, pI. 5, fig.

7.
1926 Dieryophy/tltlll exile Harris; p. 64, pI. I, figs 1.2.
1931 Dieryophy/tum exile Harris; p. 80, pI. 18. figs 15, 16.
1950 Dielyophyllurrt exile Lundblad; p. 28. pI. 3. fig. 12.
1970 Dieryophy/lum exile Boureau; p. 347.
1977 Diel)'ophy/lul11 exile Fakhr; p. 72, pI. 20, figs 2-5; fig. 6E.
Description-Sterile leaf shown in PI. 3·2 bearing 8-9

pinnae; rachis is about 7 cm length, 3 mm width; the web of
basal lamina of adjacent pinnae is negligible about 1-2 cm in
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4

7

E'ig. 3-1. Plerophyllum obovalum. 2. Plerophyllum (,ollliguum. 3. Nilssollia aequalis, 4. Nils.wllia ('ompla. S. Plerophyllllll/ brall/rial/lIl1l. 6.
Taeniopleris lelluillervis. 7. Olowmiles furolli. 8. Podowmiles lallceolalus. 9. Nilssonia polymorpila. 10. Podozamile~' lali.l'illlll.l', 11.
Lobifolia iranica. 12. Ferizianopleris undulala, 13. Podowmiles anguslifolill~·.
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width; pinnae narrow, pinnules with acute to obtuse apices;
pinna-rachis strong, giving off the midribs of pinnules at angles
of40°-50° at intervals of8-9 mm. The division of pinna-lamina
into teeth extending to one-third or less than of total length of
supporting lateral vein. Secondary veins of pinnule from
polygonal meshes, with one row of specially large-sized
primary meshes on each side of midrib.

Comparison-Dictyophyllum falcatulll Natio 1968 and
Dictyophyllum nathorsti Zeiller 1903 are similar to D. exile.
As Kon'no (1968) described D. falcarum was distinguished
from D. exile by bearing less pinnae (12-13), shorter arms (10­
13 mm), having a negligible web of basal lamina as separated
from each other completely by narrow gaps or distinct grooves;
and narrower, falcate pinnules. D. narhorsti in comparison to
D. exile has a basal lamina web about 5-8 cm width (according
to Zeiller, 1903); division of teeth reaches to Y2 (1/3-2/3), and
shorter pinnae bearing arms (8-12 cm long). The division of
teeth in D. exile reaches to 1/3. Furthermore, the length of
rachis bearing pinnae is about 20 cm (according to Fakhr, 1977),
and the main rachis is 1cm, while it is 6-10 mm (according to
Zeiller, 1903) in D. nathorsti.

Genus-TAENIOPTERIS Brongniart 1828

TAENIOPTERIS TENUINERVIS Brauns 1862

(pI. 2·I;Fig. 3'6)

1862 Taeniopteris tenuinervis Brauns; p. 50, pI. 13. figs 1-3.
1867 Taeniopteris tenuinervis Schenk; pI. 25, figs 3-4.
1985 Taeniopteris tenuinervis Vassiliev; p. 75, pI. 37, figs I,

2.

Description-Leaf linear, 22 cm long and 2 cm wide, midrib
clear, tapering gradually towards apex with two fine
longitudinal striae. Lateral veins are simple or forked once, 24­
25 percm.

Remarks-This species is reported from Rhaetian of Iran
(Schenk, 1867; Vassiliev, 1985)

Cla$--GYMNOSPERMOPSIDA

Order-BENNETI1TALES

Genus-OTOZAMITES Braun 1843

OTOZAMITES FURONI Boureau et al. 1950

(pi. 4·5; Fig. 3'7)

1950 Otozamitesjuroni Boureau er al.; p. 229, pI. 7, fig. 39.
Descriptioh-Frond pinnate, 3·5 cm long, 2·5 cm broad,

pinnules ovate, 12 x 6 mm in size, margins entire, apex rounded,
base auriculate, close, alternate and cover proximal face of the
rachis at an angle of 80°. Veins divergent, arising from a point
at the base of the pinnule, dichotomous three times. The
density of veins in the middle part of the pinnule is 18-20.

Comparison & Remarks-Otozamites eichwaldi Fakhr
1977 and Otozamites indosinensis Zeiller 1903 came closer to
O.furoni. O. eichwaldi differs by its smaller pinnules size (4­
6 x 9 mm) and venation with once or twice forked and a density
about 13-15 per pinnule. O. indosinensis differs by its ovate­
linear pinnules (10-13 x 4-5 mm) and veins are once or twice
forked veins. Otozamites kachchhensis Bose & Banerji 1984
differs in having somewhat rhomboidal or slightly falcate shape
and the veins forked once or twice (Bose & Banerji, 1984).
This species is reported from Liassic strata ofRudbar, Iran by
Boureau et al. (1950).

Genus-PTEROPHYLLUM Brongniart 1828

PTEROPHYLLUM BRAUNlANUM (Braun 1843) Goeppert
1843

(PI. 3·5; Fig. 3'5; Fig. 4A, E)

1843 Crenis angusra Braun; p. 39, pI. II, figs Ia, b, 3
1843 Prerophy/lll/ll braunianum (Braun) Goeppert; p. 134.
1867 Prerophy/lum brallnianllm Schenk; p. 164, pI. 38. figs 1-

10.
1914 Prerophyllum angusrum Gothan; p. 134, pI. 26, fig. 3.
1919 Prerophy/lum angustum Antevs; p. 30, pI. 4, figs 3-7.
1940 Prerophyllum angllstum Oishi; p. 340.
1976 Prerophy/lum braunianum Sadovnikov; p. 93. pI. 4. fig.

5.

Description-Leaflinear-Ianceolate as a whole, pinnate,
9 cm in length, 3-3'5 cm in breadth; rachis nearly I mm wide,
with fine longitudinal striations; pinnae sparsely set, opposite
or alternate, attached laterally to the rachis at an angle of about
75°-80", narrow, gradually tapering at apex, with an even base.
19-21 mm in length, 1'5-2 mm in width. Veins parallel, fine,
simple or rarely forked only once, 4-5 per pinna.

Comparison & Remarks-Pterophyllum bavieri Zeiller
1903 and Pterophyllum jaegeri Brongniart 1828 somewhat
resemble P. braunianum but P. bavieri differs from P.
braunianum by its closer pinnae than in the present specimen
and me proportion of length to width of pinnae is about 10-15
times. Both the earlier pinnae are attached at right angles to
rachis. The pinnae in P. contiguum Schenk are shorter and
wider than in P braunianum. This species is reported from
Rhaetian strata ofTazareh by Sadovnikov (1976).

r
2.

PLATE 2

TaeniopleriJ lenuinerviJ Brauns 1862. 3.
ClatlrropleriJ meniJcioideJ (Brongniart 1825) Brongniart 1828. 4.

Plerophyllum obovalum Fakhr 1977.
PseudoclelJis en.liformis Halle t 913.
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PTEROPHYLLUM CONTIGUUM Schenk 1883

(pI. 4·3; Fig. 3'2; Fig. 4C)

1903 Plerophyllllm conliguum Zeiller; p. 191, pl. 48, figs 1-4,
6

1905 Plerophyllum conliguum Zeiller; p. 194.
1965 Plerophyllum conliguum Vu Khuc el al.; p. 42, pI. 13,

figs 1-3.
1977 Plerophyllum conligllum Fakhr; p. 119, pI. 40. fig. 8; fig.

13E.

Description-Incomplete frond 4 cm in length and 3 cm
in breadth, pinnate, lanceolate, tapering towards apex; rachis
0·2-0·4 mm broad; pinnae attached at angles of 40°-50° to the
rachis laterally by the entire base, opposite, closely placed,
12-18 mm long, 1'5-3 mm broad, margins parallel, apex obtuse
to round; veins parallel, fine, simple or rarely once forked, 6-7
per pinna.

Comparison & Remarks-Pterophyllul11 braunianul11
Goeppert 1843 resembles this species. It differs in having larger
pinnae with more narrow apex than P cOllliguulII. In P
braunianum, pinnae are never set closely, and they are
expanded at the base. Pterophyllul11 bavieri Zeiller 1903 is
distinguished by its much more linear pinnae (long is 12-25
times than width). Pterophyllum aequale (Brong.) Nathorst
differs from P contiguul11 by its usually broader pinnae (4-5
mm) and greater number of veins in each pinnae (10- J2). Fakhr
(1977) reported this species from Rhaeto-Liassic strata of
Shemshak area (Iran).

PTEROPHYLLUM OBOVATUMFakhr 1977

(pI. 2'3; Fig. 3'1; Fig. 4D)

1977 Pterophyllul11 obovatum Fakhr; p. 115, pI. 40, figs
1,2; fig. 13H-J.

Description-Leaf obovate-lanceolate as a whole,
pinnate, 7 cm in length, up to 2 cm in width; rachis up to I mm
wide; pinnae attached laterally to the rachis, opposite to
alternate, 5-11 mm long, 2-2'5 mm broad; set closely at 800 -8Y
angles with the whole base, margin parallel, apex rounded;
veins parallel, fine, simple or forked only once at its base, 7-8
veins per pinna.

Comparison & Remarks-Pterophyllum nathorsti
Schenk comes closer to this species. P nathorsti has always
fewer veins per pinna (5·7) than P. obovatum (7 -8). Moreover,
the leaf of P. nathorsti is a linear-Ianceolate in shape while P.
obovatum has an obovate-lanceolate contour. Pterophyllum
rajrnahalense Morris 1863 differs in having oblanceolate frond
and in vein concentration (15-25 per pinna: Bose & Banerji,

1981). This species is reported from Rhaeto-Liassic strata of
Shemshak area (Iran) by Fakhr (1977).

Order--CYCADALES

Genus-NILSSONIA Brongniart 1825

NILSSONIA AEQUALIS Brongniart 1825

(pIA' I ; Fig. J 3)

1825 Nilssonia ?aeqllalis Brongniart; p. 219, pI. 12. fig. 6
Description-An incomplete leaf, 8 cm in length; rachis

is covered at places, 2 mm wide, with longitudinal striations
on the exposed part. Pinnae attached laterally with entire base
at angles of 50°-60°, margin parallel, both the acroscopic and
basiscopic margins curved upward and downward; apex
rounded; 2-5-3 cm long. 5-8 mm wide, veins strong, simple,
parallel, 10-12 per pinna.

Comparison-Our specimen resembles PteropllylJulI/
aequale (Bron.) Nathorst 1878. N. aequalis in comparison with
P aequale has no forked veins but it has more linear pinnae
(2-6 cm long, 2'5-5 mm wide) than present specimen and more
veins per pinna (18-28). Fakhr (1977, p.125) described P. aequale
with pinnae attached to the rachis at angles of 70°_90° and
pinnae with truncate apices. Our specimen as a whole resembles
Pterophyllum cf. subaequale Hartz described by Boersma &
van Konijnenburg-van Cittert (1991, p. 227) from Aghdarband.
Iran. But, venetion is not visible in the present specimen.
Nilssonia aeqllalis has thicker and simple veins in comparison
with the species of Pterophyllum.

NILSSONIA COMPTA (phillips 1829) Goeppert 1844

(pI. 4·2; Fig. 4F)

1829 Cycadiles comptus Phillips; p. 148, pI. 7. fig. 20.
1844 Nilssonia compla (Phillips) Goeppen; p. 139.
1864 Plerophyllum complt/m Leckenby; p. 77, pI. 9. fig. I.
1875 Plerophyllum COmplWll Phillips; p. 227. pI. 7. fig. 20.
1900 Nilssonia compta Seward; p. 223, pI. 4, figs 5. 39,40.
1905 Nilssonia compta Ward; p. 94-95, pI. 17, figs 11-14.
1942 Nilssonia compla Harris; p. 578, fig. 5.
1960 Nilssonia compta Farshad; p. 95, fig. 81.
1964 Nilssonia compla Benda; p. liS, pI. II, figs 1.2: fig. 20.
1964 Nilssonia compla Harris; p. 50-54, text-figs 22.23.
1977 Nilssonia compla Fakhr; p. 92, pI. 27, figs 6, 7.
Description-Leaf incomplete, 13·5 cm in length, rachis

2-3 mm broad; pinnae rectangular to trapezoid in shape, laterally
attached at right angles, 20-25 mm in length, 8-10 mm in width;
pinnae are unequal in size; apex truncate with rounded angles,

"

I. Podozamites latissimu,\' Sranisiavski 1971.
2. Dicryophyllum exile (Brauns 1862) Nathorsr 1878.

PLATE 3

3. Nilssonia polymorpha Schenk 1867
4. Podozamites anguslifolius (EichwaJd 1865) Schimper 1870
5. Pterophyllulll brauniallulll (Braun 1843) Goeppert 1843

7"
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pinnae decrease in size towards the apex, so leaf margins
slightly convergent. Veins parallel, rough, simple, 12-14 per
pinna.

Comparison & Remarks-Pterophyllum portali Zeiller
1903 and Pterophyllum inconstans (Braun) Goeppert 1844
resemble to the present specimen. P portali differs by its larger
pinnae, with rounded apex, and stronger veins. P. (An.)
inconstans is distinguished by numerous veins (15-28) per
segment which forked once or twice. Pterophyllum muensteri
(Presl) Goeppert has fine veins which forked once or twice.
Nilssonia princeps Oldham & Morris 1863 differs in having
large apical segment, rectangular pinnules and distant bases
of pinnules. This species is reported from Rhaeto-Lias strata
of Abiek (Iran) by Fakhr (1977).

NILSSONIA POLYMORPHA Schenk 1867

(pI. 3-3; Fig. 3'9)

1867 Nilssonia polymorpha Schenk; p. 127, pI. 29, figs 1-9;
pI. 30, fig. I.

1869 Nilssonia polymorpha Schimper; p. 489, pI. 65, fig. 9.
1876 Nilssonia polymorpha Nathorst; p. 40, pI. 8, figs. 2-15;

pIs 8, 9.
1878 Nilssoniapolymorpha Nathorst; p. 17, pI. 2, figs 6-7.
1879 Nilssonia polymorpha Nathorst; p. 72, pI. 15, figs 3-5.
1887 NilssoniapolymorphaSchenk; p. 7, pI. I, fig. 3; pI. 5,

fig. 22.
1909 Nilssonia polymorpha Nathorst; p. 10, pI. 5, figs 9-13;

pI. 6, figs 9-13; pI. 7, fig. 20; pI. 8, figs 12-18.
1940 cf. Nilssonia polymorpha Oishi; p. 210, pI. 26, fig. 6.
2000 Nilssonia cf. polymorpha Schweitzer et al.; p. 20, pI. 3,

figs 3-5.
Description-Incomplete leaf 5·6 cm in length and 1·6 cm

in width, rachis about 1 mm thick. The segments cover the
rachis proximal)y. The segments attached at right angles to
the rachis, with the upper margin nearly straight or slightly
concave and the lower margin with a gentle broad curve
towards the outer margin. The outer upper margin is obtusely
pointed. The veins are parallel, unbranched, and vein
concentration 11-21 per segment or 11-12 per cm.

Comparison & Remarks-Nilssonia schaumbergensis
(Dunker) Nathorst 1881, N. sarakhs Barnard & Miller 1976 and
N. serratus (Prynada) Schweitzer et al. 2000 are somewhat
similar to N. polymorpha. N. schaumbergensis can be
distinguished by its narrower frond (less than 1 cm broad) and
more veins concentrations (30 per cm). N. sarakhs has 20 veins
per cm and it is reported from Dogger strata of Iran (Barnard &
Miller, 1976, p.72). N. serratus distinguished by its more
triangular-falcate shape of the pinnae and more veins in each
pinna (11-34). Moreover, the margins of pinnae are dentate
(Schweitzer et ai, 2000, p. 48-50). Schenk (1887) and Schweitzer
et al. (2000) reported this species from Rhaetian of Alborz.

Genus--PSEUDOCTENIS Seward 1911

PSEUDOCTENIS ENSIFORMlS Halle 1913

(pI. 2-4; Fig. 4B)

1913 Pseudoctenis ensijormis Halle; p. 51, pI. 6. fig. 8.
1976 Pseudoctenis ensijormis f. minor Sadovnikov; p. 100.
Description-Leaf 8·5 cm in length, 3-3'3 cm in width.

pinnate; rachis rather slender, 1-2 mm broad; pinnae inserted
laterally with the whole of the base at angles of 70°-80°. bases
expanded with both the edges of the pinna continuing on the
rachis sometimes to the next pinna, thus forming a rounded
sinus between two adjacent pinnae. Pinna ensiform with
somewhat obtuse to rounded apices, 20-28 mm in length, 4-5
mm in width; veins parallel, strong, simple or rarely once forked,
5-7 veins per pinna.

Comparison-P ensiformis descri bed by Halle (1913, p.
51) is a large leaf (12-14 cm in width). Although our specimen
bears morphologically similar pinnae but smaller in size. Fakhr
(1977, p. 89, pI. 39, figs 1-3) also described somewhat similar
species as Pseudoctenis ?abiekensis from Iran. P? abiekensis
differs from P ensiformis by its obtuse to acute apices of
pinnae. Furthermore, the density of veins is more in the present
than Halle's specimen.

Order-CONIFERALES

Genus--PODOZAMITES Braun 1843

PODOZAMITES ANGUSTIFOLIUS (Eichwald 1865)
Schimper 1870

(pI. 3-4; Fig. 3'13)

1865 Zamites angustijolius Eichwald; p. 39, pI. 2. fig. 7.
1870 Podozamites angustijolius (Eichwald) Schimper; p. 160.
1941 ? Zamia angustijolia Furon; p. 250.
1958 Podozamitesangustijolius Vakhrameev; p. 122, pI. 31.

figs' 3-5; pI. 32, fig. 5.
1967 Podozamites angustijolius Takhtajan; pI. 11, figs 10.

II.
1977 Podozamites angustijolius Fakhr; p. 142, pI. 45, fig. 10;

fig.20A.
Description-Shoot incomplete, 7 cm in length, 8 cm in

width; leaves lanceolate-linear in shape, typically 5 cm long, 5
mm wide, spirally attached at angles of 700-800 to the rachis;
margins entire, parallel, gradually tapering to apex; base
strongly contracted; veins simple or forked once at the base
of leaf, parallel, 6-8 in number in the middle part of the leaf,
converging towards the apex.

Comparison & Remarks-Podozamites schenki Heer
1876 and Podozamites gramineus Heer 1876 are two
comparable species to P angustifolius. P gramineus can be
distinguished from this species by its more linear leaves (up
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I Nilssonia aequalis Brongniart 1824.
2. Nilssollia ('()lI1pta (Phillips 1829) Goeppert 1844.
3 Pterophyllull1 ('olltiguUII1 Schenk 1883.
4. Podozamites lallf'eolatus (Lindley & Hullon (837)

Braun 1843.
5 Otozamites furoni Boureau et at. 1950.
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to 10 cm long) and fewer number of veins (4-5 per leat). P
schenki has shorter and narrower leaves (2'5-4 cm in length
and 1·5-2·5 mm in width: Fakhr, 1977, p.143) than P.
angustifolius. Fakhr (1977) reported it from Rhaeto-Liassic
strata of Shemshak area, Iran.

PODOZAMlTES LANCEOLATUS (Lindley & Hutton
1837)Braun 1843

(pI. 4-4; Fig. 3·8)

1837 lamiles lanceolara Lindley & Hutton; p. XCIC.
1843 PodolOmiles lanceolallls (L & H.) Braun; p. 36.
1950 Podozamiles lanceolalils Boureau el 01., p. 227, pI. 7.

fig. 36
1956 PodoZQmiles lanceolalils Sze; pI. 52. fig. I: pI. 53. fig. I.
1963 Podowmiles lanceolallls Jongmans; p. 2525.
1976 Podowmiles lanceolalllS Sadovnikov; p. I 10, pI. 6, fig.

6.
1977 Podowmiles lanceolalllS Corsin & Stampni; p. 536, pI.

5, fig. 6.
1977 Podozamiles lanceolarlls Fakhr; p. J41, pI. 48, figs 3. 4.

7-9.
1984 Podowmi/es lanceolalllS Vassiliev; pI. 4 I. fig. 2, pI. 42.

fig. I.

Description-Incomplete specimen bearing lanceolate
leaves, rachis 3 mm in width; leaves large, 50 mm in length, 12
mm in width, base strongly contracted; optimum width below
the middle, at about 5 mm from the base; veins simple or
dichotomous only at the base of the leaf, parallel, 27-29 per
leaf at the broadest part, converging towards the apex.

Comparison & Remarks-Podozamites disfGns (Presl)
Braun 1843 resembles P lanceolafUs. It can be distinguished
by lesser concentration of veins (13-22 per leaf: Schweitzer &
Kirchner, 1996, p. 89). Boureau et al. (1950) reported this species
from lower Lias of Haoz-e-Hadj Mehdi (Khorassan) and
Shemshak. Sadovnikov (1976), Corsin & Stampfli (1977), Fakhr
(1977) and Vassiliev (1984) reported it from Karmozd; Farsian;
Shemshak, Abiek, Ferizi, Alasht and Sangrud (Iran)
respectively.

PODOZAMITES LATISSIMUS Stanislavski 1971

(Pl.3·I; 3,10)

1971 Podowmiles lalissimlls Stanislavski; in Boersma el 01.,
1991, p. 226

1976 Podozamiles lalissimus Sadovnikov; p. 110, pI. 6, fig. 6.
Description-Shoot 9 cm long, 6 cm wide; leaf-blade

lanceolate, typically 5-6 cm long, 8-10 nun wide, arranging in a
simple helix at variable distance at an angle of 30°; margins
entire; base strongly contracted without any distinct petiole,
optimum width in the middle, about 2-2'5 cm from the base;
apex slightly obtuse; veins simple or forked once at the base
of leaf, parallel, 13-14 per leaf at the broadest palt, converging
towards the apex.

Comparison & Remarks-Podozam;tes pauc;nervis
Boersma & van Konijnenburg-van Cittert JHA, 1991 is

comparable to the present species in shape. It can be
distinguished by its fewer veins per leaf (10-11) and its optimum
width is about 10 mm (l3oersma & van Konijnenburg-van Citten
JHA, 1991). Podozamites d;stans (Presl) Braun differs from
this species in having more concentration of veins (13-22 per
cm: Schweitzer & Kirchner, 1996). It is reported from the
Rhaetian flora of Donets Basin by Stanislavski (1971).
Sadovnikov (1976) reported this species from Upper Triassic
strata ofTazareh, Iran.

CONCLUSION

There are several index species such as DiClyoplzylluJIl
exile, Nilssonia polylllorpha, PodoZQIII;tes latissimus and
Equisetites arenaceus (only in Iran) which suggest the
Rhaetian age for the basal part of Shemshak Formation.
Furthermore, abundance of fern genera ofDipteridaceae such
as Clatlzropteris and Dictyophyllum and greater frequency
of large stem ofEquisetales indicate the prevalence of a warm
and humid climate in this area. The former groups are identified
usually as thermophilic and the later one as flourishing in
humid places.
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ABSTRACT

Singh SM 2002. Seeds, fructifications, bracts and calamitalean axes from the Karanpura and Bokaro
Group of coalfields. Palaeobotanist 5 I : 73-79.

The paper deals with fructifications of glossopterids (viz. GOllophylloides sp., Scutum sp., Ortokaria
sp., & Bokarospermum gen. nov.), seeds (Cordaicarpus), bracts and calamitalean axes found in a detached
condition from the Barakar Fonnation of the Karanpura and Bokaro Group of coalfields. Vertebraria axes
were also observed from the Rikba plant bed of North Karanpura Coalfield. These mentioned taxa are only
a small part of an extensive and significant flora of Karanpura and Bokaro Group of coalfields.

Key-words-Fructification, Bokarospermum, Calamitalean, Cordaicarpus.
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INTRODUCTION

T HE term glossopterid is applied to the Lower Gondwana
leaf genera Gangamopteris, Glossopteris, Palaeovittaria,

and similar leaves, which share similar epidermal features and
are associated with comparable fructifications. The first

glossopterid fructification was described and illustrated by
Feistmantel (1881) as Dictyopteridium sporiferum who thought
it to be a fern. Zeiller (1902-1903) reported Ottokaria
(Feistmantelia) bengalensis, now known as an ovuliferous
capitulum with a long stock and subtended by a glossopterid
leaf, probably Glossopteris communis (Banerjee, 1978). Bose

© Birbal Sahni Institute of Palaeobotany, India
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re-examined the specimen of Zeiller, i.e., Ouokaria
bengalensis. From these observations he convinced that the
three forms are related to each other. But Bose did not agree
with Zeiller's observation because he had found that 0.
bengalensis is definitely attached to the midrib of a
Glossopteris indica type of leaf (in Plumstead, 1956 on pp.
232-233). White (1908) established the genus Arberia for
"broadly incised, coriaceous or striate and thick nerved scale
leaves whose distant recurvate and truncate lobes appear to
owe their abrupt or even slightly ragged terminations to the
detachment of some sort of bodies, presumably reproductive
in nature". On the basis of association a relationship between
Arberia and Gangamopteris was presumed. Rigby (1972)
interpreted Arberia as a fructification "that bore large numbers
of naked ovules on pinnate branch lets arranged laterally along
a forked rachis". Plumstead (1952, 1956, 1958) described and
illustrated a large number of fructifications in organic
connection with leaves of Gangamopleris, Glossopteris and
Palaeovittaria. Several other fructifications of the
glossopterids, were described by Surange and Maheshwari
(1970), Banerjee (1969, 1984, 1991), Surange and Chandra
(l973a, b, 1975), Kov'acs-Enro'dy (1974), Chandra and Surange
(I 977a, b, c), Pant and Nautiyal (1984), Anderson and
Anderson (1985), and others. The taxonomic position and
phylogenetic relationship of different types of glossopterid
fructification have been analysed by Maheshwari (1990).

In the present collection only a few fructifications in
detached condition, are present. These are referable to the
genera Gonophylloides, Scutum, Ottokaria and
Bokarospermum gen. nov.

Feistmantel (1879, 1881, 1882, 1886) reported a number of
seeds under the genera Carpolithes, Samaropsis,
Cardiocarpum, etc. from the Talchir, Karharbari and Raniganj
formations. Subsequently, numerous other seeds were
described under th~ genera Cardiocarpon, Cardiocarpus,
Cycadospermum, Cornucarpus, Indocarpus, Nummulo­
spermum, Eucerospermum, etc.

The dispersed bracts are now accepted as part of some
ferti Ie organs of Glossopterids. These are deciduous in nature
and occur singly as protective structures of fertile organs.

The study of large numbers of such scale leaves has revealed
significant characteristic features worthy of generic recognition
(Banerjee, 1984). The scale leaves which occur singly have
been recognised under the new genus GondwQnolepis. by
Banerjee (1984). Calamitalean and Verlebraria axes were also
found in large numbers in these coalfields.

MATERIAL & METHODS

The material is preserved as impressions and
compressions on grey carbonaceous shales. Most of the
specimens belong to the Barakar Formation of the South
Karanpura, North Karanpura and West Bokarocoalfields. One
Vertebraria cast has also been collected from Ihe Talchir
Formation of the North Karanpura Coalfield.

The collected specimens have been cleaned, sorted OUI,
photographed and lodged in the repository section of Birbal
Sahni Institute of Palaeobotany, Lucknow, India.

SYSTEMATIC DESCRIPTIONS

Glossopterid Fructifications

Genus-GONOPHYLLOIDES Maheshwari 1968

(=Cistella Plumstead 1952)

GONOPHYLLOIDES sp.

PI. 11,2

Specimen No.-BSIP 38816 (214578), BSIP 38856 (2014578)
Locality-Sirka Colliery, South Karanpura Coalfield.
Horizon-Barakar Formation.
Plumstead (1952) instituted the genus Cislella for a

certain type of fructification found 'attached' to the midrib of
Glossopleris leaves. Maheshwari (1968) observed that the
name Cislella was preoccupied and hence he instituted a new
name Gonophylloides for Plumstead's specimens. Plumstead
(1956) interpreted Cislella as a female bivalved structure
comprising a fertile head and a sterile bract. Many later workers
thought it to be of strobiloid nature (Surange & Maheshwari,

PLATEl

1,2. Gonophylloides (= Cislella) sp., Specimen No. BSIP 38816 (21
4578), BSIP 38856 (20/4578), Barakar Formation, Sirka Col-
liery, South Karanpura Coalfield, Bihar. x nat. size. 6.

3. Scutum sp., Specimen No. BSIP 38857 (S/4578), Barakar For-
mation, Shales associated with Naditoli Seam, Sirka Colliery, 10.
South Karanpura Coalfield, Bihar. x nat. size.

4, 8. Bracts. Specimen No. BSIP 38858 (1/5007), BSIP 38859 (1/
5064) Barakar Formation, Jharkhand Colliery, West Bokaro 11.
Coalfield, Jharkhand. x nat. size.

5, 9. Cardiocarpus sp., Specimen No. BSIP 38860 A & B (2/4753),
Barakar Formation, Religara Colliery, South Karanpura Coal- 12.
field, Bihar. x 3.

7. Cardiocarpus sp.. Specimen No. BSIP 38861(1/5007), Barakar

"/'

Formation, Jharkhand Colliery, West Bokaro Coalfield.
Jharkhand. x nat. size.
Ouokaria sp.. Specimen No. BSIP 38822-A (1/5007). Jharkhand
Colliery, West Bokaro Coalfield, Jharkhand. x nat size.
Calamitalean axis, Specimen No. BSIP 38862 (9/4739). Barakar
Formation, Kuju Colliery, Wesl Bokaro Coalfield. Bihar. x nat
size.
Calamitalean axis, Specimen No. BSIP 38863 (2/5007B).
Barakar Formation, Gidi- C Colliery, South Karanpura Coal­
field, Bihar. x nat. size.
A cast of Vertebraria axis, Specimen No. BSIP 38864 (6/4993).
Talchir Formation, Chano-Rikba Basin. North Karanpura Coal­
field, Bihar. x nat. size.
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1970; Surange & Chandra, 1974, and others). Of late opinion is
emerging that the female glossopterid fructification may be of
foliar nature, bearing ovules on one surface only (Maheshwari,
1965; Gould & Delevoryas, 1977; Maheshwari, 1990).
Organisationally there is not much difference between
Dictyopteridium, Scutum and GOl1ophylloides. The main
difference lies in their shape and nature of ovule "bases".

Present specimens are incomplete, measuring 3-5-5 cm in
length and 1'3-2 cm in width. At the base is a distinct mark of
the stalk. The surface is studded with a large number of
overlapping, more or less polygonal-circular, elevated areas
which appear to have been arranged in close spirals. These
probably represent bases of ovules/seeds.

Genus--SCUTUM Plumstead 1952

SCUTUMsp.

PI. 1.3

Specimen No.-BSIP 38857 (S/4578).
Locality-Sirka Colliery, South Karanpura Coalfield.
Horizon-Barakar Formation.
This genus was established by Plumstead for a type of

reproductive organ found attached to Glossopteris leaves or
unattached. According to her "Scutum is a bilaterally
symmetrical, two sided cupule usually borne on its own short
pedicel which grows, according to the species, from the midrib
or from the top of the petiole of a leaf which in every other
respect resembles the vegetative leaves of a species of
Glossopteris. The fructification is believed to be axillary but
the pedicel is adnate for the greater part of its length 2 cm,
width I·5 cm. On the out side each hal f consists of a central
part, or head, which is thick or raised and has fan-shaped
venation, and a surrounding wing which is often fluted, striated
and has a dentate margin. The adaxial half called the fertile
half, bears 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".

Genus--OITOKARIA Zeiller 1902-1903

OITOKARIA sp.

PI. 1·6

Specimen No.-BSIP 38822-A U/5OO7).
Locality-Jharkhand Colliery, West Bokaro Coalfield.
Horizon-Barakar Formation.
Zeiller (1902-1903) described a fructi fication consisting

of a lobed terminal disc and a slender stalk. Seward and Sahni

(1920) observed that it "consists ofa stalk attached in a slightly
eccentric position to an almost orbicular lamina 2.5 cm in
diameter with sub-acute teeth and traversed by numerous
radially disposed irregular striations. The lamina is slightly
concave and has the form of a shallow cup. The surface features
are more like that of a bract than a regular vei ned leaf". Later
Pant and Nautiyal (1966) and Mukherjee et al. (1966) commented
on the connection of Ottokaria to a leaf of Glossopteris.
Surange and Chandra (1975), Pant and Nautiyal (1984).
Maheshwari (1990), and others have also put forth their ideas
about Ottokaria Zeiller.

BOKAROSPERMUM gen. nov.

Diagnosis-Semicircular concave disc presents at the
median part of leaves. Size variable; 0'5-1 cm, 2-3 labium like
structures surrounds the concave disc, probably it bears
reproductive organs. At the point of fructification the midrib
is not clear. There is only one fructification on one leaf.

BOKAROSPERMUM MAHESHWARI sp. nov.

PI.2·1-4

Specimen Nos.-BSIP 38864 (30/5004), BSIP 38865 (13/
4746), BSIP 38866 (1/5004), BSIP 38867 (16/5004).

Locality-Jharkhand Colliery, West Bokaro Coalfield.
Horizon-Barakar Formation.
Holotype-Specimen No. BSIP 38866.
Description-Fructi fication .
Diagnosis-As generic diagnosis.
Remarks-Many leaves of Glossopteris spp. showing

median location of a fructification type not reported previously.
In overall features it does not show resemblance with other
fructifications. The fructification looks to be sufficiently
distinctive and interesting to be named as BokarospemwlI!
gen. nov. Various BSIP Staff and John Rigby's recommendation
also supported it as new taxon. Thus BokarospermulII
maheshwari sp. nov. is erected as a new species.

Seeds

Genus--CORDAICARPUS Geinitz 1862

CORDAICARPUS sp.

PI. 1·5,7,9

Specimen No-BSIP 38860 (214753), BSIP 38861(1/5007).
Locality-Religara Colliery, South Karanpura Coalfield,

Jharkhand Colliery, West Bokaro Coalfield.

PLATE2 ......
/'

1-4. Leaves of Glossopteris spp. Specimen Nos. BSIP 38865 (30/5004), BSIP 38866 (13/4746), BSJP 38867 (115004), BSJP 38868 (16/5004).
showing location of Bokarospermum fructification type not reported so for, Barakar Formation, Jharkhand Colliery, West Bokaro
Coalfield, Jharkhand. x nat. size.
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Horizon-Barakar Formation.

This type of seed was described by Zeiller (1902-1903) as

Cordaicarpus sp. Seward and Sahni (1920) described them as

Cordaicarpus sp. cf C. cordai (Geinitz) on the basis of an

external morphological resemblance with the northern species.

However, the carboni sed seed coat of the northern species

shows reticulate meshes which are absent in southern forms.

Description-Seeds platyspermic, pear-shaped, base

cordate, apex rounded, 0,5-0,9 cm long, 0,2-0,5 cm broad; a

narrow border (? sarcotesta), nearly uniform in width, encircles

the sclerotesta.

Bracts or Scale leaves

PI. 104,8

Specimen Nos.-BSIP 38858 (1 1/5004), BSIP 38859 (12/
5(04).

Locality-Jharkhand Colliery, West Bokaro Coalfield.

Horizon-Barakar Formation.

Description-Shape obovate, length 3,2-3,5 em, width

2,3-2,6 cm, Apex obtuse, Base truncate, Midrib absent, Margin

dented, Veins radiating from base, bifurcating and reaching

up to apex.

Calamitalean axes

PARACALAMITES AUSTRALIS Rigby 1966

PI. 1·10-11

Calamitalean axes are showing ridged and furrows. Nodes

and internodes are peculiar features of these elongated

cylindrical axes. Length 7 ,0-14,0 cm, width 5· 3-3'2 cm.

Specimen Nos.-BSIP 388662 (9/4739), BSIP 388663 (2/

5007B)
Locality-Kuju Colliery, West Bokaro Coalfield, Gidi-C

Colliery South Karanpura Coalfield.

Horizon-Barakar Formation.

VERTEBRARlA INDICA Royle 183gemend.Schopf 1965

PI. 1·12

Remarks-Vertebraria indica was established on the

basis of external characters of the axes. Surange and

Maheshwari (1962) established two more species, viz., V.
raniganjensis and V. myelonis. Schopf (1965), however, did

not consider the difference between anatomy of V. indica
(Walton & Wilson, 1932) and V. raniganjensis to be great

enough to separate the two species. He also did not find

evidence for the presence of a pith in Ver1ebraria axes and

therefore rejected the species V. myelonis. He, however,

included as a new species, a petrified axis described by Krausel

(1956) from the Karroo Series of South Africa.

Specimen Nos.-BSIP 38864 (6/4993), 3/4995,10/5003,

J 115007, J215007, 13/5007.

Locality-Lurunga Nala, Chano-Rikba Basin, North

Karanpura Coalfield; Saunda Colliery, South Karanpura

Coalfield, South Tapin and Jharkhand Collieries, West Bokaro

Coalfield.

Horizon-Talchir and Barakar formations.

Description- Length 5'7-24 cm; width 004-3'7 em.
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ABSTRACT

Sarana S 2002. Characterisation of organic source material from Tatapani and Ramkola coalfields,
Chhattisgarh. India. Palaeobotanist 51 : 81-92.

Detailed study of the coal microconstituents from Tatapani and Ramkola coalfields has revealed
preservation of leaf sections. cork cells, microspores, megaspores. algae, resins. seeds and fruiting bodies.
The completely intact leaf sections showing various tissues are reported here for the first time from Early
Permian coals. Occurrence of such well preserved plant structures indicates that certain part of Indian Lower
Gondwana coals could be partially of autochthonous in origin, while the Gondwana coals are known to have
been formed by drifted plant malter, as also confirmed by the presence of distorted material. The
palaeodepositional environment and nature of coal forming plant community has also been discussed.

Key-words-Macerals, Autochthonous, Liptinite. Palaeodeposition. Tatapani and Ramkola.
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Fig. I-Map showing the location of Tatapani-Ramkola coalfields in
respect to other Gondwana coalfields of India.
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INTRODUCTION

THE Tatapani and Ramkola coalfields form the eastern- most
extension of Son Valley Basin, lying 25 km west ofHutar

Coalfield. Rivers Kanhan and Rehar flank the eastern and
western sides and drain into Son River. The location map
appears in Fig. I. The coalfields lie between 23°30' & 23°5S'
latitudes and 83°00' & 83°40'longitudes, the northern strip of
coal-bearing rocks forms the Tatapani Coalfield and the
southern strip as the Ramkola Coalfield. This area is located
between Rampur fault in the north and Tatapani fault or
Southern boundary fault in the south. 'Tatapani' owes its name
to the famous hot spring emanating at 98·50°C from the Southern
boundary fault.

Tatapani-Ramkola is a classical basin in which Gondwana
sediments lie unconformably over the Basement metamorphic
rocks. Talchir, Barakar, Barren measures, Raniganj, Panchet
and Mahadeva formations comprise Gondwana Sequence in
the area (Raja Rao, 1983; Fig. 2). Barakar Formation is
represented by white fine to medium grained sandstone,
micaceous grey shale, carbonaceous shale, shaly coal and
coal seams. Thin coal bands occur in Raniganj Formation also.
The seams at Tatapani-Ramkola are mostly lying as subsurface
deposits represented by numerous coal bands. The thickness

AGE FORMATION LITHOLOGY

Recent Alluvium.

Cretaceous? Basic intrusives Dolerite dykes.

Upper Triassic Mahadeva Thick, cross-bedded, coarse grained ferruginous sandstone.

Lower Triassic Panchet Yellowish, fine grained sandstone with alternating red and green siltstones,
shales and clays.

Upper Pennian Raniganj Micaceous fine-grained ripple laminated sandstones, grey and carbonaceous shales
and shaly coal bands.

Middle Permian Barren Measures Ironstone shales showing box structure, fine grained sandstone, shales and
argillaceous sandstone.

Lower Permian Barakar Medium to coarse grained pebbly arkosic sandstone, grey and carbonaceous
shales and coal seams.

Lower Permian Talchir Diamictite, khaki-green needle shales, siltstone fine grained sandstone and varves.

--------------------------------- Unconformity ------------------------ --- -- ----

Archaean Granites, gneisses, mica and green schists, phyllites and quartz veins.

Fig. 2-Generalised stratigraphic sequence (after Raja Rao, 1983, modified by the author)

'-
,/

Fig. 3-Lithologs of Bore-Holes TRS-16 and TRM·3 which has been obtained from the GSI.
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No. of
spls

B.H.TRS-16
UNIT-I 27

UNIT-II 6

UNIT-Ill 3

UNIT-IV 5

Total 41

B.H.TRM-3
UNIT-I 26

UNIT-II 3

UNIT-Ill 2

UNIT-IV 2

THE PALAEOBOTANIST

Vitrinite Liptinite Liptinite Inertinite Min. matter
(Normal (Fluoresc.
mode) Mode)

MEAN (%) 14 10 30 27 49
RANGE (%) 0-52 1-28 12-49 9-48 19-78

MEAN (%) 29 18 34 28 25
RANGE (%) 12-50 3-34 I-53 15-46 12-41

MEAN (%) 38 21 25 23 18
RANGE (%) 19-56 16-26 16-32 18-31 10-24

MEAN (%) 31 15 22 29 25
RANGE (%) 3-50 1-38 4-51 11-70 16-36

MEAN (%) 24 13 23 28 35
RANGE (%) 0-63 3-34 8-46 10-53 21-67

MEAN (%) 29 18 34 28 25
RANGE(%) 12-50 3-34 14-53 15-46 12-41

MEAN (%) 38 21 25 23 18
RANGE (%) 19-56 16-26 16-32 18-31 10-24

MEAN (%) 31 15 22 29 25
RANGE (%) 3-50 1-38 4-51 11-70 16-36

Total 34
Grand Total 75

Fig. 4-Distribution of macerals in the units.

of coal bands varies between 16 cm to 9 m and the estimated
reserve ofcoal is 1027·76 million tones.

Bose et at. (1975), Srivastava and Kar (1997) and
Srivastava et at. (1997) were the earlier workers who worked
on the palaeobotanical and palynological aspects ofTatapani
and Ramkola coals. Detailed petrological studies of coals from
Tatapani-Ramkola coals have been undertaken for the first
time by the author and the results are incorporated in this
paper. The present investigation aims to throw light on the
characterisation of organic source material based on the
papers by Spackman et at. (1976), Teichmuller (1974, 1987,
1989), Teichmuller and Teichmuller (1981) and Teichmuller and

Wolf (1977) who were the pioneer workers who named and
characterised the source material of coal through fluorescence
microscopy. In India the detailed fluorescing macerals studies
have been done from Singrauli Coalfield (Misra & Singh. 1990.
1993), Rajmahal Basin (Singh & Singh, 1996) and Tertiary coals
(Misra, 1992).

The formation of coal starts with the diagenesis of plant
polymers (macromolecules) and ends with the formation of
macerals. Certain plant polymers maintain themselves
throughout the process of diagenesis, while others get
degraded and form geopolymers like humic acid, fulvic acid,
etc. (Casagrande, 1987). The plant polymers that maintain

PLATEl
(All the photomicrographs are in normal reflected white light)
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I.

2.
3.

4.

Telinite with higher reflecting cell walls and spaces partially 5
tilled with mineral mailer (x 150).
Telinile showing cell lumen infilled with gelocolJinite (x 150).
A large grain of fusinite showing annual growth rings, small 6.
celled late wood and large celled early wood (PI. x 150). 7.
Secrinite (x 200).

8.

Showing cell lumen transform into spheroidal and elliptical
bodies (corpocollinite) in formative stages present between
layers of cUlinite in desmocollinitic ground mass (x 150)
Funginite (x 150).
A transitional stage between corpocollinite and macrinite show­
ing oxidation rims (x 150).
Secrenite (x 100).
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themselves are manifested as structured liptinite macerals, e.g.,
cutinite, sporinite, suberinite, alginite and resinite. Those that
could not maintain their original form either undergo the
process of humification if oxygen is not available or
inertinization in the presence of oxygen. The resultant macerals
belong to vitrinite or inertinite maceral group, respectively. In
addition well preserved cuticles, spores, cork cells, algae, resins
and some unidentifiable fruiting bodies have also been
reported in the present communication. These well preserved
plant bodies indicate the palaeodepositional conditions.

MATERIAL AND METHODS

Seventy five samples of coal and carbonaceous shale
from two bore-holes TRS-16 and TRM-3 courtesy GSI have
been utilized in the present study. Their litholog appear in Fig.
3. Each sample represents 0·50 m of the bore-core section. A
term "Unit" has been given to coal bands separated by
inorganic partings of greater than 19 m thickness. Each Unit
has one or more major coal bands or one or more minor coal
bands or both. The 19 m thickness has been taken as the basis
for the separation of Units, as it is the minimum width of the
parting present in the bore-holes. These Units represent a
particular depositional environment in which the sediments
were laid down and were identified in the boreholes, named as
Unit I, Unit II, Unit III and Unit IV starting from the top (Fig. 3).

However, the number of workable coal seams is only three
(Raja Rao, 1983). Therefore, seams form a part of the Unit.

The samples were crushed to ±2·0 mm size, mounted in
epoxy resin, ground and polished, according to standard
procedures (lCCP, 1971, 1975). The maceral and microlithotype
studies were done under normal mode on Leitz Orthoplan
Microscope fitted with automatic photographic unit (vario
orthomat). Up to 500 counts per sample were taken using
automatic point counter (James swift model F) for quanti tati ve

assessment of fluorescing and non-fluorescing macerals.
The material from which most of the plant entities have

been recovered is collected from a 1·25 m thick coal band at
96.25 m depth in Bore-Hole TRM-3 ofTatapani Coalfield and
from certain bore-core samples of Ramkola Coalfield (Fig. 3).
The study has been carried out on circular (diameter= 3 cm)
coal pellets in fluorescence mode under reflected light.

BOTANICAL ENTITIES IN COAL

On the basis of characteristic morphological features

observed during petrological study of coal, the source material
has been classified and described under the follOWing
subheadings:

I. Dominantly wood derived
2. Dominantly foliage derived
3. Dominantly reproductive entities

Dominantly wood derived

Most of the macerals belonging to vitrinite and inertinite
groups are derived from gymnospermous wood except
phyllovitrinite. However, suberinite of Iiptinite maceral group
derived from cork cells of bark tissues also belong to this
category.

Vitrinite Group

Vitrinite maceral group is represented by telinite,
telocollinite, desmocollinite, corpocollinite, vitrodetrinite and
gelocollinite macerals. Telinite (PI. 1'1,2) and corpocollinite

(PI. 1'5,7) are the only macerals in which the shape of the plant
cell remains preserved. The other macerals of the vitrinite group
acquire a more or less homogeneous nature through the
processes of compaction, dehydration and gelification.

Telinite is characterised by the presence of incipient cell
structure. Telinite occurs in two forms. Commonly the cell walls
are more highly reflecting than the cell lumen (PI. 1'1) and
rarely the cell walls are gellified (PI. 1'2).

Desmocollinite forms the groundmass for most of the
bimaceral and trimaceral microlithotype. Due to the large
quantity of liptinite macerals associated with desmocollinile
often they are found to be fluorescing (PI. 1'5).

Corpocollinite is often represented as infilled material of
cell lumen or secretion of certain cells especially in bark tissue.
Corpocollinite occurs as isolated bodies or in cluster. Their
origin from cell lumen is quite clearly shown in PI. 1·5. The
upper and lower cuticle of phyllovitrinite (vitrinite formed from
leaf tissue) is shown to be absolutely intact (PI. 1'5). On severe
oxidation the reflectance of corpocollinite increases to the level

PLATE 2
(All the photomicrographs are in fluorescence mode)
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I.

2.
3

4.

A transverse section of leaf showing bright orange-yellow ven­
tral cuticular layer, the yellow upper palisade and spongy pa­
renchyma and feebly fluorescing vascular strand.
Yellow resins in fluorescence mode.
The transverse section of a complete leaf with dorsal and ven­
Iral layers of cUlicle and inlact cuticular ledges. The ground
tissue is of desmocollinile.
Resin nodule with sporinite fluorescing bright yellow under fluo­
rescence mode.

5 Suberinite showing rectangular and polygonal cork cells under
fluorescence mode. Exsudalinile intruded in a desiccation crack
of vitrinite.

6. 7. Alginite-algal colonies of Bo/ry()("()("("us braullii showing cups
covered by a mucilaginous sheath.

8. A mosaic of smoolh walled macrosporinite. Mineral mallet
and liptodetrinite has replaced the inner body.

9. Unidentified frUiting body
10. Mosaic of a macrosporinite measuring 1982 mm.
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of semifusinite and fusinite, sometimes also acquiring similarity
to macrinite. Oxidation rims have been developed due to severe
oxidation in some of the corpocollinites (PI. 1'7).

Vitrodetrinite and gelocollinite are not very common in
Tatapani-Ramkola coals.·Vitrodetrinite mostly occurs in dull
coals in association with durite and carbargillite. Gelocollinite
occurs as infillings in cell cavities in association with telinite
(pI. 1.2).

Inertinite Group

Inertinite maceral group comprises fusinite, semifusinite,
inertodetrinite, sclerotinite and macrinite (lCCP, 1971, 1975).
However, the International Committee for Coal & Organic
Petrology (ICCP) replaced the term sclerotinite by the newly
recognised macerals secrenite and funginite (Lyons, 2000)
which has been followed in the present text.

Fusinite and semifusinite both can be conspicuously
recognised on the basis of their higher reflectance and distinct
cell structures, the only difference lies in their comparative
reflectance. Fusinite is more highly reflecting than semifusinite.

Sclerotinite is the only plant specific maceral of the
inertinite group. Sclerotinite has been classified into two
categories (Lyons, 2000).

I. Funginite includes macerals with plant structure and is
of fungal origin. It encloses fungal spores and mycelium (PI.
1,6).

2. Secrenite is related to macerals without having plant
structures such as macrinite (top right PI. 1'7). Unlike funginite,
it originates from secretory ducts of medullosan seed ferns.
They are distinguished by notch and kerfs (curved structures)
and resin rod lets or needles (PI. 104,8). The size of the needle­
like bodies in cross section can be used to identify the genera
and species of the cycads of Late Palaeozoic and Mesozoic
Eras (Lyons, 20(0).

In Tatapani-Ramkola Coalfield the percentage offunginite
and secrenite is 3%. Pareek recorded them in various
Gondwana coals (pareek, 1966, 1970).

Inertodetrinite represents detrital particles of inertinite
that are commonly associated with durite, trimacerite and
carbargillite microlithotypes. They mayor may not show plant
structure.

Liptinite Group

Liptinite group comprises suberinite, cutinite, sporinite,
alginite, fluorinite and leptodetrinite of which only suberinite
is wood derived.

Cork cells give rise to maceral suberinite. The term is
derived from latin word 'suber' meaning cork. In polished
sections, it appears as rectangular, brick-like and polygonal
four to six sided cellular bodies. Suberinite is brownish black
in reflected white light and yellowish orange in fluorescence
mode (PI. 2·5). In Tatapani-Ramkola coals, the overall
occurrence of suberinite is rare.

Dominantly foliage derived

Phyllovitrinite of the vitrinite maceral group and cutinite.
fluorinite of the liptinite maceral group belong to this category.

Very well preserved leaf section is being reported from
Lower Gondwana coals of India. It has been observed that the
whole leaf section has fluorescing properties. The upper
cuticular layer is bright orange in colour, while the upper and
lower epidermis along with upper palisade and lower spongy
parenchyma is yellow. The vascular strand is also feebly
fluorescing. The fluorescence intensity and colour depends
upon the chemical composition of different layers of the leaf
section (PI. 2'1). Since the cuticle is present only on the upper
epidermis, the leaf section seems to be a portion of a
hydrophytic plant, a plant that grows in water and marshy or
swampy habitats. The presence of cuticle only on the upper
epidermis prevents excessive transpiration. The surface in
contact with water lacks cuticle so that the cells are capable of
absorbing water and nutrients throughout their surface
directly rather than by roots alone.

The cuticles separated from leaves form a common feature
in certain coal bands ofTataponi and Ramkola Coalfields. They
are either thin walled tenuicutinite (PI. 2'3) or thick walled
crassicutinite. The "cutine" of cuticles is similar to "sporine"
of spores in chemical composition but are less resistant than
"sporine" and more resistant than "suberine·'. These
substances are not accepted as food by bacteria and fungi as
they are glycerine esters of fatty acids (Teichmuller, 1982).
Cutinite is free from cellulose, the secretion of cutine occurs
between the cells of the epidermis which forms the characteristic
cuticular ledges (PI. 2'3).

2.
3.

4.

PLATE3

Microsporinite showing a bisaccale pollen wilh saccii allacheu 5.
to the central body.
Microsporinite - appears to be a zonate trilele spore. 6.
Microsporinile - appears 10 be a monosaccale pollen showing 7.
bright yellow saccus covering the cenlral body. 8.
Microsporinite showing a monosaccale pollen with folded 9.
saccus.

10

......
/'

Microsporinile showing a bisaccate pollen with saccii altachcd
to the central body.
Microsporinile - appears to be a rounded alele spore.
An assemblage of microsporiniles.
Microsporinile - a circular Irilele spore with telrad mark.
Microsporinite - a spore wilh dull brownish orange Ouorescence
and slil like mark.
Mosaic of a portion of a seed.



SARANA-ORGANIC SOURCE MATERIAL FROM TATAPANI AND RAMKOLA COALFIELDS. CHHATTISGARH 89

PLATE3



90 THE PALAEOBOTANIST

Fluorinite has unusually strong yellow to greenish yellow
fluorescence in low rank coals (TeichmUller, 1974). Fluorinite
shows striking optical properties and a strong affinity to clarite.
It typically occurs in association with cutinite. Schneider traced
the genesis of fluorinite way back in 1986 through cuticular
analysis of leaves of Myricaceae having aromatic essential
oils (in Spackman & Thompson, 1964).

In Tatapani-Ramkola Coalfield, fluorinite has been found
associated with both corpocollinite and cutinite. Taylor and
Teichmuller (1993) have already reported similar associations
in German coals.

Dominantly reproductive entities

Spores, sporangia and seeds counted as sporinite are
dominantly reproductive entities.

Sporinite-Chemically, spores are composed of
sporopollenin, which is an oxidative polymer of carotenoid
esters present in the exine. Due to the higher degree of cross­
linking, it is the most resistant of allliptinite macerals. Since
spores and pollen exines are usually compacted in coal, they
appear as small flattened lenses (PI. 3'7).

Maceral sporinite comprises two submacerals namely
microsporinite and macrosporinite. The size of microsporinite
varies between 10 to 200 microns (PI. 3·7). The spores greater
than 200 microns are grouped under macrosporinite (PI. 2,10).

Microsporinite-On the basis of palynological studies,
a number of classification schemes have been proposed, but
petrologically spores cannot be identified with precision as
they get cut along various planes during grinding and
polishing of pellets. But features like exine, intine, trilete marks,
saccii and folds can be broadly distinguished if the
preservation is very good and types could be demarcated on
the basis of their morphological characters but genus and
species could not be identified on the basis of petrology as
could be seen in the present investigation.

Spores are single celled reproductive entities of lower
plant groups like fungi, bryophyta and pteridophyta, while
pollens belong to higher plant group like gymnosperms.
Miospore is a term used when distinction between spore and
pollen cannot be made. In normal incident light these
miospores look like black or brownish black thread like
structures, while in fluorescenc(f mode a variation of colour in
sporinite has been observed which is from bright yellow to
orangish brown (PI. 3.7).

Three types of spores have been recorded on the basis
of their shape and nature of trilete mark from the lowermost
coal band ofB.H. TRM-3 from Tatapani-Ramkola Coalfield.

1. Cir,cular trilete
2. Zonate trilete
3. Alete
1. Circular Trilete (PI. 3'8) is a small spore having a

diameter of 15 microns with trilete mark at the centre and a

non-ornamented thin exine, the fluorescence colour being
yellow.

2. Zonate Trilete (PI. 3'2) is represented by a transverse
section of the spore having a zone and a thin non-ornamented
exine. The trilete mark present on one side of the exine can be
observed. The diameter of the spore is 50 microns and
fluorescence colour is orange brown.

3. Alete (PI. 3-4) spore is characterised by a linear fold.
The diameter of the spore is 27 microns and fluorescence
colour is brownish-orange.

Two types of pollen grains. on the basis of their
morphological characters have been recorded from the third
seam ofB.H. TRM-3.

1. Monosaccate
2. Bisaccate
1. Monosaccate pollen (PI. 3'3,4) is characterised by a

saccus attached to the central body, which usually appears
brown under fluorescence mode. The diameter of the central
body is 47 microns. Saccus covers the whole central body and
the maximum diameter of the pollen is 79 microns. The
fluorescence colour of the central body is brown and that of
saccus is bright yellow.

2. Bisaccate pollen (PI. 3'1,5) has a central body to which
two saccii are attached. The photomicrographs show a
transverse section of the pollen. The diameter varies between
65 microns to 75 microns.

Macrosporinite-Megaspores (macrospores) included
under this category are single celled reproductive bodies of
heterosporous pteridophytes. They are not as frequently
occurring as microspores. The size range of megaspores varies
from 200 microns to 3000 microns or more (PI. 2,8, 10). The
Lower Gondwana megaspores are mostly smaller than 1000
microns (Bharadwaj & Tiwari, 1970). One rare large sized
megaspore is being reported here (PI. 2'10). It is a very well
preserved megaspore measuring 1982.00 microns. It has been
recorded from B.H. TRS-16 from Ramkola sub-basin. Like most
of the megaspores reported from Lower Gondwana sediments
this megaspore also has an inner body appearing light brown
in fluorescence mode. The exine is fluorescing bright yellow
and appears to be without ornamentation. It has a bifurcated
trilete mark of dark brown colour. The mark has many thick
projections called trilete laesurae noted in Upper Permian coals
(Maheshwari & Bajpai, 1984). The inner body and the exine
are not clearly distinguishable. The trilete mark appears like a
thin brown thread structure. The occurrence of macrosporinite
is significant for coal seam correlation. They have been very
widely reported in various forms in Gondwana coals of India
(Pareek, 1965; Anand-Prakash, 1970)

Under normal reflected light, macrosporinites appear as
light reddish brown to dark grey coloured bodies with granular
texture. Whereas, under fluorescence mode they show
variation of colours. The colour varies from grey exine and
bright yellow intine to bright yellow exine and light brown
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intine. Very well preserved megaspores with sculptured exine
have also been observed. Sometimes detrital mineral matter
and liptodetrinite replaces the central body of the megaspore
(pI. 28)

Algae

Algal remains are represented by the maceral alginite in
coals. This term is derived from Latin word "alga" meaning
sea grass. It is similar to clay particles and appears as black
globular mass, which is darker than the sporinite in normal
reflected light and has a positive relief (ICCP, 1971, 1975).

Alginite can be identified on the basis of strong bright
yellow fluorescence, showing positive alteration when excited
by short wave radiation. The colonies of algal bodies appear
as cups, which are connected by a mucilaginous covering and
can be observed under different foci. Although many types of
alginite, like Pila type, Reillchia type, Caldiscothallus type
have been observed in Lower Gondwana coals, the
Botryococcus braullii is the most common variety that also
occurs in Tatapani-Ramkola coals (PI. 2,6, 7). The size of the
colonies varies widely.

G)'mnospermous seed
A portion of the gymnospermous seed has been observed

from the third coal seam ofB,H. TRM-3 (PI. 3·10). Such seeds
have also been reported from Talchir and Rajmahal coalfields
(Anand-Prakash et al., 1996). It is a seed or mature ovule cut in
longitudinal section showing a micropylar projection and
serrated margin of the stony seed coat. It measures 0'194 x
0575 rnm.

Unidentified fruiting bodies
The structure has an oval body with a stalk-like projection

at the base (PI. 2·9). A similar structure has also been observed
from Godavari Coalfield (pers. commun. Dr Sarate), but the
difference lies in the size. The one reported from Godavari
Coalfield is much bigger in size as compared to the present
structure. It might be a germinating seed with a radicle or a
sporophyll (mega or micro) detached from the cone showing
the stalk and a thorn like projection at the base.

Resin
Maceral resinite can be incorporated in any of the above

three categories because it occurs either as resin ducts or
secretory cells, in sclereids, in leaves, stems, seeds, rinds of
fruits or in dispersed form as lumps (PI. 2'2), nodules (PI. 2-4)
and rodlets. Resins in coal occur as rounded or subrounded
fluorescing bodies of pale yellow to orangish yellow colour
which appear reddish brown to blackish or greyish under
normal reflected light. However, it is for the first time a bright
yellow resin nodule has been observed and reported in Indian
Lower Gondwana coals (PI. 2-4).

DISCUSSION

Tatapani-Ramkola coals like most of the Lower Gondwana
coals of India are of low rank and grade that are characterised
by the dominance of dull bands with occasional bright bands
of variable thickness. These dull coals are dominantly
composed of the macerals of fusinite and liptinite and
subordinate proportions of vitrinite associated with the
variable amount of inorganic mineral matter (Fig. 4). This
variation in the coal bands reflects upon the nature of source
material and depositional conditions. The dull coals rich in
inertinite group of macerals generally pass through the process
of fusinization, whereas the vitrinite fraction passes through
the process of gelification.

However, occasionally the vitrain bands of variable
thickness have been encountered in the bore-holes. The
petrological investigations of the coals have revealed that
some of the bands contain very high amount of liptinite
macerals, particularly well preserved microspores, megaspores,
leaf sections, cork cells, algal and resin bodies and other
liptinite macerals. Such a characteristic dominance of liptinite
macerals in a particular coal band raises a question that under
what type of depositional conditions so much of liptinitic
material has been accumulated? Further, the preservation of
liptinitic macerals is of very high quality. Probably, this has
been possible either by the plant matter deposited under
autochthonous or hypoautochthonous conditions as
suggested by Anand-Prakash et al. (1996) for Singrauli and
Talchir coalfields or due to the quick burial and compaction of
the accumulated fossil peat.

If at all the vegetal matter has been transported it was
brought to the basin from very short distances. This appears
to be the reason for the exceptionally good preservation of
fragile and large sized megaspores, algal remains and leaf
sections. Here it has also been suggested that the coal bands
rich in cuticles and leaf sections seem to have been contributed
by the accumulation of leaves in small shallow niches usually
present in the flood plains of a fluvial system. Other evidences
in support of the short distance transportation of source
material, besides non-damaged leaves and megaspores, is the
presence of larger grains of fusinite (PI. 1'1) and of semifusinite
(Beeston, 1987, 1991).

The intact plant entities in high frequency indicate that
the wetland at that particular span of time had easy access to
high spore yielding herbaceous plants, like sedges and reeds
and undergrowths mainly comprising lower plant groups such
as bryophytes and pteridophytes. It is also suggested that
the particular band of coal rich in megaspores might have
been developed at the edge of the wetland where a mixed type
of vegetation existed comprising both herbaceous and woody
plants.
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SUMMARY AND CONCLUSION

In the present, investigation macerals have been
categorised on the basis of source material into three divisions
namely (i) dominantly wood derived; (ii) dominantly foliage
derived and (iii) dominantly reproductive entities,

The wood derived macerals are dominantly vitrinitic and
inertinitic of which phyllovitrinite, corpocollinite, secrenite and
funginite are the only ones that could be traced to a specific
plant part. Dominantly reproductive entities mainly comprise
spores and pollen that can be broadly distinguished into
different types on the basis of morphological character if the
preservation is very good, It has also been observed that in
Lower Gondwana coals of Tatapani and Ramkola coalfields
such well preserved plant parts are confined to specific coal
band, emphasizing a unique palaeodepositional condition,
related to depth of water in the peat swamp which affected the
type of vegetation and also mode of preservation of the
petrographic entities.
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ABSTRACT

Bhattacharyya AP & Sarate as 2002. Palynodating of subsurface coal measures from Mahadoli area,
Wardha Valley Coalfield. Maharashtra. India. Palaeobotanist 51 : 93-98.

Two palynoassemblages have been recorded from the Permian Sequence of Mahadoli area (Borehole
WM-14), Wardha Valley Coalfield. Maharashtra. The older palynoassemblage A is Scheuringipolleniles
dominant while the younger palynoassemblage B is characterized by Parasacciles-Densipolleniles along
with striate bisaccates. Falcisporiles and Salsangisacciles. Correlation with palynoassemblages of other
coali ferous basins of India and the age of subsurface sediments have been discussed.
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INTRODUCTION

T HE Wardha Valley Coalfield has recently emerged as one
of the main resource for coal exploration through Open

Cast Mining. The main coal centers are localized in Chandrapur
and Yeotmal Districts of Maharashtra. The Directorate of

Geology and Mining. Government ofMaharashtra is presently
engaged in coal exploration in Mahadoli area. (longitudes
78°54' IS" and 20°21 '4S"latitudes) for the possibilities of coal
reserves in the virgin tracts of the Coalfield through subsurface
study. General stratigraphic succession of Wardha Valley
Coalfield, Maharashtra is given below [after Raja Rao,' 1982 (fig. I»)

© Birbal Sahni Institute of Palaeobotany, India



94

Age

Recent

') Eocene
Cretaceous

Upper Triassic

Upper Permian­
Lower Triassic

Lower Permian

') Upper­
Carboniferous­
Lower Permian

Precambrian

Archaean

THE PALAEOBOTANIST

Group/Formation

Deccan Trap
Lameta Formation

Maleri Formation
(only in the south-eastem
extremity)
Kamthi Formation

Barakar Formation

Talchir Formation

Sullavi Sandstones

Pakhal Limestones

Lithology

Alluvial gravel beds,
black colton soil
Basalt
Limestones. chcns and
silicified sandstones
---------- Uncon form ity-------­
Fine to medium-grained
sandstones and red shales

Red, brown and variegated
sandstones, reddish siltStones
and variegated shales
--------- Unconformity--------­
Light grey to white sandstones.
Shales and coal seams
Tillites. turbidites. varves.
needle shales and
sandstones
--------- Uncon formi ty------ --­
White to light brown quanzitic
sandstones. conglomerates
--- ---- ------0 ve rI ap-- ---- -----­
Grey, bluish or pinkish limestones
and chens
---------- Uncon t'ormi ty-------­
Quartzites, granite gneises. etc.

Fig. I-Generalised stratigraphic succession of Wardha Valley Coalfield.

The borehole passes through Deccan Traps, Lameta,
Kamthi and Barakar formations. Grey shale, sandstone, clay
and carbonaceous shale characterize the Barakar sediments.
The present study has been carried out in order to establish
palynological succession and its correlation with other
Gondwana Basins of India.

The location of the borehole WM-14 is shown in Fig. 3
and the lithological succession present in the borehole is
shown in Fig. 2.

Two palynoassemblages have been recorded from
borehole WM - 14. The distribution and frequency of spores
and pollen of stratigraphic importance have been plotted (see
fig. 4) to show their relative abundance through the entire
depth of the borehole. Some important spores and pollen have
been illustrated in PI. l.

Palynoassemblage-A

Occurrence-Borehole WM -14 (at 106-118 m depth).
Lilhology-Grey shale, Carbonaceous shale, Fine­

grained .sandstone.
Scheuringipollenites (32%-26%) is dominant in this

assemblage (see Fig. 4) followed by Ibisporites (10%). The
taxa Rhizomaspora (8%)and Prillluspolleniles (8%-3%) are
frequently met within this assemblage. Monosaccate genera

are represented by Parasaccites with maximum occurrence of
18 per cent along with Caheniasacciles. (11%). Other
monosaccates are Virkkipollenites, Crucisaccites and
Potonieisporites. Trilete spores are represented only by
Verrucosisporiles. Tiwariasporis is present up to 118 m depth.
Amongst striate bisaccate pollen, Slrialiles and
StrialOpodocarpites are subdominant forms. Weylmuliles and
Ginkgocycadophytus are found to be 3% each.

The occurrence of spores and pollen at 125 m is meager.
hence the percentage frequency could not be estimated.
However, on the basis of taxa present, this level is considered
to represent a part of the palynoassemblage A.

Palynoassemblage-B

Occurrence-Borehole WM-14 (at 66,25-76·00 m depth).
Lilhology-Micaceous sandstone, Carbonaceous shale.
The palynoassemblage is characterized by the dominant

presence of Parasaccites (21 %) along with striate bisaccate
genera Slriatopodocarpites and Fallllipollelliles (15%, each).
Falcisporites (5%) and Smsangisacciles (6%) have also been
recorded, along with other nonstriate genera, such as
Alisporites (2%) and Platysaccus (3%). Other monosaccate
genera, viz., POlOnieisporiles (3%) and Densipolle/liles (9%)
also record their fair occurrence in this assemblage.
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Fig. 3-Sh:lwing [he location of Borehole WM- 14 (DGM. Nagpul)

close affinity with Lower Barakar mioflora reported from
Godavari Valley coalfields by Srivastava and Jha (1989.1998).
Scheuril1gipollelliles dominant zone has also been recorded
from Pathakhera Coalfield, Satpura Basin, Sarate (1986).
Agashe and Chitnis (1972) reported Lower Barakar palynoflora
from Hindustan-Lalpet Colliery containing dominance of
Brevitrileles and Scheurillgipollelliles. Similar palynoflora has
been recorded by Agashe and Geetha (1979) from Kamptee
Coalfield with dominant Scheurillgipollelliles and striate
bisaccate taxa but the present assemblage differs in the
presence of monosaccate taxa Parasacciles and
Cahelliasaccites in high percentage. The present assemblage
is comparable to the palynozone -V of Tiwari and Tripathi
(1992).

The Palynoassemblage - B is characterized by the
presence of Slriatopodocarpites and Faullipollelliles (lYle
each) along with Scheurillgipollel1iles in low percentage.
However, Parasacciles (21 %) and Dellsipollelliles (9%). the
monosaccate genera are prevalent. The occurrence of
DellSipol/el1ites magnicorpus along with striate bisaccates is
well established in Late Permian mioflora of Damodar Basin.
However, Falcisporites and Satsallgisaccites suggest
younger aspect of the palynoassemblage. The reCUITence of
Parasaccites with striate bisaccate has been reported from
Godavari Valley and Supra Barakar Formation in the Son
Mahanadi Valley also. The Palynoassemblage - B is closely
comparable to Palynozone - 9 of Middle member of Kamthi
Formation in Godavari Valley (Srivastava, 1992). Similar
palynoassemblages have also been recorded from Jaipuram
area (Assemblage in the borehole GJP-I; Srivastava & Jha,
1992), Ramakrishnapuram area (in borehole GJRK- 25).
Bhopalpalli area (Palynoassemblage - III, Srivastava & Jha.
1998), Johilla Coalfield, Son Valley (Tiwari &Ram-Awatar 1989).
and from Supra Barakar sediments in Son Valley (Assemblage
- 5; Tiwari & Ram-Awatar, 1987). The occurrence of
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The shale at 76·00 m depth contains lesser frequency of
spores and pollen grains but since it contains D. l1Iagl1icorpus
(2%), it is preferred to retain it in Palynoassemblage B.

A Scheuringipollel1ites dominant mioflora has been
reported from the lower part of the Barakar Formation in
Damodar Basin, Son Mahanadi Basin, Satpura Basin and
Godavari Valley coalfields but in the present assemblage it is
associated with Parasaccites (18%) along with
Cahelliasaccites (11%) and Primuspollenites, thus having a

Depth
(in meter)

0.0
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Fig. 4-Frequency distribution of important spores and pollen in the Borehole WM - 14. Mahanadi area. Wardha Valley Coalfield. Maharaslllr~

Parasaccifes in high percentage is known from Talchir
Formation. Hence, it is possible that Wardha Valley Coalfield
experienced a prolonged cooler climate. A cool climate has
also been suggested during Upper Permian and Lower Panchet
by Tiwari and Tripathi (1988). However, CallulI1ispora has
not been observed in the present assemblage. A Permo-Triassic
plant microfossi I assemblage from sediments of glacial origin
have also been reported from Sri Lanka (Dahanayaka ef ai.,

1989).

CONCLUSION

In Mahadoli area, two palynoassemblages have been
recorded (Palynoassemblage A & B) below the Deccan Traps,
which represent Lower Barakar and Lower Panchet
palynofloras, respectively. The absence of intervening
palynoassemblages of the Upper Permian could be explained
envisaging a break in sedimentation after Lower Barakar. The
presence of a Boulder Conglomerate bed at 103,65-103,85 m
depth substantiates this observation. The presence of Barakar

palynoflora is an indication for the occurrence of Lower
Gondwana coals in Mahadoli area, Maharashtra.
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PLATE 1
(All magnifications x ca 500. unless otherwise mentioned. All photomicrographs have been taken in DIC).

Coordinates have been staled with respect 10 England Finder Readings.

",/

I.
2
3.
4.
5
6.
7.
8.

P.I'i/a/a('illite.l' sp. Slide No. BSIP 12581 (0 4313).
Allapi('u/ali.l'porile.l' sp. Slide No. BSIP 12582 (R 3/1).
l.eiOlri/eles sp. Slide No. BSIP 12581 (U 24/4).
Srileuringipol/enile.< lenlu/u.' Slide No. BSIP 12581 (P 33/2).
RhiZOllla.l'pora indil'a Slide No. BSIP 12584 (J 36).
Cunealisporilt'S maju.l· Slide No. BSIP 12586 (N 3/32).
AIi.'poriles sp. Slide No. BSIP 12587 (P 58/3).
Sat.langisal·('iles sp. Slide No. BSIP 12587 (P 58/3).

9.
10.
II.
12.
13
14.
15.
16

Distrialiles IJilateralis Slide No. BSIP 12582 (W 41).
Arcualipollelliles sp. Slide No. BSIP 12584 (J /44).
II/illites diserlus Slide No. BSIP 12583 (J 4712).
Fa/l'isporile., JlalJilis Slide No. BSIP 12586 (N 132).
PIiI'Q/ipol/elli/eJ indi('uJ Slide No. BSIP 12583 (K ~9/4).

Prillluspol/eni/eJ JingraliliensiJ Slide No. BSIP 12586 (R /(1).
Tiwariasporis .f/avalUs Slide No. BSIP 12585 (L 5312)
Brevilri/eles unirus Slide No. BSIP 12583 (U /56).
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ABSTRACT

Kumar P 2002. Depositional environment of Bagra Formation (Upper Triassic), Satpura Basin. India: A
palynological approach. Palaeobotanist 51 : 99-106.

Bagra Formation is the youngest lithounit of non-marine Mabadeva Group in Satpura Basin. The recorded
palynological assemblage from Bagra Fonnation contains prominence of fungal and algal remains. Palynomorphs
of Denwa Formation such as Falcisporites, Satsal/gisaccites. Samaropollenites. Arcllatipol!eniles,
StrialOpodocarpites including Cal/ialasporites. Cycadopites, Corollina (==CLassopol/is) simpLex and Haradisporites
are also represented in the Bagra Assemblage. The palynological assemblage (as a mixed flora) suggests a lateral
continuity orthe Denwa Formation with younger Bagra Formation, and the difference could be facies variations.
The recovered palynological assemblage suggests a Rhaetian age of Upper Triassic to the Bagra Fonnation. The
palynological associations indicate that Bagra Formation was deposited in lacustrine set up near shore -line
under cool-temperate climate with derivation of palynomorphs from heavy rain forest upland areas.

Key-words-Upper Triassic (Rhaetian), Palynomorphs, Depositional environment. Bagra Formation.
Satpura Basin. India.
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INTRODUCTION

M EDLICOTT (1873) studied the geology of Mahadeva
Group in Satpura Basin, and subdivided it into three

Iithounits in ascending order: Pachmarhi sandstones, Denwa
clays and Bagra conglomerates. Crookshank (1936) also
studied the geology of Satpura Basin in detail, and described
the Bagra rocks as coarse conglomerates which were deposited
along the northern border of the Satpura Basin. and considered
them to be contemporaneous with the Denwa beds. Singh and
Ghosh (in Sastry et al., 1977) observed the extentions of
conglomerate beds further southward, where they become
gradually fine grained and ultimately pass into sandstones
and clays of the Denwas. Casshyap (1999) stipulated (?) a
Late Jurassic age for Bagra Formation based on the paleocurrent
studies, i.e., during underlying Denwa Formation shows a

reversal of direction of sediments transported from north­
northeast to south-southwest during Bagra sedimentation.

Crookshank (j 936) recorded two imperfect casts of some
gastropod shells from Bagra sediments in a Ilala north of
Budhimai, being slitghly younger than the Denwas. It was
suggested to be of Late Triassic age and unconformably
overlain by the Jabalpur Formation. Raja Rao (1983) considered
that Bagra sediments succeeded unconformably Denwa beds
and a possible Rhaetic age was suggested. Crookshank (j 936).
Singh and Ghosh (in Sastry el aI., 1977), Krishnan (1982)
opined that when followed southwards, the Bagras passes
laterally into the Denwas, and considered the formation to be
a shoreline deposit of Rhaetic age, partly equivalent to and
partly younger than the underlying Denwas.

The palynomorphs and other remains have been
recovered from the matrix ofBagra conglomerates (sample-I)
exposed in the Jamani Nala (Figs 1, 2) near Khatama Caves
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HaradisporiJes mineri Singh & Kumar 1972
Birelisporiles sp. (PI. l.l, size 60 /lm)
MONOSUBSACCATE POLLEN
Cal/ialasporiles IrilobarllS (Dev) BharadwaJ & Kumar 1972
MONOSACCATE POLLEN
Scheuringipol/eniles IriassicllS (Bharadwaj & Srivastava) Tiwari

1973b
DlSACCATE (nontaeniate) POLLEN
Falcisporiles nidpllrensis (Bharadwaj & Srivastava) Kumaran &

Maheshwari 1980
SalsangisacciLes IriassiclIs Bharadwaj & Srivastava 1969
Samaropol/eniles specioSils Goubin 1965
DISACCATE (taeniate) POLLEN
Arcllalipol/eniles oval/IS (Goubin) Tiwari & Vipya 1995
GWllllapol/eniles hannoniclls Goubin 1965
DlSACCATE (striated) POLLEN
Slrialopodocarpiles dllbrajpllremis Tripathi el al.. 1990
MONOCOLPATE POLLEN
Cycadopilesjoiliclliaris Wilson & Webster 1946
OPERCULATE POLLEN
Corollina cf. simplex (Maljawkina) Venkatachala & Goczan 1964
Fungal spores: Brachysporisporiles sp.. Diporicellaesporiles sp.
Fungal hyphae (VAM rungi)
Fungal frUiting bodies: Phraglllolhyriles spp.
Algal spores: Lecaniella sp.. Schizosporis sp.. Oedogonillm ~p.

Chitinozoan like-vesicles
Mallophagan (Kumar & Kumar. 1999) and Anopluran insects (Kumar
& Kumar, 200 I).
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Fig. 2 - Lithostratigraphic succession of the Bagra Formation exposed
in Zamani NaJa near Khatama caves, Hoshangabad district,
MP.. showing stratigraphic posilions of studied sampJe.

Percentage frequencies of palynomorphs in the Bagra
Formation, is given below.

(30° 10' : 77°45'), Hoshangabad District, Madhya Pradesh. The
Bagra conglomerates consist of different kinds of rounded
boulders derived from local and distant sources including
metamorphic rocks (local), qual1zites, banded jaspers,jasperoid
conglomerate, etc., loosely cemented by argillaceous matrix
(yellowish to reddish sandy clay). The generalised stratigraphic
sequence in Satpura Basin as given by Raja Rao (J 983) is
followed here.

PALYNOLOGY OFBAGRA FORMATION

The palynomorphs (pollen-spores, fungal spores, fungal
fruiting bodies, vesicular-arbuscular mycorrhizae (YAM fungi)
or algal germinating spores, algal spores, acritarchs. chitinozoa,
etc.) have been recovered for the first time from the matrix of
the Bagra conglomerates. Kumar and Kumar (1999) recorded
mallophagan insect remains from Upper Triassic sediments
(Bagra and Denwa Formations) of Satpura Basin. Recently an
anopluran insect has also been identified from the same Bagra
conglomerates (Kumar & Kumar, 200 I).

Genera
Haradisporiles
Birelisporiles
Cycadopiles
Corollina
Cal/ialasporiles
Sc!Jeliringipolleniles
Falcisporiles
Salsangisacciles
Samaropolleniles
ArClialipolleniles
GUllulapolleniles
Sirialopodocarpiles
Fungal Spores (Vam)
Fungal Hyphae
Fruiting Bodies
Algal Germinating Spores
Algal Spores
Chitinozoa
Insect Remains
Unidentified

COMPARISON

Frequency in %
0100
0100
0200
02'00
02'00
0300
03'00
03·00
0200
0100
01'00
03·00
1000
0500
1000
3200
0500
0200
02·00

10·00

Palynomorphs

TRILETE SPORES

The palynological assemblage recovered from the
cementing matrix of the Bagra conglomerate contains poor
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representation of pteridophytic/pteridospermic and
gymnospermic spores-pollen. It is characterised by the
prominence of vesicular arbuscular mycorrhizae (VAM Fungi)/
germinating algal spores, fungal spores, microthyriaceous fungi
(fruiting bodies) and algal spores.

The palynological assemblage comprises 12 spore pollen
genera and species, of which striated disaccates are present
in negligible amount. Three non taeniate disaccates
(Falcisporites, Satsangisaccites and Sal1laropollenites) are
also represented. Two trilete spores, one monocolpate pollen,
two taeniate pollen genera and one operculate pollen are also
recorded. It is comparable to the Late Triassic Denwa (clays)
palynological assemblage of the Satpura Basin (Kumar, 2000)
in containing Falcisporites, Satsangisaccites,
Samaropollenites and Haradisporiles. However, differs from
the latter in the absence of Brachysaccus, MinU!osaccus,
Ashmoripollis, Krempipollenites, Staurosacciles and
Aralrisporiles. The Denwa palynological assemblage has poor
representation of fungal/algal remains, whereas these become
important (±80%) in the Bagra palynological assemblage.
Though both formations possess Callialasporites,
Cycadopites, Haradisporites and Corollina (=Classopollis).
The presence of Falcisporites, Satsangisaccites,
Samaropollenites and Guttulapollenites indicates a closer
association with Denwa palynological assemblage. The
similarity in fungal and algal remains in both the assemblages,
further emphasises a closer affinity.

Nandi (1996) reported palynological assemblage I from
carbonaceous shales at 100 m depth and II at 200 m depth
(Late Triassic) in the Anhoni region, which possess the
dominance of Falcisporites followed by Satsangisaccites.
Other palynomorphs of the Denwa Assemblage which are
absent in the Bagra palynological assemblage are
Brachysaccus, Minutosaccus, Aratrisporites, Staurosaccites,
etc. Haradisporites, Callialasporites, Corollina, VAM Fungi,
Algal germinating spores, Fruiting bodies and algal spores
are lacking in the palynological assemblages-I and -II of the
Denwa Formation. Hence, it is younger than the palynological
assemblages from Anhoni.

Palynological assemblages described from Nidpur and
Gopad River, South Rewa Basin by Bharadwaj and Srivastava

1969 and Tiwari and Ram-Awatar 1990, 1992 were dated as
Early to Middle Triassic on the basis of Satsal1gisaccites,
Nidipollenites and Weylandites, Tiwari and Rana (1980) dated
the Nidpur palynological assemblage of Bharadwaj and
Srivastava (1969) as Late Triassic (Carnian) in view of the
presence of Praecolpatites, Alisporites and K/ausipollellites.
The Bagra palynological assemblage is not comparable wilh
the above palynological assemblages because Weylwzdites,
Praecolpatites are absent. It is younger (Rhaetian '7) in having
Biret ispori tes, Ha rad ispo rite s, Sal!laropoll enites,
Callia/asporites tri/obatus, Cycadopites and Coral/ilia
(=C/assopollis) which are absent in Nidpur palynological
assemblages.

Maheshwari and Kumaran (1979) and Kumaran and
Maheshwari (1980) studied palynomorphs from the Tiki
Formation (Carnian-Norian) argillaceolls shales exposed in the
Son River and Janar na/a sections in South Rewa Basin.
Palynological assemblage from Tharipathar is dominated by
Samaropollelliles which is poorly known in the Bagra
assemblage. The dominant element Rimaesporites of the Ghiar
section is lacking in the studied assemblage. Hence, it is not
comparable with palynological assemblages of South Rewa
Basin.

Palynological assemblages A-F from Bore core RJR2,
Kazigaon in Rajmahal Basin were described by Tiwari et al.
(1984). The assemblage - A belonging to Dubrajpur Formation
has dominance of Satsangisacciles and Falcisporiles but they
are poorly represented in Bagra Assemblage. The
characteristic forms Rajllw!za/ispora, Nidipol/enites,
Lundbladispora, Pla)1ordiaspora and Goubinispora are
absent in the Bagra Assemblage. The palynological
assemblages Band C of Rajmahal Basin compare with Bagra
Assemblage only in having Satsangisaccites and
Samaropol/enites, otherwise it has no comparison with Bagra
Assemblage as the former contains Injemopollenites.
Lundb/adispora and P/ayjordiaspora which are absent in the
present studied assemblage.

Prasad and Jain (1994) and Prasad (1997) recorded
palynological assemblages of Early, Middle and Late Triassic
age from the sub-surface Triassic sediments in deep bore cores
at Kommugudem-A and Mandapeta - A, C and D wells in the
Krishna-Godavari Basin. Prasad (1997) assigned RiJ1laesporites

PLATEl
(All photomicrographs are x 500. Co-ordinate of specimens in slides referred to the stage of Labor Lux D Microscope no. 077055)
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Bireli.\poriles sp. Slide No. BSIP 12431 . 43'5 x 104.
CallialasporileJ Irilobaws Slide No. BSIP 12431 25 x 104'5.
GIi/{ulapollenile.1' hanllOllirllJ Slide No. BSIP 12434: 20 x 94.
Corollina cf. simplex Slide No. BSIP 12429: 27 x 955.
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Phragmolhyriles sp. Slide No. BSIP 12431 : 28 x 108'5
Phragmolhyriles sp. Slide No. BSIP 12429: 18 x 107'5.
Corollina cf. simplex Slide No. BSIP 12428: 20 x 102.
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Chitinozoan-vesicle Slide No. BSIP 12432 : 30'5 x 104.
Phraglllolhyriles sp. Slide No. BSIP 12429: 26 x 110'5.
Lecaniella sp. Slide No. BSIP 12431 19 x 103.
SchiWJporis sp. Slide No. BSIP 12429: 160 x 95'0
Leraniella sp. (germinating stage) Slide No. BSIP 12350: 23 x
107'5.
Vesicular-Arbuscular Mycorrhizae Slide No. BSIP 12428 . ]0 x
97'5.
Oedogollilllll sp. Slide No. BSIP 12430 : 30 x 1025.
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potoniei - Sal1laropollenites speeioslls Assemblage Zone for
the Ladinian-Carnian Assemblage of the K-G Basin. The Bagra
Assemblage compares with zone II ofK-G Basin only in having
Sal1laropollenites, otherwise the former differs from the latter
in having Callialasporites, Classopollis and Haradisporites.

Lukose and Misra (1980) recorded a Late Triassic
palynofossils in the subsurface sediments drilled in Jaisalmer
Basin, Rajasthan. The palynoflora shows some similarities with
Bagra palynological assemblage in having SaJllaropo/lenites
in both the assemblages, but differs from the studied
assemblage in havi ng Stall rosaeeites, Ovalipollis and
Call1erosporites which are lacking here. The Late Triassic
(Rhaeto-Liassic) palynological assemblage recovered from
Banni Well No. B in Kutchch Basin possesses dominance of
Gliseopollis and Rhaetipollis, but Corol/ina (=Classopollis/
Gliscopol/is) is poorly represented in Bagra Assemblage and
shows an equivalent to or younger aspect in having
Callialasporites trilobatus and Haradisporites mineri. The
latter two elements are known in the overlying Jabalpur
Formation (Jurassic - Lower Cretaceous) in Satpura Basin
(Bharadwaj et al., 1972; Singh & Kumar, 1972). The presence
of these two palynomorphs in Bagra sediments might be the
earliest and the First occurrence datum of their occurrences
during Rhaetian time.

Helby et al. (1987) recorded palynological zones in the
Mesozoic sediments of western Australia. They have
established several Oppel Zones in Faleisporites Super Zone.
The Bagra Assemblage compares with Australian Oppel
Zones only in having Faleisporites. Samaropollenites and
Corollina. But the former differs in lacking Enzonalasporites
during Carnian time and Ashmoripollis, Zebrasporites (during
Rhaetian time). The presence of Haradisporites,
Callialasporites trilobarus and Corol/ina (= Gliseopollis/
Classopollis) in the Bagra Assemblage certainly shows not
only a point of difference but shows a younger aspect too.

DEPOSITIONAL ENVIRONMENT

The Upper Triassic Bagra Formation is the youngest
lithounit of the Mahadeva Group in Satpura Basin. It consists
of conglomerates, variegated clays and limestones. The Bagra
conglomerates contain many different kinds of boulders
derived from local (metamorphics) and distant sources (red
jasper), suggesting varied provenance bringing in sediments
with reworked elements.

Singh (1976) opined that Mahadeva Group deposited
under rapidly flowing rivers and sub-tropical with pronounced
seasonal droughts.

Casshyap (1982) on the basis of palaeocurrent studies,
suggested palaeodrainage since Talchir time was from
southeast to northwest and shifting towards west northwest
near the western margin upto Upper Gondwana (Triassic) time
and the sediments supply from highlands of northern side to

the southerly Gondwana Basin was occasional and minimal.
Later, Casshyap (1999) opined that palaeocurrent during
underlying Denwa Formation shows a reversal of direction of
sediments transported from north-northeast to soulh­
southwest during Bagra sedimentation.

Palynomorphs recorded from the matrix of Bagra
conglomerates exposed near Khatama Caves contains some
forms which are described from the underlying Denwa beds
by Kumar (2000) such as Faleisporites, Satsallgisaceires,
Samaropollenires, Areuaripollell ites, Srriatopodoea rpires,
GuTtlilapollenires and forms of the younger age of Jurassic
such as Haradisporites. Birerisporires, Cal/ialasporires and
Corollina (=Gliseopollis/Classopollis) (Singh & Kumar. 1972:
Kumar, 1973) indicate that such palynomorphs were coming
from the opposite areas lying northern side of the basin. The
pteridospermic/gymnospermic, haploxylonoid disaccales such
as Faleisporires, Sarsangisaeeires and Samaropollenires) are
indicative of upland vegetation brought through the wind and
deposited by water channels of the southern side of the basin.
Ueno (1958, 1979), Tiwari (1982), Tiwari and Tripathi (1987),
Kumar (1996) opined that haploxylonoid sacci bearing pollen
grow in the cool temperate and subpolar or sub-alpine zones.
Whereas taeniate pollen such as Areuaripollenires and
Glittulapollenites) and flange bearing sub-saccate pollen
Callialasporites indicate towards the warmer and dry
conditions with seasonal fluctuations at low lying areas.

An operculate non-saccates intrabaculate pollen
Corollina/Classopollis (Cheirolepidaceae) represents shallow
marine near shore areas (Ramanujam, 1993).

Cookson (1947a, b in Elsik, 1978) noted that
Microthyriaceae is most abundant in warm temperate to tropical
zones especially where high humidity is present. These fungi
inhabit either rain forest areas or moist mountain gullies.

Stubblefield er at. (1987) reported vesicular arbuscular
mycorrhizae (YAM Fungi), septate hypha, terminal swellings
comparable to c1amydospores from Antarctic roots of Triassic
time shows a closer affinity with the Bagra 's fungal remains.

The occurrence of chitinozoan like-vesicles indicates a
lacustrine environment during the sedimentation ofBagra beds
as similar chitinozoans like assemblages are known from
elsewhere (Tiwari et al., 1981 from Talchir sediments of Jharia
Coalfield, Bihar) and evidently depicted as marine influence.

DISCUSSION

Crookshank (1936) considered narrow conglomeratic strip
of Bagra beds is to some extent a shore deposit and its
southward extensions are in the nature of fans at the mouths
of rivers draining from the mountains which lay north of the
Satpura Gondwana Basin. Present studies also suggest that
the palynological assemblage of the Bagra conglomerate
comprises similar palynomorphs recorded in the Denwa
Formation e.g., Faleisporites, Satsangisaecires,
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Samaropollenites, Guttu/apollenites. Arcuatipollellites,
Striatopodocarpites and Scheuringipollenites. Some fungal
spores and fruiting bodies including Haradisporites,
Cycadopites. Callia/asporites. Corollina (=C/assopollis) ,
found in Denwa sediments are continued to occur in Bagra
Formation. The palynological assemblage depicted as mixed
flora which were fluorishing in the mountains of the southern
side of the Gondwana Basin and coming through the river
channels which were still continued to drain from the southern
hillocks and were not completely vanished during the Bagra
sedimentation. The present palynofloral studies do not support
the Casshyap's view as no northern palynomorphs are
identified except chitinozoan vesicles which are absent in
Denwa clay's assemblage.

An operculate non-saccate pollen Corollina/
Classopollis (Cheirolepidaceae) represents shallow marine near
shore areas (Ramanujam, 1993).

CONCLUSION

J. Bagra conglomerates were deposited under a lacustrine
set up near shoreline.

2. Palynological assemblage of Bagra Formation contains
dominance of fungal/algal spores with non-striated,
haploxylonoid disaccates and a few striated and taeniate
pollen grains belonging to Late Triassic time could be
Rhaetian in age.

3. The presence of polar or subpolar or cool-temperate
palynomorphs (disaccates) with warmer/dry low land
palynomorphs, and the presence of microthyriaceous
fungi, fungal and algal spores, fungal hyphae (as a mixed
palynological assemblage) indicates fluctuating warm­
humid climate at depositional site.

4. The occurrence of algal spores (Zygnemetaceae), fungal
spores, microthyriaceous fungi (fruiting bodies) indicates
fresh water lake deposits. On the other hand presence of
chitinozoan like-vesicles may also strandline indicate a
lacustrine set up for the Bagra sedimentation.

5. Bagra Formation was deposited by rapidly flowing rivers
and subtropical with pronounced seasonal droughts.
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Amberiwadiacarpon devgarhensis gen. et sp.
nov. from Amberiwadi, Sindhudurg District,

Maharashtra, India
ANIL AGARWAL AND K. AMBWANI

Birbal Salmi Illstitute of Palaeobotany, 53 University Road, Luckllow 226 007, India.

(Received 06 November 2000; revised version accepted 23 April 2002)

ABSTRACT

Agarwal A & Ambwani K 2002. Amberiwadiacarpon devgarhensis gen. et sp. nov. from Amberiwadi,
Sindhudurg District, Maharashtra, India. Palaeobotanist 51 : 107-111.

A fossil carbonised angiospermous fruit, Amberiwadiacarpon devgarhensis gen. et sp. nov. has been
recovered for the first time from the Miocene sediments of Amberiwadi Village (Devgarh Taluk), Sindhudurg
District, Maharashtra, India. Based on the morphological characters, the affinities of present fossil fruit have
been suggested with the extant pantropical family Rubiaceae and more particularly with the taxa Randia
Housl. ex Linn. and Psycho/ria Linn. of this family.

Key-words-Amberiwadiacarpon devgarhensis, Amberiwadi, Sindhudurg District, Maharashlra,
Rubiaceae, Miocene.
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INTRODUCTION

A MBERIWADlACARPON DEVGARHENSIS gen. et sp. nov.
forms the first record of fossil fruit from the lignitic beds

exposed at Amberiwadi Village near Tirlot Village (Latitude
16°30'20" N: longitude 73°23'20" E) (Fig. I) in Sindhudurg

District, Maharashtra. However, the report of fossil fruit,
Canariocarpon ratllagiriensis from Kalviwadi, Sindhudurg
District has been published by Agarwal and Ambwani (2000)
showing affinities with the modern taxon Canariul1l of the
family Burseraceae. So far a very little information regarding
the plant megafossils from the lignite of Maharashtra is known.

© Birbal Sahni Institute of Palaeobotany, India
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Reports of pollen, spores and cuticles from Ratnagiri lignites
have been published by Dalvi and Kulkarni (1982), Kulkarni
and Phadtare (1980, 1983), Kulkarni et al. (1985), Phadtare and
Kulkarni (1980a, b, 1984a, b), Saxena and Misra (1990), Saxena
el at. (1992) and Saxena (1995) publ ished the microfossils from
Ratnagiri beds of Sindhudurg District. Saxena et al. (1992)
tentatively reported fossil fruits from the lignite beds of
Ratnagiri, Maharashtra without assigning their affinities.
Occurrence of Bouea rediensis and Shoreoxylol1 vayganiensis
of the families Anacardiaceae and Dipterocarpaceae
respectively have been recorded by Srivastava and Saxena
(1998) from the same beds.

Prasad and Awasthi (1996) described the fossil leaf of
Randia Houst. ex Linn. in the Siwalik flora of Westem Nepal,
while other rubiaceous fossil leaves known from Miocene
sediments of India are reported by Agarwal (1990) and Prasad
(1994a, 1995). However, Canlhiul1loxylon neyveliensis
constitutes the only record of rubiaceous wood from the
Miocene sediments of India Agarwal (1992).

MATERIAL AND METHODS
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The fossil fruit recovered from an exposed section at
Amberiwadi shows basal grey clay which is overlain by
compact Iignitic layer, hard grey clay mixed with ferrugenous
matter, ironstone and laterite (Fig. 2). The lignite bearing part

Fig. 2-Lithology of Amberiwadi Section showing sequence of various
strata of Ratnagiri Beds. Maharashtra. India (after Ramesh ~I

aI., 1(92).

I.

2.

3

4.

PLATE 1

Fossil fruit, Amberiwadiararpon devgarhellsis gen. et sp. nov. 5.

showing prominent rf- ridges and furrows. a- apical. b- basal.
~useum Specimen No. 38809 6.
Lateral view of the fruit showing ridges and furrows. Museum
Specimen No. 38809. 7.
Fruit showing broken area with prominent ridges and furrows.
Museum Specimen No. 38809. 8.
Cellular details between two ridges showing st- stomata dispersed
in the outer wall SEM. x 900. 9.

'-
./

Cross section of the outer wall showing meshwork of fihrous

cells below the ridge area SEM x 200.
Inner layer of the fruit showing longitudinal and oblique runOlng

fibrous cells SEM. x 110.
A single fibre cells enlarged to show fibre pits on its wall SEM.

x 3200.
Cross-section showing the inner surface of the fruit wall SEM.

x 800
Branched fibres and fibre tracheids SEM. x 1200.
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is mixed with soft clay. Some fragmentary wood pieces partly
carbonised were also present associated with the matrix. The
fossil fruit was found loosely embedded in the upper part of
the lignite associated with brownish red ferrugenous
sediments in the section. Only single carbonised fruit was
recovered from this section.

SYSTEMATIC DESCRIPTION

Family-RUBIACEAE

Genus-AMBERIWADIACARPON gen. nov.

AMBERIWADIACARPON DEVGARHENSIS gen. et sp.
nov.

(pI. 1· 1- 9)

The systematic description is based only on single
carbonised fruit measuring 7·5 cm in length, 5·5 cm in breadth
and 2 mm thick (pI. l' 1-3). The fruit is dark brown to blackish in
colour; brittle, bilaterally compressed probably due to over
burden of the sediments, oval (broadly ellipsoidal) in shape,
apically dehiscent, apex ruptured, sessile. The fruit appears to
be a capsular in nature and highly ribbed at the outer surface
due to ridges and furrows; these ribs numbering 20 are very
prominent and run from base to apex of the fruit. The thickness
of the ridges varies from 1 to 3 mm and they are 4 to 5 mm apart.
They converge from base to apex of the fruit. The fruit wall
consists of two layers, the outer and inner, it is highly fibrous
in nature, the fibres anastomose on the exterior of the fruit wall
and run more or less straight in the inner surface (Pl. 1'5). The
area between the ridges shows some cellular details and the
stomata dispersed are in these areas (PI. 1-4). The fibres bear
pits on their walls (pI. 1'7). The inner surface of the fruit wall is
thin and contains some interwoven fine fibres and tracheids
(PI. 1'8-9). Overall the cellular details were meagerly preserved
probably due to high temperature during the fossilisation The
cellular details indicate that the middle lamella of these cells
seems to have been severely effected showing its absence
thereby indicating the action of high temperature on the cell
wall. The fruit was cut in cross-section to know the nature of
ovary; however, it was found that the fossil fruit comprised
only outer shell indicating that it must have been a capsule
which led to shed off the seeds after it was mature and fallen
down before fossilisation.

Generic Diagnosis-Fruit capsule, dark brown to
blackish in colour, internally hollow, ftlled with sediments,
measuring 7.5 cm long; 5.5 cm broad, 2 mm in thickness. Fruit
wall divisible in two layers, the outer and inner, highly fibrous,
ridges and furrows prominent, 20 in number, vary from I to 3
mm thick and 4 to 5 mm apart running from base to apex,
convergent, base broken; stomata present between ridges;
inner surface of fruit wall fibrous forming fine mesh work.

Specific Diagnosis-Fossil fruit probably capsule. dark
brown to black in colour, size of the fruit is 7·5 cm in length, 5·5
cm in breadth and 2 mm in thickness, ribbed, ridges and fUITows
prominent on the outer surface; 20 in number, some of the
ridges do not reach to the full length of the fruit. They are J-3
mm thick and 4 to 5 mm apart. stomata present between the
ribs, ribs extend from base to apex, convergent, basal part
broken. The fruit wall distinguishable in 2 layers; the outer
highly fibrous, and the inner thin containing fine fibres which
run obliquely. The fruit is internally hollow filled with sediments.

Holotype-PI. 1'1, Museum Specimen No. BSLP 38809.
Horiz.on-Tertiary.
Age-Miocene.
Type locality-Amberiwadi, Sindhudurg District.

Maharashtra, India.

COMPARISON

As far as the authors are aware fossil fruits similar to the
present specimen bearing ridges and furrows have so far not
been reported from the Tertiary sediments of India and abroad.
However, after critically going through the available literature
it has been assigned to a new fossil genus
AmberiwadiacarpOIl. The generic name has been derived from
the locality Amberiwadi from where it has been recovered while
the specific name denotes to Devgarh Taluk. Fruits with similar
morphological features are known to occur in the extant family
Rubiaceae (e.g., Ralldia Houst. ex Linn. and Psychotria Linn.).
Generally the fruits of this family are smaller in size than the
fossil, they are as large as 3 cm wide in Randia exaltata Griff.
Corner (1952) whereas 3·7 cm long in Randia maculata DC.
Backer & Brink (1965). The fruits in Psycho tria Linn. vary
from 1,25- J'5 cm long bearing 10- 12 ribs which run from base
to apex (Backer & Brink, 1965). They are generally capsular in
nature. This justifies the nature of the fossil fruit which seems
to have shed off its seeds after its maturity. Due to non
availability of more anatomical characters in the fossil. it could
not be compared in detail with any extant fruits.

The family Rubiaceae growing in tropical to temperate
regions of the world consists of 500 genera and as many as
6000 species comprised of trees, shrubs and herbs (Backer &
Brink, 1965; Willis, 1973). The members of this family are
distributed mainly in the tropical and sub-tropical regions of
the world, but a few also occur in temperate and arctic regions.
Randia Houst. ex. Linn. is a large genus comprising 200-300
species of shrubs and trees which are distributed in the tropical
regions of the world. This genus includes 16 species while
Psychotria has about 40 species, growing in the forests of
Martaban, Tenasserim, Sylhet, Assam and Khasi Hills, eastern
Bengal, Chittagong, Western Ghats, Konkan, Sri Lanka as well
as evergreen forests of Andaman and swampy forest of Pegu
etc. Gamble (1972). Randia exaltata grows in mangrove
swamps of Tenasserim and Andaman Island while the species
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of Psychotria Linn. occur in all tropical and subtropical habitats
of the world (Hooker, 1882). As the members of the family
Rubiaceae grows in various ecological conditions so it is
difficult to infer about the palaeoecological condition by this
fruit alone.

Acknowledgements-The authors are grateful to Professor Allslw
Kumar Sinha, Director, Birbal Sahni Illstitute of Palaeobotany,
Lucknow for his constallt encouragement alld useful suggestions
during the preparation o.(the MS alld permission to publish the papa

REFERENCES

Agarwal A 1990. Leaf impressions from the Neyvel i Lignite deposits.
Tamil Nadu, India. Journal of the Indian Botanical Society 69: 35­
38

Agarwal A 1992. A new carbonised wood of Rubiaceae from the
Neyveli lignite deposits. India. Journal of the Indian Botanical
Society 71: 181-184.

Agarwal A & Ambwani K 2000. Canariocarpon ratnagiriensis gen.
et. sp nov. from Sindhudurg District, Maharashtra, India.
Palaeobotanist49 : 93-100.

Backer CA & Brink RCB J965. Flora of Java. Vol. II: 1- 641.
Noordhoff-Groningen, The Netherlands.

Comer EJH 1952. Wayside trees of Malaya, Vol. I: 1-772. Printed at
the Government Printing Office, Singapore.

Dalvi NS & KulkarnI AR 1982. Leaf cuticles from lignite beds of
Ratnagiri District. Maharashtra. Geophytology 12 : 223-232.

Gamble JS 1972. A Manual of Indian Timbers. Bishen Singh,
Mahendra Pal Singh, Dehradun: 1-856.

Hooker 10 1882. The Flora of British India. Vol. 3. L.Reeve and
Company Limited. Kent, England.

Kulkarni AR & Phadtare NR 1980. Leaf epidermis of Nypa from
lignite beds of Ratnagiri District, Maharashtra. Geophytology
10: 125-128

Kulkarni AR & Phadtare NR 1983 Pollen of Nypa from lignite beds
ofRatnagiri District, Maharashtra. Phytomorphology 31 : 48-51.

Kulkarni AR, Phadtare NR & Dalvi N 1985. Monocotyledonous
pollen grains from Ratnagiri lignite. In: Varghease TM (Editor)­
Recent Advances in Pollen Research, Allied Publishers P,;vate.
Limited: 295-313.

Phadtarc NR & Kulkarni AR 1980aPalynoiogicai investigation of
Ratnagiri lignite, Maharashtra. Geophytology 10 158-170.

Phadtare NR & Kulkarni AR 1980b. Laevigatosporites o valis Wilson
& Webster. with sporangium from lignite beds of Rarnagiri District.
Current Science 49: 603p.

Phadtare NR & Kulkarni AR 1984a. Palynological assemblage 01'

lignite exposures of Ratnagiri District. In: Badve RM et al.
(Editors)-Proceedings 10'" Indian Colloquium
Micropaleontology, Stratigraphy. Pune. 1982. Maharashtra
Association for Cultivation of Science. Pune: 515-531.

Phadtare NR & Kulkarni AR 1984b. Woods of Anacardlaceae from
lignite beds of Ratnagiri District, Maharashtra. III: Tiwari RS et
al. (Editors)-Proceedings 5th Conference, Lucknow. 1983.
Special Publication (1984) : 232-242. Palaeobotanical Society.
Lucknow.

Prasad M [994a. Plant megafossils from the Siwalik sediments of
Koilabas, Central Himalaya Nepal and their impact 011

palaeoenvironment. Palaeobotanist 42: 126-156.
Prasad M 1994b. Investigations on the Siwalik (Middle Miocene)

leaf impressions from the foot-hills of the Himalaya. India.
Tertiary Research 15 . 53-90.

Prasad M 1995. Siwalik flora from Koilabas area in the Nepal
Himalaya and its significance on palaeoenvironment and
phytogeography. Journal of Nepal Geological Society.
Kathmandu, II Special Issue: 203-216.

Prasad M & Awasthi N 1996. Contributions to the Siwalik flora
from Suraikhola sequence. westem Nepal and its palaeoecological
and phytogeographical implications. Palaeobotanist 43: 1-42.

Saxena RK 1995. Sindhudurg Formation - a new lithostratigraphic
unit in Konkan area of Maharashtra. Geophytology 24: 229-232.

Saxena RK & Misra NK 1990. Palynological investigation of lhe
Ratnagiri beds of Sindhudurg District, Maharashlra. Palaeobotanist
38: 263-276.

Saxena RK, Misra NK & Khare S 1992. Ratnagiri beds ofMaharashtra
lithostratigraphy, flora, palaeoclimate and palaeoenvironment of
deposition. Indian Journal of Earth Science 19 : 205-213.

Srivastava R & Saxena RK 1998. Carbonised woods from Sindhudurg
Formation (Miocene) in Ratnagiri and Sindhudurg District.
Maharashtra, India. Geophytology 27: 23-33.

Srivastava NC 1967. A new microfossil genus Oudhkllsulllitcs from
Tertiary of India. Review Micropalaeontology. 10 : 37-41.

Willis JC 1973. A dictionary of the flowering plants and ferns.
Cambridge University Press, Cambridge. pp. 1245.



Palaeobofanisf 5 J(2002) . 113-121
0031-0174/2002/113-121 $200

An interpretation of the palynology and
palaeoecology of the Early Miocene Dulte

Formation, Mizoram, India

B.D. MANDAOKAR

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.

(Received 20 October 2000; revised version accepted 23 April 2(02)

ABSTRACT

Mandaokar BD 2002. An interpretation of the palynology and palaeoecology of the Early Miocene
Dulle Formation, Mizoram. India. Palaeobotanist 51 : 113-121.

A palynological study of the Early Miocene sediments of the Aizawl Basin, Mizoram is presented.
The Aizawl Basin is part of the Nonh-East India Dulte Formation (Surma Group: Bhuban Subgroup). The
significant elements of the palynoassemblage are: Preridacidires, Srriarrileres, Polypodiisporires and
Schizaeoisporires (pteridophytes), Composiroipollenires, Malvacearumpollis. Spinizonocolpires.
Bombacacidires, Crenolophonidires, Polyporina, Polyadopo/lenires, Graminidires (angiosperms),
Cucurbirariaceires, Dicellaesporires and Phragmorhyrires (fungi).

The shale contains abundant plant remains and white gastropod shells. The alternation of shale­
siltstone. sandstone-claystone and the palynoflora suggest an Early Miocene age for studied sequence.
Palaeoecological interpretation based upon recent botanical affinities of the fossil spores and pollen highlights
the presence of mangrove, fresh water. swamp and water edge ecological groups. The presence of fungal
remams indicates warm and humid climate. The composition of palynological assemblage suggests that Dulte
Formation was deposited in deltaic conditions rich in tenigeneous detritus where the fungal elements thrived.

Key-words--Palaeopalynology, Palaeoecology, Palynoflora, Dulle Formation, Early Miocene, Deltaic,
Aizawl Basin, Mizoram, India.
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stratigraphic succession of the Tertiary sequence in Mizoram
is provided in the Geological Survey of India (1974). A
monotonous sequence (7165 m) of arenaceous and argi llaceous
suites of sedimentary clastics is exposed in Eastern Mizoram.
The Bhuban subgroup has been subdivided, on the basis of
lithology (sand shale ratio), into two formations: the Dulte
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Fig. I-Showing location map of Mizoram.

INTRODUCTION

GEOLOGY OF AREA

GEOLOGICALLY the eastern part of Mizoram has
remained, until recently, terra-incognita. on account of

its inaccessibility and lack of economic mineral content. The
only available references to the area are the records of the
Assam Oil Company and the Burma Oil Company. The State of
Mizoram (Fig. 1) occupies narrow, north-south trending
longitudinal ridges. separated by broader valleys. Several of
the mountain peak exceed 1800 m in height. the highest being
the Blue Mountains (Phawngpui) in the southeastern part of
Mizoram. The general ground elevation increases towards the
east, from 50 m in the extreme west of the State.

Palynological information from the Tertiary sediments of
Mizoram was published by Hait and Banerjee (1994). is based
on two lignite samples. Fifty richly diverse taxa were recorded.
Mandaokar (2000) studied the palynofloral sequence from the
western flank of Aizawl Town, Ramrikawn, near Chandmari,
Mizoram. A detailed palynological study of the Tertiary
sequence from the Mizoram Basin has not so far been
published. The present study reports the results obtained from
a collection of palynological rock samples from the Bhuban
subgroup in the Dulle area of the Eastern Mizo hills. The
objectives were to collate and analyse the total spore and
pollen compliments extracted from the Tertiary strata of the
Aizawl, Mizoram Basin, and to high light the relevance of the
palaeoecological in reconstruction of the area. The present
investigation is mainly concerned with the eastern flank of the
Aizawl hills. The Dulle Formation lies about 120 km NNE of
Aizawl Town (Fig. 1). The area is covered by unconsolidated
sandstone alluvium.

Hayman (1937) reconnoited the Lushai hills in Mizoram
State and included a map of the traverses in his report. In 1948
Franklin mapped the Mizo hills from aerial photographs. Das
Gupta (1948) reviewed the geology ofMizoram. He considered
that the, thick succession of Surma Group could referred to be
Bhuban and the Bokabil subgroups which is folded into several
meridional structures. Since the mid seventies, important
contributions have been made to the geological structure of
the region (Ganguly, 1975; Ganju, 1975; Nandy, 1980, 1982;
Jokhan Ram & Venkataraman, 1983, 1984). A generalised
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and the Kei fang formations (Shri vastava et al., 1979). These
have not, however, been correlated to the subdivisions of the
lower, middle and upper Bhuban Formation in western Mizoram.
Therefore, the stratigraphic equivalence of the subdivisions
of eastern Mizoram with those of western Mizoram remain to
be established. The generalised stratigraphic succession of
the area is given in Fig. 2 (after Shrivastava el aI., 1979).

Dulte Formatioll-The Dulte Formation sediments are
informally named after Dulte Village. The type section of this
formation extends from Dulte to Khawzawl (Fig. 1). It is the
development of highly undulatory deeply incised valleys,
formed by erosion of the major claystone constituents, leaves
major sandstone units standing out as prominent hillocks.
The formation consists predominantly of massive to thinly
bedded claystone, subordinate sandstone and sandstone­
claystone alternations. The claystone is greenish grey,
moderately hard, ? micaceous (like), non-calcareous and
occasionally silty. Towards the base it becomes more
arenaceous, exhibiting micro-cross laminations. The sandstone
is thick to thinly bedded, very hard, dark grey to grey,
weathering to yellowish brown, fine grained and micaceous ?­

like. Calcareous encrustations on the sandstone are also
observed. The Dulte Formation consists of 5275 m thick
sequence of shale-siltstone and sandstone-claystone
alternations, showing the features of turbidites (Shrivastava
el al., 1979). The cross lamination of sandstone and
interference ripple with tadpol nest structure indicate marine
to deltaic environment of deposition.

MATERIAL AND METHODS

The material for the present palynological investigation
was collected from the Dulte Formation exposed in 2 km from
Dulte Village, along the Dulte-Keifang Road in Aizawl District,
Mizoram. Altogether, 25 samples were collected from greyish

shale and siltstone bands within the sandstones. Of these.
fourteen samples yielded palynofossils. The stratigraphic
position of the samples is shown. For recovery of
palynofossils, samples were treated with HCL followed by HF
and HNO). After acid treatment, the samples were thoroughly
washed with water and then treated with 10% KOH solution
for 5-10 minutes, followed by repeated washing with water
through 400 mesh sieve to remove all traces. Macerated
preparations were mounted in 2 cm coverslips using polyvinyl
alcohol. Pollen-spore from the slides prepared as above were
identified and counted using a BH-2 microscope. A total of 58
species and 52 genera were identified in the 25 samples studied.
Of these, 24 species in 24 genera are spores (Algae, fungi or
pteridophytes) and 34 species and 28 genera are pollen. By
counting a hundred individuals in each of the samples. the
relative abundance of the determined species and genera were
ascertained. Selected exam'ples of the spores and pollen were
then included in a palynological diagram (Fig. 4.) More than
15% as abundant, 10-15% is common, 6-9% is less common
and 3-5% is uncommon and less than 1-2% is rare.

PALYNOASSEMBLAGE

The geological section from the Dulte Formation is a
mixture of shale-siltstone, clay, siltstone-sandstone alternation,
includes organic matter. The palynoassemblage extracted from
the section encompasses 58 identifiable species in 52 genera.
The palynoflora recorded from the Dulte is dominated by
pteridophyte spores and angiosperm pollen. Gymnosperm
pollen and fungal spores are also present. The dinoflagellate
cysts are also present in lower part of sediments which
progressively decrease in the middle and upper parts. They
are important constituent ofSurma Group, Bhuban Subgroup,
Dulte Formation, Aizawl Basin, Mizoram. A check list of the
different spore and pollen species which represent algae, fungi.
pteridophytes, gymnosperms and angiosperms, as well as

Group SUb-Group Formation Lithology
(informal)
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Predominantly argillaceous, comprising massive to thinly bedded
claystone and subordinate sandstone and sandstone-claystone
alternation.

Claystone: Massive to thinly bedded. greenish grey to grey,
moderately hard, micaceous occasionally, silty and with micro-cross
laminations.

Sandstone: Thick to thinly bedded, dark grey to grey, weathering to
yellow brown, fine grained occasionally silty and micaceous.

17.300 ft
(5275 m)

-------------------Base not exposed--------------------------

Fig. 2-Generalised stratigraphic succession of the Surma Group (after Shrivastava el al., 1979).
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Algal spores
Achomosphaera ramulijera (Deflandre) Evitt, 1966
Oligosphaeridium complex Davey & Williams. 1966
Operculodiniwl1 centrocarpum Wall, 1966
Thalassiphora pelagica (Eisenack) Eisenack & Gocht, 1960

Fungal spores
Cucurbitariaceites bellus Kar et al .. 1972
Dicellaesporites minullls Kar & Saxena. 1976
Diporisporites curvallls RamanuJam & Rao, 1978
Dyadosporonites constrict/.!s Kar, 1979
Fusijormisporites crabbii Rouse, 1962
Inapertisporites kedvesii Eisik, 1968
Lacrimasporonites longus Kar, 1979
Phragmothyrites eocaeniCllS Kar & Saxena, 1976

Pteridophyte spores
Crassoretitriletes vanraadsllOvenii Germeraad et al.. 1968
Cyathidites australis Couper, 1953
Dangripites t/lberculatus Mandaokar. 1997
Gleicheniidites senoniclls Ross, 1949
IllIrapunctisporis illlrapullctis Krutzsch. 1959
Lycopodiumsporites unlstewensis Dutta & Sah. 1970
Lygodiumsporites lakiensis Sah & Kar. 1969
Polypodiaceaesporites levis Sah, 1967
Polypodiisporites mawkmaensis DUlla & Sah, 1970
Pteridacidites africanus Sah, 1967
Schizaeoisporites phaseolus Delcourt & Sprumonl, 1955
Striatriletes susannae Van der Hammen, 1956

Gymnosperm pollen
Pinuspollenites crestus Kar, 1985
Podocarpidites ellipticus Cookson. J947
Podocarpidites khasiensis Dutta & Sah. 1970

Angiosperm pollen
Araliaceoipollenites psilallls Dutta & Sah, 1970
Bombacacidites bombaxoides Couper, 1960
Chenopodipollis miocenica Kar & Jain, 1981
Composiroipollenites senris Sah, 1967
Ctenolophonidites costatus Van Hoeken Klinkenberg, 1966
Cupulijeroipollenites ovatus Venkatachala & Kar. 1969
Engelhardtioidites minutijormis Ramanujam & Reddy, 1984
Favitricolporites retijormis Sah, 1967
Graminidites granularus Kar, 1985
Malvacearumpollis bakonyensis Nagy, 1962
Monoporopollenites gramineoides Meyer, 1956
Paleorubiaceaepites psychotria Biswas. 1962
Paleosantalaceaepites ellipticus Sah & Kar, 1970
Palmaepollenites plicatus Sah & Kar, 1970
Palmaepollenites ovatus Sah & Kar, 1970
Pellicieroipollis langenheimii Sah & KaT. 1970
Polyadopollenites miocenicus RamanuJam, 1966
PoJyporina globosa Sah, 1967
Retipilonapites cenozoicus Sah, 1967
Relitrescolpites crassimurus Sah, 1967
Retitrescolpites bellus Sah, 1967
Retitrescolpites oblongus Sah, 1967
Rhoipites bradleyi Wodehouse, 1933
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Rhoipiles klllchensis Venkalachala & Kar. 1969
Sapotaceoidaepolh.'niles obscurt/s Sah. 1967
Spa rganiceaepollen iII's polygonalis Thiergart. 1937
Spillizol1ocolpiles echinaills Muller. 1968
Tricolpiles crassirericulallis Dulta & Sah. 1970
Tricolpiles reliculalUS Kar. 1979
Trisyncolpiles ramanujamii Kar. 1979
Umbellijeroipolleniles COIlSlriclllS Venkatachala & Kar. 1969

Incertae sedis
Leaf tissue
Woody tissue
Fibrous ti ssue
Amorphous organic matter

Fig. 3-Palynoassemblage from Dulle Formation. Mizoram.

fibrous tissue, leaf tissue, woody tissue and amorphous
organic matter are listed in the Fig. 3.

RESULTS

Palynofloral Composition and Age

From the analysis we can deduce that pollen of
angiosperm shrubs and trees forms a major component of the
pollen and spore assemblage. In the present study only a few
herbaceous pollen taxa were found, for example. Gralllinidifes
(Poaceae) and Chenopodipollis (Chenopodiaceae). Relative
abundance of these two taxa in the Early Miocene is
extraordinarily low (2-4%). and the gymnosperm species
determined in the study (2 %), are of coniferous pollen (Fig. 4).
The relationship between the relative abundance of
gymnospermous type pollen in the Early Miocene continues
into younger strata with increasing dominance of
Pinuspollenites and Podocarpidites.

The alternation of the shale-siltstone and shale­
sandstone ratio in the Eastern MilO hills has been identified
as Miocene in age (Shri vastava ef al., 1979). The ostracod and
mollusc content in the Dulte Formation is considered to be
MiddleMiocene in age (Tiwari & Kumar, 1996). Early Miocene
age was inferred by the presence of Crassorefitrilefes,
Trisyncolpites and Bombacacidifes (Mandaokar, 1990) to
Maibong Assam. A recent palynological study ofRamrikawn
quarry, Aizawl District, Mizoram ( Mandaokar, 2000) provides
evidence that, over a another wider area, the palynoflora varies
from Oligocene to Early Miocene in age. Germeraad et at. (1968)
critically studied the occurrence pattern of Crassorefitrilefes
in pantropical areas and suggested that genus generally occurs
in the lower Oligocene and extends up to the Miocene.
Pferidacidites, M alvacearulllpoll is, COlllpositoipollen ifes
and Chenopodipollis are significant among the genera
recovered from Dulte Formation and indicati ve of an Early

Miocene age. These four genera are also dominant elements
in the Khari Nadi Formation of Kachchh in Kar (1985), the
Surma Group Meghalaya, and in Cachar, Assam (Rao Cf al.,

1985). It is interesting to note that Preridacidifcs and
COlllposifoipollenifes have also been recorded from Miocene
sediments in the Rusizi Valley, Burundi (Sah, 1967). Thus the
presence of Pferidacidifes. Malvacearulllpollis.
Composifoipollenifes, and the presence of other elements
such as Striatriletes and Crassorefitrilefcs may be useful
indicators of Early Miocene age.

Depositional Environment

Total counts of the palynoflora, as well as counts of the
taxa indicating different habitats, have been made. The
palynoflora have been grouped together under Mont'lne,'fresh
water, low land, swamp and water edge, Back mangrove.
mangrove, sandy beach and algal based on the gener:l1 habitat
of present day representatives as indicated in Fig. 5.

Palynofossils can be a valuable indicator of past climare,
especially where they can be related to extant taxa. The
distribution pattern of the fossil taxa recorded (Fig. 3) are
indicative of a tropical to subtropical climate. The Dulte
Formation palynoflora have affinities with 21 extant fami lies.
Of these. nine families are restricted to tropical or subtropical
climates, six families are cosmopolitan, four families are
restricted to the tropics and two families have temperate
associations (Fig. 5). The presence of spores or pollen of
Schizaeaceae, Parkeriaceae, Polypodiaceae, Caesalpiniaceae.
Ctenolophonaceae, Oleaceae and Rubiaceae in the assemblage
indicates that a tropical climate prevailed at the time of
deposition. Fern spores and the occurrence of tropical rain
forest elements (Ctenolophonaceae, Oleaceae) provide
supporting evidence of a climate with a high rainfall. Most of
the fossil taxa attributed to pollen and spore can be pollen and
spores of extant plants that have a tropical or subtropical
distribution and are present in moist evergreen rain.forests:
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Fig_ 4-Diagram showing relative frequency of palynotaxa from the Dulle Formation (Aizawl Basin), Mizoram_

PALAEOGEOGRAPHY AND
PALAEOCLIMATE

Fossil spores and pollen are valuable in palaeoecological
analysis, and in interpreting the palaeogeography prevailing
palaeoclimatic conditions at the time of deposition_ The
palaeoecological interpretation, in particular, depends on the
comparison of the fossi I palynomorphs with their nearest livi ng
relatives_ The percentage of the different spore and pollen
taxa present in the assemblage is also to be taken into account
in deciphe,ring palaeoecological condition of deposition.
Besides. the productivity of the pollen of the producing plant
should also be considered to find out the percentage in the
assemblages. The fossil pollen and spore forms recorded in
this study are not from their extant relatives. Therefore, it has

been possible to make the significant inferences: (I) During
the deposition of the Dulte Formation subtropical to tropical
climatic conditions developed; (2) The existence of
Pilluspolleniles, Podocarpidites indicative that there were
highlands around the sedimentation region; (3) Woody plant
cover consisting of El!gelhardlia (Juglandaceae);
BOlllbacacidites (Born bacaceae); Polyadopollell i Ie s
(Caesalpiniaceae); Arecaceae probably covered the slopes and
lowlands_ Shrub forms Myricaceae, Cupulijeroipol/eniles
(Fagaceae) constituted the underforest community; (4) The
presence of angiosperms such as Favilricolporiles
(Nyssaceae), and Ellgelhardtioidiles (Juglandaceae).
Retitrescolpites (Oleaceae) suggest that there were lowland
forests interrupted by lakes with extensive surrounding
wetlands_ Palynomorphs of forest vegetation covering the
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Fossil palynotaxa

Montane
Pill/lspol/cllites crestus
Podocarpidifes khasiellsis
Podocarpidites ellipticus
Cupldiferoipollellites
Ellgelhardtioidites
UmbelIiferoipollell ites

Lowland
BOlllbacacidites
Faviotricolporites
Lygodiumsporites lakiensis
Polyadopollellites romanujamii
Retitrecolpites bellus

Fresh water swamp and water edge
Compositoipollcllites
Crassoretitriletes vanraadshovellii
CtellolopllOnidites
Gralllinidites
Malvacearulllpollis
Retipilollapites
Schiweoisporites
Sparganiaceaepollenites
Striatriletes
rrisyncolpites

Back Mangrove
AraliaceoipolleJlites
Rhoipiles

Mangrove
Spiniwnocolpites echina/us
Malvaceammpollis bakonyensis

Sandy Beach
Palmaepolleniles
Polyporina

Algal
Achomosphaera raml/lifera
Oligosphaeridium complex
Operculodinium cell/rocarpu/1/
Thalassiphora pelagica

Aflinities with modern Taxa

Pinaceac
Podocarpaceae
Podocarpaceae
Fagaceae (Castanea)
Juglandaceae (Engelhardtia)
Umbellirerae

Bombacaceae (Bombax)
Nyssaceae
Schizaeaceae (Lygodium)
Caesalpiniaceae
Oleaceae

Asteraceae
Schizaeaceae (Lygodium)
Ctenolophonaceae (Ctenolophon)
Poaceae
Malvaceae (Thespesia)
Potamogetonaceae (Potamogeton)
Schizaeaceae (Schizaea)
Sparganiaceae (Sparganium)
Parkeriaceae
Caesalpiniaceae (Poinciana)

Araliaceae
Anacardiaceac (Melanol1'hoea)

Arecaceae
Malvaceae

Arecaceae
Chenopodiaceae (Chenopodium)

Fig. S-Distribution of modern pteridophyte, gymnosperm and angiosperm with spores or pollen taxa comparable to lhe fossil palyllotaxa.

slopes and high lands surrounding the lake were carried by
ri vers and winds into wetlands; (5) The presence of non
arborescent angiosperm pollen, for example, Poaceae and
Chenopodiaceae is rare in Dulte Formation and suggests that
open areas of land that were not swampy were possibly
restricted in the depositional environment.

DISCUSSION

The palynoflora recorded from the Dulte Formation
dominated by pteridophyte spores and angiosperm pollen.
Gymnosperm pollen and fungal spores are also present. They
are important constituent of the Middle Bhuban .) subgroup.
Interpretation of the depositional environment is based on
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available lithological and palynological information obtained
from the Aizawl Basin.

The presence of Slrialriletes. Polypodiisporiles,

Crassorelilriletes. Pleridaci(/iles, Intrapl.lnclisporis and
Glecheniidiles is indicative of fresh water swamp or pond
conditions near the site of deposition. Of the modern fern
families represented by fossil spores in the Aizawl Basin.
Schizaeaceae and Polypodiaceae are predominant. The
pteridophyte families Schizaeaceae, Polypodiaceae and
Pteridaceae have an extensive distribution, predominantly in
the tropics and contribute to the undergrowth of dense moist
forest (Kubitzki, 1990). The majority of fossi Iangiosperm pollen
recorded from the site represents land plants. Pollen comparable
with that of extant Arecaceae represents both mangrove
(Spinizonocolpites) and more inland conditions
(Palmaepollenites). The clay horizon shows a high percentage
of pollen referable to Relilrescolpiles, Sapotaceoidae

polleniles. Cupuliferoipollenites, Araliaceoipollenites and
Malvacearumpollis. The presence of spicules and pyrite
granules in the clay are indicative of deposition under
mangrove conditions. The presence of a diversity epiphytic
microthyriaceous fungi spores is also indicative of high
precipitation. These elements suggest that the area of
deposition was probably near a shore line. The proximity of
shallow marine conditions are indicated by the occun'ence of
dinoflagellate cysts. It is proposed that the palaeoenvironment
might have been similar to the present day environment of the
Aizawl area. Cupuliferoipolleniles, UlIlbelliferoipollenites,

Engelhardtioidites are taxa associated with drier and more
temperate environment. Pinuspollenites occurs in the topmost
surface soil at the northern end of the site. It is possible that
the pollen was transported by air currents from a northern
pine forest, high altitudinal gymnospermous pollen could
probably have reached the site of deposition in large numbers.
Pinuspollenites, Piceapollenites and Podocarpidites were
also recorded from the Miocene sediments around Maibong,
Assam (Mandaokar, 1990).

The fragments of leaf and wood tissue, amorphous and
pyritized woody particles associated with the spores and
pollen in the sediments, show a gradual and alternating
recurrence of reducing environments. These tissues, however,
are well preserved but not definitely identifiable to the genus
level. The tissue preservation could be attributed to local
flooding of the swamp. This interpretation is consistent with
the sedimentological characteristics of the associated strata.
The fragments of these tissue indicate the occurrence of forest
fire during the deposition of the sediments. It is significant to
infer a fluviomarine condition and the surrounding area
sustained thick vegetation

CONCLUSION

On the basis of palynological study evidence, the Aizawl
Basin was mainly inhabited by tropical to subtropical mOist
evergreen rainforests. The abundance of fungal remains. pal m
pollen and pteridophytic spores also indicates warm and humid
climate. The alternation of shale-siltstone, sandstone-claystone
and palynoflora present indicate an Early Miocene age. The
telTestrial angiosperm pollen are comparatively more abundant
in the lower part of the section, while the mangrove pollen are
less present throughout the assemblage. The composition of
the palyno-assemblage suggest that the Dulte Formation was
deposited in deltaic conditions. rich in terrigenous detritus
where fungal taxa thrived.
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ABSTRACT

Mehrotra RC & Bhattacharyya A 2002. Wood of Diplerocarpus from a new locality of the Champanagar
Formation of Tripura. India. Palaeobotanist 51 : 123-127.

A fossi Iwood. Diplerocarpoxy/on bo/purense Ghosh & Roy is described from a new locality, Bisalgarh,
situated near Aganala. Tripura. It shows affinities with Diplerocarpus of Dipterocarpaceae and its presence
indicates the occurrence of tropical evergreen forest in the vicinity.

Key-words-Fossil wood, Diplerocarpoxy/on. Tipam Group, Bisalgarh, Upper Miocene. Tropical
evergreen forest.
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INTRODUCTION

GEOGRAPHICALLY the Tripura lies in the north
eastern part ofIndia and has a link with rest of the country

through the adjoining Cachar District of Assam.
Palaeobotanically it is still unexplored as only five fossils in
the form of woods have so far been described from near Khowai
bridge Teliamura and Dumbur water falls near Amarpur. These

are Glutoxylon burmense (Holden) Chowdhury of
Anacardiaceae (Ghosh & Taneja, 1961), Paltudioxyloll saltnii
Ghosh & Kazmi (1961), Cassinium tripuranum Acharya &
Roy, Millettioxylon bengalensis Ghosh & Roy (Acharya &
Roy, 1986) and Cynometroxylon holdenii (Gupta) Prakash &
Bande ofFabaceae (Awasthi et al., 1994).

The fossil wood being described here was collected from
a new locality, Bisalgarh, situated at a distance of about 20 km

© Birbal Sahni Institute of Palaeobotany. India
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MATERIAL AND METHODS

The study is based on a solitary specimen measuring 6
cm in length and 3 cm in width. The wood is silicified and its
structural details are fairly preserved. The wood was sectioned
in three different planes and its ground thin sections were
prepared by grinding on the disc using carborundum powder.
Then these sections were mounted on the slides and polished.
After polishing they were studied under the high power
microscope.

The original specimen and slides have been deposited in
the Museum of the Birbal Sahni Institute of Palaeobotany,
Lucknow.

south west of Agartala, Tripura (Fig. I) where petrified woods
occur scattered about in loose sand.

The fossil woods found in Tripura belong to the
Champanagar Formation of the Tipam Group which is
considered as Upper Miocene in age. The generalised
geological succession of Tripura proposed by Karunakaran
(1974) is presented in the form of a table (Fig. 2).

SYSTEMATICS 92'

Family-DIPTEROCARPACEAE Bentham and Hooker f.

Genus-DIPTEROCARPOXYLON Holden emend. Den
Berger, 1927

Species-DWfEROCARPOXYLON BOLPURENSE
Ghosh & Roy, 1979

PI. 1'1-7

Description-Wood diffuse porous. Growth rings
absent. Vessels medium to large, l.d. 100-250 11m, r.d. 150-330
11m, almost exclusively solitary, very rarely in pairs, circular to
oval, sometimes deformed due to compression, evenly
distributed, 5-1l! sq mm, tylosed; vessel members 180-440 11m
in height with oblique to horizontal ends; perforations simple;
intervessel pits rarely preserved due to exclusively solitary
vessels and presence of tyloses, circular to oval, bordered,
alternate, about 10 11m in diameter with lenticular apertures.

Fig. I-A map of Northeast India showing the fossiliferous locality of
Bisalgarh near Agartala. Tripura.

Tracheids vasicentric, intermixed with parenchymatous cells
and forming a thin sheath around the vessels. Parellc!lvlI/(/
both paratracheal and apotracheal; paratracheal scanty to
vasicentric. forming a thin sheath around the vessels:
apotracheal diffuse and in the form of short. broken tangential
bands enclosing gum canals; cells 22-45 11m in width and 30­
110 11m in length. Xylem rays 1-4 seriate, 4-6/mm, ray tissue
heterogeneous, uniseriate rays made up of both procumbent
and upright cells, 30-35 11m in width and 3-6 cells and 100-165
11m in height; multiseriate rays made up of procumbent cells in
the central portion and a few upright cells at the margins. 80­
110 11m in width and 15-20 cells and 500-1100 11m in height;
sheath cells occasionally present on the flanks of multiseriate

PLATE 1
Dipterocarpoxylon bolpurense Ghosh & Roy

......
,7

I.

2.

3.

Cross section of the fossil wood in low power showing distribu- 4.
tion of vessels and gum canals (marked with arrows). x 40: Slide
No. BSIP 38885-1.
Cross section of the fossil wood in high power showing shape 5.
and size of the vessels and parenchyma pattern. x 100; Slide
No. BSIP 38885-1 .
Radial longitudinal section of the fossil wood showing hetero- 6.
geneous ray tissue. x 100: Slide No. BSIP 38885-111. 7

Tangential longitudinal section of the fossil wood in low pawn
showing distribution of the xylem rays. x 40: Slide No. BSIP
38885-11.
Tangential longitudinal section of the fossil wood in high power
showing struclure of the xylem rays and fibres. x 100; Slide No.
BSIP 38885-11.
Intervessel pits magnified. x 400; Slide No BSIP 38885-11
Tangential longitudinal section of the fossil wood in high power
showing vasicenlric lracheids. x 200: Slide No. BSIP 38885-11
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Group Subgroup Formation Lithology

Bhuban

Bokabil

Tipam Sandstone

Recent

Dupi Tila

Recent Alluvium with decomposed vegetable matter
------- --- -- ---- -- ----- ---- ------ --- ---- ---- ------ ------.... Uncon form itY.----- -- -- -.-- --------.---.- ------------------ -- ---.- ---. -....---.. ------.-

Dupi Tila Earthy brown to brown buff sandy clays with coarse to
gritty ferruginous sandstone

------------------------------------ -----.- ---...-... -. -.--- Unconform itY----- --.--------------- --- ---- ------- ---- -- -- -- -- -- -----...-- -..----. ---.. -
Champanagar Medium to coarse. friable. sub arkosic sandstOne.

with abundant lumps of silicified fossil wood
--- -- -------- -- ---- -- -- ---Contact gradational-· --..... --..--..-. -- --- ----

Manu Bazar Fine to medium, sub arkosic sandstone.
including sandy shale. siltstone and sandy mudstOne

-- --- --- --- --- --- -- --- ------- -- -- --------.-- -....-....---- -- Contact transi tional ------------ -------.------------ ---.- .-....-- --.-------- ------------
Thinly bedded. repetition of sandstone, siltstone! shale
alternations. shales. mudstone and ferruginous sandstone
-----------·------Contact gradational to transitional-----------------­
Hard. compact. both massive and well bedded sandstone.
sandy shale and siltstone repeatedly occurring in space

Surma

Tipam

Base not seen

Fig. 2--Generalised geological succession of Tripura (after Karunakaran. 1974).

rays; ray to ray fusion observed; procumbent cells 50-60 flm
in radial length and 20-45 flm in tangential height; upright cells
about 25-30 flm in radial length and 30·45 flm in tangential
height. Fibres moderately thick walled. polygonal in cross
section, non septate, 12-18 flm in diameter. Gum canals normal,
vertical scattered and in groups of 2-4, usually smaller than
vessels, enclosed in parenchyma bands, t.d. 80-110 flm and
r.d.IOQ-llOflm.

Specimen-Museum No. SSW 38885.
Occurrence-Champanagar Formation; Bisalgarh, near

Agartala, Tripura; Upper Miocene.

DISCUSSION

Presence of vertical gum canals is the most important
character of the fossil. In the absence of epithelial lining these
canals look like vessels, but a careful examination distinguishes
them from the other vessels. In the present fossil wood vessels
have generally scanty paratracheal to vasicentric parenchyma
whereas gum canals are mostly smaller than the vessels and
enclosed by apotracheal bands of parenchyma. The diagnostic
features of the fossil, viz., exclusively solitary vessels. vertical
gum canals solitary or in short tangential rows, vasicentric
tracheids, vasicentric to diffuse to short broken tangential
bands of parenchyma, 1·4 seriate heterocellular xylem rays
along with a few sheath cells and non septate fibres, indicate
its affinities with the woods of Dipterocarpus Gaertn. of
Dipterocarpaceae (Pearson & Brown, 1932; Metcalfe & Chalk,
1950; Kribs, 1959; Miles, 1978; IIic, 1991).

Den Berger (1927) instituted the genus
Dipterocarpoxylon for those fossil woods which show

resemblance with the woods of the extant Dipterocarpus of
Dipterocarpaceae. Prakash (1973) and Awasthi (1974,1980)
listed various species of the fossil genus described from
various parts of the world. Since then a large number of species
of Dipterocarpus have been described from many Neogene
localities of India (Ghosh & Roy. 1979; Trivedi & Ahuja, 1980;
Prakash, 1981; Guleria, 1983, 1996; Yadav, 1989; Awasthi &
Mehrotra, 1993, 1997; Antal et al., 1999). After a detailed
comparison with all these species it was found that our fossil
is closely comparable with Dipterocarpoxylol/ bolpurellse
Ghosh & Roy (1979). This species is already known from the
Neogene of Birbhum District, West Bengal (Ghosh & Roy,
1979) and Deomali, Arunachal Pradesh (Awasthi & Mehrotra,
1993). Its presence in Tripura indicates that the species was
widespread in Northeast India during the Neogene.

The genus Dipterocarpus (Hindi name Gurjull) includes
about 80 species found mainly in the Indo-Malayan region.
The range of its distribution is from South India and Sri Lanka
in the west to the Philippines in the east. About 13 of its
species grow in the Indian Zone (Andamans, Myanmar, Sri
Lanka, India and Pakistan). All of them are large to very large
trees found in tropical evergreen forests having good amount
of moisture and humidity (Ghosh, 1958).
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Dinoflagellate cyst evidence for the age of
Kulakkalnattam Sandstone Member,
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ABSTRACT

Khowaja-Ateequzzaman & Rahul Garg 2002. Dinoflagellate cyst evidence for the age of Kulakkalnattam
Sandstone Member, Garudamangalam Formation, Cauvery Basin, southern India. Palaeobotanist 51 : 129­
143.

Rich and diversified dinoflagellate cyst assemblages comprising 42 genera and 68 species have been
recovered from the Kulakkalnallam Sandstone Member of the Garudamangalam Formation exposed in and
around Ariyalur, Cauvery Basin, and southern India. First and last appearances of dinoflagellate cyst taxa
present in the assemblage. including Ca/laiosphaeridium asymmetricum, Circu/odinilllnm distinctllm.
Cribroperidiniu/ll aceras, C. edwardsii, C. cookso/liae, Conosphaeridillln striatoconus, Cyclo/lephelillm
compactum, Florelllinia cooksolliae, F mantel/ii, Heterosphaeridium difJicile, LilOsphaeridium siphoniplwrum
and Palaeoperidinium pyrophorum. suggest that the age of the member ranges from Middle to Late Turonian.

Key-words-Dinoflagellate cysts. Middle-Late Turonian, Kulakkalnallam Sandstone Member,
Garudamangalam Formation. Cauvery Basin, India.
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Fig. I---Geological map of the Ariyalur area (after Blanford, 1864: Sundaram & Rao. 1986).

INTRODUCTION

T HE Cauvery Basin is the southernmost basin of the East
CoastofIndia, covering an area of approximately 25,000

sq krn, extending from Tuticorin in the south to Pondicherry in
the north. The basin shows the development of almost the
entire Cretaceous succession, outcrops of which are quite
widesp;ead around the town of Ariyalur (Fig. I), with a low
southeasterly dip (Blanford, 1865; Ramanathan, 1968; Sastri
etal.,1981).

Biozonation and age determination of the Cretaceous
succession of the Ariyalur area has been done mainly on
ammonites (Sastry et aI., 1968; Chiplonkar & Phansalkar, 1976,
1978; Ayyasami & Rao, 1981; Ayyasami, 1990). Among
planktonic microfossils, foraminifera (Banerji, 1973; Narayanan.
1977; Ramasamy & Banerji, 1991; Govindan et aI., j 996) and
nannofossils (Kale & Phansalkar, 1992) have also been used.
Most of the microfossil records are confined to the Uttatur
(Albian-Lower Turonian) and Ariyalur (Santonian­
Maastrichtian) groups of rocks. The Garudamangalam
Formation, dated as Middle Turonian-Coniacian on ammonite
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Fig. 2-Correlalion of lithostratigraphic classification for the Cauvery Basin (after Tewari et af.. 1996).

evidence, has so far yielded only a meagre assemblage of
foraminifera (Phansalkar & Kurien, 1980). Recently, its lower
range has been extended to Upper Turonian on stratigraphic
criteria (Hart el at., 1996; Tewari el at., 1996). A major hiatus
within the Upper Turonian has been interpreted based on
subsurface data (Govindan el at., 1996). In the present paper,
precisely datable Middle-Late Turonian dinoflagellate cysts
are documented from the lower part of Garudamangalam
Formation (Kulakkalnattam Sandstone Member), highlighting
their significance in age determination and their
correspondence with ammonite evidence.

The stratigraphic ranges of dinoflagellate cyst taxa
described earlier from Kulakkalnattam Sandstone Member,
Garudamangalam Formation (Trichinopoly Formation) by
Khowaja-Ateequzzaman and Jain (1990), Khowaja­
Ateequzzaman el at. (1991) and Khowaja-Ateequzzaman and
Garg (1995) are revised herein.

STRATIGRAPHY

The Cretaceous succession of the Cauvery Basin has
been the subject of intensive research due to its highly
fossiliferous nature since the pioneering studies of Blanford
(1865). Several modifications to the lithostratigraphic
classification of Blanford have been proposed from time to
time with use made of renamed or new lithostratigraphic units
(Ramanathan, 1968; Banerji, 1973; Sundaram & Rao, 1979, 1986;
Sastri el at., 1981; Ramasamy & Banerji, 1991; Tewari et at.,

1996). The generalised lithostratigraphical classification of the
Cretaceous rocks in the Cauvery Basin proposed by Sundaram

and Rao (1986) and Tewari el at. (1996) has been followed here
(Fig. 2).

The Garudamangalam Formation consists of a .coarse
sandy to gritty, shaly succession interbedded with highly
fossiliferous gritty to conglomeratic calcareous sandstones
and shelly calcareous sandstones. It is subdivided into a lower
Kulakkalnattam Sandstone Member and an upper Anaipadi
Member (Sundaram & Rao, 1979; Tewari el at., 1996). It
overlaps the underlying Karai Formation in the southernmost
and northernmost parts. The junction between
Garudamangalam Formation and Karai Formation (Uttatur
Group) is marked by a fossiliferous pebbly calcareous
sandstone, occurring as medium to large concretions, observed
from the vicinity ofTappy in the south to Kunnam and Odiyam
in the north. Between Varagur-Paravay, and Vayalpadi further
north the lower beds of the Garudamangalam Formation can
be seen to overlap the sandier succession of the Karai
Formation. The basal fossiliferous concretionary calcareous
sandstone of the Garudamangalam Formation is characterised
by the occurrence of pebbles and cobbles of quartz, older
Archaean rocks, and lenses of underlying Karai Shale
Formation (see Pascoe, 1959; p. 1235). The basal beds of
Garudamangalam Formation are well exposed west of Kunnam
towards Odium, Mungilpadi and towards Kunnam reserve
forest. The basal conglomeratic shelly calcareous sandstone
gradually changes upwards into hard fossiliferous calcareous
sandstone that is more or less gritty and weathers out in medium
to large concretions. These concretions have sandy outer
layers that are often rich in large bi val ve shells whereas their
interiors are fine-grained, more calcareous and contain layers



132 THE PALAEOBOTANIST

KN 1*

KN1b

\
\

\
\

\
\

\
\

' .. .<: ::::""""

o

o
(ff)

@J

CARBONACEOUS STREAKS

• PHOSPHATIC NODULE

SANDY NODULES

CONCRETIONS

AMMONITES

c../ BIVALVES

<1 GASTROPOD

4- BURROWS

...,....,...... UNCONFORMITY

X POORLY EXPOSED
(NOT TO SCALE)* PALYNOLOGICALLY PRODUCTIVE

(S~e Fig.5)

LEGEND

1===:$1 SHALE

t==:::j SANDY SHALE

I:><J SANDSTONE

t~:;;;:l GRITS I CONGLOMERATE

k+1+J ARGILLACEOUS LIMESTONE

ctm SHELL-RICH CALCAREOUS
SANDSTONE

rr==r=1
~MARL

EE53 SANDY LIMESTONE

II -:r::1 CALCAREOUS

1-'--,--'-I GYPSUM

1 - I CHALKY STREAKS

c
.-.........:.... -....;....

I.,.,.·.:.: ;.::rANP 1

•

_ A~P4

....... :.: \
........... ANP3

.,: ..~. ·~ANP~'*

CH5 *
CH 4

CH 3

KU 1

KU 6 *

KU4

KU 3

,\
\

\
\
\

\
\

\
\

\
\

KU 12"
KU 11 "

\
\

\

\
\
\
\
\
\

\
\

\

"- ~:..,-

~-r_-

--==

I
~~

o~

- ....;II

KU 5

~
-=.......r- -

..I_=_-

B

\
\

-~~

_.1._..1_

--.1.-

CH2

CH1
CH1a

~l GI _: j~ CH 1b
CH1c
CH1d
CH1e

I1IKU9
. "(11_ •• ·e·

.<\)_ •..• '

............. KU 8*

........... KU 7
<I)~'~~~

A

~KALlO

KAL 7
~~~KAL6*,,

•

KAL5"
--- -- ,
__ - "_ - KAL 4 "

\
\

\
\

\ ,

fB::fiP KAL 1b

l£if!±) KAL 2

«
cr.
«
:::s:::

z
o

I­
«
~

cr.
o
LL

z
0 ........
-a:
I- W
«CD
~

~W

cr.~

Ow
LL Z

o
l­
ll)

~o

«~
.....Jll)

«~
<..9«
Z~
««

Z
~-1«
«~

O~

::::>:3
cr.::J«=
<..9

Fig. 3-Lithoslratigraphic column of the sections studied. A, Kallakudi-Tappy area. B, Chittali-Kunnam area. C. near Anaipadi. D. near
Kulakkalnattam.



ATEEQUZZAMAN & GARG-DINO CYST EVIDENCE FOR GARUDAMANGALAM FORMATION. CAUVERY [lASIN I ~~

S. List of dinoflagellate cyst taxa
No.

I. Achol1losphaera ramulijera (Deflandre) Evitt, 1963
2. Achomosphaera sp.
3. Aiorajeneslrala (Detlandre & Courteville) Cookson & Eisenack, 1960
4. Allerbidinium aCUlulul/I (Wilson) Lentin & Williams 1985 emend. Khowaja-Ateequzzaman el al., 1991
5. A.mil/us (Alberti) Lentin &Williams, 1966
6. A. papillalum Khowaja-Ateequzzaman el al., 1990
7. CallaiosphaeridiulIl aSYllll/lelriC/lI1l (Deflandre & Cookson) Davey & Williams iI/ Davey el aI., 1966
8. Cassiclliosphaeridia reliculala Davey, 1969
9. Cassiculosphaeridia sp.
10. Callveridiniul1l indiC/lIll Khowaja-Ateequzzaman & Jain. 1990
II. C. ill/erl1lediwl/ Khowaja-Ateequzzaman & Jain, 1990
12. C. longispinosllm Khowaja-Ateequzzaman & Jain. 1990
13. Chalangiella sp. A

14. Cha/Qngiella sp. B
15. Circulodiniul1l dislil/C/llm (Detlandre & Cookson) Jansonius, 1986
16. CleislOsphaeridiulIl/l/lgllol/iolii (Valensi) Davey, 1969
17. Conosphaeridium slrialOco/ws (Detlandre & Cookson) Cookson & Eisenack, 1969
18. Coronijera oceanica Cookson & Eisenack emend. May, 1980
19. C. lubulosa Cookson & Eisenack. 1974
20. Cribroperidiniul1l aceras (Eisenack) emend. Sarjeant,I985
21. C. cooksoniae Norvick.1976
22. C. edwardsii (Cookson & Eisenack) Davey, 1969
23. Cribroperidinium sp.
24. Cyclonepheliu//1 chabaca Below. 1981
25. C. compac/lll1l Deflandre & Cookson, 1955
26. C. paucimarginalllln Cookson & Eisenack, 1962
27. C. vannoplJOrum Davey, 1969

28. Diconodiniul1l mllilispinoswn (Deflandre & Cookson) Eisenack & Cookson, 1960
29. Dioxya armala Cookson & Eisenack. 1958
30. Exochosphaeridiul1l phragmiles Davey el al., 1966
31. Florell/inia buspina (Davey & Verdier) Duxbury, 1980
32. F. cooksoniae (Singh) Duxbury. 1980
33. F. deallei (Davey & Williams) Davey & Verdier. 1980
34. F. mall/ellii (Davey & Williams) Davey & Verdier. 1973
35. Florell/inia sp.
36. HapsocyslG peridiclya (Eisenack & Cookson) Davey, 1979
37. Helerosphaeridiul1l difficile (Manum & Cookson) loannides, 1986
38. H. IJeleraCanlhulll (Deflandre & Cookson) Eisenack & Kjellstrom. 1971
39. Hyslrichodiniul11 pulchrum Detlandre, 1935
40. Hyslrichosphaeridillm dupulum (White) Downie & Sarjeant. 1965
41. H. recurvalUl1l (White) Lejeune-Carpentier, 1940
42. H. lubijerul1l (Ehrenberg) Detlandre 1937 emend. Davey & Williams in Davey el al., 1966
43. Isabelidiniul1l acwninalllll/ (Cookson & Eisenack) Stover & Evitt, 1978
44. Jainiella breviomala Khowaja-Ateequzzaman & Garg.I995
45. Kiokansium polyps (Cookson & Eisenack) Below, 1982
46. LilOsphaeridium siphoniplJorwn (Cookson & Eisenack) Davey & Williams in Davey el al., 1966

emend. Lucas-Clark, 1984
47. Meiourogonyaulax bulloidea (Cookson & Eisenack) Sarjeant. 1969
48. Odoll/ochilina operculala (Wetzel) Deflandre & Cookson, 1955
49. Oligosphaeridiul1l complex (White) Davey & Williams in Davey el aI., 1966
50. 0. complex sub sp. brevispilllll/l Jain. 1977
51. 0. pulcherril1lul1l (Detlandre Cookson) Davey & Williams, 1966
52. Palaeohyslrichophora injusorioides Deflandre. 1935

Plate & Figure
reference of
illustrated taxa

(pI. 3. fig. 15)

(pI. 3, figs 5. 121
(pI. 3. fig. I)

(pI. I. figs 17-18)
(pI. I, fig. 15)

(pI. 2, fig. 6)
(pI. I. fig. 10)

(pI. I. fig. 14)
( pI. 2, fig. 7)
(pI. 3, figs 7-8)
(pI. 2. fig. 4)
(pI. I, fig. 4)
(pI. 2. fig. 14)
(pI. 2. fig. 9)
(pI. 3, fig. 19)

(pI. 3. fig. 17)
(pI. 3, fig 4)
(pI. I, fig. II)

(pI. I. tig. 8)
(pI. I, fig. 12;
pI. 2. tigs 13, 19)

(pI. I.Cig. I)

(pI. I. Cig. 9)
(pI.3,tig.I4)

(pI. I. Cig. 19)

(pI. 3. fig. 18)
(pI 2. fig. 20)
(pI. 3. fig. II)

(pI. I, tig. 7)

(pI. 2, fig. 10)
(pI. 2. fig. 15)

(pI. 2. tig. 5)

(pI. I. fig. 16)
(pI. 2, fig. I)



134 THE PALAEOBOTANIST

53. Palaeoperidini/lm crelaceum Pocock 1962 emend. Davey. 1970
54. P. pyrophorum (Ehrenberg) SarJeant. 1967
55. Pervosphaeridium pseudhySlrichodinium (Deflandre) Yun. 1981
56. Psaligonyaulax dejlandrei Sarjeanl in Davey el al. 1966 emend. SarJeanl. 1982
57. Plerodini/ll1l aliferul1l Eisenack 1958 emend. Sarjeant, 1985

58. Sepispinula huguoniOlii (Valensi) Islam. 1993
59. Spinijeriles porosus (Manum & Cookson) Harland, 1973
60. S. ramosus subsp. gracilis (Davey & Williams) Lenlin & Williams. 1973
61. S. ral1lOS/lS subsp. ral1lOSUS (Ehrenberg) Davey & Williams. 1966
62. Sublilisphaera habibii Masure, 1980

63. Tanyosphaeridium sp.
64. Tenua hysl rix Eisenack. 1958
65. Trichodinium cas/Qnea (Detlandre) Clarke & Verdier, J967
66. Valensiella griphus Norvick. 1976
67. Xenascus cerQ/ioides (Deflandre) Lentin & Williams. 1973
68. Xiphophoridi/ll1l alalUm (Cookson & Eisenack) Sarjeant in Davey el al., 1966

(pI. 3, fig. 3)
(pI. 3. rigs 2.13.16)
(pI. 2. fig II)

(pI. I. rigs 5-6;
pI. 3. figs 9-10)

(pI. I. fig. 3)

(pI. 2. fig. 8)
(pI. I. fig. 13)
(pI. 2. fig. 3:
pI. 3. fig. 6)

(pI. 2. fig. 16)
(pl. 2. fig. 2)
(pI. I, fig. 2)
(pI. 2, figs 17-18)
(pI. 2, fig 12)

Fig. 4-List of dinoflagellate cyst taxa recovered from the Kulakkalnattam Sandstone Member of the Garudamangalam Formation. listed
alphabetically by genera. followed by plate and figure references of illustrated taxa.

of small, broken fragments of bivalves. Current bedding is
often prominent. This "conglomerate", considered by most of
workers to indicate an unconformable relationship between
the two formations, has recently been interpreted as having
formed during a transgressi ve event, indicative of a sequence
boundary caused by forced regression at the top of the
underlying deeper water Karai Shale.

The succeeding beds consist of a succession of soft
silty calcareous shales, which are variegated in colour and
poorly fossiliferous. In the upper part the shales contain hard,
sandy to calcareous concretions. This shaly succession is
overlain by a compact, richly fossiliferous, grey, shell-rich
calcareous sandstone, 1-2 m thick CShell Limestone" in

Pascoe, 1959), typical of the Garudamangalam Formation.
These shell-rich calcareous sandstones can be traced almost
along the entire strike from Garudamangalam in the south to
Kunnam in the north. However, there are significant lateral
facies changes from south to north. The younger beds of
Garudamangalam Formation (Anaipadi Sandstone Member)
are exposed Intermittently eastwards of Kulakkalnattam,
Anaipadi, Garudamangalam and Kunnam. Better exposures of

sandy to silty shales with interbedded medium to coarse
sandstones and sandy to gritty f.ossi Iiferous ca Icareous
sandstones can be seen between Kunnam, Karambium and
Mel Mattur in the north and between Kulakkalnattam-Kullatur.

PLATEl
(All photomicrographs in Nomarski Interference Contrast: magnified x SOO)

"/'

1.

2.

3.

4.

S-6

7.

8.

9.

10.

Dioxya armata Cookson & Eisenack 19S8, Slide No BSIP
IIS01, coordinates 216 x 139'6
Valensiella griplt/ls Norvick 1976. Slide No. BSIP 10262: co­
ordinates 21'8 x 138·S.
Spil/ijeriles porosus (Manum & Cookson) Harland 1973. Slide
No. BSIP 10263: coordinates 13S x 1300.
COIlOJplweridiulII Hrialo('o/lus (Deflandre & Cookson)
Cookson & Eisenack 1969. Slide No. BSIP 11499: coordinates
IS'2 x 164'3
Plerodi/li.um ali(erulIl Eisenack 19S8 emend. Sarjeant 1985,
Slide No. BSIP IIS22: coordinates (S) 200 x 1392 (6) 28'2 x
1139.
HyslricllOsplweridiulIl dupululII (White) Downie & Sarjeant
I96S, Slide No. BSIP IIS09: coordinates 11'6 x 138'2
C;yclollepheliulll paucilllarginalulII Cookson & Eisenack 1962.
Slide No. BSIP IISI7: coordinates IS'O x 161'9.
Exul'ilOsplweridiw/I pilraglllile.\ Davey el al.. 1966, Slide No
BSIP IISII; coordinates 14'0 x ISS·8.
CauveridilliulIl illlerlllediulIl Khowaja·Ateequzzaman & Jain
1990, Slide No BSIP IIS09; coordinates 9'S x 167'8.

I I Cyduneplieliwll dlOIJaca Below 1981. Slide No. BS IP 10262:
coordinates 16'3 x IS4·1.

12. C. vannopliorulII Davey 1969. Slide No. BSIP 11499; coordi­
nates 82 x ISS.

13. Spinijerile.l' ralllusus sub sp. T(lIIlOSUS (Ehrenberg) Loeblich &
Loeblich 1966, Slide No. BSIP IIS02; coordinates 19·5 x 1409.

14. Cira/Q/lgiella sp. A, Slide No. BSIP IISOS; coo,dinales Y" x
129'0

IS. Cassiculospliaeridia relit-ulala Davey 1969, Slide No. !lSIP
10264; coordinates 8'0 x IS 1'0.

16. OligospliaeridiulIl pulrlterrilllulII (Deflandre & Cookson)
Davey & Williams 1966, Slide No. BSIP IIS09; coordinates
13S x 163'7.

17-18. CallaiuspliaeridiulIl aSYllllllelrit'wll (DeOandre & COUrlevillej
Davey & Williams ill Davey el al 1966, Slide No. BSIP IIS09;
coordinates IS'S x IS3·S.

19. Florelllillia deanei (Davey & Williams) Davey & Verdier 1980.
Slide No. BSIP IISI6; coordinates 8'0 x 144'0.
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Sample
Dinoflagellate cyst Taxa KAL6 CH5 KU6 KU8 ANP2 KJ'\I 1

Spinijer;les ramosus sub sp. ralllOSIlS • • • • • •
Acholllosphaera sp. • • • •
Terllla hyslrix • •
Cyclollephelilllll vallllophOntlll • • • • •
Oligosphaeridillm complex • • • • •
CauveridillillfIJ illdiculll • • • •
CirculodiniulIl dislinclulll • • • •
Xenascus ceralioides • • • •
Cribroperidillium cooksolliae • • •
Callveridillium illlermedillfIJ • •
Allerbidillium millus • • •
Exochosphaeridillm phragmiles • • •
Chalallgiella sp. A • •
Criborperidillum edwardsii • •
Cyclollepheliulll chabaca • •
Kiokallsium polyps • •
Psaligollyalliax deflalldre; • •
Callaiosphaeridium asymmelriculll •
Chalallgiella sp. B •
CleislosphaeridiulIl hllguolliOlii •
Florenlinia cooksolliae •
HyslrichosphaeridiulII dUplllulIJ •
H. recurva! l//IJ •
IsabelidiniulIJ aCUlIJinalUm •
Lilosphaeridiwll siphoniphontlll •
Oligosphaeridium plilcherrillJl//lJ •
Palaeohyslrichophora illjusorioides •
PervosphaeridiulIJ pselldhvslrichodilliWlI •
Sepispillllla hllglloniolii •
Spinijeriles rallJOSIlS gracilis •
Trichodiniulll castanea •
CyclollepheliulIJ compaclllm • • •
Spillijeriles porosllS • • •
Conosphaeridilllll strialocollllS • •
Hyslrichodiniulll pulchrulIl • •
Dioxya armala • •
F Illall/ellii • •
Helerosphaeridilllll difficile • •
CorOllijera lllblllosa •
DicOIlOdillil//lllllUllispillOSll1ll •
l-lapsocysra peridiclya •
Meiourogollyaulax bulloidea •
Sliblilisphaera ') habibii •
Acholllosphaera ramulijera • • • •
Coronijera oceallica • • •
Cribroperidinium sp. • •
Florelltinia deanei • •
Palaeoperidillilllll crelaceufll • •
Aiorajelleslrala •
Allerbidillilllll aCll/ulum •
A. papillarum •
Cassiclilosphaeridia sp. •
Cassiculosphaeridia reliCIIlala •
CribroperidininllJ aceras •
Florenlinia bllspina •
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Florellrillia sp.
lainiella breviornara
Prerodilliul1I alijerulIJ
CWlVeridilliU/II IOllgispinosll/ll
Cyclonephelium paucimargillaru/Il
Hererosplw.eridiU/Il hereracamhulJl
Hysrrichosphaeridium rubijerlllil
Odonrochirina operculara
Oligosphaeridiu/Il co/llplex brevispinu/ll
Palaeoperidinium pyrophofll/ll
Tallyosphaeridium sp.
ValellSiella griphus
Xiphophoridiunt alarum

•
•
•

•
•
•
•
•
•
•
•
•
•

Fig. 5-Stratigraphic distribution of dinoflJgellate cyst taxa: see Fig. 3 for sample locations.

Anaipadi-Sattambadi and Garudamangalam-Sardamangalam in
the south.

MATERIAL AND METHODS

In order to cover the entire succession as well as to
document the lithological variations and nature of contacts,
the following traverses were undertaken along and across the
strike: Kallakudi - Arogyapuram - Tappy - Siruvayalur; Karai
- Kulakkalnattam - Aynapuram - Anaipadi - Garudamangalam;
Chittali -Odiyam -Kunnam; Kunnam - Odiyam - Mungalpari;
Kalpadi - Kunnam - Varagur - Paravay - Vayalpadi.

More than 200 samples for palynological studies were
systematically collected from several sections exposed along
nala cuttings, hillocks, road cuttings. ponds and dug-wells.
A composite lithological log indicating the positions of the
productive samples is given in Fig. 3.

Standard palynological techniques were used to recover
the dinoflagellate cysts. Samples were treated with HCL and
HF and the organic matter recovered oxidised using 40% HN0

3
.

A 20 11m sieve has been used for washing purposes. The
residue was stained with safranine and the permanent slides
were prepared using polyvenyl alcohol and Canada balsam.
Specimens were photographed using an Olympus BH2
microscope. The slides have been registered and deposited in
the repository of the Museum, Birbal Sahni Institute of
Palaeobotany, Lucknow, U.P., India.

AGE OF KULAKKALNATTAM SANDSTONE
MEMBER,GARUDAMANGALAM

FORMATION

The age of the Garudamangalam Formation (ex

Trichinopoly Group. Trichinopoly Stage, Trichinopoly
Formation) has been a matter of controversy since the time of
Blanford (1865), despite its fossiliferous nature. The formation
is rich in molluscs, including ammonites, which form the main

basis for most of the evidence of age determination. There is
not much microfossil evidence from surface deposits. A lack
of datable plankton and ammonites in the basal most part of
the formation (comprising conglomerate or concretionary
calcareous sandstone) has further compounded the situation.
Our study is, however. based on precisely datable
dinoflagellate cyst assemblages recovered from the lower part
of the Garudamangalam Formation.

Different workers have assigned different ages to the
Garudamangalam Formation from time to time. A Middle
Turonian - Early Senonian age-range was first determined on
the ammonite evidence (Kossmat, 1895, 1898 ill Sastry er

al. ,1968; Pascoe, 1959). Pascoe (1959, p. 1223, 1240) pointed
out that the lower part of the Trichinopoly Stage
(Garudamangalam Substage) is characterised by the ammonite
Pachydiscus peramplus and occupies the bulk of Turonian.
"representing all but the lower portion of Turonian". This
conclusion was also derived from the fact that the uppermost
beds of the underlying Uttatur Stage (novl Karai Shale) were
dated as Early Turonian on ammonite (Mammires cOllciliarWII)
and inoceramid (Inoceramus labiarus) evidence (see Pascoe.
1959; p. 1233). An Ammonite biozonation of the formation
was subsequently proposed by Sastry er al. (1968); this
comprised, in ascending order, Lewesiceras rajl/ (Middle ­
Upper Turonian), KosSl1lariceras theobaldiamlm (upper most
Turonian-Coniacian) and Placellriceras ramuticl/Ill zones
(Santonian). According to Chiplonkar and Ghare (1979)
Kossmariceras theobaldianUlII Zone does not appear to be a
distinct zone including it in the Proplacenriceras
(Placellticeras) tamuliCUI11 Zone suggesting a Late Turonian
- Coniacian age. It is pertinent to note here that Chiplonkar
and Phansalkar (1976) and Phansalkar and Kumar (1983)
reported the ammonites Romaniceras omatissimum and R
deverianum from the lower part of the formation. These can
be con'elated with the uppermost Middle Turonian - basal
Upper Turonian ammonite OrnatissiJllUlIl and Deverialluill
zones of the Type Turonian of France (see Robazynski er aI.,
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1982; p. 136, fig. 7; Haq etal., 1988). All of the above suggest
that the Garudamangalam Formation is Middle Turonian ­
Coniacian in age as favoured by Acharyya and Lahiri (1991, p.
6) on ammonite and inoceramid evidence. Chiplonkar &
Tapaswi (1979), however, assigned Late Turonian - Santonian
age, based on inoceramids. More recently Hart et al. (1996)
and Tewari et al. (1996) have suggested a Late Turonian ­
Coniacian age-range for the formation. They reported a
planktonic foraminiferal assemblage containing Whiteinella
archaeocretacea and Praeglobotruncana helvetica from the
underlying Karai Shale and dated it as early Middle Turonian.
Similar assemblages were reported by Govindan et al. (1996)
also from surface and subsurface sections. Hart et al. (1996)
interpreted a major regression event towards the top of Karai
Shale as a sudden replacement of the planktonic foraminiferal
fauna by a dominantly agglutinated microfauna was considered
to be indicative of rapid shallowing. They further concluded
that the nodular/concretionary calcareous sandstone beds at
the base ofGarudamangalam Formation formed during a Late
Turonian transgressive event that is recognisable over much
of the globe. It was thus interpreted as a succession of Late
Turonian - Coniacian age with its base constituting a sequence
boundary caused by forced regression.

Ramanathan (1968) and Sastry et al. (1981) indicated that
rocks ofGarudamangalam Formation are difficult to recognise
in the subsurface. Based on planktonic foraminiferal studies
of subsurface sections, a major hiatus within the Upper
Turonian has recently been identified (Govindan et aI., 1996;
Raju & Ramesh, 1998). Although, Govindan et al. (1996, p.
168) suggested that the unfossiliferous deposits above the
Praeglobotruncana helvetica Zone (Early - Middle Turonian)
may represent the Upper Turonian sediments in the outcrop

area, they still favoured a Coniacian - Santonian age for the
Trichinopoly Group (see Govindan et aI., 1996, figs 4, II). The
occurrence of distinctive Middle - Late Turonian ammonite
assemblages, noted above, have probably not been given due
consideration. Against this background information, recovery
of Middle - Late Turonian dinoflagellate cysts from out crop
succession is highly significant.

Palynological assemblages recovered from the
Kulakkalnattam Sandstone Member are rich and well preserved.
They are dominated by dinoflagellate cysts, spores and pollen
grains, and terrestrial organic matter. Dinoflagellate cysts are
represented by 68 species (see Fig. 4) and show remarkable
changes in their vertical distribution, with distinctive
assemblages occurring at different stratigraphic levels (Fig.
5). A comparison of the assemblage overall with that of the
type region of the Turonian of France (Robaszynski et al ..
1982) shows close resemblance with taxa. The following taxa
are common to both regions thus supporting Turonian age for
Kulakkalnattam Sandstone Member: Callaiosp!zaeridilllil
asymmetricum, Cass iculosphaeridia spp., Circulodill i llJll
distinctum, Coronifera oceanica, Cyclollephelilllll
vannophorum, Exochosphaeridium phragJllites. E.
pse udhyst ric!zodini urn (Pervosp!z ae rid i II III

pseudhystrichodinium), Florentinia deanei, F. mallteliii,
Heterosphaeridium dijficile, H. heteracanthuJ1l, Kiokansilllil
polyps, Litosphaeridium siphoniphorum, OdOlltoc!zitill{/
operculata, Oligosphaeridium complex, O. pulcherrimuIII.
Palaeohystrichophora infusorioides, Psaligollyaulax
deflandrei, Spinijerites ramosus gracilis, S. ramosus ralllOSllS,
Trichodinium castanea and Xenascus ceratioides.
Conosphaeridium striatoconus, Heterosp!zaeridium difficile
(First appearance datum for both FAD) at the base of Middle

PLATE 2
(All photomicrographs in DIC x 500)

-.....
,/

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

PalaeohyItrichopllOra infusorioides Deflandre 1935, Slide No.
BSIP 10262; coordinates 19'3 x 152'9.
TririlOdinium rastanea (Deflandre) Clarke & Verdier 1967,
Slide No. BSIP I 1502; coordinates \7'6 x 131'0.
SubtiliIphaera habibii Masure 1988, Slide No. BSIP 10263;
coordinates 11'6 x 124'2.
Cleis·toIphaeridium huguoniotii (Valensi) Davey 1969, Slide
No. BSIP 11502; coordinates 17'0 x 139'4.
Miourogonyaulax bulloidea (Cookson & Eisenack) Sarjeant
1969, Slid.e No. BSIP 11494; coordinates 15'4 x 120'9.
Cauveridinium indirulll Khowaja-Ateequzzaman & Jain 1990.
Slide No. BS[P 10273; coordinates 3'0 x 146'9.
Chatangiella sp. B. Slide No. BSIP 11507; coordinates 9'6 x
[66'1.
Sp,inijerites ralllOIUI sub sp. grarilis (Davey & Williams) Lentin
& Williams 1973, Slide No. BSIP 11509; coordinates 11'6 x
138'0.
Coronijera tubuloIa Cookson & Eisenack 1974, Slide No. BSIP
11503; coordinates 18'3 x 140'0.
Kiokansium polypI (Cookson & Eisenack) Below 1982, Slide
No. BSIP 11500; coordinates 16'6 x 163.

I I. Pervosphaeridium pseudhystricllOdiniulll (Deflandre) Yun
1981, Slide No. BSIP 11510; coordinates 16'6 x 142'0

12. XipllOphoridiulll alatulll (Cookson & Eisenack) Sarjeant 1966,
Slide No. BSIP 11504; coordinates 55 x 1374.

13. Cydonephelium vannophoTUm Davey 1969, Slide No. BSIP
11498; coordinates 11'0 x 148'2.

14. Comnijera ot'eanim Cookson & Eisenack 1958 emend May
1980, Slide No. BSIP I 1513; coordinates 11'7 x 1568.

15. LitosphaeridiulII sipllOnipllOrum (Cookson & Eisenack) Davey
& Williams 1966 emend. Lucas-Clark 1984, Slide No. BSIP
11506; coordinates 7'4 x 156'7.

16. Tenua hy.l'trix Eisenack 1958, Slide No. BSIP 11503: coordi­
nates 13'6 x 128'4.

17-18. Xenasrus reratioides (Deflandre) Lentin & Williams 1973:
(17) Slide No. BSIP 11515; coordinates 20 x 144'2; (18) Slide
No. BSIP 11513; coordinates 12'5 x 127'4.

19. Cydonepheliulll vannopllOrulIl Davey 1969, Slide No. BSIP
11496; coordinates 174 x 161'5.

20. Haps'o('ysta peridi('/ya (Eisenack & Cookson) Davey 1979.
Slide No. BS[P 11516; coordinates 17'4 x 161'5.
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Fig. 6-First and last appearance (FAD & LAD) of significant dinoOageliale cyst taxa (Ranges afler
1996; Williams 1'1 al., 1993).

Powell, 1992: Pross!. 1990: Stover ~I (/1.

PLATE 3
(All photomicrographs in DIC x 500)

'-
/'

I. Allerbidinium papillalulII Khowaja-Ateequzzaman ~I al. 1990,
Slide No. BSIP 10263: coordinates 7'6 x 128'2.

2.13.16. PalaeoperidiniulII pyropllOrulII (Ehrenberg) Sarjeant 1967.
Slide No. BSIP 11521: coordinates (2) 13"4 x 1465 (16) 16'3
x 127'2 (13) Slide No. BSIP 11519; coordinates 90 x 154'2.

3. PalaeoperidilliulII crelaceUIII Pocock 1962 emend. Davey
1970, Slide No. BSIP 11517: coordinates 9'7 x 149'7.

4. Cribroperidinium sp., Slide No. BSIP 11503; coordinates 11'5
X, 167'8.

5,12. Allerbidinium mimI.' (Alberti) Lenlin & Williams 1985, Slide
No. BSIP 10263; coordinates (5) 115 x 167'8. (12) 5"4 x
1436.

6. Sublilisphaera habibii Masure 1988, Slide No. BSIP 10263:
coordinates 14'6 x 131'6.

7-8. Cirrulosphaeridium dislillflum (Deflandre & Cookson)
Jansonius 1986: (7) Slide No. BSIP 11503: coordinates 153 x

133"4. (8) Slide No. BSIP 11508; coordinates 102 x 113'7
9-10. Plerodilliwll ali{erulII Eisenack 1958 emend. Sarjeanl 1985.

(9) Slide No. BSIP 11495; coordinates 228 x 155'0. (10\ Slide
No. BSIP 11501. coordinates 12'5 x 128'2

II. Helero.lplweridiulII dif]icile (Manum & Cookson) loannidcs
1986, Slide No. BSIP 11512: coordinates 9'6 x 155'3.

14. F/orelllillia buspina (Davey & Verdier) Duxbury 19RO. Slide
No. 11520: coordinates 22'2 x 163'3

15. Aiora fell~.\lrata «DeOandre & Cookson) Cookson & Eisenack
1960. Slide No. BSIP 11494: coordinates 14'6 x 1307

)6. CribroperidiniulII ed,vard.,.ii (Cookson & Eisenack) Davey
1969, Slide No. BSIP 10263: coordinates 9'7 x ID·2.

18. F!orelllillia sp.. Slide No. BSIP 11514: coordinates 5'8 x 1425.
19. Cribroperidil1illm aceras (Eisenack) emend. Sa,jeant 19~5. Slick

No. BSIP 11506: coordinates 22'8 x 124'1.
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Taxa

Cauveridinium indicum
C. inrermediltln
C. longispinosum
Alterbidiniul11 papillalU/Il
A. acU/ulum
A. minus
Jainiella brevioma/Q

Occurrence (sample no.)

KAL6. CHS. KU6, KU8
KAL6, KU8
KU8
KU6
KU6
KU6, CHS. KL6
KAL6, CH5, KU6

Previous age determination

Turonian-Santonian
Turonian-Santonian
Turonian-Santonian
Turonian-Santonian
Turonian-Santonian
Turonian-Santonian
Late Cretaceous

Revised age

E. to M. Turonian
E. to M. Turonian
Late Turonian
Middle Turonian
Middle Turonian
E. to M. Turonian
Middle Turonian

Fig. 7-Revised ages for the taxa earlier described by Khowaja-Ateequzzaman & Jain (1990). Khowaja-Ateequzzaman el al. (1991) and Khowaja­
Ateequzzaman & Garg (1995). from Kulakkalnallam Sandstone Member of the Garudamangalam Formation.

Turonian, Florel1linia mantel/ii (Last appearance datum LAD)
at top of Middle Turonian; Palaeoperidinium pyrophorul1l

(FAD at the base of Late Turonian), and Callaiosphaeridium

asymmetrieul1l, Cireulodinium distinetum, Cribroperidiniwll

aeeras, C. eooksoniae and Cyclonephelil//11 eompaelum

(LADs within or at the top of Late Turonian) clearly suggest a
Middle - Late Turonian age-range for dinoflagellate cyst
assemblage, except for the lowermost assemblage recovered
from sample KAL 6 (Figs 5, 6). Dinoflagellate cyst assemblage
recovered from this particular sample indicates a latest
Cenomanian - Early Turonian age due to the presence of
Cribroperidinium edwardsii, Florentinia cooksoniae and
LilOsphaeridiunt siphoniphorul1l having LADs at the base,
within or at the top of Lower Turonian (Figs 5, 6). This
calcareous shale samples represents reworking of the
underlying Karai Shale in the basal conglomeratic or
concretionary sandstone beds of the Garudamangalam
Formation. Several samples collected from the Karai Shale,
however, proved unproductive of dinoflagellate cysts,
possibly due to preservation factors.

Kale and Phansalkar (J 992) assigned the youngest
nannofossil assemblage from the Karai Shale to the Quadrum

garlneri Zone (CC II), based on the first occurrence of the
nominate taxon. They pointed out, however, that the top of
the zone is not observed in the Uttatur Group and dated the
basal part of the Garudamangalam Formation as late Middle
Turonian (Kale & Phansalkar, 1992, figs 3-4). It is pertinent to
note that the FAD of Quadrum garlneri predates the FAD of
ammonite Romanieeras ornalissimum, which lies within the
upper Middle Turonian (Robazynski et at., 1982; Haq et at.,

1987). The occurrence of typical Middle Turonian dinoflagellate
cyst assemblages from the lower part of the Kulakkalnattam
Sandstone Member (samples Cill, KU6) underlying the typical
shell-rich calcareous sandstone ("Shell Limestone") is,
therefore, quite significant in this context. It agrees well with
the ammonite evidence and indicates that the hiatus between
deposition of the Karai Shale Formation and the
Garudamangalam Formation may have been of extremely short
duration. Furtherntqre, the Late Turonian transgressive event

at the base of the Garudamangalam Formation may actually be
slightly older, i.e., late Middle Turonian. Dinoflagellate cysts
also provide convincing evidence for the presence of Upper
Turonian sediments in the outcrop succession.

Khowaja-Ateequzzaman and lain (1990), Khowaja­
Ateequzzaman et al. (1991) and Khowaja-Ateequzzaman and
Garg (1995) described some dinoflagellate cyst taxa from
Kulakkalnattam Sandstone Member of the Garudamangalam
Formation viz., Alterbidinium aeululum, A. minus, A.

papillalum. Ca/./veridiniunt indieum, C. inlermediulll, C.
longispinosum, and lainiella breviornara.

The ages assigned in these publications are revised in
Fig. 7 in the light of the observations presented in this paper.
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ABSTRACT

Khandelwal A, Tewary R, Misra L & Saxena R 2002. Some biodeteriorating air-borne fungi in and
around Lucknow, India. Palaeobotanist 51 : 145-151.

The paper presents the result of qualitative and quantitative analyses of mycoflora in the air of
Lucknow city and adjoining areas. Burkard slide sampler and Andersen two-stage volumetric samplers were
employed for air sampling at forty places of Lucknow at different times of the year from January 1997 to
February 1998. As many as thirty-five types of fungal spores and twenty-nine types of fungal colonies were
registered.

It has been envisaged that certain fungi such as A//emaria, Aspergillus, Chae/omium, Cladosporium,
Curvu/aria, Dip/odia, Epicoccum, Fusarium, Nigrospora, Penicillium. Rhizopus, Toru/a, Trichoderma,
TrichOlhecium,etc., prevalent in the air are associated with the biodeterioration of cultural properties.

Key-words-Air-bome fungi, Biodeterioration. Cultural properties, Lucknow.
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INTRODUCTION

THE PALAEOBOTANIST

RESULTS

T HE district of Lucknow (26°30'-2r 10' Nand 80°30'-81 °
13'E) is an irregular, quadrilateral area located in the

Gangetic plain of Uttar Pradesh. The climate is characteristically
periodic with three well-marked seasons and sub-tropical
monsoon type of climate. The flora of this district has changed
dramatically over the recent years.

The valuable articles such as manuscripts, books, wall
hangings, wood articles, paper crafts and various types of
paintings of museums, archi ves, Iibraries, etc. get deteriorated
due to the attack of different kinds of micro-organisms. This
problem is more deterimental in tropical humid climate like India
and can be solved to a large extent by estimating the qualitative
and quantitative measures of causal organisms in the ambient
air followed by suitable control measures. The present study
was aimed to detennine the correlation of air-borne fungal
spores present in different parts of Lucknow and their impact
on the properties of cultural heritage.

MATERIAL AND METHODS

The sampling was carried out by two internationally
recognised air samplers provided under MEF sponsored
project entitled "Aeroallergens and human health:
aerobiologicaI studies". These volumetric air samplers are
usually employed for aerobiological studies where both
qualitative and quantitative estimates of aeromycoflora are
required and precise identifications are the prerequisites.

The air samples were collected from forty different places
of Lucknow city and suburbs at different times of the year
from January 1997 to February 1998 employing both the
samplers simultaneously. The slides smeared with safranin­
stained glycerine jelly were exposed for 10 min in Burkard
slide sampler for identification and estimation of dispersed
air-borne fungal spores. It is battery/power operated volumetric
sampler, which sucks air at the rate of 10 litres/min. The
rectangular cover slips (22 x 50 mm) were used and data was
calculated in tenns of fungal spores/sq cm of the sl ide surface.

The petridishes with sabourand's nutrient agar medium
were exposed for 10 min time in Andersen two-stage sampler
simultaneously with a visual identification method for specific
identification of culturable fungi. After recording the data, the
average colony concentration was converted into per metric
cube of air by using recommended conversion factor. The
data generated on these samplers provide specific number
and frequency of fungal spores/colonies in a given volume of
air, thus increasing the importance of data to be readily used
as a prerequisite for aeropalynological studies in general and
indoor aeromycological studies in particular.

The qualitative and quantitative analyses of
aeromycoflora of forty different places of Lucknow are quite
variable. The petridishes exposed in Andersen air sampler
recorded the highest colony counts from Kanpur Road
followed by Chinhat, Sitapur Road, Lucknow University.
Sarojini Nagar, Talkatora Road, Charbagh, Hardoi Road. Bani.
River Bank Colony, etc (Fig. 1). Amongst the twenty-nine types
of fungal colonies recorded from all the sites, CladosporiulIl
cladosporioides was dominant and Alternaria allemata was
subdominant. It was followed by Mucor hiemalis, FusariulIl
oxysporUlI1,. Penicillium fuuiculosum, Aspergillus lIigCl;
Curvularia lunata, Helminthosporium sp., PenicilliulIl
cifrinum, Aspergillus jlavus, A. nidulalls, etc.

The composition of dispersed fungal spore obtained on
the slides by Burkard sampler was quite different. The site of
maximum OCCUITence offungal spores was different from that
of fungal colonies. The maximum fungal spores were recorded
from Sitapur Road followed by Hardoi Road, Sugarcane
Research Institute, Residency, Charbagh, Malihabad, CIMAP.
Jankipuram, Sardar Patel Marg, etc. (Fig. 2). The spores of
Cladosporium were dominant as was the case in registration
of fungal colonies. The small round spores ranked second
followed by Alfemaria, Curvularia, Epicoccul1l,
Helminlhosporium, Drechslera, Periconia, Torula,
Chaefomium, etc.

DISCUSSION AND CONCLUSIONS

Fungi are ubiquitous and have wide range of genera and
species. The earlier aeromycological studies carried out in
Lucknow either in Birbal Sahni Institute of Palaeobotany or
elsewhere in Lucknow only provided the qualitative estimates
of aerobiota. But in the present study both qualitative and
quantitative data was obtained by employing the
technologically advanced air-samplers.

The botanical specimens, manuscripts, books. wall
hangings, wood/paper crafts and various other material of
cultural heritage provide an ideal substrates for the growth
and proliferation of several fungi and probably in most of the
cases they get liberated in the ambient air. In enclosed spaces.
the bindery glues, old paper dust. binding fabrics and humidity
due to coolers deteriorate the situation manifold. Several
species of Aspergillus, Fusarium, Penicillium, Alternaria,
Trichoderma, Cladosporium, etc. are found growing on
herbarium and other dry preserved materials of National
Museum of Natural History, New Delhi (Nair, 1971).

The aerobiological studies in the indoor air of library was
conducted by Tilak and Vishwe (1976) recording the presence
of air-borne spores of Aspergillus, Cladosporium, Torula,
Penicillium, Trichoderma and ChaelOmium. Many cellulose



KHANDELWAL et 01 -BIODETERIORATING AIR-BORNE FUNGI IN AND AROUND LUCKNOW 147

decomposing fungi such as Allernaria, Monilia,
Fusarium, Chaetomiulll, Myrolhecilll11, Torula, Slachybolrys,
Cladosporium, Paecilomyces, RILizopus and Epicoccum were
also reported from a library of Aurangabad (Tilak & Saibaba,
1984). The high prevalence of Cladosporiwn, Penicillium and
Alternaria inside libraries are also reported by Tripathi (1987),
Tilak and Pillai (1988) and Singh el ai., (1990) Species of
Aspergillus, Penicillium and Cladosporium were in great
abundance in the indoor air of library of Madras University
(Nadimuthu & Vittal, 1995). The agitation of books causes
marked increase in the concentration of fungal spores (Burge
el al., 1978; Singh et ai., 1990; Vittal & Glory, 1985).

Alternaria allernata, Aspergillus sydowii. A. nige/;
Cladosporium cladosporioides, Penicilliul1l cilrinwlI were
found occurring on different cellulosic materials such as
manuscript and books, wood craft, paintings, wall hangings,
etc. in Gorakhpur (Lakshmikant & Mathur, 1989). Aspergillus
flavus, A. nidulans. A. niger, A. sydowii, A. lerrellS, A. llSlUS,
A. versicolor, Alternaria, Chaelomium, Cladosporium,
Diplodia. Epicocculll, Fusarium, Paecilomyces varioli,
Penicillium citrinum, Rhizopus, Torula, Trichoderma,
Trichothecium, etc. recorded in the present study, have been
identified for the considerable damage of miniature paper
paintings and lithographs by Dhawan and Agarwal (1986).
Most of the fungi encountered in the present survey are
generally similar to those found in indoor environment. The
outdoor fungal spores get easy access in indoor air through
open doors and windows and on getting optimum
environmental conditions and proper substrates they start
growing and proliferating. The air-monitoring inside the Ajanta
and Ellora caves (Tilak el al., 1972) and in Aurangabad (Tilak
& Kulkarni, 1972) has established a correlation between air
borne micro-organisms and environmental conditions that led
to the biodeterioration of wall paintings of Ajanta and
sculptures of Ellora. Thus, from the study of aerial survey it
may be concluded that fungal spores suspended in the air
must be traced back to their sources to which much attention
has not been paid by the scientist so far. Hence, studies on
biodeterioration aspects of conservation of cultural properties
need to be expanded and strengthened in order to save the

cultural heritage. The role of micro-organisms in causation of
allergic rhinitis and bronchial asthma from library dust is well
documented and should also be properly assessed in indoor
environments. '

Ackllowledgemenls-Theawhors are grateful to Professor Anshll
Kumar Sinha, DireClol; Birbal Salmi Instilllte of Palaeobotany.
Lucknow for his keen interest in the subject and encollragemelll.
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Long term monitoring of air-borne pollen and
fungal spores and their allergenic significance
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Birbal Salllli Illstilute of Palaeobotany, 53 University Road, Lucknow 226 007, India.

(Received 15 November 2000; revised version accepted 23 April 2002)

ABSTRACT

Khandelwal A 2002. Long term monitoring of air-borne pollen and fungal spores and their allergenic
signi ficance. Palaeobotanist 51 : 153-159.

The qualitative and quantitative analyses of aerospora at Birbal Sahni Institute of Palaeobotany are
assessed for the biogenic pollutants of Lucknow atmosphere. The Impaction method was employed for
preparing annual pollen and spore calendars over six years (1969-1970, 1970-1971, 1971-1972. 1983-84,
1984- i ::;35, 1985-1986). As many as 61 types of pollen grains and 27 types of fungal spores have been
encountered. The maximum number of pollen grains were recorded in the year 1985-86 (24383) and minimum
in the year 1969-70 (13005), whilst the maximum number of fungal spores encountered were in 1971-72
(22604) and minimum in the year 1969-70 (12771).

It has been visualized that long term pollen/spore monitoring at a particular site provides a strong base
for the prediction of aeroallergens as a warning towards the allergenic disorders. The well recognised allergenic
pollen and spore of Lucknow area include Argell10ne mexicana, Amaranrhus spinosus, Cannabis sariva,
Chenopodium album, Prosopis julijlora, Cypems rOfUndus, Ricinus communis, Xanlhium srrumarium and
many species of Aspergillus.

Key-words-Allergy, Pollen and fungal spore monitoring, India.
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INTRODUCTION

T HE paper presents the long term monitoring of air-borne
pollen grains and fungal spores on the premises ofBirbal

Sahni Institute of Palaeobotany, Lucknow. The pollen and
fungal spore calendars of three consecutive years were
prepared during 1969 and again in 1983. The aim of continuing
similar type of investigation for longer duration was to have
comparative accounts of aerospora on a yearly basis and to
know the changing pattern of pollination periods of different
plant taxa at different seasons of the year. The survey of
atmospheric pollen grains at B.S.!.P, Lucknow, was earlier
carried out by Lakhanpal and Nair(1958). In the year 1969, the
analysis of aeromycoflora was incorporated along with pollen
studies in order to complete the picture of the aerobiota (Vishnu
Mittre & Khandelwal, 1973). During the year 1976-77, the
survey of air-borne fungal flora of Lucknow University area
was conducted in relation to plant and surface mycoflora
(Wadhwani, 1979). A two-year (1980-81) survey of air-borne
pollen alone was carried out in the National Botanical Research
Institute, Lucknow (Chaturvedi et al.. 1987-88). The standard
record of aerospora ofLucknow assembled in the present paper
could be utilised as a 'Ready reckoner' for periodic biopollutant
predictions required for the treatment of various allergic
disorders caused by air-borne pollen grains and fungal spores.
However, aerobiological data generated over a period of four
years (Anonymous, 1994-1998) in All India Coordinated Project
entitled "Aeroallergens and Human Health: Aerobiological
studies" employing three internationally recognised samplers
viz., Burkard, Rotorod and Andersen could not be compared
with earlier records due to changed methodology and sampling
sites. The aerobiological monitoring over an 1I-years period
in Italy have been utilised for building forecasting models of
various species (Bricchi et al., 1995).

MATERIAL AND METHODS

The district ofLucknow (26°30'-2]0 10' Nand 80°30'-81°13'
E) is an irregular quadrilateral area covering length and breadth
of 72·5 km and 40·3 km respectively. The area is level plain,
I 17·8 m a.s.l. with old gangetic alluvial soil. The climate like
that ofentire north India consists of three well-marked seasons
viz., the rainy, the cold and the hot.

The Lucknow flora comprises 927 plant species of which
Gramineae (grasses) form the dominant group and next, in
order, are Leguminosae, Compositae, Cyperaceae,
Euphorbiaceae, Acanthaceae, Convolvulaceae, Scrophularia-

ceae, Amaranthaceae, Labiatae, Malvaceae and Polygonaceae
(Kapoor, 1962). As an aid to the atmospheric pollen and spore
survey, the Lucknow area was thoroughly botanised. The
anemophilous and entomophilous species have been listed
and observation was gathered on their flowering periods and
distribution in Lucknow.

The apparatus used throughout the investigation, was
first used by Lakhanpal and Nair (1958) which is placed in the
group classified by Gregory (196 I) underImpaction using wind
movement by vel1ical and inclined microscopic slide. The slides
were exposed on the telTaCe ofB.S.!.P at a height of about 7·5
m above ground level. The Safranin stained glycerine jelly
was smeared on the slide and exposed for 24 hI's. Rectangular
cover sl ips (22 x 50 mm) were used and data were calculated in
terms of pollen or fungal spores/sq cm of slide surface.

The petridish method was also adopted for one year
during the period of April 1970-March 1971 simultaneously
with a visual identification method for specific identification
of Fungi (Khandelwal, 1992). The experiment was conducted
for one year (March I97 I-February 1972) by exposing sl ides
on the ground and terrace level in order to ascertain the
differences in qualitative and quantitative abundance of pollen
grains and fungal spores, the time of first appearance, month Iy
maxima and period of settlement of aerobiota at two dissimilar
heights (Khandelwal, 1988).

RESULT AND DISCUSSIONS

The pollen and spore monitoring over six years have
shown marked variation in number and frequency of aerobiota
each year (Figs 1 & 2). The qualitative and quantitative
abundance of pollen grains and fungal spores over different
years were as follows:

Years Pollen Fungal
grains spores

1954-55 23274 (29 types) (Lakhanpal
& Nair 1958)

1969-70 13005 (48 types) 1277/ (18 types)
1970-71 16726 (41 types) 19979 (22 types)
1971-72 19521 (47 types) 22604 (21 types)
1983-84 20485 (55 types) 18988 (23 types)
J984-85 21326 (61 types) 15901 (27 types)
1985-86 24383 (61 types) 17191 (25 types)

On the basis of annual distribution of atmospheric pollen
grains, three periods in relation to the seasons have been
recognised viz., Spring and early summer (February to May),
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Late summer and rainy season (June to September) and Late
rainy season and winter (October to January). Iii spring and
early summer arboreal pollen grains dominated; in late summer
and the rainy season, pollen grains of grasses and weeds
were recorded, while in the late rainy season and winter, pollen
of grasses and cultivated plants were found. However, there
was some pollen, which occurred throughout the year in small
or sporadic numbers. The graphic representation of important
pollen grains and fungal spores of year 1969-70, 1970-71 and
1983-86 have been published elsewhere for ready assessment
of daily fluctuations in their frequencies (Vishnu MiUre &
Khandelwal, 1973; Khandelwal, 1988, 1991, 1992). The
continuous air monitoring of pollen grains and fungal spores
for the year 1997 was done in Vi kas Nagar on Kursi Road by
employing Rotorod sampler (Khandel wal, 200 1)

Unlike the seasonal distribution of pollen grains observed
in the pollen calendars, the fungal spore calendars do not
exhibit such seasonal distribution; however, two periods, one
from February to June and another from July to December
have been recognised. Most of the fungal spores are present
throughout the year showing high fluctuation in some part of
the year.

Allergenic significance of pollen grains and
fungal spores

Clinical investigation carried out at King George Medical
College, Lucknow have proved the allergenicity of many fungal
spores and pollen grains present in the air of Lucknow
(Agnihotri & Singh, 1971; Khandelwal, 1974; Khandelwal et
al., 1996; Jamil et al., 1981, 1986; Wadhwani et al., 1986). The
significant aeroallergens are Alstonia scholaris, Amaranthus
spinosus, Azadirachta indica, Chenopodium album,
Cynodon dactylon, Cyperus rotundus. Holoptelea
imegrijolia, Prosopisjulijlora, Putralljiva roxburghii, Ricinus
communis, Alternaria alternaJa, Aspergillus flavus, A.
fumigatus, A. nidulans. A. nige/; A. terreus, Cladosporium
cladosporioides, Curvularia lunata, Fusarium oxysporum,
Helminthosporium spicijerum, Monilia sp., Penicillium
citrinum, Phoma sp., Rhizopus sp., Trichoderma virde, etc.
Besides the cutaneous reactivity of these allergens, the
preponderance of Alternaria, Aspergillus, Candida,
Curvularia, Helminthosporium, Mucor, Paecilomyces,
Penicillium and Trichoderma lignorum have also been
reported in the respiratory tract of many allergic patients (Singh
etal., 1981).

CONCLUSIONS

The pollen spore calendars are useful in identifying
allergies against particular airborne pollen and fungal spore
types. Comparison of the time of sensitivity with the pollen!
spore calendar can lead to diagnosis and preventive measures

against the pollen and spore allergies. However, the limitation
of pollen calendar is the occurrence of year-to-year variation
in both number and time of appearance of each type of pollen
grains and fungal spores. This kind of variation most probably
be sought in both climatological/meteorological and plant
physiological factors affecting various plant species.
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PALMOXYLON KAMALAM Rode, 1933

(Fig.I·19,PI.I·I-l2)
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The fossil specimen is a piece of a palm stem measuring
II cm in radial extent and 15 cm in length. It is reddish brown
externally as well as internally. Its external surface is eroded
and it has no periderm, cortex or leaf scars. The present
description is based on account of subdermal and central zone
of the specimen. A number of transverse and longitudinal
sections passing through the stem were prepared in order to
study the internal structure.

Fig. I-Palmoxyloll kamalam Rode (1-19). 1. T.S. of stem showing
subdermal and central zone. x 7.5. 8. T.S. of sulxlermal zone
showing two slightly irregularly oriented fibrovascular bundles
and ground tissue - gt. x 25. 12. T.S. of central zone showing
two irregularly oriented fibrovascular bundles. Note the
complanate dorsal cap. x 25. 4, 7. A typical fibrovascular bun­
dle from the subdermal zone with complanate dorsal cap and
vascular part extruded with single meta xylem element. x 25. 2,
3, S, 6. Fibrovascular bundles from the sulxlermal zone with two
metaxylem elements. x 25. 9. A typical fibrovascular bundle
from subdermal zone with complanate dorsal cap- dc and vas­
cular part extruded with two metaxylem elements - mx. Note
the petaloid arrangement of intercellular spaces around the
fibrovascular bundle. x 25. 10, 11. A leaf trace bundle from the
subdermal zone with complanate dorsal cap and vascular part
extruded with two metaxylem elements - mx and 2-3
protoxylem elements - px. x 25. 13. Fibrovascular bundle in
the central zone with one metaxylem element. x 25. 14, 16,
17, 19. Fibrovascular bundles in the central zone with
complanate dorsal cap and two metaxylem elements. x 25. IS.
A leaf trace bundle from the central zone. x 25. 18. A leaf trace
bundle from the central zone. Note the radiating parenchyma­
rp around the vascular part. x 25.

/'

Genus-PALMOXYLON

SYSTEMATICS

INTRODUCTION

'-

D ECCAN Intertrappean beds of Wardha District,
Maharashtra are well known. Nawargaon-Maragsur

localities (21 ° I' N : 78°35' E) are rich in microfossils and
megafossils, however angiospermic fossils are predominating.
A small hillock present in Maragsur is rich in palm stumps.

Recently, authors have collected plant fossils from this
area, one of the specimens showing interesting features is
described below.

© Dirbal Sahni Institute of Palaeobotany, India
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The important diagnostic features exhibited by the
present fossil are:

1) The fibrovascular bundle with complanate dorsal cap
(Fig. 1'2-7; P 1. 1'3,4, 8) , two metaxylem elements
without ventral cap and protoxylem elements,
distribution 39-42 sq cm in subdermal zone (Fig. 1'8;
PI. 1'1) and 19-24 sq cm in central zone (Fig. 1'12; PI.
1'7).

2) Leaf trace bundles are present in subdermal and central
vascular zone, those of subdermal zone (Fig. 1'10; PI.
1'5,6) are smaller in size than the normal bundles but
more common than the central zone, those of central
zone are larger than normal vascular bundles but lesser
in number than those of subdermal zone. (Fig. 1'15,
18; PI. 1'9).

3) Ground parenchyma highly lacunar loose and mesh
like (pI. 1-12).

4) The trabaculae in between the intercellular spaces
are 1-2 cells thick (pI. 1,12).

5) The intercellular spaces around the fibro vascular
bundle are so arranged that they make the appearance
of petaloid arrangement of lotus flower (Fig. 1,9, 18;
Pl.l-6, 10, 11).

6) Fibre bundles are absent.

COMPARISON

The diagnostic features enumerated above closely agree
with Palmoxylon kamalam Rode. Rode (1933) described P
kamalam from Deccan Intertrappean beds ofMohgaonkalan.
The account was based on peripheral region. ShukJa (1939)
described a piece ofcentral region from the same locality. Later
on Sahni (1964) described a piece from the subdermal zone.
Further details of this palm were described by Kulkarni and
Mahabale (1971) on the basis of new specimen collected from
Kondhali in Nagpur District. Their account was based on
transitional zone between dermal and subdermal zone, the

subdermal zone and central zone, and they have discussed all
the structural details of this palm. All the structural details
shown by the present specimen closely resemble with the P
kamalam. Present description is based only on the central
and subdermal zone, but it is from new locality Maragsur in
Wardha District. This is the third report of occurrence of P
kamalam from Deccan Intertrappean series. So it adds more
data to the distribution ranging from Mohgaonkalan to
Maragsur, Wardha District.

Among the living palms, P kamalam shows considerable
resemblance with the genus Royslonea in its ground tissue
and fibrovascular bundle. The genus Roystonea is South
American in origin and has four species in Cuba, Puerto Rico.
They grow in the low ground and swamps in Florida and South
America. The present description indicates the existence of
Roystonea in the Deccan Intertrappean flora of India. The
present specimen P kamalam Rode is reported here from a
new locality Maragsur - belonging to Wardha District of
Maharashtra.

lsorype-Department of Botany, Smt. K.W. College,
Sangli.

Museum No.-FWM 372.
Localiry-Maragsur, Wardha District, Maharashtra.
Horizon-Deccan Intertrappean beds.
Age-Early Tertiary (probably Eocene).
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PLATE 1 ......
7'

Palmoxyloll kamalam Rode
t. Transverse section of the stem showing subdermal zone. Note

the distributioo.of fibrovascular bundles. x 2'6.
2. The two fibrovascular bundles from the subdermal zone and

surrounding intercellular spaces. x 85.
3. A fibrovascular bundle from the subdermal zone with complanate

dorsal cap and extruded vascular parI with one me13xylem ele­
ment and surrounding ground tissue. x 85.

4. A fibrovascular bundle from the subdenl)ill zone with complanate
dorsal cap and extruded vascular part with two me13xylem ele­
ments. x 85.

5. A leaf trace bundle from the subdermal zone. Note the dorsal
cap and vascular par!. x 85.

6. A leaf trace bundle from the subdermal zone oOle_t.he dorsal
cap, vascular part and intercellular spaces arranged in a pe13loid
manner. x 85.

7.

8.

9.

10.

II.

12.

Transverse section of (he stem showing central zone. Note the
distribulion of fibrovascular bundles. x 3.
A fibrovascular bundle from the central zone with complanale
dorsal cap and extruded vascular part with two metaxylem ele-
ments. x 85. '
A leaf trace bundle from the central zorie, Wilh dorsal cap and
extruded vascular part. x 85.
A fibrovascular bundle from the central zone with eXlruded
vascular part with two metaxylem elements and lacunar ground
tissue. x 85. Note the intercellular spaces arranged in a petaloid
manner of lotus flower around the fibro'vascular bundle.
A leaf trace bundle from the central zone, showing the vascular
pan. x 85. Note the intercellular spaces arranged in a petaloid
manoer of lotus flower around the fibrovascular bundle.
Transverse section of centrat zone showing ground tissue with
large intercellular spaces. x 85.
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INTRODUCTION

"" TELL-PRESERVED pollen grains of Ocimul11 belonging
l'l' to the family Lamiaceae have been recovered from the

Subathu Formation, exposed in the Koshalia Nala section,
near Koti, Sirmaur District, Himachal Pradesh (Fig. I). The
palynological information of fossillamiaceous pollen is very
meagre. Embolden (1964) reported fossil Salvia pollen from
the Late Miocene of Alaska for the first time. Later, Von Campo
(1976) and Menke (1976) reponed some lamiaceous pollen from
Late Miocene of Spain and Pliocene of Germany respectively.
Boltenhagen (1976a, b) recorded hexacolpate pollen grains

from Coniacean of Gabon which resembles Salvia pollen. Kar
(1996) reported Ocil1lulllpol!enites indicus from Palana
Formation (Eocene) of Rajasthan. As far as the authors are
aware, this is the only record of fossillamiaceous pollen from
Indian Tertiary rocks. Ocilll1/11Ipollenites resembles extant
Ocilllwn pollen by having thick exine, pluricollumellate. broad
reticulation and presence of collumella in the lumina. Oeillllllil
is an important genus of the family Lamiaceae (Labiatae)
because of its restricted species distribution in tropics. The
objective of this communication is to describe Oeillllllll pollen
recorded from the Subathu Formation of Lesser Himalayas as

!.l) ­
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PLATE 1

Ocilllulllpnl/ellile.l' illdir·u.\· Kar, 1996 (ca xIOOO); BSIP Slide 2.
No. 12021. coordinates: 22 x 96·5.

Same specimen in different focus showing distinct collumellate
condition (ca x 1000).
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Fig. I-Geological map of the area
showing (he localily (aftcr
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well as to throw light on its distribution in India during the
Tertiary Period.

OBSERVATION

The recorded pollen grains are found mostly in polar
view (PI. 1). Size range 50-60 Ilm in diameter, hexacolpate,
brevicolpate, colpi slit funnel-shaped in polar view, exine 3·5
Ilm thick, tectate, collumellate, reticulate, reticulation
pentagonal or hexagonal and of different shapes and sizes,
muri pluricollumellate. The recorded pollen grains are very
much similar to those recorded by Kar (1996) from a bore core
(No. K-12) at Kuchaur-Benia area. about 30 km south west of
Bikaner. Rajasthan. The pluricollumellate condition and
prominent reticulation patterns are considered to be important
characters for the identification of Ocimum pollen in fossil
state. Nine species of Ocil1w//1 are found in India. Among

them, the widely distributed species are O. basillicuJIl, O.
sanctum, 0. americanUin and O. killiJllundscharicUlII. It is
difficult to assign recorded fossil Ocilllum pollen to any
particular extant species. However, the present specimens
closely resemble pollen grains of extant OCilllUI1l sp. (BSIP
Slide No. 9705, Birbal Sahni Institute of Palaeobotany.
Lucknow) .

REMARKS

The present record of OCilllUI1l pollen grains from the
Lesser Himalayan sediments indicates that the genus OciJllwII

was widespread during Late Ypresian than hitherto known.
On the basis of the restricted distribution and undoubted fossil
record of Ocimumpollenites indicus in the Early Eocene
sediments of India. Kar (1996) postulated that different species
of Ocimum except O. killimundscharicu/11 might have



SARKAR & PRASAD-DC/MUM POLLEN GRAINS FROM THE SUBATHU FORMATION OF SHIMLA HILLS 167

REFERENCES

Bagi H \992. Contribution to the Ostracode and smaller foraminiferal
fauna of the Subathu Formation of parts of Shimla Hills.
"Unpublished Ph.D. theses." Panjab University, Chandigarh. 265
p.

Bhatia SB & Singh RY 1991. Workshop on SEM applications in
Micropalaeontology, Guide to Field excursion to Koshalia Nala.
Indian Geologists Association, Panjab University. Chandigarh.
February \99\, P.1.

Boltenhagen E 1976a. Pollen et Spores Senonienes du Gabon. Cahiers
d' Micropaleontology 3: 1-21.

Boltenhagen E 1976b. La microtlora Senonienes du Gabon. Revue de
Micropalaeontology. 18: 191-199.

Embolden WA 1964. Pollen morphology of the genus Salvia. Section
Audibenia. Pollen spores 6 : 527-536

Jafar SA & Singh OP \992. KIT boundary species with Early Eocene
Nannofossils discovered from Subathu Formation, Shimla
Himalaya, India. Current Science 62 : 409-413.

Kar RK 1996. On the Indian origin of Ocimum (Lamiaceae) a
palynological approach. Palaeobotanist43 : 43-50.

Mathur NS & Juyal KP 2000. Atlas of Early Palaeogene invertebrate
fossils of the Himalayan foot hills belt, Wadia Institute of
Himalayan Geology, Monograph series, Number I, Dehradun.
pp. 257.

Menke B \976. Pliozane und altestquartare SporenUnd Pollen tlora
vonschleswig-holstein. Geologisches Jahrbuch 32 : 3-197.

Sarkar S & Prasad V 2000. Palaeoenvironmental significance or
dinotlagellate cysts from the Subathu Formation (Late Ypresian­
Middle Lutetian) of Koshalia Nala section, ShimJa hills, India.
Himalayan Geology 21: 167-176.

Von Campo E 1976. La tlore sporopollenique du gisement Miocene
terminal de Venia del Moro (Espagne) thesis, Montpellier.

Acknowledgements-We are grateful to Professor Anshll Kllmar
Sinha, DirectOl; Birbal Sohni Institute ofPalaeobotany, Lucknow./or
allowing us to publish this paper and for constallt encouragement
throughout the study. We are thankful to Professor SB Bhatia (Retd.)
Centre ofAdvance Studies, Geology Department. Chandigarhfor his
invaluable help in making the necessary collections from the rive'r
section.

~1
20M

~ 10M
,..
a:
<oJ
>

OM

INDEX

C~-:~ CARBONACEOUS SHALE

1..-......-......-1 CALICAREOUS SHALE

1= ==1 SPLINTERY SHALE

I!.~I NODULAR SHALE

E=""=-3 SILTSTONE

~ SANDSTONE

[5}J QUARTZITIC SANDSTONE

!EEjJ LIMES TONE

~.

~

1-::..-_-_

...J

~~
r- I ~

8a$t not qxpostd

originated in India and then migrated towards east and west.
The Subathu Formation horizon from which OcimulIl pollen
grains have been described has been dated Late.Ypresian on
the basis of Larger Foraminifera (Bhatia & Singh, 1991; Bagi,
1992), nannofossils (Jafar & Singh, 1992) and dinoflagellates
(Sarkar & Prasad, 2000). The close similarities between the
recorded Ocimum pollen grains from widely separated areas
viz., Rajasthan and Himachal Pradesh in Eocene times strongly
indicates that during Early Eocene the Genus Ocimul1l was
well established in the north-western part of India.
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Fig. 2-Litholog (modified after Bhatia & Singh, 1991) showing the
location of samples.
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Professor Di vya Darshan Pant, a world-renowned plant
morphologist and palaeobotanist, breathed his last on 8th May
2001 at Allahabad. In his death the palaeobotanical world has
lost an expert par-excellence on Gondwana flora. A prolific
writer, visionary and interpreter with perfect blend of living
and fossil botany was active till his last. His leadership
established a flourishing school of Palaeobotany and
Morphology at Allahabad University, which he headed for 16
long years and was also Dean of the Science Faculty known
for his researches in Palaeobotany and Morphology. Professor
Pant was inspiring perceptor for generations of students and
researchers. He was champion for the cause and upliftment of
basic researches.

Professor Pant was born on 181h October 1919 at Ranikhet
a picturesque place in Kumaon Himalaya. He had his early
education in Ranikhet and Nainital from there he moved to
Lucknow for University Education, where he was initiated by
Professor Birbal Sahni, FRS in Botany research. Later he
received British Council Grant - 1954 and was associated in
research with Professor T.M. Harris, FRS of Reading
University, Regius, Professor John Walton at Glassgow
University and Professor R. KraUsel of Senkenberg Institute,
Frankfurt.

He is well known for his equal facility in living and fossil
plants and started work on Cyacadales half a century ago
publishing his first paper on cycads in 1953. His first
comprehensive account of cycads appeared in 1963 in
Senkenbergiana biologica and first edition of his book 'Cycas'
in 1962 which was later revised and enlarged, appeared in

1973. He has ever since continued his researches on living
and fossil cycads that have resulted in altogether a new book
"An introduction to Gymnosperms, Cycas and Cyacadales"
which is being released with this volume.

His significant contributions include the work on
morphology and anatomy of the root and shoot systems of
living plants, their air pores, stomatal ontogeny and structure,
nodal anatomy and the study of fossils mainly of the
Glossopteris flora. His well-known contributions on the
gametophytic nature of Rhynia guyne-vaughanii, whIch
provided a widely quoted new concept about the life cycles of
early vascular plants and their gametophytic generations. This
led others like Remy and Remy (1980) and Remy et al. ( (980)
to work on Rhynie Chert where they discovered more
gametophytes with archegonia & antheridia in the Rhynie
Chert.

In order to have comparative idea about comparable
gametophytes of living plants he worked on the gametophyte,
of the Ophioglossaceae and published a monograph on
gametophytes of Ophiglossaceae (Pant et al., 1984). His
morphological and anatomical studies ofdiverse pteridophytes
and Gymnosperms led to modification of Bower's concept
about the phyletic slide ofannulus in fern (Pant & Khare, Trans.
Roy. Soc. London, 1974) and led to establish a new family­
Damudopteridaceae from the Lower Gondwanas of India. His
work on Buriadia (Pant & Nautiyal, Phil. Trans. Roy. Soc.
London, 1967) and Birsingllia (Pant ef a!', 1995) are of
fundamental importance in formulating concepts about the
evolution ofearly conifers as emphasised by Rothwell (1988)
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and Clement-Westershof (1988). His major contribution is in
the understanding of the plant of Glossopteris. Besides,
working on the cuticles and other structural features of diverse
glossopterids, he reconstructed the plant of Glossopteris (Pant,
1977). He explained {he occurrence of two kinds of leaves
arranged in a decussate manner in Diphyllopferis as those of a
seedling of Glossopteris (Rev. Palaeobol. Palynol.-Harris
Comm. Vol. 1987). Lately additional evidence favoured his
view on the plant of Glossopteris and suggested that
Glossopteris and other glossopterids were large deciduous
trees in Lower Gondwana forests (Pant, 1999). He had also
made important contributions on Triassic plants. He
demonstrated the spiral insertions of cupules in Pterllclllls.

His papers on classification of fossil spores and pollen (Bot.
Rev. 1954) and the concept of primitive mode are classic. His
studies on the carbonaceous pulls of compressions of the
Trizygia gOl1dwal1ensis suggested that in all likelihood these
fossils belong to Sphenophylls and he also found diverse
Sphenophylllll11 in the Glossopteris flora. He elucidated the
structural features of two genera Phyllofheca indica and also
those of Raniganjia bengalellSis which indicated that they were
different from northern Umbellaphyllifes and are assignable
to two families Damudopteridaceae and Asterothecaceae.
Besides he reported Chiguires mamalensis, a modern Clliglla­

like leaf impression and Cycadites lIIeyenii from the Permo­
Carboniferous strata of Kashmir.

He had contributed more than 300 original research
papers, reviews and monographs published in reputed
international journals. Present volume of the The
PalaeobofaniSf carries one of his contributed papers submitted
by his student after his death. During his last days he was
engaged in giving shape to a monograph on "Pinus and
Pina!es".

He was fellow and member of several leading Academic
societies of the world namely, Linnean Society (London).
International Society of Plant Morphologists, International
Association of Plant Taxonomy, Society of Plant Taxonomists.
International Organisation of Palaeobotany, Indian National
Science Academy, Indian Academy of Science and National
Academy of Sciences of India. He was Honorary Foreign Li fe
Member of the Cycad Society of South Africa, and Palm and
Cycad Society of Australia and also Member. Cycad Group
IUCN - International Union for Conservation of Nature and
Natural Resources.

His academician wife Radha. an accomplished son. two
daughters and host of students initiated by him to Palaeobotany.
survives him.

Mukund Sharma
Birbal Sahni Institute of Palaeobotany

53 University Road, Lucknow
INDIA

PUBLICATIONS OF PROFESSOR D.O. PANT

1941
On lhe morphology and anatomy of the 1'001 systcm in
AspllOdelu.l/fJlui/i,!ius. Pnw ludialt SI'i. ('(I/Igr. Uanaras. 159-160.
1943
On the morphology and analomy of the root system in AspllOdelus
lelllliji,!ius Cavan. Jour IndiaIt vol. SOL, 22 (I): 1·26. 3 Pis 29 Figs.
1949
Triassic plaOi remains from the Salt Range in the Punjab. Nature. 163:
214.
On a c1usler of male cones from the Jurassic of the Rajmahal Hills. Bihar
Proc. Iltdian Sci. ('ollg .. Allahabad. II.
1950
Microfossils from a micaceous shale from the Talchir coalfield.
Palaeobolany in India_ Jour: Iltdialt vot. SOf'.. 29: 15.
1953
Notes on Cy('as plants growing at Allahabad. JOIII: Iltdialt vol. So('., 32:
145-156. II Figs.
1954
Suggestions for the classification and nomenclature of fossil spores and
pollen grains Bol. Rev.. 20: 33-60.
Need for'a standardIzed international glossary of terms in botany. S('iellc('.
119: 910-91 J

1955
On two new disaccate spores from the flacchus Marsh Tillite. Victoria
(Auslralia). AIIII. Mag. Nal. Hisl. London. 8 (12): 757-764. I PI. I Text­
fig.

1956
On two compressed Palaeozoic axes: Sligfllaria .fi(·oides in CYflllloslrolJII.1
condition and Verlevraria iItJi('a. AIIII. Bo/ .. London (N.S.), 20: 419-429.
I PI. 4 Text-figs.
1957
The classification of gymnospermous plants. PalaeOVolfllti.I/. 6: 65-70.
1957. (I (59).
1958
The struclure of some leaves and frucli lications of the Glossopteris nora
of Tanganyika. Bull Bril. MilS. (Nal. Hisl.) LOlldoll Ceol. 3 (4): 127-175.
4 Pis. 21 Text-figs
1960
Some seeds and sporangia of Glossopteris nora from Raniganj coalfield.
India Pala(,olliograpilim. Stullgarl. 107 B: 41-64. 4 Pis. 16 Text-figs (with
DD Nautiyal)
1961
Ly('o.II([('ltys prolO,l/e!iclI.I gen. Et sp. nov. and some associated megas~ores

from the Lower Carboniferous of Scotland. Pa/aeolllo!jraplti('([. Stullgarl.
108 B: 1-10, J Pis. 5 Text-figs (wilh Professor John Walton)
Nodal anatomy of Boerlt([([l'i([ di[lil.l([ L. PltylOlI/orpllOlo!jv. 11. 384-·105.
1J Texl-figs (with Bharati Mehra).
Occurrence of intracorlical roots in Ball/vwa. lIlI'I'. Sci .. .~O: 308. I Fig
(Wilh Bharati Mehra).
StruclUral studied on Lower Gondwana megaspores. Pari I. Speci mens from
Talchir coalfield. India. Palaeontographica. Slllllgari. 109 B: 45-61. 2 Pis.
7 Texl-figs (wilh G.K. Srivastava).
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1962
The gamelophyte of the Psilophytales. PHil". SUllllller School of BOIallv,
Darjeelillg (1960) 276-301, 5 Pis. I Text-fig.
Some recent contributions IOwards our knowledge of the Glossopteris nora.
Proc SWIII/ier School of BII/any, Darjeelillg 302-319. II Figs.
Structural studies on Lower Gondwana megaspores. Pan II. Specimens
from Brazil and Tanganyika. Palal'olllOgrapltira. Stullgart, III 13: 96­
111.4 Pis, 4 Text-figs (with GK.Srivastava).
Seed cuticles in some modern cycads. CI/n: Sci., 31. 75-76.4 Figs (with
D.O. Nautiyal).
Path of bundles in the stern of Bougainvillea. Curr Sci.. 31. 295-296, I
Fig (with Bharati Mehra).
Stem anatomy of some Nyl'lagillal'l'ae. Cun: Sri., 31: 199-201,2 Figs
(with I3harati Mehra).
The genus Isoetes in India. Prol'. Nal. 111.1/. Sci Illdia, 28 B (3): 242-280.
4 Pis. 12 Text-figs (with G.K. Srivastava).
1963
On the occurrence of glossopterid spores in the Bacchus Marsh Tillite.
Victoria. Australia. Gralla Palvllo/.. Erdtman Comm. Vol, 4 (I): 111-120.
J PI I Text-fig. (with Bharati Mehra)
!)evelopment of stomata in PSilollllllllUdl/1II (L.) l3eauv. CUI'I: Sri., 32 (9):
420-422. IText-fig (with I3hatati-Mehra)-
Development of cayophyllaceous stomata in ASlerarallll1G 10llgirolia Nee.l.
Ann. BOI.(N.S.), 27 (108): 647-652,3 Text-figs (with Bharati Mehra).
Nodal anatomy of Mirabili.l· and Oxybaphl/.I. Pmc. Nal. IlIsl. Sci. Illdia.
B, 29 (I): 41-76, 2 Pis. 13 Text-figs ( with Bharati Mehra).
Nodal anatomy of Bougaillvillea glabra Choisy, B. spe('/abilis Willd, and
Abrollia elliplica Nelson. Proc Nal. 111.11. Sci. Illdia. 29 B (4): 434-466.
12 Figs (with Bharati Mehra).
On the epidermal structure of Sphellopllvlhllll sperio.1'II1II (Royle) Zeiller.
Palaeolllographil'a, Stultgart, 112 B: 51-57. 1 PI. 2 Text-figs (with Bharati
Mehra).
On a cycadophyte leaf Plemllils.wma gopalii gen. et.sp.nov. from the Lower
Gondwanas of India. Palaeolllographica, SIlUltgart, 113 B: 126-134,2 PIs.
3 Text figs (with Bharati Mehra).
On Maheshwariel!a bicllrnula gen. et sp.nov., a compressed seed from
Lower Gondwana of Karharbari coalfield. India. Maheshwari COllI/II. Vol.,
Jour. Indian bol. Sor. 42: 150-158.3 Pis, I. Text-fig (with D.O. Nautiyal).
On the anatomical structure of pinnae of some species of Cyras. Clm:
Sri.. 32 (5): 232 234, 4 Figs (with D.O. Nautiyal).
Epidermal structure of pinnae of MacmZ{llllia Miq. Curl'. Sci.. 32: 280­
28 J. 2 Figs (with D.O. Nautiyal).
The epidermal structure of the sporangia of some modern (·y(·ad.l. Curr.
Sci.. 32 (12) 559-561, 4 Figs (with D.O. Nautiyal).
On the structure of leaves of Rltabdalael/ia Pant from the Raniganj
coalfield, India.Palaeonlology, London. 6 (2) 301-314,2 Pis, 6 Text-figs
(with B.K. Verma).
Cuticle and epidermis of recent Cycadales. Leaves, sporangia and seeds
Senckenbergiana biologica. Frankfurt, 44 (4): 257-348, I I Pis, 33 Text­
figs. 10 Tables (with D.O. Nautiyal).
1964
On Walkollliel!osperlllulIl indil'tllll gen.et. sp.nov., seed-like bodies and
alete megasporesfrom Talchir coalfield, India. Proc. Nal. 11/.1/. Sci. Illdia,
29 B (6): 575-584,2 Pis, 2 Text-figs (with G.K. Srivastava).
On three new species of Noeggaa/lliopsis FeistmanteI.
Na/urwi.uell.ll:ha,{len, 51 (491) 1-2.3 Figs (with B.K. Verma).
Epidermal structure and development of stomata in Ephedra/oliata Boiss.
New, Phyla/., 63 (I): 91-95, 13 Figs (with Bharati Mehra).
Ontogeny of stomata in some Ranunculaceae. Flora. 155: 179-188. 15
Text-figs (with Bharati Mehra).
Nodal anatomy in retrospect. Phy/olllorplllllogy. 14 (3): 384-387 (with
Bharati Mehra)
On the diversity in the development and organization of stomata in Phyla
nodif/ora Michx. Curr. Sri., 33 (2 J): 653-654, I Text-fig (with P.F. Kidwai).
Further observations on some Triassic plant remains from the Salt Range,
Punjab.Palaeoll/ographica, stuttgart, 114 B: 79-93,2 Pis. 4 Text-figs (with
G.K. Srivastava).

The cuticular structure of Noegg/'l'a/hil/p.lil Fcistmantel and Cordaites
Unger. Palaeoll/agrapllira. Stultgan. 115 ll: 21-44. Pis 9 Text-fig'> (with
B.K. Verma)
On the structure of Palaeovillario ralliglll/jel/l'i.1 n.sp. from the, RJniganJ
coalfield, India, Palaeonlllgraphica. Stuugan. 115 B: 45-50, I PI. 2 Text­
figs (with B.K. Verma).
Development of stomata in leaves of three species of CVl'a.1 and Gil/kg"
biloba L. 1. Linl/ SOl'. LOlldoll. 58: 491-497. I 1'1.3- Text-figs (witll
Bharati Mehra).
1965
On the ontogeny of stomata and other homologous structures PIJnl Sci
Serie.l.Allahabad, I. 1-24_ 6 Figs.
Indelible clues to stomatal development in mature epidermis of plants.
Nalunvi"eJ/Sl'hajiell, 52: 481-482. 8 Text-figs.
Indelible clues to stomatal development in mature epidcrmis of plants - II.
Cun: Sci., 34 (20): 588-589,9 Text-figs.
Ontogeny of stomata and hairs in some cucurbits and allied plants. JIIIO:
Illdiall bill. 501'..44 (2): 191-197. 26 Text-figs (with Rina Banerji)
Epidermal struture and developmcnt of stomata in some Convolvulaceae.
Sel/rkellbergial/a biologica, 46 (2): 155-173.77 Figs 1 Table (with Rina
l3anerji).
Structure and ontogeny of stom~la ill some Piperaceae. 1. Lil/II. Soc..
London. 60 (378):223-228. 3 Figs (with Rin~ l3anerji)
Ontogeny of stomata in some Rubiaceae: Phylol!lorplwlogy. 15: 300-310.
7 Text-figs.(with Bharati Mehra).
Seed bearing Ollokaria-Iike fructifications from India. Natl/re. 207 (,2:;­
624,5 Figs (with G.K. Srivastava)
Some Lower Gondwana miospores from Brazil. Mil'mpalaeo/l/ol. 11 (4):
468-478, I 1'1,2 Text-figs (with GK. Srivastava)
Cytology and reproduction of some Indian specics of Isoctes. Cyrlogia,
30: 239-251,7 Figs (with G.K. Srivastava).
Development of stomata in some fern allies. Prill'. Nat. Illst. Sci. I/Illia. 30
B (2): 92-98, 2 Figs (with Bharati Mehra).
1966
Notes on Phyl/ogiosswl/ drullllllolldii Kunze. Prol'. Nat. II/st. SI·i. Indill.
31 (I & 2 ): 54-66. 2 Pis 4 Text-figs (with Parveen Kidwai).
Origin of ovules or seeds and their integuments. PmI'. AI/IUIIIII School ill
BOlaI/Y, Mahabaleshwar. 237-253, 5 Text-figs.
Development of stomata and foliar structure of some Magnoliaceae. 1.
Linll. SOl'. Londol/, 59 (379): 265-277, 2 Pis. 5 Text-figs (with Kusum
Lata Gupta).
Epidermal structure and stomatal ontogeny in some Celastraceae. Nn-.
PllyIO/., 65 (3):288-295, I 1'1.3 Text-figs (with Parveen Kidwai)
On two peculiar fossils of Karharbari stage, India. Symp. ·'Flori.l'1in IIlId
Slraligraphy of Ihe GOl/dwollalal/d". Birbol Salllli II/sl. Poloeobol..
Lul'know. 98-10 I, 2 Pis (with D.O. Nautiyal).
Epidermal structure and stomatal ontogeny in some Pandanalcs and
Spathiflorae. Senl'kenbergiana billlogica. Frankfun. 47 (4) 309-333 (with
Parveen Kidwai).
1967
On the stem and attachment of GllIssopleri.1 leaves. Phyllllllllrplwlog)'
(Maheshwari Memorial Vol.). 17 (1-4): 351-359. 18 Figs.
Development of stomata in some Cruciferae. AI/I/. Bill. LOl/doll, 31 (123):
513-521, I 1'1,3 Text-figs (with Parveen Kidwai).
On the structure of Buriadia he/emphyl/a (Feistmantel) Seward & Salllli
and its fructification, Pllil. TrailS. Roy. SOl'. LOl/doll, 252 B (774) 27-48.
9 Pis, 6 Text-figs (with D.O. Nautiyal).
On the structure of Raniganjia bel/galellsi.l (Feistmantel) Rigby with a
discussion of its affinities. Palaeonlllgraphil'o, Stullgart, 121 B: 52-64.4
PIs. 4 Text-figs (with D.O. Nautiyal).
1968
Cuticular structure of some Indian Lower Gondwana species of Glo.lsopteris
Brongniart. Part I. Palaeolllographil'a. Strullgart. 124 B: 45-81. 8 Pis. 4
Text-figs (with D.O. Nautiyal).
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1968
Cuticular structure of some Indian Lower Gondwana species 01" Glossoplni.1
Brongnian. Pan I. Palaeolliographica. Strullgart, 124 B: 45-81. 8 Pis. 14
Text-figs (with Kusum Lata Gupta).
Structure and ontogeny of stomata in some Caryophyllaceae. I UIlII. Sw
LOlldoll. 60 (383) 309-314, I PI. 2 Text-figs (with Parveen Kidwai)
Ontogeny of stomata in some Gcntianaceae. I Lillil. 5(1(' LOlldoll. 62: 71­
76.2 Text-figs (\\'ith Parveen Kidwai)
Development of stomata in Eq"I.lel/oll. All". BOl. LO/ldoll. 32: 601-608, I
PI, 3 Text figs (with Parveen Kidwai).
On the structure of stem and leaves of Phyl/oll/('('o Illdic([ Bunbury.
Palaeoll/ographim, Sttuttgart, .121 B. 102-121.4 Pis. 6 Text-figs, 2 Tables
(with Parveen Kidwai).
The structure of Verlebraria illdic([ Royle. Palaeollrologv, LOlldoll. 11 (5):
643-653.4 Pis, 3 Text-figs (wilh R.S. Singh).
On the genus Gallgallloj)Ieri.1 McCoy. Pala('ol/lographiu(. Sttullgart, 124
B 83-101,6 Pis. 6 Texl-figs, I Table (with K.B. Singh).
On the cuticular structure of Am"cari([ (Ara"cariles) cutchensis comb. nov.
from the Jabalpur senes. India. J. Linn. Soc. London. 61 (384): 201-206, I
PI. 2 Text-figs (with G.K. Srivastava).
1969
Epidermal structure and stomatal ontogeny in some cusporangiale ferns.
AIIII. BOI. LOlldoll,:\3 (132): 795-805. 2 PIs. 4 Text-figs (with P.K Khare).
1971
Cuticular structure of some Indian Lower Gondwana species of GItJ.\.mpleris
Brongniart Part II. Poloeo/I/ographico, Sllullgart 1:\2 B: 130-152,7 Pis.
10 Text-figs. I Table (With Kusum Lata Gupta).
Epidermal structure of psilotales and stomatal ontogeny in Tlllesiplni.,
Im""'Il.,is Bcrnh. 111111 Bo/ .. 35 (139) 151-152. 2 Pis. 3 Text-figs (with
P.K. Khare).
Notes on the spore morphology of Oph iogltJ.\.1 (/(W/f and the occurrence of
Ophioglossum and its gametophyles in the Gangetic valley. G('ophvrolog)',
I (I): 48-53, 4 Pis (with PK Khare).
Cuticular structure of some Indian Lower Gondwana species of Glossopteris
Brongniarl. Part Ill. Palaeontographica, Stullgart 135 B: 1-40.13 Pis, 13
Text-figs. 3 Tables (with K.B. Singh).
The origin and evolution of flowering plants. Goldell Jllbilee Vol. JOllr
Illdiall bOl. Soc., 56 A: 242-274, 10 Text-l"igs (with P.E Kidwai).
,. Fossil GYlllllosperlll Woods ill flllilgarviroll/ii/e Pnmiall 10 Ihe Pliocelle"
by Pal Greguss, 1967 (Review). PhwOlllorpholog)', 21 (I) 97-98.
Intraspecific variation in Striatites sporcs. Poiaeobo/(/Ilisl, 20: 318-324. 3
Pis. 3 Text·figs (with Suman Bhatnagar)
Population explosion in palaeopa!ynology. SVII/p. 011 Slrlln"re,
1101111'111'101/(1'1' alld e/o,l.Iifi('(J/ioll of pO//('1I alld spores, Palaeo!JolOlli.I{,
53-62
1972
Epidermal structure and stomatal ontogeny of Allelllia spp. AIIIl. Bo/.
LOlldoll, 36: 809-821. 4 Pis, 6 Text-figs (with PK Khare).
Development of stomata in L([('((J('a la/im L 111111. Bo/. LOlldoll. 36: 1005­
1009. 1 PI. 2 Text-figs (with Parveen Kidwai)
Symposium on "Major evolutionary event and the geological records of
plants ", BioI. Rev, 45 (3): 17-454. 1970 (Review). Phyl(lIl1orl'hology, 22
(I) 104-107
1973
Plert'II1I.' illdiclI.I sp.nov. from the Triassic of Nidpur, India.
Pala,'olliographil'o, SlIullgart, 144 B 11-24,3 Pis. 5 Text-figs (with Nupur
basu).
1974
Taxonomy of the genus Ephedra Signficance of stem and leaf epidermis
and cuticle. Bo/. I Lilln SOl' LOlldoll, 69 (4): 287-308.6 Pis. 6 Tcxt-figs
(with B.~ Verma).
Dallludopleris gen.nov. - a new genus of ferns from the Lower Gondwana
of the Raniganj coalfield. India. Pu,,· Roy. Sor LOl/doll, 186 B: 121-135,
43 Figs (with PK. Khare).
On the stem and allachment 01" Glo.\'.\'0pler;.1 and GOlIgo/llopler;s leaves.
Part II - Structural I"eatures. Palaeolliographica, SttUllgart, 147 B (1-3):
42-73. 13 Pis, II Text-ngs (with R.S. Singh)

1975
Development of air pores and stomata in some bryophytes I?I'('('IIJ Ad"ollf'l',1
ill [JOWIIY, Mehra lO/IIII/. Vo/., 55-65. 3 Text-figs (with B.K. Verma).
The theory of contine'llal drifl in the light of reccnt resear~hs. 3'" [JiJ'bal
Sahlli. Melli. L('('{ur(' , FJir!Jol Sohlli 111.1'1. Plllal'olmi.. LI/dl/(III'. \-22. Ii

Text-figs
Morphological studies in Argyreia Lour. (Convo!vulaceac). [Jal 1. Lil/I/
50('., LOl/dol/, 70 (I): 45-69.6 Pis. 10 Text-figs (with Suman 8halnagarj.
The cuticle. epidermis and stomalal ontogeny of CII.\'uar;/lli ('qui.I·(,II/;Jiio
Forst. Alln BOl., 39: 1117-1123. I PI.3 Text·ngs (with D.O. Nautiyal &
Sudha Singh)
A new kind of foliage shoot S('arso!ia oppmili/i,!io gen. Et sp.no\-' from
Lower Gonwanas of Raniganj coalficld. India. Polal'o/l/ogl'{/plll('(/.
SlIullgart, 152 B: 191-199, 2 Pis. 3 Text-figs (with Suman 8hatnagar).
1976
Compressions of new type of pteridophyll. A wlIsolia gen.nov, from the
Lower Gondwanas of the Raniganj coalfield. India. Palaeol//o!i/'(/I'hira.
Stullgart, ISS B: 129-139.3 Pis. 3 Text-figs (with Lata Misra).
Spore morphology of Opitioglo,lswlI "I/Igalloll L. PII."/olllorplwlogr. 2S
(4): 465-470, 2 Figs (with DR Misra)
Epidermal structure and ontogeny of stomata in CI/(''''I/I Ij//(·I/wo. G.
/1I01//{/I/UIII and G. ula. Pltylol/lorpltolog.", 26 (3): 282·296, 8 Figs (with
D.O. Nautiyal & Sudha Singh)
1977
The plant of Glos.l'llpleri.l. Pre.lld Add. II/dial/ Bo/al/il'lll SociN.". JOl/r
IlIdi(lII bOI. Sew, 56 (I): 1-23. 12 Figs.
Early ~onifers and conifer allies. 8irbal Sahni Gold Mcdal Aw;ud Adell,,,,,.
JOIII: Illdiall !Jol. Soc., 56 (I): 23·37.8 Figs.
On the structure of GIi'ie/wllia rell'oitellsi.I Feistmantcl and allied fo"i"
from the Jabalpur series, India. Pala('oli/ogl'{/I,ltim. Stullgart, 163 13: 152­
161. 3 Pis. 3 Text-rigs (with G.K. Srivastava).
On some seeds. synangia and scales from the Triassi~ of Nidpur. India
PalaeolllOgraphim. Stuttgart. 163 13: 162·178.4 Pis. 5 Text-l'igs (wllh
Nupur Basu).
On two generu ofpleridophytes. J)o/l/ur!OSOI'll.1 gen.nov, and Triill('('OplNi.I
gen.nov. from Lower Gondwanas of thc Raniganj coalfield.
Palaeol//{)graphiUl, Stullgan, 164 13: 76-86.4 Pis, 4 Tcxt-I"igs (With L,t;.
Misra).
On the genus Belelllllopieri.1 Feistmantel. /-'ola('o/l/ogmpl';(·Il. Siuligan.
164 B 153-166.6 Pis. 6 Text.figs (with A. Choudhury)
A comparative study of the leaves ofl(l/lw."1I al'g."opll."l/a Chun & Kuang
and three species of Kel"/('('/'ia Carrierc. BOl. 1. Lil/I/. SOl' .. 75: 271-282, I
PI, 4 Text-figs (with Nupur Basu).
Morphological studies in Nep('II/I,,·s Linn. (Ncpenthaceae).
Pltvlolllorpitology, 27: 13-34, IS Figs (with Sum;ln 8hatnagar)
1978
Some strange witnesses of the past-glimpses into the early history of
primitive land plants with special refcrence to India, Prn;d. Ildd. (l3ol{//l.'·
Se('{ioll), 65'" 5n.,;o/l, II/dial/ S('i<'l1('e COI/!!re.I". IIhllledabad. 1-20.
On two structurally preserved bryophytes from the Triassic of Nidpur. India.
Pala('o!Jowll;I'/, S;",('/' Jubil"e Vol .. 25: 340-352.3 Pis. 18 Figs (with Nupur
Basu).
Cuticular strll~ture and affinities of Cheimpityl/uIIIlacemw (Feistmantcll
n.comb. Paloeobo/alli.\I. Silver Jubile" Vol .. 25: 353-362. 2 Pis. 2 Text­
figs (with Sudha Singh).
A revision of the noral characters of Tilial'ora anollilla/(/ M.crs. PhYla. 1:
87-104.3 Pis. 8 Text-figs (with DD Nalltiyal & Sudha Singh).
Cuticular studies of reproductive organs of Gil I' 111111 and Epl/('(Irll.
Pltyllllllorpholo!!y, 28 (2): 142-1 SO. 5 figs (with D.O. Nautiyal & Sudh;,
Singh)
1979
Some further remains of fructifications from the Triassic of Nidpllf. IndIa
Palaeoll/o!!raphica. SlUllgan, 16813: 129-146,6 Pis. 8 Text-figs (with
Nupur Basu)
On some megaspores from the Triassic 01" Nidbpuri. India. R('I'. Palam!Jo/
PaIYl1o/.. 28: 203-221,4 Pis. 3 Text-figs (with Nupur l3asu).
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Cauophylliles illdica gen. et sp.nov. from the Giridih coalfield. India.
Palaeo/1wgraphica, SlUlIgan. 169 B: 107-115.3 Pis. 3 Text-figs (wilh
Sudha Singh).
1980
Cuticular and epidermal structure and ontogeny of stomala in some
Ieplosporangiate ferns, Phna, 2·3: 33-50. 1 PI. 6 Text-figs (with D.o.
Nautiyal and P.K. Khare).
A Comparativc study of aerobiota of Allahabad. Lucknow and some
microfossils reponed from Saline series. Phyra, 2·]: 51-61.3 Pis, 2 Texl­
Figs (with D.D. Nautiyal and Manju Midha).
1981
Ciridia illdi"a gen. et sp.nov.. the possi ble cone of PhylllJlhel'a Bunbury.
Palaeollwgraphi('((, Stullgan. 176 8: 174-178.2 PIs. I Text-Jig (with D.D.
Nauliyal & Lata Misra)
Microscopic examination of faecal pellets of insect-larvae feeding on leaves
of some cycads. PUJ('. Illdiall Acad. S"i. (PlaJ1l Sn.), 90 (6): 509-514. 3
Pis (with D.D. Nauliyal and S.K. Chaturvedi).
Bryophytes through the Ages. Currell! Irelld, ill life sciell{,(!s (Mall Comm.
Vol.). 9: 65-74 (with Nupur Basu)
Funher contributions on the non-vascular cryptogams from the Middle
Gondwana (Triassic) beds of Nidpuri. India - Part III. Surrlllge COli/III.
Vol., PalaeobolaJlis/28·29: 188-200.3 Pis, 3 Text-figs (with Nupur 8asu),
1982
On the structure of stems and leaves of Schizoneura gondwanensis
FcistmalHcl. Pa/aeollwgraphim. 18.'8 (1-3): 1-7, (with Lata Misra and
DD. Nautiyal).
The Lower Gondwana gymnosperms and their relationship. ReF. PalaeoblJl.
Palyll. 37: 55-70
Surface characters of leaves, sporangia, synangia and spores of some living
and fossil Marralliaceae. PhY/(J/llOrpl/ology. 32 (2,3): 126-137 (with Lala
Misra & Rita Singh).
Pollination ecology of some Indian asclepiads. Phy!oJluJlpllOlogv. 32(4):

302-213 (with D.D, Nautiyal and SK. Chaturvedi).
Insect pollination in some Indian Glumillorae Bei. Bio!. PI[,lII:ell. 57:
229-236 (with D.D, Nautiyal and S.K. Chaturvedi).
Seed coat anatomy of some Indian non-edible leguminous seeds. Nat. Symp.
On Developmental and Comparative Aspects of Plant Structure & Function,
Allahabad. (with Radha Pant & S.K. Chaturvedi)*
Aerial rootS in Cycas Linn. Nal. Symp. On Developmental and Comparative
Aspects of PlalH Structure and Function. Allahabad. (with D.D. Nautiyal.
n.R. Mishra & Kabita Das),*
1983
ClIlil'ulatopteri,' gen. Nov. and some olher pteridophy lis from thc Raniganj
Coalfield. India (Lower Gondwana). Palaeoll!ographica, 1858 (1-3): 27­
37 (with Lata Misra)
On the cuticular structure of Icaves of Desllliophyll/llll type from 8ansa
beds. India andtheir assignment to genus Harrisiophyllum
nov,Pala""JIlugraphi"a, 185 8: 38-55 (with GK. Srivastava & Rekha
Pant)
1984
Formation, investigation and reconstruction of fossil plants. Phyta 4,5:
23-31
Notes on CIO.l'SOpleri.1 lalbragarellsis Etheridge Jr. comb.nov. and some
other Australian glossopterids. PI/Via, 4,5: 33-37. (with D.D. Nautiyal).
Some Interesting new specimens of Pleropl/."llalllllledlir·lJItial//(1II Oldham
& Morris and on Impression of Camo('lIlIites rajmalwlellsis (Wieland) N.
comb. Phyta 4,5: 39-45 (with D.D. Nautiyal & Rekha Pant).
The occurrence of cathaysian elements in Glossopteis Oora of Kashmir.
Phyta. 4.5: 47-52. (with D.D. Nauliyal & P,c. Srivastava).
Production of gametophytes from carpocephala and rhjzodal furrows in
Marl'hall/ia polvmorpha Linn. And M. pa/lllala Nees. Phyla. 4,5: 53-55
(with Rita Singh).
Gametophytes of Ophioglossaceae, Phyla, Monograph No. I I-III (with
D.D. Nauliyal & D.R. Mishra).
Origin and phylogeny of gymnosperms. PmI'. SYlllp. Developlllelltal alld
COlJlparfllive A.I'peris of Plallt Slmnlire alld Fallnioll, Allahabad 101­
114.

On some compressed seeds of PIOlyl'ardicl, PtervgosperlllulIl alld
B/(riadilisperllllllll from Lower Gondwanas of India. In PmI' Symp. Oil
Del'e!oplllell! al/d Cumparcilil'e Aspens III' PlaJll 511'1(1'1/,1''' qlld Flil/nio/(,
Allahabad' 119-130 ( wilh D.O. Nauliyal & S.P. Tiwari).
On the morphology and structure of O/tokaria :oillen' sp.nov. - A female
fructification Glossopteris. Palaeomllgraphil'a. 1938 (5-6): 127-152, Iwilh
D.D. Nautiyal).
Some coniferous shoots from Bansa beds of the Jabalpur formation (Lower
Cretaceous). Pa/aeolltographica, 1948 (5-6): 131-150, (with D.D Nauliyal
& G.K. Srivastava)
Pollination mechanism in a few members of family Labiatae PmI', Nal,
SYlJlp. OIlDeveluplllell1 alld ClJlllparOlil'e A.,pnt,' of Plalll Strtl('//(r(' alld
Fallnillll, Allahabad. 115-118. (with S.K. Charuvedi),
1985
Some new pleridophytic remains from the Lower Gondwana rocks of
Hinjrida Ghati. Orissa, Carr Sl'i. 54 (2): with 90-92. (with P.c. Srivastava
& P.K Das).
Sphelluphvll/(III loblj{)!il/lll sp.nov. from Raniganj Formation. India. J.
Indian Bot. Soc. 64 (I): 113-116. wilh (with Pc. Srivastava).
On some Indian Lower Gondwana compressions of ,ecds.
Palaeontographica. I96B (1-3): 31-78 (with O.D. Nautiyal & SP. Tiwari).
Anthecological study of some insect pollinators, Beilrage 2111' Biolog/('
der PI/aIlUII. 60: 89-92. (with S.K. Chaturvedi)
Lower Gondwana megaspores from Singrauli coalfield. India
Palaeolllugrapl/ir'a B 197: 13-73 (with S.N Misra).
1986
Pollination ecology of A,I·,'iepias c/(rassal'il'a L. CeophylOlogy, 26(1): 119­
121. (with D.D. Nautiyal & S.K. Chaturvedi).
Further studies in Ihe pollination of some Indian asclepiads. Bullerill Bot
SUlwy 0( Illdia 28 (I -4): 23-30, with (with S.K. Chaturvedi).
1987
Xylotomy of some woods from Raniganj-Formation (Permian)_ RanJganj
Coalfield, India. Palaeomugraphil'O. 203: 1-82. (with VK. Singh).
Diphyllopleris I'er/il'illala Srivastava: A probable seeding of Clos,\Ii/Jte/ /\
from the Palaeozoic of India Nev. Palaeobo/. Palvllol. SIB: In T.M. Ha'",
Vol. With 31-36. (with D.O. Nautiyal)
Reproductive biology of glossopterids and the affinities B/(II. SOl'. £101 Fr
134(2): 72-93
Early records of animal and plant interaction. Bull. Bol. SarI'. II/dill. 28(1­
4): 43-50.
The origin, rise and decline of Glossopteris flora with notes 011 its
palaeogeographical northern boundary and age. Pala('obolal/il!, 36: 106­
117
The fossil history and phylogeny of the Cyl'adole,', InternalionaJ Medal
Award Lecture delivered at the Palaeobotanical Society, CflJph."rologv.
17(2): 125-162
1989
On the possible occurrence of anisospory in some Hepaticae 801 J. Linn.
Soc. 100(2): 183-196. (with Rita Singh).
1990
Preliminary observations on insect-plant relationships in Allahabad plants
of Cy'·a,l. Palms & Cycad 28: 10-14. (with Rita Singh).
Possible fossil sporae dispersae of Hepaticae and anthocerotales in fossil
record. Palaeoblllalli.11 39( I) 20-36. (with Rita Singh).
On the Genus Clal/d/(Ialael/ia nov. from the Triassic of Nidhpuri. India.
Mem. N.Y Bor. Card. 57: 186-199.
Occurrence of non-coralloid aerial roots in CYl'as. Mem. N. Y Bot. Card.
57 56-62 (with Kabita Das).
1991
Unual orthotropous germination in seeds of Cycas rumphii Mig And lhe
morphological nature of cycad coleorhiza. Plal1l Sl'i. So: Bul!.2 (Sahni
Cenl Issue): 9-14 (with Rita Singh).
Pinnae of Stallgeria erioplis Nash. Plant. SI'i Sa Bul!. 2 (Sahni Cent):
23-26 (with Kabita Das). Cycads of Asia. ElIl'eplwlarios. 26: 8-15.
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1992
Evolutionary significance of ancient seeds and cupules, In Cllrrenl
Concep'-I in Seed Biology (with K.G. Mukerji, A.K. Bhatnagar, S.c.
Tripathi, Manju Bansal. Manju Saxena eds.): 21-29.
Some thoughts on the algal origin of land plants with special reference to
their sporangia, spores and alternation of generations. Prol'. India. Nal.
Sri. Acad 588 (283): 83-102.
Cuticle. Epidermis an anatomy of pinnae in some species of Cyms Linn.
Proc. Cyt'ad 90 Second [nternat. Conf. On Cycad Biology: 169-195 (with
D.D. Pant & Kabita Das).
1993
The genus IsoekS L. in India II Allier, Fern. 1. 83(4): 105-119. (with G.K.
Srivastava & P.K. Shukla).
Tracheary elements and occurrence of vessels in pteridophytes, I.
Ophioglossareae-Bianalure 13(37): 181-200 (with D.R. Mishra & Anil
K. Shukla).
Cuticle, epidermis and anatomy of pinnae in some species of Cycas Linn.
[n Biology, Structure and Systematics of Cycadales - Prw. Cyad. 90.
(Eds. Stewenson D.W. & Norstog). Palm & Cycad Society Austraila: 169­
195. (with Ka vita Das).
1994
Studies in Endomycorrhiza of Isome ophioglossaceous prothalli. In
Microbes and Man. (Eds. Sudhir Chandra, pp. 349-376) (with D.R. Misra
& D.O. Nautiyal).
1995
Lower Carboniferous plants from Wallarma Spur of Punjab-Kashmir
Himalaya. PalaeoJ!lographit'a B 235 (1-6) Festband Schweitzer. 4-Teil:
23-49. (with P.c. Srivastava).
Comparative study of exine ornamentation in some ophioglossaceous spores
LM and SEM. Proceedings of Salllli Cen'- Inlernal. COI!f On Global
E"vironment and Diversijicalion ofPlants III rough Geological Tillie. (Eds.
Pant D. et. al.). (with D.O. Nautiyal, D.R. Mishra & A.K. Shukla): 281­
304.

On two coniferous fossils Birsinghia f10rinii gen el.sp.nov. ;Ind
Paliandrolepis singulans gen. et.sp.nov. from Karharbari stage of the Lowcr
Gondwanas of India. Prot·eeding., ofSa Ilil i Cent. Inlernal. Conf On Global
Environlllel1l and Diversi/it'Otiono( Plan!.1 Ihrollgh Gmlogiml Tillie (Eds.
Pant. D.O. et. al) (with D.O. Nautiyal & Shonali & ChalUrvedi): 245-258
1996
The biogeography of the Late Palaeozoic floras of India Rev. Palll('obol.
Palynol. 90: 79-98. Indian cycads cry for protection. CUII'. SCience 71 (7):

513-515.
The microspores of !soeles mrl!lIlandelina (Isoetaceae: Pteridophyta). Fern.
Gaz. 15(3): 101-108. (with G.K. Srivastava & PK. Shukla)
1997
The plants of glossopterids: a reappraisal and reviews. Pa/aeoblllalli.11
46(3) 105-110
1998
On the occurrence of lenticels in seeds of Cy('({s L. Phylolllorphologv 47
(3): 325-331 (with Rita Singh).
The aerophoric nature of the pinna base humps of Macro~lIlIlia.

Phy/()lIlllrpllOlllgy 47 (4): 345-351.
Fossil bryophytes with special reference to Gondwana forms. In Chopra
R.N. ed. Tllpit'S in IJryology: I-52 Allied Publisher Ltd. New Delhi (with
Nupur Bhowmik)
New trends and fashions in science and apathy of funding authoritics
towards areas in classical science. Cun: Sri. 75 (10): 994-996.
1999
Dominant gymnosperms of the Glossopteris flora. Palaeoblltanisl48: 111­
123
Some unusual species of Cycas. Cycad Newsleller 22(3): 24-29.
2000
Occurrence of unusual branching in the female cones of 20lllia and their
implication on the branching of cycads. Cyt'ad Newsleller 23( I): 6-9 (with
P.c. Srivastava)
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PROFESSOR T.S. SADASIVAN

May 22"d 1913 - August 18"'2CJOI

The demise of Professor T.S. Sadasivan on 18th August
2001 must have come as a message of mourning to scores of
students of Botany who had obtained their degrees in that
subject from the Madras University during the 40s, 50s, 60s
and 70s of 20'" Century. Even those who passed out in the
80s would known his name as he was the first director of the
Centre of Advanced Studies in Botany (CAS) at the University
of Madras. He was a renowned Plant Pathologist and an
excellent teacher.

After graduation from the Madras Presidency College
in 1934, he had a long academic pursuit at England. He was
awarded Ph.D. in Plant Virology and Soil Microbiology from
the University of London.

My acquaintance with Professor Sadasivan goes back
to 1959-61, He used to engage us then in intercollegiate
lectures at the Old Botany Lab in the university compound.
Subsequently (1962) onwards, our interactions grew through
practical demonstration together.

During the years 1976-1980 when he was the Chairman,
Birbal Sahni Institute of Palaeobotany (BSIP), Lucknow, I
was a research scholar under UGC's Faculty Improvement
Program (FIP). With his persistent encouragement. I could
successfully complete my Ph.D. program. Professor Sadasivan
was the first occupant of the Chair of Birbal Sahni erected in

1978 at BSIP. He occupied it as Professor Emeritus between
1978-1980 and was engaged in writing a monograph on 'The
Diseased Plant'.

Professor Sadasivan was prompt to reply all letters
written to him and was meticulously punctual in his responses
to greetings sent on festive occasions. He evinced special
interest inquiring not only about academic progress but also
about the welfare of family members. His wife, Mrs Radha
Sadasivan, is the sister of Mrs Chandrasekaran, spouse of Dr
Chandrasekaran of 'Black-Hole' fame. Students who had the
opportunity of studying under his leadership and had
benefitted academically and spiritually miss this inspired
teacher.

He was awarded Padma Bhushan in 1974 and was a
fellow of the Indian Academy of Sciences, Indian National
Academy and many other national and international scientific
bodies.

He was survived by his wife and three daughters.

Professor D.E.P. Jeyasingh
'Nithyam' No. 16(14), Maruthi Nagar,

2nd Main Road, Rajakilpakkam,
Selaiyur P.O., Chennai 600073
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PROFESSOR HENRY N. ANDREWS

June l5'h 1910 - March 03 rd 2002

Palaeobotanical World has lost one of the greatest
Palaeobotanist, a thorough gentlemen and a perfect human being
on 3 ro March 2002 at the ripe age of 91 at Concord Hospital in
Concord, New Hampshire, USA.

Personally it was a great loss to me as he was my mentor,
inspiring teacher, guide and philosopher.

He was born on 15th June 1910 in Melrose, Massachusetts.
He received his Bachelor's Degree in Food Technology from MIT
in 1934. From Food Technology to Palaeobotany was a big jump
in which he received Master's Degree in 1937 and Ph.D. in 1939
from Washington University, St. Louis, Missouri, USA. He carried
out research in Palaeobotany under the supervision of Professor
Hamshaw Thomas in the famous Palaeobotanical Laboratory at
Cambridge University, Cambridge, England.

Professor Andrews was most loyal to his alma maIer. i.e.,
Department of Botany, Washington University, St. Louis. He was
a graduate student in this University where he worked later as a
Tutor, Assistant Professor, Professor, Chairman and Dean of
Science.

I was privileged to be his last Ph.D. student in Washington
University, which he left in 1964 to join as Professor and Chairman,
Department of Botany. Connecticut University, Storrs.
Connecticut. He retired from this position in 1985. He settled
down at his ancestral farmhouse in Sanbornton, Laconia, New
Hampshire. He continued his writings from this place. His
professional life was very rich with outstanding accomplishments.
He published 79 original research papers and 7 books. His textbook
"Studies in Palaeobotany" published by John Wiley & Sons, New
York, 1961 was most popular among the graduate and research
students and teachers of Botany and Geology throughout the world.

He served as a Palaeobotanist and Assistant to the Director
at Missouri Botanical Garden in St. Louis and as a staff member
of the us' Geological Survey.

He was very simple, jovial person and had better
understanding of India and Indian science since he spent almost
one year with his family at Poona in 1961 as a Visiting Fulbright
Scholar in the Department of Botany, University of Poona. He

and his family - wife, two sons and daughter travelled widely in
India. He spent most enjoyable and memorable days hiking in the
foothills of Himalayas near Simla. His palaeobotanical exploration
took him to many countries, most outstanding and productive one
was to Ellesmere Island in Canadian Arctic. He published his
monumental work on Devonian Arclweopleris based on this
expedition jointly with T.L. Phillips and N.W. Radforth in 1965.

He wrote an excellent book on history of Palaeobotany
entitled "Fossil Hunters: In search of ancient plants" published in
1984. This book makes a very interest:ng reading as it is full of
historical information, anecdotes, his personal experience with
outstanding Palaeobotanists world over. He devoted a full chapter
in it on Indian Palaeobotanical work and Birbal Salmi Institute of
Palaeobotany at Lucknow. He had great admiration for Professor
Birbal Sahni who had visited his laboratory in Washington
University, St. Louis. Professor Andrews also appreciated quality
of work carried out by Palaeobotanists at the Birbal Sahni Institute
of Palaeobotany at Lucknow. He also admired the quality ofjournal
Palaeobotanist in which he published a paper on Coenopterid
fructification from American coal balls jointly with me in 1962.

Though earlier he worked mostly on Upper Carboniferous
Coal Ball flora later he shifted his attention to Devonian plants of
Eastern USA and published a monograph on Devonian plants
jointly with his student Patricia Gensel.

A few of the outstanding books published by him are listed
below.
• Ancient plants and the world they lived (1947). Cornell

University Press, Ithaca p. 279.
• Studies in Palaeobotany (1961). J0hn Wiley & Sons, New

York p. 487.
• The Fossil Hunters: In search of ancient plants (1984).

Cornell University Press, Itlaaca. p. 421.
• Plant life in the Devonian (with Patricia G. Gensel) 1984.

Praeger Publishers. p. 380.
• Index of generic names of Fossil plants: 1820-1965. J970.

U.S. Geological Survey Bull. 1300. p 354.
Professor Andrews will be always remembered for his following

attributes:
• Simplicity in thinking, dressing and behaviour.
• Excellent skill in writing and photography.
• Compassionate understanding of his colleagues and students.
• Hospitality to one and all.
• Total dedication to teaching and research in Palaeobotany.
• Keen interest in his students' work and welfare. Incidentally

he had only one Ph.D. student at a time and hence he was
always available to his research student for guidance and
discussion.
May his soul rest in peace and give courage to his

innumerable admirers to emulate some of his good qualities.

Shripad N. Agashe
Professor Emeritus

Department of Botany
Bangalore llniversity

Bangalore 560056. India
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PROFESSOR RAMESH CHANDRA MISRA

January 8111 1913 - June 6111 2002

Professor Misra was born at Muktesar, a small town
northeast of Nainital in the Kumaun Himalaya on January 8,
1913, the youngest of five children - four sons and a daughter.
His father Kaiser-I-Hind Captain Ayodhya Prasad Misra was
an Army Doctor. Born in a family of army men, scientists,
doctors and academicians, Professor Misra as a child soon
found himself in an ideal geological surrounding at Muktesar,
whose picturesque mountain landscape filled in him an inherent
and abounding love of nature.

He was a brilliant, hardworking and devoted student. In
1929, he passed the High School from Christ Church College,
Kanpur, the alma maIer of his personality but also left a deep
impact on his young and receptive mind by way of self­
discipline, dedication and diligence. He passed the
Intermediate and B.Sc. Examination in 1931 and 1933,
respectively, from Banaras Hindu University. With the
background of physics and mathematics as his subjects of
study, he very much wanted to be an engineer. Had it been so,
geology would have been deprived of a versatile person - a
teacher, explorer, researcher, scholar, administrator, writer, and
above all a naturalist. But it was not to be. An inborn love for
nature, mountains and rocks lured him to geology. He obtained
M.Sc. degree in 1935 from the Geology Department of Banaras
Hindu University.

While in Banaras Hindu University, Professor Misra was
greatly influenced by geological stalwarts of those days like
Professor K.K. Mathur, Professor VS. Dubey, Professor K.P.
Rode, Professor D.K. Chakravarti and others. He worked as
Lecturer in Geology Department ofBanaras Hindu University
till 1943. During those days, particularly in the early thirties
and forties, geological field work used to be very hazardous
with gripping fears of epidemics like plague, malaria and of
wild animals, local tribes, etc. Ignoring all difficulties and
banishing fear, he worked in Jammu and Kashmir, Kumaun,
Mirzapur, Bundelkhand, Chhota Nagpur, Maihar, Satna,

Kodarma mica belt and in some areas in Tamil Nadu. In 1943,
he joined Lucknow University as Lecturer in Geology. He
obtained his Ph.D. degree in 1944.

In Lucknow he had a very fruitful association with
Professor Birbal Sahni, FR.S., the then Head of the Department
of Botany and Geology, Lucknow University. He accompanied
Professor Sahni to the Salt Range in October 1943. Professor
Sahni and Professor Misra worked very hard for the
development of the Department since its inception in 1943.
They realised the need for a separate bui Iding and their efforts
soon resulted in the construction and opening of the new
building of the Geology Department in July 1951.

Gifted with a remarkable memory, Professor Misra was
a very knowledgeable person and his interests encompassed
the entire gamut of earth sciences. Whenever he was
approached for a reference on any branch of geology, he used
to reel out from his memory, reference of the important
contri butions.

His field of study ranges from deep bore holes as a pan
of groundwater investigations to the mighty Himalaya.
Professor Misra was in proud possession of a chip of 'Everest
Limestone' from the summit of the Everest, whIch was
presented to him by the legendary hero, the late Sonam
Gyastso.

Professor Misra's pioneeri ng work on Bundel khand
rocks, discovery of minerals pyrophyllite and diaspore,
Vindhyan sedimentation and Himalayan geology are well
known, which has led to extensi ve work of very high order by
his students in these fields.

His inherent interest in the Himalaya and his association
with the late Professor D.N. Wadia. F.R.S, the then Geological
Adviser to Government of India, led to the founding of Wadia
Institute of Himalayan Geology. now at Dehradun.

Professor Misra's interactions with overseas geologists
like Martin F. Glaessner of Australia, Mme. Raaben of Russia,
Late Professor Aurthur Holmes and Late Professor H.H. Read
of England, Professor AT Cross, Late Professor Aurthur
Buddington, Professor J.M. Schopf, Professor B.F. Howell,
Professor Preston Cloud - all of U.S.A., Professor K.H.
Wedepohl of West Germany and host of others ha ve kept him
abreast of the latest developments in the various fields of
geological sciences.

Professor Misra successfully guided twelve students for
Ph.D. degree in Lucknow University; He has over ninety
research papers to his credit.

During his long association with Lucknow University
extending over thirty-two years, he held many eminent
positions. He became Dean, Faculty of Science in 1972. but
resigned after a year because of interference and hindrance in
teaching and research work. He was Dean of Students Welfare.
Chief Provost, President of the Lucknow Uni versity Teachers'
Association and Member Administrative Committee of
Lucknow University.
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His sphere of activities has not been confined to Geology
alone. He was a great lover of nature. He had a very good
collection of roses. A true sportsman, he had been a good
hockey player in his college days and continued to take very
active interest in sports and other activities in the University
and was associated with the Canning College Athletic
Association -the sports body of Lucknow University - for a
very long time, patronizing, nurturing and encouraging young
sportsmen.

Professor Misra was very kind and generous. He would
open his doors and purse for the needy students. He never
failed to spot out hidden talents. He was a connoisseur of good
things, good clothes and good food. He was a visionary, a
perfectionist, an optimist, an idealist and above all a nationalist
to the core. Physically very active and mentally extremely alert,
Professor Misra was leading a peaceful, quite and regulated
life after retirement in January 1975. Both he and his wife, Dr
(Mrs) Savitri Misra, Lecturer in Sanskrit in Lucknow, lived
happily in their house "Rasavgunthan' on Ram Krishna Marg,
Lucknow.

Professor Misra wrote many papers, edited books and
made other academic contributions. He was a fellow of Indian
National Science Academy and joined on vnrious boards nnd
committees of severn I institutes. He hended the Indian
Committee on Geology under ICSU. He had been President
of the Palaeobotanical Society and also of several other
prestigious organisations.

In his demise on 6'11 June 2002, after a prolonged illness,
we have lost a great teacher, scientist, academician, science­
manager, a great human being and also a great friend of the
Institute,

We pay our respects to him and offer our condolences to
his bereaved family members.

Anshu Kumar Sinha
(Text adopted and modified after Girjesh Chandra. Lucknow

University, published in Goelogy of YindhyanchaL Eds Yaldiya
KS, Bhatia SB and Gaur YK 1982, Hindustan Publishing

Corporation Press, New Delhi 3-8.)
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:From the J'Lrchives
The Palaeobotanist 3: 109-112, 1953

AN HISTORICAL OUTLINE OF INDIAN PALAEOBOTANY

RAJENDRA N. LAKHANPAL

BirbaI Sahni Institute of Palaeobotany, Lucknow
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Early History

The history of Indian Palaeobotany can be traced as far
as back as 1828 when Adolphe Brongniart described a few
fossil plants from this country in his well known Prodrome
and the encyclopaedic Histoire des V(!getaux fossiles. The
next available record is the figures of some fossils included
by J.F.Royle in his !/lustrations of the Botany and Other
Branches of Natural History of the Himalaya Mountains.
These fossils were later re-examined by E. A. N. Arber (190 I)
who also described some Lower Gondwana plants from India
in his monograph on the Glossopteris flora published in 1905.
Numerous references to fossil plants are contained in the
earlier volumes of the Journal ofthe Asiatic Society ofBengal,
while some also occur in European journals like the Quarterly
Journal of the Geological Society of London and the
Geological Magazine. However, most of our knowledge of
the earlier history of Indian Palaeobotany is derived from the
publications of the Geological Survey of India which was
founded in the middle of the nineteenth century.

So much material of the Gondwana Flora had been
collected in the early days that by 1886 four volumes of a
monumental work entitled the Fossiljlora ofthe Gondwana
System were published (OLDHAM & MORRIS, 1863;
FEISTMANTEL, 1876-86), mainly due to the untiring labours
of Ottokar Feistmantel. The collections that formed the basis
of this work were made by the Geological Survey in different
parts of peninsular India. Subsequently, additions to these
collections were made not only from the peninsular but also
from the extra-peninsular India. Noetling in 1902 found a
Lower Gondwana locality near Srinagar, Kashmir, from where
important collections were made by Hayden and Middlemiss.
Middlemiss also discovered a number of other localities in
Kashmir containing pla':lts of the Palaeozoic age.

With the increase in the knowledge of the fossil plants
and the many additions to the Gondwana material after the
completion of Feistmantel's work, it was realised that his
descriptions and interpretations needed revision. This was
done in Europe chiefly by Professor Zeiller at Paris
(ZEILLER, 1902) and by Professor Seward at Cambridge,

who, in collaboration with Professor Sahni, published a
revision of the more important Indian Gondwana plants
(SEWARD & SAHNI, 1920).

REVIVAL AND ORGANISATION OF INDIAN
PALAEOBOTANY IN THE PRESENT CENTURY

After the retirement of Feistmantel in 1885,
palaeobotanical research in India came to an end, and plant
fossils collected by the Geological Survey were sent to Europe
for investigation. The revival of the science took place on the
return of Professor B. Sahni from Cambridge in 1919. Inspired
by his teacher, Sir Albert Seward, he took up palaeobotanical
research in India with great enthusiasm. In fact, the progress
of Palaeobotany in India in the present century is entirely
due to him.

The Palaeobotanical Society and the Birbal Sa/JIll
Institute ofPalaeobotany-As early as 1929 Professor Sahni
wanted to place palaeobotanical research in India on an
organised basis, and to establish a museum of fossil plants at
a suitable centre. He approached the Government of lndi:.l
for financial aid but without success. Ultimately he decided
to start this project with his own private resources. On 19'11
May 1946 with seven other members of the Committee of
Indian Palaeobotanist he founded a Palaeobotanical Society.
On 3'd June a trust bearing that name was created to which
Professor and Mrs Sahni donated their private funds and
immovable property, a reference library and fossil collections.
The trust was charged with the foundation of a research
institute having a broad international outlook for carrying on
original research in fossil botany. By a resolution passed on
10'11 September 1946 the Governing Body of the Society
established an Institute of Palaeobotany with Professor Sahni
as its Honorary Director.

The Palaeobotanist-One of Professor Sahni's aims in
founding the Institute was publication of a journal of
palaeobotany. Unfortunately he could not live to see it done.
After his death the Institute started publishing ajournal called
The Palaeobotanist of which the first issue appeared in 1952
in the form of Sahni Memorial Volume.
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RECENT STUDIES

Morphological Aspects-From the phytomorphological
viewpoint, palaeobotanical research in India at present
embraces several horizons from the Carboniferous to the
Pleistocene. In the Palaeozoic and Mesozoic, the fossils
studied are from the Gondwanas. Until recently there was
not much information available about the Lower Gondwana
Glossopteris flora of India. As a result of intensive search
numerous impressions and compressions of leaves and
fructifications have been collected and are being studied at
Birbal Sahni Institute of Palaeobotany. One of the best-known
floras of India is the Jurassic ofRajmahal Hills.

Plant Microfossils-In 1937, under Professor Sahni's
guidance, Miss C. Virkki (now Mrs K. Jacob) examined the
microfossils in some lower Gondwana rocks of India and
Australia. This resulted in important observations and may
be regarded as the beginning of micropalaeobotanical studies
in India.

Palaeobotany of Coal-In 1932, Banerji published the
results of a detailed examination of some Gondwana and
Tertiary coals from India. Besides examining thin microscopic
sections he also macerated the specimens and studied their
microfossil contents. The importance of microfossil
examination in the correlation of coal seams in India was
indicated by Professor Sahni in 1940.

Palynology-In India, palynology is in its nascent stage.
Although the importance of this study in India was pointed
out by Professor Sahni in 1948, it has been possible to starr
systematic work on Indian pollen only since June 1953. It is
being carried on at the Institute under a scheme financed by
the Council of Scientific and Industrial Research.
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